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EXECUTIVE SUMMARY 

The U.S. M i n e r a l s  Management S e r v i c e  (HHS) h a s  begun t o  mon i to r  

p o p u l a t i o n s  o f  s e a b i r d s  i n  t h e  Ber ing  Sea  i n  o r d e r  t o  d e t e r m i n e  i f  any 

f u t u r e  p o p u l a t i o n  changes  t h a t  occu r  are caused by OCS pe t ro leum 

development operations. HMS d e s i r e s  t h a t  t h e  initial monitoring s t u d i e s  

inves t iga te  seabird  abundance, productivity and diet; compare new f indings  

wi th  f indings  of  previous s tudies ;  d i scuss  t h e  s ignif icance of population 

t rends  observed; and develop s trategies f o r  f u t u r e  moni tor ing.  S e a b i r d  

colonies  a t  Cape Peirce on t h e  Alaska mainland and a t  t h e  Pr ib i lo f  I s lands  

have been designated t o  be t he  focus  of initial investigations.  Several  

s t u d i e s  have been conducted a t  each l oca t i on  i n  t h e  past ,  but t h e  r e s u l t s  

of  p a s t  s t u d i e s  are f r e q u e n t l y  n o t  s u i t a b l e  f o r  long- term mon i to r ing  

s t ud i e s  because of d i f f e r e n t  objectives.  

Eleven s p e c i e s  o f  s e a b i r d s  are common i n  t h e  c o l o n i e s  o f  i n t e r e s t  

( i n c l u d i n g  bo th  s i t e s ) ;  t h e  P r i b i l o f  I s l a n d  c o l o n i e s  s u p p o r t  a more 

d i v e r s e  s p e c i e s  assemblage  t h a n  d o e s  Cape Pe i rce .  S p e c i e s  p o t e n t i a l l y  

u s e f u l  f o r  p o p u l a t i o n  mon i to r ing  i n c l u d e  black- legged and red- legged 

ki t t iwakes;  th ick-bi l led  and common murres; red-faced, pelagic  and d o u b l e  

c res ted  cormorants; and parakeet, c res ted  and least auklets. 

Black-legged k i t t iwakes  number from 1-4 mi l l ion  i n  t h e  eas te rn  Bering 

Sea i n  summer and fall.  They nes t  abundantly a t  both Cape Peirce  and t h e  

P r i b i l o f s ,  va ry ing  g r e a t l y  i n  r e p r o d u c t i v e  s u c c e s s  from y e a r  t o  year.  

Non-breeders are widely dispersed i n  t he  Bering Sea i n  summer; most move 

south i n  winter. They feed mainly on f i s h  a t  o r  near t he  surface. 

Red-legged k i t t iwakes  n e s t  abundantly (88% of t he  world population of  

250,000) a t  t h e  P r ib i l o f s ,  but  do no t  ne s t  a t  Cape Peirce. Their breeding 

success is highly var iab le  annually. Feeding b i rd s  i n  summer concentrate 

south and west of  t h e  Pr ib i lo fs ,  most moving south i n  winter. These b i r d s  

feed mainly on f i s h  a t  o r  near t he  surface.  

About 5.3 m i l l i o n  murres  b reed  i n  t h e  e a s t e r n  Ber ing  Sea; common 

murres  are t h e  o n l y  s p e c i e s  a t  Cape P e i r c e  and t h i c k - b i l l e d  murres 

predomina te  on t h e  P r i b i l o f s .  Hur r e s  are  long-lived, slow-reproducing 

b i r d s  w i t h  less annua l  v a r i a b i l i t y  i n  b r e e d i n g  s u c c e s s  t h a n  t h e  

kit t iwakes.  I n  summer most concentra te  t o  feed near  t h e  colonies; most 

a l s o  w i n t e r  i n  t h e  Ber ing  Sea. Both s p e c i e s  ea t  ma in ly  f i s h ;  common 



murres  depend l a r g e l y  on  n e a r s h o r e  mid-water f i s h e s  and t h i c k - b i l l e d  

murres depend l a rge ly  on demersal f i s h e s  and crustaceans  i n  deeper waters. 

Of t h e  cormoran t  s p e c i e s ,  t h e  red-faced co rmoran t  i s  t h e - o n l y  one 

nes t ing  a t  t he  P r ib i l o f s ,  and pelagic cormorants dominate a t  Cape Peirce. 

Red-faced cormorants are year-round r e s iden t s  a t  t h e  P r ib i l o f  s. A l l  t h e  

cormoran t  s p e c i e s  f e e d  l a r g e l y  on  f i s h ,  which t h e y  c a t c h  by d i v i n g  i n  

waters near  t h e i r  breeding colonies. 

The t h r e e  a u k l e t  s p e c i e s  are e x t r e m e l y  abundant  b r e e d e r s  i n  t h e  

e a s t e r n  Ber ing  Sea, w i t h  e s t i m a t e d  p o p u l a t i o n s  of  6 m i l l i o n  ( leas t  

a u k l e t ) ,  2 m i l l i o n  ( c r e s t e d  a u k l e t )  and around 0.5 m i l l i o n  ( p a r a k e e t -  

a u k l e t ) .  A 1 1  a r e  l o n g - l i v e d  a n d  r e p r o d u c e  s l o w l y ,  b u t  d a t a  o n  

reproduction are d i f f i c u l t  t o  ga ther  because many nes t  deep i n  crevices. 

Most ind iv idua l s  of a l l  spec ies  concentrate near t h e i r  breeding colonies 

from May t o  September,  b u t  mos t l y  move o u t  of  t h e  Ber ing  Sea  i n  w in t e r .  

Least and c res ted  auk le t s  d ive  t o  moderate depths t o  prey on zooplankton. 

Parakeet auk l e t s  feed a t  varying depths and on a g r e a t e r  va r i e ty  of prey 

than do t he  o ther  two species. 

This f i r s t -year  monitoring program includes s t u d i e s  of t h r e e  major 

topics--population estimates, p r o d u c t i v i t y  estimates, and food h a b i t s .  

Based on  t h e  r e s u l t s  o f  ou r  s t u d i e s  and on  i n f o r m a t i o n  c o l l e c t e d  by 

others,  w e  have made recommendations f o r  monitoring strategies. 

Population Studies  

The o b j e c t i v e s  of o u r  p o p u l a t i o n  s t u d i e s  were (1) t o  d e t e r m i n e  i f  

s e a b i r d  p o p u l a t i o n  s i z e  had changed-on t h e  P r i b i l o f s  and a t  Cape P e i r c e  

s ince  previous s tudies ,  and (2) t o  es t imate  seab i rd  population size 

The p o p u l a t i o n  s t u d i e s  focused  on  a f e w  key s e a b i r d  s p e c i e s ,  and 

included two main s t ra tegies--visual  counts of seab i rds  on p l o t s  s tudied 

in previous years,  and in tens ive  sampling of por t ions  of p l o t s  using time- 

l a p s e  photography. . . 

Our research w a s  focused on four  areas: t h e  documentation of  d iu rna l  

t rends  i n  abundance, seasonal t rends  i n  abundance, among-year t rends  i n  

abundance and ana ly s i s  of methods t o  improve population est imators.  

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

a t t e n d a n c e  t h a t  were n o t  i n  phase  w i t h  each o the r .  These c y c l e s  were 



pronounced e a r l y  i n  t he  season but diminished a s  incubation g o t  underway. 

I n  general, p lo t  censuses should be conducted during t h e  mid-incubation 

period, when numbers of b i rd s  are most s t a b l e  and counts may be made over 

a broad segment of the  day. 

The i n f l u e n c e  of s e a s o n a l  t r e n d s  ( v a r i a t i o n  i n  a t t e n d a n c e  o v e r  t h e  

course of the  breeding season) i n  counts of seab i rds  may be very important 

i n  assessing among-year t rends  i n  population size. When a large seasonal 

component of var ia t ion  exists (as  w a s  found f o r  several  species)  severa l  

r e p l i c a t e  counts are necessary t o  d i s t inguish  among-year from within-year 

components of var iabi l i ty .  Unfortunately our basel ine  from the  Pr ib i lo f  s 

is l i m i t e d  t o  s i n g l e  c o u n t s  sampled o v e r  a broad time p e r i o d  (up t o  one 

month) t h u s  p reven t ing  t h e  e l u c i d a t i o n  of unambiguous among-year 

components of populaton changes. 

For many species  t h e  counts on t h e  P r i b i l o f s  i n  1984 were lower than 

c o u n t s  made i n  1976 o r  1982, and u s u a l l y  much l o w e r  t h a n  i n  1976. These 

changes were more pronounced on  St.  George t h a n  on  St.  Paul. The most  

convincing evidence f o r  a subs t an t i a l  decrease i n  population t rend was f o r  

red-faced cormorant ,  on bo th  i s l a n d s .  For  o t h e r  s p e c i e s  (1) a p p a r e n t  

changes i n  abundance were not  s i gn i f i can t ly  d i f f e r e n t  among years  (common 

murre and red-legged ki t t iwake) ,  o r  (2) t he re  were s ign i f i can t  changes i n  

abundance but counts i n  1984 ind i ca t e  recovery r e l a t i v e  t o  1982 (northern 

fulmar), o r  (3) d i f f e r e n t  t rends  occurred on t h e  two i s l ands  (black-legged 

k i t t i w a k e  and t h i c k - b i l l e d  murre),  s u g g e s t i n g  t h a t  s e a s o n a l  changes 

(sample dates)  might be responsible f o r  t h e  s i g n i f i c a n t  test s t a t i s t i c s .  

We found t h a t  t he  method of s t r a t i f i c a t i o n  or iginated by Hickey and 

Craighead (1 977) is  u s e f u l  i n  improving p o p u l a t i o n  estimates based on  

changes i n  occu r r ence  o r  d e n s i t y  of some s p e c i e s  among strata. To 

increase  precision,  our population es t imat ion  analyses describe maximum 

l ikel ihood es t imators  t h a t  opt imal ly  f i t  the  seabird  data t o  mathematical 

d i s t r i b u t i o n s  o f  known p r o p e r t i e s .  An i m p o r t a n t  i n v e s t m e n t  o f  time i n  

f u t u r e  s t u d i e s  would be t o  a c c u r a t e l y  de t e rmine  t h e  a r e a  of s t u d y  p l o t s  

. and t h e  a r e a  of t h e  c l i f f s  ( p r o p o r t i o n  o f  t h e  t o t a l  c l i f f  a r e a )  occupied 

by b i r d s  t o  improve extrapolat ion procedures. 

Our c l u s t e r  coun t ing  and maximum l i k e l i h o o d  e s t i m a t o r  p rocedure s  

a lways  improved o u r  estimates ( i n c r e a s e d  t h e  p r e c i s i o n  and reduced t h e  

conf idence  i n t e r v a l s )  o f  p o p u l a t i o n  s i z e  o v e r  methods p r e v i o u s l y  used,  



Le., mean densi  ty/area es t imators  (Hickey and Craighead 1977, Craighead 

and Oppenheim 1982). Our a b i l i t y  t o  estimate populations ranged from 

very good f o r  thick-bil led murres k 10%) t o  poor f o r  red-faced cormorant 

(A 100%). 
I n  summary w e  feel  a more c r i t i c a l  examina t ion  o f  t h e  s e a b i r d  

monitoring s t ra tegy  be undertaken before t he  MXS program becomes f i r m l y  

e s t a b l i s h e d .  A mon i to r ing  program demands t h a t  s t u d i e s  be  comparable  

among years; however an  u n c r i t i c a l  philosophy of repeat ing pr io r  basel ine  

s tud ies  (o f ten  designed with  d i f f e r e n t  research foc i )  may preclude meeting 

current  obJectives. We recommend t h a t  emphasis be placed on determining 

t h e  most e f f e c t i v e  means of  mon i to r ing  t rends .  To a c h i e v e  t h i s ,  

improvement i n  p lo t  se lect ion,  sampling i n t e n s i t y  ( s p a t i a l  and temporal) 

and a n a l y t i c a l  p rocedure s  a l l  need t o  be addressed.  A l ower ,  a l b e i t  

impor t an t ,  r e s e a r c h  p r i o r i t y  should  be t o  improve t h e  t echn ique  f o r  

es t imat ing ac tua l  population size. 

Productivity Studies  

The term nproductivityR, i n  t h i s  study, is the  mean number of chicks 

p e r  n e s t  ( o r  s i te ,  i n  t h e  c a s e  of murres )  s t i l l  a l i v e  i n  s t u d y  p l o t s  a t  

t h e  terminat ion of f i e l d  investigations. A l l  complete nes t  platforms were 

considered ki t t iwake nests;  a l l  sites on c l i f f s  where murre eggs were seen 

were considered murre nests. Productivity estimates, when compared with  

t h o s e  o f  p a s t  y e a r s ,  showed t h a t  p r o d u c t i v i t y  h a s  been low f o r  t h e  p a s t  

few years, including 1984, f o r  most species. 

E s t i m a t e s  o f  black-legged k i t t i w a k e  p r o d u c t i v i t y  were very  low i n  

1984 on St. George (0.1 4) and St. Pau l  (0.06) i s l a n d s  and a t  Cape P e i r c e  

( less  t h a n  0.01). L ike l ihood  R a t i o  T e s t s  i n d i c a t e d  t h a t  1984 was among 

the  poorest of years  measured f o r  black-legged k i t t iwake  productivity and 

reproductive success i n  t h e  southern B e r i n g  S e a  Comparisons over recent  

y e a r s  a t  o t h e r  c o l o n i e s  i n  t h e  Ber ing  Sea  i n d i c a t e  t h a t  b lack- legged 

k i t t i w a k e  p r o d u c t i v i t y  h a s  been dep re s sed  f o r  t h r e e  y e a r s  a t  many 

i m p o r t a n t  c o l o n i e s  (St. George, St. Paul,  Cape P e i r c e ,  St. Matthew and 

possibly St. Lawrence). 

Red-legged k i t t iwake  productivity was very low on St. George and St. 

Pau l  i s l a n d s  i n  1984 (0.13 and 0.09). L ike l ihood  R a t i o  Tests i n d i c a t e  



t h a t  on St, George Island, where about 80% of t he  world population nests,  

productivity has  been low f o r  a t  least the  l a s t  f i v e  years  when da ta  were 

obtained, 

Estimates of product ivi ty  of thick-bil led murres i n  1984 were much 

h i g h e r  on  S t ,  George I s l a n d  (0.31) t h a n  o n  St ,  Pau l  (0.03); i t  h a s  been 

s p e c u l a t e d  t h a t  human d i s t u r b a n c e  a t  St. Paul  may have t h e  e f f e c t  of 

depressing seabird  productivity, Productivity of th ick-bi l led murres was 

markedly h i g h e r  i n  1984 on S t ,  George t h a n  Craighead and Oppenheim 

recorded i n  1982, 

l4aximu estimates of productivity of common murres a t  Cape Peirce i n  

1984 were o n l y  0.05, l ower  t h a n  r eco rded  i n  1976 and 1981, During t h e  

s tud i e s  i n  1984 and 1976, common ravens preyed heavily on eggs of common 

murres and black-legged k i t t i w a k e s  a t  Cape Pe i rce ,  During yeaTs when 

p r o d u c t i v i t y  i s  dep re s sed  (when b reed ing  b i r d s  may be s t r e s s e d ,  a s  i n  

1984), ravens may be more e f f ec t i ve  predators of eggs and chicks, 

There were no s ign i f i can t  d i f fe rences  i n  product ivi t9  among d i f f e r e n t  

e levat ional  s t r a t a  o r  among d i f f e r en t  p l o t s  f o r  any key spec ies  of seabird  

studied i n  1984 on t h e  Pr ib i lo f  Is lands  o r  at  Cape Peirce. 

S u f f i c i e n t  time should  be budgeted i n  s e a b i r d  colony s t u d i e s  s o  t h a t  

p r o d u c t i v i t y  ( m o r t a l i t y )  o f  eggs and c h i c k s  can  be t r a c k e d  through t h e  

e n t i r e  breeding season ( u n t i l  surviving chicks  are large), Studies  t h a t  

end ea r ly  run t h e  r i s k  of inaccurate ly  es t imat ing productivity. 

Analysis of time-lapse photography shows great promise as a t o o l  f o r  

documenting t r e n d s  i n  colony a t t endance ,  which may be r e l a t e d  t o  

reproductive status.  Detailed computer analyses of time-lapse photography 

may h e l p  de t e rmine  t h e  number of b r eed ing  murres  ( e s p e c i a l l y  common 

murres) on crowded ledges where eggs and chicks (breeding pairs o r  ac t i ve  

s i tes)  o f t e n  a r e  d i f f i c u l t  o r  i m p o s s i b l e  t o  d e t e c t  by customary v i s u a l  

methods, 

Feeding Studies 

Food h a b i t s  s t u d i e s  o f  10 s e a b i r d  s p e c i e s  a t  t h e  P r i b i l o f  I s l a n d s  

showed t h a t  some special ized i n  f i s h  and o the r s  a t e  predominantly pelagic 

invertebrates. I n  5 spec ies  (northern fulmar, both ki t t iwakes ,  parakeet 

auklet ,  tuf ted puffin) f i s h  comprised g r e a t e r  than 80%, of w e t  weight diet .  

v i i  



I n  t h r e e  other  spec ies  (common murre, thick-bi l led murre, horned puff in)  

f i s h  comprised 25-702 of d i e t  w e t  -weight,  w i t h  t h e  remainder  be ing  

p r i m a r i l y  c r u s t a c e a n s  ( i n  murres)  o r  s q u i d  ( i n  horned p u f f i n s ) ,  I n  t h e  

r ema in ing  two s p e c i e s  ( l e a s t  and c r e s t e d  a u k l e t s ) ,  f i s h  comprised less 

than a of diet w e t  weight, and crustaceans comprised g r e a t e r  than 942. 

D i f f e r e n c e s  i n  t h e  d i e t s  of b i r d s  grouped by age,  time d u r i n g  t h e  

breeding season, o r  i s l and  (St. George o r  St. Paul) were found i n  3 of t h e  

4 spec ies  s tudied in detail, Only i n  least auk le t s  was the  diet s i m i l a r  

between months and i s l a n d s ,  Hence, i f  t h e  d i e t s  o f  s e a b i r d s  are t o  be 

u s e f u l  a t  a l l  i n  mon i to r ing  s t u d i e s ,  i t  i s  i m p o r t a n t  t o  c o n t r o l  

c o l l e c t i o n s  f o r  v a r i o u s  a t t r i b u t e s  of t h e  b i r d s '  ages ,  c o l l e c t i o n  

loca t ions  and times of sampling, 

Wet weight measurements of food samples were more rapid,  more prec i se  

and more consis tent  than were volumetric measurements. Wet weights are 

recommended as t h e  preferred method of measuring t h e  amounts of food ea ten  

by seabirds. Although no s t a t i s t i c a l  evaluation w a s  made, non-parametric 

s t a t i s t i c a l  m e t h o d s  p r o b a b l y  a re  more  a p p r o p r i a t e  f o r  ana lyz ing  

dif ferences  i n  the  amount of food ea t en  than are parametric methods. 

Mord to r ing  S t r a t eg i e s  

The object ives  of a seabird  monitoring program are t o  measure t rend 

i n  p o p u l a t i o n s  and t o  d e t e r m i n e  i f  observed changes  i n  t r e n d  are 

development-related. Po ten t ia l  items t o  be monitored include population 

numbers, productivity,  and seabird  diet .  

P a s t  r e s e a r c h  a t  some c o l o n i e s  h a s  demons t ra ted  t h a t  s m a l l  t o  

moderate changes in numbers and annual production of seab i rds  a t  colonies 

can  be documented, Causes of  change have been  more d i f f i c u l t  t o  

determine, though changes i n  food a v a i l a b i l i t y ,  r e s u l t i n g  from such things  

a s  f i s h i n g  by man, l a r g e - s c a l e  s h i f t s  i n  ocean c i r c u l a t i o n  o r  c l i m a t i c  

changes, have been implicated. There is no ind ica t ion  from the  literature - 
t h a t  any a c t i v i t i e s  r e l a t e d  t o  OCS development,  e x c e p t  f o r  o i l  s p i l l s ,  

have caused population changes t o  seabirds. 

Based on  a n  a n a l y s i s  of  a v a i l a b l e  l i t e r a t u r e  and a n  e v a l u a t i o n  of  

r e s u l t s  from t h i s  program, a combination of  two general  approaches seems 

d e s i r a b l e  f o r  mon i to r ing  s tudies--(  1) ' r epea ted  measures  o f  p o p u l a t i o n  

v i i i  



numbers over t i m e  a t  se lected colonies  t o  determine population trends, and 

(2)  expe r imen t s  a t  s i tes  of OCS a c t i v i t y  t o  de t e rmine  whether  t h e  

a c t i v i t i e s  a f f e c t  annua l  p roduc t iv i t y .  Trend measurements alone cannot 

i s o l a t e  causes  of change, and r e s u l t s  o f  expe r imen t s  a t  s i tes  of OCS 

a c t i v i t i e s  cannot, without trend measurements, be r ead i ly  t rans la ted  i n t o  

r e g i o n a l  popu la t i on - l eve l  e f f e c t s .  It does  n o t  appear  t h a t  food h a b i t s  

s t u d i e s  would c o n t r i b u t e  a  great d e a l  t o  d e t e r m i n i n g  whether  b i r d  

population numbers change o r  t o  es tab l i sh ing  whether OCS a c t i v i t i e s  caused 

any changes. However, catas t rophic  d i e t  changes have been l inked t o  major 

population changes i n  some spec ies  of seabirds. If diets of seab i rds  are 

n o t  moni tored s y s t e m a t i c a l l y  i n  s i m i l a r  s i t u a t i o n s  i n  t h e  Ber ing  Sea,  

s i m i l a r  changes could be a t t r i b u t e d  a r b i t r a r i l y  t o  OCS ac t iv i t i e s .  

For  measur ing r e g i o n a l  t r e n d s  i n  popu la t i on  numbers o v e r  time, 

mon i to r ing  should  f o c u s  on  s p e c i e s  t h a t  a r e  abundant,  widespread,  and 

e a s i l y  sampled and t h a t  have s e v e r a l  y e a r s  o f  h i s t o r i c a l  d a t a  a t  t h e  

colonies  t o  be monitored. Species t h a t  are endemic t o  t h e  a r ea  a l s o  are 

of  p a r t i c u l a r  i n t e r e s t .  A t  l e a s t  one s p e c i e s  from each major  - fo rag ing  

type  (e.g., ben th i c ,  s u r f a c e ,  nearshore ,  o f f  shore)  should  be i nc luded  i f  

pos s ib l e .  I n  t h e  Ber ing  Sea,  t h e  f i v e  most s u i t a b l e  s p e c i e s  a r e ,  i n  

approximate  o r d e r  o f  s u i t a b i l i t y :  red- legged k i t t i w a k e ,  b lack- legged 

k i t  t iwake ,  t h i c k - b i l l e d  murre,  l e a s t  a u k l e t ,  and red-faced cormorant.  

Colonies t h a t  would be most s u i t a b l e  a s  trend monitoring sites, based on 

t h e  number and d i v e r s i t y  of s e a b i r d  s p e c i e s  p r e s e n t ,  ease of s tudy ,  and 

amount o f  h i s t o r i c a l  d a t a  a v a i l a b l e ,  a r e  t hose  o n  t h e  P r i b i l o f  I s l a n d s ,  

S t .  Lawrence  I s l a n d ,  B l u f f ,  S t .  H a t t h e w / H a l l  i s l a n d s ,  and Cape 

Peirce/Shalak Island. Other colonies are considered less suitable.  

The primary var iab le  of i n t e r e s t  f o r  trend monitoring is population 

numbers, and s e v e r a l  c o n s i d e r a t i o n s  apply. Two measurements are 

d e s i r a b l e :  (1) t h e  number of b i r d s  i n  a t t e n d a n c e  and (2) t h e  number of  

n e s t s  o r  breeding birds. Dis t r ibu t iona l  cha rac t e r i s t i c s  of most seab i rds  

i n  c o l o n i e s  s u g g e s t  t h a t  t h e  b e s t  enumera t ion  t e c h n i q u e s  i n v o l v e  

s t r a t i f y i n g  c l i f f  faces  on which b i rd s  occur, counting of b i r d s  on sample 

p lo t s ,  and accounting f o r  c lus te r ing  of b i rd s  i n  s t a t i s t i c a l  treatment of 

data and deriving maximum l i k e l i h o o d  e s t i m a t o r s  t h a t  o p t i m a l l y  f i t  t h e  

seabird  d a t a  t o  mathematical d i s t r i b u t i o n s  of known properties.  Pa t te rns  

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



least  t e n  r e p l i c a t e  c o u n t s  shou ld  be made. Counts shou ld  be des igned  

(e.g., c o l l a p s i b l e  i n t o  s i m p l e r  fo rms)  s o  t h a t  d a t a  c o l l e c t e d  can be 

r ead i ly  compared with  da t a  from previous studies.  

For  de t e rmin ing  whether  OCS a c t i v i t i e s  c o n t r i b u t e  t o  s e a b i r d  

p o p u l a t i o n  changes, s i t e - s p e c i f i c  s t u d i e s  o f  t h e  e f f e c t s  o f  s e l e c t e d  

a c t i v i t i e s  on productivity a r e  recommended. Studies  wi th  s p a t i a l  con t ro l s  

should  be des igned  around s p e c i f i c  a c t i v i t i e s  t h a t  occur  n e a r  s e a b i r d  

c o l o n i e s  o r  f e e d i n g  a reas .  The measured effects  o f  t h e s e  a c t i v i t i e s  on 

colony productivity should be t rans la ted  i n t o  po ten t ia l  long-term e f f e c t s  

on r e g i o n a l  p o p u l a t i o n  numbers s o  t h a t  c o r r e l a t i o n s  may be made w i t h  

r e s u l t s  of t h e  trend monitoring s t u d i e s  (see above). Unfortunately, t h e  

a c t i v i t y  most l i k e l y  t o  a f f e c t  p o p u l a t i o n  numbers is  probably  a n  

a c c i d e n t a l  o i l  s p i l l ,  e f f e c t s  o f  w h i c h  wou ld  be  d i f f i c u l t  t o  

experimentally evaluate because l oca t ions  of  s p i l l s  are not  predictable. 

The most t h a t  c a n  be hoped f o r  i n  such  a  c a s e  would be t o  q u a n t i f y  o i l -  

caused mor ta l i ty  t o  the  extent  possible  and a t tempt  t o  relate mor ta l i ty  

l e v e l  t o  observations a t  trend monitoring s t a t i o n s  (e.g., a t  colonies). 

P r o d u c t i v i t y  d a t a  c o l l e c t e d  on  tes t  and c o n t r o l  si tes should  be 

amenable t o  r igorous s t a t i s t i c a l  tests f o r  d i f fe rences  among loca t ions  and 

years. Passive methods f o r  determining p r o d u c t i v i t y  (e.g., o b s e r v a t i o n s  

from a d i s t a n c e )  are recommended t o  p r e v e n t  reduced p r o d u c t i v i t y  as a  

consequence of the  research  a c t i v i t y .  Au toma t i ca l l y - con t ro l l ed  camera 

sys t ems  t o  r e g u l a r l y  photograph sample  p l o t s  o f f e r  p romise  i n  bo th  

population and productivity s tudies .  
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The Uni ted S t a t e s  Department of t h e  I n t e r i o r  (USDI), Minera l s  

Xanagement Service ( N M ) ,  contracted LGL Ecological Research Associates, 

Inc.  (LGL) t o  d e s i g n  and implement  a s e a b i r d  mon i to r ing  program a t  two 

c o l o n i e s  i n  t h e  Alaska Ber ing  Sea--the P r i b i l o f  I s l a n d s  and Cape P e i r c e  

F i g  1 NNS wi shes  t o  moni tor  s e a b i r d  b reed ing  c o l o n i e s  because 

seabirds  a r e  highly v i s ib le ,  m a o r  components of marine ecosystems, and 

because t h e y  may be  v u l n e r a b l e  t o  O u t e r  C o n t i n e n t a l  S h e l f  (OCS) 

development a c t i v i t y .  F u r t h e r ,  many of t h e  s e a b i r d s  o c c u r r i n g  i n  t h e  

Ber ing  Sea  a r e  p r o t e c t e d  by treaties be tween t h e  U.S.A., Japan,  Canada, 

and t h e  U.SSR t o  conservation of migratory b i rds  and t h e i r  environment. 

These treaties prohib i t  t he  d i s tu rbance  of n e s t i n g  c o l o n i e s  and d i r e c t s  

t h e  c o n t r a c t i n g  p a r t i e s  t o  under take  measures  neces sa ry  t o  p r o t e c t  t h e  

envirol~lsent of migratorg b i rd s  and t o  prevent and abate t h e  po l lu t ion  o r  

detr imental  a l t e r a t i o n  of t h a t  environment. 

The seabird  monitor'ing program cons t i t u t e s  e f f o r t s  by t h e  U.S.A. t o  

b e t t e r  understand what environmental f ac to r s  inf luence seabird  abundance 

and productivity and t o  determine i f  seabirds  a r e  affected by OCS o i l  and 

gas a c t i v i t y  scheduled t o  occur soon i n  t h e  Bering S e a  

Objectives 

The purpose of t h e  work conducted d u r i n g  t h e  summer of  1984 was t o  

measure se lec ted  population cha rac t e r i s t i c s  of nesting seabird  colonies a t  

Cape Peirce (exclusive of Shaiak Island) and on t h e  Pr ib i lo f  Islands. The 

s tud i e s  i n  1984 are part of a long-term monitoring program, and a s  such, 

include a r s c e n s u s  of colonies  t h a t  have been censused before. 

Spec i f ic  object ives  were t o  

(1) deve lop  s t a t i s t i c a l l y  v a l i d  measures  of t h e  number of 

b i rd s  and the  chick productivity f o r  each major spec ies  i n  

t h e  Cape Peirce and Pr ib i lo f  Is lands  colonies,  e 

(2)  develop estimates of kinds and amounts of .foods consumed 

by the  major species  i n  t h e  Pr ib i lo f  Is land colony, 



Figure 1. Major breeding concentrations of  seabirds i n  the Bering Sea 
(greater than 500,000 birds)  ( a f t e r  Sowls et a l .  1978, 
Nysewander et a l .  1982). 



( 3 )  compare t h e  r e s u l t s  of t h e  s t u d y  w i t h  t h o s e  of p r ev ious  

s tud i e s  of t h e  colonies,  

(4) d i s c u s s  t h e  b i o l o g i c a l  s i gn i f i cance  of population trends 

i n  t he  colonies, and 

(5) develop s t r a t e g i e s  f o r  fu ture  monitoring e f f o r t s  f o r  t he  

colonies. 

S i t e s  f o r  Study 

The sites of I n t e r e s t  are i n  t he  southern Bering S e a  Cape Peirce  is 

on t h e  mainland, whereas t h e  Pr ib i lo f  Is lands  are remote oceanic i s l ands  

c lose  t o  the  shelf  break (Fig. 2). 

Dick and Dick (1971) and Petersen and Signan (1977) describe t he  Cape 

P e i r c e  area i n  d e t a i l ,  e s p e c i a l l y  c l i m a t i c  and phys iographic  f e a t u r e s .  

Hickey and Craighead (1977) d e s c r i b e  t h e  physiography and c l i m a t i c  

features of t he  Pr ib i lo fs .  

Aside from sporadic hunting and f i sh ing  a c t i v i t i e s  near  t h e  entrance 

t o  Nanvak Bay, and t h e  a c t i v i t i e s  of b io log i s t s  there, l i t t l e  human use  is 

made of t h e  Cape Peirce a r e a  The neares t  permanent r e s iden t s  are a t  the  

A i r  Force  Radar S t a t i o n  a t  Cape Newenham, abou t  10  km W o f  Cape Peirce .  

The nearest  v i l l a g e  is Goodnews Bay, about 25 km N of Cape Peirce. 

Two v i l l a g e s  are located on the  Pr ib i lo f  Islands;  the largest is on 

St.  Paul ,  where a n  a i r p o r t  and e x t e n s i v e  system of r o a d s  and t r a i l s  

provide access t o  most of the island. The smaller v i l l a g e  and a i r p o r t  and 

less  e x t e n s i v e  system of r o a d s  o n  St.  George somewhat l i m i t s  a c c e s s  t o  

seabird  c l i f f s  over most of t h i s  island. 

A l l  four  i s l ands  i n  t h e  Pr ib i lo f  group--St. Paul, St. George, Otter, 

and Walrus i s l ands - - suppor t  s e a b i r d s ;  however, o n l y  t h e  first two have 

large breeding populations and have been t h e  sub jec t s  of in tens ive  study. 

Cape Peirce  has  more than one colony--Cape Peirce proper and nearby Shaiak 

Island. 

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

population sizes are l i s t e d  i n  Table 1 (Sowls e t  al. 1978). Several  major 

d i f fe rences  are evident  between t h e  species  compositions of t h e  two areas. 

A t  t he  Cape Peirce colonies, two species--common murre and black-legged 

kittiwake--account f o r  most of t he  birds.  The tu f ted  puff in  and glaucous- 



Figure 2. (Top) Approximate locat ions  of domains and f ron t s  over the  south- 
east Bering Sea shelf  ( a f t e r  Kinder and Schumacher 1981). 
(Bottom) Diagrammatic representat ions  of seasonal and s p a t i a l  
var ia t ions  i n  w e t  weight biomass of zooplankton and micronecton 
i n  the  southeast  Bering Sea (from Cooney 1981). Dots ind ica te  
the  locat ions  of Cape Peirce  (on the  mainland) and the  Pr ib i lo f  
.Islands (near the  shelf  break f ron t ) .  



Table 1. Populat ion  e s t i m a t e s  ( b i r d s )  o f  s e a b i r d s  i n  s tudy  a r e a s  (from 
S a r l s  e t  dl. 1978). - C a ~ e  Peirce 

s L 4 s n x e - v -  

Northern fulmar 70,000 
Red-faced cormorant 5000 
Double-crested cormorant 
Pelagic  cormorant 
Glaucous-winged gull  x 
Black-legged kitt iwake 72,000 
Red-legged kitt iwake 220,000 
Common murre 190,000 
Thick-billed murre 1,500,000 
Pigeon g u l l  lemot 
Parakeet aukle t 150,000 
Crested aukle t 28,000 
Least aukle t 250,000 
Horned puf f in  28,000 
Tufted puf f in  6000 

TOTAL 2,519,000 



winged g u l l  are a l so  very common but  are r e s t r i c t e d  pr imari ly  t o  Shalak 

Island. 

I n  c o n t r a s t ,  t h e  P r i b i l o f  I s l a n d s  s u p p o r t  a much more d i v e r s e  

assemblage  of  spec i e s .  Eleven s p e c i e s  may be cons ide red  ve ry  common-- 

northern f u l  m a r ,  red-faced cormorant, black-legged k i t  tiwake, red-legged 

k i t t i w a k e ,  common murre, t h i c k - b i l l e d  murre, p a r a k e e t  a u k l e t ,  c r e s t e d  

auklet ,  l e a s t  auklet ,  horned puffin,  and tu f t ed  puffin. I n  a l l  cases  much 

l a r g e r  p o p u l a t i o n s  e x i s t  o n  St .  George I s l a n d  t h a n  on  St. Pau l  I s l a n d .  

But, except f o r  northern fulmar, each spec ies  is numerous on both islands. 

Previous s tud i e s  i n  t h e  Areas of I n t e r e s t  

S e v e r a l  s t u d i e s  of  s e a b i r d s  have been conducted a t  each  s t u d y  s i t e  

p r io r  t o  1984; these' a r e  summarized i n  Table 2. A t  t h e  Pr ib i lo f  Islands,  

t h e  d a t a  f o r  p r o d u c t i ~ i t y  a r e  t h e  most comprehensive,  b u t  good d a t a  f o r  

food h a b i t s  a r e  a l s o  a v a i l a b l e  f o r  s e v e r a l  years .  A t  Cape Peirce, 

p o p u l a t i o n  e s t i m a t e s  form t h e  most e x t e n s i v e  d a t a  sets, fo l l owed  by 

productivity estimates. 

Two important po in t s  need t o  be made regarding these  earlier s tudies .  

F i r s t ,  t h e r e  is  tremendous v a r i a b i l i t y  i n  t h e  s cope  and s p a t i a l  and 

temporal ex ten t  of the  invest igat ions .  Some s tud i e s  concentrated on only 

a f e w  of the  spec ies  present, o t h e r s  on most species. For example, some 

s tud i e s  i n  t h e  Pr ib i lo f  Is lands  examined both major is lands ,  o thers  only 

one. S i m i l a r l y ,  a t  Cape Pe i r ce ,  s t u d i e s  a r e  d i v i d e d  between Sha i ak  

I s l a n d ,  Cape P e i r c e  p rope r ,  and both. Some s t u d i e s  l a s t e d  s i n g l e  days,  

o thers  f o r  e n t i r e  summers. F o r t u n a t e l y ,  t o  maximize t h e  c o m p a t i b i l i t y  

among s tudies ,  most recen t  inves t iga t ions  i n  t h e  same a reas  focused on t h e  

same study p l o t s  t h a t  were used by e a r l i e r  investigators.  

The second i m p o r t a n t  c o n s i d e r a t i o n  i s  t h a t  r e s u l t s  o f  many of  t h e  

s tud i e s  (Table 2) remain unpublished Our preliminary i nqu i r i e s  indicated 

t h a t  most unpublished s t u d i e s  were avai lable ;  i n  t h i s  r epo r t  w e  have used 

summaries of t he  most in tensive unpublished p r o d u c t i v i t y  r e s e a r c h  (e.g., 

D.S. Lloyd, Univ. of Alaska, 1980-81, bo th  s t u d y  a reas ) .  



Table 2. Seabird a tud iea  oanduotd a t  t h e  Pr ib i lo f  Is landa and Cape Peime.  

Population Populr t ion 
X M E S w r c s E a t i m a t i a n P r o d u c t i v i t v P p O P - - - F a a d  

1975 Hunt e t  al. 
i q 8  

1976 Hickey and study p l o t s  
Craighead 1977 

$977 H u n t e t  a1. 
1 ma 

1978 H u n t e t  a1. 
1981 

Dlak and Diok non- l i m i t e d  l l m i t e d  
1971 s y s t m a t i o  * 

Divoky unpubl. rough aensus 
1 day 

Diok unpubl. ? ? 

Yes yes  

Petersen and study p l o t s  yes  
and Signan 1977 

yea yes  Petersen unpubl. ( 1  d.~) 

1980 Lloyd unpubl. RLKI 

1981 Lloyd unpubl. study p l o t s  yes Lloyd unpubl. study p l o t s  y e s  
Roby wrpubl. l e a s t  auk10 t 

1982 Cralghead and study p l o t s  
Oppenheim 1982 
Roby unpubl. l e a s t  auk le t  



Biology of Key Species 

Analysis of previous s t u d i e s  suggests t h a t  11 spec ies  a r e  common i n  

t h e  s t u d y  a r e a  ( i n c l u d i n g  bo th  sites). Summaries of  t h e  b io logy  o f  t h e  

most common species  ( those emphasized i n  t h i s  study) are presented below. 

Kittiwakes 

Kittiwakes are s m a l l ,  pelagic gulls. Two spec ies  occur i n  t h e  Bering 

Sea--the black- legged k i t t i w a k e  (w W c t v b )  and t h e  red-legged 

ki t t iwake (B. -. Black-legged k i t t iwakes  a r e  circumpolar i n  

d i s t r i b u t i o n  and are numerous i n  t h e  ea s t e rn  Bering Sea, where a minimum 

breed ing  p o p u l a t i o n  is e s t i m a t e d  a t  750,000 ( S o u l s  e t  al. 1978). 

Population ind ices  derived from aerial and shipboard censuses ind ica te  t h e  

presence of  1-3 m i l l i o n  black-legged k i t t i w a k e s  i n  summer and 3-4.5 

m i l l i o n  i n  fa l l  over  t h e  e a s t e r n  Ber ing  Sea (Gould e t  al. 1982). Red- 

legged k i t t iwakes  are endemic t o  t h e  B e r i n g  Sea. They are known t o  breed 

o n l y  a t  B u l d i r  and t h e  Bogoslof I s l a n d  group  i n  t h e  A leu t i ans ,  i n  t h e  

Commander Islands,  and i n  t h e  Pr ib i lo f  Islands. About 88% of t h e  est imated 

world population of about 250,000 b i rd s  breeds a t  t h e  latter site. 

d UUixak. The b reed ing  d i s t r i b u t i o n  of black-legged 

k i t t i w a k e s  i n  t h e  Be r ing  Sea is  d e p i c t e d  i n  F i g u r e  3. Black-legged 

k i t t iwakes  t yp i ca l l y  nes t  on ledges on v e r t i c a l  f aces  of c l i f f s ,  although 

they may nest  on gradual s lopes  i f  ground predators  are absent. They l a y  

c l u t c h e s  o f  one t o  two ( r a r e l y  t h r e e )  eggs (Hunt e t  al. 1 9 8 1 ~ )  i n  t h e  

Bering Sea. 

A t  B u l d i r  Island f r o m  1974-76, peak lay ing  of black-legged k i t t iwakes  

occurred between 14-24 June, peak hatching occurred from 11-21 July, peak 

f l e d g i n g  w a s  from 7-25 August and d e p a r t u r e  took p l a c e  between 15-30 

August (G.V. Byrd, USFYS and R.H. Day, Univ. .Alaska; unpubl i shed  da ta ) .  

A t  t h e  Pr ib i lo f  Is lands  from 1975-79, mean date of c lu tch  i n i t i a t i o n  was 

about  1 J u l y ,  mean d a t e  of  h a t c h i n g  was abou t  24 J u l y ,  and  mean d a t e  o f  , 
f l e d g i n g  was about  1 1 September; t h e  p e r i o d  o f  r e s i d e n c y  extended f r o m  

mid-April t o  mid-October (Hunt e t  al. 1981b). Nes t ing  a t  t h e  n o r t h e r n  

c o l o n i e s  may be de layed  i n  c o l d  y e a r s  due t o  i c e  cove r  on  t h e  seas and 



Figure 3 .  Breeding distribution of black-legged kittiwakes i n  the 
Bering Sea (from A.L. Sowls et a l .  1978, AINWR 1981, D.R. 
Nysewander et a l .  1982, F.H. Fay pers. comm.). 



snow cove r  on n e s t  s i tes  (D.G. Roseneau, LGL Alaska Research Assoc i a t e s ,  

Inc., pers.  comm.). 

Black-legged k i t t i w a k e s  va ry  cons iderab ly  i n  reproductive success, 

both among years  and among sites. Reasons f o r  the  high annual v a r i a b i l i t y  

i n  kit tiwake reproductive success a r e  no t  f u l l y  understood. Weather is 

presumed t o  p l a y  a p a r t ,  e i t h e r  a s  a long-term med ia to r  o f  p rey  

production, as an  inf luence on phenology of prey a v a i l a b i l i t y  i n  a given 

year, o r  i n  interfering wi th  foraging eff ic iency of t he  b i rd s  during key 

periods i n  t h e  reproductive cycle. A t  present  t h e r e  a r e  i n s u f f i c i e n t  da t a  

t o  test var ious  mpotheses. 

I n  B r i t a i n ,  black-legged k i t t i w a k e s  f irst  breed  a t  t h r e e  t o  f i v e  

y e a r s  of age (Coulson 1966). A t  onset  of breeding, l i fe  expectancy is 5.4 

y e a r s  f o r  males and 7.1 y e a r s  f o r  f e m a l e s  (Coulson and Wooler 1976). 

These es t imates  map no t  be va l id  f o r  t he  Pac i f i c  population. 

No-breeding b i r d s  i n  pelagic h a b i t a t s  a r e  widely dispersed. I n  t h e  

s o u t h e a s t e r n  s e c t o r  o f  t h e  Ber ing  Sea, Hunt e t  a l ,  ( 1 9 8 1 ~ )  d e s c r i b e d  a 

tendency f o r  higher dens i t i e s  between t h e  100-m isobath and deeper waters  

of t h e  s h e l f  break,  and f o r  l ower  d e n s i t i e s  between t h e  50- and 100-m 

isoba ths  . 
I n  w i n t e r ,  most of  t h e  breed ing  p o p u l a t i o n  l e a v e s  t h e  Bering Sea, 

though some spend t h e  w i n t e r  n o r t h  o f  t h e  A leu t i ans ,  o n  s h e l f  b reak  and 

~ e a n l c  waters north t o  t h e  P r ib i l o f s  (Shuntm 1972). Observations along 

the  ice - f ron t  ind ica te  that k i t t iwakes  are not  pa r t i cu l a r ly  abundant there  

r e l a t i v e  t o  t h e i r  abundance i n  a r ea s  south of t he  ice pack (Divoky 1981). 

Gould e t  al. (1982) described k i t t iwakes  a s  v i r t u a l l y  absent from shallow 

waters of Br i s to l  Bay i n  winter,  but present  i n  * f a i r  numbersm over s h e l f  

break and oceanic waters. 

The f e e d i n g  method o f  k i t t i w a k e s  is  p r i m a r i l y  d ipp ing ;  however, 

surface-seizing and occasionally shallow pursui  t 4 i v i n g  is employed (Hunt 

e t  al. 1981 a). F i sh  are t h e  pr imary  prey,  bu t  c r u s t a c e a n s  (euphaus i ids ,  

amphipods) and cephalopods are a l s o  consumed. I n  t h e  P r i b i l o f  I s l a n d s ,  

t h e  most  i m p o r t a n t  p rey  r e p o r t e d l y  h a s  been w a l l e y e  po l lock ,  b u t  o t h e r  

f i s h  such  a s  cape l in ,  sand l ance ,  and myctophids a l s o  are preyed upon; 

Hunt e t  a l .  ( 1981a )  n o t e d  a n  i n c r e a s e  i n  t h e  p r o p o r t i o n  o f  f i s h  

( e s p e c i a l l y  po l lock )  t a k e n  a s  t h e  b reed ing  sea son  progressed  and a 

cor responding  d e c r e a s e  i n  u s e  o f  c rus t aceans .  I n  o t h e r  r eg ions ,  sand 



lance and capel in  predominate over pollock as pr incipal  prey items, and i n  

t h e  northern Bering, a r c t i c  cod 1s a l s o  important (Drury e t  al. 1981). I n  

the  Ber ing  S t r a i t  and Seward Peninsula region, k i t t iwakes  may prey heavi ly  

on crustaceans i n  Ju ly  of some years  (Hunt e t  al. 1981a). The presence of 
sand l a n c e  (and presumably c a p e l i n )  seems t o  b e  i m p o r t a n t  t o  h i g h  

reproductive success (Uurphy e t  al. 1980). 

The breed ing  d i s t r i b u t i o n  of t h e  red- legged 

k i t t i w a k e  i n  t h e  Ber ing  Sea is  d e p i c t e d  i n  F i g u r e  9. Red-legged 

k i t t iwakes  nes t  on cl iff  ledges (Hunt e t  dl. 1981~). Single-egg clutches  

are t h e  r u l e ,  a l though  two-egg c l u t c h e s  have been r e p o r t e d  (Hunt e t  al. 

1981b). 

Red-legged k i t t iwakes  a r r i v e  a t  t h e  Pr ib i lo f  I s lands  i n  e a r l y  t o  late 

April  and most leave i n  September (Hunt e t  dl. 1981d). A t  B u l d i r  Island,  

1979-76, t h e  peak l a y i n g  p e r i o d  w a s  20 June  t o  2  Ju ly ;  peak h a t c h i n g  was 

21-30 J u l y ;  peak f l e d g i n g  w a s  20 August t o  10 September; and d e p a r t u r e  

occur red  10-25 September (G.V. Byrd, USFYS and R.H. Day, Univ. Alaska; 

unpubl i shed  data) .  On St.  George I s l a n d ,  1976-78, mean d a t e  o f  c l u t c h  

i n i t i a t i o n  w a s  9-7 July; mean date of hatch w a s  31 July  t o  10 August; and 

mean da te  o f  f ledging w a s  10-18 September. 

On t h e  Pr ib i lo f  Islands,  chicks fledged per  ne s t  a t tempt  ranged from 

0.3-0.6, excep t  d u r i n g  1978 when t h i s  v a l u e  f e l l  t o  0.10-0.13. F ledging  
success f o r  hatched chicks w a s  high, averaging 70-875 (Hunt e t  al. 1981 a). 

On St. George I s land  i n  1981, productivity fe l l  below 0.10 chicks per nes t  

a t t e m p t ,  and many ' p a i r s  d i d  n o t  b u i l d  n e s t s  (D.S. Lloyd, unpub. da ta ) .  

Reasons f o r  b r eed ing  f a i l u r e s  of t h i s  magni tude are n o t  known, Hunt e t  

al. (1981b) thought  poor b reed ing  s u c c e s s  i n  1978 r e s u l t e d  from bad 

wea ther  t h a t  i n t e r f e r e d  w i t h  feed ing ,  b u t  t h i s  r e a s o n i n g  may be 

i n s u f f i c i e n t  t o  explain t h e  1981 breeding failure (R.H. Day, Univ. Alaska, 

pers. comm. 1982). 

I n  summer, red-legged k i t t i w a k e s  are concen t r a t ed  o v e r  t h e  s h e l f  

break w e s t  and south of t he  Pribilofs.  Few are s ighted in water shallower 

than 100 m and very f e w  are recorded nor th  of 590N o r  e a s t  of 1650Y (Hunt 

e t  al. 1981d). 

Li t t le  is known of t h e  winter  d i s t r i b u t i o n  of t h i s  species. Shuntov 

(1 9725 s t a t e d  t h a t  many, i f  n o t  most, red- legged k i t t i w a k e s  l e a v e  t h e  
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Figure 4.  Breeding dis tr ibut ion o f  red-legged kitt iwakes i n  the Bering 
Sea (from A.L. Sowls et a l .  1978). 



Ber ing  Sea, Records from t h e  Gulf of Alaska i n  f a l l  and w i n t e r  (Kessel 

and Gibson 1978) support t he  hypothesis t h a t  d i spersa l  out of t he  Bering 

Sea occurs before winter. 

Feeding is by dipping o r  surface-seizing (Ashmole 197 1). Hunt e t  al. 

(1981a) found myctophids ( l a n t e r n  f i s h )  t o  be  a n  i m p o r t a n t  food i t e m  a t  

t h e  P r i b i l o f  I s l a n d s ;  w a l l e y e  p o l l o c k  were a l s o  t a k e n  a t  t h e  P r i b i l o f  s. 

Cephalopods were t h e  most  i m p o r t a n t  prey i t e m  o t h e r  t h a n  f i s h .  Hunt e t  

al. (1 981 a )  noted a t r e n d  towards  i n c r e a s e d  u s e  of f i s h  from June  t o  

September. I n  t h e  A leu t i ans ,  red- legged k i t t i w a k e s  were found t o  f eed  

p r i m a r i l y  on  f i s h  and c r u s t a c e a n s ,  and s e c o n d a r i l y  on  cephalopods (Day 

1980). 

Two s p e c i e s  of murre, t h i c k - b i l l e d  (Uria lomvia) , and  common (_P. 

aalne), occur i n  t he  Bering Sea; both are widely d i s t r i bu t ed  i n  t he  North 
P a c i f i c  and t h e  North A t l an t i c .  The e a s t e r n  Ber ing  Sea  r e p o r t e d l y  

s u p p o r t s  a minimum o f  5.3 m i l l i o n  b reed ing  murres  (Sowls  e t  al. 1978) 

(Fig. 5). 

Because t h e  two s p e c i e s  are similar  i n  appearance,  many o b s e r v e r s  

have n o t  d i s t i n g u i s h e d  between them i n  p e l a g i c  censuses;  however, t h e  

r e l a t i v e  abundance of t h e  two murres a t  t h e i r  breeding colonies  is b e t t e r  

knowa Common murres predominate a t  t he  mainland coas ta l  colonies of t h e  

Bering Sea such as Cape Peirce, whereas thick-bil led murres predominate i n  

t h e  Aleu t ian ,  P r i b i l o f ,  and o t h e r  o f f s h o r e  i s l a n d s  and i n  t h e  n o r t h e r n  

B e r i n g  Sea (Roseneau and Springer 1982). They are o f t en  found nest ing i n  

mixed colonies .  L i f e  h i s t o r i e s  of t h e  two s p e c i e s  a r e  similar i n  many 

r e s p e c t s ;  u n l e s s  i n d i c a t e d  o t h e r w i s e ,  *murreu i n  t h e  following accounts 

refers t o  both species. 

Hur re s  l a y  a s i n g l e  egg on  t h e  b a r e  rock  of  c l i f f s .  Common murres  

tend t o  use  broad ledges and f la t  areas,  whereas thick-bi l led murres tend 

t o  use  narrower ledges  on s t eep  c l i f f s .  

I n  t h e  southern Bering Sea, murres begin t o  aggregate on waters near 

t h e  c o l o n i e s  i n  l a te  Harch and A p r i l  (Hunt e t  'al. 1981b). Laying beg ins  

from e a r l y  June (Cape P e i r c e )  t o  l a t e  June,  and peaks  f rom mid- t o  l a t e  

June. Peak hatching i n  t he  Pr ibi lof  I s l ands  occurs from late July t o  mid- 





August, and peak f ledging occurs from mid-August t o  e a r l y  September (Hunt 

e t  al. 1981b). Breeding phenology i s  g e n e r a l l y  l a t e r  i n  n o r t h e r n  areas 

such as St. Lawrence Is land and Norton Sound than i n  the  Pr ib i lo f  Islands. 

But among-site d i f fe rences  i n  t i m i n g  of  breeding a c t i v i t i e s  are sometimes 

obscured by large interannual differences,  such as a 2.5 week dif ference 

between peak l a y i n g  i n  1977 and 1978 a t  B l u f f  i n  Norton Sound (Drury e t  

a l .  1981). 

Young murres .leapm from t h e i r  natal c l i f f s  a t  about th ree  weeks of 

age and g l i d e  t o  t h e  sea. They r ema in  i n  t h e  water f o r  a n  a d d i t i o n a l  

t h r e e  weeks o r  more b e f o r e  they  are capab le  of s u s t a i n e d  f l i g h t  (Tuck 

1960). Adu l t s  accompany t h e  c h i c k s  a t  s e a  a t  t h i s  time; h e r e  t h e  a d u l t s  

undergo molt and are incapable of f l i g h t  f o r  about two weeks (Roseneau and 

Springer 1982). 

Hurres  p robably  do n o t  breed u n t i l  t h e i r  f i f t h  y e a r  (Birkhead and 

Hudson 1977). Average l i f e  expectancy f o r  adu l t  common murres i n  Wales 

w a s  est imated t o  be 11 years, and a d u l t  survivorship w a s  91.5% (Birkhead 

and Hudson 1977). Estimates of r e p r o d u c t i v e  s u c c e s s  o f  murres from 

various loca t ions  i n  t h e  B e r i n g  Sea have ranged from 0.3-0-7 young fledged 

p e r  egg l a i d  (Hunt e t  al. 1 9 8 1 ~ ) .  

A t  t h e  P r i b i l o f  I s l a n d s ,  r e l a t i v e l y  h igh  d e n s i t i e s  o f  murres  are 

found n e a r  t h e  b reed ing  c o l o n i e s  (Fig-  6) (Hunt e t  al. 1981b) and a long  a 

hydrographic f r o n t  located 55-60 km from t h e  Pr ib i lo f  Is lands  (Kinder e t  

al. 1983). It i s  n o t  known what p r o p o r t i o n  of non-breeding murres a r e  

a s s o c i a t e d  w i t h  t h e  c o l o n i e s  i n  summer, a l t hough  peak numbers i n  bo th  
e a r l y  and l a t e  summer may r e p r e s e n t  p e r i o d s  when b i r d s  p rospec t ing  f o r  

nes t  sites (including sub-adults) are present a t  t h e  colonies (Tuck 1960). 

H u r r e s  are d i s t r i b u t e d  i n  f a l l  o v e r  s h e l f  waters from t h e  Gulf o f  

Anadyr t o  B r i s t o l  Bay. They may remain i n  nor ther ly  a reas  of t h e  Bering 

Sea u n t i l  f o r ced  s o u t h  by advancing i c e  (Shuntov 1972). Th ick -b i l l ed  

murres  a're known t o  w i n t e r  i n  l e a d s  and polynyas  n o r t h  of t h e  i c e - f r o n t  

(Roseneau and S p r i n g e r  19821, and bo th  s p e c i e s  have been r eco rded  a long  

t h e  i c e - f r o n t ;  murre  d e n s i t i e s  t o  1000/km2 a t  t h e  f r o n t  are common, and 

c o n c e n t r a t i o n s  of 10,000/km2 and a t o t a l  count  of 25,000 i n d i v i d u a l s  i n  

one f l o c k  have been recorded  (Divoky 1981). A s  t h e  i c e - f r o n t  advances  

southward,  murres t end  t o  c o n c e n t r a t e  i n  t h e  s o u t h e a s t e r n  Ber ing  Sea, 
where extensive she l f  areas remain ice-free (Roseneau and Springer 1982); 
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Figure 6 .  Pelagic distribution of common and thick-billed murres i n  the 
Bering Sea, March-November (after  G.L. Hunt e.t a l .  1981a, 
G.L. Hunt e t  a l .  1 9 8 1 ~ ) .  



numbers appear t o  increase  i n  t he  ea s t e rn  Aleutians and Unimak Pass  during 

t h e  fa l l  (Shuntw 1972). 

Hurres feed by diving and may a t t a i n  depths of 110-130 m (Forse l l  and 

Gould 1980). Fish are the  pr inc ipa l  prey, but  inver tebra tes  are of ten  an 

important cons t i tuen t  of t h e  die t .  Common murres tend t o  feed wi th in  a 

f e w  km of  s h o r e  i n  water 50 m o r  less i n  dep th ,  whereas  t h i c k - b i l l e d  

murres  may.feed t e n s  of  k i l o m e t e r s  t o  sea i n  deep w a t e r  (Roseneau and 

Springer 1982). Thick-billed murres a l s o  t ake  a greater var ie ty  of prey 

( w i t h  a g r e a t e r  p r o p o r t i o n  o f  i n v e r t e b r a t e s  i n  t h e  d i e t )  t h a n  do common 

murres. 

Common murres are dependent on nearshore mid-water f i shes ,  whereas 

thick-bil led murres use demersal fishes. Common murres i n  t he  Bering Sea 

f e e d  on  a v a r i e t y  of f i s h  i n c l 6 d i n g  cod, sand l a n c e ,  c a p e l i n  and 

pricklebacks (S t i j l ae idae) ;  the  latter is used pr inc ipa l ly  as food f o r  the  

chicks .  Thick-b i l l ed  murres  f r e q u e n t l y  prey  on a l l  of t h e  above f i s h  

(except  p r i ck l ebacks )  and ' a l so  t a k e  s c u l p i n s ,  which occur  n e a r  t h e  sea 

bottom (Roseneau and S p r i n g e r  1982). I n v e r t e b r a t e s  consumed by bo th  

spec ies  include, i n  approximate order of importance, shrimps, amphipods, 

euphaus i id s ,  cephalopods and p o l y c h a e t e s  (Roseneau and S p r i n g e r  1982). 

