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ABSTRACT 

A field camp was established at Kongkok Bay near the southwest cape of St. 

Lawrence Island and occupied continuously from 24 May to 2 September 1987. 

Permanent study plots were selected for both cliff and crevice-nesting species, 

and regular observations were made throughout the breeding season to document 

attendance patterns, breeding phenology, and success. Periodic collections of 

adults offshore and of chick meals in the colonies were used to determine the 

food habits of study species. Additional plots for population monitoring of 

murres and kittiwakes were established in colonies near Savoonga on the north 

side of the island, and counts were made there between 23 July and 1 August. 

Shore based work was supplemented with offshore studies of seabird foraging 

distribution from the USFWS vessel T I G L ~  between 18 August and 3 September 

1987. 

Populations of all study species in the Kongkok Bay area increased-since the 

last study of seabirds there (murres 20%, kittiwakes 87%, Least Auklets 8%, 

Crested Auklets 44%). Pelagic Cormorants, Common Murres, and Thick-billed 

Murres exhibited average, or above average, breeding success at Kongkok in 

1987. Black-legged Kittiwakes exhibited near-total reproductive failure. 

Crested and Least Auklets had high levels of breeding success after the effects 

of observer disturbance were taken into account. Predation by nicrotine 

rodents and foxes was a significant source of chick mortality on auklets. 

Feeding concentrations were found primarily north of Gambell in the Anadyr 

Strait or western Chirikof Basin. Kittiwakes were dispersed widely over the 

study area. Diets of all species studied were normal and, with the exception 

of kittiwakes, there was no evidence of problems in obtaining food. 

Current methods for assessing population changes in cliff-nesting species are 

considered adequate, but better techniques are needed for crevice-nesting 

auklets. Time-lapse photography offers the greatest potential for monitoring 

auklet numbers. A protocol is suggested for monitoring populations of murres, 

kittiwakes, and auklets at colonies in the Bering and Chukchi Seas. It calls 

for annual visits to selected colonies during two stages of the nesting cycle 

to assess numbers and breeding productivity. 



The breeding f a i l u r e  of Black-legged Kit t iwakes on S t .  Lawrence I s l and  i n  1987 

was p a r t  of a pervas ive  syndrome of f a i l u r e  i n  t h i s  s p e c i e s  observed throughout 

t he  Bering Sea and Gulf of Alaska i n  r e c e n t  years .  The causes  of r e c u r r e n t ,  

widespread breeding f a i l u r e  need t o  be i d e n t i f i e d  i f  k i t t iwakes  a r e  t o  have a 

r o l e  i n  area-wide populat ion monitoring dur ing  t h e  per iod of Alaskan 

development by t h e  o i l  and gas  i ndus t ry .  
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1.1. General In t roduct ion  

Some 1.8 m i l l i o n  seab i rds  of 1 2  spec i e s  breed on St .  Lawrence I s land  i n  

the nor thern  Bering Sea (Fig. 1.1, making t h i s  one of t h e  l a r g e s t  

aggregat ions of breeding seab i rds  i n  t h e  s u b a r c t i c  Pac i f i c .  Colonies of Least 

(Aethia p u s i l l a )  and Crested Auklets (Aethia c r i s t a t e l l a )  a lone ,  t o t a l i n g  1.5 

m i l l i o n  b i rds ,  con ta in  a s u b s t a n t i a l  proport ion (perhaps 20%) of t hese  

spec i e s '  world popula t ions  (Sowls e t  a l .  1978). C r i t i c a l  nes t ing  and foraging  

h a b i t a t  of S t .  Lawrence I s land  s e a b i r d s  has ,  t o  d a t e ,  remained mostly f r e e  

from i n d u s t r i a l  d i s turbance  o r  a l t e r a t i o n .  However, t h e r e  i s  a p o s s i b i l i t y  of 

adverse e f f e c t s  on e i t h e r  o r  both components of  t h e  b i r d s '  environment from 

p o t e n t i a l  o i l  s p i l l s  a s soc i a t ed  wi th  o i l  t anker  t r a f f i c  and/or o i l  development 

a c t i v i t i e s  i n  t he  Norton Basin. 

