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1 . S U M M A R Y  OF OBJECTIVES,  CONCLUSIONS, AND IMPLICATIONS WITH RESPECT TO
OCS OIL AND GAS DEVELOPMENT

A. (objectives

T h e  o b j e c t i v e s  of t h i s  s t u d y  w e r e  t o  m o n i t o r  p o p u l a t i o n  n u m b e r s ,
r e p r o d u c t i v e  s u c c e s s  a n d  f o o d  h a b i t s  o f  k e y  s e a b i r d  s p e c i e s  i n  t h e  Bering a n d
Chukchi s e a s .  T h e  w o r k  w a s  u n d e r t a k e n  i n  o r d e r  t o  u n d e r s t a n d  t h e  r e l a t i o n s h i p s
o f  seabird p o p u l a t i o n s  t o  t h e  p h y s i c a l  a n d  b i o l o g i c a l  p r o c e s s e s  c o n t r o l l i n g
r e g i o n a l  m a r i n e  c o m m u n i t i e s ,

B . C o n c l u s i o n s

B l a c k - 1 e g g e d  kittiwakes (Rissa  tridactyla) suffered  a  t h i r d
c o n s e c u t i v e  y e a r  o f  r e p r o d u c t i v e  f a i l u r e  i n  t h e  S E  Bering. F e w , if a n y ,  c h i c k s
w e r e  p r o d u c e d  o n  t h e  Pribilof I s .  o r  o n  S t ,  M a t t h e w  I . T h e  s t a r v a t i o n  o f  y o u n g
s h o r t l y  a f t e r  h a t c h i n g  i n d i c a t e d  t h a t  f o o d  a v a i l a b i l i t y  w a s  l o w ,  a s  i t  apparent ly
h a s  b e e n  i n  r e c e n t  years. C o m m o n  murres  < U r i s  aalge) a n d  t h i c k - b i l l e d
murres  (U. Iomvia) o n  S t .  M a t t h e w  I .  h a d  b e t t e r  s u c c e s s  t h a n  kittiwakes a n d
a p p a r e n t l y  h a d  a  b e t t e r  r e p r o d u c t i v e  s e a s o n  i n  1983 t h a n  in 1982. A l t h o u g h  t h e
c e n s u s  r e s u l t s  a r e  s o m e w h a t  e q u i v o c a l ,  murre n u m b e r s  on S t .  M a t t h e w  I .  apparent ly
w e r e  h i g h e r  i n  1 9 8 3  t h a n  i n  1 9 8 2  a n d  s i m i l a r  t o  n u m b e r s  i n  1977.

I n v e r t e b r a t e s  w e r e  i m p o r t a n t  t o  murres  a n d  kittiwakes o n  S t .  M a t t h e w  I ,
p a r t i c u l a r l y  d u r i n g  J u n e ,  w h i l e  walleye pollock (Theraqra chalcoaramma) w a s
t h e  d o m i n a n t  p r e y  d u r i n g  J U I Y a n d  A u g u s t , T h e  b i o m a s s  o f  pollock i n  d i e t s  o f
b o t h  kittiwakes a n d  murres  w a s  h i g h e r  i n  1983 t h a n  i n  1 9 8 2 ,  s u g g e s t i n g  t h a t  +oocl
availabil i t y  i m p r o v e d  b e t w e e n  t h e  t w o  y e a r s .

L e a s t  auklets (Aethia pusillal o n  S t .  tlat
b r e e d i n g  s e a s o n  d e p e n d  o n  Calanus m a r s h a l  lae, t h e
t h e  m i d d l e  s h e l f  d o m a i n .  F e e d i n g  o c c u r s  n e a r  t h e
o c e a n o g r a p h i c  f e a t u r e s  m a y  c o n c e n t r a t e  p r e y . Dee’
f e d  t o  auklet c h i c k s  a n d  d e c l i n e s  i n  c h i c k  g r o w t h

h e w  1, during t h e
d o m i n a n t  large c o p e p o d  i n
i s l a n d  w h e r e  l o c a l
i n e s  i n  t h e  n u m b e r  o f  c o p e p o d s
r a t e s  b e t w e e n  1 9 8 2 - 8 3  c o n t r a s t

w i t h  t h e  g e n e r a l  i m p r o v e m e n t  i n  a v a i l a b i l i t y  o f  pollock a n d  i n  t h e  a p p a r e n t
e f f e c t  o f  t h e  i m p r o v e m e n t  o n  t h e  b i o l o g y  o f  piscivorous murres a n d  kittiwakes,
s u g g e s t i n g  multispecies i n t e r a c t i o n s  a m o n g  m e m b e r s  o+ copepod-  b a s e d  f o o d  w e b s  i n
t h e  S E  B e r i n g  Sea.

Murre and  kittiwake n u m b e r s  a t  C a p e  Lisburne s h o w e d  n o  c h a n g e  f r o m
p r e v i o u s  y e a r s  a n d  r e p r o d u c t i v e  s u c c e s s  w a s  g o o d .  Arctic c o d  (BoreoQadus
saida) w e r e  e x t r e m e l y  a b u n d a n t  i n  L e d y a r d  Bay i n  1 9 8 3 ,  a c c o u n t i n g  f o r  t h e
m a j o r i t y  o f  t h e  c a r b o n  f l u x  b e t w e e n  l o w e r  trophic l e v e l s  a n d  t h e  s e a b i r d s
t h r o u g h o u t  t h e  s u m m e r . I n  s p i t e  o f  t h e  s u p e r - a b u n d a n c e  o f  c o d ,  h o w e v e r ,  t h e
g r o w t h  r a t e s  a n d  s u r v i v a l  o f  kittiwake c h i c k s  w e r e  l o w e r  t h a n  i n  y e a r s  w h e n  s a n d
l a n c e  <Ammodytes  hexapterusl w e r e  a v a i l a b l e , i n d i c a t i n g  t h e  p i v o t a l  r o l e  o+
s a n d  l a n c e  i n  t h e  e c o n o m y  o f  kittiwakes in  the  E Chukchi S e a .

M e a s u r e m e n t s  o f  w a t e r  t e m p e r a t u r e ,  phytoplankton a b u n d a n c e  a n d
zooplankton a b u n d a n c e  i n  L e d y a r d  B a y  t h r o u g h o u t  t h e  s u m m e r  r e v e a l e d  a  c l o s e
c o r r e s p o n d e n c e  b e t w e e n  c h a n g e s  i n  a l l  t h r e e  i n  l a t e  s u m m e r  a n d  t h e  a p p e a r a n c e  o f
s a n d  lance i n  seabird d i e t s . T h e  r e s u l t s  i n d i c a t e  a n  a s s o c i a t i o n  b e t w e e n  s a n d
l a n c e  a n d  n u m b e r s  o f  t h e i r  p r i n c i p a l  p r e y  a n d  s u p p o r t  t h e  h y p o t h e s i s  t h a t
hydrographic c o n d i t i o n s  i n  s p r i n g  a n d  e a r l y  s u m m e r  o n  t h e  Bering-Chukchi s h e l f
d e t e r m i n e  t h e  a v a i l a b i l i t y  o f  s a n d  l a n c e  t o  seabirds b y  a f f e c t i n g  t h e  d e v e l o p m e n t
o f  p r e y  p o p u l a t i o n s ,



c. I m p l i c a t i o n s  w i t h  R e s p e c t  to OCS Oil a n d  Gas D e v e l o p m e n t

I n f o r m a t i o n  o f  t h e  k i n d  w e  h a v e  g a t h e r e d  c m  t h e  biology of seabircls,
p a r t i c u l a r l y  o n  t h e  m a g n i t u d e  o f  f l u c t u a t i o n s  in p o p u l a t i o n  $oodweb a n d
e n v i r o n m e n t a l  p a r a m e t e r s ,  w i l l  h e l p  u s  t o  detect f u t u r e  c h a n g e s  i n  seabird
p o p u l a t i o n s  a n d  t o  d i s t i n g u i s h  b e t w e e n  t h o s e  t h a t  a r e  n a t u r a l  a n d  those t h a t
result from h u m a n  a c t i v i t y  i n  the m a r i n e  e n v i r o n m e n t .

11. INTRCIDUCTIGN

A. General N a t u r e  a n d  S c o p e  o f  S t u d y

T h i s  s t u d y  h a s  a t t e m p t e d  t o  m o n i t o r  seabird p o p u l a t i o n s ,  i n c l u d i n g  t h e i r
numbers$  r e p r o d u c t i v e  s u c c e s s  a n d  f o o d  h a b i t s . A l s o ,  w e  h a v e  a t t e m p t e d  t o
e l u c i d a t e  t h e  r e l a t i o n s h i p  o f  seabirds t o  m a r i n e  f o o d  w e b s  a n d  o c e a n o g r a p h y .  W e
h a v e  f o c u s e d .  our a t t e n t i o n  o n  murres, kittiwakes a n d  auklets, ‘key” species in
t h e  s e n s e  t h a t  they a r e  a m o n g  t h e  m o s t  easily s t u d i e d ,  t h e  m o s t  n u m e r o u s ,  a n d  t h e
m o s t  s e n s i t i v e  i n d i c a t o r s  o f  e n v i r o n m e n t a l  c h a n g e .

s. S p e c i f i c  ( o b j e c t i v e s

1 . C e n s u s  murres, I(ittiwakes a n d  auklets a t  b r e e d i n g  c o l o n i e s  o n  S t .
M a t t h e w  1. a n d  a t  C a p e  Lisburne.

2 . E s t a b l i s h  p e r m a n e n t  c e n s u s  plots $OP auklets o n  S t .  flatthew 1 .

3 * D e t e r m i n e  t h e  b r e e d i n g  phenologies  a n d  r e p r o d u c t i v e  s u c c e s s  o f
murresj kittiwakes a n d  auklets.

4 . D e t e r m i n e  g r o w t h  rates of kittiwake a n d  auklet c h i c k s .

5 . D e t e r m i n e  t h e  f o o d  h a b i t s  o f  murres, kittiwakes a n d  auklets.

6. D e t e r m i n e  s e a s o n a l  c h a n g e s  i n  w a t e r  t e m p e r a t u r e  a n d  phytop’
a n d  zooplankton s t o c k s  i n  L e d Y a r d  Bay.

c. R e l e v a n c e  t o  P r o b l e m s  o f  O i l  !)evelopment

A c c i d e n t a l  oi? d i s c h a r g e s  i n  t h e  v i c i n i t y  o f  s e a b i r d  congre~at

ankton

ons
e l s e w h e r e  i n  t h e  w o r l d  h a v e  c a u s e d  t h e  d e a t h s  o f  l a r g e  n u m b e r s  o+ b i r d s .
U n c e r t a i n t i 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  i n  A l a s k a n  w a t e r s  a n d  the
p o s s i b i l i t y  o+ s p i l l s  n e a r  c o l o n i e s  o+  i m p o r t a n t  b i o l o g i c a l  s i g n i f i c a n c e  ape
c a u s e s  f o r  c o n c e r n .  In t h e  e v e n t  o f  a n  a c c i d e n t  o r  o t h e r  n e g a t i v e  i m p a c t  o f
d e v e l o p m e n t ,  i t  w i l l  b e  n e c e s s a r y  t o  d o c u m e n t  t h e  e x t e n t  of the ef+ect on
s e a b i r d s  a n d  o t h e r  m a r i n e  o r g a n i s m s , Clur s t u d i e s  a r e  d e s i g n e d  t o  provide
b a s e l i n e  i n f o r m a t i o n  on s e a b i r d  p o p u l a t i o n s  i n  the B e r i n g  a n d  Chukchi s e a s  w i t h
w h i c h  t h e  p o s s i b l e  e f f e c t s  of o i l  d e v e l o p m e n t  c a n  be a s s e s s e d ,

111. CURRENT STATE OF KNQWLEDGE

Fieid w o r k  o n  St. M a t t h e w  1. i n  1983 e n l a r g e d  u p o n  o u r  s t u d i e s  t h e r e  i n
i982 a n d  those o+ DeGange  a n d  Sowls ($978) i n  1 9 7 7 . R e s u l t s  o f  p r e v i o u s  w o r k  o n
t h e  i s l a n d  a r e  p r e s e n t e d  i n  S p r i n g e r  e t  a l .  (in p r e s s  al. Our w o r k  a t  C a p e
Lisburne e x t e n d e d  t h e  l o n g - t e r m  s t u d i e s  c o n d u c t e d  t h e r e  a n d  a t  C a p e  T h o m p s o n  e a c h
y e a r  s i n c e  1976. A s u m m a r y  a c c o u n t  o f  t h e  w o r k  b e t w e e n  1 9 7 6  a n d  19S! is



p r e s e n t e d  i n  S p r i n g e r  e t  al. (in p r e s s  b). A d d i t i o n a l  i n f o r m a t i o n  o n  seabird
trophic r e l a t i o n s h i p s  a n d  r e g i o n a l  p h y s i c a l  p r o c e s s e s  i n  t h e  Bering a n d  Chukchi
s e a s  i s  p r e s e n t e d  i n  S p r i n g e r  e t  a l . (19841 a n d  i n  S p r i n g e r  a n d  Roseneau  (in
press) .

I vm STUDY AREAS

T h e  l o c a t i o n s  o f  C a p e  Lisburne a n d  S t .  M a t t h e w  1 .  a r e  shown  in  Fig. 1.
D e t a i l e d  i n f o r m a t i o n  o n  t h e s e  s i t e s  i s  p r e s e n t e d  in o u r  p r e v i o u s  a n n u a l  r e p o r t s .

W e  c o n d u c t e d  t h e  auklet s t u d i e s  i n  t w o  of t h e  m a j o r  auklet c o l o n i e s  o n
S t .  M a t t h e w  1. (Fig. 2.). “ P t e r o d a c t y l  C o l o n y ” i s  l o c a t e d  o n  n o r t h  a n d  w e s t
f a c i n g  t a l u s  s l o p e s  b e t w e e n  a b o u t  15-150 ITI a b o v e  s e a  l e v e l  a n d  h a s  l a r g e  a r e a s  o f
slumpblock  a n d  b o u l d e r  r u b b l e  a t  t h e  b o t t o m  l e a d i n g  i n t o  the s e a . T h e s e  lower
a r e a s  w e r e  c o v e r e d  w i t h  l i c h e n s  a n d  g e n e r a l l y  c o n t a i n e d  l o w e r  auklet derisities
t h a n  h i g h e r  i n  t h e  t a l u s . T h e  s e c o n d  c o l o n y ,  “ A r c h  C o l o n y ” ,  i s  l o c a t e d  o n
n o r t h w e s t - f a c i n g  t a l u s  slopes a b o u t  30-200 m  a b o v e  s e a  l e v e l . L a r g e  a r e a s  o f
t h i s  c o l o n y  a l s o  w e r e  c o v e r e d  w i t h  l i c h e n s  a s  w e l l  a s  a  t h i n  l a y e r  o f  soil
s u p p o r t i n g  s p h a g n u m  m o s s e s  a n d  m a t - c u s h i o n  t u n d r a .

v. SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

T r a n s p o r t a t i o n  t o  a n d  f r o m  S t ,  M a t t h e w  I . w a s  p r o v i d e d  b y  ARCC! A l a s k a  i n
c o o p e r a t i o n  w i t h  t h e  Alaska O f f i c e  o f  NOAA/OMPA. T r a n s p o r t a t i o n  f r o m  t h e  i s l a n d
w a s  p r o v i d e d  a l s o  b y  t h e  U . S .  F i s h  a n d  W i l d l i f e  S e r v i c e .

T w o  p e o p l e  a r r i v e d  o n  t h e  i s l a n d  o n  8 J u n e  a f t e r  s a i l i n g  o n  t h e
w o r k - v e s s e l  Bhiel T r a d e r ,  c h a r t e r e d  b y  ARCO, f r o m  D u t c h  H a r b o r  t o  a n
e x p l o r a t i o n  s u p p o r t  b a r g e  a n c h o r e d  n e a r  t h e  i s l a n d . T h e y  w e r e  ligtttered a s h o r e
f r o m  t h e  t u g  M a r i n e  C o n s t r u c t o r ,  a l s o  c h a r t e r e d  b y  ARCO. T w o  a d d i t i o n a l
p e o p l e  a r r i v e d  o n  13 J u l y  after a  s i m i l a r  t r i p  a b o a r d  t h e  Bhiel T r a v e l e r .
D e p a r t i n g  t h e  i s l a n d ,  t w o  p e o p l e  w e r e  lightered t o  t h e  b a r g e  o n  t h e  t u g  o n  4
A u g u s t  a n d  w e r e  t h e n  flown t o  N o m e  a b o a r d  a n  #d?CO-chartered t w i n  e n g i n e
h e l i c o p t e r  o n  7  A u g u s t , T h e  other t w o  p e o p l e  l e f t  t h e  i s l a n d  o n  11 A u g u s t ,
s a i l i n g  t o  H o m e r  o n  t h e  W e s t e r n  P a c i f i c ,  c h a r t e r e d  b y  t h e  USFWS.

F i e l d  w o r k  a t  C a p e  Lisburne w a s  c a r r i e d  o u t  b y  t w o  o r  t h r e e  p e o p l e
b e t w e e n  14 J u n e  - 28 A u g u s t . T r a n s p o r t a t i o n  t o  C a p e  Lisburne i s  v i a  c o m m e r c i a l
a i r  c a r r i e r .