There is considerable regional  v a r i a b i l i t y  i n  diet; murres on the  P r ib i l o f  

Is lands  take walleye pollock extensively,  whereas murres i n  Nor ton Sound 

are dependent on sand lance and a r c t i c  cod (Hunt e t  al. 1981a). 

Cormorants 

F i g u r e  P d e p i c t s  d i s t r i b u t i o n  and r e l a t i v e  abundance of t h e  t h r e e  

cormorant  s p e c i e s  found i n  t h e  e a s t e r n  Ber ing  Sea. The red-faced 

cormorant (Phaloc-m urile) is mostly collfined t o  t h e  Aleutian Is lands  

and the  Alaska Peninsula, Its breeding range extends from the Commander 

Is lands  through t h e  Aleutian Is lands ,  north t o  t h e  Pr ibi lof  I s lands  (Sowls 

e t  al. 1978) and e a s t  a long  t h e  Gulf of Alaska c o a s t  t o  P r i n c e  Wi l l i am 

Sound, where  t h e  p o p u l a t i o n  appea r s  t o  be i n c r e a s i n g  (Kessel and Gibson 

1978). About 160,000 p e l a g i c  (Phalocroclorax nelaaicus) and red-faced 

co rmoran t s  are e s t i m a t e d  t o  occur  i n  t h e  e a s t e r n  Bering Sea. The. 

r e l a t i v e  p r o p o r t i o n s  of t h e  two s p e c i e s  have n o t  been de te rmined  f o r  

several  colonies. Only red-faced cormorants breed on t h e  Pr ib i lo f  Is lands  



Figure 7 .  Breeding distribution of double-crested, red-faced, and 
pelagic cormorants i n  the Bering Sea (from A.L. Sowls et a l .  
1978, AINWR 1981, D.R. Nysewander et a l .  1982). 



a l though  p e l a g i c  co rmoran t s  were r e p o r t e d  f rom t h e  area ear l ier  i n  t h e  

century.  Both p e l a g i c  and double -c res ted  (Pha locrocorax  auritas): 

cormorants are r e l a t i v e l y  common a t  the  Cape Peirce colonies ( t he  former 

a t  t h e  Cape, t h e  l a t t e r  on  Sha iak  I s l a n d )  and red-faced co rmoran t s  are 

scarce. 

I n  t h e  P r i b i l o f  I s l a n d s ,  t h e  n e s t s  o f  red-faced co rmoran t s  are 

s c a t t e r e d  on  t h e  l ower  p o r t i o n s  of c l i f f s  (Hunt e t  al. 1981b). Hunt e t  

al. (1981~)  recorded c lu tch  s i z e s  of two t o  t h r ee  a t  several  loca t ions  on 

St. Paul  I s land .  Broods of  one  t o  f o u r  were r eco rded  i n  t h e  w e s t e r n  

Aleutians i n  1414 (Trapp 1975). 

A t  S t .  Paul  I s l a n d  f rom 1975-78, t h e  mean d a t e  o f  c l u t c h  i n i t i a t i o n  

ranged from 13-30 nay,  t h e  mean d a t e  o f  h a t c h  ranged f rom 21 June t o  5 

J u l y ,  and t h e  mean d a t e  of f l e d g i n g  ranged from 5-24 August. Breeding 

phenology a t  Buldir  Is land,  1974-76, was s i m i l a r  t o  t h a t  recorded a t  St. 

Paul. Red-faced co rmoran t s  are year-round r e s i d e n t s  a t  t h e  P r i b i l o f  

I s lands  (Hunt e t  al. 1981b) and probably throughout most of t h e i r  breeding 

range . 
On t h e  Pr ibi lof  Islands,  t h e  average number of young fledged per  nest  

a t tempt  w a s  1.25; young fledged per successful  nes t  (f ledging a t  least one 

young) w a s  2.0. The primary cause of egg and chick l o s s  was deser t ion by 

the  parents; reasons f o r  ne s t  deser t ion  were unknown (Hunt e t  al. 1981b). 

Nests lef t  unattended by a d u l t s  were heavi ly  preyed upon by foxes on t h e  

P r i b i l o f  I s l a n d s  (Hunt 1978). S u r v i v o r s h i p  t r e n d s  and age a t  first 

breeding a r e  not known, but t h e  r e l a t ed  doub lec re s t ed  cormorant general ly  

breeds a t  three years  (Pa lmer  1 96 2). 

Nesting cormorants feed near  shore  i n  shallow water, seldom more than 

a f e u  km from t h e i r  breeding colonies. Their feeding method is pursuit-  

diving (Ashmole 1971). Fish, mostly sculpins,  are t h e  primary prey, but 

decapods ( sh r imp  and c rab)  and amphipods are a l s o  eate'n (Hunt e t  al. 

1981 a) .  

Aukle t s 

Pa rakee t  (- w, crested hLhia-, . 

and least CQ, r>usilla) aukle t s  are common seab i rds  of t he  eas te rn  Bering 

Sea. The least aukle t  is t h e  most abundant, with an estimated population 



of s i x  m i l l i o n  i n  t h e  e a s t e r n  Ber ing  Sea. The c r e s t e d  a u k l e t  is  o f t e n  

found i n  a s s o c i a t i o n  w i t h  t h e  least  a u k l e t  i n  b reed ing  c o l o n i e s ,  bu t  is 

less abundant, w i t h  a n  estimated two m i l l i o n  o c c u r r i n g  i n  t h e  e a s t e r n  

Bering Sea. There are on t h e  order  of 300,000-600,000 parakeet auk le t s  

i n  t h e  eas te rn  Bering Sea (Sowls e t  al. 1978). 

A l l  t h r ee  spec ies  a r e  s i m i l a r  i n  many aspects  of t h e i r  behavior, food 

h a b i t s  and natural history. They al l  forage on crustacean zooplankton and 

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

species  colonies. Because of these similarities, the  na tura l  h i s t o r i e s  of 

these th ree  spec ies  w i l l  be described together. 

The breeding d i s t r i bu t ions  of t he  least, crested and parakeet auk le t s  

i n  t h e  e a s t e r n  Bering Sea are d e p i c t e d  i n  F i g u r e s  8 and 9. A 1 1  t h r e e  

spec ies  l a y  single-egg clutches  and are believed t o  first breed a t  three 

years of age (Sealy and Bedard 1973). 

Leas t  and c r e s t e d  a u k l e t s  n e s t  i n  c r e v i c e s  i n  t a l u s  f o r m a t i o n s  

( e i t h e r  c o a s t a l  s l o p e s  o r  up t o  1 km in l and ) ,  among bou lde r s  on  beaches,  

i n  c a v i t i e s  i n  c l i f f s ,  o r  ( i n  t h e  A leu t i ans )  i n  l a v a  r u b b l e  (Sea ly  1968). 

Sea r ing  (1 977) found g r e a t e r  numbers of  l e a s t  a u k l e t s  i n  areas of s t e e p  

slopes, angular rocks and deep ta lus ,  whereas numbers of cres ted auk le t s  

were highest  on s lopes  that faced the sea and had larger boulders. Sealy 

(1 968) and Knudt son  and Byrd (1 982) found t h a t  t h e  t a l u s  s l o p e s  occupied 

by c r e s t e d  a u k l e t s  on St. Lawrence and B u l d i r  i s l a n d s  tended t o  have 

larger boulders and crevice openlags than those occupied by least auklets.  

On St. Lawrence I s l a n d ,  pa rakee t  a u k l e t s  are l a r g e l y  sca rp - f ace  

nes te rs  (not t a l u s  nes te rs  like t h e  Bethia auklets), and when they do nes t  

i n  ta lus ,  i t  is primarily i n  grassy a reas  o r  turf-covered slopes (Bedard 

1969a). On t h e  P r i b i l o f  and A l e u t i a n  i s l a n d s ,  p a r a k e e t  a u k l e t s  n e s t  

beneath l a rge  boulders o r  c a v i t i e s  i n  c l i f f s  (Sealy 1968). 

Phenological  d a t a  f o r  a l l  t h r e e  s p e c i e s  a t  St. Lawrence I s l a n d  and 

B u l d i r  I s l a n d  a r e  p re sen ted  i n  Table  3. The e x t e n t  of snow cover  o n  t h e  

n e s t i n g  grounds is thought  t o  i n f l u e n c e  t h e  t i m i n g  of  breeding  (Sea ly  

1975) 
Because n e s t s  are o f t e n  deep i n  c r e v i c e s ,  i t  is  d i f f i c u l t  t o  g a t h e r  

data  on reproductive success f o r  these species. Sealy and Bedard (1973) 

c a l c u l a t e d  t h e  r e p r o d u c t i v e  s u c c e s s  of  parakeet auk le t s  a t  St, Lawrence 

I s l a n d  t o  be 0.52 young f l edged  p e r  n e s t  (n  = 31). Hatching s u c c e s s  w a s  
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Figure 8 .  Breeding distribution of crested and l eas t  auklets i n  the 
Bering Sea (from A.L. Sowls e t  a l .  1978, AINWR 1981, R.H. 
Day, Univ. Alaska, pers. corn. 1982, G.F. Searing 1977, F.H. 
Fay, Univ. Alaska, pers. comm. 1982). 
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Figure 9 .  Breeding d i s t r i b u t i o n  o f  parakeet  a u k l e t s  i n  the B e r i n g  Sea  
(from A.L. Sowls et  a l .  1978,  AINWR 1981,  R.H. Day, Univ.  
Alaska ,  p e r s .  comm. 1982,  D.R. Nysewander e t  a l .  1982,  F.H. 
Fay, Univ. Alaska,  p e r s .  comm. 1982) .  



Table 3. Phenology of a r r i v a l  and n e s t i n g  on St .  Lawrenoe and B u l d i r  i s l a n d s  f o r  t h r e e  s p e c i e s  o f  
auk le t s  ooourring i n  the  Bering Sea. 

Arrival  Arr ival  
O f f s h o r a O n C l i i f a - -  

Least aukle t  
St .  Lawrenoel 1 0 -  15May 2 0 - 2 9 M a y  06 J u n - 0 2  J u l  22 J u l -  01 Aug 20 Aug-01  Sep 
~ u l d i r 2 , 4  Late April? 15 - 18 May 28 May - 06 Jun 30 Jun - 09 J u l  29 J u l  - 12 Aug 

Crested Aukle t 
S t .  Lawrenoel 13 - 18May 1 8 - 2 9 M a y  24 J u n - 0 3  Ju l  29 J u l -  11 Aug 03 S e p - 0 9  Sep 
~ u l d i *  ,4 Late April? 15 - 18 May 28 May - 05 Jun 05 J u l  - 12 J u l  29 J u l  - 15 Aug 

Parakeet aukle t 
St .  Lawrenoelt3 04 - 13 May 19 - 24 May 21 dun - 25 Jun 26 Ju l  - 30 Ju l  29 Aug - 07 Sep 
Buldir2,Q Late April? 15 - 18 May 02 Jun - 11 Jun 03 J u l  - 15 J u l  29 J u l  - 15 Aug 

1 Searing 1 977. 
2 ~ . ~ .  Byrd, USFUS and R.H. Day, Univ. Alaska, unpublished data.  
Sealy and Bedard 1973. 

'Knudt son. and Byrd 1982. 



68% and f l e d g i n g  s u c c e s s  ( n  = 2 1) was 76%. Based o n  a s m ' a l l  sample  s i z e  

(n = 16) of  least auklets ,  Searing (1977) est imated young fledged pe r  nes t  

w i t h  eggs t o  be 0.34. On B u l d i r  I s l a n d  t h e  same parameter  f o r  c r e s t e d  

a u k l e t s  was 0.43 ( n  = 9) and f o r  least  a u k l e t s  0.43 ( n  = 14) (Knudtson and 

Byrd 1982). A t  St .  Lawrence I s l a n d  i n  1981 (D.G. Roseneau, pers. comm. 

1982), s even  o f  t h i r t e e n  n e s t s  w i t h  newly ha tched  young of known f a t e  

survived t o  f ledging weight; i f  t h i s  surv iva l  (54%) is taken as equivalent 

t o  f ledging success, then t h e  estimate is c lose  t o  Searing's (1977) value 

o f  56% f l e d g i n g  s u c c e s s  f o r  least  auk le t s .  A t  B u l d i r  I s l a n d ,  a l l  c h i c k  
. 

m o r t a l i t y  occur red  w i t h i n  t h e  first week o f  h a t c h  (Knudtson and Byrd 

1982). Young are a b l e  t o  f l y  q u i t e  w e l l  upon l e a v i n g  t h e  n e s t i n g  

c r ev i ce s .  They are a b l e  t o  d i v e  a l m o s t  Immedia te ly  and appea r  t o  be 

independent of the adults. However, sErong onshore winds can cause sea- 

going c h i c k s  t o  be blown back o n t o  l and ,  r e s u l t i n g  i n  some m o r t a l i t y  

(Sea ly  1968). 

From Hay t o  September, hklets  are concentrated near t h e i r  breeding 

colonies. A t  the Pr ib i lo f  Islands,  Hunt e t  al. (1981a) found t h a t  cres ted 

and least  a u k l e t s  u s u a l l y  fo raged  w i t h i n  5 t o  1.0 km of sho re ,  whereas  

parakeet auk le t s  were observed foraglng *several t e n s  of kilometersn from 

t h e  co lon i e s .  A t  St. Lawrence I s l a n d ,  t h e  a u k l e t s  f rom c o l o n i e s  a t  

Northwest Cape and Southwest Cape of ten  feed i n  an  area 30-50 km (o r  more) 

north of G a m b e l l ;  b i r d s  from Southwest Cape must t r a v e l  a t  l e a s t  70 km t o  

reach this feeding area (DOG Roseneau, pers. comm. 1982). 

Data are i n s u f f i c i e n t  t o  describe t h e  win te r  d i s t r i b u t i o n  of auklets. 

Shuntov (1972) s t a t e d  t h a t  most s m a l l  a u k l e t s  l e a v e  t h e  Be r ing  Sea  i n  

f a l l ,  w i n t e r i n g  a long  t h e  A leu t i an  c h a i n  and i n  t h e  open North P a c i f i c .  

The water surrounding K M a k  Is land  is a known wintering area f o r  c res ted  

auk le t s  (Gould e t  al. 1982). A l l  t h r ee  spec ies  occur around t h e  Pr ib i lo f  

I s l a n d s  i n  w i n t e r  ( S e a l y  1968) ,  b u t  i n  small  numbers .  L a r g e  

c o n c e n t r a t i o n s  o f  least a u k l e t s  have been s e e n  i n  s p r i n g  a l o n g  t h e  i c e  

edge n o r t h  and east of  t h e  P r i b i l o f  I s l a n d s  (Gould e t  al. 1982), and a l l  

t h r e e  s p e c i e s  raft i n  dense  f l o c k s  i n  l e a d s  n e a r  St. Lawrence I s l a n d  

during the  spr ing (Bedard 1967). 

The a u k l e t s  f e e d  by d i v i n g  (Ashmole 1971). L e a s t  and c r e s t e d  

aukle t s  spec i a l i ze  in  preying on zooplankton a t  moderate depths (Hunt e t  

al. 1981 a). A t  t h e  P r i b i l o f  I s l a n d s ,  least a u k l e t s  p rey  p r i m a r i l y  on 



calanoid copepods, wi th  amphipods comprising a r e l a t i v e l y  minor por t ion of 
t h e  d i e t .  C re s t ed  a u k l e  ts t a k e  most1 y euphaus i id s ,  w i t h  secondary 
r e l i a n c e  o n  amphipods (Hunt e t  al. 1981d). S e a r i n g  (1 977) and Bedard 

(1969b) a r r i v e d  a t  s i m i l a r  c o n c l u s i o n s  w i t h  r e s p e c t  t o  food h a b i t s  of  

least aukle ts; however, Searing's results indicated that c res ted  aukle ts 

were a l m o s t  comple t e ly  dependent  on ca l ano ids .  These a u k l e t s  t end  t o  

m a i n t a i n  a more v a r i e d  d i e t  i n  e a r l y  summer, b u t  bo th  s p e c i e s  depend on 

t h e i r  respect ive  favored prey during t h e  chick-rearing period. 

Parakeet  auk le t s  a t  both St. Lawrence I s land  and the  R i b i l o f  I s l ands  

are more d iverse  than l e a s t  and cres ted auk le t s  - i n  t h e i r  feeding habits .  

A t  t he  R i b i l o f  I s l ands  they fed on euphausiids, f i s h  larvae, polychaetes 

and amphipods. Fish are less important i n  t h e  d i e t  a t  St. Lawrence Is land 

than they are a t  the  P r ib i l o f  I s l ands  (Hunt e t  al. 1981a). 

The Bering Sea d i s t r i b u t i o n  of parakeet a u k l e t s  d i f f e r s  from t h a t  of 

the  dethia aukle t s  i n  t h a t  parakeet auk le t s  are found i n  a greater number 

of  l o c a t i o n s  ( p a r t i c u l a r l y  i n  c o a s t a l  waters a long  t h e  mainland)  b u t  i n  

lower densi t ies .  Several  authors  have suggested t h a t  this d i s t r i bu t iona l  

d i f f e r e n c e  is  a r d l e c t i o n  of  d i f f e r e n c e s  i n  food dependencies--the 

pa rakee t  a u k l e t  depends on a more v a r i e d  and wide ly  d i s t r i b u t e d  food 

supply,  which i n c l u d e s  e p i b e n t h i c  i n v e r t e b r a t e s ,  t han  do t h e  

a u k l e t  s, which prey on p a t c h i l y  abundant  zooplankton  s p e c i e s  (Bedard 

1969b. ~ u n t  e t  a l .  1981d). - 

The [I.% Minera l s  Management S e r v i c e  (HMS) d e s i r e s  t o  c a r r y  o u t  a 

program t o  moni tor  p o p u l a t i o n s  of s e a b i r d s  i n  t h e  Ber ing  Sea, and t o  

determine i f  any population charges t h a t  occur a r e  caused by OCS petroleum 

development operations. It is desired that s t u d i e s  i n  t he  first year of 

t h i s  program inves t iga te  seabird  abundance, productivity and d i e t ;  compare 

new f indings  wi th  f ind ings  of prev'ious s tudies ;  disduss the  s ignlf ioance - 
of  p o p u l a t i o n  t r e n d s  observed; and deve lop  s t r a t e g i e s  f o r  f u t u r e  

monitoring. 

MMS h a s  s e l e c t e d  t h e  s e a b i r d  c o l o n i e s  a t  Cape Peirce on t h e  Alaska 
maililand and a t  t h e  P r i b i l o f  I s l a n d s  f o r  t h e  iaitial i n v e s t i g a t i o n s .  

Several s t ud i e s  have been conducted a t  each loca t ion  i n  t h e  past ,  but t h e  



r e s u l t s  of pas t  s t u d i e s  are frequent ly  no t  s u i t a b l e  f o r  making inter-study 

comparisons. 

S e a b i r d s  o f  11 s p e c i e s  are common i n  t h e  c o l o n i e s  o f  i n t e r e s t s ,  i f  

bo th  s i tes  are included.  The P r i b i l o f  I s l a n d  c o l o n i e s  s u p p o r t  a more 

d iverse  spec ies  assemblage than does C a p e  Peirce. The spec ies  po t en t i a l l y  

amenable t o  mon i to r ing  s t u d i e s  i n c l u d e  black- legged and red- legged 

kit t iwakes;  thick-bil led and common murres; red-faced, pelagic  and double- 

cres ted cormorants; and parakeet, crested and least auklets. 

Black-legged k i t t i v a k e s  number from 1-4 mi l l ion  i n  t h e  eas te rn  Bering 

Sea i n  summer and fall. They nes t  abundantly a t  both Cape Peirce  and the  

P r i b i l o f s ,  va ry ing  g r e a t l y  i n  r e p r o d u c t i v e  s u c c e s s  from y e a r  t o  year.  

Non-breeders are v ide ly  dispersed i n  t h e  Bering Sea i n  summer; most move 

south i n  winter. They feed mainly on f i s h  a t  o r  near t h e  surface. 

Red-legged k i t t i v a k e s  n e s t  abundantly (881 of t h e  world population of 
250,000) a t  t h e  Pr ib i lo fs ,  but not  a t  a l l  a t  Cape Peirce. Their  breeding 

success is highly var iab le  annually. Feeding b i rd s  i n  summer concentrate 
\ 

s o u t h  and west of t h e  P r i b i l o f s ;  nost  move s o u t h  i n  win te r .  They f e e d  

mainly on  f i s h  a t  o r  near t h e  surface. 

About 5.3 mi l l ion  murres breed i n  t h e  eas te rn  B e r i n g  Sea; of t h e  two 

species,  common murres predominate a t  Cape Peirce  and thick-bil led murres 

p redomina te  on t h e  P r i b i l o f s .  I4urres a r e  long-lived, slow-reproducing 

b i r d s  w i t h  less annua l  v a r i a b i l i t y  i n  b r e e d i n g  s u c c e s s  t h a n  t h e  

ki t t iwakes .  I n  summer most concentrate t o  feed near  t h e  coloaies;  most 

a l s o  w i n t e r  i n  t h e  Be r ing  Sea. Both s p e c i e s  eat  ma in ly  f i s h ;  common 

murres  depend l a r g e l y  on  n e a r s h o r e  mid-water f i s h e s  and t h i c k - b i l l e d  

murres use demersal f i s h e s  ih deeper waters. 

O f  t h e  cormorant  s p e c i e s ,  t h e  red- faced  cormorant  i s  t h e  o n l y  one 

n e s t i n g  a t  t h e  P r i b i l o f s ,  and t h e  p e l a g i c  cormorant  i s  dominant a t  Cape 

Peirce. Red-faced cormorants a r e  ye-round r e s iden t s  a t  t h e  Pr ib i lo fs .  

A l l  t h e  cormorant spec ies  feed la rge ly  on f i s h ,  which they catch by diving 

i n  waters  near t h e i r  breeding coloaies. 

The t h r e e  a u k l e t  s p e c i e s  a r e  e x t r e m e l y  abundant  b r e e d e r s  i n  t h e  

e a s t e r n  Be r ing  Sea,  w i t h  e s t i m a t e d  p o p u l a t i o n s  of  6 m i l l i o n  ( l e a s t  

a u k l e t ) ,  2 m i l l i o n  ( c r e s t e d  a u k l e t )  and around 0.5 m i l l i o n  ( p a r a k e e t  

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

reproduction a r e  d i f f i c u l t  t o  ga ther  because many nes t  deep i n  crevices. 



Host ind iv idua l s  of a l l  spec ies  concentrate near t h e i r  breeding colonies  

from Hay t o  September ,  b u t  move o u t  o f  t h e  Be r ing  Sea i n  w i n t e r .  Least 

and c r e s t e d  a u k l e t s  d i v e  t o  moderate  d e p t h s  t o  prey o n  zooplankton.  

Parakeet a u k l e t s  feed a t  varying depths  and on a greater v a r i e t y  of prey 

than do t h e  o the r  two species. 
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INTRODUCTION 

The o b j e c t i v e  of  a p o p u l a t i o n  mon i to r ing  program is t o  document 

popu la t i on  l e v e l s  o v e r  time. The e x p e r i m e n t a l  d e s i g n  o f  a mon i to r ing  

program should be such t h a t  i t  m i n i m i z e s  (1) the  sampling e f f o r t  required 

and (2) t he  magnitude of change (or  di f ference)  among populations required 

t o  de tec t  changes. One of our goals  i n  t h i s  study was t o  use  a var ie ty  of 

techniques f o r  sampling and analyzing seab i rd  populations a t  colonies  i n  

order  t o  explore possible  improvements i n  seabird  population monitoring 

s t ra tegies .  L i m i t s  on our experimentation were establ ished by t h e  need t o  

maintain compatabil i ty of  our  r e s u l t s  w i th  those of p r io r  inves t iga t ions  

a t  t he  study colonies. 
\. 

The p r i n c i p a l  p a r a m e t e r s  of  concern i n  t h i s  mon i to r ing  s t u d y  are 

population size and trend, i,&, (1) how many individuals  a r e  present, and 

(2) is t h e  p o p u l a t i o n  growing, s t a b l e ,  o r  s h r i n k i n g ?  Although c l o s e l y  

re la ted,  size and t rend a r e  d i s t i n c t  parameters t h a t  should be estimated 

independent ly .  I n  t h e  c o n t e x t  o f  a mon i to r ing  program per t h e  

e s t i m a t i o n  o f  t r e n d ,  o r  change over  t i m e ,  i s  of g r e a t e s t  i n t e r e s t .  

Measurement of trend i n  populations does no t  necessar i ly  requi re  knowledge 

of t h e  ac tua l  population size, and may be considerably easier t o  estimate. 

However, knowledge of population s i z e  a s  w e l l  a s  absolute  estimates of t h e  

magnitude of change ( a s  opposed t o  t rend information only) may both be of 

considerable value t o  resource managers. 

I n  t h i s  repor t ,  w e  descr ibe  t h e  procedures and results of population 

monitoring s tud i e s  conducted i n  seabird  colonies a t  Cape Peirce  and the  

Pr ib i lo f  Islands. The ob jec t ives  of these  s t u d i e s  were t o  

(1 )  document t rends  i n  seabird  populations, 

(2) estimate seabird  population sizes, and 

(3) improve methodologies f o r  der iving estimates necessary f o r  

t h e  first two cibjectives. 

Sample Design Considerations 

Trend i n  the  sizes of t he  populations of seab i rd  spec ies  breeding a t  

a colony is t h e  usual measurement of i n t e r e s t  when monitoring t h e  hea l th  



of t h e  populat ions .  Rapid changes  i n  p o p u l a t i o n  s i z e s  o f  a d u l t s  and 

subadults  might occur because of catas t rophic  events  such a s  o i l  s p i l l s  i n  

a r e a s  where b i r d s  congrega te  on  t h e  water.  Moni tor ing  of b i r d  numbers 

should be ab l e  t o  de tec t  l a rge  changes caused by such events. 

Though c a t a s t r o p h i c  changes  i n  colony s i z e  can  be d e t e c t e d  f a i r l y  

eas i ly ,  slower, steady changes o f t en  a r e  more d i f f i c u l t  t o  detect. Such 

changes may r e s u l t  i f  environmental perturbations affect productivity o r  

surv iva l  rates of a population. Many seabirds  are long-lived and i t  may 

t a k e  many y e a r s  f o r  changes  i n  t h e  p r o d u c t i v i t y  of p o p u l a t i o n s  t o  cause  

appreciable chaages i n  colony size. Because of t h e  need t o  de tec t  these  

more sub t l e  changes, i t  is important t h a t  e s t ima te s  of population size be 

as s t a t i s t i c a l l y  precise  a s  possible. 

Hickey and Craighead (1 977), t h e  most  d e t a i l e d  s e a b i r d  p o p u l a t i o n  

es t imat ion study avai lable  f o r  t he  Pr ib i lo f  s, estimated the  95% confidence 

i n t e r v a l  f o r  t h e  common s e a b i r d s  a t  t h e  c o l o n i e s  t o  be k 50% of  t h e i r  

p o p u l a t i o n  e s t i m a t e s .  Craighead and Oppenheim (1982) r e v i s e d  t h i s  

p r e c i s i o n  t o  k 36%. Unless t h e  p r e c i s i o n  of t h e s e  e s t i m a t e s  can  be 

improved s i g n i f i c a n t l y ,  i t  w i l l  n o t  be p o s s i b l e  t o  show t h a t  any b u t  

catas t rophic  changes i n  colony s i z e  have occurred. 

Many methods have been described f o r  es t imat ing population sizes of 

seabirds  t o  monitor f o r  population changes, Some at tempts  have been made 

t o  s t a n d a r d i z e  census  t echn iques  (e.g., Birkhead and N e t t l e s h i p  1980, 

~ a r r i s  e t  a l .  1983, N e t t l e s h i p  1976); however, most f i e l d  i n v e s t i g a t o r s  

adopt t h e i r  own methods, perhaps because of var ia t ions  among s tud i e s  i n  

l o g i s  t i c s  support, time constra ints ,  population parameters of i n t e r e s t ,  o r  

di f ferences  among inves t iga tors  i n  t h e i r  apprecia t ion f o r  t he  s t a t i s t i c a l  

l i m i t a t i o n s  of  t h e  v a r i o u s  approaches. Thus, i n  terms of  d e s i g n i n g  a 

mon i to r ing  s tudy  one  must look  very c a r e f u l l y  a t  h i s t o r i c a l  ( e x i s t i n g )  

s t ud i e s  t o  determine t he  u t i l i t y  of these da t a  i n  t racking t h e  parameters 

of i n t e r e s t .  

One of t h e  major  confounding f a c t o r s  i n  a t t e m p t s  t o  e s t i m a t e  

. population sizes a t  colonies is the  v a r i a b i l i t y  i n  colony attendance t h a t .  

o c c u r s  i ndependen t ly  of v a r i a t i o n s  i n  s i z e  of n e s t i n g  popula t ions .  

Reported causes of t h i s  v a r i a b i l i t y  i n c l u d e  s e a s o n a l  t r e n d s  and d i u r n a l  

cycles  i n  attendance, tidal cycles, and w e a t h e ~ i n d u c e d  .var ia t ions  (S la tor  

1979, Harris e t  al. 1983, Gaston and Nett leship 1982). Large, unexplained, 



sho r t - t e rm  changes i n  a t t e n d a n c e  (e.g., l a r g e  d i f f e r e n c e s  i n  coun t s  

between days  a t  t h e  same s i te )  have been observed t o  occur ,  w i t h o u t  
a p p a r e n t  cause. It i s  i m p o r t a n t  t o  r ecogn ize  t h i s  v a r i a b i l i t y ,  because 

i ts  occu r r ence  i n v a l i d a t e s  many a t t e m p t s  t o  t e s t  f o r  changes  i n  s i z e  o f  

breeding populations. 

To t e s t  f o r  d i f f e r e n c e s  among samples ,  o r  i n  a sampled p o p u l a t i o n  

over  time, i t  is  neces sa ry  t h a t  t h e  among-sample v a r i a b i l i t y  be much 

larger than the  measurement error associated w i th  each sample (La, t h e  

p r e c i s i o n  o f  t h e  measurement be ing  taken). If  a po in t - in - t ime  count  i s  

being used t o  represent  t h e  number of b i rd s  occupying a c l i f f  face  f o r  a 

p a r t i c u l a r  year ,  t h e n  t h i s  e r r o r  term i n c l u d e s  e r r o r s  i n  coun t ing  

(probably t r i v i a l )  and temporal v a r i a b i l i t y  i n  seabird attendance over t h e  

por t ion of breeding season when the  population of i n t e r e s t  is assumed t o  

be present. The largest measurement e r r o r s  are caused by the  va r i ab i l i t y .  

i n  b i rd  at tendance a t  study plots.  I n  many s tud i e s  t h i s  e r r o r  is ignored. 

Th i s  i s  a c c e p t a b l e  on ly  i f  t h e  magnitude o f  t h i s  e r r o r  is  known t o  be 

smal l .  Unfo r tuna t e ly ,  w e  know t h a t  a t t e n d a n c e  p a t t e r n s  of s e a b i r d s  a t  

breeding colonies  is q u i t e  var iable ,  and t h a t  cor rec t ive  measures, such as 

s t a n d a r i z a t i o n  of  time o f  day and s e a s o n  when t h e  count  i s  made, cannot  

comple t e ly  e l i m i n a t e  o r  r educe  t h i s  component o f  v a r i a b i l i t y  t o  a n  

acceptable l e v e l .  

Several r e p l i c a t e s  of counts of b i rd s  on study p l o t s  a r e  required t o  

a s se s s  t he  magnitude of measurement error. Such r ep l i ca t i on  has  r a r e l y  

been a component of  Alaskan s e a b i r d  popula t ion  studies. An a l t e r n a t i v e  

approach f o r  dealing w i t h  measurement e r r o r  is t o  use  a very large number 

of sample plots,  assuming t h a t  e r r o r s  w i l l  not  a l l  tend t o  be i n  t h e  same 

d i r ec t i on  over a s i gn i f i can t  number of plots. This approach may r equ i r e  a 

l a r g e  number of study p l o t s  i n  o rder  t o  de t ec t  s m a l l  population changes--a 

r equ i r emen t  u n a v a i l a b l e  a t  a g r e a t  many c o l o n i e s  (e.g., a c c e s s  problems 

may l i m i t  t h e  number of p l o t s  t h a t  c an  be sampled). F u r t h e r ,  t h e  

assumption t h a t  e r r o r s  w i l l  tend i n  the  same d i r e c t i o n  may not  be valid. 



Fie ld  Hethods 

Terminology 

The primary sample u n i t  f o r  t h e  population study is t h e  sample plot. 

P l o t s  are defined regions  of c l i f f s  w i th in  which seab i rds  were enumerated. 

Our study p l o t  is  equivalent  t o  t h e  mledgem of Hickey and Craighead (1977) 

and t h e  mcolonym o f  P e t e r s e n  and Sigman (1 977). P l o t  bounda r i e s  were 

del imited on photographs by t h e  o r ig ina l  invest igators .  These photographs 

were loaned t o  u s  t o  a i d  i n  l oca t i ng  t he  same sample uni ts .  Usually p l o t s  

were unambiguously defined i n  t h a t  a d i s c r e t e  area of c l i f f  was se lec ted  

f o r  coun t ing  b i rds .  I n  most  c a s e s  t h e  coun t  area was sur rounded  by 

un inhab i t ed  o r  u n i n h a b i t a b l e  areas s o  t h a t  d e c i s i o n s  as  t o  i n c l u s i o n  o f  

i n d i v i d u a l  b i r d s  were unnecessary.  P l o t s  were s e l e c t e d  based on  t h e i r  

a c c e s s i b i l i t y  and t h e  a v a i l a b i l i t y  of  reasonable  vantage points. These 

u n i t s  cannot be considered as random samples, although w e  have t o  assume 

they are represen ta t ive  of t h e  colonies  they sample. 

P l o t s  were frequent ly  divided i n t o  subplots. Our subplots  correspond 

t o  d i v i s i o n s  o f  p l o t s  used by some p r e v i o u s  i n v e s t i g a t o r s  and cou ld  be  

used i n  more de ta i l ed  analyses  of changes i n  d i s t r i b u t i o n  of b i r d s  wi th in  

plots .  

Within  each  p l o t  ( o r  s u b p l o t )  b i r d s  were counted  by m c l u s t e r s *  ( =  

a g g r e g a t i o n  count ing) .  C l u s t e r s  are d e f i n e d  a s  a g g r e g a t i o n s  of b i r d s  

separated from a l l  o t h e r  conspecif ics  by a t  least two b i rd  lengths  o r  an 

individual  of another species. 

Two units larger than p lo t s -co lony  and strata--were recognized. The 

colony encompasses all study p l o t s  and o the r  por t ions  of c l i f f s  occupied 

by s e a b i r d s  a t  a s t u d y  l oca t i on .  For  t h i s  s t u d y  t h e  c o l o n i e s  are Cape 

P e i r c e ,  St ,  George I s l a n d ,  and St ,  Pau l  I s l and .  The two P r i b i l o f  I s l a n d  

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

method described by Hickey and Craighead (1976). A t o t a l  of f i v e  strata 

. were def B e d  as follows: 

Stratum 1 0- 200 ft 0-61 m 

Stratum 2 200- 400 f t  61-122 m 

Stratum 3 400- 600 ft 122-183 m 



Stratum 4 ' 600- 800 f t  183-244 m 

Stratum 5 800-1000 ft >244 m 

P l o t s  w i t h i n  t h e s e  c o l o n i e s  were  a s s i g n e d  t o  s t r a t a  f o r  t h e  purpose  of  

population estimation. A l l  f i v e  s t r a t a  occur on St. George Island; only 

S t r a t a  1 and 2 occur on St. Paul. Only s t ra tum 1 occurs a t  Cape Peirce. 

Counts o f  s e a b i r d s  were made a t  s t u d y  p l o t s  used d u r i n g  p rev ious  

inves t iga t ions  a t  t he  Pr ib i lo f  I s lands  and Cape Peirce. The approximate 

l o c a t i o n s  o f  s t u d y  p l o t s  a r e  shown i n  F i g u r e s  1 and 2. The d a t e s  o f  

sampling are summarized i n  Appendix 1. Counts were made a t  approximately 

t h e  same time of  day a s  d u r i n g  p r e v i o u s  s t u d i e s  (af ternoon-evening) ;  

a l l owances  were  made f o r  changes  i n  time zones  used  i n  s e t t i n g  " l o c a l  

t imen.  - 

During e a c h  census  o f  a s t u d y  p l o t ,  b i r d s  were counted by c l u s t e r s .  

The r e s u l t  o f  a census  was a f requency  d i s t r i b u t i o n  o f  t h e  number of 

.occurrences of  each c l u s t e r  size. This technique provided both a count o f .  

t h e  t o t a l  number of  b i r d s  p r e s e n t ,  and a n  i n d e x  o f  t h e i r  aggrega t ion .  

When p o s s i b l e ,  f o r  each c l u s t e r  t h e  number of  n e s t s  w i t h  eggs, ch i cks ,  

and/or b i rd s  i n  incubation postures (kit t iwakes) were recorded. Platforms 

without eggs, chicks, o r  wincubatingn b i rd s  were no t  enumerated. 

We a t t e m p t e d  t o  sample  e a c h  p l o t  two t o  f i v e  times. Because t h e  

census periods were spread over  a considerable period of time (e.g. e igh t  

weeks on st. George I s l a n d )  a l l  v i s i t s  may n o t  be cons ide red  r e p l i c a t e s  

because attendance pa t t e rns  of several  spec ies  varied over t h e  course of 

the  study (ag., auk le t s  fledged before the  study finished). 

Time-lapse cameras  were used t o  o b t a i n  a more d e t a i l e d  r e c o r d  o f  

a t t e n d a n c e  p a t t e r n s  over  t h e  c o u r s e  o f  t h e  s t u d y  (Appendix 2 d e s c r i b e s  

equipment and sample locations). Two cameras were used a t  Cape Peirce and 

four  t o  s i x  on St. George Island. These cameras photographed por t ions  of 

t h e  s e a b i r d  c o l o n i e s  once p e r  hour. L a t e r ,  t h e  f i l m  was developed and 

photographic  images  were p r o J e c t e d  o n t o  a d i g i t i z i n g  p l a t t e n  and t h e  

. l o c a t i o n  o f  each  b i r d  was recorded  f o r  each  hour record.  Add i t i ona l  

i n f o r m a t i o n  r eco rded  from t h e s e  photos  i n c l u d e d  t h e  presence  o f  eggs, 

ch icks ,  and n e s t s  ( k i t t i w a k e s ) .  Hos t  o f  t h i s  f i l m  h a s  been a r c h i v e d  a t  

LGL Eco log ica l  Research Assoc i a t e s ,  Inc. ( a d d r e s s  o n  f r o n t  cover). 

D e t a i l e d  a n a l y s i s  o f  t h r e e  camera locations--DUB a t  Cape Peirce; High 



BRISTOL BAY 
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Figbre 1. Locations of study p l o t s  a t  Cape Pe irce ,  Alaska. Our designa- 
t i o n s  1-13 correspond t o  p l o t  i d e n t i f e r s  used i n  tab le s .  P l o t  
i d e n t i f i e r s  in parentheses a r e  des ignators  used by previous 
investigators-numbers by Petersen and Sigman (1977), alpha 
values  by D. Lloyd (unpublished). 



ZAPADNI BEACH 

Figure 2 .  Study plot locations used for population'estimates on the 
Pribilof Islands. Numbers i n  parentheses are our number 
equivalents for  plots  with word names.. 



B l u f f  1 and 2, and Zapadni a t  St. George I s land- -a re  d e s c r i b e d  i n  t h i s  

repor t  . 
The p o p u l a t i o n  s t u d i e s  c o m p r i s e d  f o u r  independent  series of 

i n v e s t i g a t i o n s .  These were (1)  t h e  a s se s smen t  of d i u r n a l  t r e n d s  i n  

a t t endance ,  (2 )  s e a s o n a l  t r e n d s  i n  abundance, (3)  among-year t r e n d s  i n  

abundance, and (4 )  e s t i m a t i o n  of p o p u l a t i o n  s i z e .  Hethods, r e s u l t s  and 

p r e l i m i n a r y  d i s c u s s i o n s  o f  t h e s e  t o p i c s  a r e  addressed separa te ly  i n  t h e  

following pages. This is followed by a concluding discussion and summary. 

ASSESSENT OF POPULATION TRWDS 

Diurnal Pat terns  i n  Colony Attendance 

Hethods 

Dfurnal  p a t t e r n s  i n  s e a b i r d  a t t e n d a n c e  were s t u d i e d  u s i n g  two 

methods. A t  Cape Peirce a 24-hour watch ( c o u n t s  a t  1-hr i n t e r v a l s )  was 
made a t  several  nesting p l o t s  on 7 June. The most complete documentation 

was ob t a ined  by a n a l y s i s  o f  t h e  t ime- l apse  camera record.  Two t y p e s  of 

a n a l y s e s  o f  t h e  t ime- lapse  d a t a  were done. Counts o f  each  s p e c i e s  were 

enumerated by hour. C o r r e l a t i o n s  of coun t s  a t  each  hour  were made w i t h  

coun t s  1 through 36 hours  l a t e r  ( a u t o c o r r e l a t i o n )  t o  d e t e r m i n e  i f  t h e r e  
was any p e r i o d i c i t y  i n  t h e  occu r r ence  of s e a b i r d s  on  t h e  c l i f f s .  A 

d i u r n a l  o r  24-hour c y c l e  i s  r e v e a l e d  i n  t h i s  t y p e  of a n a l y s i s  by high 

c o r r e l a t i o n  a t  24 thour  l a g s ,  i.e., h igh  o r  low coun t s  a r e  a t  24-hour 

intervals.  Counts were a l s o  compiled a s  t o  t h e  ac tua l  hour of t h e  day t o  

produce h o u r l y  abundance summaries f o r  each  hour  o f  t h e  day. These 

summaries were of mean 2 2 standard e r r o r s  of t h e  number of b i rd s  recorded 

i n  the  study area These summaries revea l  t h e  timing of peak attendance 

and the  v a r i a b i l i t y  of counts a t  t he  same t i m e  each day. The photo record 

f o r  each sample locat ion was segmented i n t o  periods roughly corresponding 

. t o  each r o l l  of f i l m  (4-10 days). The two t y p e s  of a n a l y s e s  d e s c r i b e d  

above were done f o r  each  period.  Ana lys i s  by pe r iod  had two f u n c t i o n s ;  

first i t  a l lowed u s  t o  i n v e s t i g a t e  whe the r  d i u r n a l  c y c l e s  p e r s i s t e d  

throughout the  breeding season. Second, changing f i l m  o f ten  r e su l t ed  i n  a 

s l i g h t  change i n  photo  bounda r i e s  and p o t e n t i a l l y  t h e  number of  b i r d s  



v i s i b l e  f o r  counting.  By a n a l y z i n g  e a c h  r o l l  s e p a r a t e l y  t h i s  p o t e n t i a l  

b ias  was eliminated. 

Analysis was r e s t r i c t e d  t o  those periods where t h e  photo record was 

complete enough s o  t h a t  a reasonable summary was possible. I n  loca t ions  

where fog  o r  o t h e r  f a c t o r s  r e s u l t e d  i n  a n  i n t e r m i t t e n t  r eco rd ,  some 

periods could not be meaningfully analyzed. If a  good hourly summary was 

a v a i l a b l e ,  t h e  hour1 y  c o u n t s  were ana lyzed  u s i n g  Kruska l -Wal l i s  non- 

parametric ' NOVA1 t o  determine i f  s igrdf  i c a n t  d i f fe rences  ex is ted  among 

counts of each hour. 

Results  

u c  cormorant--Pelagic  cormorants occurred on four  p l o t s  where 

24-hour watches were conducted a t  Cape Peirce. A t  two locat ions ,  BIAS and 

VERT-S, occur rence  was l i m i t e d  t o  s p o r a d i c  appearance  of  on ly  one b i rd .  

The remaining plots ,  BKAN and VERT, had 4-10 cormorants regula r ly  present. 

Attendance counts are shown i n  Figure 3. Qualitative evaluat ion of 

t h e s e  p a t t e r n s  r e v e a l e d  no d i u r n a l  a t t e n d a n c e  s chedu le  f o r  cormorants.  

They were present a t  all times (i.e., when l i g h t  was s u f f i c i e n t  t o  permit 

census ing) ,  and a l t hough  no r e g u l a r  a t t e n d a n c e  t r e n d  was appa ren t ,  t h e  

hour t o  hour v a r i a b i l i t y  was substant ia l .  

ed k . - B l a c k - l e g g e d  k i t t iwakes  were present on f i v e  

of t h e  p l o t s  moni tored hou r ly  f o r  24 hou r s  on  6-7 June a t  Cape Peirce .  

P l o t s  o f  t h e i r  a t t e n d a n c e  p a t t e r n s  are i l l u s t r a t e d  i n  F i g u r e  3. Black- 

l egged  k i t t i w a k e  numbers were  q u i t e  s t a b l e  d u r i n g  most  of t h e  day. 

Between 0600 and 2300, counts showed r e l a t i v e l y  l i t t l e  v a r i a b i l i t y  and no 

c o n s i s t e n t  o r  c y c l i c a l  t r e n d s  were ev iden t .  Although no c o u n t s  were 

possible  between 0100 and 0400, the  counts immediately before and a f t e r  

. t h i s  pe r iod  i n d i c a t e  t h a t  most k i t t i w a k e s  were a b s e n t  d u r i n g  t h e  dark  

hours ,  a t  least  a t  t h i s  e a r l y  b reed ing  sea son  d a t e  (p re - incuba t ion  f o r  

many birds). 
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Figure 3. Diurnal attendance of pelagic connorants at  four population 
plots ,  Cape Peirce, Alaska (TOP) ; and black-le ged kittiwake 
a t  f i v e  population plots ,  Cape Peirce, Alaska ?BOTTOM). 



--Common murre attendance was studied f o r  24 continuous 

hours on t h r e e  p l o t s  a t  Cape Peirce. Common murres were present  on t h e  

p l o t s  f o r  only a  p o r t i o n  of t h e  d a y l i g h t  hours (Fig. 4). F i r s t  a r r i v a l  

occurred between 0500-0600 and the l a s t  departures occurred between 1600- 

1900 hours. During t h e  p o r t i o n  of t h e  day t h a t  t h e  murres were on t h e  

p lo t s ,  two types  of a t tendance  p a t t e r n s  could be discerned. The p l o t s  

with s m a l l  numbers of attending birds (< 40) had re la t ive ly  s table  numbers 

of b i r d s  between 0600 and 1500 hours. The s i n g l e  p l o t  wi th  numerous 

murres (VERT) exhibited marked f luctuat ions i n  attendance with no obvious 

p a t t e r n  (Fig. 4). 

A detailed analysis of common murre attendance was provided from the 

time-lapse study a t  DUH plot. Trends i n  attendance patterns were analyzed 

f o r  two periods: 7-16 June (Period 11, and 10-17 J u l y  (Period 3). 

Correlegrams f o r  each period a r e  shown i n  Figure  5. The v a r i a b i l i t y  i n  

attendance f o r  each hour within these periods is summarized i n  Figure 6. 

The correlegrams show a  pronounced 24 hour cycle ear ly  i n  the season 

((7-16 June, Period 1) but t h a t  t h i s  i s  absen t  a  month l a t e r .  The hour ly  

count summaries show a  s imi lar  seasonal shift. In  June a  regular cycle is 

evident with low counts of common murres i n  the  ea r ly  morning and a  peak 

at tendance  around noon. Tes t ing  f o r  d i f f e r e n c e s  i n  median count among 

hours yielded a  highly s ignif icant  s t a t i s t i c  (p<0.001). In  July the mean 

counts  were r e l a t i v e l y  uniform throughout t h e  day (no t  s i g n i f i c a n t l y  

d i f f e r e n t ) ,  however, no counts  were poss ib le  very e a r l y  i n  t h e  morning 

(00-03) because of darkness. 

An i n t e r e s t i n g  f e a t u r e  of these  graphs i s  t h a t  t h e  v a r i a b i l i t y  of 

counts  a t  each hour is  i n v e r s e l y  r e l a t e d  t o  t h e  mean count; i.e., t h e  

lower the  count the  higher the variabi l i ty .  This trend is opposite t o  the 

more common pattern of increasing variances with la rger  means. 

In  terms of censusing murres, the implication of the  r e s u l t s  a r e  tha t  

some s t a n d a r d i z a t i o n  of count t i m e s  would be r e q u i r e d  f o r  s t u d i e s  done 

e a r l y  i n  t h e  season, but  t iming r e s t r i c t i o n s  could be re laxed by mid- 

. season. A su i table  period f o r  ear ly  season counts, based on similar  mean 

counts and s m a l l ,  overlapping confidence intervals ,  would be 12:OO-18:OO. 
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Figure 4. Diurnal attendance of common murres on three population plots 
at Cape Peirce, Alaska, 1984. 
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Figure 5. Correlegrams of common murre attendance at Cape Peirce (Dm).- 



m a w  

Figure 6 .  Hourly abundance summaries for common murres at  Cape Peirce 
(means - +2 s .e .  ; sample size above s .e .  bar), 



---Horned puf f in  attendance a t  study p l o t s  a t  Cape P e i r c e  

during the  24-hour counts is shown i n  Figure 7. Horned puf f ins  occurred 

i n  such low numbers t h a t  few g e n e r a l i z a t i o n s  c a n  be made. This  s p e c i e s  

was recorded only during afternoon and evening. 

St. Geql'ne IW(Pri-f Is_Lands), Our inves t iga t ion  of diurnal  

p a t t e r n s  of s e a b i r d  a t t e n d a n c e  on  t h e  P r i b i l o f  I s l a n d s  were made u s i n g  

time-lapse cameras a t  two loca t ions  on St. George Island: High Bluff and 

Zapadni (population p lo t  #25). 

---Northern fulmars were present  i n  low numbers on one 

of  t h e  camera p l o t s ,  Zapadni. A u t o c o r r e l a t i o n  a n a l y s e s  were done f o r  

t h r ee  sample periods and t h e  r e s u l t a n t  correlegrams a r e  shown i n  Figure 8. 

I n  t he  first period (23-27 June) fulmar counts were pos i t ive ly  correla ted 

a t  a l l  l a g  i n t e r v a l s  i n d i c a t i n g  t h a t  t h e  number of  b i r d s  p r e s e n t  was 

r e l a t i v e l y  constant and noncyclical. 

This is confirmed by t h e  ac tua l  counts-by-hour da t a  shown i n  Figure 

9. Note t h a t  t h e  number o f  f u l m a r s  p r e s e n t  averaged abou t  two b i rd s .  

Theref ore, f e w  inferences  should be made from these  data Autocorrelation 

a n a l y s e s  of  sample  P e r i o d s  2 and 4 r e s u l t e d  i n  no evidence of  a d i u r n a l  

pat tern  (period 2) and perhaps a weak cycle during Period 4. 

The count data  (Fig. 9) show s imi l a r  trends. During Periods 1-3 t he  

mean hou r ly  c o u n t s  a r e  e i t h e r  r e l a t i v e l y  c o n s t a n t  (1 and 2) o r  e r r a t i c  

(3). However, during Period 4 the  counts trend i n  an upward d i r ec t i on  f o r  

0900 through 2000 then start downward f o r  2 hours. Unfortunately fog and 

darkness precluded coverage during t h e  remainder of the  day. 

Analysis f o r  among-hour s i m i l a r i t i e s  i n  median abundance f o r  Periods 

1 and 2 r e s u l t e d  i n  f a i l u r e  t o  r e j e c t  t h e  hypotheses  of s i m i l a r  coun t s  

d u r i n g  a l l  hours  (Kruskal W a l l i s  Te s t ,  Per iod  1, H=5.05, df=13, p=0.97; 

per iod  2, H=11.92, df=lO,  p=0.29). 

ed k i - - R e d - l e g g e d  k i t t i w a k e  c l i f f  a t t endance  was 

monitored by the  High Bluff camera Unfortunately pe r s i s t en t  fog g rea t l y  

reduced t h e  number of u s a b l e  f r a m e s  r e s u l t i n g  f rom t h i s  e f f o r t .  The 

r e s u l t s  are theref o r e  l a rge ly  qua l i t a  t i v a  None of the  correlegrams (Fig. 

10) i n d i c a t e  t h e  presence  of a d i u r n a l  p a t t e r n ;  however, e a r l y  morning 
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Figure 7. Diurnal attendance of horned puffins at two study plots at 
Cape Peirce, Alaska. 
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Figure 8. Correlegrams of northern fulmars on S t .  George Island. 
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Figure 9. Hourly abundance summaries for northern fulmars on St. George 
Island (means - +2 s. e .  ; sample s i z e  above s. e .  bar). 



Figure 10. Correlegrams for red-legged kittiwakes on St .  George Island. 



d a t a  were l i m i t e d .  The hou r ly  count  summaries  f o r  t h e  first and l a s t  

periods suggest t h a t  morning counts may be low r e l a t i v e  t o  those l a t e  i n  

t h e  day (Fig. 1 1 ). 

ed m - - T h i c k - b i l l e d  mur re s  were p r e s e n t  a t  b o t h  St. 

George camera locations,  however, the  record ava i lab le  f o r  High Bluff is 

very poor ( i n t e rmi t t en t  coverage due t o  fog) i n  comparison t o  Zapadni and 

only the  latter is presented here. The autocorrela t ion analyses (Fig. 12) 

show t h a t  i n  period one ( l a t e  June) a diurnal  attendance cycle occurred, 

b u t t h a t  t h i s  was q u i t e  weak by pe r iod  2 ( e a r l y  J u l y )  and a b s e n t  d u r i n g  

Period 4 (mid-July). 

The hourly attendance summaries (Fig. 13) a l s o  show t h e  diminution of 

c y c l i c a l  t r e n d s  i n  a t tendance .  Peak a t t e n d a n c e  of  t h i c k - b i l l e d  murres  

appear t o  occur i n  ea r ly  morning ( a t  o r  before 0700). Counts diminished 

t h e r e a f t e r  u n t i l  app rox ima te ly  noon when t h e y  l e v e l e d  o u t  f o r  t h e  

remainder of t he  day. 

mt$&l&--Parakeet auk le t s  were present a t  t he  Zapadni camera 
l o c a t i o n  Autocorrelations f o r  t he  first two sample periods a r e  shown i n  

F i g u r e  14. During Pe r iod  1 some p e r i o d i c i t y  was def  i n a t e l y  presen t .  A 

24-hour cor re la t ion  is evident but some shor te r  period t rends  may a l s o  be 

presen t .  P e r i o d i c  t r e n d s  were less  pronounced d u r i n g  t h e  second t i m e  

period but s l i g h t  ind ica t ion  of a 24-hour trend is still present. 

The h o u r l y  count  summaries  (Fig. 15) show t h a t  peak numbers o f  

p a r a k e e t  a u k l e t s  were p r e s e n t  i n  m i d - a f t e r n o o n  (1 400-1600). The 

i n d i s t i n c t  autocorrela t ions  were probably because of t he  high v a r i a b i l i t y  - 

in counts a t  most hours. 

Crested --Crested auk le t s  were present a t  Zapadni but i n  such 

low numbers (maximum o f  f o u r  i n  t h e  photographic  r eco rd )  t h a t  d e t a i l e d  

ana lys i s  of attendance pa t t e rns  is unwarranted. They exhibited a tendency 

toward a 24-hour cycle  wi th  peak numbers (o r  most regular  occurrence) i n  

mid-af ternoon. 

b a s t  auklet - -Diurnal  p e r i o d i c i t y  i n  l e a s t  aukle t colony attendance 

was s tudied using two methods. Time-lapse techniques were used a t  Zapadni 
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Figure 11. Hourly count summaries for  red-legged kittiwakes on S t .  George 
Island(mean - + 2 s .e .;  sample s i z e  above s.e. bar). 



Figure 12. Correlegrams for thick-billed murres on St. George Island. 



Figure 13. Hourly count summaries of thick-billed murres on'st. George 
Island (mean + 2 s.e.; sample size above the s.e. bar). - 
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Figure 14. Correlegrams for parakeet auklets on St. George Island. 
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Figure 15. Hourly count summaries for  parakeet auklets on St.  George 
Island (mean+2 - s.e. ; sample s i z e  abwe s . e .  bar). 



where least auk le t s  were of rare but  regula r  occurrence. An independent 

survey, a l b e i t  only f o r  one day, w a s  made of auk le t s  associated wi th  the  

Ulaikaia Ridge colony. 

Results  of autocorrela t ion analyses of a t  tendance pa t t e rn  a t  Zapadni 

are shown i n  F i g u r e  16 f o r  sample  Pe r iods  1 and 2. During Per iod  1 ve ry  

l i t t l e  ev idence  o f  any p a t t e r n s  could  be found; however, a 24 hour 

pa t te rn  w a s  evident i n  Period 2. The hourly count summaries i n  Figure 17 

r e v e a l  t h a t  leas t  a u k l e t s  peaked i n  abundance d u r i n g  t h e  a f t e r n o o n  

( s imi la r  t o  the  o ther  auklets)  bu t  t h a t  the  counts were q u i t e  variable. 

F l i gh t s  of least aukle t s  passing over t h e  St. George A i r s t r i p  enroute 

t o  t h e  U l a i k a i a  co lony  were  observed on 7 J u l y  between 1050 and 0030 ( 8  

July). Flock s i z e s  were estimated and t a l l i e d  f o r  every 10-min in t e rva l  

i n  t h i s  time range. The census po in t  varied i n  space during the  course of 

t h e  day as t h e  f l i g h t  c o r r i d o r  of t h e  a u k l e t s  s h i f t e d .  R e s u l t s  o f  t h e  

counts a r e  i l l u s t r a t e d  i n  Figure 18. The d i s t r i b u t i o n  of the  counts w a s  

bimodal w i t h  a broad peak d u r i n g  mid-day, a l a t e  evening  minimum, and a 

sharp peak pr io r  t o  nightfall .  

The r e s u l t s  o f  our  c o u n t s  a r e  compared w i t h  t h o s e  o f  Craighead and 

Oppenheim (1982) i n  F i g u r e  18. The 1982 coun t s  were  made app rox ima te ly  

t h r e e  weeks l a t e r  i n  t h e  summer (31 Ju ly )  t h a n  our  counts.  The two sets  

of  coun t s  a r e  q u i t e  similar i n  p a t t e r n ,  a l though  t h e  1984 d i s t r i b u t i o n  

appears t o  be more peaked and t o  have a s l i g h t  phase-shift towards e a r l i e r  

t imes of day. 

m e d  D U - - C o r r e l e g r a m s  o f  horned pu f f in  attendance a t  Zapadni 

f o r  Pe r iods  1 and 2 a r e  shown i n  F igu re  19. During both t h e s e  p e r i o d s  

horned p u f f i n s  appea r  t o  have had a d i u r n a l  (24  h r )  p e r i o d  i n  t h e i r  

a t t e n d a n c e  pa t t e rns .  The hou r ly  count  summaries  (Fig. 20) show t h a t  

counts of puf f ins  on t h e  c l i f f s  increased throughout t he  day, peaking j u s t  

before dark. 

Tufted-- Tufted puf f in  were regular ly  recorded a t  Zapadni but 
r a r e l y  more t h a n  t h r e e  b i rds .  Only i n  Per iod 1 was t h e  s p e c i e s  p r e s e n t  

b e f o r e  noon, t h e r e a f t e r  b i r d s  were  s e e n  u n t i l  da rk  i n  a l l  per iods .  The 

paucity of observations does no t  warrant more de ta i led  analyses. 