P o t e n t i a l  adverse e f f e c t s  t o  s eab i rd  populat ions on S t .  Lawrence I s l and  

a r e  e s p e c i a l l y  important because of t h e  va lue  of t h i s  resource t o  subs i s t ence  

users .  Of t he  t o t a l  s eab i rds  used f o r  subs is tence  purposes i n  t h e  northern 

Bering and Chukchi Seas,  a s  much a s  70 percent  of t h e  b i rd  ha rves t  and 50 

percent  of the  egg ha rves t  may be taken by t h e  v i l l a g e s  of  bell and- 

Savoonga on S t .  Lawrence I s land .  Regulating agencies  and the  petroleum 

indus t ry  have a r e s p o n s i b i l i t y  t o  ensure  the  continued a v a i l a b i l i t y  of t h i s  

resource f o r  t r a d i t i o n a l  human use. 

This r epo r t  p re sen t s  t he  r e s u l t s  of f i e l d  s t u d i e s  conducted on S t .  

Lawrence I s land  i n  1987 by t h e  Fish and Wi ld l i f e  Serv ice  i n  cooperat ion with 

the  l i n e r a l s  Management Service,  Alaska OCS Region. S tudies  were intended t o  

ob ta in  background information on l o c a l  s eab i rd  populat ions and p roduc t iv i ty  i n  

1987 and t o  e s t a b l i s h  permanent s tudy  p l o t s  f o r  long-term monitoring of 

s eab i rds  on the  i s l and .  

While f e d e r a l  r e s p o n s i b i l i t y  f o r  regula tory  management and e f f e c t s  

assessment during OCS development c l e a r l y  i nc ludes  the  marine h a b i t a t s  of 

s eab i rds ,  p e r t i n e n t  s t u d i e s  a r e  s ca rce  i n  comparison wi th  land-based work. 

Most at-sea s t u d i e s  have been c a r r i e d  out  on an  i n c i d e n t a l  b a s i s  during 

oceanographic c r u i s e s ,  and many bas i c  ques t ions  about seabi rd  movements and 

h a b i t a t  requirements a t  s ea  remain unanswered. Therefore,  we complemented our 



Figure 1.1. Location of S t .  Lawrence I s l and  i n  t h e  Bering Sea. Study a r e a s  
were i n  Kongkok and Savoonga. C h a r a c t e r i s t i c  water nasses  i n  t he  a e r i n g  
Sea roughly defined by 50 m ( c o a s t a l  domain), 50-100 m (middle domain), 
100-200 m (outer  domain), and 200 m (pe lag ic  domain) bathymetric contour  
l i n e s .  I n s e t  shows n a j o r  c u r r e n t s  i n  Bering Sea ( a f t e r  Springer  e t  a l .  
1987). 



work at colonies in 1987 with observations of seabirds in adjacent waters. 

The Fish and Wildlife Service vessel M/v Tiglax was our study platform and 17 

days of ship time were dedicated to surveys in late August and early September. 

The remainder of this introductory chapter provides a brief overview of 

our objectives, study sites and methods, and a synopsis of prior seabird 

investigations on St. Lawrence Island. Chapter 2 presents results pertaining 

to populations and breeding biology of cliff-nesting birds (murres, 

kittiwakes, and cormorants), and Chapter 3 addresses the same topics for the 

crevice-nesters (auklets). The at-sea distribution of feeding aggregations 

and time-dependent use of pelagic habitats is discussed in Chapter 4. Chapter 

5 summarizes our major findings and recommendations for monitoring seabirds on 

St. Lawrence Island, and Chapter 6 outlines a broader program of seabird 

monitoring for the Bering and Chukchi Seas. Population counts, documentation 

of permanent census plots, and incidental information gathered during this 

study are included as appendices to this report. 

1.2. Objectives 

The major objectives of this project were as follows: 

1. Design and implement a monitoring protocol for detecting long-term 

trends in populations and productivity of seabirds on St. Lawrence Island. 

2. Obtain standard measures of population numbers and productivity during 

the 1987 breeding season for Black-legged Kittiwakes, Thick-billed Murres, 

Least Auklets, and Crested Auklets. 