Murres. a n d  kittiwakes a t  b o t h  s i t e s  w e r e  censused  o n  p l o t s  e s t a b l i s h e d
d u r i n g  e a r l i e r  w o r k . A d d i t i o n a l  m o n i t o r i n g  plots w e r e  e s t a b l i s h e d  a t  S t .  M a t t h e w
1 . T h e  m e t h o d s  f o r  t a k i n g  t h e  c e n s u s e s ,  a s  w e l l  a s  f o r  d e t e r m i n i n g  b r e e d i n g
phenolagy, c h i c k  g r o w t h  r a t e s  a n d  f o o d  h a b i t s  w e r e  t h e  s a m e  a s  t h o s e  u s e d  i n  all
o t h e r  y e a r s  ( s e e  S p r i n g e r  e t  a l . 1 9 8 4 ,  i n  p r e s s  b] w i t h  t h e  f o l l o w i n g  a d d i t i o n s ,
T h e  e q u a t i o n s  u s e d  +or e s t i m a t i n g  t h e  s i z e s  o f  pollock w e r e :

Otoliths } lC!.il m m  Y =  ( 3 , 1 7 5 X 1  -  9.770
Otoliths~ 10.0 m m  Y =  ( 2 . 2 4 6 X )  -  0.510

w h e r e  Y  = f i s h  l e n g t h  i n  c m
x = otolith l e n g t h  i n  m m ;  f r o m  F r o s t  a n d  L o w r y  <1981),

a n d ,  W =  0.0075 L2*977

w h e r e  Id = f i s h  w e i g h t  i n  g
L =  f i s h  l e n g t h  i n  c m ;  f r o m  Pereyra e t  a l .  (19763 i n  S m i t h  (1979).
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Y o u n g - o f - y e a r  POIIOCR were a l l  a s s i g n e d  a  w e i g h t  o+ 0i5 g.~ the a p p r o x i m a t e
m i d p o i n t  o f  w e i g h t s  o f  y o u n g - o f - y e a r  pollock d e t e r m i n e d  b y  T .  Nishyama (unpubl.
data) . T h e  l e n g t h - w e i g h t  e s t i m a t e s  f o r  capelin w e r e  t a k e n  f r o m  K. Pahlke
(unpubl. d a t a )  a n d  a r e  a s  f o l l o w s :

f i s h  l e n g t h  < !30 m m ,  w e i g h t  e s t i m a t e  =  5  g
80 m m  < f i s h  l e n g t h  { l15mm, w e i g h t  e s t i m a t e  =  1 0  g
f i s h  l e n g t h  } 115 m m ,  w e i g h t  e s t i m a t e  =  2 0  g .

T h e  auklet c e n s u s  plots w e r e  c h o s e n  o n  t h e  b a s i s  o f  v i s i b i l i t y  a n d
representativeness  w i t h  r e g a r d  t o  auklet d e n s i t y .  T h e  p l o t s  w e r e  p l a c e d
v a r i o u s l y  i n  a r e a s  o f  h i g h ,  m e d i u m  a n d  l o w  d e n s i t y  a n d  i n  t r a n s i t i o n  z o n e s
b e t w e e n  a r e a s  o f  d i f f e r e n t  d e n s i t y , C o u n t i n g  p o s i t i o n s  w e r e  ?ocated i n  m o s t
c a s e s  s u c h  t h a t  more t h a n  o n e  p l o t  could b e  censused  f r o m  e a c h  p o s i t i o n . Al 1
p o s i t i o n s  w e r e  a t  l e a s t  4 0  m  a w a y  f r o m  t h e  plots t o  m i n i m i z e  d i s t u r b a n c e  o f  b i r d s
d u r i n g  t h e  c o u n t s . P h o t o g r a p h s  w e r e  t a k e n  t o  d o c u m e n t  t h e  l o c a t i o n s  o f  a l l
p l o t s ,

T w o  m e t h o d s  w e r e  e m p l o y e d  t o  e s t a b l i s h  i n d i c e s  o f  auklet n u m b e r s  o n  t h e
c e n s u s  plots? t h e “ n e t  m o v e m e n t ”  m e t h o d  d e s c r i b e d  b y  Byrd et al. (1983) a n d  a
m o d i f i c a t i o n  o f  t h e  “ s u r f a c e  a v e r a g e ” m e t h o d  d e s c r i b e d  b y  13edard (1949a),

Bedard <1969a)  c o u n t e d  t h e  n u m b e r  o f  b i r d s  i n  1 4 . 2  x  1 4 . 2  m  plots e v e r y
h a l f  h o u r  b e t w e e n  0 5 0 0  a n d  0 8 0 0  h o u r s  d u r i n g  t h e  l a s t ’  f e w  d a y s  p r e c e d i n g
e g g - l a y i n g . T h e  c e n s u s e s  w e r e  t a k e n  o n  t h r e e  s u c c e s s i v e  d a y s  a n d  t h e  s e c o n d ,
t h i r d  a n d  f o u r t h - h i g h e s t  c o u n t s  w e r e  a v e r a g e d . F o r  o u r  s u r f a c e  a v e r a g e  c o u n t s  w e
e s t a b l i s h e d  1 1  c e n s u s  plots i n  P t e r o d a c t y l  C o l o n y  a n d  4 p l o t s  i n  A r c h  c o l o n y .
T h e  p l o t s  w e r e  1 0 x 1 O  m  i n  s u r f a c e  a r e a . W e  c o u n t e d  t h e  n u m b e r  o f  e a c h  s p e c i e s  o f
auklet o n  e a c h  p l o t  o n c e  e v e r y  1 5  m i n u t e s  d u r i n g  t h e  e n t i r e  m o r n i n g  a n d
e a r l y - a f t e r n o o n  a c t i v i t y  p e r i o d ,  g e n e r a l l y  b e t w e e n  t h e  h o u r s  o f  0 5 0 0 - 1 5 0 0  i n
e a r l y  J u n e .  H o u r s  o f  p e a k  a c t i v i t y  b e c a m e  l a t e r  a s  t h e  s e a s o n  p r o g r e s s e d ,  s o  w e
a d j u s t e d  o u r  c e n s u s  p e r i o d  t o  c o r r e s p o n d  t o  t h a t  c h a n g e . C o u n t s  w e r e  m a d e  d u r i n g
t h r e e  p h o n o l o g i c a l  p e r i o d s :  pre-laying ( a r r i v a l  o f  b i r d s  o n  t h e  p l o t s  u n t i l  1 7
June), i n c u b a t i o n  (18 J u n e -  1 6  July),  a n d  c h i c k  f e e d i n g  (17 J u l y  -  s e a - g o i n g ) .
W e  a v e r a g e d  t h e  f i v e  h i g h e s t  c o u n t s  f r o m  e a c h  d a y  c o u n t s  w e r e  m a d e .  A d d i t i o n a l
c o u n t s  w e r e  m a d e  o f  t h e  p r o p o r t i o n s  o f  i m m a t u r e  auklets a n d  o f  a d u l t s  c a r r y i n g
food .

T w o  w a t e r  s a m p l i n g  s t a t i o n s  a t  C a p e  Lisburne w e r e  o c c u p i e d  a t  i n t e r v a l s
o f  a b o u t  t h r e e  d a y s  o r  l e s s  e x c e p t  w h e n  i c e  o r  w e a t h e r  c o n d i t i o n s  p r e v e n t e d  b o a t
trave? . T h e  s t a t i o n s  w e r e  a p p r o x i m a t e l y  2  k m  o f f s h o r e ;  o n e  s t a t i o n  w a s  d i r e c t l y
n o r t h  o f  t h e  C a p e  Lisburne Air F o r c e  S t a t i o n  a n d  t h e  o t h e r  w a s  d i r e c t l y  w e s t  o f
K a y  C r e e k  o n  t h e  w e s t  s i d e  o f  t h e  c a p e . T h e  b o t t o m  d e p t h  o f  e a c h  w a s
a p p r o x i m a t e l y  id m . O n e  l i t e r  w a t e r  s a m p l e s  f o r  t h e  d e t e r m i n a t i o n  o f
c h l o r o p h y l l - a  w e r e  t a k e n  i n  r e p l i c a t e  f r o m  t h e  d e p t h s  o+ 1, 5  a n d  15 m . T h e
s a m p l e s  w e r e  f i l t e r e d  t h r o u g h  g l a s s  f i b e r  f i l t e r s  w i t h i n  3 0  m i n u t e s  o+
c o l l e c t i o n ,  b u f f e r e d  w i t h  m a g n e s i u m  c a r b o n a t e  a n d  f r o z e n  i n  a i r - t i g h t ,  d a r k
c o n t a i n e r s  o v e r  c a l c i u m  c a r b o n a t e  w i t h i n  2(I  m i n u t e s  o+ f i l t r a t i o n  a c c o r d i n g  t o
t h e  m e t h o d  o f  S t r i c k l a n d  a n d  P a r s o n s  (1972). T h e  s a m p l e s  r e m a i n e d  f r o z e n  u n t i l
t h e y  w e r e  e x t r a c t e d  i n  90% a c e t o n e  a n d  r e a d  w i t h  a  T u r n e r  D e s i g n s  florimeter i n
t h e  l a b o r a t o r y  ( S t r i c k l a n d  a n d  P a r s o n s  1 9 7 2 } .

Zooplankton w e r e  c o l l e c t e d  i n  a  0.5 m , 0 . 2 5 0  mm m e s h  n e t  t o w e d  v e r t i c a l l y
f r o m  t h e  b o t t o m  t o  t h e  s u r f a c e ,  T h e  s a m p l e s  w e r e  p r e s e r v e d  i n  7A formalin a n d
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VI. RESULTS

A. Murres

1. C e n s u s

T h e  r e s u l t s  #f t h e  murre c e n s u s e s  o n  St. M a t t h e w  1. a n d  C a p e  Lisburne are
d e t a i l e d  i n  A p p e n d i x  T a b l e s  1  a n d  2, r e s p e c t i v e l y . I n c l u d e d  i n  A p p e n d i x  T a b l e  ~
a r e  t h e  d i u r n a l  c o m p e n s a t i o n  c o u n t s  o f  murres from S t .  M a t t h e w  1,

S t .  M a t t h e w  1 .

R e s u l t s  o f  t h e  murre census on 15 p lots  on  St. M a t t h e w  1. t h a t  c o n t a i n e d
murres  a n d  t h a t  w e r e  censused  i n  all t h r e e  years o f  s t u d y  [~977 - DeGange  and
SOWls <1978), 1982 - S p r i n g e r  e t  a l .  (in p r e s s  a)l a r e  s u m m a r i z e d  i n  Table 1 .
F r i e d m a n ’ s  a n d  M u l t i p l e  C o m p a r i s o n s  t e s t s  o f  s i g n i f i c a n c e  i n d i c a t e d  t h a t  t h e
u n c o m p e n s a t e d  s c o r e s  i n  19S2 w e r e  s i g n i f i c a n t l y  lower t h a n  those in ~977 a n d
1983, w h i c h  w e r e  e q u i v a l e n t  (.OI{P(.025).

lnter~retation o f  t h e  s c o r e s  c o m p e n s a t e d  f o r  d i u r n a l  a c t i v i t y  p a t t e r n s
a r e  l e s s  s t r a i g h t - f o r w a r d . DeGang@  a n d  Sowls (!97S) n o t e d  t h e  c o u n t i n g  t i m e s  +OP
o n l y  S o+  t h e  p l o t s  a n d  d i d  n o t  m a k e  a n y  d i u r n a l  a c t i v i t y  counts  i n  ~977. ble
c o u n t e d  a  p a r t i c u l a r  p l o t  a t  s e v e r a l  d i f f e r e n t  t i m e s  o+ the day in 1982, b u t  a l l
c o u n t s  w e r e  n o t  o n  t h e  s a m e  d a y . T h e r e f o r e ,  d a i l y  ( d a y - t o - d a y )j a s  well as
diurnal~ c h a n g e s  i n  a t t e n d a n c e  w e r e  i n c o r p o r a t e d  i n t o  t h e  a c t i v i t y  p a t t e r n  w e
u s e d  t o  c o m p e n s a t e  t h e  1982 s c o r e s , I n  1 9 S 3  w e  m a d e  r e p e a t e d  counts cd a  p l o t  a t
d i f f e r e n t  t i m e s  of t h e  d a y  o n  t h e  s a m e  d a y . A s t r o n g  c o r r e l a t i o n  over t h e  daily
c y c l e  e x i s t e d  b e t w e e n  t h e  1 9 8 2  a n d  19S3 c u r v e s  {Fig, 3), h o w e v e r ,  the m a g n i t u d e
o f  the hourly c h a n g e s  d i f f e r e d  c o n s i d e r a b l y ;  i n  1 9 8 2  t h e r e  w a s  a  l a r g e r
p r o p o r t i o n a l  c h a n g e  b e t w e e n  t h e  m o r n i n g  low a n d  t h e  evening p e a k  numbers!  perhaps
r e f l e c t i n g  t h e  o v e r a l l  ef+ect o f  d a i l y  c h a n g e s  i n  a t t e n d a n c e .

T h e  1 9 8 2  c e n s u s  s c o r e s  f o r  all 15 plots c o m p e n s a t e d  b y  using b o t h  t h e
1 9 8 2  a n d  1983 d i u r n a l  a c t i v i t y  cu~ves, a n d  t h e  1983 s c o r e s  c o m p e n s a t e d  by  u s i n g
t h e  1983 c u r v e  a r e  s u m m a r i z e d  in Table 1. T a b l e  2  s u m m a r i z e s  t h e  u n c o m p e n s a t e d
a n d  c o m p e n s a t e d  s c o r e s  +or S p l o t s  w h e r e  t h e  c o u n t i n g  t i m e s  were Peccrded i n
1977; t h e  1 9 7 7  a n d  1 9 8 2  s c o r e s  h a v e  b e e n  c o m p e n s a t e d  using both the 15’%2 a n d
1983 d i u r n a l  c u r v e s .  W h e n  t h e  s c o r e s  from a l l  t h r e e  y e a r s  a r e  c o m p e n s a t e d  u s i n g
t h e  19S3 c u r v e ,  t h e  s a m e  p a t t e r n  as i n  t h e  u n c o m p e n s a t e d  s c o r e s  is o b t a i n e d ,
i,e,g n u m b e r s  i n  j977 a n d  1 9 8 3  a r e  e q u i v a l e n t ,  w h i l e  the number in i982 i s  a b o u t
40% l o w e r . H o w e v e r ,  w h e n  t h e  ~982 curve i s  u s e d  t o  c o m p e n s a t e  the 1977 a n d  1982
s c o r e s ,  a s  d o n e  i n  o u r  p r e v i o u s  r e p o r t ,  the n u m b e r s  in 1982 a n d  1983 a r e
e q u i v a l e n t  a n d  a r e  a b o u t  4W lower t h a n  t h e  n u m b e r  i n  1977.

T a b l e  3  s u m m a r i z e s  t h e  r e s u l t s  o+ r e p e a t e d  c o u n t s  of 3 subplots a t  S t .
M a t t h e w  I .  i n  1 9 8 2  a n d  1 9 8 3 . T h e  s u m  o f  t h e  1 9 8 3  c o u n t s  averaged WA hi~her t h a n
t h e  s u m  o f  t h e  1982 c o u n t s .  T a b l e  4  l i s t s  t h e  r e s u l t s  O+ r e p e a t e d  counts  i n  !982
a n d  1 9 8 3  o f  a  s u b p l o t  c o n t a i n i n g  o n l y  t h i c k - b i l l e d  mur~es. T h e  mean  o+ the
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T a b l e  1 . N u m b e r s  of murres  cm P l o t s  D - 1 ,  2 a n d  4 - 9 ;  E - 1 ,  3; a n d  4-%; a n d
F-1, 3 ,  4  a n d  .4 a t  S t .  M a t t h e w  I s l a n d . D a t a  for 1 9 7 7  are f r o m  DeGange
a n d  Sowls ( 1 9 7 8 ) .

Year U n c o m p e n s a t e d  S c o r e s C o m p e n s a t e d  S c o r e s

1 9 7 7 4 2 , 8 8 2 - -

1982A 2 4 , 6 3 4 4 9 , 1 2 0

~ 982~ - - 3 0 , 7 8 2

1 9 8 3 37,094 50,43&

a S c o r e s  c o m p e n s a t e d  u s i n g  1 9 8 2  d i u r n a l  c o u n t s .
s Scores c o m p e n s a t e d  u s i n g  1983 d i u r n a l  c o u n t s .

T a b l e  2 . N u m b e r s  of murres on Plots E-3 and 6-8; and F-1, 3, 4 a n d  6 at
S t .  M a t t h e w  I s l a n d . D a t a  far 1977 a r e  f r o m  DeGange  a n d  Sowls ( 1 9 7 8 ) .

Y e a r U n c o m p e n s a t e d  S c o r e s C o m p e n s a t e d  S c o r e s

i 977A 20,975 54,450

1977B -- 29,559

1982A 15,270 27,450

j 9826 -- 18,858

1983 22,5(52 30,444

~ S c o r e s  c o m p e n s a t e d  u s i n g  1 9 8 2  d i u r n a l  c o u n t s ,
~ Scores c o m p e n s a t e d  u s i n g  1 9 8 3  d i u r n a l  c o u n t s .
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T a b l e  3 . U n c o m p e n s a t e d  n u m b e r s  o f  murres  on three subplots at St. Matthew
Island where replicate ccmnts were made in 19S2 and 1983.

1932 ~ 983
S u b p l o t n x s n x s

9 a 2 1 , 5 0 2 1 9 4 2 4 , 1 5 7 730

9d 2 2,232 1,057 3 3,086 333

Total : 5,355 9,842

T a b l e  4 . hunts of common murres  <COMUI  a n d  t h i c k - b i l l e d  murres  <T8MLJI on two
s u b p l o t s  i n  p l o t  E-1 cm St. M a t t h e w  I s l a n d ,  1982 - 19S3~.

‘ f e a r D a t e Subplot Timef$ Colw TBMU

1982 25 Jul 1 1521 fl 124
2 1732 # 187

1 #+ug i 1530 0 139
1930 0 133

9 Aug 1 1520 Q 83

20 Jul 1 1241 c1 163

5 Aug 2 1630 13 134

~ All counts  were  made by Observer E,
B Bering Daylight T i m e .
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Fig. 3. Diurnal activity patterns of murres on St. Matthew I. in 1982 and 1983.

counts in 1983, 159, is 3W h i g h e r  t h a n  t h e  m e a n  of t h e  c o u n t s .  i n  i9S2, 1 2 0 .

C o m m o n  a n d  t h i c k - b i l l e d  murres w e r e  d i f f e r e n t i a t e d  d u r i n g  s i n g l e  c o u n t s  o f
7 subplots on St, Matthew 1. <Table 51 a n d  o f  1 3  s u b p l o t s  o n  H a l l  1. ( A p p e n d i x
T a b l e  3 ) . S i x  o f  t h e  s u b p l o t s  o n  S t . M a t t h e w  1. w e r e  c o u n t e d  s i m i l a r l y  b y  De!3ange
a n d  Sowls i n  1 9 7 7 . A c o m p a r i s o n  o f  t h e  p r o p o r t i o n s  o f  t h e  t w o  s p e c i e s  i n  1 9 7 7  a n d
1 9 8 3  s h o w s  n o  c o n s i s t e n t  d i f f e r e n c e  i n  r e l a t i v e  n u m b e r s  of t h e  t w o  s p e c i e s  b e t w e e n
y e a r s . Three additional areas were established in 19S3 where repeated counts of
a l l  s p e c i e s  w e r e  m a d e  < A p p e n d i x  T a b l e s  4-61.