Figure 16. Correlegrams for least auklets on St. George Island. 
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h m c l m m r  L a u t  -!at 

Figure 17. Hourly count summaries for least auklets on S t .  George Island 
(mean - + 2 s . e . ;  sample s ize  above s .e .  bar). 



Figure 18. A comparison of 10-minute counts of l eas t  auklets f ly ing  into 
the Ulaikaia Ridge colony, S t .  George Island, Alaska, 1982 
and 1984. 



ESTIMATED AUTOCORRELATION FUNCTION 
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Figure 19. Correlegrams for horned puffins on St. George Island. 
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Figure 20. Hourly count summaries for horned puffins at Zapadni on St. 
George Island (mean - + 2 s. e. ; sample size above sie. bar). 



Discussion 

A s  a final summary of trends i n  diurnal  attendance patterns,  two sets 

of cross-correlation analyses were completed, one each f o r  Periods 1 and 

2 a t  Zapadni-St, George I s land .  These c o r r e l a t i o n s  a r e  s i m i l a r  t o  t h e  

autocorrela t ions  except t h a t  counts of spec ies  A are compared t o  counts of 

s p e c i e s  B ( a t  v a r i o u s  time l a g s )  r a t h e r  t h a n  t o  i t se l f ,  The purpose of  

t h e  a n a l y s e s  i s  t o  document phase s h i f t s  i n  a t t e n d a n c e  p a t t e r n s  among 

species,  o r  a l  t e rna t ive ly ,  which spec ies  have s i m i l a r  a t  tendance patterns.  

The r e s u l t s  are shown i n  Figures 21 and 22. 

A h igh  c o r r e l a t i o n  a t  l a g  0 r e p r e s e n t s  s p e c i e s  t h a t  have similar 

attendance patterns. This a t t r i b u t e  is shared by f e w  species;  the  th ree  

auk le t s  have similar pa t t e rns  but none of t h e  remaining spec ies  do, 

The spec ies  of g r ea t e s t  concern t o  our sampling program are the  no- 

c a v i t y ,  c l i f f - n e s t i n g  s p e c i e s ,  Leo, t h o s e  b i r d s  whose appearance on  

c l i f f s  is most c lose ly  ind ica t ive  of breeding birds. Two of these  spec ies  

were p r e s e n t  i n  s u f f i c i e n t  number s  a t  Zapadn i  f o r  a n a l y s i s  a n d  

comparisons,  namely t h i c k - b i l l e d  murres and n o r t h e r n  fu lmars ,  During 

Per iod  1, t h e s e  two s p e c i e s  were abou t  8-1 2 hours  o u t  of phase i n  t h e  

a t t e n d a n c e  p a t t e r n s ;  however, i n  Per iod  2 no p a t t e r n  was d i sce rnab le ,  

This parallels t h e  general  l o s s  of diurnal  cycles  mentioned earlier. 

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

g r e a t  importance t o  population s tud i e s  because t h e  existence of periodic 

pa t te rns  i n  at tendance can g rea t l y  a f f e c t  the  number of b i rds  present on 

s t u d y  p l o t s  and i n f l u e n c e  a n a l y s e s  by producing s p u r i o u s  t r e n d s  o r  

obscuring ac tua l  population changes. 

The a n a l y s e s  p r e s e n t e d  above document t h e  l e v e l  of  occur rence  and 

p e r s i s t e n c e  of c y c l e s  f o r  many spec i e s ,  C e r t a i n l y  t h e s e  d a t a  could  be 

analyzed i n  much g r e a t e r  d e t a i l  t o  explore  addi t ional  f a c e t s  of seabird 

biology;  however, t h e  f o l l o w i n g  g e n e r a l i t i e s  r e l e v a n t  - t o  moni tor ing  

population t rends  can be made: 

(1) Host spec ies  have pronounced diurnal  cycles  ea r ly  i n  t h e  

breeding season. 



CROSS CORRELATION FUNCTION: LOCATION 4 SAMPLE PERIOD 1 
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Figure 21. Croas correlations among aeabirda a t  Zapadnl on S t .  George Island during Period 1 ( l a t e  June). 
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Figure 22. Cross correlations among seabirds at  Zapadni on S t .  George Island during Perbd 2 (early July).  



(2)  For  most s p e c i e s  (all t h e  non-cavity,  c l i f f - n e s t i n g  

spec ies  studied), these diurnal  t rends  quickly diminish so  

t h a t  during t he  middle por t ion of the  nest ing season (most 

of incubation) diurnal  pa t te rns  are minor during most of 

t h e  day. 

(3) D iu rna l  p a t t e r n s  are nonsynchronized among most species. 

T h i s  n e c e s s i t a t e s  t h a t  i f  t h e  t i m e  of  c o u n t s  a r e  t o  be 

standardized t h e  s e l ec t i on  should be based o n  a species- . 

s p e c i f i c  c r i t e r i o n .  

Variation i n  Attendance Pa t te rns  Among Sample Periods - 
Seasonal Trends i n  Abundance 

Ha thods 

Counts o f  b i r d s  on t h e  s tudy  p l o t s  were compared o v e r  t h e  b reed ing  

season t o  look f o r  re la t ionsh ips  between the  date  of census ( i n t e r v a l s  of 

t h r e e  days  t o  one week) and t h e  abundance of b i r d s  o n  t h e  p l o t s .  Some 

d i f fe rences  would be expected, f o r  example, least aukle t s  s t a r t e d  f ledging 

i n  l a t e  J u l y ,  consequent ly  t h e  number o f  a u k l e t s  p r e s e n t  i n  t h e  colony 

would be expec t ed  t o  cor respondingly  d e c l i n e  through August. I n  c a s e s  

where no d i f fe rences  i n  counts among sample periods were found, it would 

be legitimate t o  t reat  censuses  a s  r e p l i c a t e  c o u n t s  f o r  among-year 

comparisons. 

There were f i v e  sample periods a t  St. George and Cape Peirce  and two 

on St. Paul (Table 1). The f i v e  periods on St. George and the  two periods 

on St. Paul represent  r e l a t i v e l y  discrete blocks of t i m e ,  and t e s t i n g  f o r  

among-period d i f fe rences  was required i n  order  t o  determine which periods 

r e p r e s e n t  r e p l i c a t e s  and which are inf luenced by seasonal va r i a t i ons  i n  

a t t e n d a n c e  pa t t e rns .  The f i v e  p e r i o d s  a t  Cape P e i r c e  compr ise  two 

d i s c r e t e  b locks  o f  d a t e s  (June and Ju ly )  w i t h  t h r e e  and two r e p l i c a t e s  

. each. 

I n  summarizing t h e  study p lo t  counts, t he  following po in t s  should be 

considered,  On S t ,  George and St. Paul  i s l a n d s ,  coverage o f  most p l o t s  

was i n t e r m i t t e n t ,  i.e., very  f e w  p l o t s  were sampled d u r i n g  a l l  sample  

periods. I n  par t icular ,  p l o t s  i n  t he  higher strata (3-5) were i r r e g u l a r l y  



Table 1. Summary of sample periods f o r  seabird population p l o t  
censuses .  

St. barge Island 

Period 1 24-29- 
mod 2 2-11July 
~ e ~ i o d  3 n ~ l y  
W o d 4  26-31Aly 
Period 5 11 - 15Augurt 

St. Paul Island 

Period 1 13 - 16Aiy 
Perlod 2 4 - 8 A w t  

Cape Peirce 

Period 1 9 -  13- 
Period 2 14- 16- 
Period 3 17- 19- 
Period 4 10 - 12July 
Period 5 13 - 15 July 



censused because of fog. The r e s u l t s  of  a l l  c o u n t s  a r e  g i v e n  i n  

Appendices (Appendix 3 - Cape P e i r c e ,  Appendix 4 - St. George, and 

~ p p e n d i x  6 - St. Paul). For  t h e  purpose  of t h e s e  a n a l y s e s  a reduced  

matr ix  of t h e  most complete plot-by-period coverage was used t o  ensure a 

s t a n d a r d  sample  area when t e s t i n g  f o r  among-period d i f f e r e n c e s  i n  

abundance (Friedman test). An example of t h e  reduced p l o t  matr ix  is shown 

f o r  t h i c k - b i l l e d  murre  i n  Table  2. If  s i g n i f i c a n t  d i f f e r e n c e s  among 

sample periods were found, then mul t ip le  comparisons using t h e  Bonferroni 

procedure  ( o v e r a l l  of  0.05) .were used  t o  h e l p  i s o l a t e  p e r i o d s  of  

g r ea t e s t  deviation. The Cape Peirce r e s u l t s  were complete and no spec i a l  

considera t i ohs  are necessary. 

Results  

W i c  cCormorant--Counts of  p e l a g i c  cormorants on t h e  Cape Peirce  

s t u d y  p l o t s  are shown i n  Appendix 3. These coun t s  e x h i b i t  a moderate  

amount of v a r i a b i l i t y  among periods, and show a s m a l l  decrease i n  numbers 

i n  J u l y  ( P e r i o d s  4 and 5) r e l a t i v e  t o  June  ( P e r i o d s  1-3). These 

d i f f e r e n c e s  a r e  n o t  s i g n i f i c a n t  (Friedman T=9.48, d f=4 ,  p>O.O5). A 

c o n s i d e r a b l e  amount o f  within-month (among-repl icate)  v a r i a b i l i t y  i s  

evident as w e l l .  

- ---Occurrences of glaucous-winged g u l l s  on study 

p l o t s  a t  Cape Peirce  are summarized i n  Appendix 3. Glaucous-winged gulls 

were infrequent  throughout t h e  breeding season and were e s s e n t i a l l y  absent 

un ti1 mid- June. 

ed  k i w - - A  ve ry  marked trend is apparent f o r  counts 

f o r  Cape Peirce (Appendix 3). These counts show a very subs t an t i a l  076%) 

d e c r e a s e  i n  numbers of  black-legged k i t t i w a k e s  o v e r  P e r i o d s  1-4 w i t h  a 

s l i g h t  recovery i n  Period 5. Periods 1-3 were wi th in  a 10-day in t e rva l  i n  

mid-June;  d u r i n g  t h i s  i n t e r v a l  k i t  t i w a k e  abundance dec reased  by 

approximate ly  a th i rd .  Counts among p e r i o d s  va ry  q u i t e  s i g n i f i c a n t l y  

(Friedman T=26.54, d f=4 ,  p<0.001). This  marked tempora l  v a r i a b i l i t y  i n  



Table 2 .  Trends i n  the seasonal  abundance of th ick-bi l led  
murres recorded during p l o t  censuses on S t .  George 
Island , Alaska. 

TOTAL 3620 4877 5055 5806 



attendance ind ica tes  considerable dynamics i n  k i t t iwake  attendance and may 

preclude the  use of counts made even only a f e w  days a p a r t  a s  rep l ica tes .  

-on ---Counts frpm Cape P e i r c e  appea r  i n  Appendix 3. The 

c o u n t s  of common murres  d i f f e r  s i g n i f i c a n t l y  among sample  p e r i o d s  

(Friedman T=12.24, df=4,  p<0.025). The J u l y  coun t s  ( P e r i o d s  4 and 5) 

appear t o  be considerably (2m) less than those f o r  June (Periods 1-3). 

--This spec ies  was encountered infrequent ly  a t  Cape 

Peirce. The only record of gui l lemots  on t h e  study p l o t s  was of two b i r d s  

on P lo t  3 during sample Period 5. 

--- Among-period v a r i a b i l i t y  w a s  extreme i n  counts from 
Cape P e i r c e  (Appendix 3) a l t hough  p l o t s  con ta ined  very  f e w  b i rd s .  

S ign i f ican t  among-period va r i ab i i t y  w a s  no t  detected using t h e  Friedman 

T e s t  (T=6.31, d f=4 ,  p>0.01). 

T u f t _ e d - - T u f t e d  p u f f i n s  occur red  t o o  i n f r e q u e n t l y  on s t u d y  

p l o t s  a t  Cape Peirce  t o  assess seasonal pa t te rns  i n  attendance. The count 

data by p l o t  appear i n  Appendix 3. 

St. G e o m  I s l a  ( P r i b i l o f .  

N o r t h e F n F u o u n t s  of northern fulmars on a l l  p l o t s  during a l l  

census  p e r i o d s  on St.  George I s l a n d  a r e  summarized i n  Appendix 4. T h i s  

s p e c i e s  was recorded  i n  a l l  s t r a t a  e x c e p t  S t r a tum 4. Analys i s  o f  t h e s e  

data suggest t h a t  fulmar numbers varied s ign i f i can t ly  wer the course of 

t h e  summer (Friedman T=33.12, d f=3 ,  p<0.001). M u l t i p l e  compar i sons  

(Bonfer ron i  procedure)  r e v e a l  t h a t  coun t s  are r e l a t i v e l y  stable d u r i n g  

l a t e  June and Ju ly  (Periods 1-4) but t h a t  subs t an t i a l l y  increased numbers 

are p r e s e n t  i n  August. Counts i n  S t r a t u m  2 appeared t o  be more s t a b l e  

. than those i n  Stratum 1. 

ed --Results of a l l  counts of red-faced cormorants on 

St. George Is land can be found i n  Appendix 4 (nest  da t a  are summarized i n  

~ p p e n d i x  5). Th i s  s p e c i e s  was recorded  i n  on ly  t h e  two l o w e s t  s t r a t a  



The count  d a t a  show t h a t  red-faced cormorants  were r a t h e r  s p a r s e l y  

d i s t r ibu ted  on our study plots. The Friedman ana lys i s  d id  not  r e j e c t  t h e  

b p o t h e s i s  of s i m i l a r  attendance during all sample periods (T=2.49, df=3, 

p>0.5). 

d ---A11 c o u n t s  o f  black-legged k i t t i w a k e s  on  

s t u d y  p l o t s  a t  St, George I s l a n d  a r e  shown i n  Appendix 4 ( n e s t  d a t a  a r e  

summarized i n  Appendix 5)- This species  occurred i n  p l o t s  i n  all  strata 

These counts demonstrate considerable var iab i l i ty ,  The e a r l y  Ju ly  count 

(Period 2) w a s  markedly lower than those of l a t e  June (Period 1)- Counts 

i n  Period 4 (late July) were approldmately double those of e a r l y  Ju ly  and 

numbers increased somewhat again by mid-August. The s m a l l  sample of p l o t s  

censused during Period 3 (see Appendix 4) show t h a t  black-legged k i t t iwake  

numbers were intermediate  between those counted i n  Periods 2 and 4, The 

number of b i rds  on P lo t s  45-53 increased s t e a d i l y  f o r  Periods 2-5 i n  t he  

following sequence: 137, 195, 250, 279, Thus it appears t h a t  k i t t iwake  

numbers were r e l a t i v e l y  high i n  late June, dropped markedly i n  e a r l y  July, 

then increased during t h e  remainder of t he  study, These i n t e rp re t a t i ons  

are based la rge ly  on r e s u l t s  from Stratum 1, The few counts f o r  Stratum 2 

do not show t h i s  pa t te rn  a s  clearly. 

The Friedman analyses confirm t h e  q u a l i t a t i v e  observation made above 

( c o u n t s  d i f f e r e d  s i g n i f i c a n t l y  among pe r iods ,  T=20,78, df=3,  p<0.00 1). 

M u l t i p l e  comparisons  i d e n t i f i e d  P e r i o d s  1 and 2; and 1, 4,  and 5 as 

r e l a t i v e l y  homogeneous groups. 

- ---A comple te  summary of c o u n t s  of  red-legged 

k i t t i w a k e s  on  S t ,  George I s l a n d  s t u d y  p l o t s  i s  provided i n  Appendix 4 

(nes t  da t a  a r e  summarized i n  Appendix 5). This species was found i n  a l l  

f i v e  strata. Note t h a t  p l o t s  i n  S t r a t a  3 ,  4, and 5 where t h i s  s p e c i e s  

r e a c h e s  i t s  peak abundance, are n o t  i n c l u d e d  i n  t h e  Friedman a n a l y s e s  

because none of these  p lo t s  could be sampled during t he  i n i t i a l  por t ion of 

t h e  breed ing  season. Red-legged k i t  t iwakes  appea r  t o  have i n c r e a s e d  

s t e a d i l y  each  sample  period,  However, t h i s  t r e n d  w a s  n o t  s i g n i f i c a n t  

(Friedman T=4.80, d f=3 ,  p>0.1). 



---A comple te  r e c o r d  o f  c o u n t s  of-common murres  o n  St. 

George I s land  study p l o t s  is provided i n  Appendix 4. Common murres were 

recorded  on p l o t s  i n  a l l  s t rata  except  S t r a tum 3. These d a t a  show t h a t  

t h e  number of  common murres i n  a t t e n d a n c e  a t  t h e  s t u d y  p l o t s  i n c r e a s e d  

s t ead i ly  during t h e  s u m m e r  and more than doubled between June and August. 

Fr iedman a n a l y s i s  o f  t h e s e  r e s u l t s  s u p p o r t  t h e  o b s e r v a t i o n  t h a t  coun t s  

va ry  s i g n f  i c a n t l y  o v e r  sample  p e r i o d s  (Ts9.72, df=3, p<0.025). However, 

t h e  Bonfe r ron i  m u l t i p l e  comparisons  d i d  n o t  segregate any subgroups  o f  

homogeneous periods. 

- ---A comple te  summary of  c o u n t s  of  t h i c k - b i l l e d  

murres r eco rded  on  s t u d y  p l o t s  on  St. George I s l a n d  is  provided i n  

Appendix 4. Th i s  s p e c i e s  was found i n  a l l  f i v e  s t r a t a .  These d a t a  show 

t h a t  th ick-bi l led murres increased i n  abundance with  each sample period. 

August (Pe r iod  5) c o u n t s  averaged app rox ima te ly  50% greater t h a n  t h e  

i n i t i a l  l a t e  June  coun t s  (Pe r iod  1). The Fr iedman r e s u l t s  con f i rm  t h e  

h e t e r o g e n i t y  i n  c o u n t s  among sample  p e r i o d s  (T=18.30, d f=3 ,  p<0.001). 

Multiple comparisons segregate two subgroups, low counts during Periods 1- 

4  and high counts i n  Periods 4  and 5 (note  t h a t  Period 4  was intermediate  

and could be c l a s s i f i e d  with  e i t h e r  group).. 

--A complete record of parakeet auk le t s  counted during 

p l o t  c ensuses  on  St. George is provided a s  Appendix 4. Two prominent  

f ea tu re s  are evident i n  t h e  trends in seasonal abundance of t h i s  species. 

F i r s t ,  t h e  marked i n c r e a s e  i n  a u k l e t  numbers between P e r i o d s  1  and 2; 

t h i s  is an . a r t i f a c t  of our sample schedule. Almost a l l  of t h e  dif ference 

is due t o  a s i n g l e  p l o t  (61),  which was sampled i n  t h e  evening  d u r i n g  

Period 1  after most auk le t s  had departed. Second, auk le t  numbers dropped 

markedly during the  second ha l f  of t he  study; they w e r e  v i r t u a l l y  absent 

by August. 

The s ignif icance of these  observations were ve r i f i ed  by t h e  Friedman 

analyses  which i nd i ca t e  among-period v a r i a b i l i t y  (T=27.78, df=3, p<0&0 1). 

Three ove r l app ing  subgroups o f  p e r i o d s  were i d e n t i f i e d  u s i n g  m u l t i p l e  

comparisons. Low counts during late season (Periods 4  and 51, high counts 

during e a r l y  season (Periods 1  and 2). These two groups were bridged by 'a 



nonsignificant dif ference between the  two intermediate counts of Periods 1 

and 4, 

m t e d  --A complete record of counts of cres ted auk le t s  on St. 

George I s land  is provided i n  ~ ~ p e n d i x . 4 .  The cres ted auklet  was t h e  l e a s t  

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

p l o t s ,  The o n l y  g e n e r a l i t y  t h a t  c an  be made i s  t h a t  very  f e w  c r e s t e d  

auk le t s  appeared i n  August. However, d i f fe rences  between sample periods 

cannot be s t a t i s t i c a l l y  v e r i f i e d  (Friedman Tz4.84, df=3,  p>0.1), Trends 

between Pe r iods  1 and 2 a r e  i n c o n c l u s i v e , .  Th i s  s p e c i e s  appeared t o  be 

most numerous i n  Stratum 1 in Period 1, and i n  Stratum 2 during Period 2, 

As with parakeet auk le t s  t h e  sampling design is l i k e l y  inappropria te  f o r  

cres ted aukle  t so 

--A complete record of  l e a s t  auk l e t  counts on St. George 

I s land  study p l o t s  is provided i n  Appendix 4, The same l i m i t a t i o n s  t h a t  

were described f o r  t h e  other  two auk le t s  apply t o  . t h e  i n t e rp re t a t i on  of 

these  results. The main conclusion is t h a t  least aukle t s  were e s s e n t i a l l y  

absent from t h e  study p l o t s  by August. Friedman ana lys i s  documented t h e  

among-pe r iod  h e t e r o g e n i t y  (T=22,34, d f r 3 ,  p<0.01). No p e r i o d s  

p a r t i c u l a r l y  d i f f e r e n t  from t h e  o t h e r s  were seg rega t ed  by t h e  m u l t i p l e  

cmparisons,  

Horned buffin--Counts of horned puf f ins  on study p l o t s  on St. George 

I s land  are summarized i n  Appendix 4, Meaningful i n t e r v e t a t i o n  of pu f f in  

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

i n t e r v e t a t i o n  of auk le t  data, thus appropriate conclusions are d i f f i c u l t  

t o  make, On St. George Island, t o t a l  counts of horned puf f ins  appeared t o  

va ry  g r e a t l y ,  b u t  n o t  i n  a n  obvious  pa t te rn .  Friedman a n a l y s i s  d i d ' n o t  

reject t h e  h y p o t h e s i s  of equa l  a t t endance  d u r i n g  a l l  sample  p e r i o d s  

(T=4,79, d f=3 ,  p>0.1). - 
m t e d  buffin--A comple te  r e c o r d  o f  t u f t e d  p u f f i n  c o u n t s  on  St, 

George I s l a n d  s t u d y  p l o t s  i s  provided i n  Appendix 4, Ana lys i s  o f  t h e s e  

d a t a  u s i n g  t h e  Friedman T e s t  r e s u l t e d  i n  a s i g n i f i c a n t  t es t  s t a t i s t i c  

(T=952, df=3, ~(0.025) but no clear pat tern  was evident. 



St. P a u l  IslandPr-f -. A f e w  p l o t s  were censused i n  

on ly  one of t h e  two sample  periods.  , These a r e  P l o t  4  (Pe r iod  1  on ly ) ,  
P l o t  8 (Pe r iod  2  on ly) ,  and P l o t  32  (Pe r iod  2  on ly  - Zapadni). These 

p l o t s  and P lo t  6 (which p a r t i a l l y  overlaps P lo t  5) are not  included i n  the  

sub to t a l s  o r  t o t a l s  calculated f o r  t he  sample periods (Appendix 5) nor are 

they  used i n  t h e  Friedman ana lyses .  Friedman a n a l y s i s  o f  two groups  

(treatments)  is equivalent  t o  a Wilcoxin paired-sample test. 

N o r t h e r n - h u n t s  f o r  St. Paul I s land  a r e  shown i n  Appendix 6:, 

These counts a l s o  i l l u s t r a t e  t h e  late summer increase  in,  numbers of b i rd s  

on  t h e  s tudy  p l o t s ,  w i t h  August coun t s  (Per iod  2) be ing  approximate ly  

double the  Ju ly  (Period 1) counts. Counts duriag t h e  two sample periods 

were s ign i f i can t ly  d i f f e r e n t  (T=4.03, d f= l ,  p<0.05). Trends appear t o  be 

s i m i l a r  i n  both s t r a t a  

d c o r m - - T h e  r e s u l t s  f o r  St. Paul  I s l a n d  a r e  shown i n  

Appendix 6 (nest  data  are summarized i n  Appendix 7). Again, the number of 

b i rds  censused was q u i t e  s m a l l .  The ove ra l l  trend appears t o  be opposite 

t h a t  found on  St.  George w i t h  t h e  August coun t s  l ower  t h a n  July.  The 

d i f f e r e n c e  between sample  p e r i o d s  a r e  n o t  s i g n i f i c a n t  (T=0.53, d f = l  , 
pm.25). Note t h a t  t h i s  is a  consequence of t rends  i n  Stratum 2 only. It 

is a p p a r e n t  t h a t  our  s t u d y  p l o t s  do n o t  r e p r e s e n t  t h e  c o r e  of  t h e  

cormorant breeding areas ,  a t  l e a s t  on St. Paul Island. P lo t  32 (Zapadnl), 

which was censused only i n  Period 2  and hence not included i n  t h e  t o t a l s ,  

con t a ined  a lmos t  t h r e e  times more cormorants  t h a n  all t h e  o t h e r  p l o t s  

combined. Any inferences  concerning t rends i n  cormorant numbers based on 

these scan t  da ta  are tenuous a t  best. 

- --Counts by period of black-legged k i t t iwakes  

are shown i n  Appendix 6 ( n e s t  d a t a  a r e  summarized i n  Appendix 7). Study 

p lo t  attendance by t h i s  species i n  August was s ign i f i can t ly  higher than in 

J u l y  (T=22.57, d f = l ,  p<0.001). 

- --Counts of red-legged k i t t iwakes  are-summarized 

i n  Appendix 6 (nest  da ta  are summarized i n  Appendix 7). The ' t o t a l  counts 



suggest an  increase  i n  abundance i n  August r e l a t i v e  t o  July;  however, t he  

trend is not  s i gn i f i can t  (T=3.33, d f= l ,  p>0,05), 

--The seasonal use  dates  f o r  St. Paul (Appendix 6) point  

t o  an  increase  i n  t h e  number of a t tendees  during t h e  course of t he  summer, 

The d i f fe rence  is not  of s u f f i c i e n t  magnitude t o  result i n  a s i gn i f i can t  

test s t a t i s t i c  (T=1,20, d f= l ,  p>0.25). 

ed --Counts on study p l o t s  by sample period of thick- 

b i l l e d  murres on St. Paul I s land  are summarized i n  Appendix 6, Counts i n  

August were s i g n i f i c a n t l y  h i g h e r  t h a n  t h o s e  i n  J u l y  (T=9,63, d f = l ,  

p<O ,005). 

m e t  ---Counts of parakeet auk le t s  on St, Paul Is land study 

p l o t s  are summarized i n  Appendix 6. Although t o t a l  counts dropped from 

Ju ly  t o  August t h e  difference was not  s i gn i f i can t  (~=0.53, d f = l ,  p>0.25). 

Cresteda- Cres t ed  a u k l e t s  were found on  on ly  one p l o t  on S t ,  
Paul  I s land .  On P l o t  3 1,  21 b i r d s  were found o n  t h e  J u l y  count  bu t  on ly  

one was found i n  August. 

Least --Counts of least auk le t s  on St. Paul Island study p l o t s  

are summarized i n  Appendix 6, These s p e c i e s  e x h i b i t e d  a p r e c i p i t o u s  

decrease i n  abundance between t h e  July  and August sample periods (T=4.0, 

d f = l ,  p<0.05), 

--Counts of horned puf f ins  on St. Paul a r e  summarized i n  

Appendix 6, On t h i s  i s l a n d  t h e  August coun t s  averaged h i g h e r  t han  t h e  

Ju ly  counts. This di f ference was no t  s i gn i f i can t  (T=2,00, df=l, p>0.1). 

m t e d  ~uff i I l - -Tufted p u f f i n . w e r e  t o o  r a r e  on St. Paul  I s l a n d  

. (occurred on only 3 p lo t s )  t o  warrant analyses. 



Discussion 

Seasonal  t r e n d s  i n  b i r d  abundance ( a t t endance )  is i m p o r t a n t  i n  

des ign ing  s e a b i r d  moni tor ing  programs. If t h e  s i z e s '  of p o p u l a t i o n s  

attending colonies change rapidly wer t h e  course of t h e  .breeding season, 

i t  may be d i f f i c u l t  t o  t a k e  s u f f i c i e n t  samples  o r  t o  s t a n d a r d i z e  census  

times s o  t h a t  meaningful i n t e rp re t a t i ons  of among-year t rends can be made. 

The sampling problems introduced by seasonal var ia t ions  i n  attendance are 

s i m i l a r  t o  those r e su l t i ng  from diurnal  variations.  It must be determined 

t o  what extent  season'al var ia t ion  reduces t h e  r e l i a b i l i t y  of year-to-year 

population estimates. 

The r e s u l t s  desc r ibed  t h u s  f a r  s u g g e s t  t h a t  t h e r e  i s  pronounced 

seasonal var ia t ion  i n  colony attendance f o r  many of t he  key study species. 

This type ' of v a r i a b i l i t y  has been previously documented, ag., i n  thick- 

b i l l e d  murres (Gaston and Nettleship 1981) and fulmars (Batch 1979). The 

. magnitude of t h i s .  v a r i a b i l i t y  and its implicat ions  f o r  monitoring of t e n  

are unde res t ima ted  o r  ignored. For  example, p a s t  censuses  a t  t h e  

P r i b i l o f s  have encompassed much of July, and our r e s u l t s  i nd i ca t e  tha t ,  

f rom t h e  beginning t o  end of t h i s  per iod ,  black-legged k i t t i w a k e  

a t t endance  might  double. Thus, i f  among-year sampl ing  s c h e d u l e s  were 

o f f s e t  by even two weeks, t h e  d a t a  on p o p u l a t i o n  l e v e l s  of black-legged 

k i t t i w a k e s  could  n o t  l e g i t i m a t e l y  be compared. The large d e c l i n e  i n  

black-iegged k i t  t iwake  a t t e n d i n c e  found a t  Cape P e i r c e  over  a 10-day 

period i n  June provides a Further i l l u s t r a t i o n  of t h i s  point. 
We cannot adequately character ize  seasonal v a r i a b i l i t y  because of t he  

infrequency of our sampliag. Our i n t e n t  was t o  include r e p l i c a t e s  i n  our 

study t o  measure short-term, random v a r i a b i l i t y  i n  attendance. O u r  r e s u l t s  

seem t o  i n d i c a t e  t h a t  our  w r e p l i c a t e s w ,  i n  f a c t ,  document d i r e c t i o n a l  

v a r i a t i o n s ,  i.e., one-way, shor t - te rm t r e n d s  i n  a t tendance.  S e p a r a t i n g  

these two components of va r i a t i on  may not be possible without much more 

intensive sampling. 

To help e luc ida te  t h e  r e l a t i v e  importance of these two contr ibut ing 
fac tors ,  the  counts f o r  each species during sample periods from a l l  study 

a r e a s  are p l o t t e d  i n  F i g u r e s  23 t o  27. Each p o i n t  on  each f i g u r e  

represents  t he  t o t a l  count of b i rds  (during that sampling period) on a l l  

of t h e  p l o t s  where b i rds 'were  consis tent ly  recorded during al l  sampling 



Figure  23. Counts o f  red-faced cormorants on S t .  George I s l a n d  (SG) and 
S t .  P a u l  (SP) i s l a n d s  dur ing  d i f f e r e n t  sampling p e r i o d s  i n  1984. 
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Figure 24. Counts of  black-legged kitt iwakes on S t .  George (SG) and S t .  
Paul (SP) i s lands  during d i f f e r e n t  sampling periods i n  1984. 
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Figure 25. Counts of  red-legged kitt iwakes on S t .  George (SG) and S t .  , 

Paul (SP) i s lands  during d i f f erent  sampling periods in  1984. 
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Figure 26. Counts of common murres a t  (?ape Peirce (CP), St. George (SG) 
and St.  ~ a u i  (SP) islands during different sampling periods 
in  1984. 
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Figure 27 .  Counts of thick-billed muxres on St. George (SG) and S t .  Paul 
(SP) islands during different sampling periods i n  1984. 
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per iods .  The purpose  of t h i s  e x e r c i s e  was t o  see i f  t r e n d s  a t  all t h r e e  

areas were coincident, Dates have been assigned a- numerical value; 1 is 

1 June  and 80 i s  19.August. The numer i ca l  v a l u e  co r r e spond ing  t o  t h e  

beg inn ing  d a t e  o f  t h e  sampl ing  p e r i o d  a t  e ach  s tudy  l o c a t i o n  i s  g i v e n  

below. See Table 1 f o r  the range of dates corresponding t o  each sampling 

period. - - hQLbhxa 
Period 1 26 45 11 

Period 2 3 6 6 7 15 

Period 3 52 18 

Period 4 59 4 1 

Period 5 74 4 4 

Seasonal t rends  are shown f o r  red-faced cormorants (Fig. 231, black- 

l egged  k i t t i w a k e s  (Fig. 241, red- legged k i t t i w a k e s  ( ~ i g .  251, common 

murres (Fig. 261, and thick-bi l led  murres (Fig. 27). The trerds from t h e  

censuses of each spec ies  from a l l  study areas are similar wherever they 

overlap i n  time. This ind i ca t e s  t h a t  t h e  t rends  i n  f a c t  document regu la r  

temporal a t  tendance pat t e r n s  by t he  seabirds. 

The d a t a  a l s o  s u g g e s t  t h a t  t h e s e  t r e n d s  may be i ndependen t  o f  

breeding phenology. For example, breeding phenology a t  Cape Peirce  is 2-3 

weeks ahead of t h a t  a t  t h e  Pr ib i lo fs ,  and such c lo se  concordance i n  t rends  

between these  loca t ions  (such as f o r  black-legged ki t t iwake)  would not  be 

expec ted  i f  they  were caused by changes  i n  t h e  phase s  o f  breeding.  Fo r  

t he  present, w e  conclude t h a t  seasonal va r i a t i on  i n  a t  tendance pa t te rns  

can be large, perhaps obscuring among-year t rends  i n  p l o t  counts. 

h n g -  year Trends 

k t h o d s  

A s  a n  i n d e x  t o  changes  i n  t o t a l  p o p u l a t i o n  w e  compared c o u n t s  made 

o v e r  y e a r s  o n  t h e  same s e t  o f  s t u d y  p lo t s .  I n  t h e  c a s e  o f  t h e  P r i b i l o f  

Is lands  our estimate of attendance was derived by averaging counts  w e  made 

dur ing periods t h a t  sampling had occurred i n  previous years. The da t e s  of 



censuses used f o r  among-year comparisons a t  t he  P r i b i l i f  colonies are a s  

follows: - 
1 W6: 9 Ju ly  - 3 August 

1982: 23 July  - 3 August 

1984: 9 - 31 Ju ly  (Periods 2-4) - 
1 W6: 17 - 21 Ju ly  

1982: 18 - 20 July  

1984: 13 - 26 Ju ly  (Period 1) 

The ana lys i s  of p l o t  counts made i n  various years  i n  t h e  study colonies  is 

a s t ra ightforward mathematical exercise  and t h e  r e s u l t s  are reported i n  

t h e  fo l l owing  pages. The i n t e r p r e t a t i o n  of  t h e s e  r e s u l t s  are n o t  s o  

straightforward. A s  was documented i n  the  preceding pages, there are many 

components of v a r i a b i l i t y  t h a t  may obscure trends o r  c r ea t e  spurious ones. 

The problem w i t h  d i u r n a l  c y c l e s  is l e s s e n e d  because t h e  d a t a  ana lyzed  

below are r e s t r i c t e d  t o  Ju ly  censuses when diurnal  pa t t e rns  were m i n i m a l  

o r  absent and most counts were made during a l imi t ed  (afternoon/evening) 

por t ion of t he  day. The seasonal pa t t e rns  cannot be e n t i r e l y  el iminated 

because the  previous inves t iga t ions  (Hickey and Craighead 1 W7, Cralghead 

and Oppenheim 1982) ustlally r e l i e d  on a s ing l e  census period. Our da t a  

have- been ed i ted  t o  compare t o  the  temporal bounds of p r io r  invest igat ions  

b u t  w e  know some s p e c i e s ,  e.g., b l a c k - l e g g e d  k i t t i w a k e ,  e x h i b i t  

s i g n i f i c a n t  v a r i a t i o n  w i t h i n  t h e s e  per iods .  The t e s t  r e s u l t s  and 

assessments are presented below. 

Results  

me P w .  Despite t h e  previous seabird  inves t iga t ions  t h a t  have 

taken place a t  Cape  P e i r c e  there are no tabula r  summaries o r  analyses of 

numbers of b i rd s  on study p l o t s  a t  t h i s  location. We have extracted t h e  

coun t s  made by P e t e r s o n  and Sigman i n  1976 t h a t  were made on  t h e  same 

range  of  d a t e s  (9-19 June  and 10-1 5 Ju ly )  and d u r i n g  t h e  same p o r t i o n  of  . 



t h e  24 h r  c y c l e  ( t h e  e q u i v a l e n t  o f  12:OO-20:OO ADT) f o r  comparison w i t h  

our  r e s u l t s .  Note t h a t  t h e s e  c o u n t s  are b u t  a small f r a c t i o n  o f  t h e  

census data col lected during their study. 

Average c o u n t s  made i n  t h e  two y e a r s  ( t h e r e  were  u s u a l l y  m u l t i p l e  

counts wi th in  each sample period) were compared using the Friedman Test  

procedure. S ince  o n l y  two y e a r s  were c o n t r a s t e d  t h i s  p rocedure  is  

equivalent t o  a matched-pairs test. Counts were compared f o r  each sample 

period.  Three o f  t h e  s e a b i r d  s p e c i e s  w e  encountered o n  ou r  s t u d y  p l o t s  

were either unrecorded (glaucous-winged g u l l  and t u f t e d  p u f f  i n )  o r  v e r y  

r a r e l y  encountered (horned p u f f i n )  i n  1976. None of t h e s e  s p e c i e s  were 

common i n  1984 and it is doubtful that a s ign i f i can t  change i n  abundance 

h a s  occurred.  R e s u l t s  o f  compar i sons  o f  abundance f o r  t h e  r ema in ing  

spec ies  are described below. 

--- Average c o u n t s  o f  p e l a g i c  co rmoran t s  on  Cape 
P e i r c e  study p l o t s  are summarized i n  Table 3. Average counts were higher 

i n  1984 than i n  1976 during both sample periods; however i n  ne i ther  case  

were d i f f e r e n c e s  s t a t i s t i c a l l y  s i g n i f i c a n t  (June: T=1.78, p>0.1; Ju ly :  

T=2, p>0.1). 

0 --Average counts of black-legged k i t t iwakes  on 

Cape P e i r c e  s tudy  p l o t s  a r e  summarized i n  Table  4. Average coun t s  were 

l o w e r  i n  1984 than  i n  1976 d u r i n g  b o t h  sample  pe r iods ,  p a r t i c u l a r l y  i n  

July;  however i n  ne i ther  case were d i f fe rences  s t a t i s t i c a l l y  s ign i f i can t  

(June: T=0.11, p>0.5; Ju ly :  T=O, pt1.0). 

--Average counts of common murres on Cape Peirce s tudy 

p l o t s  a r e  summarized i n  Table 5. Average counts were lower i n  1984 than 

i n  1976 d u r i n g  bo th  sample  pe r iods ;  however i n  n e i t h e r  c a s e  were 

d i f f e r e n c e s  s t a t i s t i c a l l y  s i g n i f i c a n t  (June: T=0.11, p>0.5; Ju ly :  

T=0.12, p>0.5). 

St.  Ge- (Pribilpf Islands). Comparisons of  counts on St. 

George I s l a n d  s t u d y  p l o t s  a r e  made below. I n  t h e  s t a t i s t i c a l  a n a l y s e s  

(Fr iedman t e s t )  each  s t r a t a / p l o t  combina t ion  was t r e a t e d  a s  a d i s t i n c t  

p l o t  although analyses are based on a l l  strata (egg., P lo t  24 S t r a t a  1 and 



Table 3 .  Average counts of pe lag ic  cormorants on Cape Peirce study p l o t s .  

TOTAL 

June 
m 

Julv . 
,19Zd lsaP 

Table 4 .  Average counts of black-legged k i t t iwakes  on Cape Peirce study 
p l o t s .  



Table 5. Average counts of canmon murres on Cape Peirce study plots.  

a Julp 
PLOZl 1976 1984 1976 mL 

TOTAL 



P l o t  24 S t r a t a  2 are both t r e a t e d  as sample  u n i t s ) .  Values  f o r  s t u d y  

p l o t s  du r ing  1984 r e p r e s e n t  t h e  ave rage  of up t o  t h r e e  c o u n t s  (sample  
Periods 2-4). 

Northern --Counts on p l o t s  censused i n  a l l  t h r ee  years  of study 

are summarized i n  Table  6. On St. George I s l a n d  t h e  1984 coun t s  were 

b racke t ed  by those  from 1976 and 1982 and tended most  towards  t h o s e  i n  

1976. 

Counts are s i g n i f i c a n t l y  d i f f e r e n t  among y e a r s  (T=14.62, d f=2 ,  

p<0.001). Attendance by f u l m a r s  w a s  s i g n i f i c a n t l y  l o w e r  i n  1982 t h a n  

1976; however, t he  1984 counts are not s i gn i f i can t ly  d i f f e r e n t  from e i t h e r  

extreme. 

- ed tor---Counts of red-faced cormorants on p l o t s  sampled 

each year are summarized i n  Table 7. I n  both strata i n  which cormorants 

were recorded, the trerd has been a decrease i n  abundance. Counts among 

y e a r s  are s i g n i f i c a n t l y  d i f f e r e n t  (T=7.86, df=2, p<0.025). It appea r s  

t h a t  both t h e  1982 and 1984 counts are much lower than 1976, but t h i s  has 

not been s t a t i s t i c a l l y  ver i f ied,  Total  counts i n  1984 are 20-255 of those 

made i n  1976. 

- ---Counts on  p l o t s  censwed  during a l l  t h r ee  

y e a r s  of s t udy  are summarized i n  Table  8. The St.  George I s l a n d  coun t s  

suggest a steady dec l ine  over t h e  th ree  study years wi th  1984 counts being 

abou t  h a l f  .the 1976 counts. T h i s  t r e n d  w a s  e v i d e n t  i n  a l l  s trata (1,  2,  

3, and 5) f o r  which multi-year d a t a  are available. 

The Friedman analyses confirm t h e  among-year d i f f e r e n c e s  (T=24.45, 

d f=2 ,  p<0.001). H u l t i p l e  compar i sons  r e v e a l  t h a t  t h e  1984 c o u n t s  were 

s ign i f i can t ly  lower than the  preceding years. 

- --Counts of red-legged k i t t iwakes  on study p l o t s  

, censused i n  1976, 1982 and 1984 are shown i n  Table  9. On St. George t h e  

t o t a l  counts on t h e  study p l o t s  decreased during each yea r  of study. 
* 

D i f f e r e n c e s  among y e a r s  were s i g n i f i c a n t  (T=8.07, d f=2 ,  p<0.025). 

Two groups--1 984/1982 and 1982/1976--were i d e n t i f i e d  as r e l a t i v e l y  

homogeneous subgroups by the  mult iple  comparisons procedures. 



Table 6. Count8 of northern fulmars i n  different  p lots ,  
d i f ferent  rtrata..hnd different  years on St .  George: 
Illand, Alaska. 

NORTHERN FULMAR 

1976 1982 1984 

STRATUM 1 

Plot  Y 8 
9 

10 
I I 

. 12 
13 
I 4  
13 
16 
17 
18 
I 9  
20 
24M 
26 
388 
45 
46 
47 
48 
49 
50 
51 
52 
53 

ZAPhDNl 

Table 6 (c0nt.d) 

'IJRTHERN FlJLll AR 

1976 1982 1384 

STRATUM 2 

Plot  Y 2 
2 1 
22 
23 
242 
25 

' 27 
2e 
29 
30 

' 31 
32 
33 
34 
35 
36 
37 
38U 
39 

Subtotal 

STRATUM 3 I 

STRATUM S 

Subtotal 

TOTAL 



Table 7. Counts of red-faced cormorants i n  d i f f e r e n t  p lo t s ,  d i f f e r en t  
s t r a t a ,  and d i f f e r en t  years  on St .  George Is land,  Alaska. 

ST!?AT?R11 

Plot # 8 
9 
:0 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
24M 
26 
388 
4s 
46 
47 
48 
49 
50 
51 
.52 
53 

ZAPAlml 

PEDf  ACED t ,mm STRAPS! 2 

Plot # 2 
2:  
22 
23 
24T 
15 
27 
28 
29 
3 
31 
32 
33 
34 
5J 
36 . 
37 
?m 
39 

STRATUM S 

Subtotal 

TOTAL 

T!I-FKZ. Z t 2 m  AST 

! 976 ! 9S2 i ?Sil 



Table 8. Counts of black-legged kittivakee in different 
plote, different strata, and different yeare on St. Table 8 (cont.) 
George Ieland, Aleeka. 

STRATUM 1 

Plot # 8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
24M 
26 
3EB 
45 
46 
47 
48 
49 
50 
51 
52 
53 

ZAP ADNI 

Subtotal 

SL ACK-LEGGED KITTIWAKES 

1976 1 982 1984 STRATUM 2 

Plot # 2 
2 1 
22 
23 
24T 
25 
27 
28 
23 
30 
31 
32 
33 
34 
35 
36 
37 

' mu 
39 

Subtotal 

STRATUM 3 

40 

STRATUM 5 

Subtotal 

TOTAL 809 637 425 



Tabb 9. CMtr d klttlwtkm In dmffwant plots, 
*da, ad- m S l  Osorg~ bbnd, A W  

RED-LEOaED KITTIWAKE ' 

PLOT* 8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

24n 
26 

388 
46 
46 . 
47 
4 8 .  
49 
50 
5 1 
62 
63 

WADNI 

Tabb 9 ( d l  

RED-LEOaED KITTIWAKE 

PM* 2 22 16 4 
21 6 8 0 = I  6 3 0 
23 14 14 19 

247 16 6 2 
25 3 1 0 
27 60 97 48 
28 60 58 17 
29 18 6 1 
30 16 6 6 
31 0 1 0 
32 0 20 10 
33 475 433 141 
34 46 0 0 
36 3 14 6 
36 8 3 8 
37 42 64 27 
38U 67 18 8 
39 67 45 53 

STRATUM 3 

STRATUM 6 

TOTAL 2314 1901 1205 



C o m m o n - C o m p a r i s o n s  of counts on study p l o t s  sampled during a l l  

t h r e e  y e a r s  of s t u d y  a t  St .  George I s l a n d  can be made from Table  10. 

These d a t a  s u g g e s t  t h a t  l i t t i e  a p p r e c i a b l e  v a r i a t i o n  i n  common murre  

at tendance has  occurred among years. The 1984 t o t a l  is bracketed by t h e  

t o t a l s  of the  o ther  two years. 

A similar conclusion mag be drawn from the  Friedman analyses. Counts 

among y e a r s  were  n o t  found t o  be s i g n i f i c a n t l y  d i f f e r e n t  (T=1.87, d f t 2 ,  

- T h i c k - - C o u n t s  o f  thick-bil led murres on p l o t s  sampled 

each  y e a r  on  St .  George I s l a n d  a r e  p re sen t ed  i n  Table  11. These d a t a  

reveal  a decrease i n  b i rd  attendance during each year  of study. S imi la r  

t rends  are evident i n  a l l  s t r a t a .  There are counts ava i lab le  f o r  a l l  but  

S t r a tum 4. R e l a t i v e  t o  1976, t h e  1984 c o u n t s  appea r  t o  be down 

approximately 255. 

The Friedman T e s t s  con f i rm  t h a t  d i f f e r e n c e s  e x i s t  among y e a r s  

(T=30.41, df=2, p<0.001). Multiple comparisons segregated 1976 a s  having 

higher counts than e i t h e r  1982 o r  1984. 

P a r a k e e t - S u m m a r i e s  of p lo t  counts among years are provided i n  

Table  12  f o r  S t .  George I s l and .  The o n l y  c o n s i s t e n t  f i n d i n g  i s  t h a t  t h e  

coun t s  i n  a l l  s t r a t a  f o r  1984 are t h e  l o w e s t  recorded.  To ta l  c o u n t s  o n  

St.  George have f l u c t u a t e d  &ide ly .  The Friedman an ' a ly s i s  c o n f i r m s  t h e  

occurrence of s i g n i f i c a n t  among-year v a r i a b i l i t y  (T=33.17, df=2, p<0.00 1). 

M u l t i p l e  compar i sons  r e v e a l e d  t h a t  c o u n t s  i n  1982 were s i g n i f i c a n t l y  

higher  than e i t h e r  of t h e  o the r  study years. 

These d a t a  are o n l y  p re sen t ed  f o r  completeness.  We have l i t t l e  

confidence i n  t h e  r e l i a b i l i t y  of t h e  methods w e  used f o r  monitoring auk le t  

p o p u l a t i o n s  and t h e r e f  o r e  r e f r a i n  f rom making any i n f e r e n c e s  about  t h e  

ac tua l  trend i n  populations. 

Crestedm- Very few c r e s t e d  a u k l e t s  were recorded  d u r i n g  o u r  
counts.  This, comb1ne.d w i t h  t h e  d o u b t f u l  v a l i d i t y  o f  making d i r e c t  

comparisons of t he  data i n  order  t o  i n f e r  population changes f o r  auklets,  
makes any conc lus ion  tenuous. The r e c o r d s  of coun t s  are summarized by 

y e a r  i n  Table  j3  f o r  St .  George I s l and .  Our c o u n t s  f o r  t h i s  s p e c i e s  o n  



Tablo 10. Countr of common murrer in  different plots, 
different i trata ,  and difforont years on St.  George , 

Irland, Alarlu. 
I 

COMMON MURRE 

1976 1 982 1984 

Plot # 8 
9 

10 
1 1  
12 
13 
14 
1s 
16 
17 
18 
19 
20 
24M 
26 
38B 
4s 
46 
47 
48 
49 . 
50 
31 
52 
53 

ZAPADNI 

Subtotal 

Tablo 10 (cont . ) 

;TRATUM 2 

Plot # 2 
21 
22 
23 
247 
25 
27 
23 
29 
zo 
31 
32 
33 
34 
35 
36 
37 
30u 
39 

Subtotal 

STRATUM 3 

40 

STRATUM 5 

42 
43 

Subtotal 

TOTAL 



Table 1% Counto of thick-billed murree i n  different p lots ,  
different rtrata, and different yearr on St .  George Table 11 (cont.) 
Island. Alaeka. . . 

THICK-DILLED MlLlRRE 

I976 1982 1984 
9' 

Plot # 8 
9 

1 11 
1 1  
12 

,13 
14 
I 5  
16 
17 
18 
19 
20 
24M 
26 
388 
45 
46 
47 
48 
49 
50 
51 
52 
53 

ZAP ADNl 

Subtotal 

STRATUM 2 

Plot # 2 
2 I 

Subtotal 

STRATUM 3 

STRATUM 5 

Subtotal 

TOTAL 



Table 12. Countr of parakeet aukleto in different plots, 
different errata, and different yearr on St. George 
Island, Alarka. . , 

PARAKEET AUKLET 

I976 1982 1984 

STRATUM 1 

Plot 1 8  
9 
I 0 
I 1  
12 
13 
14 
15 
I 6  
I 7  
I 8  
19 
20 
24M 
26 
388 
45 
46 
47 
48 
49 
50 
5 I 
52 
53 

ZAPADNI 

Subtotal 

Table 12 (cant.) 

,3TRATUM 2 

Plot 1 2 
11 
22 
23 
241 
25 
27 
28 
29 
30 
31 
32 
33 
34 
3s 
36 
37 
38U 
39 

Subtotal 

STRATUM 3 

40 

STRATUI'1 5 

42 
43 

Suhtotal 

TOTAL 

PARAKEET AUKLET 

1976 1982 1584 



Table 13. Countr of crested auklete in different,plote, 
different rtrata, and different yearn on St. George 
Irland, Alarka. . , 

STRATUM 1 

Plot i 8 
9 

1 U 
11 
12 
1I 
14 
15 
16 
17 
18 
19 
20 
24M 
26 
388 
45 
46 
47 
48.' 
49 
So' 
51 
52 
s3 

ZAPADNl 

CRESTED AUKLET 

1976 1992 1984 

- - - 
Subtotal : 7 17 1 

Table 13 (cont. ) 

CRESTED AUKLET 

1976 1422 1984 

STRATUM 2 

Plot # 2 
21 
21 
23 247 

25 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3 w  
39 

Subtotal 

STRATUM 3 

40 0 0 0 

STRATUM S 

42 0 0 0 '  
43 0 0 0 

- - - 
Subtotal 0 0 0 

TOTAL 141 79 62 



St. George a r e  the  lowest  y e t  recorded; however, d i f fe rences  among years  

a r e  no t  s ign i f ican t  (T=4.67, df=2, p>0.05). 

mt --The p lo t  count da t a  a r e  summarized by year  i n  Table 14. 

The t o t a l  counts on St. George have been remarkably s t a b l e  over t he  th ree  

years  of invest igat ions;  although t h e  v a r i a b i l i t y  by strata o r  on a plot- 

by-plot ba s i s  has been extreme. Friedman analyses  revea l  no s ign i f i can t  

d i f fe rences  among .years (T-4.73, df=2, pM.05). 

. W d  D---Total c o u n t s  o f  horned p u f f i n s  o n  St. George I s l a n d  

were very dmilar i n  all three  years  i n  t h e  same set of p lo t s  (Table 15). 

This s i m i l a r i t y  of counts is surpr i s ing  considering t h e  marked among-year 

v a r i a b i l i t y  w i t h i n  s t rata  and w i t h i n  p lo t s .  O v e r a l l  d i f f e r e n c e s  among 

years  were not s i gn i f i can t  (T=6.97, df=2, p<0.05). 

Tufted ~uf f in - -Counts  of t u f t e d  p u f f i n  by y e a r  a r e  summarized i n  

Table 16. During 1984 more tu f t ed  pu f f in s  were recorded than during arry 

preceding year. Differences among years  were sigaif i c a n t  (T=7.92, df=2, 

p<0.025) . 
St. P o d  ( P r i h i ) o f  I s l a .  The t i m i n g  of  censuses  o n  St. 

Pau l  h a s  been r e l a t i v e l y  similar d u r i n g  a l l  years .  To t h e  e x t e n t  t h a t  

da t e  is ind ica t ive  of s tage of seasonal abundance ( if  indeed these  cyc les  

of abundance are constant over years)  the  comparison among years  f o r  St. 

P a u l  may b e t t e r  r e p r e s e n t  a c t u a l  p o p u l a t i o n  changes  t h a n  do t h e  

comparisons f o r  St. George. 

-n ---On St.  Paul  I s l a n d ,  t h e  1984 c o u n t s  a r e  h i g h e s t  

(Table IT), although they are very similar t o  the  1982 counts. The counts 

d u r i n g  b o t h  1982 and 1984 are app rox ima te ly  double  t h o s e  from 1976. 

However, t h e s e  changes  i n  a t t e n d a n c e  were n o t  s i g n i f i c a n t  (T=0.5, d f=2 ,  

. pm.75). 

ed corm---Counts of red-faced co rmoran t s  on  St. Paul 

I s l a n d  d u r i n g  each  y e a r  of s t u d y  a r e  summarized i n  Table  18. The 1984 

surveys resu l ted  i n  t h e  lowest counts thus  far, espec ia l ly  i n  comparison 



Table 14. Counts of least auklete in different plote. 
different strata, and different yeare on St. George 
Island, Alaska. 

Table 14 (cont.) 

LEAST AUKLET 

1976 1982 1984 

STRATUM 1 

Plot # 8 
9 

10 
1 I 
12 
13 
14 
1 s 
16 
17 
18 
19 
20 
24M 
26 
3 8  
45 
46 
47 
48 
49 
50 
51 
52 
53 

ZAPADNI 

Subtotal 

STRATUII 2 

Plot # 2 
2 1 
2 2  
23 
24T 
25 
27 
28 
29 
30 
3 1 
32 
33 
34 
N 
36 
37 
38U 
39 

Subtotal 

STRATUM 3 

STRATUM S 

Subtotal 

TOTAL 

LEAST AllKLET 

1976 1982 



Table 15. Counts of horned puffins in different plots, 
different strata, and different years on St. Ceorpe ~ a b l o  15 (cont.) 

Island, Alaska. 

STRATUM 1 

Plot # 8 
9 

10 
11 
12 
13 
14 
1s 
16 
17 

. 18 
19 
20 
24M 
26 
388 
45 
46 
47 
48 
49 
50 
51 
52 
53 

Z APADNl 

Subtotal 

HORNED PlJFFlH 

1976 1982 1984 

HOUNCD PIJFF IN 

1976 1982 

STR ATlJM 2 

Plot # 2 .  
2 1 
22 
23 

. 24T 
25 
27 
28 
29 
30 
31 
32 

. 33 
14 
3s 
36 

. 37 
38U 
39 

Subtotal 

STRATUM 3 

STRATUM 5 

Subtotal 

TOTAL 



Table 16 .  Counts of tufted puff ins  in  different  p lots ,  
different  strata,  and d i f ferent  year8 on St .  Ceorgo 
Island, Alaska. 

Table 16 (cont. 1 

TUFTED PUFFIN 

1976 1982 lYB4 

STRATUM 1 

Plot  1 8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
24M 
26 
388 
45 
46 
47 
48 
49 
50 

Subtotal 

STRATUM 2 

Plot 1 2  
2 1 
22 
23 
24 T 
25 
27 
28 
29 
30 
31 
32 
33 
34 
35 
3s 
37 
38U 
39 

Subtotal 

STRATUM 3 

40 

STRATUM S 

42 
4z 

Subtotal 

TOTAL 

TUFTED PUFFIN 

1976 1982 1984 



Table &F. Counts of northern fulmars i n  different p lots ,  
different strata,  and different years on St .  Paul 
Is land, ALaska . 

NORTHERN FULMAR 

STRATUM 1 

Plot # 1 
2SW 

3 
Ssd 

7 
9 

10 
15 
16 
17 
18 
19 
20 
22 
23 

RIDGE WALL 

Subtotal 

STRATUM 2 

Subtotal 

TOTAL ?be 7 1 73 



Table 18. Counts of red-faced cormorants i n  d i f f erent  p l o t s ,  
d i f f e r e n t  s t r a t a ,  and d i f f e r e n t  years on S t .  Paul Is land,  
Alaska. 

RED-F ACED CORMOR ANT 

STR ATlJM 1 

P l o t  # 1 
2SW 

3 
5SY 
5ME 
7 
9 

10  
15 
16 
17 
18 
19 
20 
22 
23 

RIDGE WALL 

Subtotal 

STRATUM 2 

Subtotal 28 8 19  

TOTAL 1 6 5  61 35 



t o  1976, Friedman a n a l y s i s  showed ve ry  s i g n i f i c a n t  d i f f e r e n c e s  among 

y e a r s  (T=11,31, d f=2 ,  p<0,005). M u l t i p l e  compar i sons  i s o l a t e d  1976 a s  

having s ign i f ican t ly  higher counts than any subsequent survey year, 

k i m - - T h e  coun t  d a t a  a r e  summarized i n  Table 19. 