3. Determine the food habits of auklets, murres, and kittiwakes, and 

identify key foraging areas in the nearshore waters of St. Lawrence Island. 

4. Analyze historical data on seabird populations of St. Lawrence Island 

and compare with results from 1987. 

5. Assess the adequacy of data collected through 1987 for detecting 

future effects of the oil and gas industry on St. Lawrence Island seabirds. 



1.3. Study Area 

St .  Lawrence I s l and  (ca.  63" 30' N, 170" 30' W) l i es  about 200 km west of 

t he  Alaskan mainland and about 60 km e a s t  o f  t h e  Chukotsk Peninsula  of S i b e r i a  

(Fig. 1 .1) .  Although most of t h e  e a s t e r n  and southern  po r t i ons  of t he  i s l and  

a r e  unsu i t ab l e  f o r  breeding by seab i rds ,  p r ec ip i tous  c l i f f s  and 

glacially-formed t a l u s  s lopes  provide h a b i t a t  f o r  l a r g e  numbers of 

c l i f f -nes t i ng  and crevice-nest ing s p e c i e s  a t  Kongkok Basin on t h e  southwest 

c o a s t ,  and nea r  t h e  communities of Gambell and Savoonga on t h e  n o r t h  coas t  

(Fig. 1.1).  The av i fauna ,  c l imate ,  and h a b i t a t  c h a r a c t e r i s t i c s  of S t .  

Lawrence I s l and  have been descr ibed  i n  d e t a i l  e lsewhere (Fay and Cade 1959, 

Bedard 1969a, b, Sealy 1975). 

We conducted most of our  s t u d i e s  on Leas t  and Crested Auklets,  Common and 

Thick-billed Iiurres (Uria  -- aa lge  and - U. lomvia),  Black-legged Kit t iwakes (Rissa  

t r i d a c t y l a ) ,  and Pe l ag i c  Cormorants (Phalacrocorax pe lag icus)  a t  Kongkok. W e  

a l s o  obtained d a t a  on murre and k i t t iwake  a t tendance  a t  a s tudy  s i te  east of 

-Savoonga. W e  examined t h e  d i e t  composition of a u k l e t s  and murres c o l l e c t e d  

nearshore a t  Gambell and Kongkok, and from c h i c k  meals c o l l e c t e d  a t  t h e  a u k l e t  

colony i n  Kongkok. We conducted o f f sho re  surveys of b i r d  d i s t r i b u t i o n  and 

abundance off Kongkok, and i n  a r e a s  no r th  of Gambell i n t o  t h e  Anadyr S t r a i t .  

The l a r g e ,  d i v e r s e  s eab i rd  populat ions of S t .  Lawrence I s l a n d  a r e  

sus ta ined  by h ighly  productive waters  surrounding t h e  i s l a n d ,  and i n  

p a r t i c u l a r ,  by northward flowing Anadyr water t o  t h e  west and northwest (Fig. 

1 .1) .  This water  o r i g i n a t e s  a s  a  b i f u r c a t i o n  of t h e  Bering Slope Current  t h a t  

t r a v e r s e s  t h e  Bering Sea a long  t h e  c o n t i n e n t a l  s h e l f  break (Coachman et  a l .  

1975). This co ld ,  s a l i n e ,  and n u t r i e n t - r i c h  water s t i m u l a t e s  primary 

product ion along the  Anadyr S t r a i t ,  and c a r r i e s  with i t  a  cons iderab le  biomass 

of l a r g e  copepods, inc lud ing  Neocalanus plumchrus and - N. c r i s t a t u s ,  s p e c i e s  

more t y p i c a l  of o u t e r  and pe l ag i c  domains of t h e  Bering Sea (Springer  e t  a l .  

1987). These and o the r  zooplankton spec i e s  ( e s p e c i a l l y  Thysanoessa spp. 

euphausi ids)  provide abundant food f o r  a u k l e t s  a t  S t .  Lawrence I s l and  a s  w e l l  

a s  f o r  plankt ivorous pe lag ic  f i s h  l i k e  Arc t i c  cod (Boreogadus s a i d a ) ,  which i n  

t u r n  s u s t a i n  l a r g e  populat ions of p i sc ivorous  s e a b i r d s  inc lud ing  nur res  and 

k i t t iwakes .  