Cape Lisburne

A s u m m a r y  o f  t h e  murre c e n s u s e s  a t  C a p e  Lisburne i s  p r e s e n t e d  i n  Table 6,
i n c l u d i n g  t h e  r e s u l t s  f r o m  1 9 8 4  <Springe~  a n d  3yrd, unpubl. data). C o m p e n s a t i o n  i n
a l l  y e a r s  w a s  d o n e  u s i n g  t h e  d i u r n a l  c u r v e  o b t a i n e d  i n  1 9 7 7 .  T h e  r e s u l t s  a r e
r e m a r k a b l y  c o n s i s t e n t  w i t h  o t h e r  y e a r s ,  s u g g e s t i n g  t h a t  t h e r e  h a s  b e e n  n o  l o n g - t e r m
c h a n g e  i n  n u m b e r s

2 . Phenology

S t .  M a t t h e w  1 .

T w o  plots

s i n c e  1 9 7 4 .

a n d  R e p r o d u c t i v e  S u c c e s s

w e r e  l o c a t e d  w h e r e  n e s t i n g  t h i c k - b i l l e d  murres c o u l d  b e  easily
v i e w e d .  O u r  c o u n t s  o f  t h e  n u m b e r s  of e g g s ,  c h i c k s  a n d  a d u l t s  o n  t h o s e  p l o t s  a r e
l i s t e d  i n  T a b l e s  7  a n d  8 . Me w e r e  u n a b l e  t o  f i n d  s i m i l a r  p l o t s  w h e r e  s u f f i c i e n t
n u m b e r s  o f  c o m m o n  murres  w e r e  v i s i b l e  f o r  m e a n i n g f u l  i n f o r m a t i o n . The  counts  o f
the  t h i c k - b i l l e d  murre e g g  p l o t s  w i l l  p r o v i d e  a  b a s i s  f o r  c o m p a r i n g  p r o d u c t i v i t y  i n
f u t u r e  y e a r s .
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Table 5. Ratios of common murres  <COW) a n d  t h i c k - b i l l e d  murres  {TGNUI a t  St.
?latthew I s l a n d ,  1 9 7 7  a n d  1983. Data for i977 d a t a  are from DeGange  a n d  SOWls
1 9 7 8 ;  A. SOW1S9 unpubl. d a t a .

L o c a t i o n Time} D a t e CDNU TG?W tXINLJ/TBNU

Glory o f  R u s s i a  Cape

<Ist Cove -  left)

(lst C o v e -  right)

(2nd C o - v e  -  ?e+t)a

(2nd Cove -  right]

( S h a r e - s i d e  of D-S)

< S e a - s i d e  o f  D-Q)

Bull S e a l  P o i n t

<t40rthwest  side)

(Southeast, side)

C a p e  U p r i g h t

(Plot No. i)

N52
1303

ND
1415

1700
1440

ND
1440

1730
i 338

ND
1338

1130
104Q

Ijllo
No

ND
NO

NO

12 Jul 1 9 7 7
2 1  Jul 1983

12 Jul 1977
2 1  JuI 19S3

~9 Jul 1 9 7 7
2~ Jul 19S3

1 9 7 7
2 1  Jul 1983

1 9  Jul 1 9 7 7
21 Jul 19S3

1977
21 Ju~  1 9 8 3

9  J u l  1 9 7 7
1 #lug  1983

8 J u l  ~977
1 9 8 3

i5 Jltl 1977
1983

1 5  Jul 1977
i 983

T o t a l s  (1977 plots r e c o u n t e d  i n  1983): i 977
1983

T o t a l s  <a?l p l o t s  ccwntsd e a c h  y e a r ) : i 977
1 9 8 3

5 9
4 4

19
300

0
22

Nil
4 9

1 9 4
2 3 5

Nil
270

1 2 5
1 9 7

2 6
ND

4
ND

13
ND

2 0 3
3 3 9

9 5
4(M

2 7 6
137

ND
236

0
c1

ND
52

5 7
4 7

3 9
ND

2 7 4
ND

37
ND

0 . 3
0.1

0.2
0.4

0
0.2

ND
0.2

0
0

ND
!5.2

2.2
4.2

0.7
No

{o.~
No

0,4
ND

2 7 2
79!3

4 4 2
1,117

0.4
008

0.5
0.9

I Bering Daylight T i m e .
z ND = n o  d a t a .
a T h e  ‘2nd Couew  total r e p o r t e d  by DeGancy a n d  SCMIS (197S1 i s  a  count o+ t h e

c o v e ’ s  n o r t h  s i d e  (see DeGange  and Sowls 197S, Figure 6}.
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T a b l e  6 .  S u m m a r y  of murre c e n s u s  r e s u l t s  a t  Cape Lisburne.

U n c o m p e n s a t e d  Scores C o m p e n s a t e d  Scores
Year S a m p l e  At S a m p l e  f3t S a m p l e  A S a m p l e  B

1976 9 , 9 2 5 14,100 Nfl MA

1977 10,ICI4 1 5 , 5 0 1 ~4,779 2 2 , 1 3 8

1978 9 , 5 2 4 MA 1 4 , 0 9 4 MA

1 9 7 9 10,390 1 6 , 1 2 3 1 7 , 3 4 2 2&,050

1981 10,108 1 4 , 2 3 6 11,96S 1 7 , 7 3 5

1 9 8 3 9 , 4 0 1 1 6 , 3 9 5 1 5 , 1 1 0 2 5 , 1 5 1

1984 1 1 , 2 2 8 1 6 , 2 8 3 2 2 , 1 4 8 3 0 , 6 2 2

I Plots li, 1 2 ,  25! 2 6 ,  3 0 ,  a n d  3 2 .
Z Plots 1 1 ,  1 2 ,  2 5 ,  2 6 ,  3 0 ,  3 2 ,  6 5 ,  6 6 ,  7 0  a n d  7 2 .

C o m m o n  murres  l a i d  e a r l i e r  t h a n  t h i c k - b i l l e d  murres  a s  t h e y  d i d  in i9%2.
C o m m o n  murres began c a r r y i n g  f i s h ,  p a r t i c u l a r l y  capel i n ,  t o  t h e  c o l o n i e s  a b o u t  15
J u l y  a n d  m a n y  w e r e  c a r r y i n g  f i s h  b y  2 6  JuIY. The f i r s t  c o m m o n  murre c h i c k  w a s  s e e n
o n  1 9  JUIY  a n d  t h e  s m a l l e s t  c h i c k s  s e e n  on 9  A u g u s t  w e r e  a b o u t  8-10 d a y s  old.
T h e s e  h a t c h i n g  d a t e s  a r e  a b o u t  2 - 3  w e e k s  e a r l i e r  t h a n  in 1 9 8 2  ( s e e  S p r i n g e r  e t  a l .
i n  p r e s s  a) a n d  a r e  c o m p a r a b l e  t o  h a t c h i n g  d a t e s  o n  t h e  Pribilof 1 s .  d u r i n g  1 9 7 5 - 7 9
(Hunt e t  al, 1981a), S e a - g o i n g  o f  c o m m o n  murres w a s  first s e e n  o n  i A u g u s t ,  b u t
f e w  c h i c k s  l e f t  t h e  c l i f f s  b e f o r e  a b o u t  1 0 - 1 4  A u g u s t .  T h i c k - b i l l e d  murres  w e r e
f i r s t  s e e n  c a r r y i n g  f i s h  o n  2 7  J u l y  a n d  m a n y  w e r e  c a r r y i n g  fish b y  9  A u g u s t .  T h e
f i r s t  t h i c k - b i l l e d  murre c h i c k s  w e r e  s e e n  o n  7  A u g u s t  a n d  w e r e  l e s s  t h a n  a b o u t  f i v e
d a y s  o l d . On 9 August t h e  e s t i m a t e d  a g e s  o f  1 8  t h i c k - b i l l e d  murre c h i c k s  w e r e :  1-2
d a y s  o l d ,  6 ;  2 - 4  d a y s  old, 4 ;  4-4 d a y s  o l d ,  8 ;  }  6  d a y s  old, O .

Cape Lisburne

T h e  f i r s t  murre c h i c k  w a s  s e e n  o n  2  A u g u s t ,  a  d a t e  s o m e w h a t  l a t e r  t h a n
a v e r a g e  (Table 9). Plurre e g g s  a n d  c h i c k s  w e r e  a b u n d a n t  o n  t h e  l e d g e s  i n d i c a t i n g
t h a t  r e p r o d u c t i v e  s u c c e s s  w a s  g o o d .

3 * F o o d  H a b i t s

S t .  M a t t h e w  I .

F o o d  h a b i t s  o f  murres  a t  S t .  M a t t h e w  I . i n  1 9 8 2  a n d  1 9 8 3  a r e  s u m m a r i z e d  i n
T a b l e s  1 0  a n d  !1, r e s p e c t i v e l y . Pollock a n d  a  t a x o n  w e  h a v e  t e n t a t i v e l y  i d e n t i f i e d
a s  b e l o n g i n g  t o  t h e  family Pleuronectidae w e r e  b o t h  i m p o r t a n t  c o n t r i b u t o r s
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0 0 MD

3 MD

(1332)
31 (1200) 8 (fl32)

S (1200) 3 (000) 54 (0842)

.1D 3

lID S

(1230)
t8 (1530)

(000) VD

Table 7. Counts of a d u l t  thick-bi llednw’res$ eggs a n d  c h i c k s  cm eggplot 1  a t
Arch Colony~ St. Matthew Island, 1983.

27 Jun 4  J u l 13 Jul 22 Jul 1 AUCJ

Number CM a d u l t s  <timel}

N u m b e r  o f  e g g s

Number o f  c h i c k s

N u m b e r  o f  a d u l t s
s i t t ing cm eggs  or chicks

Number of eggs laid
since last v i s i t

Number o f  e g g s  o r  c h i c k s
lost s i n c e  last v i s i t

0 6 ND

12 0 ND

o 3 ND

ND (3

ND o

ND 7

~ Bering D a y l i g h t  T i m e .
2ND= n o  d a t a .

T a b l e  S. Counts of adult thick-bi lledmurres, e g g s  a n d  chicks cm eggplots 1-3
at North C a m p  C o l o n y ,  St. M a t t h e w  I s l a n d ,  i983.

27 Jun 3 Jul 22 Jul 1 Aucj

N u m b e r  of adults <timell 116 (16i5) 9 %  {17!50) fi4 (0900) 6 3  (ND2)
S9 (~530)

N u m b e r  o f  eggs 21 2 4 ND to

Number o+  chicRs o Cl ND 10

Number o f  a d u l t s
sitting cm e g g s  OP chicks o (1 ND 2

N u m b e r  a+ eggs laid
s i n c e  l a s t  visit 21 5 ND 6

N u m b e r  o f  eggs o r  c h i c k s
lost s i n c e  l a s t  visit o 2 ND 7

I Bering D a y l i g h t  T i m e .
2ND= no data.
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Table 9. Approximate date of first hatching of
murre  c h i c k s  a t  C a p e  Lisburne.

Year F i r s t  H a t c h i n g

1976 6 #lug

i 977 1  Aug

1978 21 Jul

1979 22 Jul

1 9 8 0 i  Aug

1981 26 Jul

1983 2 #lug
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U n i d e n t i f i e d  -Fishes

Shr imps
Crabs
Parathwnisto s p p .
Wammarldae
‘1% sanoessa sppa
W%zE---
Snails
Squids
Polychaetes
U n i d e n t i f i e d  invertebrates

Numbers of Individuals

Thera ra chalco ranuna
~?3Sticroce

Ei5TTTdae
?4allotus villosus,

leurcmectlciae~
U n i d e n t i f i e d  +ishes,

inclivlduals.
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IBWII BIKI

8. o

.22

2 )S3

38c
S

25

8c

0

a
I
a
a

0
5
0
5

5I
I

30
S

43

18

Table 11. O c c u r r e n c e  a+ rriajw  taxa i n  d i e t s .  of
murres (COW), a n d  b l a c k - l e g g e d  kittiwakes (EILK:
9 August i983.

t h i c k - b i l l e d  murres  (TBMUI, commcm
) an S t .  M a t t h e w  I s l a n d ,  7  J u n e  -

N u m b e r  e x a m i n e d
N u m b e r  e m p t y
F r e q u e n c y  of i n v e r t e b r a t e s
F r e q u e n c y  of f i s h e s

A,

B.

c.

F r e q u e n c y  of O c c u r r e n c e

Thera ra chalcncrarnma
H5FH%5F
tlallOtus villmus

‘W%.!%*

Shr imps
Crabs’
Parathemisto spp.
k%mnar Idae
T h  sanoessa E.pp.
~
I scqmda
S q u i d s
Polychaetes
Pterapoda
U n i d e n t i f i e d  c r u s t a c e a n s
Mollusca

N u m b e r s  o f  I n d i v i d u a l s .

Thera r a  chalccwansna
*
Mal lotus villosus
Eulpea hareri us

%leuonet17TJZie

E s t i m a t e d  W e t  W e i g h t  <g]

Thera ra cha]coQrwnma
6
Mall otus villosus

Mnw

~ W~e~e$ p a r e n t h e s e s  a r e  t h e  f r e q u e n c y  a m o n g  t h e  total n u m b e r  o f  b i r d s
. Values pot i n  p a r e n t h e s e s  a r e  the.percent  f r e q u e n c y  n u m b e r s ,

or w e i g h t ,  res ectively, a m o n g  birds c o n t a i n i n g  ~dentlflable prey  remains,
!~ Tentative i d e n  i+ication.

C One spec!men conta!ned 310 i n d i v i d u a l s ,
~ CJne s p e c i m e n  contained 1 5 5  i n d i v i d u a l s .
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o+ biomass to murre diets in ~982. T h e  i m p o r t a n c e  o+ t h e  flat-fish in  ~983$
howevgr~  was much  less t h a n  pal lock, w h i c h  d o m i n a t e d  murre diets t h a t  year.
Capelin <Mal lotus uillosus) w e r e  o f  m o d e r a t e  i m p o r t a n c e  t o  c r o o n  rnurres in
!9%3.

I n v e r t e b r a t e s  were t a k e n  +requeritly b y  thicK-billed murres  i n  both Years
<Table  12) and probably contributed significantly to their diets, particularly
during  early s u m m e r . C o m m o n  murres  c h a r a c t e r i s t i c a l l y  t o o k  +ewer invertebrates?
e x c e p t  i n  t h e  J u n e  sample p e r i o d . It was n o t  p o s s i b l e  t o  e s t i m a t e  the n u m b e r s  o r
biomass o+ the invert~brate f r a c t i o n  o f  t h e  s t o m a c h  c o n t e n t s  i n  m o s t  cases because
t h e  prey o r g a n i s m s  w e r e  h i g h l y  f r a g m e n t e d .

The n u m b e r s  a n d  e s t i m a t e d  b i o m a s s  of total $ishes in murre diets aFe ‘
s u m m a r i z e d  i n  Tables 13 - 16. A g r e a t e r  number  o+ fishes w i t h  a  g r e a t e r  e s t i m a t e d
b i o m a s s  was r e c o v e r e d  +rom c r o o n  murres t h a n  f r o m  t h i c k - b i l l e d  murres. Fdr both’
species$ th~ biomass o+ fishes was lowest in June a~~ increased steadily thr~ughout
th~ sumer in both years, T h e  n u m b e r s  o f  fishes a n d  t h e i r  e s t i m a t e d  b i o m a s s  w e r e
m u c h  high~r i n  1983 than i n  1982,

,,,
T h e  i m p o r t a n c e  o+ y o u n g - o f - y e a r  pollock d e c l i n e d  d r a m a t i c a l l y  b e t w e e n

1 9 8 2 - 1 9 8 3  (Table 17).

Cape Lisburne
.,.

F o o d  habits of murres  at C a p e  Lisburne in 1983 a r e  s u m m a r i z e d  i n  Table ~8.
Cods$ p r i m a r i l y  Arctic c o d  w i t h  s m a l l e r  n u m b e r s  cd saffron cod (Eleciinus
cracil is;: dominated  the d i e t s  o+ b o t h  s p e c i e s  t h r o u g h o u t  t h e  s u m m e r , The
availability o+ cods i n  1983 was u n p r e c e d e n t e d  i n  t h e  m a n y  prior years o+ study at
Cap~ Lisburne, O*her p r e y  taxa were o+ little i m p o r t a n c e ,

A sense o{ the m a g n i t u d e  of the c o n t r i b u t i o n  o+ c o d s  c a n  be seen in Table
19J  which compare=  the n u m b e r s  a n d  e s t i m a t e d  biomass  o+ +ishes i n  t h i c k - b i l l e d
murro d~~ts between years. T h e  .av@rage n u m b e r s  o f  +ishes/bird  were not very
dif+ereni than in othe~ y e a r s ,  a l t h o u g h  the ave~age  biomass,/bird was gene~ally m u c h
h i g h e r .  Thi~ is twcause in oth~r y e a r s  taxa s u c h  as sculpins, sand lance and
capelin c o n t r i b u t e d  substantially t o  t o t a l  n u m b e r s ;  however! because  t h e s e  taxa
were g e n e r a l l y  smaller t h a n  cods, p a r t i c u l a r l y  A r c t i c  codg their ccmtribution in
tprms 0+  biomass waa r~latively  small.

Resul *s, c+ the cansus of black-legged kittiwakes on S t .  M a t t h e w  1, are
d e t a i l e d  in Appendix Table 7. The r e s u l t s  o+ the c e n s u s e s  o+ 1 2  plots. counted  i n
t h r e e  years. o+ studY  ar~ s u m m a r i z e d  i~ Table 2il. The total number of birds and
nests cm th~ 32 ~lots incrsased -from 1 9 8 2  t o  1983, but t h e  i n c r e a s e  i n  th~ number
of nests was small, l.,ittl~ d i f f e r e n c e  i n  t h e  n u m b e r  of n e s t s  o n  t h o s e  plots h a s
be~n recorded in the three years t h a t  c@nsuses havQ b e e n  taken.

2> Phenclogyj R e p r o d u c t i v e  Success a n d  C h i c k  Growth Rates

St. PdatthwJ2.
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Table 1 2 . F r e q u e n c y  o f  o c c u r r e n c e  f%] o f  i n v e r t e b r a t e s  i n  d i e t s  o f  t h i c k - b i l l e d
murres <TBMU}, c o m m o n  murres <COMUI, a n d  b l a c k - l e g g e d  kittiwakes. <BLKI} at St,
M a t t h e w  I s l a n d . V a l u e s  i n  i+ i n c l u d e  a i l  s p e c i m e n s ;  v a l u e s  i n  B  e x c l u d e  e m p t y
s p e c i m e n s .