These da ta  show t h a t  attendance on study p l o t s  in 1984 was intermediate 

between 1976 and 1982, The Friedman results ind i ca t e  s ign i f i can t  among- 

year v a r i a b i l i t y  (T=6,74, df=2, p<0.005), The mult iple  comparisons found 

t h e  extremes--1982 ( low) and 1976 (high)--to be s ign i f i can t ly  d i f f e r e n t  

but  1984 t o  be intermediate  and not  s i gn i f i can t ly  d i f f e r e n t  from e i t h e r  

extrene, 

ed k--The number of red-legged k i t t iwakes  on t h e  St. 

Paul  I s l a n d  s tudy  p l o t s  i s  r e l a t i v e l y  s m a l l  b u t  t h e  o v e r a l l  t r e n d  i n  

c o u n t s  s u g g e s t s  a d e c l i n e  each y e a r  of s t u d y  (Table  20)- This  a p p a r e n t  

d e c l i n e  was n o t  widespread  enough t o  produce c o n c l u s i v e  evidence of a n  

among-year change (T=0,21, df=2, p>0,75), 

C o m m o n - C o u n t s  of common murres made on St. Paul Is land (Table 

21) show t h a t  a marked d e c r e a s e  i n  number of common mur re s  occu r r ed  

between 1976 and 1982, Attendance may have increased s l i g h t l y  in 1984 but 

t h e  ac tua l  counts a r e  not much g r e a t e r  than those i n  1982, 

The apparent large changes in  nimbers of common murres results from 

the  rapid change i n  abundance on a few plots. The d i r e c t i o n  of change was 

r a r e l y  uniform over p l o t s  and because of t h i s  feature ,  d i f fe rences  among 

y e a r s  were n o t  found t o  be s i g n i f i c a n t  u s i n g  t h e  Friedman tes t  (T=5,79, 

df=2, T>0,05), 

d m n - - T h e  coun t  d a t a  from St, Paul  do n o t  p rov ide  a 

c l e a r  p a t t e r n  of change (Table  22)- The 1982 coun t s  on  St, Pau l  are 

subs t an t i a l l y  less than those i n  1976; however, t he  1984 counts are midway 

, between those of the  previous two studies.  

The F r i e d m a n  t e s t s  c o n f i r m  t h e s e  o b s e r v a t i o n s ,  T h e r e  were 

s ign i f i can t  d i f fe rences  among years  (T=15.5, df=2, p<0,001); in 1982 there  
were s i g n i f i c a n t l y  fewer t h i c k - b i l l e d  murres  t h a n  i n  1976. The 1984 



Table 19,  Counts of black-legged kittiwakes i n  di-ff w e n t  
p l o t s ,  d i f f e r e n t  s t r a t a ,  and d i f f e r e n t  years on S t .  
Paul Is land,  Alaska. 

BLACK-LEGGED KlTTWAKES 

1976 1 982 1984 

STRATUM 1 

p l o t  # 1 
25'6 

3 
5SW 
SNE 
7 
9 

10 
15 
16- 
17 
18 
19 
20 
22 
23 

R IDG4 WALL 

Subtotal 

Subtotal 

TOTAL 



Table 10. Counts of red-legged k i t t iwakes  i n  d i f f e r e n t  
p l o t s ,  d i f f e r e n t  strata, and d i f f e r e n t  years  on 
S t .  Paul I s land,  Alaska. 

RED-LEGGED KlTTlV M E  

1 976 1982 1984 

STRATUM 1 

P l o t  # 1 
2sw 

3 
S W  
5 E  
7 
9 

10 
15 
16 
17 
18 
19 
-20 
22 
23 

RlMjE Y ALL 

Subtotal 

Subtotal 



Table 21. Counts of common murres i n  dif ferent  p lots ,  
di f ferent  strata,  and dif ferent  years on St.  Paul 
Island, Alaska. 

STRATUM 1 

Plot # 1 
2SW 

3 
5w 
51W 
7 
9 

10 
15 
16 
17 
18 
19 
20 
22 
23 

RIDGE Y ALL 

Subtotal 

C ~ M M ~ N  MURRE 

1976 1 982 1984 

STRATUM 2 

TOTAL 2459 849 994 



Table 2 2 .  Counts of thick-billed murres i n  different p lots ,  
different strata,  and different years on S t .  Paul 
Island, Alaska. 

THICK-BILLED IWRRE 

1976 1982 1984 

STRATUM 1 

Plot # 1 
2SW 

3 
5Sw 
5NE 
7 
9 

10 
15 
16 
17 
18 
19 
20 
22 
23 

RIDE W 4 l L  

Subtotal 

Subtotal 

TOT AL 6600 3624 5 0 8 2  



c o u n t s  were i n t e r m e d i a t e  and n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  two 

other  study years. 

Parakeet-. Counts o f  p a r a k e e t  a u k l e t s  o n  St. Paul  I s l a n d  are 
summarized by year  i n  Table 23. Analysis of these data using the Friedman 

tes t  r e s u l t e d  i n  a s i g n i f i c a n t  tes t  s t a t i s t i c  (T=20.67, d f=2 ,  p<0.001). 

Multiple comparisons showed t h a t  counts i n  1984 were s ign i f i can t ly  lower 

than i n  e i t h e r  of t h e  o ther  years of study. 

e e s t e d  a&J&.--Crested aukle t s  were recorded on only 2 of the  p l o t s  

sampled d u r i n g  a l l  t h r e e  y e a r s  o f  study. Too few d a t a  were ob ta ined  t o  

warrant s t a t i s t i c a l  tests of changes among years. The highest  counts were 

recorded i n  1984. 

---Counts of l e a s t  auk l e t s  on p l o t s  on St. Paul Island are 

summarized i n  Table  24. The t o t a l  c o u n t s  have f l u c t u a t e d  cons ide rab ly  

ove r  t h e  t h r e e  y e a r s  of  s t udy  b u t  no c o n s i s t e n t  d i r e c t i o n a l  t r e n d  i s  

not iceab le .  The Friedman a n a l y s i s  con f i rm  among-year v a r i a b i l i t y  i n  

abundance (T=9.03, d f  =2, p<0.025). 

--Total counts of horned puf f ins  a t  St. Paul show some 

v a r i a b i l i t y  (Table  25)  b u t  do n o t  s u g g e s t  any  long-term ( s i n c e  1976) 

changes i n  populat ion,  The Friedman a n a l y s i s  d i d  n o t  r e j e c t  t h e  

hypo thes i s  of c o n s t a n t  abundance among y e a r s  (T=0.86, df=2,  p>0.5). A s  

wi th  auklets,  w e  doubt- t h a t  these d a t a  would be a s e n s i t i v e  ind ica tor  of 

the s t a t u s  of pu f f in  population levels. 

Tuf ted  m - - T h e ' l i m i t e d  t u f t e d  p u f f i n  d a t a  (Tab le  26) do n o t  

ind ica te  any s ign i f i can t  change among years  (T=0.50, df=2, pX.5). 

Discussion 

A t  Cape P e i r c e  t h e r e  were no s t a t i s t i c a l l y  s i g n i f i c a n t  changes o f  

seabirds  on study p l o t s  between 1976 and 1984. 

Numbers of red-faced cormorants counted on p l o t s  declined among years  

more obviously than d id  counts of o ther  spec ies  ( ~ i g .  28); they declined 



Table 23. Counts of parakeet auklets in dl'fferent plots, 
different strata, and different years on S t .  Paul 
Island, Alaska. 

PARAKEET AUKLET 

1976 1 952 1984 

STRATUM 1 

Plot # 1 
2 s W  
3 

5SY 
5NE 
7 
9 

10 
15 
16 
17 
18 
19 
20 
22 
23 

RIRGE WALL 

Subtotal 

STRATUM 2 

- - - 
Subtotal 3 6  2 8  2 

TOTAL 948 255 115 



Table 24. Counts of l eas t  auklets i n  diffgrent p lots ,  
different strata,  and different years on S t .  Paul 
Island, Alaska. 

STRATUM 1 

Plot # 1 
2SY 

3 
5Sw 
5NE 
7 
9 

10 
15 
16 
17 
18 
19 
20 
22 
23 

R W  WALL 

LEAST AUKLET 

1 976 1 982 1984. 

7 - - 
Subtotal 304 376 183 

STRATUM 2 

- - - 
Subtotal 0 19 2 

TOT K 304 395 1 85 



Table 25 .  Counts of horned puff$xs Zn'different p lots ,  
different strata,  and different years on St.  Paul 
Island, Alaska. 

STRATUM 1 

Plot # 1 
2SW 

3 
534 
5NE 
7 
9 

10 
15 
16 
17 
18 
19 
20 
22 
23 

RDGE Y ALL 

Subtotal 

- Subtotal 

TOTAL 



Table 2 6 .  Counts of tufted puffins i n  dif ferent  p lo t s ,  
di f ferent  s trata ,  and dif ferent  years on St .  Paul 
Island, Alaska. 

STRATUM 1 

Plot # 1 
2%' 

3 
5SW 
WE 
7 
9 

1 0  
15  
16 
17 
18 
19 
20 
22 
23 

RIDGE Y ALL 

Subtotal 

STRATUM 2 

Subtotal 

TOT K 

TUFTED PUFFIPJ 

1 976 1 982 
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Figure 28. Trends in counts of red-faced cormorants in different strata 
in different years at different colonies. RFCOcred-faced 
.cormorant; P1, P2=St. Paul Island, Strata 1 and 2; G1, G2= 
St. George Island, Strata 1 and 2. 



l i n e a r l y  f rom 1976 t o  1984 i n  both co lon ies .  However, on St. Paul ,  1984 

c o u n t s  exceeded 1982 c o u n t s  i n  S t r a tum 2. Counts v a r i e d  t o  some e x t e n t  

w i t h i n  y e a r s  as  a consequence o f  sho r t - t e rm  v a r i a b i l i t y  i n  b i r d  - 

attendance, but t h e  much larger d i f fe rences  among years  suggested t h a t  a 

real population decl ine  had occurred between 1976 and 1984. 

Counts of black-legged k i t t iwakes  on St. George Is land were lower i n  

1984 t h a n  i n  ear l ier  y e a r s  (Fig. 29); t h i s  t r e n d  was n o t  as marked on St. 

Pau l  I s l a n d  (Fig. 30). These t r e n d s  are d i f f i c u l t  t o  i n t e r p r e t  because 

seasonal changes a l so  occurred d u r i n g  count  periods.  Because k i t t i w a k e  

reproductive success and product ivi ty  have been very low on t h e  Pr ib i lo fs ,  

espec ia l ly  on St. George since 1980, (see  Johnson and Baker, t h i s  volume) 

low recruitment may be one cause of t h e  apparent population decline. It 

is  encourag ing  t h a t  August counts ,  which probably i n c l u d e  s u b a d u l t  

p r o s p e c t o r s  and a d u l t  nonbreeders ,  are abou t  double  J u l y  counts ;  t h e s e  

b i rd s  may breed i n  f u t u r e  years. 

Figure 31 shows a decl ine  of red-legged k i t t iwakes  i n  a l l  s t r a t a  on 

St. George I s land  i n  1984; more s u b t l e  decl ines  apparently have occurred 

on St. Paul (Fig. 32). Productivity of red-legged k i t t iwakes  has been low 

on  t h e  P r i b i l o f s  f o r  s e v e r a l  y e a r s ,  e s p e c i a l l y  on St. George I s l a n d  (see 

Johnson and Baker, t h i s  volume). As with black-legged ki t t iwakes ,  poor 

recruitment,  along wi th  a lowered attendance of a d u l t s  a t  the  colony, may 
be f ac to r s  contr ibut ing t o  t h e  apparent dec l ine  of red-legged &ittiwakes. 

An i n f l u x  of b i r d s  was r eco rded  i n  August, a f ter  t h e  b reed ing  season;  

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

1985. 
The abundance of common murres on p l o t s  var ied g r e a t l y  among p lo t s ,  

rep l ica tes ,  and years  (Fig. 33). A t  t h i s  stage of our  analyses, t he re  are 

no clear p a t t e r n s  t o  t h i s  v a r i a t i o n .  S u b s t a n t i a l  d e c r e a s e s  on  t h e  St. 

Paul p l o t s  from the  1976 counts t o  the  1982 and 1984 counts suggested t h a t  

n e s t i n g  p o p u l a t i o n s  ( o r  e f f o r t )  might  have dec l ined .  Craighead and 

Oppenheim (1982) observed similar ( b u t  n o t  s t a t i s t i c a l l y  s l g n l f i w n t )  

decreases between 1976 and 1982. S t a t i s t i c a l  v e r i f i c a t i o n  of such changes 

i n  common murre populations remain d i f f i c u l t ,  these  b i rd s  nes t  in larger 

aggregations than many o ther  species, and thus  present  spec ia l  sampling 

problems. 
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Figure 29. Trends i n  counts of  black-legged ki t t iwakes  in d i f f e r e n t  s t r a t a  
i n  d i f f e r e n t  years a t  St .  George Island. BLKI=black-legged 
kitt iwakes,  G I ,  62, 63,  G5= S t .  George Island Strata  1, 2 ,  3  
and 5.  
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Figure 30. Trends in counts of black-legged kittiwakes in different 
strata in different years at St. Paul Island. BLK1= 
black-legged kittiwake, P1 and P2 = St. Paul Isl-and, 
strata 1 and 2, respectively. 
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Figure 31. Trends in counts of red-legged kittiwakes in different strata 
in  different years at  S t .  George Island. RLKl = red-legged 
kittiwake, G1-G5 = S t .  George Island, strata 1-5, respectively. 



- Figure 32. Trends in counts of red-legged kittiwakes in different 
strata in different years at St. Pawl Island, RLIU = 
red-legged kittiwake, P1 and P2 are strata 1 and 2. 
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Figure 33. Trends i n  counts of common murres i n  different strata 
i n  different years a t  different colonies. CaMU = 
common murre; 61-65 = St .  George Island strata 1-5; 
P1 and P2 = St .  Paul Island strata 1 and 2 .  



Thick -b i l l ed  mur re s  appear  t o  have d e c l i n e d  s l i g h t l y  on  St .  George 

Is land between 1976 and 1982, and perhaps between 1982 and 1984 (Fig. 34). 
Low counts were evident on St. Paul i n  1982 but at tendance had rebounded 

i n  1 984 on St. Paul  (Fig. 3 5). 

I n  some species,  what appear t o  be year-to-year changes i n  abundance 

might have r e su l t ed  from di f fe rences  among years  i n  t he  t iming of counts. 

For example, black-legged k i t t iwake  and common murre counts on St. George, 

b u t  n o t  o n  St. Paul,  were l o w e r  i n  1984 t h a n  i n  1982. Because t h e  1984 

c o u n t s  took p l a c e  e a r l i e r  on  St. George t h a n  on  S t ,  Paul ,  i t  i s  p o s s i b l e  

t h a t  a normal seasonal increase in colony attendance by these b i rds  caused 

t h e  annual  d i f f e r e n c e  i n  counts ,  e s p e c i a l l y  i f  c o u n t s  i n  1982 on b o t h  

i s l ands  were later than the  1984 St. George counts. 

Population Estimation 

Methods 

Popu la t i on  estimates of  s e a b i r d  c o l o n i e s  i n  Alaska,  and probably  

e l sewhere ,  are p r i m a r i l y  made s imp ly  by making g r o s s  v i s u a l  coun t s  o f  

numbers of  b i r d s  e i t h e r  from a b o a t  o r  a i r c r a f t .  While of  unknown 

accuracy o r  precision,  these  estimates probably s u f f i c e  t o  give general  

ind ices  of colouy s i z e s  and species  composition. 

Hore de t a i l ed  s t u d i e s  of seab i rd  population sizes have been based on 

mean density/area estimates. These have been of two 'types: one type of 

estimate is based on the  extrapolat ion of dens i t i e s  in known areas  (sample 

p l o t s )  t o  t h e  r ema inde r  of t h e  colony (e.g., P e t e r s e n  and Sigman 1977). 

me a l t e rna t ive  approach has been t o  p h o t o g r a p h i c a l l y  sample  t h e  colony 

and base  t h e  estimates o n  e x t r a p o l a t i o n s  of  c o u n t s  o f  b i r d s  i n  t h e  

photographs (Hickey and Craighead 1977). 

Our s t r a t e g y  a t  p o p u l a t i o n  e s t i m a t i o n  w a s  based on sampl ing  s t u d y  

p lo t s .  Ye s e l e c t e d  t h i s  approach over  t h e  photographic  method f o r  t h e  

. following reasons: 

1) P h o t o - i n t e r p r e t a t i o n  t a k e s  a large time i n v e s t m e n t  such 

t h a t  under the time l i m i t a t i o n  permitted, no r e p l i c a t i o n  of 

counts could be made, 
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Figure 34. Trends i n  counts of th ick-bi l led  murres i n  d i f f e r e n t  
s t r a t a  i n  d i f f e r e n t  years on S t .  George Island.  TBMU = 
thicked-bil led murre; 61-65 = S t .  George Island s t r a t a  
1-5. 
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Figure 35. Trends fn  counts of thfck-billed murres i n  different 
strata i n  different years on St .  Paul Island. TBMU = 
thick-billed murre; P1 and P2 = St.  Paul Island strata 
1 and 2. 



2) Although t h e  sampling method o u t l i n e d  by Hickey and 

Craighead (1 977) p e r m i t t e d  ca l cu l a t i on  of standard e r ro r s .  

among samples of photographic counts, no confidence l i m i t s  

could be calculated f o r  spec ies  population estimates.  Only 

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

c o r r e c t i o n  f a c t o r s  o f  unknown p r e c i s i o n  were used t o  

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

species  of seabirds. 

3) Photographic censusing has been shown t o  be a usefu l  t oo l  

i n  censusing seabirds; however without extreme care i t  is  

s u b j e c t  t o  c o n s i d e r a b l e  b i a s  (underestimation) due t o  t h e  

i n a b i l i t y  t o  r e s o l v e  i n d i v i d u a l  b i r d s  i n  photographs. 

Although recognized  by Hickey and Craighead (1 977), t h e  

e r r o r  introduced by t h i s  problem is not  incorporated i n t o  

t h e i r  estimates. 

Since one of our object ives  was t o  der ive  s t a t i s t i c a l l y  .supper tab le  

estimates with known confidence l i m i t s ,  t h e  photographic  method i n  i t s  

p r e s e n t  form, was inapp rop r i a t e .  Although t h e  work by Hickey and 

Craighead (1 977) provides a good, well-documented base f o r  improving t h e i r  

method, w e  f e l t  a b e t t e r  and quicker s e l ec t i on  could be obtained s t a r t i n g  

wi th  sample p l o t s  r a t h e r  than photographic sample techniques. 

Our sampl ing  scheme i n c o r p o r a t e d  t h e  u s e  of s t ra ta  sugges ted  by 

Hickey and Craighead (1977) and i n t r o d u c e d  t h e  u s e  of count ing  c l u s t e r s  

(aggregation) of birds. The importance of counting c l u s t e r s  is discussed 

l a t e r  i n  t h i s  s ec t i on .  A comparison of t h e  e s t i m a t i o n  des ign  used by 

Hickey and Craighead (1977) w i t h  o u r s  is  shown i n  F i g u r e  36. The 

procedure  used by P e t e r s e n  and Sigman (1 977) i s  n o t  d e t a i l e d  i n  t h e i r  

r e p o r t  bu t  appea r s  t o  be a s i m p l e  v e r s i o n  o f  t h e  methods w e  employed, 

La, without the  use of s t r a t a  o r  c l u s t e r  counting stages. 

of Ass-. There are th ree  s t e p s  i n  our es t imat ion  

scheme t h a t  w e  w i sh  t o  a s c e r t a i n  t h e  n e c e s s i t y / v a l i d i t y  of inc lud ing .  

These a r e  c l u s t e r  count ing ,  u s e  of s trata,  and e x t r a p o l a t i o n  based o n  

area. 
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Figure 36, Comparison of population estimation techniques used by Hickey 

and Craighead (1977) and t h i s  study. The photograph based 
method requires  two p a r a l l e l  sampling programs; photography 
t o  estimate numbers of b i rds ,  sample p l o t s  t o  determine species  
composition. The c l u s t e r  count method is simpler (only one 
type of sampling) but requires  an independent measure of 
occupied c l i f f  area. 



-. One of t h e  f e a t u r e s  of s e a b i r d  c o l o n i e s  t h a t  l e d  u s  t o  

seek a refinement of past  methods of seabird  population es t imat ion  was t h e  

observation t h a t  b i rd s  are of ten  clumped. The tendency f o r  t h i s  t o  occur 

is summarized f o r  a s e l ec t i on  of species  from St. George Island--Strata 1 

p l o t s  i n  F i g u r e  37. A l l  s p e c i e s  had a predominance of c l u s t e r  s i z e  1 

(i.e., s i n g l e  b i r d s ) ,  however, t h e  m t a i l e d n e s s m  of t h e  d i s t r i b u t i o n  was 

q u i t e  varied. A t  one extreme were species  such as northern fulmar which 

u s u a l l y  occur red  i n  ones  o r  twos. Host  s p e c i e s  fo l l owed  t h i s  p a t t e r n  

( o c c a s i o n a l l y  group s i z e s  were larger, b u t  average  group s i z e  r a r e l y  

exceeded two), Thick-billed murres exhibi  ted a s i m i l a r  p a t  t e r n  a l  though 

l a r g e r  group s i z e s  were more f requent .  The shape of t h e  t h i c k - b i l l e d  

murre graph closely  approximates a common mathematical d i s t r i b u t i o n  known 

as l o g - s e r i e s  d i s t r i b u t i o n ,  The d i s t r i b u t i o n  of s p e c i e s  showing t h e  

northern fulmar pa t te rn  a l s o  f i t  log-series d i s t r ibu t ions ,  espec ia l ly  when 

l a r g e r  samples  a r e  t a k e n  and t h e  occu r r ence  of a f e w  larger c l u s t e r s  i s  

more evidenk 

Common murres, In contras t ,  have extreme1 y long-tailed dis t r ibut ions .  

Although only a few very large groups are present they are s o  much larger 

t h a n  t h e  o t h e r s  t hey  c o n t a i n  a large p r o p o r t i o n  of t h e  b i r d s ,  I n  F i g u r e  

37 almost ha l f  of the  common murres represented i n  t he  graph are accounted 

f o r  i n  t h e  one group a t  t h e  r i g h t  hand extreme. The shape  of  t h i s  g raph  

approximates a negative-binomial d i s t r i b u t i o n ,  I n  t h e  tests p re sen t ed  

earlier f o r  among-year and seasonal t reads  i n  abundance t he re  were o f t en  

large dif ferences  i n  t h e  absolute  number of birds,  but  a failure t o  f i n d  

s ign i f i can t  di f ferences  be tween groups. For example, on St. Paul Island, 

t h e  changes i n  number of common murres on s tudy  p l o t s  among y e a r s  were 

proportionally g rea t e r  than f o r  thick-bil led murres; however, d i f ferences  

were not s i gn i f i can t  f o r  the  common murres but w e r e  highly s ign i f ican t  f o r  

t h i c k - b i l l e d  murres. I n  p a r t ,  t h i s  appea r s  t o  be due t o  common murre  

changes occurring as a few large differences  on individual  plots ,  whereas 

t he  thick-bil led murres change i n  abundance more uniformly across  p l o t s -  

t h e  s t a t i s t i c a l  tests emphasize t h e s e  more un i form t e n d e n c i e s  which 

increase  our confidence i n  extrapolat ing t o  make whole colony inferences. 

Host population es t imat ion  schemes r e l y  on simple sampling pr inc ip les  

t h a t  may i n c l u d e  such f e a t u r e s  a s  s t r a t i f i c a t i o n  and /o r  subsampling.  

These schemes make very  few assumpt ions  abou t  t h e  d i s t r i b u t i o n s  of  t h e  



Figure 37 . Frequency d i s tr ibut ion  o f  c lus ter  s i z e s  (aggregations) 
of seabirds.  



sample  d a t a  s e t  and may be r e f e r r e d  t o  a s  nmodel-freew. Model-free 

e s t i m a t o r s  a r e  a p p r o p r i a t e  f o r  complex sample  d e s i g n s  o r  i f  t h e r e  a r e  

severa l  a t t r i b u t e s  of i n t e r e sL  However, i n  order t o  be f l e x i b l e  enough 

t o  accommodate many s i tua t ions ,  these procedures a r e  f requent ly  suboptimal 

f o r  any one s p e c i f i c  case. A s i m p l e  s ampl ing  t h e o r y  approach i s  t o  

extrapolate  the  mean density of seabirds i n  study p l o t s  t o  t h e  a r ea  of t h e  

t o t a l  colony (mean d e n s i t y / a r e a  e s t i m a t o r )  a s  was done by Hickey and 

Craighead (1977) when e x t r a p o l a t i n g  c o u n t s  i n  photographs t o  t h e  t o t a l  

i s l a n d  c l i f f  area .  However, f o r  s t u d i e s  i n v o l v i n g  s e a b i r d  popu la t i on  

e s t i m a t i o n  where t h e r e  i s  o n l y  one a t t r i b u t e  of i n t e r e s t ,  abundance, 

ana lys i s  of the  frequency d i s t r i bu t ion  may j u s t i f y  t he  assumption of known 

mathemat ica l  forms (e.g., l o g - s e r i e s  o r  negat ive  binomial d i s t r i bu t ion )  

permit t ing r e s u l t s  from c l a s s i c a l  mathematical theory t o  be applied. 

The u se  of model-based e s t i m a t e s  (i.e., a  model f o r  t h e  f requency  

d i s t r i b u t i o n  of abundance) has been applied i n  o ther  a r e a s  of s t a t i s t i c a l  

ecology (e.g., see Boland 1983), l a t e r  i n  t h i s  s ec t i on  w e  explain  t h e  use  

of t h i s  m e  thodology f o r  seabird  population es tima t i o a  

---Using a s t r a t i f i e d  sample procedure can o f t e n  improve (reduce 

the  variance) of estimates. The value of s t r a t i f i c a t i o n  a t  t he  P r i b i l o f s  

was w e l l  documented by Hickey and Craighead (1977) by t h e  d i s t r i b u t i o n  of  

seabirds  among s t r a t a  For example, red-faced cormorant were r e s t r i c t e d  

t o  t h e  lowest two s t r a t a  and red-legged k i t t iwakes  were most abundant i n  

t he  highest  stratum. 

---Probably a l l  p o p u l a t i o n  e s t i m a t i o n  schemes used i n  s e a b i r d  

s tud i e s  r e l y  on extrapolat ing counts i n  sampled areas (study p lo t s )  t o  the  

a r e a  of t h e  e n t i r e  colony. Use o f  a r e a  t o  e x t r a p o l a t e  s t u d y  p l o t  c o u n t s  

t o  t d t a l  colony p o p u l a t i o n  r e q u i r e s  t h a t  w e  assume t h a t  coun t s  of b i r d s  

a r e  re la ted  t o  area;  t h a t  w e  know t h e  a r e a  of t he  study plots ;  and t h a t  w e  

know t h e  t o t a l  a r e a  t o  be  e x t r a p o l a t e d  to.  These t o p i c s  a r e  d i s c u s s e d  

below. 

.. 
Is s-e a of  w e  areal This assumption 

was evaluated by t e s t i n g  f o r  cor re la t ion  between abundance and a r ea  on our 

s tudy  p lo t s .  The a r e a  of s t u d y  p l o t s  was de te rmined  by p r o j e c t i n g  



photographic s l i d e s  taken of the p l o t s  from t h e  same vantage t h a t  counts 

were made and p l a n i m e t e r i n g  t h e  area c e n t e r e d  w i t h i n  t h e  c o u n t  a rea .  
B i r d s  ( m u r r e s  and /or  k i t t i w a k e s )  i n  t h e  p i c t u r e  were used  as  s c a l i n g  

f a c t o r s  f o r  s i z e .  The r e s u l t s  are  summarized i n  F i g u r e s  38 and 39. 

Surpr is ingly ,  t h i s  seemingly i n t u i t i v e  assumption is no t  always correct .  

The trend f o r  red-faced cormorant and red-legged k i t t iwakes  are negative 

but  no-significant. S ign i f i c an t  p o s i t i v e  c o r r e l a t i o n s  were found o n l y  

f o r  northern f u l m a r ,  black-legged k i t t iwake ,  and th ick-bi l led  murres a t  

St. George Is land.  None of t he  co r r e l a t i ons  f o r  Cape Peirce  s eab i rd s  were 

s i g n i f i c a n t .  Only t h e  t h i c k - b i l l e d  mur r e  o n  St. George e x h i b i t e d  a 

moderately s t rong  co r r e l a t i on  in suppor t  of t h i s  fundamental hypothesis. 

Area of -. The r a t i o  of t h e  area of t h e  colony t o  t h e  area 

sampled i s  t h e  f a c t o r  t h a t  is used  t o  e x t r a p o l a t e  p l o t  c o u n t s  t o  co lony  

populat ion size,  Exis t ing estimates of c l i f f  area i n  t h e  s tudy colonies  

are ava i lab le  on ly  f o r  t h e  P r i b i l o f  I s l ands  (Hickey and Craighead 1976). 

Even these  estimates are inappropr ia te  f o r  our needs (but were s u i t a b l e  

f o r  t h e  pho tog raph i c  methods  o f  Hickey and Craighead).  Because s e a b i r d  

study p l o t s  were selected based on c l i f f s  w i th  b i rds ;  w e  need t o  know t h e  

t o t a l  c l i f f  area occupied  by b i r d s ,  n o t  t o t a l  c l i f f  a r e a  Othe rwi se  

populat ion estimates w i l l  be biased and much t o o  large. A survey of c l i f f  

a v a i l a b i l i t y  t o  b i rd s  is much beyond t he  scope of  t h i s  study. Prel iminary 

e s t ima t e s  of cl iff  a v a i l a b i l i t y  on St. George I s land  were made as follows. 

Population estimates f o r  St. George I s land  were derived by Hickey and 

Craighead (1 977) u s i n g  a p h o t o - i n t e r p r e t a t i o n  t echn ique .  They a1 s o  

provided counts of  seab i rds  on t h e  same study p l o t s  w e  used. Use of these  

m u l t i p l e  s o u r c e s  o f  d a t a  p e r m i t t e d  u s  t o  estimate t h e  area of  c l i f f  

occup i ed  by e a c h  s p e c i e s  of  s eab i rd .  The number o f  s e a b i r d s  p r e s e n t  i n  

1976 were es t imated us ing t h e  t o t a l  area of c l i f fs  i n  each s t ra tum and t h e  

number of b i r d s  recorded on study p l o t s  (only s tudy p l o t s  common t o  1976 
and 1984 were used). This estimate is c e r t a i n l y  t o o  l a rge ,  however, t h e  

r a t i o  of t h i s  number t o  t h e  independent populat ion estimates determined by 

Hickey and Cra ighead  (1 977) p r o v i d e s  a c o r r e c t i o n  f a c t o r  f o r  r e d u c i n g  

t o t a l  areas t o  areas o f  s e a b i r d  c l i f f  h a b i t a t .  We c a l c u l a t e d  t h i s  

cor rec t ion  fact o r  f o r  each species and strata 



I n  the ca lcu la t ion  of population size w e  e t e r m i n e d  t h a t  the number 

of sample p l o t s  i n  S t r a t a  3, 4, and 5 were i n s u f f i c i e n t  (0-3) t o  ca l cu l a t e  

w i t h  any r e l i a b i l i t y  t h e  number of b i r d s  i n  t h e s e  s t ra ta  Therefore ,  

c o r r e c t i o n  f a c t o r s  are o n l y  f o r  t h e  l o w e r  two strata. These c o r r e c t i o n  

f a c t o r s  are summarized below. - - 
Northern fulmar 0 -604 0 -334 

Red-faced cormorant 0 -682 0.317 

Black-legged k i t  tiwake 1.111 0 -377 

Red-legged k i t  tiwake 1.053 0.273 

Common murre 0.125 0 -755 

Thick-billed murre 0.351 0.375 

Some of t h e s e  c o r r e c t i o n  f a c t o r s  a r e  s u r p r i s i n g  i n  t h a t  t h e  

occurrence of high values, espec ia l ly  those g rea t e r  than 1, i nd i ca t e  t h a t  

e i t h e r  the  study p l o t s  are not  represen ta t ive  of t he  strata, o r  t h a t  the  

population estimates (those of Hickey and Craighead 1977) are unreliable. 

If a c o r r e c t i o n  f a c t o r  i s  greater t h a n  1.0, one  may imply  t h a t  a t  t h e  

density of b i rds  recorded on t h e  study p l o t s  t he re  is  i n s u f f i c i e n t  c l i f f  

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

Hickey and Craighead (1977)--even i f  a l l  c l i f f  h a b i t a t  we're u s a b l e  by 

birds. Note t h a t  our estimates f o r  t o t a l  populations i n  1984 are i n  t u r n  

dependent on t h e  accuracy of these cor rec t ion  f a c t o r s  which are dependent 

on the  19'76 population estimates. 

of  P-n E s t i m a t i o n .  Our review of t h e  s t eps  i n  our  

proposed es t imat ion procedure provided mixed r e s u l t s .  The procedure  of  

coun t ing  c l u s t e r s  of s e a b i r d s  appea r s  t o  be  suppor ted  i n  t h a t  some 

species,  a&, common murre, tend t o  occur i n  d i s c r e t e  aggregations, and 

t h a t  t h e  f requency d i s t r i b u t i o n s  of  c o u n t s  o f  a l l  s p e c i e s  -fft known. 

mathemat ica l  d i s t r i b u t i o n s .  T h i s  f a c t o r  of coun t s  can  be u sed  t o  

advantage i n  model s e l ec t i on  f o r  population e s t i m a t i o n  The use of strata 

a l s o  appears t o  be advantagous although sampling i n t e n s i t y  in some strata 

appea r s  t o  be  i n s u f f i c i e n t .  The major  problem appea r s  t o  be w i t h  t h e  

f i n a l  s t e p  of t h e  e s t i m a t i o n  procedure,  t h e  e x t r a p o l a t i o n  t o  t h e  whole 



colony. The problem is two-fold, t he  first being that we do not  have good 

es t imates  of t he  a r e a  t o  ex t rapola te  into. Although w e  have es t imates  of 

t o t a l  c l iff  a r e a s  f o r  the  P r ib i lo f s  from Hickey and Craighead (1 9'771, t he  

sample p l o t s  comprise an  extremely biased subse t  of t h i s  a r e a  and a sample 

r a t i o  of sample p l o t  a r e a s  t o  t o t a l  c l i f f  a r e a s  would n o t  p rovide  a 

su i t ab l e  extrapolat ion factor ,  This problem is made moot by t h e  second 

f inding tha t  seabird counts on study p l o t s  are generally not s ign i f i can t ly  

c o r r e l a t e d  w i t h  area sampled. Even where a c o r r e l a t i o n  e x i s t s ,  t h e  

re la t ionsh ip  appears t o  be q u i t e  weak (considerable s ca t t e r ing  around the  

r e g r e s s i o n  l i n e s  i n  Figs. Figs. 38 and 39) such t h a t  a r e a  would n o t  be 

expected t o  be a good predictor  of ' seabird abundance. This means t h a t  w e  

are unable  t o  provide  r ea sonab le  e s t i m a t e s  of  s e a b i r d  p o p u l a t i o n s  and 

c o n s i d e r a b l e  r e s e a r c h  w i l l  have t o  be i n v e s t e d  i n t o  t h e  s t u d y  of which 

v a r i a b l e  t o  measure i n  o r d e r  t o  e x t r a p o l a t e  s t u d y  p l o t  c o u n t s  t o  t o t a l  

population sizes i f  such r a t i o  es t imators  are t o  be used. 

I n  t h e  following sec t ion  we develop t h e  appropriate estimators and 

explore the  improvement i n  precis ion obtained by using cluster-counting 

over mean density/area es t imators  without ac tua l ly  making t h e  l a s t  s t e p  i n  

es t imat ing t o t a l  population size. 

urn Like l ihood  Es-. Within t h e  c l a s s i c a l  s tudy  of 

frequency d is t r ibu t ions ,  a g r e a t  dea l  of work has been done i n  determining 

optimal ( s m a l l  variance) estimates of v&ious parameters. The method t h a t  

h a s  t h e  b e s t  p r o p e r t i e s  (as o u t l i n e d  below) are maximum l i k e l i h o o d  

estimators. The h i s to ry  and use of m a x i m u m  l ikel ihood est imat ion is long 

and q u i t e  d i v e r s e  (see S i l v e y  [I9701 f o r  a complete  development and 

discussion of these estimates), For t h e  appl ica t ion  t o  t h e  es t imat ion of 

population t o t a l s  severa l  cha rac t e r i s t i c s  of maximum l ikel ihood est imat ion 

are impor tan t .  The most i m p o r t a n t  i s  t h e  fact  t h a t  f o r  large samples ,  

maximum l i k e l i h o o d  estimates have t h e  smallest v a r i a n c e  (see S e r f l i n g  

1980) and t h e  estimates are unbiased. Given t h e s e  two f a c t s ,  w e  have 

applied maximum l ikel ihood es t imat ion  procedures i n  t h i s  study. 

The c o n s t r u c t i o n  o f  maximum l i k e l i h o o d  estimates is  q u i t e  d i r e c t .  

The first s t e p  is s p e c i f i c a t i o n  of t h e  f requency  d i s t r i b u t i o n  f o r  t h e  

data.  Tha t  is, a probaklJ.itv f o r  t h e  data .  Th i s  c o n s t r u c t i o n  

s e r v e s  s e v e r a l  purposes. F i r s t ,  i t  models observed abundance pa t t e rns .  
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Second, i t  i n c o r p o r a t e s  t h e  sampl ing  des ign ,  lee., s t r a t i f i c a t i o n  and 

enumeration of clusters.  This spec i f i ca t i on  of a probabi l i ty  model f o r  

t h e  d a t a  y i e l d s  t h e  e s t i m a t e s  by t h e  t echn ique  of maximizing t h e  

p r o b a b i l i t y  f u n c t i o n  ( l i k e l i h o o d )  w i th  r e s p e c t  t o  t h e  model pa rame te r s  

(see S i l v e y  1970). The v a r i a n c e  of  t h e s e  e s t i m a t e s  may be d e r i v e d  

d i r e c t l y  using a technique ca l led  t h e  delta-method (see Ser f l ing  1980). 

ed es-of - f ifit --An i m p o r t a n t  a s p e c t  o f  

model-based es t imat ion is t h e  s e l ec t i on  of a model. It is c l e a r  t h a t  f o r  

a var ie ty  of abundance pat terns  there  should be a var ie ty  of probabi l i ty  

models. And thus, before m a x i m u m  l ikel ihood es t imat ion  can occur i t  is 

necessary  t o  s e l e c t  among a se t  of  a l t e r n a t i v e  models ( f requency  

d i s t r i b u t i o n s ) .  The models from which w e  s e l e c t e d  when f i t t i n g  t h e  

c l u s t e r  size frequency d i s t r i bu t ions  t o  known ma thema t i ca l  d i s t r i b u t i o n  

were: (1) Poisson,  (2) l o g - s e r i e s ,  and (3) n e g a t i v e  binomial) .  A s  

described earlier, Individual spec ies  may vary a s  t o  which model would be 

most appropriate; t h i s  leads  t o  a goodness-of-fit problem. I n  t h e  model 

s e l e c t i o n  p roces s  f o r  abundance da t a ,  a s  w i l l  be d e t a i l e d  l a t e r ,  i t  i s  

possdble t o  use a standard Chi-squared goodness-of-fit procedure (see Rao 

1975). These procedures are only appropria te  f o r  Indepe'ndent, i den t i ca l l y  

dis t r ibuted,  random variables. These standard a s s k p t i o n s  a r e  not  m e t  i n  

t h i s  study, therefore we have used a l t e r n a t e  methods, a s  de ta i led  below. 

Probabilitv models. There are several  f ea tu re s  of t he  abundance 

da t a  t h a t  need t o  be incorporated i n t o  t h e  m o d e l  f o r  t he  d a t a  O f  primary 

importance is aggregation of the  b i rd s  on c l i f f s  (La, clumping of b i rd s  

I n t o  clusters) .  ~ d d i t i o n a l l ~ ,  t h e  aspect  of s t r a t i f i c a t i o n  of t h e  sample 

area needs t o  be  accounted for .  The f o l l o w i n g  model f o r  c l u s t e r i n g  of 

. . individuals  u s e s  t h e  t echn iques  d e t a i l e d  i n  P a t i l  e t  a l .  (1978). The 

assump%ions of t h i s  model are a s  follows: 

L e t  €NI be t h e  number of c l u s t e r s  wi thin  t h e  colony. 

L e t  (Ij, j=1, . . . ,NI be t he  number of ind iv idua ls  within c l u s t e r s  
l, . . . ,N. 



Then the  t o t a l  number of individuals  wi thin  the  colony may beexpressed a s  

N 

T h i s  e x p r e s s i o n  f o r  t h e  abundance o f  i n d i v i d u a l s  i n  t h e  colony h a s  

several  consequences. Host importantly it accommodates t h e  occurrences of 

s p e c i e s  t h a t  do n o t  c l u s t e r .  T h i s  i s  s p e c i f i e d  by l e t t i n g  Yj=1 f o r  

j=l,...,N and t h u s  l e t t i n g  N be t h e  t o t a l  number of  i n d i v i d u a l s  i n  t h e  

colony. 

To u t i l i z e  t h i s  model f o r  e s t i m a t i o n  of  t h e  t o t a l  p o p u l a t i o n  X, w e  

must  i n c o r p o r a t e  t h e  sampl ing  design.  This  i s  t h e  s t e p  t h a t  i n t r o d u c e s  

t h e  probabi l i ty  model f o r  t h e  sampled p l o t s  wi thin  s t ra ta .  There a r e  two 

d i s t i n c t  frequency d i s t r i bu t ions  of i n t e r e s t .  They are: 

(1) The d i s t r i b u t i o n  of t he  number of c l u s t e r s  ( N )  on a p lo t ,  

(2) The d i s t r i b u t i o n  of the  size (yj)  of c l u s t e r s  wi thin  a  Plot. 

Add i t i ona l ly ,  t o  a l l o w  f o r  t h e  h e t e r o g e n i t y  of  areas w i t h i n  t h e  colony,  

t h e  es t imates  w i l l  b e  b a s e d  o n  s t r a t a ;  i.e., s e p a r a t e  f r e q u e n c y  

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

extrapolated t o  t he  e n t i r e  colony. To ex t rapola te  t o  t he  e n t i r e  colony i t  

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

d i s t r i bu t ions  given above. Considering t h e  form of t h e  t o t a l  population 

as a funct ion of t h e  number of c l u s t e r s  and c l u s t e r  s i ze ,  w e  can construct  

a  p a r a m e t r i c  form f o r  t h e  number o f  i n d i v i d u a l s  on  p lo t s .  T h i s  form i s  

the  mean o r  expectation of t h e  d i s t r i b u t i o n  -of t h e  number of ind iv idua ls  

on a ploL This is wr i t t en  as 

where E(.) i s  t h e  e x p e c t a t i o n  of  t h e  random v a r i a b l e  wi th in .  1 n . o t h e r  .. . 

. words, t o  e x t r a p o l a t e  t h e  number o f  b i r d s  o n  a p l o t  (.and strata) t o  t h e  

e n t i r e  colony, t h e  e x p e c t a t i o n  of  t h e  number o f  c l u s t e r s  times t h e  

expectation of t h e  s i z e  of t h e  c l u s t e r  must be estimated and then enlarged 

t o  t h e  e n t i r e  s i z e  of  t h e  colony. To  accompl i sh  t h i s  i t  i s  neces sa ry  t o  

e s t i m a t e  t h e  pa rame te r s  o f  t h e  above expec t a t i ons .  The form of  t h e s e  



parameters depends on the  respec t ive  d i s t r ibu t ions .  Thus i t  is necessary 

t o  f i t  s e v e r a l  mathemat ica l  d i s t r i b u t i o n s  t o  t h e  c l u s t e r  size/frequency 

d i s t r i b u t i o n s  t o  e s t i m a t e  t h e s e  parameters .  A s  w e  mentioned e a r l i e r ,  

maximum l ikel ihood es t imates  w i l l  be used f o r  t h i s  task. 

of nocdnms-of-fit. Some c r i t e r i a  a r e  r e q u i r e d  

f o r  evaluating which model is most appropriate. Two such c r i t e r i a  t h a t  

were a p p l i e d  a r e  based on  t h e  Chi-squared goodness -of - f i t  tes t ,  and t h e  

l ikel ihood r a t i o  test. The Chi-squared test is one of t h e  more commonly . 

a p p l i e d  tests used  t o  s p e c i f y  i f  t h e  chosen model is  c o r r e c t .  It  i s  

appl icable  when N independent observations a r e  c l a s s i f i e d  i n t o  one of K 

d i s t i n c t  c a t e g o r i e s .  Taking O(i)  t o  be t h e  nobservedn number of  

i n d i v i d u a l s  i n  t h e  i c a t e g o r y  and  E ( i )  t h e  n e x p e c t e d n  number  o f  

individuals  i n  t h a t  category, then the  s t a t i s t i c  is given by 

If w e  assume t h a t  t h e  model f rom which t h e  E1s were computed i s  

c o r r e c t ,  t h e  s t a t i s t i c  converges  ( a s  N ge ts  l a r g e )  t o  a ~2 random 

variable.  Thus, large values of the  s t a t i s t i c  suggest  t h a t  t h e  model is  

i n a p p r o p r i a t e ;  t h i s  i s  t r u e  even  i f  t h e  model (and t h u s  t h e  E1s) depend 

upon parameters t h a t  have been estimated i n  some e f f i c i e n t  manner. These 

d e t a i l s  a r e  w e l l  documented i n  Rao (1 973:37 1). Using t h e s e  p r e v i o u s l y  

. d e f i n e d  s t a t i s t i c s ,  one can deve lop  a d i a g n o s t i c  f o r  d i s c r i m i n a t i n g  

between models, e.g., choose t h e  model t h a t  was l e a s t  re jectedw (largest 

P-value) acco rd ing  t o  t h e  ~2 goodness -of - f i t  test. Rip ley  (1 980) 

discusses t h e  use of s i m i l a r  diagnostics. Although methods based on t h e  

above Chi-squared goodness-of-fit s t a t i s t i c s  are i n t u i t i v e l y  appealing and 

reasonably w e l l  understood, methods based on t h e  likelihood of t h e  da t a  

are usual ly  considered super i6r  (Ser f l ing  1980:347) and are appl icable  i n  

t h e  non-independent case. One such procedure ,  proposed by Cox (1961, 

1%2) is based on the  r a t i o  of t h e  maximized l ike l ihoods  f o r  two competing 

models. This diagnost ic  selects a s  super ior  t h e  model with t he  l a r g e s t  

maximized likelihood. Cox fu r the r  develops t h i s  i n t o  a test s t a t i s t i c  f o r  

t e s t i n g  between models which is, i n  t h e  l a r g e  sample  independent  ca se ,  



approximately normal. These two diagnost ics  were employed i n  se lec t ing  

t h e  models t o  be used i n  e s t i m a t i n g  p o p u l a t i o n  t o t a l s .  The Chi-squared 

procedure  was used  o n l y  i n  d e t e r m i n i n g  t h e  c l u s t e r  s i z e  d i s t r i b u t i o n s ,  

however, t he  l ikel ihood procedure w a s  appl ied t o  ove ra l l  models a s  w e l l  a s  

t o  the component dis t r ibut ions .  

o f  maximum* The maximum l ikel ihood 

e s t i m a t i o n  procedure  i s  b a s e d  o n  t h e  p r o b a b i l i t y  l a w  ( f r e q u e n c y  

d i s t r i b u t i o n )  f o r  t h e  d a t a  when t h e  d i s t r i b u t i o n  i s  a f u n c t i o n  of some 

unknown parameter Q . 

For t he  d i s c r e t e  case with observed ( q , .  .. ,xn)=x 

f o r  the  random var iable  (Xi , . -xn)=X let 

f(x;Q)=P(X=x ) and l (x ; t )= log( f (x ;Q))  

T h i s  method es t imates  the  value of the parameter t o  be t h a t  which makes 

the  da t a  most probable; i.e., t he  es t imate  maximizes 1 ( a f )  a s  a func t ion  

of p .  T h i s  maximiza t ion  can  o f t e n  be accompl i shed  u s i n g  e l e m e t a r y  

calculus  techniques--the maximum occurs where t h e  de r iva t i ve  of 1 k f )  is 

0. This may be termed wsolving the  normal equationsw; occasionally t h i s  

y ie lds  closed-form estimates. I n  o the r  cases, t h e  normal equations have 

no closed-form s o l u t i o n s  and numer i ca l  t e c h n i q u e s  a r e  requi red .  To 

i l l u s t r a t e  these ideas, some s p e c i f i c  examples a r e  included. Suppose one 

obse rves  n independent  p l o t s  of s i z e  Al,...,An w i t h  observed  number of 

c l u s t e r s  per plot  as xl,...,xn and assume t h a t  t h e  X i  has  a Poss ion  m i )  
frequency d i s t r i b u t i o n  Theref ore 

Solving these normal equations y i e ld s  



which is unbiased with variance 

I n  t h e  p rev ious  example a closed-form s o l u t i o n  ex i s t ed .  I n  t h e  

m a j o r i t y  o f  case's t h i s  i s  n o t .  t r u e  and i t  i s  neces sa ry  t o  n u m e r i c a l l y  

maximize the  likelihood. This is an  i t e r a t i v e  procedure ca l led  a Newton- 

Raphson proce.dure (see Chambers [ 19773 f o r  f u r t h e r  d e t a i l s  concerning 

implementation) . 

Results 

C o m m o n - E s t i m a t e s  of common murre populations were calculated 

f o r  t h e  f i v e  s t u d y  p e r i o d s  a t  Cape Peirce .  The performance of t h e  

e s t i m a t i o n ,  i.e., the s i z e  of  the conf idence  i n t e r v a l s  exp re s sed  a s  a 

percentage of t he  mean and the  r a t i o  of the  confidence i n t e rva l  calculated 

by our methods compared t o  a s t a n d a r d  estimate based on  mean d e n s i t y  

e x t r a p o l a t i o n  t o  a r e a  can be computed as t h e s e  are independent  of  t h e  

t o t a l  colony size. The r e s u l t s  are summarized below. 

Period 
1 

2 

3 
4 

5 

95% Confidence In t e rva l s  

a 
17 
18 

19 

2 0 

19 

Our 95% conf idence  l i m i t s  were a lways  w i t h i n  20% of  t h e  popu la t i on  

estimate. Common murres f requent ly  are highly aggregated on c l i f f s  and 

t h e  d i s t r i b u t i o n  o f  t h e i r  c l u s t e r  s i z e  approximates a negative-binomial 

dis t r ibut ion.  Use of a populat ion e s t i m a t o r  based on t h i s  d i s t r i b u t i o n  



r e s u l t s  i n  confidence i n t e r v a l s  about 0 n b t h i r d  (Ratio of  CL ' 0.33) of 

what they would have been using a s i m p l e  mean densi ty /area  es t imator ;  t h i s  - 

is a s u b s t a n t i a l  improvement. 

ed k i m - - A n  a n a l y s i s  o f  t h e  black-legged k i t t iwake  

populat ion a t  Cape Pe i rce  is similar t o  t h a t  described f o r  common murres, 

and y i e l d s  t h e  results summarized below. 

951 Confidence I n t e r v a l  - 
19 
2 4 

26 

30 
2 5 

Our populat ion estimates f o r  black-legged k i t t iwakes  are not  as prec i se  as 

f o r  common meres; however, &?5% is very good considering t h e  i n t e n s i t y  of  
sampling (only 12 plots) .  Our estimate, based on a log-ser ies  m o d e l  was 

a l m o s t  t w i c e  as p r e c i s e  ( R a t i o  o f  C.I. o f  0.5) a s  a mead d e n s i t y / a r e a  

estimator. 

St. Ge~llge Is-d ( P r m o f  -. P r e c i s i o n  o f  p o p u l a t i o n  

estimates were ca lcu la ted  f o r  t he  non-cavity c l i f  f-nesting seab i rds  us ing 

t h e  counts made during sample Pe r iod  2 ( ea r l y  July). The performance of 

our  e s t i m a t o r s  are given in Table 21. 

The performance criteria listed i n  Table 27 show t h a t  our e s t ima to r s  

performed as w e l l  as and u sua l l y  much better than t h e  mean densi ty /area  

method commonly used. 1t i s  n o t  s u r p r i s i n g  t h a t  red-faced co rmoran t  

populat ions could no t  be estimated very precise ly;  t h e  numbers o r  p l o t s  

.. . -  were no t  related t o  t h e  area sampled (Figure 37). 

Discussion 

Our e x p e r i m e n t a t i o n  w i t h  d i f f e r e n t  t y p e s  of  populat ion e s t ima t i on  

procedures po in t s  t o  severa l  techniques t h a t  could g r e a t l y  improve seab i rd  



Table 27 . E v a l u a t i o n  o f  p r e c i s i o n  o f  maximum l i k e l i h o o d  e s t i m a t o r  i n  
r e l a t i o n  t o  mean estimate and estimates based on  mean 
densi ty /area  estimator. 

95% Confidence I n t e r v a l  - +s of  POD-^ l h m u u ~ ~ ~  
Northern fulmar 15 0 -25-0.47 

Red- faced cormorant 112 0.68-1 003 

Black-legged ki t t iwake 50 0 -45-0 -60 

Red-legged k i t  tiwake 3 6 0.29-0.98 

Common murre 26 0 -29-0 -34 - 

Thick-billed murre 10 0.53-0.56 

'Based on t o t a l s  i n  two strata. 
2 ~ a t i o  is of confidence i n t e r v a l s  of  maximum likelihood estimator/C.L of 
mean density/area est imator.  Range based on S t r a t a  1 and 2 individually.  



population es t imat ion  s t ra tegies .  S t r a t i f i c a t i o n  is  supported as being an  

important  component of t h e  sampling program. Although w e  d id  no t  do any 

empi r ica l  evaluat ion of the  gains i n  p r e c i s i o n  - i n h e r e n t  i n  s t r a t i f y i n g ,  

t h e  study p l o t  d a t a  and summaries presented i n  Hickey and Cralghead (1977) 

p r o v i d e  ev idence  o f  pronounced changes  i n  abundance w i t h  c l i f f  he igh t .  

For example, no red-faced cormorants occurred above Stratum 2. 

The c l u s t e r  sampling technique proved t o  be a u s e f u l  add i t ion  t o  t he  

counting procedure. Some species,  most notably common murres, were highly  

aggregated and t h e  estimates f o r  these spec i e s  were markedly improved over 

mean densi ty /area  estimates. For a l l  species ,  estimates based on c l u s t e r  

counting and t h e  maximum l ike l ihood  estimates had much narrower confidence 

i n t e r v a l s  than mean densi ty /area  estimates. O f  t h e  spec ies  s tudied,  t h e  

c l u s t e r  size d i s t r i b u t i o n  of all except common murre be s t  approximated a 

l o g - s e r i e s  d i s t r i b u t i o n ;  common mur r e  f r equency  d i s t r i b u t i o n s  were 

negative binomial. 

Hickey and Craighead (1977) repor ted t h e i r  95% confidence i n t e r v a l  t o  

b e  wi . th in  50% of  t h e  mean estimate. Cra ighead  and Oppenheim (1982) 

rev i sed  t h i s  i n t e r v a l  t o  36%. How these  numbers were derived is unclear;  

presumably they are based on t h e  variance of counts of whi tebi rds  from t h e  

photcgraphs, La, not  spec ies  by species. Actual confidence l i m i t s  of 

i n d i v i d u a l  s p e c i s  cou ld  n o t  be  c a l c u l a t e d  (Hickey and Craighead 1977). 

Our methods r e s u l t e d  i n  b e t t e r  p r e c i s i o n  f o r  f o u r  o r  f i v e  of  t h e  s i x  

s p e c i e s  (depending o n  whe ther  t h e  compar i son  is w i t h  36 o r  50%). On a 

spec i e s  by spec ies  bas is ,  t h e  mean dens i ty  estimate is less p rec i s e  than  

t h e  methods w e  used. The most numerous spec i e s  on t h e  P r ib i l o f s ,  thick- 

b i l l e d  murre,  c o u l d  be  estimated ~ 1 0 %  u s i n g  t h e  maximum l i k e l i h o o d  

e s t ima t i on  procedure. 

There  are  some drawbacks  t o  o u r  p rocedu re  compared t o  t h e  Hickey- 

Cralghead method. Although w e  have achieved b e t t e r  precision,  w e  cannot 

determine a n  accura te  t o t a l  estimate without b e t t e r  estimates of t h e  t o t a l  

area of  s e a b i r d  h a b i t a t .  Hickey and Cra ighead  avo ided  t h i s  problem by 

. t a k i n g  random s a m p l e s  o f  pho tographs  t o  r e p r e s e n t  a l l  c l i f f  areas 

( regard less  of presence of birds). Their method does no t  p e r m i t  accura te  

s p e c i e s  i d e n t i f i c a t i o n  ( w h i t e b i r d  w a s  t h e  l i m i t  of t h e i r  s e l ec t i on )  and 

r i s k s  l o s ing  important  d i f fe rences  i n  populat ion t r ends  among spec i e s  o r  

mix ing  s p e c i e s  w i t h  d i s p a r a t e  d i s t r i b u t i o n a l  c h a r a c t e r i s t i c s  (e.g., 



poo l ing  common and t h i c k - b i l l e d  murres) s i n c e  one  must assume t h a t  

w h i t e b i r d  abundance i s  a p r e c i s e  i n d i c a t o r  of each  i n d i v i d u a l  spec ies .  

F u r t h e r ,  i t  t a k e s  l o n g e r  t o  a c q u i r e  and a n a l y z e  photographic  d a t a ,  and 

t h i s  type  of a n a l y s e s  could  r e s u l t  i n  pooled c o u n t s  o v e r  t o o  broad a 

period of t i m e .  O u r  r e s u l t s  ind ica te  t h a t  large changes i n  the  number of 

b i r d s  on  s tudy  p l o t s  may occur  o n  a scale as  small a s  t h r e e  days, 

Repeated sampling of study p l o t s  is l i k e l y  a more v i ab l e  a l t e rna t ive  than 

many photo surveys f o r  large colonies  such as St. George, 

Unfortunately, i t  appears t h a t  none of the  s tud i e s  thus  far have been 

i n t e n s i v e  enough t o  y i e l d  r e l i a b l e ,  u s e f u l  p o p u l a t i o n  estimates. The 

analyses reported upon here  ind ica te  t h a t  use of s t r a t i f i c a t i o n ,  c l u s t e r  

count ing ,  and maximum l i k e l i h o o d  e s t i m a t i o n  w i l l  r e s u l t  i n  much more 

precise  estimates than w e  have had i n  t he  past. It w i l l  be necessary f o r  

successful  implementation of t h i s  approach, as w e l l  a s  others ,  t o  place 

a d d i t i o n a l  emphasis  on de t e rmin ing  t h e  areal e x t e n t  of c o l o n i e s  (i.e., 

what  f r a c t i o n  of  t h e  colony are w e  sampl ing)  b e f o r e  w e  c a n  c o n f i d e n t l y  

ex t rapola te  r e s u l t s  from study p l o t s  t o  t o t a l  colonies. 

For same species,  such as red-faced cormorant, our da ta  reveal  very 

poor r e l a t i o n s h i p s  between number of b i r d s  and area sampled. Before  

e x t r a p o l a t i o n s  are l e g i t i m a t e ,  a b e t t e r  unde r s t and ing  of  what s e a b i r d  

hab i t a t  is, w i l l  be necessary. It appears t h a t  w e  do not know exact ly  how 

much s u i t a b l e  h a b i t a t  w e  have sampled, nor how much t o  ex t rapola te  to. 

Our p o p u l a t i o n  s tudy  focused on  f o u r  areas of r e sea rch :  t h e  

documentat ion of d i u r n a l  t r e n d s  i n  abundance, s e a s o n a l  t r e n d s  i n  

abundance, among-year treDds i n  'abundance, and an ana lys i s  of methods t o  

improve population estimators. The l a s t  two topics ,  population t rend and 

population size, a r e  t h e  major. t op i c s  of i n t e r e s t  i n  a monitoring and/or 

management program; however t h e  first two components of t h e  s t u d y  

determine l i m i t a t i o n s  on how w e  should sample t o  permit  r e a l i z a t i o n  of 

monitoring goals. A f i r m  understanding of diurnal  and long-term temporal 

(seasonal) v a r i a b i l i t y  should precede a monitoring program and should be 

incorporated In to  its study design; however, t h i s  is seldom done, 



Our ana lys i s  r e s u l t s  ind ica te  t h a t  some concerns have been overstated 

and o t h e r s  have been overlooked. Diurna l  c y c l e s  i n  a t t e n d a n c e  were 

pronounced e a r l y  i n  the  season but diminished as incubation got  underway. 

We s u s p e c t  such  c y c l e s  may become more p r e v a l e n t  l a t e  i n  t h e  s e a s o n  b u t  

have l i t t l e  d a t a  t o  s u p p o r t  t h i s  conJec ture ,  Our r e s u l t s  showed t h a t  

censuses should be conducted during t h e  incubation period when counts may 

be made over a broad segment of t he  day. The prac t ice  of making a series 

of  24-hour c o u n t s  ai t h e  s t a r t  of. a s t u d y  and u s i n g  t h a t  u p a t t e r n "  t o  

compensate better counts made l a t e r  i n  the  s tudy ( t o  co r r ec t  f o r  time of 

day) may impose a non-ex i s t en t  p a t t e r n  o n  t h e  b i rd s .  F u r t h e r ,  t h i s  

t e chn ique  may i n f l a t e  t h e  a c t u a l  p o p u l a t i o n  estimates s i n c e  i t  appea r s  

t h a t  t h e  c y c l e  i s  i n t r o d u c e d  by t h e  comings and go ings  o f  non-breeding 

b i r d s ,  whereas  n e s t i n g  b i r d s  appear  t o  occupy t h e i r  s i tes  w i t h  great 

f i d e l i t y .  If c o u n t s  are conducted e a r l y  ( o r  l a t e ? )  i n  t h e  y e a r  when 

d iurna l  cycles  are pronounced, t he  timing of censuses should be based on 

t h e  species  of p a r t i c u l a r  in te res t .  Host species  exh ib i t  d i s t i n c t  cycles 

t h a t  are no t  in phase with  each other. 

D i u r n a l  v a r i a b i l i t y  w a s  much less pronounced than an t ic ipa ted  and t h e  

longer term pa t te rns  i n  at tendance w e r e  m o r e  pronounced than anticipated. 

I n  ex t r eme  cases, - l a r g e  changes i n  t h e  number of b i r d s  occupying c l i f f s  

were noted i n  periods as sho r t  a s  three days. The most s t a b l e  number of 

b i r d s  p r e s e n t  on t h e  c l i f f s  appeared t o  be  d u r i n g  t h e  mid- incuba t ion  

period. Ea r l i e r  and later, non-breeding b i r d s  (wprospec to r su )  appear  a t  

t h e  colonies and inflate t h e  counts. 

The influence of seasonal trends may be very important i n  assess ing 

among-year t rends  i n  population size. On St, George Island,  t he  timing of 

censuses  o f  s e a b i r d s  have spanned a range  o f  d a t e s  of  app rox ima te ly  one 

month, thus confounding our a b i l i t y  t o  d i s t inguish  among-year from within- 

year pa t t e rns  i n  var iab i l i ty .  

For many species  t h e  counts on t h e  P r i b i l o f s  i n  1984 were lower than 

coun t s  made i n  1976 o r  1982, and u s u a l l y  much l o w e r  t h a n  i n  1976. I n  

general- these changes were more pronounced on St. George than on St. Paul. 

A summary of r e s u l t s  f o r  t h e  c l i f f -nes t ing  species,  excluding cav i ty  

nesters,  is a s  follows: 



- - 
Sinnificance 1984 Sinnificance 1984. 

Northern fulmar ee.1 12 n. s, 

Red-f aced cormorant • L ee L 

Black-legged kit tiwake 

Red-legged k i t  tiwake 

Common murre 

Thick-billed murre 

l ~ i f  ferences occur among-year: *=p<0 -05, **=p<0 -01 , ***=p<O ,001 , 
. . . . .  

2 ~ o s i t i o n  of  1984 r e l a t i v e  t o  1976 and 1982: I= in t emed la t e ,  L-lowest. 

The most convincing evidence f o r  a subs t an t i a l  decrease i n  population 

s i z e  has been f o r  red-faced cormorant, where numbers were much reduced on 

study p lo t s  i n  1984 r e l a t i v e  t o  1976 on bath St. George and St. Paul, For 

t h e  remaining species ,  apparent changes i n  abundance were no t  s i g n i f i c a n t  

(common murre and red-legged ki t t iwake) ,  o r  t he r e  were s ig rd f i can t  changes 

i n  abundance b u t  c o u n t s  i n  1982 were low and c o u n t s  i n  1984 were 

intermediate  (northern f u l m a r ) ,  o r  d i f f e r e n t  t rends  occurred on t h e  two 

i s l ands  (black-legged k i t t iwake  and thick-bi l led  murre). Although i t  is 

q u i t e  p o s s i b l e  t h a t  d i f f e r e n t  p o p u l a t i o n  t r e n d s  cou ld  occu r  o n  t h e  two 

is lands ,  t h e  temlency i n  1984 t o  have low counts 'on St. George but not  on ' 

St. Paul ,  and t h e  f a c t  t h a t  c o u n t s  on  S t ,  Pau l  were made a t  more similar 

times each  y e a r  t h a n  were t h o s e  o n  St .  George, l e a d s  u s  t o  t h e  s u s p i c i o n  

t h a t  t h e  c o u n t s  on  S t ,  George may r e f l e c t  s e a s o n a l  as w e l l  as y e a r l y  

e f f e c t s ,  

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

f u n c t i o n  of n e s t  succes s ,  I n  y e a r s  o f  h igh  n e s t  f a i l u r e  (1982 and t o  a 

lesser e x t e n t  1984; see Johnson and Baker, t h i s  volume) t h e  a d u l t  b i r d s  

may l e a v e  t h e  colony e a r l y ,  If t h i s  is  t h e  ca se ,  p l o t  c o u n t s  may be  a 

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

populat ion.  None the less ,  t h e  c o u n t s  on  St ,  Pau l  d i d  r e v e a l  s i g n i f i c a n t  

among-year d i f  ferences t h a t  indicated low counts i n  1982 and some recovery 



The counts of b i r d s  on study p l o t s  seemed t o  suggest  more d i f fe rences  

among y e a r s  and/or  s e a s o n  t h a n  were found t o  be s i g n i f i c a n t .  Th i s  

a p p a r e n t  l a c k  of  s e n s i t i v i t y  was due t o  t h e  n a t u r e  o f  t h e  tests, which 

gave each  p l o t  e q u a l  we igh t ing  i n  t h e  tests even  though many more b i r d s  

occurred on some compared t o  others. This a t t r i b u t e  is des i rab le  i n  t h a t  

i t  does not  allow trends on one l a rge  p l o t  t o  overshadow those on several  

smaller p l o t s  which have t r e n d s  i n  t h e  o p p o s i t e  d i r e c t i o n .  To i n c r e a s e  

precision, our population es t imat ion  analyses describe maximum l ikel ihood 

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

d i s t r i bu t ions  of known properties.  We consider i t  worthwhile t o  pursue 

t h i s  and o t h e r  avenues  o f  r e s e a r c h  w i t h  a p p l i c a t i o n s  t h a t  may assist i n  

quantifying and t e s t i n g  f o r  population trends. 

With r e s p e c t  t o  t h e  p o p u l a t i o n  e s t i m a t i o n  a n a l y s e s ,  w e  have found - 

t h a t  t h e  method of  s t r a t i f i c a t i o n  impl imented  by Hickey and Craighead 

(1 977) i s  u s e f u l  i n  improving p o p u l a t i o n  estimates based on  changes i n  

occurrance o r  density of some species  among s t r a t a  The c l u s t e r  count%- 

and maximum l ikel ihood es t imator  procedures w e  t e s t ed  always improved our  

estimates of  p o p u l a t i o n  s i z e  ove r  t h o s e  e s t i m a t e s  ach ieved  w i t h  mean 

density/area estimators. Our a b i l i t y  t o  estimate populations ranged from 

very good f o r  thick-bil led murres & 101) t o  poor f o r  red-faced cormorant 

(& 100%). While some r e f i n e m e n t  of  t h e s e  methods i s  p o s s i b l e ,  t h e  most 

p ro f i t ab l e  investment of time would be i n  determining t h e  area of study 

p l o t s  and t h e  area o f  t h e  c l i f f s  which e x t r a p o l a t i o n s  are t o  be made; 

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

population estimates. 

CONCLUSIONS 

With reference t o  our object ive  of monitoring populations of seab&ds 

a t  Cape P e i r c e  and t h e  Pr ib i lo f  Is lands  w e  make t h e  following conclusions: 

(1) No among-year d i f f e r e n c e s  i n  s e a b i r d  a t t e n d a n c e  a t  Cape 

Peirce were founnd. We did  document very rapid short-term 

changes i n  abundance a t  t h i s  colony during 1984. 

(2) - Many d i f f e r e n c e s  were found i n  c o u n t s  t a k e n  i n  v a r i o u s  
y e a r s  on  t h e  P r i b i l o f  I s l ands .  S e g r e g a t i n g  among-year 

from wi th in -yea r  t r e n d s  is  d i f f i c u l t  o r  imposs ib le .  



O v e r a l l  i t  a p p e a r s  t h a t  coun t s  i n  1982 and 1984 a r e  low 

r e l a t i v e  t o  1976 but t h e  posi t ion of 1984 r e l a t i v e  t o  1982 

i s  more d i f f i c u l t  t o  a s c e r t a i n  The most s u p p o r t a b l e  

evidence of an ac tua l  population decrease is f o r  t h e  red- 

faced cormorant. The magnitude of t h i s  change cannot be 

s t a t e d  a s  ou r  a n a l y s e s  i n d i c a t e  t h a t  c o u n t s  of t h i s  

s p e c i e s  a r e  n o t  c o r r e l a t e d  w i t h  p l o t  s i z e  and t h u s  a l l  

population es t imates  a r e  suspect. Counts on study plots ,  

however, have decreased approximately 76%. 

(3)  The d a t a  base  f o r  mon i to r ing  s e a b i r d s  a t  t h e s e  c o l o n i e s  

may no t  be adequate f o r  measuring po t en t i a l  impacts of OCS 

. ac t iv i ty .  Most of t h e  ex i s t i ng  basel ine  (including 1984) 

cons i s t s  of a t t empts  t o  get a  set of counts i n  a  series of 

years .  Our a n a l y s e s  i n d i c a t e  t h a t  t h e  t i m i n g  of t h e s e  

c o u n t s  i s  c r i t i c a l  i f  l e g i t i m a t e  comparisons  a r e  t o  be 

made t o  d e t e c t  among-year changes. F u r t h e r ,  w e  s u g g e s t  

t h a t  t h e  a n a l y t i c a l  p rocedures  used have n o t  adequa t e ly  

e x t r a c t e d  a l l  t h e  r e l e v a n t  i n f o r m a t i o n  conta ined  i n  t h e  

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

abundance. A more through appraisal  of ana lys i s  and d a t a  

c o l l e c t i o n  procedures  w i l l  be e s s e n t i a l  t o  p rov ide  

r e l i a b l e  monitoring of seabird populations. 

I n  terms of achieving our  o r ig ina l  object ives ,  w e  had mixed success. 

The most  i m p o r t a n t  f i n d i n g  of  our  r e s e a r c h  was t h a t  our  a n a l y s e s  o f  t h e  

i m p l i c i t  assumptions of the  s tud i e s  we were repeat ing were of ten  invalid. 

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

demonstrates t h a t  s i ng l e  point-in-time counts of seabirds  are of l im i t ed  

u s e  i n  mon i to r ing  s eab i rd s .  Because t h e  w b a s e l i n e n  s t u d i e s  on  t h e  

Pr ib i lo f  I s lands  i n  1976 and 1982 are of s ing le  counts, i t  is impossible 

t o  t es t  f o r  d i f f e r e n c e s  i n  p l o t  a t t e n d a n c e  among y e a r s  (1976, 1982, and 

1984) independent  o f  sho r t - t e rm  v a r i a b i l i t y  i n  c l i f f  a t t e n d a n c e .  

Moni tor ing of  t r e n d s  o v e r  time i s  c e r t a i n l y  p o s s i b l e ,  b u t  w i l l  r e q u i r e  
* 

subs t an t i a l l y  more e f f o r t  than has  .been expended. 

Population es t imat ion  a l s o  posed d i f f i c u l t i e s  i n  t h a t  t h e  f i n a l  s t e p  

of e x t r a p o l a t i n g  c o u n t s  on  s t u d y  p l o t s  t o  t h e  t o t a l  colony proved 



u n s a t i s f a c t o r y .  The assumpt ion  t h a t  c l i f f  a r e a  could be used  t o  

ex t rapola te  seabird counts was erroneous o r  weak. Although t h i s  precluded 

t h e  d e r i v a t i o n  of s u p p o r t a b l e  p o p u l a t i o n  e s t i m a t e s ,  w e  found t h a t  t h e  

changes i n  methodology w e  t e s t e d ,  i.e., n c l u s t e r  count ingn  of  b i r d s  and  

the  use  of maximum l ikel ihood es t imators ,  markedly improved precis ion of 

es t imates  a s  compared t o  t h e  mean densi ty/area  type es t imators  of previous 

studies. I n  order t o  ob ta in  es t imates  of t o t a l  population sizes it w i l l  

be necessary t o  obtain  improved descr ip t ion  of seabird  c l i f f  h a b i t a t  and 

measurement of t h e  a v a i l a b i l i t y  of these  h a b i t a t  types. 

I n  summary w e  feel  a more c r i t i c a l  examina t ion  o f  t h e  s e a b i r d  

monitoring s t ra tegy  be undertaken before t he  MMS program becomes f i r m l y  

e s t a b l i s h e d .  A mon i to r ing  program demands t h a t  s t u d i e s  be comparable  

among years; however an u n c r i t i c a l  philosophy of repor t ing  pr io r  basel ine  

s tud i e s  (of ten designed wi th  d i f f e r e n t  research foc i )  may preclude meetipg 

current  objectives. We recommend that emphasis be placed on determining 

t h e  most e f f e c t i v e  means of  mon i to r ing  t rend.  To a c h i e v e  t h i s ,  

improvements i n  p lo t  se lect ion,  sampling i n t e n s i t y  ( s p a t i a l  and temporal) 

and a n a l y t i c a l  p rocedure s  a l l  need t o  be  addressed.  A lower ,  a l b e i t  

impor t an t ,  r e s e a r c h  f o r m a t  should  be improving  t h e  t e c h n i q u e  'Por 

es t imat ing ac tua l  population size. 
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APPENDIX la  

Sample schedule for  seabird population p lots  a t  Cape Pelme. 

PLOT 

16 3UM 
16 JUM 
16 JUM 
16 JUM 
15 J W  
IS JUNE 
15 JUNE 
15 JUNE 
15 JUM 
14Ju)aE 
14JUNE 
14JUM 
14 JUNE 

19 JUNE 
19 JUNE 
19 JUNE 
19 ANE 
18 JUNE 
18 JUM 
18 JUNE 
18 JUNE 
18 JUNE 
17 JUNE 
17 JUM 
17 JUNE 
17 JUNE 

12 JULY 
12 JULY 
12 JULY 
12 JULY 
10 J u i Y  
10 JULY 
10 J ~ Y  
10 JULY 
10 JULY 
11 J U Y  
11 JULY 
11 JlRY 
11 JULY 

15 JULY 
15 JULY 
15 JULY 
15JWY 
13 JULY 
13 JULY 
13 JULY 
13 JULY 
13 JULY 
14JULY 
14 JULY 
14 JULY 
14 JULY 



APPENDIX 1b 

-- Sample schedule for seabird population plots on St..  George Island 

R O T  RRlOO 1  WOO 2  PERlOO3 PERlOO 4 PERlOO 5 

27 JUNE 
27 M 
25 JIM 
25- 
2s- 
25 JUIE 
? 5 m  
2Sm 
25 JUNE 
25- 
25m 
2s A ! !  
2Sm 
XJUM 
2 5 M  
2 5 m  
25 
2 S W  
26 JUNE 
26m 
26 JW 
26 JIM 
26w 
26- 
2 6 m  
25- 
Z J U N E  
25- 
2 5 W  
2s- 
2 5 W  
2 5 J M  
25JW 
2Jm 
25 .kM 
25.MdE 
27 JW 
27 W 
27 W 
27 W 
27 W 
27 JH 

24 .MdE 
24 
24 W 
24 W 

I 1  JULY 
11JULY 

10 JAY 
10 " U Y  
I O U Y  
I0 JULY 
10 JAY 
IOJAY 
I O J A Y  
I O J A Y  
I0 J U Y  
10JAY 
IOJAY 
I0 fLILY 
10 JAY 
I O J A Y  
10 J A Y  
10 J A Y  
I O J A Y  
IOJAY 
10 JAY 
10 JAY 
I I J U Y  
I I JAY  
I I JAY 
I I JAY 
I I JAY 
9JAY 
9JAY 
9JAY 
9JAY 
9JAY 
9JAY 
I I JAY 
I I J A Y  

12JAY 
12 JAY 

3JAY 
3JAY 
3JAY 
3JAY. 
3  JAY 
3JAY 
3JAY 
3JAY 
3JAY 

8 JAY 
7JAY 

n a y  
P J A Y  
P J A Y  
22 J A Y  
n a y  
22JAY 
22 JAY 
ZZJAY 
n a y  

30-Y 14AUG 
30JUY 14AW 
30YA.Y 14AlJG 
30JlR.Y 14ALG 
30JUY 14AUG 
30JAY 14AltG 
30JAY IlAUG 
30JAY 14AW 
30JLRY 14AE 
30JAY 14AUG 
3 0 U Y  14AUG 
3 0 U Y  14AUG 
30JAY 14AN 
28Al.Y 14AUC 
28JAY 1 4 M  
28-Y 14AUG 
28JLRY 14AUG 
28-Y 14AUG 

I4 AUG 
14 AUG 
14 AW, 
I4 AUG 
1 4 M  
14 A M  
14AM 
1 1  AU6 
I IAUG 
I I AUG 

I I AUG 
I1 AUG 
12 AUG 
12 AUG 
I2 AUC 
I2 M1G 
I2 AW 
12 MI6 

29JAY l 3 U  
29JAY l 3 U  
2 9 a Y  13AUC 
2 9 a Y  13AE 
29-Y 13AU6 
29-Y 13AU6 
29JAY I3AUC 
29JAY 13AS 
29JAY 13AUG 

I2  AUG 
I2 AUC 

JOJAY I4AUG 
3IJAY I s m  



APPEHDIX 1c 

Population p lo t  sample dates on St ,  Paul. 

13 JULY 
13 JULY 
13 JULY 
13 JULY 
13 JULY 
13 JULY 
13 JULY 
13 J A Y  
13 JULY 

13 JULY 
13 JULY 
14 JULY 
14 JULY 
14JULY 
14 JULY 
15 JULY 
15 JULY 
15 JULY 
15 JULY 
15 JULY 
15 JULY 
15 JULY 
14 J A Y  
14JULY 
14JULY 
14JULY 
14 JULY 
14JULY 
14JULY 
15 JULY 
16 JLaY 

5 AU6 
5 AU6 
5 AU6 
5 AU6 
5 AU6 
5 AUG 
4 AU6 
5 AU6 
5 AU6 
6 AU6 
6 AU6 
6 AU6 
7 AU6 
7 AU6 
7 AU6 
7 A M  
6 AU6 
6 AU6 
6 A% 
6 AU6 
6 AU6 
6 AU6 
6 AU6 
6 A M  
6 AUG 
6 AU6 
6 AU6 
7 AU6 



APPENDIX 2 

Informat ion  about  automat ic  35 mm cameras used t o  monitor p roduc t iv i ty  and 

populat ion p l o t s  o n  t h e  P r i b l l i f  I s l a n d s  and a t  Cape Pe i rce  dur ing  1984. 

czul!='a* Lens Film 

Olympus OM-2 with 
250 frame bulk f i l m  
magazine and 1 -h 
timer chip  

V i v i t a r  70-210 mm EKTACHROME 200 
Zoan, f:4.0 250 frame bulk 

spoo l  

Camera Locations and Dates o f  Operat ions 

S t .  George Is land.  P r i b u o f  I s l a n d s  Ca~e  Pe i rce  
L o w t i o n  Da teLoca t ionDate  

Zapadni ( TBMIJ popula t i o n  23 June-10 Bug VECO (COMU, BLKI 7-20 June 
p l o t )  popula t ion  p l o t )  

Hlgh Bluff  1 (RLKI 23 J u n e 1 2  Bug 10-17 J u l y  
populat ion p l o t )  

High Bluff 2 (RLKI 23 June-1 2 Bug DUH (COMU pro- . 7-20 ~ u n e  
p roduc t iv i ty  p l o t )  d u c t i v i t y  p l o t )  10-17 J u l y  

High  luff 3 (TBW 23 J u n e 1 2  Aug 
produc t iv i ty  p l o t )  

Marvin Gardens (TBW 27 July-11 Bug 
populat ion p l o t )  

Ulukala Ridge (Leas t  27 July-1 Aug 
Aukaet a t tendence)  

*Cameras were protec ted  by a P lex ig las  housing w i t h  a g l a s s  v iewing por t ,  
and were mounted on aluminum base-plates anchored t o  t h e  ground by po les  
and sand bags. 



APPENDIX 3 

Raw counts and trends i n  the seasonal abundance of seabirds on study plots 

at Cape Peirce. 

Pelagic Cormorant 

PLOT 

TOTAL 

- - - 

PERIOD 1 

Glaucous-uinged Gulls 

PLOT PEW00 1 PLRlOD 2 PERIOD 3 PERIOD 4 PERICO 5 

TOTAL 0 1 16 7 14 



APPENDIX 3 (cont ld)  

Black-legged Kittiwakes 

PWOO 3 PER10 4 PERlOO 5 
C 

ROT M O D  1 PWOO 2 . 
1 28 26 34' 11 11 
2 6 3 0 19 12 
3 38 35 22 12 38 
4 51 - 32 36 29 18 
5 140 108 64 7 4 1 
6 25 5 4 8 15 
7 7 1 55 47 15 37 
8 6% 490 471 1% 350 
9 121 77 a3 38 57 

10 7 1 10 9 4 0 
11 303 1 98 1 76 119 24 
12 208 152 93 93 40 
13 77 43 53 35 13 

TOTAL 1834 . 1 234 1092 585 656 

ROT 

TOTAL 557 1 5410 5008 3981 4307 



APPENDIX 3 (cont'd) 

Horned Puffins 

R O T  

TOTAL 

PERIOD 2 PERIOD 5 

Tufted Pufflns 

ROT PERIOD 1 PERIOD 2 PERIOD 3 PERIOD 4 PERlOO 5 

TOTAL 



APPENDIX 4 

Raw counts of seabirds recorded during plot censuses on St.  George Island. 

Northern Fulmar 

PLOT PERIOD 1 

-- - 

PERIOD 2 PERIOD 4 MEAN 2-4 



APPENDIX 4 (contld) 

Northern Pulmar (contld) 

BEAN 2-4 

STRATUM - 3 



APPENDIX 4 (cont'd) 

PERIOD I PERIOD 2 MEAN 2-4 



APPENDIX 4 (contld) 

STRArn - 1 

PLOT 

5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
16 
19 
26 
32 
35 
37 
38 
4s 
46 
47 
48 
49 
50 
5 1 
52 
53 
6 1 
62 



APPENDIX 4 (eontvd) 

Black-legged Kittiwakes (cont'd) 

ROT PERIOD 2 PER100 3 PER100 4 MEAN 2-4 



APPENDIX 4 (cont'd) 

Red-legged Kittiwakes 

MEAN 2-4 

7 
2 
1 
7 
1 
1 
0 
7 
0 

1 :  
2 
6 
3 

20 
2 

1 1  
4 

22 
8 

6C 
28 
80 



APPENDIX 4 (cont'd) 

Red-legged Kit tiwakes (contl d) 

S'FRANFI - 3 

PLOT PERIOD 1 PERIOD 2 PERIOD 3 PERIOD 4 PER100 5 NEAN 2-4 



APPENDIX 4 (contld) 

PLOT PERIOD 1 PERIOD 2 PER100 3 PERlOO 4 PERIOD S MEAN 2-4 



PERIOD 2 

224 
94 

121 
246 
646 
496 
866 
548 
515 
377 
157 
190 

1251 
65 

265 
236 
368 
117 
320 

PERIOD 3 PERIOD 4 PERIOD 5 WEAN 2-4 

224 
84 

121 
226 
555 
515 
866 
548 
515 
377 
157 
190 

1251 
65 

26!5 
236 
363 
117 
320 



- -  - - 
-- - 

APPENDIX 4 (conttd) 

Parakeet Auklets 

- 

PERIOD 4 

0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
2 
0 

0 
0 
0 
3' 
1 
2 
0 

16 
23 



Parakeet Auklets (cont ld)  

- PLOT 

22 
23 
24 
25 
27 
26 
29 
30 
31 
32 
33 
34 
35 
36 
37 

-- 38 
39 

PERIOD 2 

9 
4 

28 
2 1 
7 

16 
37 
10 
2 
7 
3 1 
12 
0 

1 1  
9 
5 
IS 

PERIOD 3 PERIOD 4 PERIOD 5 



Crested Auklets 

PLOT 
Mean 

PEi?lOD 3 m?lOD 4 K~jm5 (Periods 2-4) 



APPENDIX 4 (conttd) 

Least Buklets 

PLOT PERIOD I PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5 MEAN 2-4 



Horned Puffins 

SJRAnJrl- 1 

PLOT 

5 
7 
8 
9 

10 
1 1  
12 
13 
14 
IS 
16 
17 
18 
19 
20 
24 
32 
35 
37 
38 
45 
46 
47 
40 
5 1 
52 
53 
6 1 
62 

MEAN 2-4 

12 
7 
5 
1 
2 
1 
7 
B 
4 
e 
6 
7 
4 
6 
1 

20 
0 
6 
3 
0 
2 
4 
3 
0 
0 

18 
8 



. APPENDIX 4 (contld) 

Horned Puffins (contld) 

PLOT PERIOD 1 PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5 



Tufted Puffies 

S T R A r n  - 1 

PLOT PERIOD 2 

0 
0 
I 
1 
0 
0 
0 
1 
0 

14 
1 
0 
0 
0 
0 
1 
3 
6 

PER100 3 PERIOD 4 PERIOD 5 

0 
0 
0 
0 
0 
0 
0 
1 
1 
4 
0 
1 
1 
I 
0 
0 
2 
0 

MAN 2-4 

* 

1 
3 
3 
I 
2 
0 
1 
0 

14 
1 
0 
1 
0 
1 
0 
3 
3 



Iiumber o f  8nests8  ( k i t t i w a k e s  i n  incubat ion  posture)  recorded o n  St.  
George Island study p l o t s  during 1984. The date and/or accuracy of counts 
varied markedly among plots;  hence these values should be interpreted w 
r l n i u l m  e s u m t e s .  

Tot a1 



APF'RNDIlt 6 

Raw counts of  seabirds censused on study p lo t s  on St.  Paul Island, Alaska. 

Northern Fulmar 

Subtotal 

TOTAL 



APPENDIX 6 (cont'd) 

Red-faced Cormorants 

Subtotal 

TOTAL 



Black- lewd Kittiwakes 

PLOT 

Subtotal 

TOTAL 



APPENDIX 6 (contld) 

Red-legged Kittiwakes 

PLOT 

Subtotal 

moo 1 

Subtotal 

TOTAL 



APPENDIX 6 (contld) 

PLOT PWOD 1 PERIOD 2 

- - 
Subtotal 67 61 

TOTAL 1 029 1369 



APPENDIX 6 (cont'd) 

PLOT PERl00 1 PER100 2 

Subtotal 

TOTAL 





APPENDIX 6 (contld) 

- Least Auklets 

PLOT 

Subtotal 

Subtotal 

TOTAL 191 4 



Horned Puff ins 

PLOT 

Subtotal 

PERIOD 2 

Subtotal 



APPENDIX 7 

Number of "nests" (kittiwakes i n  incubation posture) recorded on St .  Paul 
Island study p lo t  during 1984. The date and/or accuracy of  counts varied 
markedly among p lots ;  hence these values should be interpreted as  minimum 
estimates. 

PLOT RED-FACED cclmawl BLACK-LEUXD KITTIWAKE RED-LEUXD KITTIWAKE 
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INTRODUCTION 

P r o d u c t i v i t y  o f  s e a b i r d s  a p p e a r s  t o  be s e n s i t i v e  t o  e n v i r o n m e n t a l  

changes, such as disturbance o r  prey a v a i l a b i l i t y  t h a t  might be caused by . 

OCS development ac t iv i t i e s .  Because o f  t h i s ,  and because p roduc t iv i ty  has  

a m a j o r  i n f l u e n c e  o n  s u b s e q u e n t  p o p u l a t i o n  l e v e l s  o f  s e a b i r d s ,  i t tis a n  

impor tant  f a c t o r  t o  consider i n  seab i rd  monitoring programs. 

Changes i n  product iv i ty  over a period of  yea rs  may be a percursor  of  

subsequent changes i n  colony s i z e ,  and thus  monitoring of production rates 

could provide an e a r l y  warning of  development-caused reduc t ions  i n  seab i rd  

numbers. However, t h e r e  are s u b s t a n t i a l  n a t u r a l  v a r i a t i o n s  i n  production 

f rom y e a r  t o  y e a r  and t h e s e  c o u l d  e a s i l y  mask man-caused r e d u c t i o n s  

obse rved  i n  s i n g l e - y e a r  s t u d i e s .  Very l o n g  time-series of  d a t a  are 

necessary t o  f i l te r  ou t  t h e  noise  of n a t u r a l  v a r i a b i l i t y  and t o  a l low t h e  

d e t e c t i o n  o f  changes  i n  p r o d u c t i v i t y  t h a t  m i g h t  be caused by OCS 

development o r  o t h e r  ex te rna l  fac tors .  Product iv i ty  d a t a  are probably of 

most use  i n  t h e  i n t e r p r e t a t i o n  of  l a t e r  changes i n  t h e  observed sizes of 

c o l o n i e s ;  t h e y  are p r o b a b l y  o f  l i m i t e d  u s e  as  a n  e a r l y - w a r n i n g  s i g n a l  

u n l e s s  ca tas t roph ic  changes occur. 

rnIII0DS 

General Def in i t ions  and Procedures 

The term *avian product iv i ty* has become ambiguous. I n t e r p r e t a t i o n s  

of  t h e  t e r m  range from (1) t h e  average number o f  l a r g e  chicks  produced per 

n e s t  t h a t  had eggs ,  t o  (2) t h e  a v e r a g e  number o f  l a r g e  c h i c k s  p e r  n e s t  

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

laid.  Two use fu l  measures of p roduc t iv i ty  i re  t h e  number of f l e d g l i n g s  

produced p e r  p a i r  o f  b i r d s  h a v i n g  l a i d  e g g s  (i.e., p e r  * b r e e d i n g v  p a i r ) ,  

and t h e  number o f  f l e d g l i n g s  produced f o r  t h e  c o l o n y  as a whole. The 

. lat ter  is t h e  more u s e f u l  measure; it could be es t ima ted  from t h e  former, 

g iven a n  accura te  estimate of colony s ize .  
* 

P r o d u c t i v i t y  i n  t h i s  s t u d y  h a s  been d e f i n e d  a s  t h e  mean number o f  

c h i c k s  p e r  n e s t  ( o r  s i te ,  i n  t h e  c a s e  o f  murr;s) s t i l l  a l i v e  i n  s t u d y  

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



platforms were considered k i t t iwake  'nestst; only si tes.  where murre eggs 

were seen were considered murre 'nestst. Because f ledging occured over a 

six- t o  eight-week period (when a l l  po t en t i a l  spec ies  i n  t he  colonies were 

cons idered) ,  i t  was n o t  p o s s i b l e  w i t h i n  t h e  time c o n s t r a i n t s  o f  t h i s  

project ,  t o  measure t o t a l  numbers of chicks t h a t  fledged. 

We used d i f f e r e n t  s u b s e t s  o f  ou r  d a t a  t o  c a l c u l a t e  more t h a n  one 

v a l u e  of  murre p roduc t iv i t y .  Ana lys i s  of  one s u b s e t  conformed t o  

procedures  adopted by o t h e r s  s t u d y i n g  murres  a t  t3ese l o c a t i o n s  i n  t h e  

past, thereby making our values comparable t o  theirs. Analysis of o ther  

subsets  provided what w e  feel are more accurate  es t imates  of productivity. 

It is d i f f i c u l t  t o  accurately evaluate the  product ivi ty  of  murres, par t ly  

because they do not  construct  t r a d i t i o n a l  nests. Many workers (see Hunt 

e t  al. 1981) have used the  average number of adu l t  murres present on study 

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

present, because i t  is always d i f f i c u l t  t o  determine the  precise  number 

of murre eggs o r  chicks present. Inevitably,  some eggs (or  chicks) appear 

i n  t h e  p l o t  l a t e  i n  t h e  s tudy ;  such  eggs  could be l a te  f i r s t - e g g s  o r  

replacements f o r  those l o s t  earlier. Late-appearing chicks a t  sites where  

no eggs were seen pose a more d i f f i c u l t  problem; i f  these  are included i n  

the  counts of chicks t h a t  hatched, then hatching success and productivity 

es t imates  are biased upward. Whereas, i f  they are ignored, es t imates  a r e  

biased downward. I n  t h i s  study, we have considered severa l  measures i n  

our es t imates  of murre productivity;  breeding performance and productivity 

t ab l e s  give several  es t imates  based on t h e  d i f f e r e n t  measures. Footnotes 

on  t a b l e s  p rov ide  d e t a i l s  o f  c a l c u l a t i o n s .  

Reproduct ive  s u c c e s s  (number c h i c k s  a l ive /number  eggs l a i d )  was 

computed f o r  murres  and black- legged k i t t i w a k e s  f o r  comparison w i t h  

e a r l i e r  s t u d i e s  (murres)  and t o  s a t i s f y  a s sumpt ions  o f  b i n o m i a l i t y  

(kit t iwakes) f o r  Likelihood Ratio Tests  (see  discussion below and Appendix 

7). 

S t a t i s t i c a l  Methods 

One of our major goa ls  i n  t h i s  p ro jec t  was t o  produce s t a t i s t i c a l l y  

va l id  es t imates  of product ivi ty  o r  reproductive success (means with 95% 

conf idence  i n t e r v a l s )  u s i n g  s t r a t i f i e d  r a t i o  p rocedures  o u t l i n e d  i n  



Cochran (1977:164-169). However, t h i s  approach was inappropriate because 

t he re  was zero productivity i n  a l a rge  number of individual  study plots. 

Instead,  the  following more appropriate and r e l i a b l e  procedure was used t o  

determine productivity (or  reproductive success) and t o  der ive  confidence 

i n t e rva l s  : 

P (proportion) = x/n, 

where x = # eggs hatched, o r  t h e  # young fledged, and 

n = # of nests,  breeding sites, o r  t he  # of eggs 

l a id .  

100 (1- 4% C.I. f o r  i s  given by 

where is the upper percen t i l e  of a normal d i s t r ibu t ion .  

L ike l ihood  R a t i o  T e s t s  (Rao 1975) were used t o  d e t e r m i n e  whether  

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

success) among years, and among d i f f e r e n t  s t r a t a  and d i f f e r e n t  p l o t s  f o r  

each key s p e c i e s  n e s t i n g  on St.  George and St. Pau l  i s l a n d s  and a t  Cape 

Pe i rce .  Bonfer ron i  M u l t i p l e  Comparisons ( G r a y b i l l  1976) were used t o  

determine which productivity values (which years) were d i f f e r e n t  from each 

o ther  . 
We attempted t o  produce an es t imate  of t h e  number of ac t i ve  common 

murre nest  sites by conducting a de ta i led  computer ana lys i s  of d ig i t i z ed  

da t a  from the  DUH productivity p lo t  a t  Cape Peirce. The l oca t ion  of ,each 

common murre i n  each frame of 35 mm f i l m  exposed by a n  automatic camera a t  

t h i s  p l o t  was d i g i t i z e d  u s i n g  a n  Apple I1 micro-computer, a Hi-Pad 

digitizer and computer sof tware  developed by LGL The procedures used i n  

t h i s  ana lys i s  are described i n  Appendix 1. 



Field  Methods 

Pr ib i lo f  Is lands  

Thirteen productivity p l o t s  were establ ished a t  t he  Pr ib i lo f  Is lands  

i n  1984-6 on  St.  Paul  and 7  on  St. George (Fig.  1). The 6  p r o d u c t i v i t y  

p l o t s  on  St. Paul  had been p r e v i o u s l y  e s t a b l i s h e d  (and documented w i t h  

photographs) by Hunt e t  al. (1981) d u r i n g  t h e  mid t o  l a t e  1970's. The 7  

productivity p l o t s  on St. George were new ones es tabl ished by u s  i n  1984. 

The in t ens i t y  of sampling and the  pr incipal  spec ies  present (common and 

t h i c k - b i l l e d  murres ,  black-legged and red-legged k i t t i w a k e )  i n  each  

productivity p lo t  a t  the  P r ib i l o f s  are summarized i n  Tables 1  and 2. 

The census of  each p l o t  was conducted from t h e  same observation point  

on each  v i s i t .  The l o c a t i o n s  o f  a l l  o b s e r v a t i o n  p o i n t s  a t  Cape P e i r c e  

were marked wi th  wooden s takes  o r  1-m aluminum poles. Observation points  

on S L  Paul were i d e n t i c a l  t o  those used by Hunt's observers. 

P r o d u c t i v i t y  p l o t s  were censused th roughout  t h e  day (0740-2300 h 

YDT). The s i n g l e  o b s e r v e r  was n o t  concea led  and made o b s e r v a t i o n s  ove r  

d i s t a n c e s  of  3-30 m. On t h e  i n i t i a l  v i s i t  t o  a  p l o t ,  a  s k e t c h  map was  

drawn; during t h i s  and all subsequent v i s i t s  t he  l oca t ions  of k i t t iwake  

nes t s  and murre sites were confirmed wi th  respect  t o  t h e i r  loca t ions  on 

the  sketch map o r  added t o  i L  The amount of time spent a t  a  productivity 

p lo t  was dependent on 1) t he  weather condi t ions  during t h e  census period 

( f r e q u e n t l y  poor t o  imposs ib l e ;  f o r  a  summary, see Appendix 2) ,  2) t h e '  

behavior  of  t h e  b i r d s  .being watched, 3) o t h e r  work demands and 4) t h e  

number of  b i r d s  p r e s e n t  on t h e  plot .  The average  time s p e n t  watch ing  

p r o d u c t i v i t y  p l o t s  a t  St. Paul was 1.1 k 0.3 h (n=14 t imed  watches) ;  t h e  

average t i m e  a t  St. George was 0.5 k 0.4 h  (n=37). Each productivity p lo t  

was photographed t o  provide documentation of t h e  a r e a  being censused. 

Cape Peirce  

Constraints on t h e  t o t a l  number of days ava i lab le  f o r  study a t  Cape 

P e i r c e  i n  1984 were p r i n c i p a l l y  budgetary. The t i m i n g  o f  t h e  two s t u d y  

p e r i o d s  (6-21 June,  10-17 Ju ly)  co inc ided  w i t h  t h e  average  l a y i n g  and 

hatching dates of t he  pr incipal  spec ies  nest ing a t  the colony; these dates 



Figure.1. Locations of productivity plots  on S t .  George and S t .  Paul 
islands,  Bering Sea, Alaska. 
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Table 1. Sampling s chedu le  of  p r i n c i p a l  s p e c i e s  o f  s e a b i r d s  n e s t i n g  on  
p r o d u c t i v i t y  p l o t s  on S t .  George I s l a n d ,  P r i b i l o f  I s l a n d s ,  
Alaska, June-August, 1984. 

Pr incipal  Species Dates 
ImusLmL A _June A A!a3uk 

Village East TBMJ, BLKI 2 5 3, 7 ,  10, 23 10, 13 
Hurre P lo t  (1) RLKI 25, 29, 31 

Village East BLKI, TBMJ, 
BLKI Cove (1) RLKI 

Village East ( 1 ) BLKI, RLKI 
Far Cove Across 

Village East ( 1 ) RLKI,  BLKI 
Double Cave Cove 

Hlgh Bluff RLKI ,  BLKI 
RLKX Plo t  (5) 

. ~ 

High Bluff (5)  RLKf 
R L K I  Alcove 

Numbers i n  parentheses represent  the  e leva t iona l  stratum f o r  each p lo t ,  



Table 2. Sampling s chedu le  o f  p r i n c i p a l  s p e c i e s  o f  s e a b i r d s  n e s t i n g  on  
product ivl~ty  p l o t s  on St. Paul Island,  P r ib i l o f  Is lands ,  Alaska, 
July-August, 1984. 

Pr inc ipa l  Species 
SamDled 

Tsammana ( 1) BLKI, RLKI 

Rush Gap North (2) TBm, BLKI 

Rush GapLooking 
Northeast ( 2) TBMU, BLKI 

Gun Emplacement (2) RLKI ,  BLKI, TBMU 

TBm, BLKI, RLKI 

- 

Dates 
Tulv Buaust 

- - -- - - - -- 

Numbers'in parentheses represent  the  e leva t iona l  s t ra tum f o r  each plot .  



were d e t e r m i n e d  t h r o u g h  a r e v i e w  o f  t h e  a v a i l a b l e  l i t e r a t u r e .  No 

p r o v i s i o n  was made f o r  a t h i r d  v i s i t  t o  t h e  c o l o n y  d u r i n g  t h e  f l e d g i n g  
period. F i e l d  s t u d i e s  commenced on 6  June, were i n t e r r u p t e d  from 21 June 

t o  1 0  J u l y ,  and ended o n  1 7  Ju ly .  

O f  t h e  8  p r o d u c t i v i t y  p l o t s  e s t a b l i s h e d  a t  Cape Peirce i n  1984,  4  

were o r i g i n a l l y  e s t a b l i s h e d  (and documented w i t h  photographs) by Pe te r sen  

and Sigman (1977) i n  1976,  a n o t h e r  1  was o r i g i n a l l y  e s t a b l i s h e d  and  

documented by Lloyd (D. Lloyd,  unpub. d a t a )  i n  1981,  and  t h r e e  new p l o t s  

were e s t a b l i s h e d  by u s  i n  1984 (Fig .  2, T a b l e s  3 and 4). Our s a m p l i n g  

p r o c e d u r e s  o n  t h e  8  p r o d u c t i v i t y  p l o t s  f o l l o w e d  methods  d e s c r i b e d  by 

Bi rkhead  (1974) f o r  common m u r r e s  and by N e t t l e s h i p  (1 976) f o r  b l a c k -  

l e g g e d  k i t t i w a k e s  (Type I c e n s u s e s ;  B i r k h e a d  and N e t t l e s h i p  1980). The 

i n t e n s i t y  of sampling and t h e  p r i n c i p a l  s p e c i e s  p r e s e n t  (common murre and 

b lack- legged  k i t t i w a k e )  i n  e a c h  p r o d u c t i v i t y  p l o t  a t  Cape P e i r c e  are 

summarized i n  Table 4. 

The census o f  each p l o t  w a s  conducted from t h e  same obse rva t ion  p o i n t  

o n  e a c h  v i s i t .  F o r  f u t u r e  r e f e r e n c e ,  t h e  l o c a t i o n s  o f  a l l  o b s e r v a t i o n  

p o i n t s  were marked i n  t h e  f i e l d  w i t h  a 1-m aluminum pole. Many of these  

l o c a t i o n s  correspond t o  l o c a t i o n s  o r i g i n a l l y  marked w i t h  wooden s t a k e s  by 

Petersen  and Sigman (1 977). 

P roduc t iv i ty  p l o t s  were censused i n  t h e  a f t e rnoon  o r  evening (1400- 

2400 h  ADT), a f ter  p o p u l a t i o n  p l o t s  had been censused.  Common m u r r e  

p roduc t iv i ty  p l o t s  were censused i n  t h e  l a t e  evening (1700-2400) when t h e  

number of murres present  ( e s p e c i a l l y  dur ing  June) appeared t o  be lowes t  

( T a b l e  5).  

Table 5. Numbers of common murres p resen t  i n  two p roduc t iv i ty  p l o t s  'at  
Cape Pe i rce  i n  June and Ju ly ,  1984. 

9 h t  Time) 
Bat' Date 1PM ZQQQ 21PQ 22QP 23!u 

DUH 14 June  255 254 21 5  191 158 
1 2  J u l y  172 1  80 170 164 - 

HOKN 12 June . . 185 171 149 131 59 
11 J u l y  2  06 198 203 20 1  0 



BRISTOL BAY 

Figure 2. Locations of productivity study plots (27, BRAN, 26, ...) and 
observation sites (I, 11, A,. ..) at Cape Peirce, Maska. 



Table 3. I d e n t i f i c a t i o n s  of  p r o d u c t i v i t y  p l o t s  i n v e s t i g a t e d  d u r i n g  
s t u d i e s  of  s e a b i r d s  a t  Cape P e i r c e ,  Alaska, d u r i n g  1984, w i t h  
synonyms used during earlier studies.  

P lo t  (Colow) N m  
1984 1981 1976 

f l h L & U u  w (Petersen US 1977) 

DUH 

SPEC 

LKA 

BKAS 

BKAN 
. . 

HOKN 

TIT1 
. . 

OBLI 

. LKA 

BKAS 
. . 

BKAN 
. . 

0 

Colony 19, subcolony 3 

Colony 31 

Colony 27 

Colony 26 

+This p l o t  was photographed hourly using a 35 mu time-lapse camera. 



Table 4. Sampling sohedule of pr inoipal  spec ies  of seab i rds  n e s t i n g  on p roduo t iv i ty  p l o t s  a t  Cape 
Peiroe, Alaska, June-July, 1984. 

Name of Pr inoipal  Speoies s Observation 
P lo t  . A June- Site 

DUH COMU, BLKI 

SPEC (1-4) COW, BLKI 

LKA BLKI 
N 
0 
w BKAS BLKI 

BK AN 
. . 

BLKI, COMU 

HOKN COW, BLKI 

9 ,  14, 17, 7-20' 2+, 12 ,  15; 10-17e A 

11-12, 14-15, 7 ,  26+ I+ ,  l o ,  13,  16 X V I I I  

10 ,  13, 18, 23+ I+ ,  11,  15 I 

13, 16, 18, 23+ I + ,  129 15  I1 

TIT1 BLKI 12, 16, 18 11,  14 C 

OBLI BLKI 12-13, 15, 18 11, 14 D 

'35-mm t i m e - l a p s e  oameras  o o n t i n u o u s l y  sampled ( h o u r l y )  d u r i n g  t h e s e  14- and 8-day p e r i o d s ,  
r e speo t ive ly  . 

+sampling on these  d a t e s  was conduoted by USFWS personnel. 



Observers  a t  p roduc t ion  p l o t s  were n o t  concealed;  t h e  average  

dis tance over which observations were made varied from about 5-1 5 m. On 

t h e  i n i t i a l  v i s i t  t o  a p l o t ,  a  s k e t c h  map of i t  was drawn; d u r i n g  t h i s  

i n i t i a l  v i s i t ,  and a l l  subsequent  v i s i t s ,  t h e  l o c a t i o n s  and c o n t e n t s  o f  

k i t t iwake  n e s t s  and murre egg sites were numbered and marked on the  sketch 

map ( o r  a copy of  i t ) .  Much e f f o r t  was expended d u r i n g  each  v i s i t  t o  

determine the  contents of black-legged k i t t iwake  nests,  and the  presence 

of eggs on ledges occupied by common murres. The amount of t ime spent by 

an observer a t  a productivity p lo t  was dependent on 1) the  spec ies  being 

watched, 2) t h e  amount of help ava i lab le  t o  watch t h e  plot ,  3) t h e  weather 

condit ions during the  census period (see  Appendix 3 f o r  a summary of the  

Cape Peirce weather during June and July), and the  behavior of t h e  b i rd s  

being watched. Some-censuses required less than a n  hour, o the r s  required 

5 o r  6 hou r s .  The a v e r a g e  t i m e  s p e n t  w a t c h i n g  a t  common m u r r e  

p r o d u c t i v i t y  p l o t s  a t  Cape P e i r c e  was 3.6 0.5 h ( n  = 20 watches) ;  t h e  

average t ime spent watching a t  black-legged k i t t iwake  p l o t s  was. 2.2 

1.3 h (n  = 20 watches). No cormorants  were p r e s e n t  o n  most p r o d u c t i v i t y  

p l o t s  a t  Cape P e i r c e ,  t h e r e f o r e  they have n o t  been cons ide red  i n  t h i s  

chapter. An at tempt  was made during each census of a productivity p lo t  t o  

coun t  a l l  a d u l t  murres  and k i t t i w a k e s  p r e s e n t  a t  t h e  beg inn ing  of each  

hour of observat ion.  Each p r o d u c t i v i t y  p l o t  was photographed s e v e r a l  

times during t h e  June and Ju ly  study periods t o  provide documentation of 

t h e  a r e a  being'  censused and t h e  o v e r a l l  d i s t r i b u t i o n  of b i r d s  and . 
nes t s / s i t e s  on each plot. 

An i n v e n t o r y  ( v i s u a l  e s t i m a t e s  o f  numbers o f  b i r d s  p r e s e n t )  o f  t h e  

. e n t i r e  C a p e  Peirce and Shaiak Is land seabird  colonies was conducted from a 

b o a t  d u r i n g  a pe r iod  of calm s e a s  o n  10 June; a l s o  on  t h i s  d a t e ,  3 5  mm 

c o l o r  photographs were t a k e n  of t h e  e n t i r e  mainland p o r t i o n  o f  t h e  Cape 

Peirce seabird colow. 

RESULTS 

The r e s u l t s  of  L ike l ihood  R a t i o  T e s t s  i n d i c a t e d  no s i g n i f i c a n t  

di f ferences  i n  1984 es t imates  of productivity o r  reproductive success of 

key seabird species  nesting i n  separate  e levat ional  s t r a t a  o r  i n  separate  

p l o t s  on  e i t h e r  St. George o r  St. Paul  i s l a n d s  i n  t h e  P r i b i l o f s  and no 



s ign i f i can t  di f ferences  among p l o t s  a t  Cape Peirce (Appendices 4-6). A s  a  

r e s u l t ,  a l l  measures  of p r o d u c t i v i t y  f o r  each  s t r a t a  and p l o t  have been 

pooled; a  s i n g l e  v a l u e  is  p re sen t ed  f o r  each  key s p e c i e s  a t  each colony 

t h a t  was studied i n  1984. 

Pr ib i lo f  I s lands  

Black-legged Kittiwake 

Black-legged k i t t iwakes  constructed 57 nes t s  i n  6  productivity p l o t s  

i n  3  d i f f e r e n t  s t r a t a  on  St.  George I s l a n d  i n  1984 (Table  6). Eggs were 

recorded i n  32 of these nes t s  and t h e  average c lu tch  s i z e  was 1.31 (Table 

7). Over ha l f  (22; 52%) of the  42 black-legged k i t t iwake  eggs recorded i n  

57 nes t s  on St. George Is land were found on first v i s i t s  (25-26 July) t o  4  

of the  6  productivity plots. Hence, most of the  eggs had been l a i d  before 

our study began; a s  a  consequence, w e  were unable t o  document t h e  ac tua l  

phenology of egg l a y i n g  by t h i s  s p e c i e s  on St.  George I s land .  Only 8  

(195) of t h e  42 k i t t i w a k e  eggs hatched i n  1984. These were first 

r eco rded  d u r i n g  t h e  22-25 J u l y  per iod ;  4  of t h e  8  c h i c k s  were known t o  

have hatched d u r i n g  t h i s  same two-day period.  O f  t h e  8  c h i c k s  t h a t  

ha tched ,  4  were s t i l l  a l i v e  a t  t h e  end of t h e  s t u d y  (13 August). An 

addi t ional  4  chicks were recorded i n  nes t s  i n  productivity plots ,  although 

t h e  eggs from which they  ha tched  were never  seen. I n c l u d i n g  t h e s e  4  

addi t ional  eggs, t h e  t o t a l  productivity of black-legged ki t t iwakes  on St. 

George Is land i n  1984 was about 145 (Table 7). 

Black-legged k i t t iwakes  constructed 101 nes t s  on 5  productivity p l o t s  

i n  2  d i f f e r e n t  s t r a t a  on St. Paul  I s l a n d  i n  1984 (Table  6). Eggs were 

recorded i n  21 (20.85) of these and t h e  average c lutch s i z e  was 1.1 (Table 

7). A 1 1  23 k i t t i w a k e  eggs r eco rded  i n  101 n e s t s  on St.  Paul  I s l a n d  were 

recorded during t h e  first 2  v i s i t s  (14-16 July) t o  4  of t he  5  productivity 

p lo t s .  S i m i l a r l y ,  a l l  4 c h i c k s  t h a t  ha tched  from t h e  23 eggs were 

recorded  on  4  August, t h e  first v i s i t  t o  p r o d u c t i v i t y  p l o t s  on  St.  Paul 

I s l a n d  s i n c e  16 Ju ly .  Consequently,  very l i t t l e  can be s a i d  about  t h e  

phenology of hatching of t h i s  species  on St. Paul Island. O f  t h e  23 eggs 

r eco rded  on p r o d u c t i v i t y  p l o t s ,  o n l y  4  (175) hatched and o n l y  2  of t h e s e  

c h i c k s  were a l i v e  a t  t h e  end of  t h e  s tudy  on 13 August; a n  a d d i t i o n a l  4  



Table 6.  Breeding performanor of  6laok-legged k i t t i w a k e s  a t  t h e  P r i b i l o f  I s l ands ,  Alaska, 1984. 

S w  a t  End o f  QtUdv (12 w t l  
b ?j 

I s l a n d  and T o t a l  4 F a t e  o f  laUhhAm S t i l l  
Chiaka 

Plat Nams NeJt A ~ K n o v n ~ ' ~ ~ F a i l e d  Aum'DaadPPbQ" 

High Blu f f  1 1 1 0 0  0 0 
Zapadni 1 1 0 1 0  0 0 
F a r  Cove Aoross 15 13  6 5 2 1 (1)  8 
Double Cave Cove 10 8 4 2 2 3 (1)  3 
blurre P l o t  2 2 0 2 0  1 2 
BLKI Cove 28 24 6 12 6 3 (3)  21 - - -  - - - - -  
ALL PUTS 57 4 9 17 22 10 8 (5)' 34 1 3 4 (4)' 4 1 

Tsammana 50  49 
Rush Gap North 1 1 
Rush Gap Lodcing 

NE 25 24 
bun Emplacewnt 16 13 
SW 29 9 5 

- - - - - - -  
ALL PLOTS 101 92 71 19 2 4 (6)' 18  1 3 2 (4)' 2 2 - - -  - - - - -  

ALL PLOTS 
BOM ISLANDS 158 141 88  41 12 1 2  (11)' 52 2 6 6 (8). 6 3 

.'Chicks s t i l l  a l i v e  t h a t  h a t o h e d  f rom e g g s  t h a t  w e r e  u n d e t e o t e d ,  a r e  i n  p a r e n t h e a e a  i n  t h e  ( A l i v e t  oolumn. The e g g s  
( i n f e r r e d )  f rom which t h e s e  l i v e  ohioks  hatched ( p l u s  any o t h r r a  t h a t  d i ed )  a r e  i n  pa ren theses  i n  t h e  tHatohedt oolumn 

' r lOther '  i no ludes  unknown and miss ing,ohioks .  



Table 7. Produotivity of blaok-legged k i t t iwakes  a t  St. George Island, Pr ib i lo f  Islands,  Alaska, 
1976-1984'. 

x olutoh s i z e  .. 
n = # nests  with eggs 

Hatohing Suocess (#  ohioka hatohed 
per # eggs la id)  

Fledging Suooess (#  ohiolcs a l i v e  
a t  end of study/# ohioks 
hatohed) 

Reproduotive Suooess (#  ohioka a l i v e  .78 .43 .6 1 - - .09 .I9 
a t  end of study/# eggs l a id )  

Produotivity [ #  ohiclcs a l i v e  
a t  end of study/# nest  
attempts) 

955 Confidenoe In te rva l  of Reproduotive .62- 035- .50- - - .03- .07- 
Suooess 93 53 .72 15 031 

955 Confidenoe In te rva l  of 
Produotivity Estimate 

n = # nest  attempts (platforms) 

'1976-1978 data a r e  from Hunt e t  al. (1981) and Hunt (unpub. data); D. Lloyd o a l o u l a t e d  t h e  1979 
p r o d u o t i v i t y  v a l u e  from data o o l l e o t e d  by Hunt and oo-workers; 1980-1981 data a r e  from D. Lloyd 
(unpub. data). 



c h i c k s  were recorded  i n  n e s t s  on p r o d u c t i v i t y  p l o t s ,  a l though  t h e  eggs  

from which they  hatched were  never  seen. Inc lud ing  t h e s e  4  a d d i t i o n a l  

eggs,  t h e  produ.ct1vity of  black-legged k i t t i w a k e s  on St. Paul  I s l a n d  i n  

1984 was 6% (Table  8). Ove ra l l  p r o d u c t i v i t y  f o r  t h i s  s p e c i e s  on  t h e  

Pr ib i lo f  Is lands  (St. George and St. Paul) i n .  1984 was about 9%. 

Red-legged K i t  tiwake 

Red-legged k i t t i w a k e s  c o n s t r u c t e d  149 n e s t s  i n  t h e  6  p r o d u c t i v i t y  

p l o t s  i n ' 2  d i f f e r en t  strata on St. George Is land i n  1984 (Table 9). Eggs 

were recorded  i n  o n l y  41 (20%) of t h e s e  n e s t s ;  c l u t c h  s i z e  was 1. Most 

red-legged ki t t iwake eggs (31 of 41; 76%) recorded i n  the  149 n e s t s  were 

l a i d  before de ta i led  productivity counts were i n i t i a t e d  (25 June-13 July). 

' A s  a  consequence, determination of a meaningful schedule of egg laying by 

t h i s  species  on St. George Is land was not  possible. 