Y e a r
Jun 1-20 JUl 21 JUI-10 fklQ

TBMU C(3MU i3LKI T8MU corm 13LKI TBMU COMU BLKI

19s2 A N~l ND ND 3 3 Ii 100 40 5 4 7i
B 100 1 7 100 50 &7 iQci

1983 A 71 50 63 4 7 0 8& 8 5 9 3 8
B 8 9 5 2 68 4 7 0 84 8S 9 4 3

{ND= n o  d a t a .

Table 1 3 .  N u m b e r s  a n d  e s t i m a t e d  b i o m a s s  o f  f i s h e s  i n  d i e t s  o f  c o m m o n  murres  a t
S t .  M a t t h e w  I s l a n d .  A r i t h m e t i c  m e a n  n u m b e r  a n d  w e i g h t  (g}/bird.

Jun 1 - 2 0  Jul 2 1  Ju1-10 fhlQ
Y e a r n % s n F s n 5 s

N u m b e r s

1 9 8 2 ND~ 9 2 3 33 20 43

1983 3 0 7 10 13 14 14 34 24 56

B i o m a s s

1 9 8 2 ND 9 10 17 33 46 62

1 9 8 3 30 54 80 1 3 115 73 3 4 130 ~ 27

~ND= n o  d a t a .
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Table !4. N u m b e r s  a n d  e s t i m a t e d  b i o m a s s  O+ fishes i n  d i e t s  o f  t h i c k - b i l l e d
murres at St. flatthew I s l a n d ,  A r i t h m e t i c  m e a n  n u m b e r  a n d  w e i g h t  ( g } / b i r d ,

N u m b e r s

1982

f 983

Bictmass

19S2 ND 934 25 4~c j~~

i 983 24 9 21 14 39 43 19 52 59

~ND= no data .
@ One s p e c i m e n  contairted 4S0 i n d i v i d u a l s  a n d  a  s e c o n d  s p e c i m e n  c o n t a i n e d  3 3 6

i n d i v i d u a l s .
c  One  s p e c i m e n  c o n t a i n e d  3 5 9  g  a n d  a s e c o n d  s p e c i m e n  c o n t a i n e d  4 5 9  g .

T a b l e  1 5 . N u m b e r s  a n d  e s t i m a t e d  b i o m a s s  o f  f i s h e s  i n  d i e t s  o f  c o m m o n  murres  a t
St. Matthew Island. G e o m e t r i c  m e a n  n u m b e r  and weight  <g~~bird.

Jun 1-20 Jul 21 Ju1-10 f%lCl
Y e a r n : ~is n +1sz- n z :js

Numbers

i 982 ND 9 2 * #-4

1983 30 3 .9-10 13 10 3-28

33 6 1-25

34 12 4-36

B i omass

1982 Nl) 9 3 .4-17 33 ~1 ~ -99

i 983 30 16 2-110 13 63 11-365 34 73 1 &327

ND = n o  d a t a .



T a b l e  1 6 . N u m b e r s  a n d  e s t i m a t e d  b i o m a s s  of f i s h e s  in d i e t s  of t h i c k - b i l l e d
murres a t  S t .  M a t t h e w  I s l a n d . G e o m e t r i c  m e a n  n u m b e r  a n d  w e i g h t  (g),’bird.

Jun 1 - 2 0  Jul 2 1  Jul-lf)  #+UQ
Year I-1 z fis l-l z ~ls l-l i jls.

1983

ND 9 1 . 9 - 1

24 2 . 7 - 4 1 4 4 . 5 - 1 6

2 5 3 .5-16

19 6 2 - 1 7

B i omass

1982 Nil 9 1 .3-4 25 3 ,3-31

1983 24 1 .2-79 14 14 2-lCI1 19 22 4-125

Nil = no data,

T a b l e  1 7 . R e l a t i v e  i m p o r t a n c e  <21  o f  y o u n g - o f - y e a r  pollock a m o n g  all pal lock
i n  d i e t s  o f  t h i c k - b i l l e d  murres (TBMU), c o m m o n  murres  <COMU), a n d  b l a c k - l e g g e d
kittiwakes <BLKI) a t  S t .  M a t t h e w  I s l a n d ,  1 5  J u l y  -  8 August 19S2 a n d  7  J u l y  -
9  A u g u s t  19s3.

T8P!U C13NU BLKI
1982 1 9 8 3 19S2 1983 19S2 19S3

F r e q u e n c y  o f  o c c u r r e n c e d? 37 82 45 0 0

Number 99 68 88 21 11 c1

B i omass 5 9 8 i4 1 0 0
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Table 1 3 s Occurrence of major taxa in diets of thick-billed murres (TBMU), common
murres <CJJPIU]$  a n d  b l a c k - l e g g e d  kittiwakes {BLKI} a t  C a p e  !-isburne! 1 6  J u n e  -  2S
August 1983.

N u m b e r  e x a m i n e d
N u m b e r  e m p t y
F r e q u e n c y  D+ i n v e r t e b r a t e s
F r e q u e n c y  o f  f i s h e s

A. Freuuency o f  O c c u r r e n c e

Cods
$$culpins
S a n d  lance
Capel in
Other

Shr imps
Amphipods
Mysids
Euphausi ids
Polychaetes
Other

B . N u m b e r s  o+ I n d i v i d u a l s

c o d s
Sculpins
S a n d  l a n c e
Capel in
Other

c. E s t i m a t e d  Met Wei~ht <al

Cods
Scu9pins
S a n d  lance
Capel i n
O t h e r

104
2

4 6
i(ll

89
4 4
11

2
28

~1
8
4
0

1 8
2 9

i ,005
216

53
7

91

11,531
535
100
!4

120

4 5
9 9

87
4 3
~!

2
27

11
8
4
c1

18
28

7 3
16

4
<1

7

94
4

<i
{1
{1

7
25

2 5
7
5
1
7

c1
5
1
Q
i
i

513
3 2

135
1

17

5 , 3 2 4
4 0

2 7 0
2

3 4

(fo(t)
(0}
2 8

100

100
28
2 0

4
2 8

0
20

4
0
4
4

7 3
5

1 9
{1

2

94
{ 1

5
{1
<1

41
1
7

40

040
3
2
3
9

4)
o
0
0
5
3

4~7
2

2 9

1;

8, 68S
2

5s
~1
24

(100}
( 2 )
12

100

1 0 0
5
3
5

15

0
0
0
0
8
5

9 2
<1

4
{1

3

9 9
{ 1
<i
<i
{ 1

a V a l u e s  i n  p a r e n t h e s e s  r e p r e s e n t  t h e  f r e q u e n c y  a m o n g  t h e  t~tal n u m b e r  o f  b i r d s
e x a m i n e d . Values n o t  i n  p a r e n t h e s e s  r e p r e s e n t  t h e  p e r c e n t  $requency~  numbers!
o r  w e i g h t ,  respectively~ a m o n g  b i r d s  c o n t a i n i n g  i d e n t i f i a b l e  p r e y  r e m a i n s .



T a b l e  1 9 . N u m b e r  a n d  e s t i m a t e d  b i o m a s s  a+  f i s h e s  i n  d i e t s  o f  t h i c k - b i l l e d  murres
a t  C a p e  Lisburne, A r i t h m e t i c  m e a n  n u m b e r  a n d  w e i g h t  <g)/bird; d a t a  for 1977-80
a r e  f r o m  S p r i n g e r  e t  a l .  (1984).

Jun 1-20 Jul 21 Jul - ~!l Auq 1~-31 f%.lQ
n T s n E s n z s n F s

Numbers

1 9 7 7

i 978

i 979

1 9 8 0

1 9 8 3

B i o m a s s

~ 9?7

1978

1 9 7 9

1980

1983

6 5

ND

NO

ND

37 10

6 10

ND

ND

ND

3 7  ioo

7 22 &

17 3

17 12

ND

1 5 21 13

13 22 i9

17 23

17 $4

ND

102 20 187

s

14

1 4

144

15 7 9 .9 9 i2

29 20 20 10 15 13

ND 19 23 25

32 6 8 ND

20 21 20 24 18 17

15 14 18 9 23 3&

29 43 70 10  53 55

ND 19 57 (57

32 54 84 ND

20 isl 124 24 72 79

ND = no  d a t a .

T a b l e  2 0 . B l a c k - 1 e g g e d  kittiwake c e n s u s  s u m m a r y  f o r  12 p l o t s  o n  S t .  M a t t h e w
I s l a n d  t h a t  w e r e  c o u n t e d  i n  e a c h  o f  t h r e e  y e a r s .

Year B i r d s N e s t s

1 9 7 7 - - - 2 , 1 6 0
1 9 8 2 2$785 2 , 0 3 4

1 9 8 3 3 , 6 2 9 2,283
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5 small c h i c k s  among  3 4  s u c c e s s f u l  n e s t s . Using the average incubation period of
X3 days (Swartz i9&5), t h e  eggs from w h i c h  t h e  5 c h i c k s  h a t c h e d  were l a i d  b e f o r e
2 6  June. L a y i n g  d a t e s  i n  l a t e  J u n e  through  e a r l y  ~ulY are t h e  s a m e  a s  i n  19S2
< S p r i n g e r  e t  a l .  i n  press al,

T h e  r e p r o d u c t i v e  s u c c e s s  of kittiwakes in i9E13  w a s  the s a m e  a s  i n  15’S2  -
f e w , if any, c h i c k s  w e r e  r a i s e d , T h e  a v e r a g e  c l u t c h  s i z e  w a s  small? but w a s
c o m p a r a b l e  t o  t h a t  rep~rted for the Pribilof 1s. during t h e  late-l~7Q’s <see H u n t
e t  a l . 1981a); chick  surv iva l  was very poor <Table  211. We examined an
additional 28 nests on St, !Iatthew  1. on 7 August$ one of which had one egg and
a n o t h e r  o f  w h i c h  h a d  o n e  c h i c k ,  a n d  5 1  n e s t s  o n  Hall 1. o n  P +~gust, two of w h i c h
h a d  one c h i c k  e a c h . All f a i l u r e s  d u r i n g  i n c u b a t i o n  a p p e a r e d  t o  b e  c a u s e d  b y
a d u l t s  d e s e r t i n g  t h e  n e s t s , Chicks g e n e r a l l y  d i e d  w i t h i n  a  f e w  d a y s  after
h a t c h i n g ,  a p p a r e n t l y  f r o m  s t a r v a t i o n  a n d  e x p o s u r e .

C a p e  Lisburne

T h e  m e a n  h a t c h i n g  d a t e  o f  kittiwake c h i c k s  a t  C a p e  Lisburne w a s  about 30
J u l y ,  a  d a t e  m i d w a y  b e t w e e n  t h e  e a r l i e s t  a n d  l a t e s t  d a t e s  i n  p a s t  y e a r s  {see
S p r i n g e r  e t  al. i n  press b } .

T h e  c l u t c h  s i z e  of kittiwakes (Table 22:1 w a s  l a r g e  c o m p a r e d  t o  other
y e a r s  a t  C a p e  Lisburne (see S p r i n g e r  e t  a l .  i n  p r e s s  b). H o w e v e r ,  most of t h e
s e c o n d  c h i c k s  h a t c h e d  i n  t w o - c h i c k  b r o o d s  d i e d  w i t h i n  a  f e w  d a y s  o+ h a t c h i n g .
S t a r v a t i o n  a p p e a r e d  t o  b e  t h e  c a u s e  o f  d e a t h . Growth r a t e s  of t h e  s u r v i v i n g
c h i c k - s  w e r e  r e l a t i v e l y  s l o w  (Table 23).

3 . Food H a b i t s

St. Matthew 1.

Kittiwakes a t  S t .  M a t t h e w  1 .  f e d  o n  pol lock, capelin a n d  a  v a r i e t y  o f
i n v e r t e b r a t e s  i n  ~983 <Table 11). T h e y  w e r e  f r e q u e n t l y  s e e n  c a r r y i n g  f i s h ,
e s p e c i a l l y  capel in, to t h e  c o l o n i e s  d u r i n g  m i d - J u l y ,  b u t  not a f t e r  t h a t  t i m e  w h e n
t h e  b i r d s  f o r a g e d  m o r e  widely o f f s h o r e . T h e  s h i f t  c o i n c i d e d  w i t h  t h e  p e r i o d  w h e n
l a r g e  s c h o o l s  o f ‘ b a i t ’  f i s h  w e r e  d e t e c t e d  a t  d e p t h s  o f  6 - 2 4  m  i n  nearshore
w a t e r s  i n s t e a d  o f  a t  t h e  s u r f a c e  <J. A n d e r s o n ,  pers. o h s .  f r o m  J u l y - A u g u s t
bathymetry s u r v e y s  f r o m  t h e  M a r i n e  C o n s t r u c t o r .  C o n s i d e r a b l y  m o r e  f i s h e s
w e r e  t a k e n  i n  1983 t h a n  i n  $ 9 8 2 ,  w h e n  only o n e  -fish w a s  r e c o v e r e d  +rom 14
kittiwakes c o l l e c t e d  i n  J u l y  a n d  A u g u s t . I n v e r t e b r a t e s  w e r e  t a k e n  f r e q u e n t l y  i n
b o t h  y e a r s ,  b u t  p e r h a p s  s o m e w h a t  l e s s  s o  i n  1983 (Table 12), “ Y o u n g - o f - Y e a r
pollock w e r e  n o t  t a k e n  i n  e i t h e r  y e a r .

Cape Lisburne

C o d s ,  o v e r  99% A r c t i c  cod, w e r e  t h e  p r i n c i p a l  f o o d  o f  kittiwakes in  1 9 8 3 ,
a s  t h e y  w e r e  f o r  t h e  murres (Table 181. O t h e r  s p e c i e s  o f  fishes a n d
i n v e r t e b r a t e s  w e r e  n o t  i m p o r t a n t ,  e x c e p t  d u r i n g  A u g u s t  w h e n  t h e  a d u l t s  were a b l e
t o  o b t a i n  l i m i t e d  n u m b e r s  o f  s a n d  l a n c e ,

c. Auklets

i. C e n s u s

L e a s t  auklets, c r e s t e d  auklets (Aethia cristatella) a n d  p a r a k e e t
auklets <Cyclorrhynchus Psittaculal n e s t  o n  S t ,  M a t t h e w  1. R e s u l t s  o f  t h e
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183 3 (2)
1è81 3 (30)

1è80 18 + (3)
18 + 1 (5)

(51)

3 (18)

Table 21. R e p r o d u c t i v e  s u c c e s s  of b l a c k - l e g g e d  kittiwakes a t  T u s k  Colony
on S t .  M a t t h e w  Island! 1983.

P l o t  2A P l o t  2B

No. n e s t s 58 172

No. empty nests 29 94

No. l-egg clutches 22 75

No. 2-egg clutches 7 3

clutch s i z e  / nest 0.6 ( ) . 5

N o .  c h i c k s  f l e d g e d 0 { 3

T a b l e  2 2 . R e p r o d u c t i v e  s u c c e s s  o f  b l a c k - l e g g e d  kittiwakes a t  C a p e  Lisburne,
1 9 8 3 ,

N o .  n e s t s 103

No. e m p t y  n e s t s 8

C l u t c h  s i z e  ~ n e s t 1 . 6

N o .  c h i c k s  f l e d g e d 443

Table 2 3 . G r o w t h  r a t e s  o f  b l a c k - l e g g e d  kittiwake
c h i c k s  at C a p e  Lisburne.
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s u r f a c e  a v e r a g e  cciurits of auklets a r e  d e t a i l e d  i n  A p p e n d i x  Tables S and 9, T h e
census was not d e s i g n e d  to est imate  the  total n u m b e r s  a+ auklets an  S t .  M a t t h e w
]. or i n  t h e  two s t u d y  colonies, b u t  w a s  d e s i g n e d  to p r o v i d e  i n d i c e s  of
p o p u l a t i o n  n u m b e r s  f o r  future c o m p a r i s o n s .

T h e  s u r f a c e  a v e r a g e  n u m b e r s  o f  auklets on t h e  plots i n  t h e  two c o l o n i e s
d u r i n g  t h e  t h r e e  p h a s e s  o+ t h e  b r e e d i n g  c y c l e  ar~ s u m m a r i z e d  i n  Table 2 4 .  Least
auklets w e r e  g e n e r a l l y  i n  t h e  l o w e s t  a b u n d a n c e  d u r i n g  t h e  prelaying period~
C r e s t e d  auklets w e r e  m o s t  n u m e r o u s  d u r i n g  i n c u b a t i o n .  T h e  s m a l l  n u m b e r s  o f
p a r a k e e t  auklets o n  t h e  p l o t s  p r e c l u d e  s i m i l a r  g e n e r a l i z a t i o n s  f o r  t h i s  s p e c i e s ,
T h e  p r e s e n c e  o+ i m m a t u r e  birds, p l u s  t h e  f a c t  t h a t  m a n y  c o u r t s h i p  a c t i v i t i e s  t a k e
p l a c e  u n d e r g r o u n d  <Bedard  19A9a~ m a y  e x p l a i n  o u r  h i g h e r  n u m b e r s  d u r i n g  t h e
i n c u b a t i o n  a n d  c h i c k  p e r i o d s ,

C o m p a r i s o n s  of n e t  m o v e m e n t  a n d  s u r f a c e  a v e r a g e  c o u n t s  o f  auklets a r e
p r e s e n t e d  i n  T a b l e  2 5 . ldhile s o m e  v a r i a t i o n  i n  t h e  s u r f a c e  a v e r a g e  c o u n t s
o c c u r r e d ,  t h e  net m o v e m e n t  c o u n t s  w e r e  e x t r e m e l y  v a r i a b l e . Thus,  t h e  s u r f a c e
a v e r a g e  t e c h n i q u e  a p p e a r s  t o  be  b e t t e r  s u i t e d  f o r  e s t a b l i s h i n g  an i n d e x  o+
n u m b e r s  i n  t h e  S t .  M a t t h e w  1. c o l o n i e s  t h a n  d o e s  the n e t  m o v e m e n t  t e c h n i q u e .