Only 3 (7%) of the  41 eggs l a i d  by t h i s  spec ies  hatched; a l l  3 chicks 

were s t i l l  a l i v e  a t  t h e  end of t h e  study'. An a d d i t i o n a l  16 c h i c k s  whose 

eggs were never seen also were recorded on the  productivity p l o t s  and were 

a l i v e  a t  t h e  end of t h e  study. P l o t s  were v i s i t e d  t o o  f e w  times d u r i n g  

t he  hatching period t o  enable a precise determination of hatching dates  on 

e i t h e r  i s l and .  However, on St.  George, ch i cks  were first  recorded  i n  

n e s t s  d u r i n g  t h e  20 July-12 August per iod ,  and on St.  Paul  d u r i n g  t h e  15  

July-4 August per iod ;  1  c h i c k  was known t o  ha t ch  on 15  J u l y  on St.  Paul  

Island. The overa l l  productivity of red-legged k i t t iwakes  on St. George 

Is land i n  1984 was 13% (Table 10). 

On St. Paul I s l a n d ,  red-legged k i t t i w a k e s  b u i l t  39 n e s t s  i n  t h e  4  

p r o d u c t i v i t y  p l o t s  i n  2  s e p a r a t e  s t r a t a  (Table  11). Eggs were s e e n  i n  

o n l y  s i x  of  t h e s e  39 n e s t s  and t h e  average  c l u t c h  s i ze  was 1.00. Two 

(33%) of these  6 eggs eventually hatched but none were a l i v e  a t  the  end of 

t h e  s tudy.  However, 4  o t h e r  ch i cks ,  whose eggs were neve r  seen,  were 

recorded i n  nes t s  on plots ;  a l l  4  of these  chicks were a l i v e  a t  the  end of 

t h e  study. Inc lud ing  t h e s e  4  ch icks ,  t h e  p r o d u c t i v i t y  of red-legged 

k i t t iwakes  on St. Paul Is land i n  1984 was 10%. 

The o v e r a l l  maximum p r o d u c t i v i t y  of red-legged k i t t i w a k e s  o n  t h e  

P r i b i l o f  I s l a n d s  (St. George and St. Paul)  i n  1984 was 12% (23/188, Table  

9) .  



Table 8. P r o d u c t i v i t y  of black-legged k i t t i w a k e s  a t  St.  Paul I s l a n d ,  
Pr ib i lo f  Islands, Alaska, 1975-1 984.. 

x clutch s i z e  1.42 1-49 1.52 1-33 1-47 1-10 
n = # nes t s  with eggs 85 70 102 110 87 2 1 

Hatching Success (#  chicks -60- -72- -59- -74- -73- -17- 
hatched/# eggs l a i d )  -82 -88 -85 -84 -88 -35 

Fledging Success (#  chicks -47- -57- -52- -58- -50- -50- 
a l i v e  a t  end of study/ # -64 -69 -74 -66 -60 .60 
chicks hatched) 

Reproductive Success (t -67 -63 -44 -50 -66 -26 
chicks a l i v e  a t  end of 
study/# eggs l a i d )  

Produotivity (#  chicks -44 -52 -43 -36 -54 -06 
a l i v e  a t  end of study/# 
nes t  attempts) 

9% Confidence In te rva l  of -59- -54- -36- -42- -58- -08- 
Reproductive Success -75 -73 52 -58 -75 -44 

95% Confidence Interval of -37- -43- -36- -29- -46- -01- 
Productivity Estimate -51 -61 51 -43 -62 -10 

n = # nes t  attesnpts (platforms) 185 127 157 203 158 1 06 

*1975-1979 da ta  are from Hunt e t  a l e  (1981) and Hunt (unpub. data).  



Table 9. Breeding performanoe o f  red-legged k i t t i w a k e s  a t  t h o  P r i b i l o f  I s l a n d s ,  Alaska, 1984. 

8 Chiokr 
I s l a n d  and T o t a l  I F a t e  o f  I ahhAm S t i l l  

Plot Nams Nest A L 2 J u Q h u E  F a i l s d U n h a t a h e d 1  blivclrPaaPPthnr 

High Blu f f  103 88 62 26 0 3 ( 1 1 )  21 2 4 3 (9) '  0 2 
Far  Cove Aoross 7 6 1 5 0 0 (1) 5 0 0 0 0 1 '  
Double Cave Cove 19 10 6 4 0 O ( 5 )  4 0 4 O ( 5 )  0 0 
RLKI Alcove 14 12 9 3 0 0 (1) 3 0 1 0 (1) 0 0 
Hurre  P l o t  4 4 2 2 0  0 2 0 0 0 0 0 
BLKI Cove 2 1 0 1 0 0 (1) I ,  0 0 0 (1)  0 0 - - - - - -  
ALL PLOTS 149 121 80 5 3 (19) 36 2 9 3 (16) 0 3 

Tsammana 4 4 3 1 0  0 0 1 0 0 0 0 
Rush Gap 
Looking NE 9 9 8 1 0  0 1 0 0 0 0 0 
Oun Emplaoeuant 24 14 11 3 0 1 (5 )  2 0 5 O ( 4 )  1 1 

29 2 2 1 1 0  1 0 0 0 0 1 0 - - -  - - - - -  
ALL PLOTS 39 29 23 6 0 2 ( 5 )  3 1 5 0 (4)  2 1 - - - - - - - -  
ALL PLOTS 
BO?H ISLANDS 188 150 103 47 0 5 (24) 3 9 3 14 3 ( 2 0 )  2 4 

*Chicks s t i l l  a l i v e  t h a t  hatched from e g g  t h a t  u e r e  undetected a r e  i n  pa ren theses  i n  t h e  *Alive1 oolumn. The egg8 ( i n f e r r e d )  
f rom uhioh theso  l i v e  ohioks hatohed ( p l u s  o t h e r s  t h a t  d ied) ,  are i n  pa ren theses  i n  t h e  *Hatohedl oolumn. 



Table 10. Produotivi ty of red-legged k i t  t iwakes a t  St. George, Is land,  P r i b i l o f  Is lands ,  Alaska, 
1976-1984*. 

x olutch  s i z e  
n = # n e s t s  with eggs 

Hatching Suooess (#  ohioks hatoh&/ .79- 078- .57- - - .45- .07- 
eggs l a i d )  87 85 .81 87 37 

Fledging ~ u o o e s s  (#  ohicks a l i v e  
lv 
I-' 

a t  end of study/ # ohioks 
~n hatohed) 

Produotivi ty (#  o h i ~ k a  a l i v e  
a t  end of study/ # n e s t  
at tempts)  

95% Confidenoe I n t e r v a l  of .20- . -48- .09- 07- 019- 004- -07- 
Produo t i v i  t y  Estimate 39 .61 .I8 .28 .35 .I8 .I8 

n = # nes t  at tempts (platforms) 8 8 240 23 5 5 2 1 23 ' 79 149 

*1976-1978 d a t a  are from Hunt e t  al. (1981) and Hunt (unpub. d a t a ) ;  D. Lloyd o a l o u l a t e d  t h e  1979 
produotivi ty value from d a t a  ool lec ted  by Hunt and oo-workers; 1980-1981 d a t a  are from D. Lloyd 
(unpub. data) .  



Table 11. Produot iv i ty  of red-legged k i t t i w a k e s  a t  St. Paul Is land,  P r i b i l o f  I s l ands ,  Alaska, 1975- 
1984@. 

15 olutoh s i z e  
n = # n e s t s  wi th  eggs 

Hatohing Suooeaa ( #  ohioka hatohed/ 
eg& l a i d )  ' 

Fledging Suooeas ( #  ohioka a l i v e  a t  
end of study/ # ohioks hatohed) 

Produot iv i ty  ( #  ohicks a l i v e  a t  
end of study/# # n e s t  a t tempts)  

952 Confidenoe I n t e r v a l  of 
Produot iv i ty  Ea t imate 

n = # nea t  at tempta (platforms) 

@1975-1979 d a t a  a r e  from Hunt e t  a l .  (1981 ) and Hunt ( u n ~ u b -  da ta )  



Thick-billed H u r r e  

The average number of adul t  b i rds  recorded on t h e  3 murre productivity 

p l o t s  i n  the  2 s t r a t a  sampled on St. George Is land was 126, and the  t o t a l  

number of eggs recorded  on  t h e s e  same p l o t s  was 104 (Table  12). The 

schedule of appearance of 60 eggs on th ree  p lo t s  is shown i n  Table 13. The 

f a t e s  of 49 (47%) of t h e  104 t o t a l  eggs were  unknown o r  unce r t a in .  The 

f a t e s  of 55 eggs  were c e r t a i n ,  and 42 (73%) of t h e s e  hatched (Table  12). 

A t  l e a s t  40 of t h e  42 c h i c k s  t h a t  hatched were  s t i l l  a l i v e  a t  t h e  end of 

t he  study (13 August) and an addi t iona l  26 chicks were recorded a t  s i t e s  

where eggs were never s e e n  Thus, a t o t a l  of 66 thick-bil led murre chicks  

were a l i v e  a t  sites on productivity p lo t s  on St. George Is land a t  the  end 

of t h e  study. This represents  a reproductive success f o r  t h i s  species  of 

33-725, depending on which measure of  p r o d u c t i v i t y  is  chosen ( s e e  Table  

14). 

The average number of adu l t s  counted on 5 murre productivity p l o t s  on 

t h e  2 s t r a t a  sampled on  St. Paul  I s l a n d  was 146 and t h e  t o t a l  number of 

eggs  recorded  on t h e s e  p l o t s  was 129. The f a t e s  o f  102 (79%) of t h e s e  

eggs was unknown o r  unce r t a in  The f a t e s  of 27 eggs were cer ta in;  only 6 

(22%) of t h e s e  hatched. Four of t h e  6 c h i c k s  t h a t  hatched were  s t i l l  

a l i v e  a t  t h e  end of t h e  s tudy  and a n  a d d i t i o n a l  3 c h i c k s  were  r eco rded  

whose eggs were  never  seen. Thus, t h e  r e p r o d u c t i v e  s u c c e s s  of t h i c k -  

b i l l e d  murres  on  St. Paul  I s l a n d  i n  1984 was 3-1 55, depending o n  which 

measure of productivity is considered (Table 1 5). 

The o v e r a l l  r e p r o d u c t i v e  s u c c e s s  of t h i c k - b i l l e d  murres  o n  t h e  

P r i b i l o f  I s l a n d s  (St. George and St. Paul)  i n  1984 was 26.8% ( t h i s  v a l u e  

was calculated by pooling da ta  from both islands). 

Cape Peirce 

Black-legged Kittiwake 

Black-legged k i t  t iwakes  b u i l t  275 n e s t s  i n  11 productivity p l o t s  a t  

Cape P e i r c e  i n  1984 (Table  16). Eggs were  r eco rded  i n  o n l y  99 (36%) of 

t h e s e  n e s t s  and t h e  mean c l u t c h  s i z e  of n e s t s  w i t h  eggs was 1.35. Host 

of t h e  k i t t i w a k e  eggs  (109 of 134; 78%) were l a i d  b e f o r e  t h e  10-13 June  



Table 12. B r e d i n g  performanoe of  t h i o k  b i l l e d  murres a t  t h e  P r i b i l o f  I s l a n d s ,  ~ l a s k a ,  ~ u n c A u s u r t ,  1984. 

I s l a n d  x I Adul ts  T o t a l  I I Eggs of  S t i l l  
Plat m l u a  Errr(nEau&!i u?mmn I l a t a h s d , U U n h a t a h e d E  U l x R L  PILd 
A &  

aLAmua 
I turre  P l o t  73 54 31 2 6 ( 2 4 )  3 2 23 24 (20) 2 
BLKI Cove 12 12 5 3 (2 )  2 0 7 3 ( 2 )  0 
ZAPADNI 41 3 8. 19 13 ( 7 )  5 1 19 13 ( 4 )  0 -- - - 
ALL PLOTS 126 104 55 4 2 ( 3 3 )  1 0 .  3 49 40 (26) 2 

Gun Emplaoement 1 
Rush Gap North 43 
Rush Gap 
Looking NE 48 
SW 29 31 
SU 2 23 -- - - 
ALL PLOTS 146 129 27 6 (5)  11 10 102 4 ( 3 )  2 -- - - 
ALL PLOTS 
BOM ISLANDS 272 23 3 82 48 (38) 21 13 151 44 (29)" 4 

* S i t e s  o f  unknown o r  u n d e t e r m i n e d  s t a t u s ,  i n c l u d i n g  s i tes  w h e r e  e g g s  w e r e  s e e n  onoe  o r  more  b u t  t h e i r  f a t e s  w e r e  n e v e r  
de te rmined  Eggs from t h i s  oategory, a long w i t h  t h o w  undeteoted ( b u t  l o g l o a l l y  i n f e r r e d )  from w h i o h a h i o k a  hatohed are i n  
pa ren theses  i n  t h e  IHatohd1 oolumn. Chioka t h a t  h a t o h d  from eggs  t h a t  were  undeteoted are i n  pa ren theses  i n  t h e  'Alive' 
column. 



Table 13. Schedule of first appearance of  60 thick-billed murre eggs on 
three productivity p lo t s  on St. George Island, Alaska, 25 June- 
29 July ,  1984. 

I n t e F v a l . D a t e  - 
I 2 5 - q  June 1 

I - V  25 June-29 July 1 -7 

Bew Egas (Seen f o r  F-t Time) 
L L 



Table 14. Produotivity of thick-bil led murres a t  St. George Island, Pr ib i lo f  Islands,  Alaska, 1977- 
1984fi. 

Number of Eggs 5 1 90 8 8 1 26 104 5 5 

Hatohing Suocess ( ohioks hatoh&/ .59- .61- . 65- .60 .73 76 
estimate of # of eggs l a i d )  .84 .70 .88 

~ l e d b n g  Suooeas (#  ohioka a l i ve  . 35- .YO- . 17- - .88 95 
a t  end of study/ # ohicks 97 .86 23 

h, 
hatohed) 

h, o Reproduotive Suocess (#  ohiclca . 29- . 4 9- . 15- 33- -38- 
a l i ve  a t  end of study/estimate of 57 52 .I6 52 63 -72 

# of sites oooupied) 

95% Confidence In te rva l  of Minimum 17- . 39- .07- . 23- 
Estimate of Reproduotive Sucoess .42 . 59 . 22 .40 

n = # ohioka a l i ve  a t  end of 
study' 

@1977-1978 da ta  are from Hunt e t  al. (1981); 1981 da ta  a r e  from D. Lloyd (unpub. data). 
**Three d i f f e r en t  es t imates  based on d i f f e r en t  measurea of produotlvity; see Table 12 f o r  o r ig in  of 

A, B, C. 
+Studies ended a f t e r  fledging during 1977, 1978 and 1981, and before f ledging (mid-August) during 

1984, theref ore r e s u l t s  are not d i reo t ly  oomparable among years. 



Table 15. Produotivity of thick-bil led murres a t  St. Paul Island,  Pr ib i lo f  Islands,  ,+Alaska, 1976- 
1984*. 

Number of Eggs 47 102 -, 114 146 129 27 

Hatohing Suaaes ( #  ahiaks hatahed/ 85 -66- . 74- 0 4  .05- .22 
,es t imate  of # of eggs l a i d )  . 84 -79 -08 -09 

42- I 
Fledging Sucaess ( #  ahiaks a l i v e  85 -77- - .64 -67 
a t  end of study/# chicks -84 9 1 
hatohed) 

Reproduotive Suaoess (#  ohialrs a l i v e  72 :z? .6 1- .O3- .03- -15 a t  end of atudy/estimate of # -68 05 -05 
sites oaaupied) 

95% Confidenae In te rva l  of Hinimum -59- .26- .53- (0.1- 
Estimate of Reproduative Suocess -85 -45 70 .05 

n = # ahialrs a l i v e  a t  end of 
study+ 

,1976-1978 da t a  a r e  from Hunt e t  al. (1981) and Hunt (unpubl. data). 
**Three d i f f e r en t  es t imates  based on d i f f e r en t  measures o r  produotivity;  s e e  Table 12 f o r  o r i g i n  of 

A, B and C. 
+Studies ended after fledging i n  1976-1978 and before f ledging (mid-August) during 1984, the re fore  

r e s u l t s  a r e  not d i r eo t l y  aomparable among years. 



Table 16, Breeding performanoe of black-legged kit  tiwakea at Cape Peiroe, Alaska, 1984. 

Status at of Studv (16 Julv) 
Chioks - 

O Hafah Failed Alive Dead 
Total #@ - Fate of 

Nsaumun 

BKAS 

LKA 

SPEC ( R )  
P3 
P3 
N SPEC (M) 

SPEC (L)  

OBLIQUE ( R )  21 

OBLIQUE ( T )  16 

OBLIQUE ( L )  22 

TIT1 12 

HOKN 11 11 1 6 4  2 12 1 1 
- - -  - - - 

ALL PLOTS 275 275 176 64 35 2 132 1 1 

@Platforma constructed, 



period when de ta i led  productivity counts were first made a t  Cape Peirce. 

O f  t h e  134 eggs l a i d ,  on ly  2 (1.5%) hatched;  t h e s e  2 c h i c k s  were p r e s e n t  

i n  d i f f e r e n t  n e s t s  on 1 p l o t  when w e  a r r i v e d  on 11 J u l y  f o r  o u r  second 

v i s i t  t o  t h e  colony. When a l l  nes t s  were l a s t  checked on 16 July, only 1 

chick remained alive. 

O v e r a l l  p r o d u c t i v i t y  of  black-legged k i t t i w a k e s  on p l o t s  a t  Cape 

P e i r c e  i n  1984 was less than  1% (Table  17). An a d d i t i o n a l  census  of  150 

randomly selected black-legged k i t t iwake  n e s t s  a t  t h e  t i p  of Cape Peirce 

( i n  t h e  c e n t e r  of t h e  colony)  on 14 J u l y  r e v e a l e d  o n l y  2 l i v e  c h i c k s  

(1.3%) and no n e s t s  w i t h  eggs. 

Common Hurre 

I n  1984, 190 common. murre eggs were seen on 7 p l o t s  where a n  average 

of 487 a d u l t s  were recorded (mean f o r  all seven p l o t s  on a l l  days sampled) 

(Table  18). The f a t e s  o f  29 of t h e  190 eggs were unknown o r  u n c e r t a i n ;  

t h e  s t a t u s  of t h e  remain ing  161 eggs, a s  of t h e  end o f  t h e  s t u d y  (16 

July), is shown i n  Table 19. The schedule of first appearance of common 

murre  eggs a t  Cape P e i r c e  is  shown i n  Table  20. Over 86% (164 o f  190) of 

a l l  eggs recorded a t  murre productivity p l o t s  were seen during t h e  first 

t h r e e  v i s i t s  t o  each  p l o t  d u r i n g  t h e  lo-day pe r iod ,  9-18 June. The 

remaining 26 eggs appeared during July;  some of these eggs no doubt were 

replacements f o r  eggs l o s t  during June. 

Searches commenced on 11 July and ended on 16 July  f o r  common murre 

chicks on 6 p l o t s  where eggs had survived during our f i r s t  v i s i t  t o  Cape 

Peirce (6-20 June); some information on productivity was gathered f o r  5 of 

6 murre  p r o d u c t i v i t y  p l o t s  on 1 and 2 J u l y  by USFWS personne l  a t  Cape 

Pe i rce .  O f  t h e  18 c h i c k s  recorded  d u r i n g  J u l y ,  5 hatched between 1 3  and 

16 Ju ly  and 5 o thers  hatched between 2 and 16 July. Information on the  8 

o ther  chicks was i n s u f f i c i e n t  t o  determine (within  reasonable l i m i t s )  when 

they hatched. 

It i s  probable  t h a t  some of t h e  45 common murre  eggs remain ing  a t  

s i tes  o n  t h e  l a s t  day o f  o u r  s t u d y  (16 J u l y )  e v e n t u a l l y  hatched. The 

estimate of common murre hatching success  a t  Cape Peirce is therefore  a 

minimum value. Nevertheless, the  f a t e  of over ha l f  of the  t o t a l  eggs, and 

eggs of known s t a tu s ,  were determihed before the  study ended and a l a r g e  



Table 17. Productivity of black-legged k i t  tiwakes a t  Cape Peirce,. Alaska, 
1970-1984. 

x c lu tch  size 

n = # nes t s  with eggs 

Ehtching success ( #  chicks hatched/ 
# eggs l a i d )  

Fledging success 
(# chicks a l i v e  a t  end of study/# 
chicks hatched ) 

Reproductive Success (#  chicks 
a l i v e  a t  end of study/# eggs 
l a i d  

Productivity 
( #  chicks a l i v e  a t  end of study/# 
nest  at tempts) 

951 Confidence In t e rva l  of 
Reproductive Success 

951 Confidence In t e rna l  of 
Productivity Estimate 

n (#  of nes t  attempts) 

*I970 da t a  a r e  from Dick and Dick (1971), 1976 d a t a  a r e  from Petersen and 
Sigman (19771, 1981 data are from D. Lloyd (unpub. data). 

**This value was calculated from a subsample of 44 nes t s  (wi th  63 eggs). i n  
only two plots.  

+This va lue  i s  n o t  d i r e c t l y  comparable t o  o t h e r  measures  o f  ha t ch ing  
success; i t  is the  proportion of ne s t s  (772; 38.95) from which some eggs 
hatched. 

++This v a l u e  was c a l c u l a t e d  from a subsample  of  50  n e s t s  w i t h  eggs (50 x 
1.43 = 72 eggs)  and 33 l i v e  c h i c k s  a t  t h e  end of  t h e  s t u d y  i n  o n l y  two 
p lo t s .  This  va lue  is  n o t  d i r e c t l y  comparable t o  t h e  1981 and 1984 
va lues ,  t h e r e f o r e  i t  h a s  n o t  been inc luded  i n  Like l ihood  R a t i o  and 
Bonfermni comparisons i n  Appendix 7. 



Table 18. Breeding performanor of oonnon nur res  (U aalgd a t  Cap. Pelroe, Alaska, June-July, 1984. 

S t a t u s  of End oil6 &lv) 
ji I Adults I Eggs of 

on P lo t s  
. -  

Total I Eggs Known Fa te  S t i l l  
Plot A A (B1 ( C ) 4 F a i l e d - E m 4 P p l P  

HOKN 169 57 4 8 2 31 15 9 1 1 

SPEC ( i t )  35 13 13 0 10 3 0 0 0 

SPEC (M) 56 19 16 4 (1 )  5 7 3 4 (1)  0 

- - -  
ALL PLOTS 4 87 190 161 22 (5 )  94 45 29 21 (5)  1 

4 S i t e a  o f  unknown s t a t u s .  Chioks t h a t  hatohed f r o n  egg8 t h a t  were  unde teo ted  a r e  i n  p a r e n t h e s e s  i n  t h e  'Alive'  
oolumn; these ohioks were a l i v e  a t  t h e  end of the  study. The eggs ( inferred)  f r o n  whioh t h e m  ohioks hatohed a r e  
i n  parmtheser  i n  t h e  'Hatohad' oolunn. 



Table 19. P r o d u c t i v i t y  of  common murres  a t  Cape Pelrce, Alaska, 1976- 
1984*. 

Hatching su6oess (# chicks hatched/ - -44--96 -06 -14 -14 
estimate of # eggs l a i d )  

Fledglng Success (# chicks a l i v e  -18--46 - . 95 96 
a t  end of study/# ohicks 
hatched) 

Reproductive Success (# c h i c k  -17--31 - -14 13 - a l i v e  a t  end of study/# of 
eggs l a i d )  

Productivity*** (# chicks a l i v e  -20 -15 -05 - 
at  end of study/# of nes t  ., 

attempts) 

95% Confidence In te rva l  of - -1% -11- -03- 
Productivity ' E s t i m a t e  -21 . . I9  -07 

n = # of chicks a l i v e  a t  end of 26 26 2 1 
study 

*I976 d a t a  are from P e t e r s e n  and Sigman (1977); 1981 d a t a  are from D. - 

Lloyd (unpub. data).  
*uPhree d i f f e r en t  es t imates  based on d i f f e r e n t  measures of productivity; 
- see Table  18 f o r  o r i g i n  of  A, B and C. 

***Studies ended a f t e r  f ledging i n  1976 and 1981 and before fledging (mid- 
- - . Ju ly )  i n  1984, t h e r e f o r e  r e s u l t s  a r e  n o t  d i r e o t l y  comparable among 

years; see discussion i n  text .  



Table 20. Schedule  o f  first appearance o f  190 common murre  eggs  on s i x  
p r o d u c t i v i t y  p l o t s  a t  Cape P e i r c e ,  Alaska, 9 June-16 J u l y ,  
1984. 

In t e rva l  B B E n n s  
I n t e r v a l D a t e  mliLt 

I 9-13 June 1 

I1 14-1 6 June 2 65 34 .2 

I11 1 7-1 8 June 3 3 1 16 .3 

IV 1-16 Ju ly  4-6 26 13 *7 
- - 

I-IV 9 June- 1 6 July  1-6 190 100.0 



p r o p o r t i o n  of t h e s e  (94 o f  190 o r  161; 49.5% o r  58.42, r e s p e c t i v e l y )  

failed. Of 116 eggs whose s t a t u s  had been determined by 16 July,  only 22 

(19%) ha tched  If t h i s  rate of  hatch is applied t o  t he  45 unhatched eggs, 

31 o f  161 eggs  o f  known s t a t u s  (1 6% o f  t h e  t o t a l  190 eggs)  would ha t ch ,  

and 6% of t he  487 occupied sites would have chicks. Given t h i s  hatching 

scenario,  one would expect t h e  ove ra l l  production of  common murres a t  Cape 

Peirce  t o  be somewhat less than 6% during 1984. 

On 14 J u l y ,  185 randomly-se lec ted  mur r e s  were observed  o n  n e s t i n g  

ledges a t  t he  t i p  of Cape Peirce  ( i n  t he  cen te r  of t he  mainland colony); 1 

a d u l t  was s e e n  i n c u b a t i n g  a n  egg, 8 a d u l t s  were a t t e n d i n g  c h i c k s ,  125  

a d u l t s  appeared t o  be incubating (were s tanding i n  incubation posture), 49 

a d u l t s  c l e a r l y  were no t  incubating, and 2 eggs appeared t o  be abandoned. 

Based on  t h i s  a n c i l l a r y  i n f o r m a t i o n ,  t h e  p r o d u c t i v i t y  o f  mur r e s  i n  t h e  

r e l a t i v e l y  inaccess ib le  c en t e r  of t h e  colony, near t h e  t i p  of Cape Peirce,  

i s  abou t  t h e  same (4%)  as t h a t  computed f rom censuse s  of  p r o d u c t i v i t y  

p l o t s  a t  o ther  locat ions .  

DISCUSSION 

P r ib i l o f  I s l ands  

L ike l i hood  R a t i o  Tests (LRT) i n d i c a t e  s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e s  i n  b lack- legged  k i t t i w a k e  h a t c h i n g  s u c c e s s  and  o v e r a l l  

p roduc t iv i ty  among var ious  years  on both St. George and St. Paul i s l a n d s  

(Table 21). Hore de t a i l ed  comparisons of ind iv idua l  years  i nd i ca t e  t h a t  

1984 was low o n  St. G e o ~ g e  I s l and .  On St. Paul  I s l a n d ,  bo th  of  t h e s e  

measures were s i g n i f i c a n t l y  lower i n  1984 than f o r  any of t h e  o the r  f i v e  

years  when d a t a  were ava i l ab l e  f o r  t h i s  species. 

LRT analyses  i n d i c a t e  a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  among 

var ious  years  f o r  hatching success  of red-legged k i t t iwakes  on St. George 

Is land;  no such d i f fe rence  ( i n  hatching success) among years  was found on 

St. Paul  I s l a n d  (Tab le  22). I n  c o n t r a s t ,  s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f fe rences  among yea r s  were detected f o r  ove ra l l  product iv i ty  on both St. 

George and St. Paul is lands.  Hore de t a i l ed  i n t e r cyea r  comparisons of  both 

St. George and St. Pau l  d a t a  i n d i c a t e  t h a t  1984 was among t h e  p o o r e s t  

years  f o r  ove ra l l  product iv i ty  on both islands.  



Table 21. Various estimates of black-legged ki t t iwake productivity on t h e  
Pr ib i lo f  Islands, Alaska, 1975-1984, with r e s u l t s  of Likelihood 
Ratio Tests  and Bonferroni mult iple  comparisons. (See Appendix 
7 f o r  a similar s t a t i s t % c a l  t r e a t m e n t  and comparison o f  
reproductive success f o r  black-legged k i t t iwakes  on St. George 
and St. Paul, and Cape Peirce. ) 

LRT S t a t i s t i c  f o r  Hatch* Success#: 25.1; p<0.0001 

Year 
R 
Estlmate of Hatching Success 

LRT Statistic f o r  Productivity##: 42.3; p<0.0001 

Year 1981 1984 1978 1980 1979 1977 1976 
N 102 57 229 106 146 110 34 
Bstinate  of 
Productivity .07 . .I4 .22 .38 -40 .45 .62 

- 
LRT S t a t i s t i c  f o r  Hatch- Success: 18.5; p=0.002 

Year 1984 1977 1975 1976 1979 1978 
N 23 155 121 104 128 146 
E s t i m a t e  of Hatahing Success -17 -59 -60 .72 .73 .74 

LRT Statistic f o r  Productivity: 44.9; p<0.001 

Y e a r  1984 1978 1977 1975 1976 1979 
u . . -106 203. - 157 185 in 158 
E s t l m a t e  of Productivity -06 .36 .43 -44 .52 .54 

#Hatching success: # eggs hatched/# eggs la id .  
##Productivity: # chicks a l i v e  a t  end of study/# nes t  a t tempts  (platforms 
- COnSt~c ted ) .  
+Underscoring designates es t imates  t h a t  are not sign1 f i c a n t l  y d i f f e r en t  
from each o ther  (p  varies fra 0.025 t o  0.003). 



Table 22. Various es t imates  of red-legged k i t t iwake  productivity on t h e  
Pr ib i lo f  Islands,  Alaska, 1976-1984, w i th  r e s u l t s  of Likelihood 
Ratio Tests and Bonf e r ron i  mu1 t i p l e  comparisons. - 

LRT S t a t i s t i c  f o r  Hatching Success*: 42.2; p<0.0001 

Year 
N 
Estimate of Hatching Suceess 

LRT S t a t i s t i c  f o r  Overall Productivity**: 68.8; p<0.0001 

Year 
N 
Estimate of 
Productivity 

LRT S t a t i s t i c  f o r  Hatching Success: 9.3; p=0.0976 

Year 1984 1978 1979 1975 1977 1976 
N 6 24 24 23 57 56 
Estimate qf Hatching Success :33 .54 -63 .78 .82 .88 

LRT S t a t i s t i c  f o r  Productivity: 43 -7; p<0.0001 

Year 1978 1984 1979 1975 1977 1976 
N 112 39 56 50 7 8 76 
Estimate of Productivity .Og . lo  .34 .34 .54 .63 

*Hatching success: # eggs hatched/# eggs l a id .  
**Productivity: # chicks a l i v e  a t  end of study/# nes t  a t tempts  (platforms 

constructed). 
+Underscoring designates  es t imates  t h a t  a r e  not s i gn i f i can t ly  d i f f e r e n t  
from each o ther  (p  va r i e s  from 0.025 t o  0.003). 



LRT analyses i nd i ca t e  a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  among 

years i n  es t imates  of both hatching success  and ove ra l l  productivity of 

thick-bil led murres on St. George Is land (Table 23). Hore deta i led inter-  

year  comparisons i nd i ca t e  t h a t  t h e  es t imate  of hatching success i n  1984 

was lower than had been recorded i n  the  three years  when s i m i l a r  s t ud i e s  

had been conducted o n  t h i s  i s l and .  Although i t  was n o t  s t a t i s t i c a l l y  

l ower  t h a n  du r ing  1977, when h a t c h i n g  s u c c e s s  a l s o  was ve ry  low, i t  was 

s ign i f i can t ly  lower than during both 1978 and 1981. Similar ly ,  although 

t h e  v a l u e  f o r  o v e r a l l  p r o d u c t i v i t y  of t h i c k - b i l l e d  murres  on  St.  George 

was smaller than recorded i n  1978, it was no t  s i gn i f i can t ly  d i f f e r e n t  from 

p r o d u c t i v i t y  v a l u e s  f o r  any of t h e  t h r e e  o t h e r  y e a r s  when s t u d i e s  o f  

thick-bil led murres were conducted on St. George. 

On St. Paul Island,  LRT analyses and multi-year comparisons indicated 

t h a t  1984 was by far  t h e  p o o r e s t  of  f o u r  y e a r s  f o r  which d a t a  e x i s t  on 

thick-bil led murre hatching success and o v e r a l l  p r o d u c t i v i t y  (Table  23). 

Craighead and Oppenheim ( 1982) s p e c u l a t e d  t h a t  d i s t u r b a n c e  of n e s t i n g  

seabirds  by human v i s i t a t i o n  on St. Paul may be responsible  f o r  depressed 

reproductive r a t e s  over t he  pas t  several  years there. 

Cape Peirce  

Like l ihood  R a t i o  Tests and mu l t i -yea r  compar i sons  o f  black-legged 

k i t t iwake  hatching success and o v e r a l l  p r o d u c t i v i t y  i n d i c a t e d  t h a t  1984 

was by f a r  t h e  p o o r e s t  of t h e  f o u r  y e a r s  f o r  which d a t a  e x i s t  a t  Cape 

P e i r c e  ( T a b l e  24).  The 1984 v a l u e  f o r  o v e r a l l  p r o d u c t i v i t y  was 

s t a t i s t i c a l l y  very much smaller than t h e  very low value f o r  1970. 

A t  Cape P e i r c e  w e  were concerned t h a t  a l l  of t h e  black- legged 

k i t t i w a k e  p r o d u c t i v i t y  p l o t s  may have been  t o o  f a r  from t h e  c o r e  of t h e  

colony, i.e., a t  t h e  pe r iphe ry  of t h e  colony where o t h e r s  working w i t h  

k i t t iwakes  (Coulson 1968) found t h e  qua l i t y  (productivity) of bi rds  t o  be 

poor. Therefore, on 14 Ju ly  w e  climbed t o  a d i f f i c u l t  vantage point  above 

Cape Peirce proper, and using a spot t ing  scope, w e  examined the  contents  

of  150 a r b i t r a r i l y  s e l e c t e d  k i t t i w a k e  nes t s .  A s  mentioned i n  t h e  

*RESULTS1 s e c t i o n ,  t h i s  i n s p e c t i o n  r evea l ed  o n l y  2 l i v e  c h i c k s  and no 

n e s t s  w i t h  eggs. Thus, o u r  k i t t i w a k e  p r o d u c t i v i t y  p l o t s  appeared t o  be 



Table 23. Various  e s t i m a t e s  o f  t h i c k - b i l l e d  murre  p r o d u c t i v i t y  on t h e  
P r ib i l o f  Islands,  Alaska, 1976-1984, wi th  r e s u l t s  of Likelihood 
Ratio Tests  and Bonferroni mul t iple  comparisons. 

LRT S t a t i s t i c  f o r  Hatching Success*: 13.8; p=0.001 

Year 1984 1977 1978 1981 
N 1 26 5 1 90 8 8 
Estimate of Hatching Success -60 -59 .61 .65 

+ 

LRT S t a t i s  t i c  f o r  P r o d u c t i v i t ~ * :  12 -5; p=0.002 
. . 

Year 
N 
Estimate of Productivity 

LRT S t a t i s t i c  f o r  Hatching Success: 107.1; p<0.001 

Year 
N 
E s t i m a t e  of Hatching Success 

LRT S t a t i s t i c  f o r  Productivity: 77 -0; p<0.0001 

Year 
N 
Estimate of Productivity 

*Hatching succes s :  # c h i c k s  h a t c h e d l t o t a l  # eggs l a i d  (P # a d u l t s  i n  
p l o t s  during censuses). 

. **Produc t iv i ty :  #ch i cks  a l i v e  a t  end of  s t udy /#  b reed ing  p a i r s  (ii # 
adu l t s  i n  p l o t s  during censuses). 

-+Underscoring designates es t imates  t h a t  a r e  not  s i g n i f  i c a n t l  y d i f f e r e n t  
from each o ther  (p var ies  from 0.025 t o  0.003). 



Table 24. Various es t imates  of black-legged k i t  tiwake and common murre 
productivity a t  Cape Peirce, Alaska, 1 970-1984, wi th  r e s u l t s  of 
L ike l ihood  R a t i o  T e s t s  and Bonfer ron l  m u l t i p l e  comparisons. 
(See Appendix 7 f o r  a s i m i l a r  s t a t i s t i c a l  t r e a t m e n t  and 
comparison of reproductive success f o r  black-legged k i t  tiwakes 
a t  Cape Peirce.).  

LRT S t a t i s t i c  f o r  Hatching Success: 84.2; p<0.0001 

Year 
N 
Estimate of  Hatching Success 

LRT S t a t i s t i c  f o r  Productivity: 72.4 ; p<0.0001 

Year 
N 
Estimate of Productivity 

LRT S t a t i s t i c  fo r .  Hatching Success: 13.9; p<0.0001 

Year 
N 
Estimate of  Hatching Success* 

LRT S t a t i s t i c  f o r  Productivity: 41.1; p<0.0001 

Year 
N 
Estimate of Productivity** 

*Hatching success :  # c h i c k s  h a t c h e d l t o t a l  # eggs l a i d  
**Product ivi ty:  #ch i cks  a l i v e  a t  end of  s t udy /#  breed ing  p a i r s  ( 2  # 

a d u l t s  i n  p l o t s  during censuses). 
+Underscoring designates  es t imates  t h a t  a r e  no t  signl-ficantly d i f f e r en t  

from each other  (p  var ies  from 0.025 t o  0.003). 



r e p r e s e n t a t i v e  of  t h e  colony;  o v e r a l l  p r o d u c t i v i t y  i n  1984 was n e a r l y  

zero. 
Although f i e l d  work a t  Cape P e i ~ c e  ended before  t he  peak of hatching 

on a t  l e a s t  one common murre productivity plot ,  r e s u l t s  from o ther  p l o t s  

where t he  peak was observed indicated t h a t  mkre productivity w a s  low i n  

1984. More r i g o r o u s  s t a t i s t i c a l  a n a l y s e s  (L ike l ihood  R a t i o  T e s t s )  and 

multi-year comparisons (Bonferraui Tests) of common murre hatching success 

and overa l l  productivity indicated tha t ,  a s  was t he  case with  black-legged 

k i t t i w a k e s ,  1984 was t h e  p o o r e s t  of  t h e  t h r e e  y e a r s  f o r  which d a t a  a r e  

avai lable  (Table 24) 

One of t he  m a o r  i ne f f i c i enc i e s  of any study of murre productivity is 

the  amount of time spent  watching b i rd s  on p l o t s  t o  determine whether o r  

n o t  a s i t e  is occupied by a b reed ing  b i r d ,  e.g., whether  a n  egg o r  c h i c k  

is present a t  t he  s i te .  Many inves t iga tors  simply use t h e  average number 

of a d u l t s  p r e s e n t  on t h e  p l o t  a s  a n  e s t i m a t e  o f  t h e  number of occupied 

s i t e s  (Hunt e t  a l .  1981). T h i s  approach b i a s e s  p r o d u c t i v i t y  e s t i m a t e s  

downward because not a l l  a d u l t s  a t  sites breed. I n  t h i s  study w e  t es ted  

the  usefulness of a de t a i l ed  computer ana lys i s  of hourly attendance data  

col lected by time-lapse 35-ma cameras ' a t  a common murre p l o t  (DUH) a t  Cape 

Peirce. This procedure was found t o  be very useful ,  but our  r e s u l t s  were 

confounded by several  problems. The most s i gn i f i can t  problem was caused 

by some b i rd s  obscuring others;-when the  images were d ig i t i zed ,  the  sites 

occupied by t h e  b i rds  i n  back were indis t inguishable  from those i n  f r o n t  

The use of 35-mm time-lapse photography and d ig i t i z ed  data analyses shows 

g r e a t  promise ,  bu t  g r e a t  c a r e  needs  t o  be  e x e r c i s e d  when s e t t i n g  up 

photographic equipment t o  monitor seabird  p l o t s  s o  the  type of occlusion 

described above does no t  occur. If t h e  ledges a r e  wide, as they o f t en  are 

where common murres nest ,  the  camera should be mounted opposite and above 

the  b i rds  i f  possible. 

A t  leas t  f o u r  and p o s s i b l y  e i g h t  p a i r s  of  common r a v e n s  (Corvus 

corax) preyed heavily on eggs of common murres and black-legged k i t t iwakes  

a t  Cape Peirce i n  1984. It was d i f f i c u l t  t o  determine t h e  impHct of raven 

predation on a colony-wide basis,  but  they appeared t o  have a g r e a t  impact 

on t he  b i rds  nest ing i n  product ivi ty  and population p l o t s  a t  Cape Peirce. 

Recent ly  f l e d g e d  young r a v e n s  o f t e n  accompanied a d u l t s  t o  t h e  c o l o n i e s  

du r ing  f e e d i n g  t r i p s .  During 10 hours  of a 24-h coun t  a t  s e v e r a l  





Very poor  p r o d u c t i v i t y  was r e p o r t e d  i n  1984 a t  a l l  black-legged 

k i t t i w a k e  c o l o n i e s  i n  t h e  Ber ing  and Chukchi s e a s  where d a t a  a r e  
ava i l ab l e .  No young were produced a t  Cape L i sbu rne  (Chukchi Sea),  a t  

Bluff (Norton Bay) o r  a t  St. Lawrence Is land (Springer e t  al. 1984a). No 

information is ava i lab le  on k i t t iwake  product ivi ty  on St. Lawrence I s land  

o r  Cape Thompson i n  1983, but d a t a  from Bluff and Cape Lisburne (Springer 

e t  al. 1984a:25; Murphy and Sp r inge r ,  unpub. d a t a )  i n d i c a t e  f a i r  t o  good 

productivity t h a t  year. 

The s m a l l  s ample  (4 b i r d s )  of  t h i c k - b i l l e d  murres  moni tored o n  St. 

Paul I s land  i n  1984 makes the  very low product ivi ty  value (0.03) somewhat 

less r e l i a b l e  t h a n  t h a t  f o r  nearby St. George I s l a n d ,  where more b i r d s  

(40) were watched and product ivi ty  was greater (0.31). Productivity was 

markedly higher on St. George i n  1984 than what was recorded by Craighead 

and Oppenheim i n  1982 ( o n l y  1 c h i c k  seen). Murre p r o d u c t i v i t y  was a l s o  

poor on St.  Lawrence I s l a n d  i n  1984 b u t  h a s  been good o n  St.  Matthew 

Is land  since 1982, although thick-bil led murres have apparently been less 

productive t h e r e  than common murres, espec ia l ly  in 1983 (Springer e t  al. 

1984a). Common murre productivity a t  Bluff a l s o  was apparently poor i n  

1984 (Murphy and Springer, unpub. data). 

Productivity has f requent ly  been estimated a t  seabird  colonies a s  a 

way of comparing the  general  %ealthw of populations among years  or, less 

commonly, as a tool  i n  predict ing change i n  population numbers. Attempts 

have frequently been made t o  c o r r e l a t e  observed  changes  i n  p r o d u c t i v i t y  

w i t h  c a u s a t i v e  mechanisms, and t h u s  t o  i s o l a t e  f a c t o r s  t h a t  u l t i m a t e l y  

c o n t r o l  p o p u l a t i o n s  (Lid 1981, Ford e t  a l .  1982). Some a u t h o r s  ( C r o x a l l  

and Prince 1970, Lid 1981) have blamed pe r s i s t i ng  changes i n  productivity 

caused by food supply changes (or  o ther  factors) ,  f o r  long-term population 

changes. 

Springer e t  al. (1984b) suggest t h a t  low-term changes i n  weather and 

c l imate  cause broad-scale changes i n  oceanographic condit ions and i n  prey 

a v a i a b i l i t y .  They f u r t h e r  s u g g e s t  t h a t  such changes  may a f f e c t  t h e  

s t a b i l i t y  of regional  seabird  populations i n  the  Bering and Chukchi seas. 

The recen t  depressions i n  productivity of seabirds  i n  t h e  southern Bering 

Sea may be r e l a t e d  t o  such meteorological and oceanographic events. 



E s t i m a t e s  o f  black-legged k i t t i w a k e  p r o d u c t i v i t y  were ve ry  low i n  

1984 on St. George (0.14) and St. Paul  (0.06) i s l a n d s  and a t  Cape P e i r c e  

( l e s s  t h a n  0.01). L ike l ihood  Ra t io  T e s t s  i n d i c a t e d  t h a t  1964 was among 

t h e  poo re s t  of y e a r s  f o r  black- legged k i t t i w a k e  p r o d u c t i v i t y  i n  t h e  

sou the rn  Ber ing  Sea. Comparisons o f  p r o d u c t i v i t y  o v e r  r e c e n t  y e a r s  a t  

o ther  colonies i n  the  southern Bering ind ica te  t h a t  black-legged ki t t iwake 

productivity has been depressed f o r  t h r e e  years  a t  many important Bering 

Sea colonies (St. George, St. Paul, Cape Peirce, St. Matthew and possibly 

St. Lawrence). 

Red-legged k i t t iwake  productivity was very low (0.13 and 0.10) on St. 

George and St. Paul i s land  i n  1984. Likelihood Ratio Tests  ind ica te  t h a t  

on St.  George I s l a n d ,  where about  802 of t h e  world  p o p u l a t i o n  n e s t s ,  

productivity has  been low f o r  a t  l e a s t  f i v e  years. 

Estimates of productivity of thick-bil led murres i n  1984 were much 

h ighe r  on St .  George ' Island (0.31) t h a n  on St.  Pau l  (0.031, p o s s i b l y  

because of human disturbance a t  St. Paul (Craighead and Oppenheim 1982). 

Productivity was markedly higher i n  1984 on St. George than Craighead and 

Oppenheim recorded i n  1982. 

P r o d u c t i v i t y  of common murres  a t  Cape P e i r c e  i n  1984 was probably  

ove re s t ima ted  because o b s e r v a t i o n s  ended t o o  e a r l y ;  d e s p i t e  t h i s ,  t h e  

maximum es t imate  of productivity i n  1984 was only 0.05. Productivity a l s o  

was r e l a t i v e l y  low (0.15) a t  Cape P e i r c e  i n  1981. During o u r  s tudy  and 

the  study by Petersen and Sigman (19771, common ravens preyed heavily on 

eggs of common murres and black-legged k i t t iwakes  a t  Cape Peirce. During 

y e a r s  when p r o d u c t i v i t y  i s  depressed  (when breed ing  b i r d s  may be 

s t ressed) ,  ravens may be more e f fec t ive  predators of eggs and chicks (D.G. 

Roseneau, pers. comm. 1984). 

F u t u r e  mon i to r ing  s t u d i e s  should  measure  p r o d u c t i v i t y  u n t i l  most 

c h i c k s  a r e  n e a r  f l edg ing .  S t u d i e s  t h a t  t e r m i n a t e  e a r l y  ( a s  o u r s  d i d  a t  

Cape Pe i r ce )  w i l l  not  provide accurate  e s t ima te s  of product ivi ty  i n ' a  year  

when many eggs hatch and many chicks sumive.  

We strongly recommend t h e  use of 35-ma time-lapse photography and t h e  

d i g i t i z a t i o n  of imagery t o  moni tor  t r e n d s  i n  d i u r n a l  and sea sona l  

a t t endance  of b i r d s  ( e s p e c i a l l y  murres)  on s tudy  p l o t s  as a t o o l  f o r  



determining t h e i r  reproductive s ta tus ,  Cameras should be set up opposite 

and s l i g h t l y  above study p l o t s  t o  eliminate o c d u s i o a  
There were no s ign i f i can t  dif ferences  i n  productivity among d i f f e r e n t  

e levat ional  s t r a t a  o r  among d i f f e r e n t  p l o t s  f o r  any key species  of seabird 

studied i n  1984 on e i t h e r  of the  Pr ib i lo f  I s lands  o r  a t  Cape Peirce. 

Springer e t  ale (1984) suggest t h a t  long-term changes i n  weather and 

cl imate  cause broad-scale changes i n  oceanographic conditions and i n  prey 

a v a i l a b i l i t y .  They f u r t h e r  s u g g e s t  t h a t  such changes may a f f e c t  the '  

s t a b i l i t y  of regional seabird populations i n  the  Bering and Chukchi seas. 
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APPENDICES 



Appendix 1. Technical descr ip t ion  of procedures used t o  analyze d ig i t i z ed  

time-series data  from time-lapse photographs. 

Introduction 

Th i s  t e c h n i c a l  appendix b r i e f l y  d e s c r i b e s  t h e  methods used and the  

ana lys i s  performed on t h e  time-lapse photographic records col lected a t  DUB 

p l o t  a t  Cape Peirce  i n  1984. The most important t oo l  used i n  the  ana lys i s  

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

photographic (analog) record i n t o  a data-oriented (d ig i t a l )  record. Pr ior  

t o  the  ana lys i s  w e  d id  the  following: 

(1) prepared t h e  f i l m ,  

(2 )  developed f i l m  project ion methods, 

( 3) assembled and in te r faced  appropria te  computer and op t i ca l  

hardware, and 

(4)  -developed appropria te  computer software. 

I n  a d d i t i o n  t o  t h e  above, t h e  f o l l o w i n g  numer i ca l  and s t a t i s t i c a l  

p rocedures  we're developed: (1) numer i ca l  search methods (minimization 

procedures) t h a t  determine t he  loca t ion  and number of ne s t  sites, and (2) 

a p p l i c a t i o n  of  t i m e  series a n a l y s i s  i n  o r d e r  t o  d e t e r m i n e  p a t t e r n s  i n  

hourly abundance of b i rd s  on study plots. 

He  thods 

To mon i to r  hou r ly  abundance and d e s c r i b e  s p a t i a l  p a t t e r n s  of  t h e  

b i rd s  observed i n  the  photographs, a HI-PAD d i g i t i z e r  was used t o  record 

t h e  s p e c i e s ,  l o c a t i o n  and number of  each bird .  Th i s  r e q u i r e d  (1) t h e  

development of hardware t o  project  t h e  f i l m  onto t he  d i g i t i z i n g  platen,  

and (2) computer hardware and sof tware  t o  d r ive  t he  d ig i t i z e r .  

Each f r ame  i n  t h e  f i l m  s t r i p s  ( t r a n s p a r e n c i e s )  were numbered 

c o n s e c u t i v e l y  ( i n  t h e  upper  r i g h t  co rne r ) ,  w i t h  a permanent marker,  

beg inn ing  w i t h  t h e  f i rs t  f r ame  of  a n  hou r ly  sequence. Poor q u a l i t y  and 



redundant photographs were not numbered (i,e,, were eliminated). 

A f i l m  p r o j e c t o r  and a  two-sided m i r r o r  were used t o  r e f l e c t  t h e  

image of each photograph onto the  d i g i t i z i n g  platen. The contents of each 

frame were then digi t ized,  The d ig i t i z ed  record contained t h e  following 

quan t i t a t i ve  measurements from each frame and b i rd  observed: 

1) t i m e  of t h e  frame (0-24 hours), 

2) da te  of the  frame, 

3) v i s i b i l i t y  of t h e  colony, and 

4) loca t ion  and sample period of the  frame. 

The t i m e  of t h e  i n i t i a l  photograph o f  a  sample  sequence was 

co r robo ra t ed  by obse rv ing  c y c l e s  o f  n i g h t  and day appa ren t  i n  t h e  

photographs,  For s i m p l i c i t y ,  t h e  v i s i b i l i t y  o f  t h e  colony was encoded 

using f i v e  ord ina l  l e v e l s  (0-41, a s  follows: 

0: complete v i s i b i l i t y ,  

1  : some shadowing--all b i rds  v i s i b l e ,  

2: overcast  day and extensive shadowing--all b i rds  v i s i b l e ,  

3: v i s i b i l i t y  poor--not a l l  b i rd s  v i s i b l e ,  and 

4: frame completely dark o r  overexposed--frame not  d ig i t i z ab l e ,  

The following information was recorded f o r  each b i rd  observed i n  each 

frame: 

1) species  code, 

2) type of individual (adul t ,  subadult,  egg, nest ,  e tc , )  , 
3) v e r t i c a l  posi t ion of individual  i n  t he  frame, 

4) horizontal  posi t ion of individual  i n  t h e  frame, and 

5) occlusion index, 

The o c c l u s i o n  index  was a n  o r d i n a l  measure (1-3) o f  t h e  d e g r e e  t o  

which the  b i rd  waS hidden from view, For each b i r d  t h a t  was not  occluded, 

t h e  h o r i z o n t a l  and v e r t i c a l  measurement was t a k e n  by p l a c i n g  t h e  

c r o s s h a l r s  of t h e  d i g i t i z i n g  c u r s o r  on  t h e  c e n t e r  of  t h e  back and 

d ig i t i z ing  (recording) its position. 



We used a Houston I n s t r u m e n t s  H I - P A D  DT-1148 D i g i t i z e r  t h a t  was 

d r i v e n  by an  APPLE I Ie  computer  u s i n g  a serial  i n t e r f a c e  card.  The 

computer sof tware  t h a t  processed the  dig1 t ized  information was wr i t t en  and 

developed by LGL. Data were processed  and s t o r e d  on  5.2V f l o p p y  d i s k s ,  

and were t ransfe r red  t o  the  LGL data-management system where they were 

ver i f ied ,  edi ted and setup f o r  analyses. 

Analysis 

The d ig i t i z ed  photographic d a t a  were used i n  several  d i f f e r e n t  ways, 

depending on how the  information was t o  be u s e d  The following two types 

of da t a  records were produced from the  raw da ta  files: 
- 

(1)  s p a t i a l  coordinates of each bird  t h a t  was d ig i t i zed ,  and 

(2)  frame o r  h o u r l y  c o u n t s  of t h e  number of b i r d s  o f  each 

s p e c i e s  r eco rded  a t  e a c h  l o c a t i o n  d u r i n g  each  sample  

period. 

The s p a t i a l  c o o r d i n a t e s  of each  b i r d  were used t o  de t e rmine  t h e  

number of n e s t i n g  s i tes  (b reed ing  p a i r s )  w i t h i n  t h e  view of t h e  camera 

e on t h e  sample  p l o t ) .  An o v e r a l l  map of a l l  t h e  s i tes  was 

constructed by accumulating the  number of b i rds  d ig i t i z ed  f o r  each p ix t e l  

(smallest r e s o l v e d  p o i n t )  on t h e  d i g i t i z i n g  p l a t en .  Examples of t h e s e  

base maps a r e  presented i n  Figures Al-1 t o  81-3. Darker a r ea s  i n  Figure 

81-1 i nd i ca t e  a reas  of high frequency of birds. Figure A1 -2 and 81-3 show 

higher reso lu t ion  p lo t3  of a sec t ion  of Figure 81-1. 

After t h e  base map was constructed, t he  loca t ions  of d i s c r e t e  sites 

were de te rmined  through a numer i ca l  s e a r c h  procedure  t h a t  de f ined  t h e  

p e r i m e t e r s  of each  l o c a t i o n  i n  t h e  p l o t  where  b i r d s  were recorded  most 

f r equen t ly .  These r e g i o n s ,  o r  c o l l e c t i o n s  of c o o r d i n a t e s ,  were t h e n  

defined a s  d i s c r e t e  sites. The o r ig ina l  s p a t i a l  coordinates of each bird  

d i g i t i z e d  on a n  hour  by hour  b a s i s  was used  t o  de t e rmine  r e s i d e n c y  

cha rac t e r i s t i c s  f o r  each s i te  ( f o r  a description,  see Ripley 1981). 

Using t h i s  procedure, w e  determined t h a t  about 330 sites a t  DUH study 

p l o t  were occupied by common murres  i n  t h e  e a r l y  p a r t  of t h e  breed ing  

season  (7-20 June)  and about  162 s i tes  were occupied d u r i n g  t h e  middle  



p a r t  of t h e  breed ing  c y c l e  (10-17 June). Comparable numbers f o r  t h e s e  

same sampl ing p e r i o d s  but determined through v i s u a l  c o u n t s  a r e  487 and 

161,  r e s p e c t i v e l y  ( s e e  *RESULTSf s e c t i o n ,  Table 19, under headings  A and 

C ,  respect ive ly)  . 
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.gure A1-2. High resolution map of locations of common murres shown in  
Panel A, Figure Al-1. An even higher resolution, 3- 
dimensional graphic of the area designated Panel B in  
Figure A1-2, i s  shown in Figure A1-3. 



Panel B i n  Panel A 

Figure A1-3. Frequency of occurrence of common murres a t  locations in  Panel B of Figure A1-2. 



Table Al-1. Estimates of the  number of d i s c r e t e  nest  sites 
(breeding pairs)  of common murres a t  DUH study p l o t  
a t  Cape Peirce,  Alaska. DUH 1= sampling period 
7-20, June 1984; DUH 3= sampling period 10-17 July,  
1984. 

DUHl - COWION MURRES 

DUH3 - COMMON MUPRES 



Appendix 2 . A summary of weather information for the  P r i b i l o f  Is lands,  
Alaska, June-Augus t , 19 84. 

Julv 
Wind Vind (OC) 

Z spd P spd 
Pate ~ ~ u L ~ P I C  U M a x  Ikmlh)PIC & I n M a x  



Appendix 2 (contnd) . 

A w t  - 
x spd-  
0 Pir M i l l  h x  



Appendix 3.. A summary of weather information for  the Cape Newenham-Cape 
Peirce area, Alaska, June-July 1984. 

June July 
A W i n d _ m  A B n P  t°C) 
xax-Hin Max-Hin 
Speed Speed 

Rabe L l o l L L P I C  H u l k l a x  f k w L P i r  Hulm 



Appendix 4. R e s u l t s  o f  L ike l ihood  R a t i o  Tests (LRT) o f  d i f f e r e n c e s  i n  
p r o d u c t i v i t y  e s t i m a t e s  f o r  s e a b i r d s  n e s t i n g  i n  d i f f e r e n t  
e l e v a t i o n a l  s t r a t a  on St. George I s l a n d ,  P r i b i l o f  I s l a n d s ,  
Alaska, 1984. 

# Chicks 95% C I  of 
Stratum # lest Alive a t  Productivity Productivity 

SDeaies i A u m R t a g n d - -  

RLKI 

LRT S t a t i s t i c  = 0.15; P = 0.93 

LRT S t a t i s t i c  = 0.73; P = 0.39 

LRT S t a t i s t i c  = 0.00; P = 1.0 



Appendix 5. R e s u l t s  of  Likel ihood Ratio Tests (LRT) of d i f f e r e n c e s  i n  
p r o d u c t i v i t y  estimates f o r  s e a b i r d s  n e s t i n g  i n  d i f f e r e n t  
e l e v a t i o n a l  s t r a t a  on St. Paul  I s l a n d ,  P r i b i l o f  I s l a n d s ,  
Alaska, 1984. 