Bedard l1969al f o u n d  t h a t  i m m a t u r e  auklets a r r i v e d  o n  S t .  L a w r e n c e  1. i n
e a r l y  J u n e  a n d  c o m p r i s e d  3(1-35A o f  t h e  t o t a l  n u m b e r  p r e s e n t  b y  20 J u n e . I m m a t u r e
l e a s t  a u k l e t s  w e r e  n o t  p r e s e n t  i n  t h e  c o l o n i e s  o n  St. M a t t h e w  1. u n t i l  n e a r l y  the
e n d  o f  J u n e  a n d  t h e y  c o m p r i s e d  a b o u t  20% of t h e  t o t a l  n u m b e r  b y  m i d - J u l y  <Fig.
4) . I m m a t u r e  c r e s t e d  aul(lets w e r e  n o t  s e e n  until 2CI duly a n d  a l s o  c o m p r i s e d
a b o u t  2CIX o+ t h e  t o t a l  number {Fig. 41.

2 . Phenology a n d  C h i c k  G r o w t h  R a t e s

U p o n  our a r r i v a l  o n  S JuneJ auklets h a d  f o r m e d  p a i r s  a n d  s e v e r a l
c o p u l a t i o n s  w e r e  s e e n . T h r e e  female least auklets c o l l e c t e d  o n  !5 J u n e  e a c h  h a d
fully d e v e l o p e d  f o l l i c l e s  w i t h i n  o n e  d a y  o f  l a y i n g .  T h e  f i r s t  e g g  w a s  f o u n d  o n
21 June, On 17 July, chicks  f r o m  1-5 d a y s  old w e r e  f o u n d  in  8 of 14 n e s t s .  T h e
n u m b e r  o f  a d u l t s  c a r r y i n g  $ood a l s o  b e g a n  t o  i n c r e a s e  a b o u t  t h a t  t i m e  (Fig, 5),
T h e  f i r s t  s e a - g o i n g  c h i c k  w a s  s e e n  o n  7  A u g u s t .

G r o w t h  r a t e s  o f  2 2  l e a s t  auklet c h i c k s  w e i g h e d  d u r i n g  i n t e r v a l s  o f  5-1S
d a y s  a v e r a g e d  3 . 9  gfday <s = 0 . 9 6  g/day]; g r o w t h  r a t e s  o f  ~2  c h i c k s  w e i g h e d
d u r i n g  i n t e r v a l s  o f  a t  l e a s t  10 d a y s  a v e r a g e d  3.4 @day <s =  0.7S g/dayl. T h e
growth rate d s,d g / d a y  w a s  s i g n i f i c a n t l y  lower t h a n  the a v e r a g e  gr~th r a t e  0+
f i v e  c h i c k s  i n  1 9 S 2  (4.9 g / d a y ,  s =  0.9 g/day> w e i g h e d  d u r i n g  i n t e r v a l s  o f  a t
least 10 d a y s  < M a n n - W h i t n e y  P{O.025).

3. F o o d  H a b i t s

F o o d  h a b i t s  o f  least auklets d u r i n g  t h e  c h i c k  p e r i o d  i n  !983 a r e  d e t a i l e d
in A p p e n d i x  T a b l e  1 0 . T h e y  are s u m m a r i z e d  a n d  compar~d  t o  f o o d  h a b i t s  i n  1982 i n
Table 26. No i m p o r t a n t  d i f f e r e n c e s  i n  t h e  c o m p o s i t i o n  o f  t h e  p r e y  w e r e  a p p a r e n t
b e t w e e n  years; least auklets on St. Matthew 1. d e p e n d  o n  o n e  s p e c i e s  o f  copepods
Calanus marshallae, f o r  t h e  m a j o r i t y  o f  t h e i r  f o o d  d u r i n g  t h e  c h i c k  p e r i o d .
C o m p a r a t i v e  d a t a  o n  auklet f o o d  h a b i t s  f r o m  t h e  Pribilofs a n d  S t .  L a w r e n c e  I .  a r e
p r e s e n t e d  i n  T a b l e s  2 7  a n d  23. Calanus  marshallae  ,  t h e  s p e c i e s  c h a r a c t e r i s t i c
o+ t h e  m i d d l e  shelf d o m a i n  of t h e  S E  B e r i n g  S e a  tCocmey 1981; smith a n d  Vidal
1984), w a s  r e p l a c e d  i n  i m p o r t a n c e  o n  b o t h  t h e  Pribilofs a n d  S t .  L a w r e n c e  1, by  ~.
plumchrus  a n d  ~. cristatus, s p e c i e s  c h a r a c t e r i s t i c  o f  t h e  o u t e r  shelf

d o m a i n .  T h e  l o c a t i o n  o f  t h e  Pribilofs r e l a t i v e  t o  t h e  outer shelf d o m a i n  a n d  o f
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T a b l e  2 4 . S u r f a c e  a v e r a g e  counts  of c r e s t e d  auklets (CRALI}, l e a s t  auklets
{LEA.!}, a n d  p a r a k e e t  a u k l e t s  (PWU) d u r i n g  t h e  pre-laying <PLI, i n c u b a t i o n
{ I N ) ,  a n d  c h i c k - f e e d i n g  (CFj p e r i o d s  o n  s t u d y  p l o t s  a t  P t e r o d a c t y l  a n d  Arch
c o l o n i e s  o n  St.Matthew I s l a n d ,  19S3 .

CRAU LEAU P##u
Colony P l o t PL IN EF PL IN cF PL IN CF

P t e r o d a c t y l

1 3

2 2

3 {1

4 {1

5 3

& 8

7 11

8 11

9 ND

10 ND

11 ND

A r c h

1 0

2 4

3 <1

4 0

5 ND

6 ND

2

4

1

2

4

12

18

2 5

Cl

o

6

{1

7

{ 1

{1

8

{1

2

2

<1

2

3

9

11

21

0

0

6

0

6

0

0

12

0

5 7 62 102

83 141  131

40 51 49

32 46 35

59 73 62

114 126 182

55 51 59

42 52 58

ND 29 23

ND 12 13

ND 85 10K5

31 69 &8

70 96 95

42 44 47

52 47 51

ND 80 80

ND 36 31

0

{ 1

{1

2

0

0

0

0

Nl)

ND

ND

o

2

0

0

ND

Nil

{i

o

0

{1

<1

0

0

0

0

0

0

0

{i

o

{1

o

0

c1

o

0

<1

0

0

0

0

0

0

0

0

0

0

0

0

0

Pre-laying p e r i o d  =  a r r i v a l  t o  ’ 1 7  J u n e ,  i n c u b a t i o n  p e r i o d  =  ’18 J u n e  to
“14 JuIY, a n d  c h i c k - f e e d i n g  p e r i o d  =  ’17 July to f l e d g i n g ,
ND = n o  d a t a  <plot a d d e d  a f t e r  t h e  pre-laying period).
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Table 2 5 s C o m p a r i s o n s  of s u r f a c e  a v e r a g e  a n d  n e t  m o v e m e n t  e s t i m a t e s  a+  c r e s t e d
auklet (H?W}9 least auklet <KfW), a n d  p a r a k e e t  auklet iPf#U} n u m b e r s  on study
plots at P t e r o d a c t y l  a n d  Arch c o l o n i e s  on S t .  M a t t h e w  I s l a n d ,  1983.

Colony P l o t Date UWJ LEAU PAM M e t h o d  o f  E s t i m a t i o n

P t e r o d a c t y l

1 11 Jun 3
14

24 J u n 3
!)

2 11 Jun 2
0

2 4  J u n 2
-2

5 7
400

63
12

129
- 5 5 4

83
- 4

4 13 J u n 8 1 1 4
4 226

2 4  J u n li 131
- 2 2 -1  ~252

8 1 3  J u n li 4 2
6 - 3 9 6

2 4  Jun 14 50
-34 -272

0
0

{1
o

0
0

0
0

0
0

0
c1

(1
o

S u r f a c e  a v e r a g e
N e t  m o v e m e n t

Sur+ace a v e r a g e
N e t  m o v e m e n t

Sur#ace a v e r a g e
N e t  m o v e m e n t

Sur+ace a v e r a g e
N e t  m o v e m e n t

S u r f a c e  a v e r a g e
N e t  m o v e m e n t

S u r f a c e  a v e r a g e
N e t  m o v e m e n t

Surface a v e r a g e
N e t  m o v e m e n t

Surface a v e r a g e
N e t  movement

Arch

2 16 Jun 4 70 2 Sur+ace average
o 16 0 Net movement

3 14 J u n <1 4 2 0 Surface average
2 6 il Net movement
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2 0 .

ARCI+ C O L O N Y

10

15 JUNE 15 JULY

2 0

1 0

.

P T E R O D A C T Y L  C O L O N Y

15 J U N E 15 J U L Y

Fig. 4. Proportion of immature auklets in breeding colonies
on St. Matthew I. in 1983. Solid circles are least auklets,
open circles are crested auklets.

5 0
H L E A S T

- C R E S T E D

15 J U N 15JUL

Fig. 5. Proportion of adult auklets carrying food to breeding
colonies on St. Matthew I. in 1983.
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Table 26. P r e y  o f  least auklets on S t .  M a t t h e w  1.

1982 <n=29} 1983 (n=40)

Taxan Number V o l u m e  <Z) Number Volume {?4)

Cal.anus marshallae
c. Plumchrus
Hyperiidae
Gammarjdae
Decapod  zoea
Thx.anoessa s p p .
Limacina helicina
Other

18,658
(1

I 50
216
187
10
73

1

89
0
5
4
1

{0.1
{0.1
{0.3

17,668
1

59
209
460
80
8
1

84
<0.1

3
9
3
1

<0.1
<0.1

Table 2 7 . Prey o f  l e a s t  aul(lets o n  t h e  Pribilcrf ls.$
1 9 7 S - 7 8 . N u m b e r s  {%) a r e  f r o m  H u n t  e t  a l .  {1981a);
volume (X) i s  a c c o r d i n g  t o  t e x t .  N=258.

Taxon Number  W) V o l u m e  {%)

Calanus marshallae
c* plumchrus
C .  cristatus
FWperiidae
Gammaridae
Decapod  z o e a
ThYsanoessa  spp.
Limacina helicina
Other

6 5
11
2 4

2
2
0

{1
o
Cl

3C!
5

4 8
9
‘5
o
2
0
(3

Table 28. Prey o+ l e a s t  auklets o n  St. L a w r e n c e  1. Data fop 1 9 6 4 - 6 6  a r e  from 8edard
(i949}; data for 1976 are fmm Searing {1977).

1 9 6 4 - 6 4  (n=124) 197A  (n=12) 1981  (n=24)

Taxon Number Valume (%1 Number Volume (%) Number V o l u m e  (%)

Calanus marshallae
c. ~Iumchrus
C. cristatus
Eucalanus bunaii
HYperiidae
Gamnmridae
Decapod  z o e a
ThYsanoessa  spp.
Limacina helicina
O t h e r

7 7 , 9 0 8
0

i ,444
169

2,102
533

2g808
2,325

6
311

65
0
8

<1
9
3
3
7

<1
i

344
9,047

32
9

5?
9

47
2

34
31

3
90
2

<i
1

<1
<1
<1

<i
<1

3,132
6,205

197
0

32
21

643
1

3
0

26
50
11
0

{1
{1
7

<1
{1

o

2 7 4



S t .  Lawf’ence  1. r e l a t i v e  to t h e  B e r i n g  S l o p e  c u r r e n t  p r o b a b l y  a c c o u n t s  f o r  t h e
d i f f e r e n c e s  b e t w e e n  t h e  c o m p o s i t i o n  o f  t h e  p r e y  o f  auklets on t h e s e  i s l a n d s  a n d
t h a t  o n  St, M a t t h e w  1 . < S p r i n g e r  a n d  Roseneau  in p r e s s ) .

A l t h o u g h  t h e r e  w e r e  no  i m p o r t a n t  d i f f e r e n c e s  i n  t h e  c o m p o s i t i o n  o f  auklet
p r e y  o n  S t .  M a t t h e w  1 .  b e t w e e n  1982 a n d  1 9 8 3 ,  q u a n t i t a t i v e  d i f f e r e n c e s  i n  p r e y
b e t w e e n  y e a r s  m a y  e x i s t . C o m p a r i s o n s  o f  t h i s  k i n d  c a n  be m i s l e a d i n g ,  h o w e v e r ,  i t
i s  i n t e r e s t i n g  t h a t  t h e  d i f f e r e n c e  b e t w e e n  t h e  a v e r a g e  n u m b e r  o f  copepods
r e c o v e r e d  +rom s u b l i n g u a l  p o u c h e s  o f  a d u l t  l e a s t  auklets in 1982 a n d  ~983! 640 Y
4611,  r e s p e c t i v e l y ,  o r  a  d e c l i n e  ( M a n n - W h i t n e y  P{(I.001) o f  a b o u t  30%, ‘ i s  n e a r l y
t h e  s a m e  a s  t h e  p e r c e n t a g e  d e c l i n e  i n  t h e  g r o w t h  r a t e s  o f  c h i c k s  b e t w e e n  t h e  t w o
y e a r s . T h e  p r e y  i n  s u b l i n g u a l  p o u c h e s  i s  t h a t  w h i c h  i s  f e d  t o  c h i c k s .

L e a s t  auklets o n  S t .  M a t t h e w  I .  a p p a r e n t l y  f e d  c l o s e  t o  t h e  i s l a n d  a t
m o s t  t i m e s .  H u n t  e t  a l . <1981al s u g g e s t e d  t h a t  auklets f e e d  g e n e r a l l y  w i t h i n  30
k m  of shore i n  t h e  Pribilof 1 s . Auklets n e s t i n g  i n  t h e  n o r t h w e s t e r n  p a r t  o f  t h e
i s l a n d  $lew w e s t w a r d  t o  f e e d  d u r i n g  J u l y ,  w h i l e  t h o s e  n e s t i n g  i n  t h e  n o r t h e a s t e r n
p a r t  o f  t h e  island flew n o r t h e a s t  t o  f e e d . A f t e r  30 J u l y ,  auklets i n  t h e
n o r t h e a s t  fed i n  l a r g e  c o n c e n t r a t i o n s  w i t h i n  a  z o n e  f r o m  a b o u t  5  m  -  1  k m  of
s h o r e . W e  h a v e  s e e n  s i m i l a r  e p i s o d e s  of auklets f e e d i n g  nearshore o n  S t .
L a w r e n c e  I .  d u r i n g  p e r i o d s  o f  s t r o n g  upwelling { S p r i n g e r  a n d  Roseneau  i n  p r e s s ) .

t), F o o d  Web D y n a m i c s

C a p e  Lisburne

P r i m a r y  p r o d u c t i o n ,  a s  m e a s u r e d  b y  t h e  i n t e g r a t e d  c h l o r o p h y l l - a
c o n c e n t r a t i o n ,  u n d e r w e n t  a  t y p i c a l  b l o o m  i n  e a r l y  s u m m e r  a s  t h e  s e a  i c e  b r o k e  u p
(Fig. 6),
the  summer
b e g a n  t o  r
m o n t h .  W e
advection

F o l l o w i n g  t h e  b l o o m ,  phytoplankton  p o p u l a t i o n s  r e m a i n e d  l o w  t h r o u g h o u t
Howeuer,  b e g i n n i n g  i n  e a r l y  A u g u s t ,  t h e  c h l o r o p h y l l  c o n c e n t r a t i o n

s e ,  i n c r e a s i n g  a b o u t  3-fold o v e r  t h e  l o w e s t  l e v e l s  b y  t h e  e n d  o f  t h e
d o  n o t  k n o w  i f  t h e  i n c r e a s e  r e s u l t e d  f r o m  i n  s i t u  p r o d u c t i o n  or f r o m
n t o  t h e  r e g i o n  f r o m  t h e  s o u t h .

F r o m  t h e  e x a m i n a t i o n  o f  s t o m a c h  c o n t e n t s  o f  s a n d  l a n c e ,  w e  found t h a t  t h e
f i s h  w e r e  f e e d i n g  o n  a  meroplanktonic s t a g e  o f  a  biualve, t h e  cladocerans P o d o n
spp, a n d  E v a d n e  spp. a n d  t h e  copepods Pseudocalanus  spp. a n d  Acartia c?ausi,
T h e  a m b i e n t  c o n c e n t r a t i o n s  o f  a l l  f i v e  t a x a  w e r e  g e n e r a l l y  low u n t i l  e a r l y
A u g u s t ,  w h e n  t h e y  i n c r e a s e d  d r a m a t i c a l l y  i n  a b u n d a n c e  (Fig. 7}. T h e  i n c r e a s e s
o c c u r r e d  a t  t h e  s a m e  t i m e  a s  t h a t  o f  c h l o r o p h y l l - a ,  p o s t d a t i n g  t h e  s e a s o n a l  r i s e
i n  w a t e r  t e m p e r a t u r e  b y  a b o u t  2  w e e k s  <Fig. 7).

A c o n c u r r e n t  i n c r e a s e  i n  t h e  i m p o r t a n c e  o f  s a n d  l a n c e  i n  murre a n d
kittiwake d i e t s  o c c u r r e d  i n  e a r l y  A u g u s t  <Fig. 8), S a n d  l a n c e  w e r e  n o t  a n
a b u n d a n t  i t e m  i n  t h e  b i r d s ’  d i e t s  i n  1 9 8 3 ,  a  c h a r a c t e r i s t i c  t y p i c a l  o f  c o l d
y e a r s , W a t e r  t e m p e r a t u r e  i n  m i d - J u l y  w a s  o n l y  3~C w h i c h  i s  i n  t h e  l o w  r a n g e
o f  t e m p e r a t u r e s  f o r  t h a t  t i m e  o f  y e a r  (Table 2 9 ) .