# Chicks 95% C I  of 
Stratum # Nest Alive a t  Productivity Productivity 

LRT S t a t i s t i c  = 0.0001; P = 0.99 

LRT S t a t i s t i c  = 0.00; P = 1.0 

LRT S t a t i s t i c  = 0.11; P = 0.73 



Appendix 6. Resu l t s  o f  Likelihood Ratio  Tests (LRT) o f  d i f f e r e n c e s  i n  
product iv i ty  e s t i m a t e s  for seab irds  n e s t i n g  i n  d i f f e r e n t  
product iv i ty  p l o t s  on t h e  P r i b i l o f  I s l a n d s  and a t  Cape 
Peirce, Alaska, 1984. 



Appendix 7. Various e s t i m a t e s  of  black-legged k i t t i w a k e  rep roduc t ive  
s u c c e s s  on t h e  P r i b i l o f  I s l a n d s  and a t  Cape Pei r=e ,  Alaska, 
1975-1984, wi th  e e s u l t s  of Likelihood Rat io  T e s t s  and 
Bonferrgni mu1 t i p l e  caaparisons. 

LRT S t a t i s t i c  f o r  Reproductive Success*: 40.3; p<0.0001 

Y e a r  1981 1984 I n 7  1978 1976 
N 81 42 114 82 27 
Estinate of Reproductive Success -09 19 -44 -61 -78 

a. 

LRT S t a t i s t i c  f o r  Reproductive Success: 17.0; po0.004 

Y e a r  1984 . I n 7  1978 1W6 1979 1975 
N 23 155 1 46 104 128 121 
Estimate of Reproductive 

Success -26 -44 . -50 -63 -66 -67 

LRT S t a t i s t i c  f o r  Reproductive Success: 13.5; p<O.0001 

Year 
H 
Estlmate of Reproductive Success 
- - - -- - - - - -- -- - - 

*Beproductive success: # chicks a l ive  a t  end of study/# eggs laid.  
**Underscoring d e s i g n a t e s  estimates t h a t  a r e  not s ignif icant ly d i f ferent  - frm each other (p  varies  from 0.025 t o  0.003). 
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INTRODUCTION 

The d a t a  and a n a l y s e s  p re sen t ed  i n  t h i s  r e p o r t  are p a r t  of  a 

moni tor ing  program o f  s e a b i r d s  a t  t h e  P r i b i l o f  I s l a n d s  and Cape P i e r c e  

funded by t h e  Minera l s  Management Se rv i ce ,  U.S. Department of  t h e  

I n t e r i o r .  One o f  t h e  s p e c i f i c  ob , j ec t i ve s  o f  t h i s  program i s  t o  deve lop  

estimates of the  kinds and amounts of food consumed by the  ma,jor seabird  

species  i n  t h e  Pr ib i lo f  Island colonies. 

B i r d s  and ( o r )  t h e i r  food samples  were c o l l e c t e d  a t  b o t h  St. George 

and St.  Pau l  i s l a n d s ,  a l t hough  f o r  l o g i s t i c a l  r e a s o n s  most  work was 

conducted a t  St. George. Food samples were co l lec ted  from t h e  following 11 

spec i e s :  n o r t h e r n  f u l m a r  (m nlacialis), red-faced cormorant  

(-ax urile), black-legged k i t t i w a k e  (m t r l dac tvLa ) ,  red- 

legged ki t t iwake - b r e v i r o s t r i d ,  common murre (Uria aalne), thick- 

b i l l e d  murre  (--, p a r a k e e t  a u k l e t  -.g?.aittacu, 
least auklet  ousilla), crested auklet  (Aethia _cristatella), tu f ted  

puffin (Frat- birrhata) and horned puffin @ r a t e r c u b  corniculata). 

Five  s p e c i e s  (cormorant ,  bo th  k i t t i w a k e s ,  t h i c k - b i l l e d  murre  and 

least a u k l e t )  were t o  be s t u d i e d  i n  g r e a t e r  d e t a i l  t h a n  t h e  o t h e r s ,  b u t  

too f e w  red-faced cormorant samples were col lected f o r  de t a i l ed  analyses. 

D e t a i l e d  a n a l y s e s  o f  each  of t h e  r ema in ing  f o u r  s p e c i e s  looked a t  d i e t  

d i f ferences  between sexes of adu l t  birds,  between times of t h e  breeding 

season, between a d u l t s  and chicks, and between islands. No comparisons 

were made between d i f f e r en t  spec ies  of b i r d s  s ince  d i f f e r e n t i a l  d igest ion 

of food items among species  may se r ious ly  b ias  such comparisons (Schneider 

and Hunt 1984). The r e s u l t s  obtained are compared with t he  more in tens ive  

p rev ious  work conducted a t  t h e  P r i b i l o f s ,  main ly  by George L. Hunt, Jr. 

and h i s  c-workers (Hunt e t  al. 1981, Schneider and Hunt 1984). 

Fie ld  Methods 

* 

During f i e l d  s t u d i e s  on the Pr ib i lo f  Is lands ,  488 food samples were 

c o l l e c t e d  from 458 b i r d s  o f  11 s p e c i e s  (Table  1 and Appendix 1). Three 

types of samples were collected: stomachs from shot  birds,  regurg i ta t ions  



Table 1 .  hmkr of  samples collected f o  feeding studies, R i b i l o f  Islebds, 1984. 

Total l o .  
Samolca Swoics Island 

Black- l ewd  kittiwake SP 
90 

Red-legged kittiwake SP 
.SO . 

Parakeet auklet 

Crated auklet. 

Tufted puif in 

Bwned puffin 

A l l  species  

SP r St. Paul, sl = st. George 



from chicks, and food loads brought t o  chicks by adu l t  birds.  Food loads 

were of two types - - e i t he r  one o r  a few items c a r r i e d  i n  t h e  beaks of 

murres and puffins,  o r  many items car r ied  i n  the gular  pouches of auklets. 

Shot b i rd s  were taken e i t h e r  a t  s e a  o r  from vantage po in t s  along the  

c o a s t s  of St .  Paul  and St.  George i s l ands .  ~ h o r t l g  a f t e r  r e t r i e v a l  5% 

formalin was in jec ted  down t h e  t h roa t s  and i n t o  t h e  stomachs of sho t  b i rd s  

t o  a r r e s t  d iges t ion .  B i r d s  were d i s s e c t e d  w i t h i n  12 h of c o l l e c t i o n  

(usual ly  sooner). Esophagi, proventr icul i  and gizzards  were s tored i n  5% 

f o r m a l i n  f o r  l a t e r  ana lys i s .  B i rd  c a r c a s s e s  were f r o z e n  and most were 

l a t e r  shipped t o  t h e  Royal Ontario Museum, Toronto, Ontario,. Canada, t o  be 

processed  a s  s t u d y  s k i n s  and ske l e tons .  Food m a t e r i a l  i s  a r c h i v e d  w i t h  

LGL. 

Some b i r d s  provided more t h a n  one  food sample. This  occu r r ed  when 

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

themselves.  I n  such ca se s ,  items c a r r i e d  i n  food l o a d s  were processed  

separate ly  from items i n  the  d iges t ive  t rac t s .  

Chick d i e t  was s t u d i e d  by c o l l e c t i n g  two t y p e s  o f  food samples:  

r e g u r g i t a t i o n s  and food loads.  When handled,  red-faced cormorant  and 

ki t t iwake chicks occasionally regurgi ta ted food. Murre and puf f in  chicks 

were neck-collared f o r  several  hours; then any food items t h e  chicks had 

been f ed  were removed. Food l o a d s  con ta ined  i n  t h e  g u l a r  pouches o f  

a u k l e t s  were t aken  from e i t h e r  s h o t  o r  n e t t e d  b i r d s ,  and murres  

occasionally dropped food items on chick ledges. Regurgitated samples and 

food loads were s tored  i n  5% formalin f o r  later analyses. 

- Laboratory Techniques 

I n  t h e  l a b o r a t o r y ,  food items were examined under  low-power 

binocular microscopes and sor ted and iden t i f i ed  a s  p rec i se ly  as possible  

g i v e n  t h e  c o n d i t i o n  of t h e  food m a t e r i a l .  With whole  items i t  was 

f r e q u e n t l y  p o s s i b l e  t o  i d e n t i f y  food t o  the .  s p e c i e s  . l e v e l  b u t  p a r t i a l  

items were u s u a l l y  i d e n t i f i e d  t o  less p r e c i s e  l e v e l s  (genus, f a m i l y ,  

order) .  I n  a l m o s t  eve ry  sample  t h e r e  was some food  m a t e r i a l  t h a t  could 

n o t  be  i d e n t i f i e d  t o  any o f  t h e  g e n e r a l  taxonomic c a t e g o r i e s .  Such 

mater ia l  was recorded a s  'other1 and was t rea ted  a s  a separate  food taxon 

th roughout  t h i s  r e p o r t .  Appropr ia te  keys  f o r  t h e  i d e n t i f i c a t i o n  of  



i n v e r t e b r a t e s  and f i s h  of t h e  Ber ing  Sea were used (Bowman 1960, 

Akimushkin 1963, Boden e t  al. 1965, Brodskii 1967, Hart 1973, Frost  1974, 

Horrow 1977, F r o s t  1981). Hyctophid o t o l i t h s  were i d e n t i f i e d  by 

comparison with  t h e  o t o l i t h s  of whole f i s h  loaned by N. H. Harrison, Univ. 

Calif . ,  I r v ine .  

Subsampling (by weight )  was under taken  when l a r g e  numbers of food 

items i n  a broad taxonomic grouping (e.g. copepods, euphaus i ids )  were 

encountered.  The l e n g t h s  of  whole items found i n  t h e  samples  o r  

subsamples were measured. 

Some stamachs contained f i s h  mater ia l  (bones, scales ,  e n t r a i l s )  t h a t  

by itself could not be i den t i f i ed  more precisely. When f i s h  o t o l i t h s  

a l s o  were present and iden t i f i ed ,  it was assumed t h a t  t h e  unident i f ied 

m a t e r i a l  was of  t h e  same t a x a  a s  were t h e  f i s h  o t o l i t h s .  I f  two o r  more 

taxa of o t o l i t h s  were present, t he  unident i f ied mater ia l  was assigned (by 

weight )  t o  each  taxon  i n  t h e  same p r o p o r t i o n  a s  r e p r e s e n t e d  by each  

o t o l i t h  taxon. 

The amount of food i n  each  stomach was assumed t o  be a n  a c c u r a t e  

r e f l e c t i o n  of the  amounts and kinds of food recently-ingested. Hard pa r t s  

(e.g., o t o l i t h s ,  cephalopod beaks) remain  i n  b i r d  s tomachs l o n g e r  t h a n  

d o e s  f l e s h y  m a t e r i a l ,  s o  a g i v e n  w e t  w e i g h t  o f  h a r d  p a r t s  may 

overrepresent some prey species  r e l a t i v e  t o  a wet weight based s o l e l y  on 

f leshy material .  

Volumes Versus Wet Weights 

I o r ig ina l ly  proposed t o  analyze t h e  food samples wi th  the  methods 

employed by Hunt e t  a l .  (1981). These a u t h o r s  s o r t e d ,  counted and 

i d e n t i f i e d  food items a t  t h e  l o w e s t  p o s s i b l e  taxonomic l e v e l ,  and then  

measured d i sp l acemen t  volumes o r  e s t i m a t e d  them v i s u a l l y .  I found the! 

measurement of displacement volumes t o  be time-consuming and less precise  

than t h e  measurement of w e t  weights. Volumes could be measured t o  plus- 

or-minus 1 m 1  (equivalent t o  about 1.0 g w e t  weight) whereas w e t  weights 

could  be measured t o  plus-or-minus 0.1 g. I n  60 randomly-selected 

s tomachs (15 each  f rom black-legged k i t t i w a k e ,  red- legged k i t t i w a k e ,  

thick-bil led murre, and least auklet)  I invest igated t h e  r e l i a b i l i t y  of 

volumetric measurements. The volumes and w e t  weight of th ree  major food 



t a x a  (copepods, e u p h a u s i i d s  and f i s h )  i n  t h e  s tomachs  were measured. 

D i f f e r e n c e s  between t h e s e  two measurements were compared s t a t i s t i c a l l y .  
M a t e r i a l  from each  taxon  was c a t e g o r i z e d  by w e t  we igh t  (Table  2) and 

d i f f e r e n c e s  between volume and w e t  we igh t  were compared. For  two t a x a  

( copepods and euphausiids), d i f f e r ences  be tween volumes and w e t  w e i g h t s  

were not  consis tent  across  t h e  range of w e t  weight categories,  ind ica t ing  

t h a t  volume may not have been measured cons i s ten t ly  even wi th in  t a x a  I n  

t h i s  r e p o r t ,  a l l  s t a t i s t i c a l  compar i sons  o f  t h e  amounts o f  food e a t e n  

a r e  based on s t a n d a r d i z e d  w e t  we igh t  measurements. S t a n d a r d i z a t i o n  

involved representing t h e  w e t  weight of a given taxon a s  a percentage of 

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

comparisons of samples wi th  d i f f e r ing  amounts o f  food. 

S t a t i s t i c a l  Cmparisons 

Mann-Whitney U-tests were conducted on standardized w e t  weights per  

sample  f o r  any prey t axon  t h a t  comprised more t han  5% of  t h e  . d i e t  i n  

e i t h e r  of t he  groups being compared. If these  tests were s ign i f ican t ,  G 

tests were used t o  test f o r  d i f fe rences  i n  the  proportions of b i rd s  taking 

a g i v e n  prey  t a x o a  C r i t e r i o n  l e v e l s  were s e t  a t  a c o n s e r v a t i v e  l e v e l  

(P=0.01) s i n c e  many comparisons  were made. P a r a m e t r i c  t-tests (P=O.O1) 

were used t o  tes t  f o r  d i f f e r e n c e s  i n  t h e  mean l e n g t h s  o f  f i s h  o t o l i t h s  

found i n  d i f f e r en t  groups of food samples. 

RESULTS 

Northern Fulmar (Fulmarus nlac+alis) 

A s m a l l  sample  of  n o r t h e r n  f u l m a r s  (n=15) was c o l l e c t e d  f o r  food  

hab i t s  s t ud i e s  (Table 3). Eight b i rd s  were col lected on 9 Ju ly  and seven 

were c o l l e c t e d  o n  31 Ju ly - - a l l  were t a k e n  a t  s e a  nea r  St. George. The 

major d i e t  component of the  col lected b i rd s  was unident i f ied f i s h  and many 

o f  t h e  s tomachs con ta ined  l a r g e  p i e c e s  o f  f i s h  flesh. Fulmars a r e  w e l l  

known t o  scavenge near f i s h i n g  vesse l s  and i t  is l i k e l y  t h a t  most of t he  

f i s h  m a t e r i a l  i n  t h e  s tomachs  was g a t h e r e d  i n  t h i s  way. One b i r d  

contained t h e  o t o l i t h s  of a walleye pollock (_Theraarachalconrammd). Only 



k b l e  2. Differenoe8 between volume (ml) and wet walght (8) me88urement8 f o r  d i f f e r e n t  wet wrigbt  0at.l0rL8 of 
food found i n  60 eeabird .tomaoh. (15 from eaoh of blmk-legged ki t t iwake,  kd-legged ki t t iwake,  thiok- 
b l l l e d  murre urp l a c s t  auklet). 

1Includee hlmua mnhalhe, E, a l i m k h  E, mUr&un, E, g l m b l l a  m d  E, app. 
*~noludea ruahii. Z Z and Z 8 p p  

Inoluder Araadvt.a Gad1d.e epp., Uyotophidae 8 p p ,  Pleuronrotidar 8pp ,  and Oateiohthye8 8pp. , t e a t  a t a t l a t l o  $8 ManeYhltnoy 01 f o r  euph.uaild8, t8.t 8 t a t i 8 t i o  I8 Klu8k~l-Wall18 U. 
5 ~ 4 l u e e  l o  tmble a r e  maan t 1 a.d. (o). 



Table 3 .  D i e t  c o m p o s i t i o n  o f  northern fu lmars  c o l l e c t e d  a t  S t .  George 
Island,  -Alaska, 1984. 

Co pepoda 

Decapoda 

Euphausiacea 

Amphipoda 

Squid 

Gas tropoda 

Gadidae 

Unid. f i s h  

Other 

n 

- 
Jean- L 

15 samples 



smal l  amounts of crustaceans were present i n  the  stomachs examined, It is 

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

f i s h  o f f a l .  

Red-faced Cormorant (-ax urile) 

R e g u r g i t a t i o n s  were ob t a ined  f rom 22 red-faced cormorant  c h i c k s  

du r ing  t h e  study--20 from St. George and 2 from St. Paul  (Table  4). On 

St.  George, sand l a n c e  (A-dvtes m t e r u s )  formed 52% of d i e t  w e t  

weight and occurred i n  ha l f  of t h e  regurgitat ions.  The mean leagth of the  

25 o t o l i t h s  occurring i n  the  10 stomachs was 5.35 mm. Two o ther  

f i s h  t a x a  comprised more t h a n  5% of d i e t  w e t  weight :  u n i d e n t i f i e d  f i s h  

(16%) and g a d i d s  ( w a l l e y e  po l lock  and  u n i d e n t i f i e d  s p e c i e s - - 1  5%). 

Trichodon m, the Pac i f ic  sandfish, occurred i n  two samples from 

St. George and i n  t h e  two St. Paul  samples. The o n l y  o t h e r  f i s h  

i den t i f i ed  t o  t h e  species l e v e l  was Pholis arnata. t he  saddleback gunnel. 

It occurred i n  one of the  St. George samples. 

Black-legged Kittiwake (Rissa tridactvla) 

During the  study, 102 adu l t  black-legged k i t t iwakes  were collected-- 

80 a t  St .  George and 22 a t  St .  Paul. A t  bo th  i s l a n d s ,  a d u l t s  o f  each 

sex were col lected i n  both July  and August. 

A t  St. George t he re  were no dif ferences  i n  d i e t  composition between 

m a l e s  a n d  females i n  e i t h e r  month  ( T a b l e  5;  a l l  Hann-Whitney 

p robab i l i t i e s  >0.01). There d id  appear t o  be some change i n  the  d i e t s  of 

a l l  a d u l t  b i r d s  between J u l y  and August (Table  6). August b i r d s  t ook  

s i g n i f i c a n t l y  g r e a t e r  amounts ( s t a n d a r d i z e d  w e t  we igh t s )  (P<0.01) o f  

g a d i d s  and w v t e s  t han  d i d  J u l y  b i rds .  Gadids were a l s o  t aken  by a 

l a r g e r  p r o p o r t i o n  of  t h e  August b i r d s  t h a n  of t h e  J u l y  b i r d s  (G=11.86, 

P<0.001). This was not the  case with  which was taken by s i m i l a r  

proportions of b i rds  i n  t he  two months (6=1.05, P>0.01). 

A t  St. Paul ,  t h e r e  were a l s o  no d i f f e r e n c e s  i n  d i e t  compos i t ion  
a 

between males and f e m a l e s  i n  J u l y  o r  August (Table  7; a l l  P>0.01). 

Again, however, there  was some ind ica t ion  of d i e t  change between Ju ly  and 

August (Table 8). Po lychae tes  were t a k e n  i n  g r e a t e r  amounts and by 



Table 4. Diet composition of red-faoed oormorants a t  the  Pr ibi lof  Islands,  1984. 

Emuaxa 

Deoapoda 

Amphipoda 

Oastropoda 

Oadidae 

h, 
Cot t idae  

V 
0 

Pleuroneotidae 

Ammody t idae  

Pholidae 

Triohodon t idae 

Salmonldae 

Unld. f i s h  

Other 

St. 
Ooaurrenae - 
n s I Maan s. 

2 10 .O 0.44 ' 1.9 

4 20.0 0.04 0.2 

2 10.0 <O .005 <O .005 

2 10 00 3.51 15 00 

1 5 00 0.54 2.3 

1 5 a0 0.60 2.6 

10 50 00 12.26 52.2 

1 5 00 0.52 2.2 

2 10 .O 1.13 4.8 

1 5 00 0.50 2.1 

6 30 .O 3 086 16.4 

9 45.0 0.55 2 3 
- 

20 samples x= 23.47 g 

St.  P W d  
Oaourrenae Jhuhwud 
n s 1 khan s 

2 samples E'rt 51.14 g 



Table 5. Diet oolrpo81tion of adult blaok-legged kit t lurlrrr  oo1leot.d a t  St. Oeorp Island, A l u k a ,  1984. 

HALES - JULY - Y T 
EnsuuaU Q l u r m M a - - -  -Yat -- 

P i  llarn i. n I  llarn i  n I. llarn i  11 i l l a r n l  

I80pod8 1 2.7 <0.005 <0.005 -- -- -- -- - -- -- -- - -- -- -- 
Squid 4 10.8 0.03 1.1. 0.4 6 18.8 0.01 1 16.7 0.29 4.0 - -- -- -- 

1.5 2 6.3 <Om005 <0.005 - -- -- -- - -- -- -- Oa8 t ropoda 5 13.5 0.04 
h) 
u Polyohaeta 1 2.7 <0.005 <0.005 1 3.1 <0.005 <0.005 - -- -- -- - -- -- -- 
P 

Oadidae -- -- -- -- 1 3.1 0.26 11.2 3 50.0 6.14 84.9 1 50.0 0.13 26.0 

Hyotophidae . 3 8.1 0.49 18.3 5 15.6 0.38 16.3 - -- -- -- 1 50.0 0.07 14.0 

Cyolopteridae -- -- -- -- 1 3.1' 0.26 11.2. - -- -- -- - -- -- -- 
Unid. f ish 18 48.6, 1.70 63.4 12 37.5 0.57 ' 24.5 3 50.0 0 . 1  1.5 1 50.0 0.11' ' 22.0 

Other 35 94.6 0.25 9 -3 26 81.3 0.20 8.6 4 66.7 0.05 0.7 2 100.0 0.2 38.0 



Table 6.  Met composition of adult black-legged klttivakes a t  St. George ls l lad in  July lad August, 
19841- 

n 72 samples 'i= 2.45 g 

Oocurrence. 
s. Yet: 

B lkaQ 1 
- - -- -- 
1 12.5 0.01, 0.2 

- -- - -- 



a' 

Table 7. Diet oarpo8itlon of adult blaok-legged kittlwrltea oolleoted a t  St. Paul Ialand, Alarka, 1984. 

X - Y - UST T 
Ocaurr.na. JhLwmLu Jl!mmmm U u k m u L L  llaaumu- -- 
0 &. nMa & 0 &, nMa &, m  &, nMa & m n M a s  

Copepoda -- -- -- -- 1 10.0 <0.005 <0.005 - -- -- -- - -- -- -- 
hoapoda -- -- -- -- 3 30.0 0.03 0.2 2 28.6 0.08 0.4 - -- -- -- 
Euphaudaoea 1 50.0 <0.005 <0.005 2 20.0 <0.005 <0.005 - -- -- -- - -- -- -- 
hphipoda 

Iropoda 

Squid 

O~t8'0p0d8 

Polyohaeta 

Oadidae 

Uyotophidae 

Pleuroneotidae 

Other -- -- -- -- 8 80.0 0.79 5.1 5 71.4 0.09 0.4 2 100.0 0.42 4.9 

n 2 ampler 5 26.39 g 10 ampler Y= 15.55 g 7 amplea d 20.28 g 2 rmpler P. 8.56 g 



Table 8. Diet oorposition oi dult black-1-d ki t t iu . lna  a t  St. Paul Islami l a  Jul l  and August, 
19841. 

Squid 5 38.5 0 -02 0 .1  - - - - 

Unid. fish 9 69.2 5.32 31.5 3 33.3 1-12 6 -3 

n 13 samples 11 16.91 g 9 samples E 17.68 g 



proportionately more August b i rd s  than July  b i rd s  (U= 17.5, P<0.02; G=8.91, 

P<O.O1). There were no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  amounts of o t h e r  

food taxa i n  Ju ly  vs. August d i e t s .  

R e g u r g i t a t i o n s  from s i x  b l a c k - l e g g e d  k i t t i w a k e  c h i c k s  were 

c o l l e c t e d  a t  St. Paul between 6 and 8 August. I n  descending  o r d e r  of 

impor tance  by w e t  we igh t  were myctophids (45%), w a l l e y e  po l lock  (4351, 

unident i f ied f i s h  (1 a) and euphaus i id s  (0.2%). 

Three f i s h  t a x a  (wa l l eye  po l lock ,  myctophids and Bmmodvtes) were 

dominant i n  a d u l t  black-legged k i t t i w a k e  d i e t s .  I compared t h e  mean 

l e n g t h s  of t h e  o t o l i t h s  found i n  t h e  s tomachs of a d u l t  b i r d s  from St. 

George and St. Paul i s lands  (Table 9) but  found no s ign i f i can t  d i f fe rences  

( a 1  1 t- tes t  p r o b a b i l i t i e s  >0.01). 

Red-legged K i t  tiwake (Rissa 

Adult red-legged ki t t iwakes  were col lected f o r  food hab i t s  s t u d i e s  a t  

St .  George (n=49) and a t  St .  Paul (n=2). I found no d i f f e r e n c e s  i n  t h e  

diet composition of 21 adul t  m a l e  and 21 adu l t  female b i rds  col lected a t  

St. George i n  J u l y  (Table  10; U-test p r o b a b i l i t i e s  >0.01 fo r  t h o s e  t a x a  

compris ing >5$ w e t  weight). The d i e t  of a l l  a d u l t  b i r d s  (n  = 51) was 

mainly myctophid f i s h  (54% of d i e t  w e t  weight), followed by unident i f ied 

f i s h  (22$), euphaus i id s  (1 1.3$), u n i d e n t i f i e d  food  material (10.5%); and 

s m a l l  amounts (<I$) of copepods, decapods, amphipods, squid, polychaetes 

and gadid f ish .  

T h i r t e e n  r e g u r g i t a t i o n s  were obtained from neck-collared chicks a t  

St. George between 25 July  and 11 August. On average these  regurg i ta t ions  

weighed 3.96 g  and c o n s i s t e d  of  myctophids (62% of w e t  we igh t ) ,  

u n i d e n t i f i e d  f i s h  (16$), squ id  (1 2$), u n i d e n t i f i e d  food material (7.3$), 

c r u s t a c e a n s  (2.3%) and gas t ropods  (0.3%). The amounts  o f  major t y p e s  of 

food e a t e n  by a d u l t s  and c h i c k s  a t  St .  George were n o t  ' s i g n i f i c a n t l y  

d i f f e r e n t  (Table 1  1). - 
H y c t o p h i d  o t o l i t h s  were f o u n d  i n  a d u l t  s a m p l e s  and  c h i c k  ' 

r e g u r g i t a t i o n s  (Table  12). There  were no d i f f e r e n c e s  i n  t h e  mean 

lengths  of o t o l i t h s  i n  male vs. female or adul t  vs. chick samples ( a l l  t- 

test p r o b a b i l i t i e s  >0 -0 1  ). 



Table 9. Lengths  o f  s e l e c t e d  t a x a  o f  o t o l i t h s  t a k e n  f rom t h e  s t o m a c h s  o f  
black-legged k i t t iwakes  c o l l e c t e d  a t  t h e  P r i b i l o f  I s l ands ,  1984. 

No. of  
lbauaxa  &land Stomachs 

Walleye pollock St. George 4 
St. Paul 1 

Myctophids St. George 9 
St. Paul 4 

Sand lance1 St. George 1 
St. Paul 4 

No. o f  
l 2 b u k k  

O t o l i t h  
Jenrzth (mm) 
ha€l LL 

'~11 o t o l i t h s  i d e n t i f i e d  t o  s p e c i e s  were m d v t e s  m a ~ t e r u ,  t h e  o n l y  
s p e c i e s  of sand l ance  present  i n  t h e  sou theas te rn  Bering Sea (Har t  1973). 



6 

Table 10. Diet composition o f  adult red-legged kittiwakes collected a t  St. George Island, 
Alaska, Jul J 1984. . .  

Corm~oda 

Deuapoda 

hphausiacea 

bphiPoda 

SSUd 

Poljohae ta 

Gadidae 

Uyatophidae 

Unid. f i s h  

Other 

n 
- 

21 samples x= 8.50 g 



Table 11. Standardized wet weights of food found i n  adu l t  and ohiek samples of red- 
legged ki t t iwakes  a t  St. George Island,  1984. 

Mann- Whit ney 
- E w u a r L  .e P 

Crus taeea  9.9 A 24.4 5.0 A 15.1 0.52 >0.1 

Squid 0.7 A 2.1 12.7 A 30.6 1.20 >O. 1 

1.8 A 6.6 Gas tropoda 0.001 A 0.005 1.04 >0m1 

Pol yehaeta 0 . 0 0 1 ~  0.005 

Fish 73.5 A 35.3 



Table 12. Lengths o f  myctophid o t o l i t h s  taken from a d u l t  and ch ick  red- 
legged kittiwakes col lected a t  S t .  George Island, 1984. - 

sl!wQ -mdmlmub Mean -S.D. 

Adult males 2 1 70 1.31 0.27 

Adult females 28 

A 1 1  adults 49 

Chicks 13 24 1.24 0.24 



Common Hurre (Uria 

During t h e  study, s m a l l  numbers of adu l t  food samples were col lected 

a t  St. George (n=7) and St. Paul  (n=9). I found no d i f f e r e n c e s  i n  t h e  

amounts of major food taxa taken by a d u l t s  a t  t h e  two i s l ands  (Table 13; 

a l l  Hann-Vhitney U-test p robab i l i t i e s  >0.01). The only f i s h  spec ies  t h a t  

occurred i n  more than a s i n g l e  sample was walleye pollock. Twenty-eight 

o t o l i t h s  of t h i s  spec ies  were found i n  three  samples from St. Paul. These 

o t o l i t h s  had a mean length of 1.96 mm. 

Samples from seven neck-collared chicks a t  St. Paul and t h r e e  a t  St. 

George were a l so  obtained (Table 14). Squid, f l a t f i s h  and lance occurred 

i n  two of t h e  10  samples;  o t h e r  t a x a  occur red  i n  o n l y  s i n g l e  stomachs. 

F i s h e s  i d e n t i f i e d  t o  s p e c i e s  l e v e l  i n c l u d e d  chalcpnramma 

( G a d i d a e ) ,  B i ~ ~ o ~ o s s o i d e s  e l a s s o d o n  and  LeDidoJSe t t a  hilineata 
(Pleuronectidae), hexaDterus (Ammody t idae),  and l&mrmus 
( Stichaeidae) . 

D u r i n g  t h e  s t u d y  p e r i o d ,  57 a d u l t  t h i c k - b i l l e d  m u r r e s  were 

col lected--47 a t  St. George and 10 a t  St .  Paul. A t  St .  George, a d u l t s  of 

each s e x  were c o l l e c t e d  i n  J u l y  and August (Table  15) ,  b u t  t h e r e  were no 

s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  d i e t s  of  t h e  b i r d s  i n  terms of  t h e  

standardized amounts of major prey groups ea ten  ( a l l  Hann-Vhitney U-test 

p robabl i t i es  >0.01). There were, however, s i gn i f i can t  d i f fe rences  i n  t h e  

d i e t s  of t h e  47 St. George and 10 St. Paul  b i r d s  (Table 16). I n  t h e  10 

b i r d s  t a k e n  a t  St .  Pau l  a l l  i d e n t i f i a b l e  food r ema ins  were Gadidae, 

whereas  a t  St. George, cod occu r r ed  i n  o n l y  30% of s tomachs (G = 15.54, 

P<O.bol) a n d  & c c o u n t  f o r  o n l y  5 -65 ,  of f o o d  (z = 4.67, P<0.001). 

Euphausiacea accounted f o r  62$ of t he  food taken by b i rds  col lected a t  St. 

. George on 15 August but for none of t he  food taken by 10 b i rd s  a t  Se. Paul 

. a week earlier.  Squid, a n o t h e r  i m p o r t a n t  component of a d u l t  d i e t  a t  St .  

George, espec ia l ly  i n  August, was also absent  from St. Paul birds. . 
Gadids were the only i den t i f i ed  f i s h  t h a t  occurred i n  l a r g e  numbers 

i n  t he  stamachs of adul t  thick-bil led murres col lected a t  both St. George 

and St .  Pau l  i s l ands .  Two t y p e s  of g a d i d  o t o l i t h s  were i d e n t i f i e d :  



Table 13. D i e t  compos i t ion  o f  a d u l t  common murres c o l l e c t e d  a t  t h e  P r i b i l o f  I s l a n d s ,  
1984. * : ,  

Decapoda 

Euphausiacea 

Amphipoda 

Gadidae 

Unid. f i s h  

Other 

n 

ST. 
Qccurrencc - 
P i. n i 

1 14.3 <0.005 . <0.005 



Table 14. M e t  composition o f  common murre chicks a t  the Pribilof Islands, 
1984. 

Squid 

Gadidae 

Cot tldae 

Pleuronectidae 

Amody tidae 

Cyclopteridae 

Stichaeidae 

Agonidae 

Unid. f i s h  

n , 10 samples 



Table 15. Diet co~~porition of adult thick-billed murrer oollectod a t  St. Oeorge Irland, Alarka, 1984. 

Coprpoda 

Decapod. 

Euphauriaoea 

Amphipod8 

Squid 

Gadidae 

Pleuronectidae 

b o d y  tidae 

Unld. f i sh  

Other 

n 

M A W  - JULY - 

- ' -  

n if ma I 

4 19.0 (0.005 (0.005 

- -- -- -- 
1 20.0 0.51 6.8 

2 40.0 0.01 0.1 

5 100.0 1.65 21.9 

5 w p l e r  '1. 7-53 8 3 w p l e r  ]i= 22.20 g 



Table 16. D i e t  compos i t ion  o f  a d u l t  t h i c k - b i l l e d  murres c o l l e c t e d  a t  t h e  P r i b i l o f  
Islands, 1984. ,. . 

S t .  George St .  Paul 

Food Taxa (n) nee Yet Ye- (R) 

E i I ( e a n  E I A L  

Gadidne 14 29.8 0.35 5.6 10 100.0 5.81 71.6 

Pleuronectidae 1 2.1 0.06 1 .OO - - - - 
M y  ti dne 1 2.1 0.05 0.8 - - - - 
Unfd. f i s h  12 25.5 0.04 0.6 - - - - 
Other 46 97.9 1.21 19.3 10 100.0 2.15 28.4 

47 samples E6 .27  g 10 samples P=7 .% g 



walleye pollock and unident i f ied Gadidae. T-tests showed no dif ferences  

(P>0.01) i n  t h e  lengths  of t h e  two types of o t o l i t h s  taken by adul t  b i r d s  
on the  two i s l ands  (Table 17). 

The 21 meals  c o l l e c t e d  from t h i c k - b i l l e d  m u r r r e  c h i c k s  a t  St .  Paul  

were t aken  over  a s h o r t e r  time per iod  (6 and 7 August) t han  were t h e  31 

c h i c k  meals  c o l l e c t e d  a t  S t  George (31 July-15 August). I n  a d d i t i o n ,  S t  

Paul  samples  were main ly  from smaller c h i c k s  t h a n  were t h e  S t  George 

samples. These two f a c t o r s  must  be k e p t  i n  mind when i n t e r p r e t i n g  t h e  

observed d i f f e r e n c e s  i n  ch ick  d i e t .  A t  St. George, s q u i d  occur red  i n  23 

of  31 samples  and accounted f o r  821 of food w e t  weight ;  i d e n t i f i e d  f i s h  

(Gadidae and Cottidae) occurred i n  5 of 31 samples and accounted f o r  91 of 

food w e t  we igh t  (Table  18). Chick d i e t  on St.  Paul  was very  d i f f e r e n t .  

Squid were absen t ;  f i s h  occur red  i n  19 of 21 s tomachs  and accounted f o r  

991 of  food w e t  weight. The d i f f e r e n c e s  between t h e  two i s l a n d s  i n  t h e  

occu r r ence  and w e t  w e i g h t s  of squ id  and i d e n t i f i e d  f i s h  i n  ch ick  meals  

were a l l  s ign i f i can t  ( a l l  G-test and U-test p robab i l i t i e s  <0.001). 

The amounts of f i s h  e a t e n  by a d u l t s  v e r s u s  c h i c k s  d i d  n o t  d i f f e r  

s i gn i f i can t ly  e i t h e r  a t  St. George o r  a t  St. Paul (Table 19). A t  St. Paul 

a d u l t  and c h i c k  d i e t  was l a r g e l y  fish. Not s u r p r i s i n g l y ,  t h e r e  were no 

d i f f e r e n c e s  i n  t h e  amounts o f  c r u s t a c e a n s  o r  squ id  e a t e n  by t h e  two age  

groups. A t  St. George, however, a d u l t  murres a t e  s i g n i f i c a n t l y  g r e a t e r  

amounts o f  c r u s t a c e a  (P<0.01) and s i g n i f i c a n t l y  lesser amounts o f  s q u i d  

(P<0.01) than they fed t o  t h e i r  chicks. 

Parakeet Auklet (Cvclorrhvncus Dsittacula) 

A s m a l l  number (n=15) of pa rakee t  a u k l e t s  was c o l l e c t e d  a t  St .  

George on 31 J u l y  and 15 August. Predominant i n  t h e  w e t  we igh t  d i e t  of 

these  b i rd s  were unident i f ied f i s h  (7311, o ther  unident i f ied food mater ia l  

(91), and copepods and decapods (each comprising 61) (Table 20). A l l  of 

t h e  above t axa ,  e x c e p t  decapods, occu r r ed  i n  more t h a n  h a l f  o f  t h e  

s tomachs examined. Lesser amounts o f  amphipods, euphaus i ids ,  and 

especial ly  squid and gastropods occurred i n  the  samples. 



Tablo 17. Lengths of  gadid o t o l i t h r  taken from the  rtomaohr of th iok-bi l led  murror ool lootod a t  tho 
Pribilof Ialandr, 1984. 

  all aye pollook 3t. Oeorgo 47 
st. Paul 10 

Unid. Oadidae St. Goorgo 47 
st. Paul 10 



Table 18. Diet composition of thick-billed murre chicks a t  the R i b i l o f  Islands, 1984. 

\. . . 

Decapoda -- -- -- -- 5 23.8 0.02 0.6 

Gadidae 3 9.7 0.08 1.5 6 28.6 0.97 27.2 

Cot tidae 

Uyctophidae 

Cyclopteridae 

Stichacidae 

Agonidae 

Unid. f i sh  

Other 

n 



Table 19. Standardized wet weights o f  food found i n  adult and ohiok samples o f  thiok-billed murres a t  the 
Pribilof  Islands, 1984. 

St .  George Crustacea 
Squid 
Ident i f ied f i s h  

St.  Paul Crus taoea 
Squid 
Ident i f ied f i s h  

Both is lands Crus taoea 
Squid 
Identif ied f i s h  

Standardized 
t of Food 1 S.D. (nl 
Adults Chioka 



Table 20. D i e t  composition o f  adul t  parakeet a u k l e t s  c o l l e c t e d  a t  St.  
. , George Island, 1984. 

Occurrence 
n I 

Copepoda 9 69.2 0.05 6.2 

Decapoda 6 46.2 0.05 6.2 

Euphausiacea 5 38 -5 0.02 2 -5 

Amphipoda 3 23.1 0 .03 3 .7 

Squid 1 7.7 <O .005 <O .005 

Other 

n 13 samples 



Least Auklet (h i ih ia  

During t h e  1984 s tudy ,  49 food l o a d s  brought  t o  l e a s t  a u k l e t  c h i c k s  

by a d u l t s  were col lected--41 a t  St ,  George and e i g h t  a t  St .  Paul, Hos t  - 

samples were obtained by ne t t ing  b i rd s  a s  they flew i n t o  nest ing a reas  and 

c o l l e c t i n g  any food  m a t e r i a l  t h a t  t hey  dropped. A t  S t .  George, samples  

were c o l l e c t e d  d u r i n g  J u l y  and August; a t  St .  Paul ,  on ly  d u r i n g  J u l y  

(Table  21). 

There  were  no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  compos i t i on  of  food  

loads col lected a t  St, George i n  Ju ly  and August (all U-test p robab i l i t i e s  

>0,01), nor were t h e r e  any s i g n i f i c a n t  d i f f e r e n c e s  between t h e  d i e t s  o f  

St. George and St. Paul b i rds  ( a l l  test p robab i l i t i e s  M.01). The diet i n  

all 49 food l o a d s  combined was p r i m a r i l y  copepods (89% o f  w e t  we igh t )  

followed by equal amounts of decapods, amphipods and unident i f ied ma te r i a l  

(each 3% of weight), euphausiids (a), unident i f ied f i s h  (1.1%) and t r a c e s  

(<0.00 5%) of gastropods and oligochaetes. 

F i f t een  samples were selected a t  random from t h e  25 food loads w i th  

t he  highest  g ross  w e i g h t s .  These samples were analyzed i n  d e t a i l  (Table 

22)- Th ree  s p e c i e s  o f  c a l a n o i d  copepods dominated t h e  d i e t  of t h e s e  1 5  

b i rd s ,  I n  descending  o r d e r  o f  abundance were Calanus w, L 
marshallae and L L cristatus. however, was about twice t h e  

size of its congeners and hence dominated diet by w e t  weight, followed by 

L Dlumchris and L Since  many c a l a n o i d  copepods were t o o  

d i g e s t e d  t o  be  i d e n t i f i e d  t o  s p e c i e s ,  t h e  taxon- spp. was a l s o  a n  

important d ie ta ry  item (18% of items and d i e t  w e t  weight), Least auk le t s  

brought food i tems t o  t h e i r  chicks t h a t  ranged i n  average leng th  from 3.6 

t o  13.0 mm, 

Crested Auklet (dethia cristatella) 

T h i r t e e n  c r e s t e d  a u k l e t s  were c o l l e c t e d  n e a r  S t ,  George f o r  food 

hab i t s  ' s tudies  (Table 23). I n  t h i s  s m a l l  sample of bi rds ,  w e t  weight d i e t  

was predominant ly  u n i d e n t i f i e d  m a t e r i a l  (55%) and euphaus i id s  (43%). 

Squid and copepods were taken i n  t r ace  (<0,00%) amounts. 



1 

Table 21. Diet oomposition or adult l ea s t  auklets oolleoted a t  the Pribilof Islands, 1984. 

Calanoida 

Other Copepod8 

Deoapoda 

Euphauriaoea 

Amphipod8 

Gaatropoda 

oligooharta 

Unid. f i8h  

Other 

St .  -v St .  -t S t .  



Lithodidar app. 
Roptantia app. (orrba) 
N a t m t i r  app. (ahri-8) 
hoapoda  app. 

A l l  hoapodr  

hLwlwwa app* 
A l l  hphipoda 

Other 

657 it- 



Table 23. D i e t  of a d u l t  c r e s t e d  auk le t s  c o l l e c t e d  a t  St.  George I s l and ,  
Alaska, 19 84. 

Copepoda 

Euphausiace a 

scluid 

Other 

n 13 samples 



Tufted Puffin ( & & $ ! a  cirrhata) 

I n  t h e  e i g h t  t u f t e d  p u f f i n s  c o l l e c t e d  n e a r  St .  George, g a d i d s  

comprised 85% of diet w e t  weight and occurred i n  f i v e  stomachs ga able 24). 

The d i e t  of these b i rds  was mostly f i s h  (8%) with much smaller amounts of  

copepods, squid and unident i f ied material.  

Horned Puff in (&&gnula corniculata) 

Fif teen  adu l t  horned puff ins  were col lected during the  study--one a t  

S t  Paul and 14 a t  St.  George. The d i e t  of t h e s e  a d u l t s  was p r i m a r i l y  

squ id ,  g a d i d s  and u n i d e n t i f i e d  f i s h ,  a l though  t r a c e  amounts (<0.005% of  

w e t  weight) of several  kinds of crustacea and polychaetes were a l s o  ea ten  

( T a b l e  25) .  I n  t h r e e  c h i c k  s a m p l e s ,  H i D D o a l o s s o i d e s  u s s o d o g  

(P l eu ronec t idae ) ,  PLpamodv_tes W t e r u s  ( Ammody t i d a e )  and u n i d e n t i f i e d  

Gadidae were the  f i s h  species  present. 

DISCUSSION 

Northern Fulmar 

Hunt e t  al. (1981) col lected f i v e  fulmar stomachs from t h e  P r i b i l o f s  

and f i v e  from elsewhere i n  the  Bering Sea The diet of those fulmars was 

somewhat d i f f e r e n t  t h a n  t h a t  observed i n  1984, I n  1984, i n v e r t e b r a t e s  

comprised on ly  abou t  3% of d i e t  w e t  we igh t  b u t  i n  t h e  b i r d s  ana lyzed  by 

Hunt e t  a l , ,  about  25% of  d i e t  volume. Like Hunt e t  al., I was unab le  to 

determine whether t he  f i s h  present i n  the  fulmars were caught by the  b i rd s  

o r  scavenged from f i sh ing  operations. Pollock comprised most of t h e  f i s h  

t a k e n  by Hunt's b i rd s ,  I n  t h i s  s t u d y  most o f  t h e  f i s h  r ema ins  p r e s e n t  

could no t  be i den t i f i ed  t o  species, . 

Compared t o  p rev ious  e f f o r t s  by Hunt e t  al. (1981) over  a f o u r  y e a r  

period, few food samples were collected from red-faced cormorants i n  t h i s  

s t u d y ,  Hunt  e t  al ,  c o l l e c t e d  169 s a m p l e s ,  o f  w h i c h  127 were 



Table 24. D i e t  composltlon o f  adult  tu f ted  puf f ins  co l l ec ted  a t  St. George 
Island, Alaska, 1984. 

Co pepoda 

Gadldae 

Xyct ophldae 

Other 

Occurrence 
n I 

8 samples 



Table 25. Diet composition of horned puffins collected a t  the R i b i l o f  Islands, 1984. 

Squid 6 40.0 1.04 45.0 - -- -- - 
Polychaeta 1 6.7 <0.005 <0.005 - -- -- -- 
Gadidae 7 46.7 0.60 26 .O 1 . 33.3 0.03 1.3 

h d y  t idae - -- -- - 1 33.3 0.84 37.7 

Unid. f i s h  7 46.7 0.54 23.4 1 33.3 1.36 61.0 

n 15 samples T= 2.31 g . 3 -Plm Z= 2.23 g 



r e g u r g i t a t i o n s  (according t o  Schneider and Hunt 1984), compared t o  the  22 

t a k e n  d u r i n g  t h i s  s tudy .  Hunt e t  al. and S c h n e i d e r  and Hunt found more 

i n v e r t e b r a t e s  and c o t t i d s  i n  t h e i r  r e g u r g i t a t i o n s  t h a n  d i d  I. On t h e  

o t h e r  hand, I found t o  be p r e s e n t  i n  a l a r g e r  p r o p o r t i o n  o f  

s t o m a c h s  and i n  g r e a t e r  amounts  t h a n  t h e y  did.  U o s t  o f  my s a m p l e s  were 

c o l l e c t e d  from a s m a l l  s e c t i o n  o f  c l i f f  nea r  S ta rya  on St. George, and i t  

c a n l t  b e  r u l e d  o u t  t h a t  t h e  p reponderance  o f  u o d v t e s  was a l o c a l  

phenomenon. Too f e w  c o r m o r h t  samples were c o l l e c t e d  by m e  t o  make many 

g e n e r a l i z a t i o n s  a b o u t  t h e  b i r d s 1  d i e t s .  I d i d ,  however, f i n d  some f i s h  

s p e c i e s  n o t  p r e v i o u s l y  .no ted  by Hunt e t  al. (B trichodon and 

ornata), Hunt e t  al. found s i g r d f i c a n t  d i f f e r e n c e s  i n  t h e  diets of 

a d u l t s  (stomachs) and chicks  ( regurgi ta t ions) ,  

Black-legged Kittiwake 

I n  t h e  80 b lack- legged  k i t t i w a k e s  c o l l e c t e d  a t  St, George, I was 

u n a b l e  t o  d e t e c t  s e x - r e l a t e d  d i f f e r e n c e s  i n  d i e t  b u t  I d i d ' n o t e  some 

changes i n  diet from J u l y  t o  August, wi th  t h e  use  of  gadids and Bmmodvtes 
inc reas ing  over t i m e .  I detec ted  similar time, bu t  no t  sex, d i f f e r e n c e s  

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

polychaetes from J u l y  t o  August. The time-trends I noted were only over a 

t w o  month p e r i o d  b u t  t h e  t r e n d s  obse rved  g e n e r a l l y  agreed  w i t h  t h o s e  

obse rved  by Hunt e t  al. (1981) o v e r  a l o n g e r  p e r i o d  ( J u n e  t o  Sep tember )  

and w i t h  larger s a m p l e  s i z e s  (n=579), Unl ike  t h e s e  a u t h o r s ,  however, I 

found a n  increased u s e  of  polychaetes from J u l y  t o  August a t  St. Paul, I n  

combining samples from both i s l ands ,  Hunt e t  al, noted a general  decrease 

i n  t h e  u s e  o f  p o l y c h a e t e s  be tween  t h e s e  two months, Given t h e  o b s e r v e d  

d i f f e r e n c e s  i n  a d u l t  d i e t  between J u l y  and August, I d i d  n o t  combine a l l  

s a m p l e s  t o  l o o k  f o r  d i f f e r e n c e s  be tween  t h e  d i e t s  o f  St, George and St, 

Paul birds,  Schneider and Hunt (1984), however, d i d  f i n d  such i n t e ~ i s l a n d  

d i f f e r e n c e s  i n  t h e  occurrence of  nere ids ,  euphausiids and pollock. 

Red-legged Kittiwake 

A s  n o t e d  by Hunt e t  al, (1981) and S c h n e i d e r  and Hunt (1984) red-  

l e g g e d ' k i t t i w a k e s  f e e d  l a r g e l y  on  myctophid  f i s h  which t h e y  a p p a r e n t l y  



f ind a t  the  she l f  break a t  night. I n  t h i s  study, q c t o p h i d s  formed 54% of 

t h e  w e t  weight d i e t  of adu l t  b i rd s  and 625 of t h a t  of chicks. Hunt e t  al. 

(1981)  n o t e d  some s e a s o n a l  c h a n g e s  i n  d i e t  b u t  t h e s e  were n o t  

s t a t i s t i c a l l y  s ignif icant .  I was unable t o  test f o r  t i m e t r e n d s  i n  d i e t  

because of  t h e  s m a l l  number of August samples. The s i m i l a r i t y  i n  d i e t  

between a d u l t s  and c h i c k s  noted i n  t h i s  s t u d y  s u g g e s t s  t h a t  combining 

samples  f rom a d u l t s  and ch i cks  ( a s  was done by Hunt e t  al.) does  n o t  

negate inferences  made about t i m e t r e n d s  i n  diet .  

Cammom Hurre 

Only s m a l l  numbers of common murre food samples were col lected during 

t h i s  study. Although some of the  d i f fe rences  i n  diet composition between 

a d u l t s  c o l l e c t e d  a t  t h e  two i s l a n d s  were l a r g e ,  none was s i g n i f i c a n t .  

Schne ider  and Hunt (1984) found t h a t  St. George b i r d s  con ta ined  g r e a t e r  

numbers and volumes o f  euphaus i id s  t h a n  d i d  St. Paul  b i r d s ,  a f i n d i n g  

corroborated by q meagre results. 

I n  t h i s  s t u d y  I found d i f f e r e n c e s  i n  t h e  d i e t s  o f  a d u l t s  a s  w e l l  as 

chicks between St. George and St. Paul islands. I a l s o  found s i g n i f i c a n t  

d i f f e r e n c e s  i n  d i e t  be tween a d u l t s  and c h i c k s  a t  St. George. Schne ide r  

and Hunt (1984) found f e w  d i f f e r e n c e s  i n  a d u l t  d i e t  between t h e  two 

i s l a n d s  o t h e r  t h a n  a n  i n c r e a s e d  occur rence-of  euphaus i id s  i n  St. George 

birds. Hunt e t  al. (1981) noted same nor+significant seasonal trends i n  

d i e t  (decreased  u s e  o f  i n v e r t e b r a t e s  over  t i m e  concomi t t an t  w i t h  a n  

increased use of f ish).  I was unable t o  de t ec t  such d i f fe rences  with  t h e  

samples ava i lab le  t o  me.' 

Parakeet Aukle t 

I n  t h e  s m a l l  number of  samples  c o l l e c t e d  (n=15), u n i d e n t i f i e d  f i s h  
e 

were t h e  dominant food taxon, representing 73% of  w e t  weight. By contras t ,  

Hunt e t  al. (1981), u s i n g  55 samples  c o l l e c t e d  o v e r  f o u r  y e a r s ,  found 

inver tebra tes  t o  be dominant (almost 75% of diet volume). I n  addi t ion  t o  



the  inver tebra tes  recorded by Hunt e t  dl., I a l so  recorded decapods i n  the  

d i e t s  of p a r a k e e t  auk le t s .  They and copepods were t h e  dominant 

inver tebra tes  i n  the  d i e t  (each 6% of w e t  weight). 

Least Auklet 

The r e s u l t s  from t h i s  s t u d y  i n d i c a t e  t h a t  c a l ano id  copepods, and 

espec ia l ly  Galma Dlu.chris. L .uahallae and L .ristatus dohinate  t h e  

d i e t .  of b r eed ing  l e a s t  auk le t s .  Hunt e t  al. (1981) reached a s i m i l a r  

conclusion on t h e  importance of copepods. Indeed, t he  overa l l  composition 

of auklet  d i e t s  i n  the  two s tud i e s  was q u i t e  similar.  

Crested Auklet 

Euphausiids comprised nearly a l l  of t h e  i d e n t i f i a b l e  food material i n  

t he  13 cres ted aukle t  samples col lected i n  1984. Hunt e t  dl. (1981) found 

t h a t  e u p h a u s i i d s  and amphipods were major  d i e t  components i n  t h e  20 

samples they analyzed. 

Tufted Puffin 

Gadids dominated t h e  d i e t  of t h e  s m a l l  number of t u f t e d  p u f f i n s  

col lected i n  1984 (85% of d i e t  w e t  weight i n  eight birds). I n  23 samples 

col lected by Hunt e t  al.  (19811, s imi la r  r e s u l t s  were obtained. 

Horned Puffin . 

I n  t h e  15 a d u l t s  c o l l e c t e d  i n  1984, s q u i d  comprised 45% of d i e t  w e t  

weight but squid comprised none of t h e  food volume i n  39 samples col lected 

by Hunt e t  al. (1981) f rom 1975 t o  1978. Hunt e t  a l .  a l s o  r eco rded  many 

more f i s h  species  than I did but t h i s  may have been due t o  t h e  tendency of 

these authors t o  combine adu l t  stomachs and chick regurgitat ions.  



Implications f o r  the Monitoring of Seabird Diets 

There a r e  two main top ics  t o  be addressed i n  designing a monitoring 

system f o r  seabird diets: Uhat should be monitored? How should samples be 

col lected and results be reported? 

Th i s  s t u d y  and t h o s e  by Hunt e t  a l .  (1981) and Schne ider  and Hunt 

(1984) have shown d i f f e r e n c e s  i n  t h e  d i e t s  o f  (1)  b i r d s  o f  t h e  same 

s p e c i e s  c o l l e c t e d  a t  t h e  same time on  a d j a c e n t  i s l a n d s ,  (2) a d u l t s  and 

c h i c k s  of t h e  same s p e c i e s ,  and (3) t h e  same s p e c i e s  and age -c l a s se s  of  

b i i d s  a t  d i f f e r e n t  t i m e s  d u r i n g  t h e  b reed ing  season. Obviously f o r  a 

monitoring scheme t o  be successful ,  information must be gathered on the  

same k i n d s  o f  b i r d s  from y e a r  t o  year. A t  t h e  P r i b i l o f s  i t  would do  no 

good t o  co l l ec t  samples a t  St. Paul i n  one year and a t  St. George the  next 

i f  d i e t  varied by i s land  and within  year i n  t h e  spec ies  being monitored. 

I n  some c i r cums tances  i t  would be r e a s o n a b l e  t o  combine food samples  

c o l l e c t e d  i n  d i f f e r e n t  ways. For example t h e r e  were no d i f f e r e n c e s  i n  

adu l t  vs, chick d i e t s  i n  red-legged kit t iwakes,  s o  a col leut ion of samples 

from a d u l t s  and c h i c k s  would be a r e a s o n a b l e  way t o  look a t  s e a s o n a l  

changes i n  diet. A similar approach would not be appropria te  f o r  thick- 

b i l l e d  murres because adu l t  and chick d i e t s  are dissimilar. Col lect ions  

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

monitoring program r e f l e c t  changes i n  diet and not  changes i n  t h e  kinds of . 

b i rds  being investigated,  o r  i n  the  methods being used t o  inves t iga te  such 

d i f f e r e n c e s .  Unfor tuna te ly ,  d i f f e r e n t  b i r d  s p e c i e s  behave i n  d i f f e r e n t  

ways s o  i t  w i l l  probably always be necessary in d iverse  colonies l i k e  the 

P r i b i l o f s  t o  s e l e c t  r e p r e s e n t a t i v e  s p e c i e s  t o  be monitored. One 

c o n s i d e r a t i o n  i n  t h e  s e l e c t i o n  of such  s p e c i e s  should  be t h e  degree  t o  

which co l l ec t i ons  of samples can be controlled. 

It is a l s o  i m p o r t a n t  t o  r ecogn ize  t h a t  c e r t a i n  methods of  d i e t  

ana lys i s  are inherent ly  more precise  and can be demonstrated t o  be more 

c o n s i s t e n t l y  a p p l i e d  t h a n  o thers .  A s  demons t ra ted  i n  t h e  'Uethods' 

section, weights measured on a qua l i t y  digital balance are more precise,  

consis tent  and rapid than volumetric measurements. I recommend that w e t  

weights be used a s  t h e  standard method of report ing food s t u d i e s  results. 

Non-parametric s t a t i s t i c a l  t e s t i n g  of weight and occurrence data a l so  seem 



t o  be more a p p r o p r i a t e  than  p a r a m e t r i c  tests w i t h  t h e i r  a s s o c i a t e d  

assumptions about normality. 

Food samples were col lected from adu l t s  of 10 of the  11 species  studied 

(not red-faced cormorant). The d i e t s  of these 10 species  a r e  summarized 

i n  Table  26. I n  5 s p e c i e s  ( n o r t h e r n  fu lmar ,  both k i t t i w a k e s ,  pa rakee t  

auklet, tu f ted  puffin) f i s h  comprised greater than 80% .of w e t  weight diet .  

I n  these o ther  species  (common murre, thick-bil led murre, horned puffin) 

f i s h  comprised 25-705 of  d i e t  w e t  we igh t ,  w i t h  t h e  remainder  be ing  

p r i m a r i l y  c r u s t a c e a n s  ( i n  murres)  o r  squ id  ( i n  horned puf f ins ) .  I n  t h e  

remain ing  two s p e c i e s  ( l e a s t  and c r e s t e d  a u k l e t s ) ,  f i s h  comprised less  

t h a n  2% of d i e t  wet  weigh t ,  whereas  c r u s t a c e a n s  comprised g r e a t e r  than  

94%. Based on these  results, I conclude tha t ,  in general, adu l t s  of t h e  5 

s p e c i e s  i n  t h e  first group a r e  t y p i c a l l y  f i s h  eaters; t h e  murres  and 

horned puf f ins  take a varied combination of f i sh ,  crustaceans and squid; 

and l e a s t  and c r e s t e d  a u k l e t s  f e e d  p r i m a r i l y  on c rus taceans .  The d i e t  

compos i t ion  of  t h e  22 red-faced cormorant  regurg i ta t ions  was pr imar i ly  

f ish .  