E . C h a r a c t e r i s t i c s  o f  P r e y  P o p u l a t i o n s

T h e  m a j o r i t y  o f  pollock e a t e n  b y  murres  a n d  kittiwakes a t  S t ,  M a t t h e w  I .
w e r e  a g e  c l a s s  1  a c c o r d i n g  t o  t h e  length o f  t h e  fishes$ a s  d e t e r m i n e d  from t h e i r
otoliths, a n d  d a t a  o n  pollock s i z e - a t - a g e  r e p o r t e d  b y  S m i t h  < 1 9 7 9 } .  T h e
d i s t r i b u t i o n  o f  t h e  l e n g t h s  o f  i n t a c t  otoliths r e c o v e r e d  f r o m  murres  a n d
kittiwakes i n  1 9 8 3  ( F i g . 9) i n d i c a t e s  t h e  s i z e s  o f  l e n g t h  c o h o r t s  o f  pol l o c k .
F o r  r e f e r e n c e ,  f i s h  l e n g t h s  c a n  b e  c a l c u l a t e d  by u s i n g  t h e  r e g r e s s i o n  e q u a t i o n s
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to bottom, mean depth about 15 m.
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r e p o r t e d  a b o v e . T h e r e  was a p p a r e n t l y  no  d i f f e r e n c e  b e t w e e n  t h e  d i s t r i b u t i o n s  in
19S2 a n d  1983, a l t h o u g h  t h e  1 9 8 2  s a m p l e  s i z e  w a s  too s m a l l  (n = 321 f o r  m e a n i n g f u l
c o m p a r i s o n .  T h e  1983 d i s t r i b u t i o n  d o e s  n o t  n e c e s s a r i l y  r e f l e c t  t h e  a b s o l u t e
c o n t r i b u t i o n  o f  e a c h  c o h o r t  t o  t h e  t o t a l  n u m b e r s  o f  pollock t a k e n ,  s i n c e  m a n y  o f
t h e  otoliths w e r e  b r o k e n  a n d  c o u l d  n o t  b e  i n c l u d e d  i n  t h e  a b o v e  d i s t r i b u t i o n .
Also, t h e  y o u n g - o f - y e a r  c o h o r t  r e f e r r e d  t o  i n  Table 1 7  i s  n o t  s h o w n  i n  F i g .  9 .
(itoliths o f  t h a t  c o h o r t  w e r e  less t h a n  1 4  otolith u n i t s .

T h e  t h r e e  p r i n c i p a l  s i z e  c o h o r t s  o f  s a n d  l a n c e  i n  t h e  1 9 8 3  s a m p l e  <Fig.
10) r a n g e d  i n  a g e  f r o m  O+ - i+. T h e  t w o  s m a l l e s t c o h o r t s  w e r e  s o m e w h a t  larger
t h a n  those i n  1 9 7 7 ,  b u t  c o n s i d e r a b l y  s m a l l e r  t h a n  t h o s e  i n  1980. T h i s  p a t t e r n  i s
s i m i l a r  t o  t h a t  p r e v i o u s l y  o b s e r v e d ,  w h e n  f i s h e s  t e n d e d  t o  b e  l a r g e r  i n  w a r m e r
y e a r s  < S p r i n g e r  et al. 1984), In 1983, t h e  s i z e  d i s t r i b u t i o n s  o f  e a c h  o f  t h e
t h r e e  c o h o r t s  w e r e  bimodal, a n d  t h e  d i f f e r e n c e s  i n  s i z e  b e t w e e n  m o d e s  of t h e
s m a l l e r  s i z e  r a n g e  w e r e  p r o p o r t i o n a l  t o  t h o s e  o f  t h e  l a r g e r  s i z e  r a n g e . T h i s
p a t t e r n  s u g g e s t s  t h a t  i n d i v i d u a l s  f r o m  t w o  p o p u l a t i o n s  a r e  r e p r e s e n t e d  a m o n g  t h e
otoliths, p e r h a p s  a  l o c a l  p o p u l a t i o n  a n d  o n e  t h a t  w a s  advected i n t o  t h e  r e g i o n
f r o m  t h e  s o u t h . W e  h a v e  s h o w n  p r e v i o u s l y  t h a t  s a n d  l a n c e  t a k e n  b y  seabirds a t
C a p e  T h o m p s o n  w e r e  l a r g e r  t h a n  a t  C a p e  Lisburne,  a n d  t h a t  s a n d  l a n c e  t a k e n  a t
B l u f f  w e r e  l a r g e s t  ( S p r i n g e r  e t  al. 1 9 8 4 ;  i n  p r e s s  b }

T w o  d i s t i n c t  s i z e - a g e  c o h o r t s  o f  s a f f r o n  c o d  w e r e  t a k e n  b y  murres  a n d
kittiwakes a t  C a p e  Lisburne i n  1 9 8 3  { F i g .  ii}. D u r i n g  t h e  f i r s t  h a l f  o f  t h e
s u m m e r ,  l a r g e r  f i s h e s  w e r e  t a k e n ,  w h i l e  l a t e r  i n  t h e  s u m m e r  s m a l l e r  f i s h e s  w e r e
t a k e n . T h e  l e n g t h s  a p p a r e n t l y  r e p r e s e n t  f i s h e s  t h a t  d i f f e r  i n  a g e  b y  o n e  y e a r  <0+
a n d  1+ a g e  c l a s s e s )  a c c o r d i n g  t o  C r a i g  e t  a l . < 1 9 8 1 } ,  w h o  r e p o r t  l e n g t h - a t - a g e
d a t a  f o r  s a f f r o n  c o d  i n  t h e  Beaufort S e a . Advection p o s s i b l y  p l a y e d  a  r o l e  a l s o
i n  t h e  c h a n g e  i n  s i z e  o f  s a f f r o n  c o d  d u r i n g  t h e  s u m m e r , T h e  a v e r a g e  l e n g t h  o f  t h e
s m a l l e r  f i s h e s  w a s  larger in 1’783  t h a n  t h e  a v e r a g e  l e n g t h  o f  t h e  s a m e  a g e  c l a s s
col lected dur ing the  same in terva l  in  1979  {Fig. 11). This pattern is consistent
w i t h  t h e  t r e n d  r e c o r d e d  i n  1974-79, w h e n  s a f f r o n  c o d  w e r e  s m a l l e r  i n  w a r m e r  y e a r s
t h a n  i n  c o l d e r  y e a r s  ( S p r i n g e r  e t  a l .  1984),

V I I .  &vIII, DISCUSSION AND CONCLUSIONS

SE Berinq Sea

T h e  b r e e d i n g  s e a s o n  o f  1983 w a s  t h e  t h i r d  c o n s e c u t i v e  y e a r  o f  f a i l u r e  f o r
b l a c k - l e g g e d  kittiwakes o n  i s l a n d s  i n  t h e  S E  B e r i n g  S e a .  Kittiwakes f a i l e d  o n  t h e
Pribilof I s . i n  1981 <D. L l o y d  pers. comm.), 1 9 8 2  (Craighead a n d  Oppenheim  1982)
a n d  1 9 8 3  (fi. Merculieff pers, comm.) a n d  o n  S t ,  M a t t h e w  1, a n d  Hall I .  i n  1 9 8 2  a n d
1 9 8 3 . Our i m p r e s s i o n  i s  t h a t  l o w  p r e y  a v a i l a b i l i t y  d u r i n g  t h o s e  y e a r s  w a s
r e s p o n s i b l e  f o r  t h e  f a i l u r e s . B e c a u s e  pollock a r e  t h e  m o s t  i m p o r t a n t  p r e y  o f
kittiwakes o n  t h e  Pribilof I s .  (Hunt e t  a l .  1981a) a n d  o n  S t ,  M a t t h e w  I,, a n
a b s e n c e  o f  pollock i n  s u r f a c e  w a t e r s  a p p a r e n t l y  h a s  b e e n  t h e  d i r e c t  c a u s e .

Murres h a d  a  b e t t e r  s e a s o n  t h a n  t h e y  h a d  i n  1 9 8 2 ,  a n d  t h e y  h a d  a  b e t t e r
s e a s o n  t h a n  kittiwakes h a d  i n  1 9 8 3 . T h e  u n c o m p e n s a t e d  n u m b e r s  o f  b i r d s  o n  t h e
c e n s u s  p l o t s  o n  S t .  M a t t h e w  I . i n  1 9 8 3  w e r e  s i m i l a r  t o  n u m b e r s  i n  1 9 7 7  a n d  higher
t h a n  1982. T h e r e  i s  l i t t l e  e v i d e n c e  o f  a  l o n g - t e r m  d e c l i n e  i n  t h e  murre
p o p u l a t i o n  o n  S t .  M a t t h e w  1 . a s  h a s  o c c u r r e d  a t  C a p e  T h o m p s o n  a n d  Bluff (see
S p r i n g e r  e t  a l .  i n  p r e s s  b), Similarly, murre numbers on St. Lawrence I. were
l o w e r  i n  t h e  p a r t i c u l a r l y  s e v e r e  y e a r  1976 t h a n  i n  1971 a n d  1981 (Roseneau  e t  a l .
i n  p r e s s ) .  Murre n u m b e r s  o n  t h e  c l i f f s  a t  B l u f f  i n  m i d - J u l y  1984 w e r e  o n l y  a b o u t
a  t h i r d  a s  l a r g e  a s  n u m b e r s  i n  r e c e n t  y e a r s ,  b u t  a r e  n o t  e x p e c t e d  t o  r e m a i n  t h a t
low s i n c e  t h e  s u m m e r  o f  1 9 8 4  w a s  e x t r e m e l y  s e v e r e  oceanographically i n  N o r t o n
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Sound < S p r i n g e r  e t  al. unpubl. d a t a } . B e c a u s e  pollock a r e  t h e  m~st i m p o r t a n t
prey o f  murres  in t h e  SE B e r i n g  Sea? particularly l o w  auailabilit~ o f  pollock i n
15%2! m i g h t  a c c o u n t  f o r  t h e  l o w  murre n u m b e r s  that year.

T h e  m a j o r i t y  o f  PO1]CICI(  b i o m a s s  i n  murre a n d  k i t t i w a k e  diets is
c o n t r i b u t e d  b y  y e a r  c l a s s  1  f i s h , F i s h e r y  survey d a t a  o b t a i n e d  by t h e  N o r t h w e s t
a n d  Alaska F i s h e r i e s  Center <NAFCI i n d i c a t e  t h a t  t h e  a b u n d a n c e  o f  a g e  1 pollock
i n  t h e  SE Bering S e a  i n  1?83 w a s  a b o u t  t h r e e  t i m e s  g r e a t e r  t h a n  i n  19S1 o r  ~9S2
iBakkala a n d  TraYnor 19S41. Our f o o d  h a b i t s  d a t a ,  w h i c h  s h o w  a  m a r k e d  i n c r e a s e
i n  c o n s u m p t i o n  o f  pollock b e t w e e n  1 9 S 2 - 8 3 ,  a r e  c o n s i s t e n t  w i t h  t h e s e  survey d a t a .

T h e  NAFC  d a t a  a l s o  s h o w  t h a t  t h e  r e c r u i t m e n t  o f  t h e  1 9 7 9 - 1 9 8 1  y e a r
c l a s s e s  w a s  l o w  c o m p a r e d  t o  t h a t  o f  the 1 9 7 4  a n d  1 9 7 8  y e a r  c l a s s e s ,  i  ●  . ,  t h e
a b u n d a n c e  of a g e  I pollock in !980-1982  w a s  low c o m p a r e d  t o  1 9 7 5  a n d  1 9 7 9 .
U n f o r t u n a t e l y ,  c o m p a r a b l e  d a t a  a r e  n o t  a v a i l a b l e  f o r  t h e  y e a r - c l a s s  y e a r s
1 9 7 5 - 1 9 7 7 . S t i l l ,  t h e  i n f o r m a t i o n  g e n e r a l l y  fits w e l l  w i t h  t h e  p a t t e r n  o f
r e p r o d u c t i v e  s u c c e s s  o f  b l a c k - l e g g e d  kittiwakes on  St. G e o r g e  1. s i n c e  1 9 7 6
<Table  301. I t  i s  n o t  i n c o n s i s t e n t  t h a t  r e p r o d u c t i v e  s u c c e s s  i n  1 9 8 3  r e m a i n e d
l o w ,  s i n c e  t h e  e s t i m a t e d  a b u n d a n c e  o f  a g e  1  pollock in 1983, w h i l e  a b o u t  t h r e e
times g r e a t e r  t h a n  t h e  p r e v i o u s  two y e a r s ,  w a s  s t i l l  o n l y  4033 o f  t h e  1 9 7 9
e s t i m a t e  {Bakkala a n d  T r a y n o r  19841.

A n o t h e r  i n t e r e s t i n g  r e l a t i o n s h i p  i n v o l v e s  the auklets a n d  t h e  c o n n e c t i o n
b e t w e e n  t h e  a b u n d a n c e  o f  t h e i r  m a i n  p r e y ,  copepods, a n d  t h e  a b u n d a n c e  o f  pollock.
W e  h a v e  d i s c u s s e d  t h e  p o s s i b i l i t y  e l s e w h e r e  t h a t  t i g h t  c o u p l i n g  i n  t h e  p e l a g i c
copepod-based  f o o d  w e b  of t h e  SE B e r i n g  Sea m i g h t  l e a d  to multispecies
i n t e r a c t i o n s  w h e n  s t o c k s  o f  pollock w a x  a n d  w a n e  < S p r i n g e r  a n d  Roseneau  in
press). A g e  class 1 pollock f e e d  o n  l a r g e  calanoid copepods (Clarke 1978; S m i t h
1 9 8 1 ;  T .  Nishyama  unpubl. data] t h a t  a r e  a l s o  t h e  m a j o r  p r e y  o f  l e a s t  auklets,
S m i t h  a n d  Vidal <19841  h a v e  s u g g e s t e d  t h a t  d e c l i n e s  i n  t h e  n u m b e r s  o f  calanoids
f r o m  t h e  o u t e r  s h e l f  d o m a i n  d u r i n g  s p r i n g  r e p r e s e n t  l o s s e s  t o  v e r t e b r a t e
c o n s u m e r s , i n c l u d i n g  whales$ b i r d s  a n d  f i s h e s . T h u s ,  y e a r s  i n  w h i c h  r e c r u i t m e n t
of a g e  1  pollock i s  l o w ,  a s  i n  1 9 8 2 ,  w o u l d  b e  f a v o r a b l e  f o r  auklets, since t h e
auklets w o u l d  f a c e  l e s s  c o m p e t i t i o n  f r o m  t h e  f i s h  f o r  ~rey b i o m a s s . T h e
observat
hypothes
t h e i r  c h
i m p r o v e d
pollock,

ons f r o m  S t .  tlatth~w 1, d u r i n g  t h e  p a s t  t w o  y~ars s u p p o r t  s u c h  a n
s. In 1982, a p o o r  pollock year ,  auklets a p p a r e n t l y  w e r e  a b l e  t o  f e e d
cks more ,  resul t ing  in  faster  ch ick  growth,  than in  1983, a much
pollock y e a r . I n  c o n t r a s t ,  murres  a n d  kittiwakes, w h i c h  d e p e n d  o n
had better seasons in $983 than in 1982.

On a  l a r g e r  scale, t h e  d i s t r i b u t i o n  i n  t h e  B e r i n g  S e a  o f  pollock a n d
c o p e p o d  b i o m a s s  m a y  c o n t r i b u t e  t o  t h e  g e o g r a p h i c a l  d i f f e r e n c e s  i n  t h e  n u m b e r s  of
murres a n d  a u k l e t s  a t  i n s u l a r  b r e e d i n g  c o l o n i e s , Copepods  a r e  a p p a r e n t l y
s u p p l i e d  t o  t h e  n o r t h e r n  s h e l f  b y  t h e  f3ering S h e l f  currents w h i c h  a d v e c t s
zooplankton from t h e  o u t e r  shel+ d o m a i n  o n t o  t h e  n o r t h e r n  s h e l f  ( S p r i n g e r  a n d
Roseneau  i n  p r e s s ) . H o w e v e r ,  pollock a r e  r a r e l y  f o u n d  o n  t h e  n o r t h e r n  s h e l f ,
w h e r e  t h e y  a r e  r e p l a c e d  b y  A r c t i c  a n d  s a f f r o n  c o d  (Frost a n d  L o w r y  i981a;
!dolotira e t  al. 19791. P r o b a b l y  b e c a u s e  o f  h a r s h e r  e n v i r o n m e n t a l  c o n d i t i o n s ,
p o p u l a t i o n s  o f  t h e s e  c o d s ,  a s  well a s  o f  o t h e r  f i s h e s ,  a r e  small c o m p a r e d  t o  t h e
pollock p o p u l a t i o n  a s  i n d i c a t e d  b y  t e s t  f i s h e r y  d a t a  {Wolotira e t  a l ,  $9791 a n d
b y  t h e  a b s e n c e  o f  a  c o m m e r c i a l  +ishery cm t h e  n o r t h e r n  s h e l f . I n  swnmer~ t h e
b a l e e n  w h a l e s  a r e  r e p r e s e n t e d  cmly b y  t h e  g r a y  w h a l e  <Eschrichtius robustus),

w h i c h  f e e d s  p r i m a r i l y  o n  benthic amphipods (see F r o s t  a n d  L o w r y  1981bl.
T h u s ,  c o m p e t i t o r s  o f  auklets f o r  c o p e p o d  b i o m a s s  a r e  p r o b a b l y  f e w  c o m p a r e d  t o
t h o s e  i n  t h e  o u t e r  s h e l f  d o m a i n ,  w h i l e  a t  t h e  s a m e  t i m e  copepod  b i o m a s s  i s
a p p a r e n t l y  l a r g e .



T a b l e  30. B l a c k - l e g g e d  kittiwake r e p r o d u c t i v e  s u c c e s s  on t h e  P~ibilof 1 s .
a n d  S t .  M a t t h e w  1 . < n u m b e r  a+ c h i c k s  f l e d g e d / t o t a l  nests)! a n d  r e c r u i t m e n t
“ o f  a g e  c l a s s  1  pollock i n  t h e  e a s t e r n  13ering S e a  < b i l l i o n s  o+ $ish). N d  =
n o  d a t a .  Pollock d a t a  a r e  f r o m  Eiakkala a n d  Traynor {1983).

Kittiwake r e p r o d u c t i v e  s u c c e s s

Year Pollock r e c r u i t m e n t S t .  G e o r g e  1 . S t .  P a u l  1. S t .  M a t t h e w  1 .

1 9 7 5 NO NO 0.44 ND

} 976 ND 0.42 0 . 5 2 ND

1977 NO 0.45 0 . 4 3 ND

i 97a ND 0.22 0 . 3 6 ND

1 9 7 9 8.? ().40 0.54 ND

1980 l o w 0.38 ND NC)

1981 i.(1 o.t)7 ND ND

1982 0.9 0.01 ND 0.01

1983 3 . 5 0.01 ND 0.(31



Pollock i s  t h e  l a r g e s t  ccmtributm  of b i o m a s s  to d i e t s  of piscivorous
sea birds in the SE Bering Sea. (h St. Lawrence I. piscivcmous  seabirds feed on a
v a r i e t y  of f i s h e s  i n c l u d i n g  Arctic c o d ,  s a n d  l a n c e  a n d  capelin < S p r i n g e r  a n d
R o s e n e a u  unpubl. data>. T h e  r a t i o  o f  t h e  n u m b e r s  o f  murres, t h e  n u m e r i c a l l y
d o m i n a n t  avian piscivores a t  B e r i n g  S e a  b r e e d i n g  c o l o n i e s ,  to t h e  n u m b e r  o f  least
auklets <Fig. 12~  i n d i c a t e s  a  s h i f t  i n  t h e  p r o p o r t i o n s  of a v a i l a b l e  f i s h  a n d
copepod  b i o m a s s  f r o m  p r e d o m i n a n t l y  f i s h  i n  t h e  s o u t h  to copepods i n  t h e  north,
T h i s  t r e n d  is c o n s i s t e n t  w i t h  t h e  r e p o r t e d  d i s t r i b u t i o n  o f  pollock a n d  w i t h  t h e
i n f e r r e d  c o m p e t i t i o n  f o r  copepods i n  t h e  S E  Bering Sea,

T h e  p e r s i s t e n t  +ailures o f  b l a c k - l e g g e d  I(ittiwakes i n  t h e  S E  B e r i n g  S e a
c o n t r a s t  w i t h  t h e  p a t t e r n  o f  a v e r a g e  t o  g o o d  s u c c e s s  p u n c t u a t e d  b y  o c c a s i o n a l
+ailures l a s t i n g  only o n e  y e a r  a t  c o l o n i e s  i n  t h e  N  B e r i n g  a n d  E  Chukchi s e a s ,
T h e  l o n g - t e r m  nature o f  t h e  kittiwake f a i l u r e s  a t  s o u t h e r n  c o l o n i e s  i n d i c a t e s  a
p r o l o n g e d  i n a d e q u a c y  o f  pollock, a n d  i s  n o w  a  c a u s e  f o r  c o n c e r n  f o r  kittiwakes
b r e e d i n g  a t  t h o s e  c o l o n i e s .

U n f o r t u n a t e l y  t h e r e  a r e  n o  s y s t e m a t i c  d a t a  o n  s e a b i r d s  f r o m  t h e  Pribilofs
o r  S t .  M a t t h e w  1, c o l l e c t e d  b e f o r e  t h e  i n c e p t i o n  o f  t h e  c o m m e r c i a l  pollock
f i s h e r y  i n  t h e  l a t e  1 9 6 0 ’ s . Preble a n d  Mcfltee <1923} q u o t e d  f r o m  P a l m e r  {1899)9
u St, P a u l  I s l a n d ,  August 2, 1 8 9 0 ,  m o s t  n e s t s  w i t h  y o u n g ,  b u t  a  f e w  h a d  a
y~u~g’and  a n  e g g ,  o r  s o m e t i m e s  t w o  o r  t h r e e  e g g s . ” T h u s ,  w e  d o  n o t  k n o w  i f  t h e
l e v e l s  o f  r e p r o d u c t i v e  s u c c e s s  r e p o r t e d  for t h e  Pribilofs d u r i n g  t h e  p e r i o d
1 9 7 5 - 7 9  <Hunt e t  a l . 1981a]  a r e  t y p i c a l  o f  levels in s u c h  a  p e l a g i c  s y s t e m .
D u r i n g  t h e  l a t e  1 9 7 0 ’ s , t h e  a v e r a g e  c l u t c h  s i z e s  of l a y i n g  p a i r s  w e r e  a b o u t  i n
t h e  m i d d l e  o f  t h e  r a n g e  o f  c l u t c h  s i z e s  a t  n o r t h e r n  c o l o n i e s  <see S p r i n g e r  e t  a l .
i n  p r e s s  b). C h i c k  g r o w t h  r a t e s  w e r e  s l o w - m o d e r a t e  and m o r t a l i t y  was r e l a t i v e l y
h i g h ,

T h e  a v a i l a b i l i t y  o f  pollock t o  s u r f a c e - f e e d i n g  seabirds, s u c h  a s
kittiwakes, o n  i s l a n d s  i n  t h e  S E  B e r i n g  S e a  m a y  n e v e r  be  a s  h i g h  a s  i s  t h e
a v a i l a b i l i t y  o f  s a n d  l a n c e  a n d  capelin t o  c o a s t a l  p o p u l a t i o n s . S a n d  lance a n d
capelin f o r m  d e n s e  s h o a l s  i n  s h a l l o w  w a t e r  a n d  a r e  easily c a p t u r e d  by kittiwakes.
T h e  a v a i l a b i l i t y  o+ t h e s e  f i s h e s  a c c o u n t s  f o r  g e n e r a l l y  h i g h  c h i c k  g r o w t h  r a t e s
a n d  s u r v i v a l .  Pollock d o  n o t  f o r m  s u c h  n e a r - s u r f a c e  s h o a l s  a n d  t h e r e f o r e  t h e y
a r e  l e s s  a v a i l a b l e  t o  kittiwakes, e v e n  t h o u g h  t h e  t o t a l  b i o m a s s  ~f pollock m a y
g r e a t l y  e x c e e d  t h a t  o f  t h e  o t h e r  f o r a g e  s p e c i e s . M a j o r  c h a n g e s  i n  t h e  a b u n d a n c e
o f  pol lock, s u c h  a s  i n  t h e  r e c e n t  y e a r s  o f  p o o r  r e c r u i t m e n t  o f  a g e  1  f i s h ,  a r e
likely t o  h a v e  m a j o r  e f f e c t s  o n  kittiwake r e p r o d u c t i v e  s u c c e s s .  G e n e r a l l y  l o w e r e d
r e c r u i t m e n t ,  w h i c h  m i g h t  h a v e  r e s u l t e d  f r o m  t h e  r e d u c t i o n  o f  a d u l t  pollock b y  t h e
c o m m e r c i a l  f i s h e r y  <Fig. 13), m i g h t  h a v e  c o n t r i b u t e d  t o  t h e  l o w - m o d e r a t e  l e v e l s
of kittiwake r e p r o d u c t i v e  s u c c e s s  d u r i n g  t h e  l a t e  1 9 7 0 ’ s .

E Ehukchi Sea

Murre n u m b e r s  a t  C a p e  Lisburne a p p a r e n t l y  h a v e  v a r i e d  l i t t l e  b e t w e e n
y e a r s  since c e n s u s e s  w e r e  f i r s t  t a k e n  t h e r e  i n  1976. T h i s  t r e n d  c o n t r a s t s  w i t h
those at all o t h e r  c o l o n i e s  i n  t h e  B e r i n g  a n d  Chukchi s e a s  w h e r e  w e  a n d  o t h e r s
h a v e  m a d e  s y s t e m a t i c  c o u n t s  i n  t w o  o r  m o r e  y e a r s  d u r i n g  t h e  s a m e  i n t e r v a l .  S u c h
n u m e r i c a l  c o n s t a n c y  s u g g e s t s  t h a t  murre f o o d  w e b s  i n  L e d y a r d  Bay a r e  a l s o  s t a b l e
c o m p a r e d  t o  t h o s e  e l s e w h e r e ,  a n d  may b e  m o r e  e f f e c t i v e l y  b u f f e r e d  i n  s o m e  w a y
a g a i n s t  d i s r u p t i o n  b y  s e a s o n a l  a n d  a n n u a l  v a r i a t i o n s  i n  t h e  p h y s i c a l  e n v i r o n m e n t .

T h e  g r e a t  a b u n d a n c e  o f  A r c t i c  c o d  a t  C a p e  Lisburne i n  1 9 8 3  a l l o w e d
kittiwakes t o  l a y  l a r g e  c l u t c h e s  o f  e g g s ,  b u t  w a s  n o t  s u f f i c i e n t  t o  m a i n t a i n  a l l
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of the  c h i c k s  a t  t h e  CO1OITY. C h i c k  mortality was h igh -  mast of the  second
c h i c k s  tcI  h a t c h  i n  two c h i c k  broods d i e d  - a n d  g r o w t h  r a t e s  of t h e  s u r v i v i n g
c h i c k s  w e r e  s l o w  c o m p a r e d  to other y e a r s  a t  C a p e  Lisburne w h e n  s a n d  lance h a v e
b e e n  a v a i l a b l e  d u r i n g  t h e  c h i c k  period, T h u s ,  s a n d  l a n c e  a p p e a r  t o  b e  a k e y
s p e c i e s  t o  kittiwakes in  terms of t h e  o v e r a l l  p r o d u c t i o n  of y o u n g . W h i l e  A r c t i c
c o d  i s  p r o b a b l y  a l w a y s  i m p o r t a n t  t o  kittiwakes d u r i n g  t h e  e g g - l a y i n g  p e r i o d ,  s a n d
lance  seem to  be  necessary  for  the  b i rds  to  enjoy a highly s u c c e s s f u l  b r e e d i n g
s e a s o n .

T h e  close c o r r e s p o n d e n c e  b e t w e e n  t h e  i n c r e a s e s  in c h l o r o p h y l l - a ,
zooplankton p o p u l a t i o n s  a n d  t h e  a v a i l a b i l i t y  o f  s a n d  lance t o  s e a b i r d s  i n  L e d Y a r d
Bay s u g g e s t s  i n t e r a c t i o n s  b e t w e e n  t h r e e  trophic levels of  the  neritic c o m m u n i t y .
W e  d o  n o t  k n o w  i f  w a r m i n g  c o n d i t i o n s  b e g i n n i n g  a b o u t  mid-July p r o m o t e d  t h e
i n c r e a s e s  i n  zooplankton, o r  i f  t h e y  a l l  r e s u l t e d  f r o m  t h e  advective  i m p o r t  o f
a s s o c i a t e d  f o o d  w e b  o r g a n i s m s  f r o m  t h e  south. N e i m a r k  (19741  f o u n d  a  s i g n i f i c a n t
p o s i t i v e  c o r r e l a t i o n  b e t w e e n  n u m b e r s  o f  Acartia clausi a n d  w a r m i n g  w a t e r
t e m p e r a t u r e s  i n  N o r t o n  Sound; i n  1976, a n  e n v i r o n m e n t a l l y  c o l d  y e a r ,  t h e  n u m b e r
o{ Acartia clausi b e g a n  to i n c r e a s e  r a p i d l y  b e g i n n i n g  i n  t h e  i n t e r v a l  iA-31
J U I Y a n d  p e a k e d  d u r i n g  t h e  i n t e r v a l  1 - 1 5  #mgust. T h e  i n c r e a s e  f o l l o w e d  t h e  r i s e
i n  w a t e r  t e m p e r a t u r e  i n  N o r t o n  S o u n d  b y  a b o u t  t w o  w e e k s ,  a s  i t  d i d  i n  L e d y a r d  Bay
in 1983. H o w e v e r ,  t h e  p e r i o d  o f  m a x i m u m  a b u n d a n c e  o f  t h e  cladocerans w a s  t w o
w e e k s  e a r l i e r  t h a n  t h a t  o f  Acartia, w h i l e  t h e  p e r i o d  o f  m a x i m u m  a b u n d a n c e  o f
b i v a l v e  veligers w a s  t w o  w e e k s  later. At 13arrow,  R e d b u r n  {1974) s u g g e s t e d  t h a t
t h e  a b u n d a n c e  o f  Acartia a n d  t h e  cladocerans w a s  a  f u n c t i o n  o f  advection f r o m  t h e
south! s i n c e  t h e  p e a k  i n  n u m b e r s  c o i n c i d e d  w i t h  t h e  i n t r u s i o n  of w a r m e r  w a t e r  a n d
t h e  p r e s e n c e  o f  o t h e r  neritic copepod  taxa,

A l t h o u g h  m a n y  d e t a i l s  r e m a i n  undescribed, i t  s e e m s  t h a t  o c e a n o g r a p h i c
c o n d i t i o n s  o n  t h e  f3ering-Chukchi s h e l f  p l a y  a  m a j o r  role i n  d e t e r m i n i n g  a n n u a l
l e v e l s  o+ seabird r e p r o d u c t i v e  s u c c e s s  a t  c o l o n i e s  i n  N o r t o n  S o u n d ,  o n  S t .
L a w r e n c e  1 . , i n  t h e  E  Chukchi S e a , a n d  p r o b a b l y  o n  t h e  Diomede 1s, T w o  m a r i n e
“ r i v e r s ” h a v i n g  s h a r p l y  c o n t r a s t i n g  p h y s i c a l  a n d  c h e m i c a l  p r o p e r t i e s  f l o w
n o r t h w a r d  t h r o u g h  B e r i n g  S t r a i t  d u r i n g  s u m m e r , I n  t h e  e a s t ,  A l a s k a n  C o a s t a l
W a t e r ,  a  w a r m ,  l o w - s a l i n i t y  w a t e r  m a s s  n o r m a l l y  d e v e l o p s  i n  e a r l y  s u m m e r
f o l l o w i n g  t h e  d i s s i p a t i o n  o f  s e a  i c e  i n  N o r t o n  S o u n d ,  b r e a k u p  o f  t h e  Y u k o n  R i v e r
a n d  i n c r e a s e d  i n s o l a t i o n  < C o a c h m a n  e t  a l  ,  1975). A n n u a l  v a r i a b i l i t y  i n  t h e
d e v e l o p m e n t  o+ t h i s  s e a s o n a l  w a t e r  m a s s  i s  t h o u g h t  t o  h a v e  s i g n i f i c a n t  e f f e c t s  o n
t h e  c o a s t a l  z o n e  f o o d  w e b s  s u p p o r t i n g  c o a s t a l  s e a b i r d  p o p u l a t i o n s  < S p r i n g e r  e t
a l .  19841. C o n t r a s t i n g  i n  t h e  w e s t , B e r i n g  Shelf-Anadyr w a t e r  c o n s i s t s  o f  B e r i n g
Shelf W a t e r  a n d  Anadyr W a t e r ,  b o t h  o f  w h i c h  o r i g i n a t e  a t  d e p t h  i n  t h e  B e r i n g  S e a
a n d  a r e  c o l d ,  h i g h  s a l i n i t y  w a t e r  m a s s e s  { C o a c h m a n  e t  a l ,  19751. T h e  f l o w  o f
t h i s  w a t e r  a c r o s s  t h e  n o r t h e r n  shel+ p r o m o t e s  e x c e p t i o n a l l y  h i g h  l e v e l s  o f
p r i m a r y  p r o d u c t i o n  d u r i n g  s u m m e r  {Sambrotto et  a l .  19841 a n d  advects s u f f i c i e n t
copepod  b i o m a s s  f r o m  t h e  s o u t h  t o  a p p a r e n t l y  i n f l u e n c e  t h e  b r e e d i n g  d i s t r i b u t i o n
o f  l e a s t  auklets i n  t h e  B e r i n g  S e a  < S p r i n g e r  a n d  Roseneau  in  press).

O r d i n a r i l y ,  t h e  p r e s e n c e  o f  t h e  t w o  f l o w  r e g i m e s ,  A l a s k a n  C o a s t a l  W a t e r
a n d  B e r i n g  Shelf-Anadyr w a t e r ,  m a i n t a i n s  t w o  v e r y  d i f f e r e n t  m a r i n e  e n v i r o n m e n t s
o n  t h e  Bering-Chukchi s h e l f , i n  w h i c h  c h a r a c t e r i s t i c  f o o d  w e b s  h a v e  a d a p t e d  t o
t h e  p r e v a i l i n g  p h y s i c a l  c o n d i t i o n s . H o w e v e r ,  i n  s o m e  y e a r s  t h e  j u x t a p o s i t i o n  o f
t h e s e  w a t e r  m a s s e s  b r e a k s  d o w n  l e a d i n g  t o  m a j o r  d i s r u p t i o n s  o f  r e g i o n a l  f o o d
w e b s . F o r  e x a m p l e  i n  1 9 8 4 ,  anomolous c i r c u l a t i o n  i n  t h e  N  B e r i n g  S e a .  c a r r i e d
B e r i n g  Shel+-Anadyr w a t e r  d e e p  i n t o  N o r t o n  S o u n d , a  s i t u a t i o n  t h a t  p e r s i s t e d  from
e a r l y  s u m m e r  t h r o u g h  a b o u t  m i d - A u g u s t  { S p r i n g e r  e t  a l ,  unpubl. d a t a ] .
C o n s e q u e n t l y ,  t h e  n o r m a l l y  v e r y  w a r m  e n v i r o n m e n t  o f  t h e  N E  B e r i n g  a n d  E  Chukchi
s e a s  w a s  u n u s u a l l y  c o l d  t h r o u g h o u t  t h e  s u m m e r , I n  N o r t o n  S o u n d  w h e r e  t h e  anomoly
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was g r e a t e s t ,  murres  a n d  kittiwakes e x p e r i e n c e d  the worst b r e e d i n g  s e a s o n  e v e r
r e c o r d e d  < M u r p h y  a n d  S p r i n g e r  unpubl. data). T h e  normal kittiwake b r e e d i n g
p o p u l a t i o n  a+ a b o u t  ftl t h o u s a n d  p a i r s  a t  131u$+ w a s  r e d u c e d  to 500-7S0 b i r d s
total , Adult kittiwakes w e r e  found d e a d  a n d  dying along t h e  Unalakleet River.
Fiue e m a c i a t e d  s p e c i m e n s  w e  e x a m i n e d  h a d  e a t e n  b e r r i e s  a n d  a p p a r e n t l y  h a d  s t a r v e d
to d e a t h . Murres w e r e  l e s s  s e v e r e l y  a f f e c t e d ,  but only a b o u t  a  t h i r d  o f  t h e
normal n u m b e r  w a s  a t  t h e  c o l o n y  d u r i n g  m i d - J u l y . T h e  r e p r o d u c t i v e  s u c c e s s  o f
murres and kittiwakes was nil, It s e e m s  c e r t a i n  t h a t  t h e  a v a i l a b i l i t y  of f i s h e s
n o r m a l l y  t a k e n  b y  murres a n d  kittiwakes in Norton S o u n d$  p a r t i c u l a r l y  s a n d  l a n c e
a n d  s a f f r o n  cod ( S p r i n g e r  e t  al. unpubl. data), w a s  very l o w . T h e  a n a l y s i s  o f
zooplankon  s a m p l e s  c o l l e c t e d  a t  Bluff { S p r i n g e r  a n d  Murphy in progress) m a y
i n d i c a t e  w h e t h e r  the p r e y  of t h e  f i s h e s  w a s  r e d u c e d  a s  w e l l .