The genera l i ty  of these s ta tements  must be borne i n  mind. Differences 

i n  t h e  d i e t s  of b i r d s  grouped by age,  t i m e ,  o r  i s l a n d  were found i n  3 of 

t h e  4 s p e c i e s  s t u d i e d  i n  d e t a i l .  Only i n  l e a s t  a u k l e t s  was t h e  d i e t  

s i m i l a r  between months and islands.  Hence, when monitoring the  diets of 

seabirds, it is important t o  control  collections f o r  various a t t r i b u t e s  of 

the  b i rds t  ages, co l lec t ion  loca t ions  and times of sampling. 

I a l s o  found t h a t  w e t  we igh t  measurements o f  food samples  were more 

rapid, more precise  and more consis tent  than were volumetric measurements. 

V e t  w e i g h t s  a r e  recommended as t h e  p r e f e r r e d  method of measuring t h e  

amounts of food ea ten  by seabirds. Generally, non-parametric s t a t i s t i c a l  

methods are more appropria te  f o r  analyzing d i f fe rences  i n  t h e  amount of 

food ea ten  than are parametric methods. 



Table 26. Summary of food habits of 10 species of seabirds a t  the Ribi lof  Islands, 1984, based on 
adult collection. 

(Ila. of -1 

northern f'uhar (15) 

Black-legged kittiwake (102) 

Rod-legged kittiwake (51) 

b m o n  murre (16) 

Thick-billed murre ( 57) 

Parakeet auklet (13) 

Least auklet (49) 

Crested auklet (13) 

Tufted puffin (8) 

Horned puffin (15) 

S of Qj& Wet Wt a 
C N s t a c e a r w S O Y i P  OastroDod?l Pol+ahaetes E u l  

0.3 0.6 +a* - 99.2 

4-3 0 -5 0.2 5.6 89.3 

13 -5 0.7 - 0.6 85.1 

31.3 - - - 69.1 

68.3 4 -9 - - 26 -5 

13 -7 + + - 80.0 

98.3 - + - 1.1 

94.4 + - - - 
0.7 + - - 99.3 

0.4 47 -5 - + 52.1 

% 

*?be wet weight of the food tsron *otberm was assigned t o  major groups i n  a proportional fashion. 
desigutes  t uon  wan premnt i n  trace arrunta. 
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Appendix 1. Food samples co l lec ted  from s e a b i r d s  a t  t h e  P r i b i l o f  Is lands.  Alaska. 1984. 

1 Ju ly  St .  George 

9 July St.  George 

18 J u l y  S t .  Paul 

23 July S t .  George 

24 J u l y  St .  George 

25 J u l y  S t .  George 

26 J u l y  St .  George 

n ~ u l y  St.  George 

28 Ju ly  St.  George 

29 J u l y  St .  George 

30 J u l y  S t .  George 

- 31 ~ u l y  S t .  George 

lfo. Birds 
AmueL - 

Least  a u k l e t  12 

lforthern fulmar 8 
Black-legged k i t t iwake  28 
Red-legged k i t t iwake  3 
Camon m r r e  5 
Thick-bUled murre 9 
Horned puf f la  2 

Black-legged k i t t iwake  13 
Red-legged ki t t iwake 1 
C o m n  murre 5 
Least aukle t 11 

Least  auk le t  10 

Red-faced cormorant. 1 
Red-legged kit tiwake 3 

Red-faced cormorant 4 
Red-legged k i t t iwake  3 

Thick-billed a u r r e  
Parakeet aukle t 
Crested aukle t  

Red-faced cormorant 5 
Black-legged k i t t iwake  14 
Red-legged ki t t iwake 31 

Red-faced cormorant 2 
Red-legged k i t t iwake  1 

Black-legged k i t t iwake  30 
Red-legged k i t t iwake  16- 

lforthern m l n a r  
Red-faced cormorant 
Red-legged k i t  tiwake 
Caamn -re 
Thick-billed murre 
Parakeet a u k l e  t 
Least  au k l e  t 
Crested a u k l e t  
Tufted .puff i n  
Horned puf f in  

1 o w  

1 ChR 

1 ChR 
3 ch.R 

4 CM 
3 

12 Ads 
1 M S  
11 A d s ,  11 ChP 

5 ChR 
14 Ads 
29 Ads, 2 ChB 

2 ChR 
1 ChR 

30 Ads 
15 Ads, 1 I.s 

7 Ads 
5 ChR 
1 CbR 
1 Ads, 1 ChP 
18 Ads, 1 ChP 
2AdS, 1 CbF 
1 1  ChP, 1 C h S  
2 Ads, 2 ChP 
6 Ads 
7 Ads 



lo.  Birds 
Pntr Island Swcies A a R R l e L  - 

6 August St. Paul Black-leg@# klt t iuake 2 2 ChR 
Conmon murre 4 4 ChR 
Thick-billed -re 12 11 ChR, 1 ChP 
Horned puffin 1 1 ChR 

7 August St. Paul Black-leg@# H t t i u a k e  1 1 ChR 
Carmon -re 2 1 ChR, 1 CM 
Thick-billed marre 9 6 ChR, 3 CM 

8 Auguat St. Paul Red-faced corvrrant 2 2ChR 
Black-legged H t t i u a k e  13 9 Ads, 1 IrS, 3 ChR 
Red-legged klt t iuake 1 1 AdS 
h m n  -re 4 4 MS 
Thick-billed murre 10 10 AdS 
Horned puffln 1 1 Ads 

10 August St. George h a a t  auklet 19 19 CW 

11 August St. Gemgo Red-faced oormorant 2 2 ChR 
Red-legged kittiwake 2 2 ChR 
Thick-billed m r r e  10 7 ChR, 3 CW 

13 August St. George Colmnon murre 
Thick-billed marre 

1 1 ChR 
11 9 ChR, 2 CM 

15 August St. George Black-legged k l t t iuake  8 8 A d s  
Red-legged Ht t ivake  2 1 ChR, 1 MS 
Capmon murre 3 1 Ads, 1 ChR, 1 CbP 
Thick-billed -re 17 8 Ads, 8 ChR, 1 CbP 
Parakeet aukle t 10 10 Ads, 6 ChP 
Tufted puffin 2 2 Ads 
Horned puffin 5 5 Ads, 2 ChP 

( I n  t h i s  t a b l e  Ad = a d u l t ,  ID = immature, Ch = ohick, S = stomach, R = r e g u r g i t a t i o n ,  and F = food 
load.) 
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INTRODUCTION 

The Uni ted S t a t e s  ocs Lands Act Amendments of 1978 (92 S t a t .  629) 

requires  t h e  monitoring of marine and coas ta l  environments following o i l  

and gas  l ea se  sales. This monitoring s h a l l  wprwide  time-series and da ta  

t r end  i n f o r m a t i o n  which can be used f o r  i d e n t i f y i n g  any s i g n i f i c a n t  

changes i n  t h e  q u a l i t y  and p r o d u c t i v i t y  of t h e  envi ronments ,  f o r  

es tab l i sh ing  t rends i n  t h e  a reas  studied and monitored, and f o r  designing 

experiments t o  i den t i fy  t he  causes of such changes3 The da ta  provided by 

moni tor ing  a r e  a l s o  needed f o r  i n c l u s i o n  i n  l e a s e  s a l e  envi ronmenta l  

statements. 

The U . S  Minerals Management Service (MHS) has designated seabirds  i n  

t h e  Bering Sea and A r c t i c  Ocean b reed ing  c o l o n i e s  a s  one envi ronmenta l  

component t h a t  should  be  moni tored i n  Alaska OCS a r e a s ,  because t h e s e  

seabirds  a r e  (1) highly v i s i b l e  and major components of marine ecosystems, 

(2) p r o t e c t e d  by i n t e r n a t i o n a l  t r e a t i e s  be  tween t h e  U.S.A., t h e  U.S.S.R., 

Japan,  and Canada, and (3) may be v u l n e r a b l e  t o  adve r se  e f f e c t s  o f  OCS 

l e a s e  development. Colonies  a t  Cape P e i r c e  and o n  t h e  P r i b i l o f  I s l a n d s  

have been se lec ted  f o r  monitoring s tud i e s  i n  1984. 

Monitoring of seabirds,  as defined herein, has two main purposes, a s  

the  OCS Lands Act Amendments make clear :  

(1) To repeatedly measure b i rd  populations over time s o  t h a t  

population changes can be detected,  and 

(2) To iden t i fy  t he  causes of such c h e e s .  

It is implied by the  Lands Act Amendments t h a t  t he  causes of change should 

be sor ted a t  l e a s t  i n t o  those r e l a t ed  t o  OCS leasing and those independent 

of OCS leas ing  ac t i v i t i e s .  

The a t t r i b u t e s  o f  s e a b i r d  c o l o n i e s  t h a t  should  be moni tored would 

l o g i c a l l y  be t h o s e  valued by soc i e ty .  The most i m p o r t a n t  v a r i a b l e  t h u s  

seems t o  be bird  abundance, though f ac to r s  such a s  productivity t h a t  a r e  

known t o  r e g u l a t e  abundance may l o g i c a l l y  a l s o  be c a n d i d a t e s  f o r  

. monitoring. 



This chapter  d iscusses  concepts and p r i nc ip l e s  of seab i rd  monitoring 

i n  view o f  t h e  l e g a l  mandates  and needs  o f  HHS i n  Alaska. I n f o r m a t i o n  

from t h e  l i t e r a t u r e  and from s t u d i e s  conducted i n  1984 a t  Cape Pe i rce  and 

t h e  P r ib i l o f  I s l ands  are used t o  develop these  discussions. On t h e  b a s i s  

o f  t h e  d i s c u s s i o n s ,  recommendat ions  are made f o r  t h e  c o n t i n u a t i o n  of 

seabird  monitoring programs i n  t h e  Alaskan Bering Sea. 

The fol lowing s ec t i on  provides a b r i e f  review of observed changes i n  

seabird  abundance a t  colonies  and causes of those  changes, wi th  p a r t i c u l a r  

r e f e r e n c e  t o  t h e  e f f e c t s  o f  OCS a c t i v i t i e s .  O the r  s e c t i o n s  u s e  t h i s  

informat ion t o  eva lua te  s t r a t e g i e s  f o r  measuring change i n  Alaskan seab i rd  

colonies  and f o r  determining whether OCS a c t i v i t i e s  are implicated. 

BACKGROUND: SEABIRD POWLATION CHANGES AND CAUSES OF CHANGE 

It is c l e a r l y  poss ib le  t o  measure changes i n  numbers and product iv i ty  

of some seabird  species a t  colonies. Bourne (1972) repor ted surveys of  

auk c o l o n i e s  i n  B r i t a i n  t h a t  d e t e c t e d  changes  i n  g u i i l e m o t  (= common 

murre)  numbers o f  abou t  50  p e r c e n t  and i n  r a z o r b i l l  (Alca Jorda) 

populat ions of about 20 percent. Lid (1 981 ) documented r e l a t i v e l y  d r a s t i c  

changes i n  annual p roduc t iv i ty  of At lan t i c  pu f f i n s  (Kratercqla arctics) i n  

t h e  Lofo ten  I s l a n d s ,  Norway. Wanless  e t  al. (1982) d e t e c t e d  annua l  

changes i n  murres and black-legged k i t t iwakes  (ne s t s  and individuals)  and 

northern fulmars ( individuals)  of 30 percent  i n  Sco t land  Gaston e t  al. 

(1983) were able ,  by i n t ens ive  observation of  breeding b i rds ,  t o  estimate 

t o t a l  eggs l a i d  by th ick-bi l led  murres w i th in  about 5 percent  of  t h e  t r u e  

numbers i n  N.W.T., Canada, co lon i e s .  R ichardsbn  e t a l .  (1  981 ) i n d i c a t e d  

t h a t  small changes  ( a s  low as 2-4 p e r c e n t )  i n  numbers o f  a p p a r e n t l y  

occupied k i t t iwake  ne s t s  could be detected between years  i n  Shetland. 

Causes  o f  changes  observed  are more d i f f i c u l t  t o  document, though 

many workers' have observed what they bel ieve  are food-caused changes i n  

abundance o r  product iv i ty  of many of t h e  spec ies  t h a t  are found i n  Alaska. 

Bourne (1972) notes  t h e  deaths, suspected of being caused by s ta rva t ion ,  

of  many gui l lemots  i n  t h e  I r i s h  Sea i n  1969. Gaston and Net t leship  (1982) 

b e l i e v e d  t h a t  numbers o f  t h i c k - b i l l e d  mur r e s  observed  a t  a co lony  i n  

Canada d e c l i n e d  when food became scarce, s imp ly  because  food  s c a r i t y  

caused t h e  b i r d s  t o  spend more t i m e  foraging a t  sea away from t h e  colony. 



Lid (1981) found high chick mor ta l i ty  i n  pu f f in s  i n  Norway t o  be caused by 

food shor tages .  Bourne (1976) suspec t ed  t h a t  an  i n s t a n c e  of  mass 

mor ta l i ty  observed among common murres i n  the  ~ r i s h  Sea might have been 

.caused by food shortages. Richardson e t  al. (1981) believed t h a t  dec l ines  

i n  populations of some seabirds  i n  the  North Sea might have been caused by 

deplet ion of t h e i r  food suppl ies  by f i sh ing  fleets. Bailey and Davenport 

(1972) b e l i e v e d  t h a t  a d i e -o f f  of common murres  on  t h e  Alaska Pen insu l a  

and Unimak Island resu l ted  from s t a rva t ion  prec ip i ta ted  by severe weather 

t h a t  prevented normal a c c e s s  t o  food. Hunt e t  a l .  (1981b) s t a t e  t h a t  

decreases i n  productivity of k i t t iwakes  and o the r  species  i n  t he  Bering 

Sea are probably caused by changes i n  food supply. Springer e t  al. (1984) 

correla ted changes i n  t h e  reproductive success of murres and k i t t iwakes  i n  

t h e  n o r t h e r n  Ber ing  and e a s t e r n  Chukchi s e a s  w i t h  appa ren t  changes i n  

s t o c k s  o f  f i s h  prey  p o s s i b l y  caused by a l t e r a t i o n  of  me teo ro log i c  and 

oceanographic conditions. 

The phenomenon o f  popu la t i on  r e g u l a t i o n  by food a v a i l a b i l i t y  i s  

widespread a l s o  among spec ies  of seab i rds  no t  common i n  t he  Bering Sea, 

lending addi t ional  support t o  t h e  i dea  t h a t  b i rd s  i n  t h e  Bering Sea might 

be regulated by food. Croxall and Prince (1979) note  t he  l a rge  increases  

i n  s e v e r a l  k r i l l - e a t i n g  penguin s p e c i e s  i n  Antarctica a f t e r  o ther  k r i l l  

(m m e r b a )  p r e d a t o r s  (whales )  dec l ined ,  Anderson and Gress 

(1984) found breed ing  s u c c e s s  and w i n t e r  p o p u l a t i o n s  o f  brown p e l i c a n s  

(pelec- 9 c c F d e n t U )  t o  r ise o r  f a l l  w i t h  t h e  abundance of  t h e i r  

dominant prey, northern anchovies (Enaraulis plordax), Burger and Cooper 

(1984) and Furness (1984) reported changes i n  t h e  abundance of pengirins, 

gannets and cormorants i n  South and Southwest Africa, and of most seabirds  

i n  Scotland, i n  response t o  changing food abundance caused by commercial 

f i s h e r i e s  . 
Other causes of decl ines  in seabird populations have been suspected, 

b u t  none have been i m p l i c a t e d  t o  t h e  e x t e n t  t h a t  food s h o r t a g e s  have. 

Bdurne (1 972) sugges ted  s e v e r a l  o t h e r  p o s s i b l e  r e a s o n s  f o r  observed 

d e c l i n e s  of  g u i l l e m o t s  i n  t h e  I r i s h  Sea (i.e. po ison ing  f rom t o x i c  

c h e m i c a l s ,  p r e d a t i o n  by g u l l s ,  o i l  p o l l u t i o n ) ,  b u t  none  o f  t h e  

p o s s i b i l i t i e s  was suppor ted  by evidence, Bourne (1983) mentioned some 

p o s s i b l e  causes  of .change i n  s e a b i r d  p o p u l a t i o n s  i n  g e n e r a l ,  i n c l u d i n g  

c l i m a t i c  f l u c t u a t i o n s ,  m o r t a l i t y  o f  b i r d s  i n  f i s h e r m e n ' s  n e t s ,  



in t roduct ion of predators t o  b r eed ing  c o l o n i e s ,  and human e x p l o i t a t i o n .  

Cairns (1980) correla ted l o c a l l y  decreased chick product ivi ty  with higher 

l e v e l s  of human a c t i v i t y  i n  t h e  v i c i n i t y  of  a b l ack  g u i l l e m o t  colony i n  

the  St. Lawrence River estuary. 

Seve ra l  k i n d s  of  a c t i v i t i e s  r e l a t e d  t o  OCS development (e.g. o i l  

s p i l l s ,  human a c t i v i t y  o r  a i r c r a f t  o r  boat t r a f f i c  near feeding a r ea s  o r  

c o l o n i e s )  a r e  thought  t o  be p o t e n t i a l  c a u s e s  f o r  d e c l i n e s  i n  s e a b i r d  

abundance (Hood and Calder 1981a, Hameedi 1981). O f  these, only s p i l l e d  

o i l  has been demonstrated t o  have appreciable e f f ec t s ,  and i n  most cases  . 
t h e  e f f e c t s  have been observed a t  s p i l l  s i tes  b u t  n o t  a t  co lon ies .  A 

series of o i l  s p i l l s  i n  t h e  North Sea a t  Orkney, She t land ,  and nor th-  

eas te rn  Scotland i n  late 1978 and e a r l y  1979 k i l l e d  a t  l e a s t  4000 birds,  

mostly murres and r a z o r b i l l s  (Richardson e t  al. 1981, 1982). One of these  

s p i l l s ,  t h a t  of t h e  Essn m, a p p a r e n t l y  caused d e c l i n e s  i n  nearby- 

co lon ies .  I n  1977 a n  o i l  s p i l l  a t  Bempton C l i f f s ,  Humberside, B r i t i s h  

Isles a f f e c t e d  o v e r  1400 murres ,  and may have caused a s u b s t a n t i a l  drop 

the  rollowing summer i n  numbers of murres i n  a nearby colony (Stowe 1982). 

E f f o r t s  t o  model t h e  e f f e c t s  of o i l  s p i l l s  have been made, b u t  t h e  

v a l i d i t y  of m o d e l  results is uncertain. Simulations of seabird damage and 

recovery from o i l  s p i l l s  by Samuels and Ladino (1984) and by Samuels and 

Lanfear (1982) suggest general ly  higher l e v e l s  of damage and much longer 

population recovery r a t e s  of seabirds  from worst-case inc iden ts  than have 

been observed t o  occur. Ford e t  a l .  (1982) modeled t h e  r e sponses  of 

murres and k i t t iwakes  t o  th ree  o i l  s p i l l  scenar ios  near breeding colonies 
a t  St. George I s l a n d  i n  t h e  Bering s e a ,  Alaska. The i r  models sugges ted  

t h a t  m o r t a l i t y  might  come i n d i r e c t l y  f rom food-web i m p a c t s  as  w e l l - a s  

d i r e c t l y  by o i l i n g  of birds,  but t h e  l i t e r a t u r e  reviewed does no t  repor t  

a c t u a l  c a s e s  of o i l -caused  m o r t a l i t y  on  food-webs t h a t  have a f f e c t e d  

birds.  

Several summary po in t s  about population change i n  seabirds,  causes of 

t h i s  change, and e f f e c t s  of OCS a c t i v i t i e s  appear re levant  t o  development 

of a moni tor ing  s t r a t e g y .  F i r s t ,  it i s  c l e a r  t h a t  changes  i n  s e a b i r d  

populations and productivity are r ead i ly  detectable  i n  some spec ies  and i n  

some s i tua t ions ,  a t  sometimes q u i t e  low l e v e l s  of change. Second, most 

observed changes i n  seabird  numbers o r  productivity a t  colonies have been 

a t t r i bu t ed  t o  food shortages caused by natural  o r  human-related phenomena 



(e.g., cl imate,  weather, commercial f i s h i n g ,  e l i m i n a t i o n  of c o m p e t i t o r s  

f o r  food, etc.) t h a t  change t h e  abundance of ( o r  p r e v e n t  a c c e s s  t o )  prey - 

over  broad a reas ,  Third ,  t h e  o n l y  OCS-related a c t i v i t i e s  documented t o  
' 

appreciably a f fec t  seabird  populations a r e  o i l  s p i l l s ;  these e f f e c t s  have 

g e n e r a l l y  been observed a s  d i r e c t  m o r t a l i t y  n e a r  s p i l l  s i tes  and on ly  

i n f r e q u e n t l y  have r e s u l t e d  i n  measured changes  a t  co lon i e s .  Modeling 

e f f o r t s  have projected po t en t i a l l y  larger and longer-last ing e f f e c t s  from 

l a r g e - s c a l e  o i l  r e l e a s e s  t h a n  have been  observed; models have a l s o  

suggested t h a t  o i l  contamination might a f f e c t  seabirds  by reducing food 

supp l i e s .  The r e l a t i o n s h i p  between predicted and observed e f f e c t s  from 

o i l  s p i l l s  and o the r  OCS-related a c t i v i t i e s  is perhaps bes t  summarized by 

Bourne (1 983): 

w. , . se r ious  damage i s  s e l d o m  c a u s e d  e x c e p t  o n  a p u r e l y  

temporary and l o c a l  s c a l e  due t o  i nexcusab le  c a r e l e s s n e s s  

(which still requi res  severe punishment), Otherwise t he  damage 

seldom appea r s  t o  exceed t h a t  which o c c u r s  a t  i n t e r v a l s  from 

o t h e r  more , n a t u r a l  causes ,  and, f a r  from showing t h e  delayed 

recovery expected from t h e i r  low normal reproductive ra te ,  the  

b i r d s  h a v e  b e e n  f o u n d  t o  r e c o v e r  unexpec ted ly  r a p i d l y ,  

presumably due t o  a re laxa t ion  of density-dependent population- 

l imi t ing   mechanism^.^ 

PROPOSE3 HONITORING PLAN 

Implications of t h e  above discussions t o  the  design of an  e f f ec t i ve  

s e a b i r d  moni tor ing  program t h a t  measures  changes a t  c o l o n i e s  and s o r t s  

development-caused change from t h a t  caused by o the r  f a c t o r s  are several. 

It i s  c l e a r  t h a t  annua l  change i n  bo th  numbers and p r o d u c t i v i t y  of 

s e a b i r d s  f r e q u e n t l y  occurs ,  independent ly  of OCS development,  and t h a t  

development-cau& - change. is l i k e l y  t o  be small i n  comparison. The only - 
development a c t i v i t i e s  t h a t  are l i k e l y  t o  cause detectable  changes a t  most 

colonies (given ex i s t i ng  r e s t r i c t i o n s  on chronlc discharges of po l lu tan ts  

and on development a c t i v i t i e s  near colonies) are probably those r e l a t ed  t o  

l a r g e  o i l  s p i l l s .  But even  should  l a r g e  s p i l l s  occur ,  t h e i r  measurable  ' 

e f f e c t s  on s e a b i r d s  w i l l  a lmos t  c e r t a i n l y  be l o c a l i z e d ,  and n o t  



d i s t i n g u i s h a b l e  ove r  l a r g e  areas from n a t u r a l  v a r i a t i o n .  Th i s  i m p l i e s  

t h a t  (1) any moni tor ing  measurements made o v e r  broad a r e a s  must be 

accompanied by measurements a t  sites of OCS a c t i v i t y  while there  is much 

hope of s o r t i n g  con-sequences of  o i l -and-gas- re la ted  a c t i v i t i e s  from 

consequences of other  var iables  t h a t  a f f e c t  seabird  populations, and (2) 

broad-scale measurement schemes would bes t  be oriented t o  detect ing t h e  

kinds of changes t h a t  would be caused by o i l  pollution. 

It is thus  proposed t h a t  a useful  monitoring program should include 

annually (or  bi-annually) repeated measurements a t  s e l e c t e d  c o l o n i e s  i n  

t h e  g e n e r a l  r e g i o n s  o f  e x p e c t e d  OCS a c t i v i t i e s ,  supplemented by 

experimental s t ud i e s  a t  s p e c i f i c  sites (perhaps including places where o i l  

has been recen t ly  sp i l l ed )  t o  quantlPy e f f e c t s  of se lected ac t i v i t i e s .  On 

the  bas i s  of these  considerations, de ta i led  discussions of the  s t r a t e g i e s  

proposed f o r  mon i to r ing  s e a b i r d s  i n  t h e  Bering Sea  fo l low.  F i r s t  w e  

d i s c u s s  which v a r i a b l e s  should  be measured and why, Then w e  recommend 

programs f o r  d e t e c t i n g  p o p u l a t i o n  changes  and f o r  d e t e r m i n i n g  whether  

changes are caused by OCS development. 

Select ion of Variables t o  Xeaaure 

Three c h a r a c t e r i s t i c s  of seabird  p o p u l a t i o n s  commonly sugges ted  as 

v a r i a b l e s  t o  be measured i n  s e a b i r d  mon i to r ing  programs a r e  p o p u l a t i o n  

numbers, productivity,  and food hab i t s  (see  s o l i c i t a t i o n  and proposal f o r  

t h i s  p r o j e c t ;  Wiens e t  al, 1984). The main v a r i a b l e  of  i n t e r e s t  t o  

society,  i n  terms of impact, is population numbers. Productivity da t a  are 

c o l l e c t e d  t o  h e l p  i n t e r p r e t  o r  p r e d i c t  changes i n  p o p u l a t i o n  numbers, 

Food h a b i t s  d a t a  are c o l l e c t e d  t o  h e l p  i n t e r p r e t  o r  p r e d i c t  changes i n  

product ivi ty  and population numbers. Each of these var iab les  needs t o  be 

evaluated f o r  its usefulness t o  HHS f o r  monitoring seabird  populations. 

The spec i f  f i c  monitoring ob jec t ives  determine which var iab les  should 

be measured. I n  t he  following discussions we assume t h a t  t he  object ives  

are twofold--(l)  t o  measure  t r e n d s  ( look  f o r  long-term changes) i n  

abundance of b i rd s  a t  colonies, and (2) t o  determine whether any changes 

observed are caused by OCS leas ing  and development. The second object ive  

i n c l u d e s  a t t r i b u t i n g  cause  of change t o  s p e c i f i c  OCS a c t i v i t i e s  such  as 



o i l  s p i l l s ,  d r i l l i n g  operations, shore-based operations, and disturbance 

by a i r c r a f t ,  boats, o r  people near colonies. 

There is po ten t i a l l y  a t h i r d  object ive  of monitoring, which w e  do not 

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

changes t h a t  are a t t r i b u t a b l e  t o  o t h e r  t h a n  OCS development a c t i v i t i e s ,  

These causes might include such f a c t o r s  a s  changes i n  oceanic cur ren ts  o r  

water temperatures, c l ima t i c  changes,  o r  changes  i n  commercial  f i s h i n g  

pressures .  Such an  o b j e c t i v e  seems beyond t h e  mandate of HHS, and a 

r ea sonab le  r e sponse  t o  i t  i s  probably beyond t h e  normal f iscal  scope of  

monitoring programs. It would e n t a i l  ecosystem process-oriented s tud i e s  

involving many d i sc ip l ines ,  much time, and large sums of money. Further, 

it might not appreciably improve t h e  a b i l i t y  of HHS t o  measure o r  predict  

the  e f f e c t s  of leasing, 

Population 'lumbers 

The u s e f u l n e s s  o f  t h i s  v a r i a b l e  i s  immed ia t e ly  obvious. It is  t h e  

major  popu la t i on  c h a r a c t e r i s t i c  by which s o c i e t y  judges  t h e  va lue  of  

seabird colonies. Relative t o  production, it is e a s i e r  t o  measure i n  most 

s p e c i e s  and t e n d s  t o  f l u c t u a t e  1es.s f rom y e a r  t o  y e a r  ( s e e  Ford e t  a l .  

1982, Hunt e t  al. 1981b). Host seabird monitoring programs use va r i a t i on  

i n  number of presumed breeding a d u l t s  a s  the  primary measure of change i n  

most species (e.g., Gaston e t  al, 1983, Wanless e t  al, 1982, Richardson e t  

al. 1981). The b e s t  a p p l i c a t i o n  of coun t ing  numbers o f  a d u l t s  i s  i n  

programs t h a t  measure t he  same colonies  i n ' a  systemat ic  manner over many 

years. 

Productivity 

P r o d u c t i v i t y  h a s  f r e q u e n t l y  been e s t i m a t e d  a t  s e a b i r d  c o l o n i e s  

(usually as some measure of young produced per breeding pair)  a s  a way of 

comparing t h e  g e n e r a l  'heal thw of  p o p u l a t i o n s  among y e a r s  o r ,  less 

commonly, a s  a t o o l  i n  predict ing change i n  population numbers. Attempts 

have f r e q u e n t l y  been made t o  c o r r e l a t e  observed changes i n  productivity 

w i t h  c a u s a t i v e  mechanisms, and t h u s  t o  i s o l a t e  f a c t o r s  t h a t  u l t i m a t e l y  

c o n t r o l  p o p u l a t i o n s  ( s e e  ~ i d . 1 9 8 1 ,  Ford e t  a l ,  1982). Some aL tho r s  (Lid 



1981,. C roxa l l  and P r i n c e  1979) have blamed p e r s i s t i n g  changes i n  

p r o d u c t i v i t y  (caused by food supp ly  changes  o r  o t h e r  f a c t o r s )  f o r  long-  

tern population changes. 

Repeated measurements  o f  p r o d u c t i v i t y  i n  s e l e c t e d  c o l o n i e s  a r e  o f  

q u e s t i o n a b l e  v a l u e  f o r  e s t a b l i s h i n g  t r e n d s  i n  popula t ions ,  Because 

v a r i a b i l i t y  among years, and among loca t ions  within  years,  is frequent ly  

great under normal c i r cums tances  (Hunt e t  al, 1981b), p r o d u c t i v i t y  

measures lend themselves poorly t o  discr iminat ion of wabnormalw l e v e l s  of 

p r o d u c t i v i t y  on a r e g i o n a l  ba s i s ,  F u r t h e r ,  t h e  e f f e c t s  of  sho r t - t e rm  

v a r i a t i o n s  i n  p r o d u c t i v i t y  on long-term breed ing  p o p u l a t i o n  l e v e l s  i s  

uncertain,  and may be minimal (see Samuels and Lanfear 1981, Stowe 1982). 

But productivity measurements may lend themselves w e l l  t o  assess ing 

whether se lected OCS a c t i v i t i e s  have the  po ten t ia l  t o  u l t ima te ly  a f f e c t  

population numbers. Adult seabirds would not  normally su f f e r  morta l i ty  

from such  a c t i v i t i e s  as i n c r e a s e d  no i se ,  d i s tu rbance ,  and people o r  

predators near colonies, but t h e i r  eggs and young might (see Cairns 1980). 

F u r t h e r ,  because such  a c t i v i t i e s  t e n d  t o  be s p a t i a l l y  r e s t r i c t e d  (1.e. 

e f f e c t s  ex t end ing  a few km o r  less from t h e  source  of d i s t u r b a n c e ) ,  

r igorous experiments wi th  s p a t i a l  controls  could be r ead i ly  conducted t o  

determine whether OCS a c t i v i t i e s  were t h e  cause of observed productivity 

changes, A t  some s i tes  e x i s t i n g  a c t i v i t i e s  (e.g., a i r c r a f t ,  boa t ,  o r  

human a c t i v i t y  near colonies) might s imulate  what would be expected t o  

occu r  w i t h  development,  and expe r imen t s  could be conducted p r i o r  t o  

development, 

Food Habits 

I n  theory ,  because s e a b i r d  p o p u l a t i o n s  a r e  f requent ly  regulated by 
food, food hab i t s  da ta  would appear t o  help e s t ab l i sh  whether the  causes 

o f  p o p u l a t i o n  c h a n g e s  are  r e l a t e d  t o  OCS development, That  is, 

c o r r e l a t i o n s  found between food h a b i t s  changes  and p o p u l a t i o n  o r  

p r o d u c t i v i t y  changes might  s u g g e s t  a prey-mediated e f f e c t  of OCS 

development. 

But i n  f a c t ,  food h a b i t s  s t u d i e s  a t  c o l o n i e s  do n o t  appear  ve ry  

u s e f u l  e i t h e r  f o r  r e g i o n a l  10,ng-term moni tor ing  t o  examine popu la t i on  

t r e n d s  o r  f o r  s i t e - s p e c i f i c  exper iments .  F i r s t ,  prey s e l e c t i o n  w i t h i n  



species is frequent ly  d i f f e r e n t  among colonies, o f t en  f o r  reasons t h a t  a r e  

n o t  c l e a r ,  and w i t h i n - s p e c i e s  d i e t s  may change w i t h i n  c o l o n i e s  between 

years and as t h e  season progresses, sometimes f o r  . l ikewise unclear reasons 

(Hunt e t  a l .  1981a). To f u r t h e r  confuse  a t t e m p t s  t o  c o r r e l a t e  d i e t a r y  

var iables  with OCS a c t i v i t i e s ,  it is highly unl ikely  t h a t  OCS a c t i v i t i e s  

could a f f e c t  seabird d i e t s  t o  nearly t h e  ex ten t  t h a t  d i e t s  are affected by 

o t h e r  f o r c e s  t h a t  cause  changes  i n  food s u p p l y  (e.g. wea ther ,  c l i m a t e ,  

ocean c i rculat ion,  commercial fishing--see Springer e t  al. 1984, Furness 

1984, and e a r l i e r  d iscussions  i n  t h i s  chapter under %ACKGROOW). These 

natural  fo rces  commonly alter d i s t r ibu t ion ,  abundance, o r  a c c e s s i b i l i t y  of 

seabird prey over wide areas;  OCS a c t i v i t i e s  have not  been found t o  have 

such widespread e f f e c t s ,  nor  does  i t  seem l i k e l y  t h a t  t h e y  i n  f a c t  w i l l  

have such extensive effects. Perhaps most important of a l l ,  seabirds  a r e  

probably much more vulnerable t o  o i l  s p i l l s  [ the  only i n d u s t r i a l  ac t ion  

t h a t  a p p r e c i a b l y  t h r e a t e n s  p r e y )  t h a n  i s  t h e i r  p rey .  However, 

catas t rophic  d i e t  changes have been l inked t o  major population changes i n  

some s p e c i e s  of s e a b i r d s  ( s e e  Lid 1981). I f  d i e t s  of s e a b i r d s  a r e  n o t  

monitored systemat ical ly  i n  s i m i l a r  s i t u a t i o n s  (e.g., Bering Sea), similar 

changes could be a t t r i bu t ed  a r b i t r a r i l y  t o  nearby OCS ac t iv i t i e s .  There 

is some ju s t i f i c a t i on ,  therefore,  f o r  including feeding s tud i e s  I n  seabird 

monitoring programs, espec ia l ly  i f  such s tud i e s  a r e  i n t e rd i s c ip l i na ry  and 

re levant  information on prey a v a i l a b i l i t y  is a l s o  being collected. 

Given these considerations, it appears t h a t  (1) measured changes i n  

the  seabird d i e t ,  o r  i n  the  seabird  prey base, would be almost impossible 

t o  a t t r i b u t e  t o  OCS-related a c t i v i t i e s ,  g i v e n  t h e  u n c e r t a i n t i e s .  abou t  

causes  of d i e t a r y  change and abou t  t h e  many n a t u r a l  f o r c e s  t h a t  a f f e c t  

prey base  a v a i l a b i l i t y ,  and (2) o i l  s p i l l s ,  t h e  o n l y  conce ivab le  OCS 

a c t i v i t y  t h a t  might a f f e c t  appreciable proportions of seabird prey, would 

probably a f f e c t  t h e  s e a b i r d s  much more d r a s t i c a l l y  by o i l i n g  t h e i r  

fea thers  than by k i l l i n g  o r  contaminating t h e i r  prey. 

- 
s-ry 

Population numbers and productivity of seabirds,  and i n  some cases 

p o s s i b l y  food h a b i t s ,  appear  t o  be u s e f u l  v a r i a b l e s  t o  measure i n  a 

monitoring program. Repeated measures of breeding bird  population l e v e l s  



would be usefu l  f o r  m o n i t o r i ~  long-term population trend i n  several  key 

l o c a t i o n s  o v e r  a number o f  years .  Measures of  p r o d u c t i v i t y  a r e  most 

usefu l  f o r  controlled,  s i t e - spec i f ic  experiments t o  determine short-term 

consequences t o  seabird populations of  se lected OCS ac t iv i t i e s .  Measures 

o f  p o p u l a t i o n  l e v e l s  a l o n e  w i l l  n o t  b e  a b l e  t o  e s t a b l i s h  whether  change 

has been caused by OCS development; local ized experiments a lone probably 

cannot determine whether changes found t o  r e s u l t  from OCS a c t i v i t i e s  w i l l  

have r e g i o n a l  o r  long-term popu la t i on  e f f e c t s ,  Both methods used i n  

combination, and possibly combined wi th  food hab i t  s tudies ,  is the  only 

r e a s o n a b l e  way t o  measure p o p u l a t i o n  t r e n d  and va l id ly  examine whether 

changes i n  t rend are development-related, 

Monitoring f o r  Population Trend 

Att r ibutes  of Monitored Species 

Reliable es t imat ion of regional changes i n  seabird numbers requi res  

an initial se l ec t i on  of spec ies  appropriate f o r  monitoring. These spec i e s  

should be abundant wi th  a r e l a t i v e l y  widespread breeding d i s t r i b u t i o n  over 

t h e  a r e a  of interest (I.&, Bering Sea) (see Richardson e t  al. 1981, 1982; 

Croxall and Prince 1979), and should have population parameters t h a t  a r e  

r e l a t i v e l y  easy t o  sample, e.&, h a b i t a t s  are r e l a t i v e l y  easy t o  sample; 

breeding adul ts ,  subadults, nests,  eggs, and feeding young a r e  r e l a t i v e l y  

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

representat ives  of a l l  t h e  important foraging types (egg., those t h a t  feed 

on the  benthos, a t  t he  sea  surface,  i n  nearshore ewironments,  etc.--see 

C r o x a l l  and P r i n c e  1979). A d d i t i o n a l l y ,  some i n f o r m a t i o n  should  be 

a v a i l a b l e  on  t h e  h i s t o r y  o f  t h e  p o p u l a t i o n  ( s i z e  of  colony, number o f  

breeding pa i r s ,  previous disturbances, etc. i n  earlier years). Ideal ly ,  

t h e  s p e c i e s  should  be  r e l a t i v e l - y  s e n s i t i v e  t o  p e r t u r b a t i o n s  f rom 

a c t i v i t i e s  expec ted  t o  accompany o i l  and g a s  development. Any s p e c i e s  

whose d i s t r i b u t i o n  i s  r e s t r i c t e d  t o  t h e  a r e a  of  i n t e r e s t  should  a l s o  be 

cons idered  i n  any r e g i o n a l  moni tor ing  program (e-g., an a u k l e  t, o r  t h e  

red-legged k i t t i w a k e  i n  t h e  Ber ing  Sea), because l a r g e  p r o p o r t i o n s  o f  

world  p o p u l a t i o n s  of  such s p e c i e s  may be a t  r i s k ,  V e  used t h e s e  



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

inves t iga t ion  i n  a  regional  type of monitoring program, as discussed i n  - 

the  following sectlon. 

Species t o  be Monitored 

I n i t i a l l y ,  w e  have i den t i f i ed  14 species t h a t  occur over a  reasonably 

wide  a r e a  i n  t h e  Ber ing  Sea ( e x c l u s i v e  of t h e  A leu t i an  I s l a n d s )  i n  

a p p r e c i a b l e  numbers ( thousands  of  i n d i v i d u a l s ) .  A 1 1  of  t h e s e  are of 

i n t e r e s t ,  b u t  all need not '  be monitored. I n  g e n e r a l ,  most p r ev ious  

s t u d i e s  h a v e  c o n c e n t r a t e d  o n  t h e  c l i f f - n e s t i n g  s p e c i e s  (murres ,  

kit t iwakes,  cormorants) and neglected t h e  hole- o r  cavity-nesting spec ies  

( a u k l e t s ,  p u f f i n s ) ,  because t h e  c l i f f - n e s t i n g  s p e c i e s  are most  e a s i l y  

sampled and several  spec ies  f requent ly  can be moni tored s imul taneous ly .  

The cav i ty -nes t i ng  s p e c i e s  r e q u i r e  more in tens ive  s tudy -e f fo r t ,  usual ly  

individual  a t t e n t i o n  t o  each species. 
We ar ranged  t h e  i n i t i a l  1 4  s p e c i e s  and t h e  s e l e c t i o n  c r i t e r i a  

. (a t t r ibu tes  discussed earlier) i n  a  matrix (Table 1). A score  of 0-3 was 

as s igned  t o  each  c e l l  i n  t h e  m a t r i x  f o r  each spec ies .  Although f e e d i n g  

cha rac t e r i s t i c s  are an  important a t  t r i b u t e  and a neces sa ry  c r i t e r i o n  i n  

any c o n s i d e r a t i o n  o f  s e a b i r d  moni tor ing ,  t hey  were n o t  i nc luded  i n  t h e  

matr ix  because of t he  complexity i n  assigning a score  on the  bas i s  of how 

b i rds  foraged. Nevertheless, t h e  top f i v e  species  (red-legged k i t  tiwake, 

thick-bil led murre, black-legged k i t  t iwake ,  l e a s t  auk l e  t and red-faced 

cormorant) se lected f o r  monitoring (Table 1) provide a  good cross-section 

of spec ies  with d i f f e r e n t  food hab i t s  and feeding strategies i n  the  Bering 

Sea (Hunt e t  al. 1981 a, Bedard  1%9a, Searing 1977, Wehle 1980). A s  w e l l ,  

each of these  species  has  a l l  o r  most of the  o ther  a t t r i b u t e s  considered 

des i rab le  f o r  monitoring. 

Colonies t o  be'.knitorect' -.. . . -  - 
. We i d e n t i f i e d  11 c o l o n i e s  i n  t h e  Ber ing  Sea ( e x c l u s i v e  of t h e  

Aleutian Islands) most of which support  appreciable numbers (thousands) of 
seabirds. A l l  of these (plus  others)  may be of i n t e r e s t ,  but a l l  need not ' 

be monitored. An e v a l u a t i o n  of t h e  11 c o l o n i e s  i s  g i v e n  i n  Table  2. We 



Table 1. An example of a possible scheme for evaluating seabirds for monitoring i n  the Bering 
s m  **.;I d _ -- ._. 3 

Attributor AuUL JwxiJlL A J h l m m U h -  Pigron Worthorn 
A L ~ L E L E A  Sh IE B L A P Y P l l  ciuill.nrrt _Pulnur 

A. Abundant and 3 2 1 2  3 2 ?  2 2 3 0.5 2 1.5 2 
Widorproad 

8. Honitoring 3 2 0.5 1 1 1 1 3 3 3 3 2.5 0 2 
Paramaterr 
Quantifiable 

C. H i r tor ioa l  3 3 0.5 0.5 2 1 2 1 1 3 3 1 0.5 2 
Data 

-- -- --- - - - - -  
Soorofi 9 7 4 4.5 8 6 6 8 7 1 6 -5 9 10.5 6.5 
Rank 2 . 5 6 . 5  13. 12. 14 8.5 4 . 5 1 0 . 5 1 0 . 5  4.5 6.5 2.5 1 8 -5  

fiSooror wore roperatoly and indopondontly asrignod by two biologirtr .  Wo major difforonoor i n  rank8 ooourrod; minor difforonoor 
wore rwolvod through oomproalo (o.g., rooror o f  0.5, 1.5, 2.5, 3.5, 4.5 urd 5.5). 



D able 2 .  A n  example of a possible acheme for  evaluating seabird colonies for  monitoring i n  the 
Bering Sea, Alaska. 

Attributed Pribilof St. Hatthaw/ Nunivak Cap at. Amak Capo Poiroe/ cape ~ i n g  ~ i t t l 0  
- C r i t s F i . I a . & I a . I s . L - - - L -  

A.  Appreoiable I 3 2 1 0.5 2 0.5 ' 1 1 1 1 1 .5 
of Key speoier 
Present at Colony 

B. b ~ b l ~  3 1.5 2 1.5 3 1.5 2 2.5 2 1 1 
for Study 

Rank 1 4 6 11 2 9.5 5 3 7 9.5 8 

mSoorea were separately and independently assigned by two biologiata. Uo major diffrrenoea in ranka ooourred; minor dillerenoes were 
rasol.vmd through ooopromirr ( 0 . 6 . ~  aoorer of 0.5, 1.5, 2.5, 3.5, 4.5 and 5.5). 



used the same evaluation procedures f o r  the colonies a s  we did  f o r  seabird 

species  i n  Table 1. 

An addi t ional  important a t t r i b u t e  of a colony, when one considers a 

region-wide monitoring program i n  the Bering Sea, is its loca t ion  r e l a t i v e  

t o  d i f f e r e n t  development b a s i n s  (Fig, 1) and /or  major  oceanographic  and 

pwsiographic fea tures  (e.g., shelf  breaks, water masses, straits, gyres; 

see Hood and Ca lde r  1981b), Y e  have n o t  l i s t e d  t h i s  a s  a n  a t t r i b u t e  i n  

t he  matrix, again because of the complexity i n  assigning a s ing l e  score. 

Never the less ,  t h e  t o p  f i v e  c o l o n i e s  ( P r i b i l o f  I s l a n d s ,  St. Lawrence 

Island,  Bluff, St. Hatthew Island,  Cape Peirce; s ee  Table 2) se lected f o r  

moni tor ing  o n  t h e  b a s i s  o f  t h e  o t h e r  a t t r i b u t e s ,  p rov ide  a good c ros s -  

sec t ion  of d i f  f e r en t  loca t ions  (northern and southern mainland, northern 

and s o u t h e r n  o f f s h o r e ) ,  d i f f e r e n t  development a r e a s ,  and d i f f e r e n t  

oceanographic and physiographic features. 

b n l t o r i n g  f o r  Ef fec t s  of OCS Development 

A s  no ted  earl ier ,  s i t e - s p e c i f i c  expe r imen t s  a r e  recommended t o  

evaIuate whether spec i f i c  OCS development a c t i v i t i e s  w i l l  cause changes i n  

populations. These experiments should be conducted when OCS a c  t i v i t i e s  

t a k e  p l a c e  n e a r  s e a b i r d  aggrega t i o n s  (e,g., where onshore  o r  nea r sho re  

a c t i v i t i e s  occu r  n e a r  c o l o n i e s  o r  where o f f s h o r e  a c t i v i t i e s  occu r  i n  

f eed ing  a r ea s ) ,  Because a c c i d e n t a l l y  s p i l l e d  o i l  is  t h e  most l i k e l y  of  

a c t i v i t i e s  t o  cause large adverse e f fec t s ,  i t  would be very usefu l  t o  s i t e  

experiments a t  an  o i l  s p i l l .  Unfortunately, because sites of accidental  

s p i l l s  cannot  be p r e d i c t e d ,  and because many e f f e c t s  of a s p i l l  may n o t  

still be evident by t he  time experiments can be mobilized, t he  most t h a t  

can be done i n  such  c a s e s  may be t o  count  o i l e d  o r  dead b i r d s  a s  q u i c k l y  

a s  possible a f t e r  a s p i l l  occurs t o  acquire  a mor ta l i ty  est imate,  But i t  

should be r e l a t i v e l y  easy t o  test t he  e f f e c t s  of planned a c t i v i t i e s  t h a t  

p e r s i s t  f o r  r e l a t i v e l y  long periods, 

Except f o r  o i l  s p i l l s ,  OCS a c t i v i t i e s  would no t  be expected t o  cause 

a p p r e c i a b l e  m o r t a l i t y  t o  a d u l t s ,  b u t  t hey  have t h e  p o t e n t i a l  t o  l o c a l l y  

alter production of young (see Roseneau and Herter 1984), which over t h e  

long t e r m  could a l t e r  adu l t  numbers. Thus, measures of productivity seem 

the  most l og i ca l  approach t o  t e s t i n g  f o r  t h e  e f f e c t s  of development. (See 



BERING SEA 

Figure 1. Development bas ins  i n  the  Bering Sea (from Lewbel. (ed. ) 1983). 



a l s o  d i s c u s s i o n s  i n  t h e  p rev ious  s e c t i o n  m S e l e c t i o n  of V a r i a b l e s  t o  

Measurem. ) 

Rather than basing a productivity monitoring program on species  and 

colonies  whose a t t r i b u t e s  are best f o r  monitoring, the  program would be 

based on hypotheses and experiments designed t o  i nves t i ga t e  t h e  cause-and- 

e f f e c t  re la t ionsh ip  between a s p e c i f i c  OCS a c t i v i t y  and the  seabirds  most 

l i k e l y  t o  b$ a f f e c t e d  (i.e., t h o s e  nearby). This  approach t o  mon i to r ing  

has  t he  best chance of es tab l i sh ing  cause-and-effect rela t ionship be tween 

OCS o i l  and g a s  a c t i v i t i e s  and s e a b i r d s ,  Coupled w i t h  a region-wide 

mon i to r ing  program ( t o  p l a c e  t h e  e x p e r i m e n t a l  r e s u l t s  i n  a b roader  

perspective), t h i s  s i t e - spec i f ic  approach t o  mordtoring a l s o  has t h e  b e s t  

chance of predicting the consequences t o  regional  populations of s p e c i f i c  

OCS o i l  and gas a c t i v i t i e s .  

OCS o i l  and gas a c t i v i t i e s  t h a t  could have impacts on seabirds  i n  t h e  

Bering Sea have been described i n  severa l  recen t  documents (Hameedi 1981, 

Roseneau and Herter 1984, T r u e t t  1984), and g e n e r a l l y  f a l l  i n t o  t h e  

f o l l o w i n g  e i g h t  ca t ego r i e s :  1) l a r g e  o i l  s p i l l ,  2) s m a l l  p o l l u t a n t  

re lease ,  3) chronic operat ional  discharge, 4) se ismic tes t ing ,  5) vessel  

t r a f f i c ,  6) a i r c r a f t  t r a f f i c ,  7) onshore construction, and 8) dredging and 

pipel ine  cons t ruc t ion  A 1 1  of these a c t i v i t i e s ,  depending on t h e i r  t i m i n g  

and location,  could have negative consequences on seabirds. 

We h a v e  n o t  a t t e m p t e d  t o  f o r m u l a t e  hypo theses  o r  t o  des ign  

expe r imen t s  t o  tes t  t h e s e  hypotheses, These a c t i v i t i e s  a r e  b e s t  done 

where p a r t i c i p a n t s  from a v a r i e t y  o f  d i s c i p l i n e s  and a f f i l i a t i o n s  c a n  

I n t e r a c t  and make contributions (see LGL e t  al. 1984)- We simply describe 

a reasonable generic product ivi ty  sampling design t o  de tec t  changes t h a t  

might lead t o  long-term population e f fec t s ,  Proposed methods follow. 

L e g i s l a t i v e  mandate r e q u i r e s  t h a t  UHS conduct monitoring programs 

following o i l  and gas lease sales on Alaska's continental  shelf  t o  examine 

long-term t r e n d s  i n  envi ronmenta l  q u a l i t y  and p r o d u c t i v i t y  and t o  

determine whether any changes observed i n  such t rends might have resu l ted  

from OCS o i l  and g a s  development. HHS has  decided t h a t  s e a b i r d  

populations should be one of t he  ecosystem components t o  be monitored i n  



the  Bering Sea The ob jec t ives  of a seab i rd  monitoring program would be 

t o  measure  t r e n d  i n  p o p u l a t i o n s  and t o  d e t e r m i n e  i f  observed  changes  i n  

t rend are developmentre la ted.  Poten ti a1 I tems t o  be  mon i to r ed  i n c l u d e  

population numbers and productivi ty.  Measures of  seab i rd  d i e t  may help  

i n t e r p r e t  observed product iv i ty  and populat ion changes. 

P a s t  r e s e a r c h  h a s  demons t r a t ed  t h a t  small t o  modera te  changes  i n  

numbers and annual production of seab i rds  a t  colonies  can be documented. 

Causes of charge are more d i f f i c u l t  t o  determine, though changes i n  food 

a v a i l a b i l i t y ,  r e s u l t i n g  from such th ings  as f i s h i n g  by man, large-scale 

s h i f t s  i n  ocean  c i r c u l a t i o n  o r  c l i m a t i c  changes ,  have been  i m p l i c a t e d .  

%ere is no ind ica t ion  from the  literature t h a t  any a c t i v i t i e s  r e l a t e d  t o  

OCS development, except f o r  o i l  s p i l l s ,  have caused populat ion charges t o  

seabirds.  

A monitoring p l an  must measure both low-term t rends  a t  b i r d  co lon ies  

and d e t e r m i n e  whe ther  OCS a c t i v i t i e s  c ause  p o p u l a t i o n  changes. A 

combination of  two approaches seems des i r ab l e  t o  meet these  requirements-- 

(1) repeated measures of populat ion numbers over time a t  s e l ec t ed  colonies  

t o  d e t e r m i n e  t r e n d s ,  and (2) e x p e r i m e n t s  a t  s i tes  o f  OCS a c t i v i t y  t o  

d e t e r m i n e  whe ther  t h e  a c t i v i  t ies  a f f e c t  a n n u a l  p r o d u c t i v i t y .  Trend 

measurements  a l o n e  canno t  i s o l a t e  c a u s e s  o f  change,  and r e s u l t s  o f  

experiments a t  sites of OCS a c t i v i  ties cannot, wi thout  t r end  measurements, 

be r ead i l y  t r an s l a t ed  i n t o  regional  populat ion-level  e f fec t s .  It does not  

appea r  t h a t  food h a b i t s  s t u d i e s  would c o n t r i b u t e  a g r e a t  d e a l  t o  

de termining whether b i r d  populat ions charge o r  t o  e s t ab l i sh ing  whether OCS 

a c t i v i t i e s  caused t he  changes. 

For  measur ing  r e g i o n a l  t r e n d s  i n  p o p u l a t i o n  numbers o v e r  time, 

m o n i t o r i n g  shou ld  f o c u s  on s p e c i e s  t h a t  a re  abundant ,  widespread ,  and 

e a s i l y  sampled. S p e c i e s  t h a t  are un ique  o r  endemic t o  t h e  area a r e  o f  

p a r t i c u l a r  interest. A t  least one spec i e s  from each m a o r  foraging type 

(e.g., b e n t h i c ,  s u r f  ace ,  nea r sho re ,  o f f s h o r e )  s h o u l d  be i n c l u d e d  i f  

poss ib le .  I n  t h e  Be r ing  Sea,  t h e  f i v e  most  s u i t a b l e  s p e c i e s  are, i n  

app rox ima te  o r d e r  o f  s u i t a b i l i t y :  red- legged k i t t i w a k e ,  b lack- legged 

k i t  t iwake ,  t h i c k - b i l l e d  murre,  l eas t  a u k l e t ,  and red- faced  cormorant .  

Colonies t h a t  would be most s u i t a b l e  as t rend monitoring sites, based on , 
t h e  number and d i v e r s i t y  o f  s e a b i r d  s p e c i e s  p r e s e n t ,  ease o f  s t udy ,  and  

amount of h i s t o r i c a l  data ava i l ab l e  are those  on t h e  P r ib i l o f  Islands,  St. 



Lawrence Island, Bluff, St. Hatthew/Hall is lands,  and Cape Peirce/Shaiak 

Island. Other colonies are considered less suitable.  

The primary var iab le  of i n t e r e s t  f o r  trend monitoring is population 

numbers, and s e v e r a l  c o n s i d e r a t i o n s  apply. Two pa rame te r s  need t o  be 

estimated: 1) the  number of b i rd s  i n  attendance and 2) the  number of nes t s  

o r  b reed ing  b i rds .  D i s t r i b u t i o n a l  c h a r a c t e r i s t i c s  of most s e a b i r d s  i n  

colonies suggest the best enumera tio? techniques involve s t r a t i f y i n g  c l i f f  

f a c e s  on  which b i r d s  occur ,  coun t ing  of b i r d s  o n  sample p l o t s ,  and 

account ing  f o r  c l u s t e r i n g  of b i r d s  i n  s t a t i s t i c a l  t r e a t m e n t  of data.  

P a t  t e r n s  of t empora l  v a r i a b i l g t y  i n  b i r d  attendance a t  colonies suggest 

t h a t  a t  least  f i v e  r e p l i c a t e  coun t s  should  be made. Time-lapse 

photcgraphy is a usefu l  t oo l  t o  acquire  important time-series information 

Counts should be designed (e.g., col laps ib le  i n t o  simpler forms) s o  t h a t  

da t a  col lected can be r ead i ly  compared with  data from previous studies. 

For  de t e rmin ing  whether  OCS a c t i v i t i e s  c o n t r i b u t e  t o  s e a b i r d  

p o p u l a t i o n  changes, s i t e - s p e c i f i c  s t u d i e s  of t h e  e f f e c t s  o f  s e l e c t e d  

a c t i v i t i e s  on productivity a r e  recommended. S t u d i e s  w i t h  expe r imen ta l  

controls  i n  space should be designed araund s p e c i f i c  a c t i v i t i e s  t h a t  occur 

nea r  s e a b i r d  c o l o n i e s  o r  f e e d i n g  areas. The measured effects of t h e s e  

a c t i v i t i e s  on  colony p r o d u c t i v i t y  should  be t r a n s l a t e d  i n t o  p o t e n t i a l  

long-term e f f e c t s  on regional  population numbers s o  that cor re la t ions  may 

be made w i t h  r e s u l t s  o f  t h e  t r e n d  mon i to r ing  s t u d i e s  ( s e e  above). 

Unfortunately, the  a c t i v i t y  most l i k e l y  t o  affect population numbers is 

probably an accidental  o i l  s p i l l ,  e f f e c t s  of which would be difficult t o  

experimentally evaluate because loca t ions  of s p i l l s  are not predictable. 

The most t h a t  can  be hoped f o r  i n  such a case would be t o  q u a n t i f y  o i l -  

caused mor ta l i ty  t o  t he  extent  possible  and at tempt  t o  relate mor ta l i ty  

l eve l  t o  observations a t  trend monitoring s t a t i o n s  (e.g., a t  colonies). 

P r o d u c t i v i t y  d a t a  c o l l e c t e d  on  tes t  and c o n t r o l  s i tes  should be 

amenable t o  rigorous s t a t i s t i c a l  tests f o r  dif ferences  among loca t ions  and 

years. Passive methods f o r  determining p r o d u c t i v i t y  (e.g., o b s e r v a t i o n s  

from a d i s t a n c e )  a r e  recommended t o  p reven t  reduced p r o d u c t i v i t y  a s  a 

consequence of the research  a c t i v i t y .  But oma t i c a l 1  y -con t ro l l ed  camera 

sys t ems  t o  r e g u l a r l y  photograph sample p l o t s  o f f e r  promise i n  bo th  

population and productivity studies.  
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