IX. NEEDS FOR FUTURE  STUDY

T h e  p e r s i s t e n t  r e p r o d u c t i v e  f a i l u r e s  o f  b l a c k - l e g g e d  kittiwakes cm t h e
Pribilofs a n d  S t ’ .  M a t t h e w  1. pose a n  i m p o r t a n t  q u e s t i o n  a b o u t  t h e  s t a b i l i t y  o f
t h e  pollock p o p u l a t i o n  i n  t h e  SE B e r i n g  S e a . T h e y  also e m p h a s i z e  t h e  need for
t h e  m o n i t o r i n g  o f  s e l e c t e d  seabird c o l o n i e s  e a c h  y e a r ,  e s p e c i a l l y  d u r i n g  p e r i o d s
o f  anomolous b r e e d i n g  p e r f o r m a n c e  s u c h  a s  t h a t  d u r i n g  t h e  1980’s. T h e  i n s i g h t
p r o v i d e d  b y  l o n g - t e r m  d a t a  i s  t h a t  w h i c h  w i l l  b e  n e e d e d  t o  a d e q u a t e l y  a s s e s s  the
a f f e c t  o f  CICS o i l  a n d  g a s  d e v e l o p m e n t  o n  r e g i o n a l  seabird p o p u l a t i o n s . T h u s ,
c e r t a i n  c o l o n i e s  s h o u l d  b e  d e s i g n a t e d  f o r  l o w - l e v e l  surue~s  e a c h  y e a r ,  s u c h  a s
those w e  haue d o n e  i n  t h e  E  Chukchi a n d  a t  B l u f f .  Colonies t h a t  would b e
a p p r o p r i a t e  a r e  t h o s e  o n  t h e  Pribilofs, at Bluf+ and at Cape Lisburnej since they
are in distinct environmental regimes and have long histories of nearly
uninterrupted study, A s c h e d u l e  f o r  v i s i t i n g  o t h e r  c o l o n i e s  a t  regular! b u t  l e s s
f r e q u e n t  i n t e r v a l s ,  s h o u l d  b e  c o n s i d e r e d  f o r  a  p e r i o d  of 10 years.
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## PENDIX

Table 1. flum cen5us  resul  h frm St. Mat theu Island, 1983.

21 Jul 26 Jul 27 Jul
PI Ot 7ineA Ohs. E Obs, P 1 Time Ohs, E Ohs. P 1 Time Cibs, E Ohs, P Y

c-1
C-2,3
C-4,4
C-8 1525
C-9 1530
D-1 ,2 1145 1,209 1,209

D-6 1230 390
D-7 ~245 2,930
D-8 1340 557
fP9a 13i5 3,225
D-9b 1425 2,245
D-9c i 455 1,100
D-9d i520 2,440
E-i 1400 i,i90
E-3
E-4
E-5
E-6
E-7
E-8, F-1
F-2
F-3
F-4,4

390
2,930

557
3,225
2,245
1,100
2,440
i,i90

1345 2,740 2,430 2,585
13i5 1 , 5 7 0  i,820 ~,495

~ 200 2,320 2,130 2,225

4 Bering Daylight Time.
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tTable 1, cont.)

29 Jul 30 Jui 1 Aula
(Plot) Tine* Ohs, E ObS, P Ohs, 1) 1 Tine Ohs, E Ohs. P ; Tine Ctbs,  E Ohs. P ~ (x)

(c-l )
W-2,3)
(C-4,4)
(C-8)
(C-9}
(D-1 ,2)

{D-b)
(II-7)
{D-W
(1)-?a)
(0-9b) ~M5 2j438 2 , 7 0 0

(D-9C)
(1)-?d)
tE-1)
(E-3) 1215 90
(E-4)
(E-5)
(E-if} 1340 !3,240 8,980
(E-7) 1355 340
(E-8,F-11  1515 12,080 12,580
(F-2)
{F-3) !455 740
(F-4,4)  1703 448 4~o

171fl 2,400 2,600
1555 4~o 4!0 410
1340 1,440 1,440

~ols 735 595 445 ( $1}
1410 723 783 753 ( 69)
1445 887 854 871 { 80)
i935 1,15! !.,022 1 , 0 8 7  (100)
2120 i,li4 1,034 1,074 ( f’?)

2*545 0930 1,570 j ,410 j ,490
1115 1,090 1,010 j ,050

90

8,420
373 357

!2,330

740
425

~ Bering Dayl igttt Time,
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{Table 1, cont. ]

9 Aua
(Plot) Tirae* Ohs, E Ohs, P I Rau i Compensated I@

(c-l)
(C-2,3)
{C-4,4)
(C-8)
(C-9)
(0-1,2)

(M)
(0-7)
( D-8)
(i)-9a)
(D-9b) 1900
(D-9C)
(D-9d) 1945
{E-i)
(E-3)
(E-4)
{E-51
(E-4)
(E-7)
(E-8, F- 1)
(F-2)
(F-3)
{F-4,6)

2,600
410

1,440
28
81

943

390
2,930

557
2,798

3 , 1 2 0  2,&~0 2,845 ~,9dl
1,100

2,730 2,7~0 2,720 2j4&6
1,190

90

8,420
357

12,330

740
425

3,132
518

2,309
36

105
1,474

582
4,309

785
4,158
2,606
1,467
3,086
1,52I5

136

12, ~40
502

16,223

925
518

Total: 4i ,631 %,537

6 Bering Day} ight Tim,
c Rau x compensated using diurnal counts at P1 ots D-1,2 on 1 Aug (see above),



Table 2, tfurr# emus IWU1 ts frm Cape  Liskww, 1?83,

21 Jul 6 AlIll
Time~  Ohs. N Ohs. O ~

11 Aull
Plot Time Ohs, N Ok C I Time Ohs. N Ohs. 0 ~

11
12
23
26
30
32
65
M
70
72
73

2000 1~230 !~l10 11170
2045 1,2$0 1,740 ~ ,500
2115 e2il 690 755
2130 1,040 810 925
2220 3,140 3,140
2245 1,840 ~ ,940 i ,910

i430 2,470~ 2,740 1500 2,22W 2,220
1430 2,140 1 , 8 7 0  2,005 1330 1,635 1,$35
~500 2,130~ 2,130 1430 2,100~ 2,340~ 2,220
1640 i,olo 1 , 1 9 0  ljloo 1415 $78 870
~450 590 630 610 i410 410 410

~ 8ering  OaYl ight Time.
u Cwnts made from shore; al 1 other counts made frcm raft.

(Table 2, cont. )

19 AUQ 27 AuQc 28 AuQc
(Plot) Time~ (lbs, N Obst O ~ Time Ohs, N Time (lbs, N Raw i Caapmated i

(ii]
(i21
(25)
(26)
(30)
(32)
(45) 1850
{44)
(70) 1930
(72)
(73)

i,170
i ,500

755
925

3,1’40

2,000~ 2j4i2~ 2 ,304
i,9~o

1700 1 ,~54 2$234
i ,820

i,490* 1,538* i,510 1715 1,000 i ,953
985
5!0

1100 2,424

l~20 1,520

Total i 14,?04

1,744
! ,923

388
i ,05i
3,237
1,949
4,344
3,524
3,h42
1,888

945

25,2td

~ 8ering Oaylight Time,
~ Counts made from shore; al 1 other ceunts made frcsa raft.
c Thew counts were made outside of the census per icd and are not i nc I uded in the raw and compensated $wms,



T a b l e  3 . R a t i o s  of common murres (COFllJ)  a n d  t h i c k - b i l l e d  murres <T8MU)
at H a l l  I s l a n d ,  1 9 8 3 .

L~catiml Time~ D a t e Cil’$k! TBNU C@lU/T8NlJ

S u b p l o t  NO, 3

S u b p l o t  b/0,  4

S u b p l o t  No. !5

1321 18 Jul

1321 18 Ju]

1350 18 Jul

398

26

205

S u b p l o t  N o .  d

( S u b t o t a l )

1 3 5 0 1 8  Jul

{6291

467

S u b p l o t  N o .  3

S u b p l o t  N o .  4

S u b p l o t  N o .  5

Eggplot N o .  1

Eggplot N o .  2

Eggplot N o .  3

Eggplot N o .  4

Eggplot MO. 5

Eggplot N o .  6

Total <18 Jul)

124!) 9 &lug

1220 9 &lug

1257 9 Plug

( S u b t o t a l )

1315 9 Aug

1330 9 Aug

1345 9 #lug

14D0 9 Aug

1430 9 Aug

1415 9 AU(J

( S u b t o t a l )

4 4 2

5 2

2~3
- - - - - -

9

0

3

26

11

~8
---.--

Total (9 Aug) 7 7 4

51

325

4&
-----

{422)

26$

7.8

0.1

4.5
-----

{~.s}

1.8

($88

44

224

40
-----

{308}

102

51

23

50

17

12
- - - - -

{255)

563

i.d

10.1

0 . 2

5 . 3
- - - - -

(2,3)

0.1

0

0.1

0 . 5

0.6

1 . 5
- - - - -

(0.3)

1 . 4

I A l l  s u b p l o t s  a n d  eggplots a r e  l o c a t e d  n e a r  t h e  b o u n d a r y  s e p a r a t i n g
Plots H - 1  a n d  H - 2  {-see l)eGange a n d  Sowls 1978).

z Bering D a y l i g h t  T i m e .
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3

T a b l e  4. Counts of seabircls on s u b p l o t s  1 - 4  a t  T u s k  !Xlcmy, St. M a t t h e w
Island, 19S3.

Date Subplot Time/ TBNLIZ CX5111~ BLK14

1217
1 75%
1 2 4 0
1747
1 2 4 5
1 7 3 4
1 2 5 5
1713

II
!3

3 2
3 3
3 2
3 8
2 2
38

u
0

125
1 1 5

6
7

1 2
11

7 7
!30

2 2 4
2 1 2

9 2
9 3

109
100

29 Jun

9 Jul

15 Jui

19 Jul

2S Jul

o
17
17
13

70
331
105
117

1430
1435
1445
1500

1400
1400
1415
1430

0
2 8
2 4
21

0
1 0 2

1 2
7

5 3
2 3 8

5 7
8 8

1
2
3
4

S&
ND
8 7
9 9

1
2
3
4

~7(113
ND!i

1 7 0 0
1715

0
ND
2 7
3 5

0
NO
10
~2

1
2
3
4

1625
i !540
~ 655
1713

0
2 5
4 8
3 4

4 9
257

7 6
90

1420
i 430
144!5
1 4 5 5

0
1 9
2 8
1 8

0
1&7

9
13

CM
303

81
95

1
2
3
4

i Aug 1
2
3
4

1020
1030
io40
10!Y5

o
18
1 9

0

0
9 5

9
11

5 3
154

2 8
5 4

I Bering Dayl ight T i m e .
z T8NU = t h i c k - b i l l e d  murre.
~ C(IMU = common murre.
4  BLKI = b l a c k - l e g g e d  kittiwake.
5NLI= no d a t a .
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Table 5 . Gwnts O+ seabirds cm subplot 1 at Arch Colony, St. Matthew
Island, 1983.

D a t e Timel TSMIJ2 corlu~ NOFU4

15 Jun i40(i 136 8 10
1700 142 4 8
2000 142 5 12
2200 110 5 12

14 Jun 1400 305 17 7

Zd J u n 1830 120 13 B
2030 143 13 8

27 Jun 0400 202 10 8
1445 3D 7 14 9

4 Jul 0600 141 12 7
1500 142 15 “12

1 3  Jul 0845 7 4 2 ?
3!3!5 1 5 0 20 %
1335 i i53 19 7

2 2  Jul 0900 2 4 2 18 6
123iI 1 6 9 10 6
1530 2 1 9 i5 6

I Bering D a y l i g h t  T i m e .
Z TBMU = t h i c k - b i l l e d  murre,
3  CllMU = common murre.
4  NOFU  = n o r t h e r n  fulmar,
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18 'flU I

Table 4. Ccwnts o+ thick-billed nwrres (TB!IU) on subplats 1-4 at
North Camp Colony, St. Matthew Island, 19S3.

D a t e Subplot Timel TBMU

27 Jun 1
2
3
4

3  Jul i
2
3
4

22 Jul 1

2

3

4

1  Aug 1
2
3
4

~127
1241)
1127
1 2 4 0

1415
i 630
1645
1700

1750
1s00
1813
1825

0900
1530
09i5
1545
0930
1600
0943
1615

N~2

48
17
53
21

3 7
2 0
41
2%

44
32
19
15
53
42
20
17

20
1 2
31
1 4

I f3ering D a y l i g h t  T i m e .
2ND= n o  d a t a .



Table 7 . B l a c k - l e g g e d  kittiwake c e n s u s  results from St. M a t t h e w  I s l a n d ,  1983.

20-21 Jul 29-30 Jul
Plot Timel B i r d s N e s t s T i m e Birds Nests

c-i 1700 215 150
C-2 1400 0 II
C-3 i$tlo o 0
C-4,4 1330 375’ 324

f)-~z

O-1a
D-ib
D-2
D - 3
D - 4
D - 5
D - 6
D-7
D-8
D-Ya
D-9b
D-9c
D-?d

1330
1110
i1311
1200
1200
1200
f~~~
1230
1245
1345
i315
1420
1450
1520

545
158
521

0
0
0
0

43
248

Q
717
337
403

2

335
?5

281
c1
(l
o
0

24
i15

o
344
178
i41

tl

E-i 1600 0 (1
E-6 1300 10 4
E-7 i 350 86 59
E-8 151s 977 740

F-1 1615 1,104 i,020

I B e r i n g  D a y l i g h t  T i m e .
~ Plot D-o =  T u s k  Colony, a  c o n c e n t r a t i o n  of murres a n d  kittiwakes not

r e p o r t e d  b y  De!3ange a n d  Sowls ( 1 9 7 8 ) .



T a b l e  8 . N u m b e r s  o+ c r e s t e d  auklets <CIWW],  least auklets tLiEfW)$ a n d  p a r a k e e t
auklets <PI%U} cm Pl~ts+ 1-A at Pterodactyl  Colony on St. M a t t h e w  I s l a n d ,  1983.

S u r f a c e  i+verage N e t  I%3uement
Plot Date O b s e r v e r CRf$U LEAU PAM CR(MI LEfW PAAU

~

2

3

4

5

6

~1 dun
24 dun
3 Jul

11 Jul
2(I J(JI
3(I Jul

11 dun
24 dun
2 Jul

11 Jul
21 Jul
3f Jul

11 Jun
24 Jun
2 Jul
3 Jul

11 Jul
21 Jul
31 Jul

11 Jun
24 Jun
2 Jul
11 Jul
21 Jul
31 Jul

13 Jun
24 dun
2 Jul
12 Jul.
2f Jul
31 Jul

13 dun
24 dun
2 Jul
12 Jul
21 Jul
31 Jul

WR
R
Q
R
R
R

Q / R
R
Q
#
R
R

Q/R
R
Q
Q
Q
R
R

(V’R
R
Q
R
R
R

R
Q
R
R
(2
Q

R
Q
R
R
Q
(l

3
3
2
1
3
1

2
2
5
5
4

<i

{1
II
1
2

<1
2
#

1
2
4
2
4

{1

3
5
&
2
4
2

8
~1
17
8

12
5

57
63
5($
66

100
104

129
83
175
164
167
96

40
15
65
67
56
61
37

32
34
64
37
43
27

59
86
70
64
@
55

lf4
131
i 36
111
195
~ 69

Q +14 +400 o
{1 o +12 o
0
0
0
II

<1 .0 -5s4 o
0 -2 -4 0
#
o
0
0

{1
o
0
tl
c1
Q
o

2
1
2
0
i
o

0
{1
{1
o
Q
o

0 +4 +226 o
Q - 2 2 - 1 , 2 5 2 0
0
0
0
0

302



T a b l e  8, ccmt. N u m b e r s  O+ c r e s t e d  auklets <CRM), l e a s t  auklets (LEA(J),  a n d
p a r a k e e t  auklets {PWU) o n  P l o t s  7 - 1 1  a t  P t e r o d a c t y l  Colony o n  S t .  M a t t h e w
I s l a n d ,  1983,

S u r f a c e  Werage N e t  M o v e m e n t
Plot D a t e Clbserver CRAU LEAU Pl%u CRAU LEAU PAM

7

8

9

10

li

13 J u n
2 5  J u n

3  Jul
12 Jul
20 Jul
30 Jul

13 Jun
25 Jun
3 Jul
12 Jul
20 Jul
30 Jul

3 Jul
12 Jul
2CI Jul
30 Jul

2 Jul
12 Jul
21 Jul
31 Jul

3 Jul
11 Jul
20 Jul
30 Jul

Q
Q
R
Q
Q
Q

Q
Q
R
Q
Q
Q

f?
Q
Q
Q

R
R
Q
Q

Q
R
R
R

11
16
18
19
18
4

11
14
34
27
31
10

0
0
0
0

0
0
0
0

9
3
7
4

55
45
62
48
71
48

42
50
49
58
64
51

25
33
28
19

18
14
19
7

95
76
98

115

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0

0
0
0
0

0
(1
o
0

+6 -396 0
-34 -272 0

3 0 3



0
0

0
0
0

Table 9. Numbers a+ c r e s t e d  auklets (CRAU), l e a s t  auklets (LEAU), and p a r a k e e t
auklets (P&uM.1}  cm Plats j-6 at Arch Colony on St, M a t t h e w  I s l a n d ,  1983.

Sur+ace Averacte N e t  M o v e m e n t
P l o t Date !3bserver CYMu LEAU P#%411 CRAU LEAU PAW

16 J u n
2 7  Jun

4  Jul
~4 Jul
22 Jul

R
R
R
R
R

o
2
Cl
o
0

31
9 2
6 9
4 5
68

14 Jun
27 Jun
4 Jul

14 Jul
22 Jul

R
R
R
R
R

2 0 +j$ o
1
!3

<1
0

1A Jun
27 Jun
4 Jul

14 Jul
22 Jul

Q
Q
Q
Q
a

{1
1

{i
o
1)

42
52
49
30
47

0 0 ‘+6 o
0
0
0
0

14 Jun
27 Jun
4 Jul
14 Jul
22 Jul

Q
Q
Q
Q
Q

o
{1
o

<1
0

52
54
44
4i
51

0
1
1
0
0

4  Jul
14 Jul
22 Jul

R
R
R

13
3

i2

87
73
80

0
0
0

4  Jul
14 Jul
22 Jul

Q
R
Q

{i
o
0

42
29
31

0
0
0

304
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