1.4. Previous S tudies  

Observations on t h e  av i fauna  of S t .  Lawrence I s l a n d  d a t e  from a t  l e a s t  

1881, and numerous summary r e p o r t s  have been publ ished s i n c e  then,  no tab ly  by 

Friedmann (19321, Murie (19361, Fay and Cade (19591, and Sealy e t  a l .  (1971). 

Fay and Cade (1959) gave t h e  f i r s t  thorough account  of  t h e  ecology of  s e a b i r d s  

nes t i ng  on S t .  Lawrence I s l and ,  They provided informat ion  on breeding s t a t u s ,  

approximate (order  of magnitude) popula t ion  s i z e s ,  major breeding areas and 

h a b i t a t  use,  phenology, and some d e t a i l s  on d i e t s ,  of 26 s e a b i r d  spec ies .  

Rigorous s t u d i e s  of s e a b i r d  ecology were i n i t i a t e d  i n  1964 by Bedard (1967, 

1969a, 1969b1, who focused on t h e  p lankt ivorous  Aethia genus of a l c i d s  

inc lud ing  Crested (A. - c r i s t a t e l l a ) ,  Leas t  (A. - p u s i l l a ) ,  and Parakeet  auklets 

(A. - p s i t t a c u l a ) .  Between 1964 and 1967, Bedard c o l l e c t e d  d e t a i l e d  d a t a  on 

h a b i t a t  c h a r a c t e r i s t i c s ,  breeding d e n s i t i e s ,  d i e t s ,  and forag ing  behaviors  of 

a l l  t h r e e  Aethia a u k l e t s  a t  two main s tudy  sites: Sevuokuk Mountain, near  t h e  

community of Gambell on t h e  northwest cape of St .  Lawrence I s l a n d ,  and Kongkok 

Basin, nea r  t h e  southwest cape of t h e  i s l a n d ,  With more d a t a  c o l l e c t e d  i n  

breeding a r e a s  near  Savoonga, i n  t h e  nor th-cent ra l  p a r t  of t h e  i s l a n d ,  Bedard 

was a b l e  t o  genera te  t o t a l  populat ion estimates f o r  a l l  t h r e e  a l c i d s  on S t .  

Lawrence I s l and .  Bedard c o l l e c t e d  l a r g e  samples of food items frcm both a d u l t  

and n e s t l i n g  a u k l e t s ,  providing t h e  nos t  ex t ens ive  h i s t o r i c a l  d a t a  set on d i e t s  

of any s e a b i r d s  from S t .  Lawrence I s l and .  Bedard r epo r t ed  l i t t l e  on a s p e c t s  of 

breeding phenology o r  success  of a u k l e t s .  

I n  1966 and 1967, Sealy conducted r e sea rch  on breeding biology and 

phenology, and f a c t o r s  a f f e c t i n g  breeding success ,  of t h e  t h r e e  Aethia a u k l e t s  

s t ud i ed  by Bedard, as w e l l  as on t h e  Horned Pu f f in  ( F r a t e r c u l a  c o r n i c u l a t a )  a t  

Sevuokuk Mountain (Sealy 1968, 1973, 1975, 1981, 1982; Sealy and Bedard 1973). 

Although these  r ep re sen t  t h e  f i r s t  d e t a i l e d  r e p o r t s  on breeding biology of  

a l c i d s  a t  S t .  Lawrence I s l and ,  some a s p e c t s  o f  phenology and p a r t i c u l a r l y  

breeding success  remain t o  be examined i n  d e t a i l .  Data on d i e t s  were r epo r t ed ,  

but l i t t l e  o r  no information was g iven  by Sealy on populat ion d e n s i t i e s  of t h e  

d i f f e r e n t  a l c i d s .  



S.R. Johnson censused murres (spp.) along a portion of the west coast of 

St. Lawrence Island in 1972 (unpubl. data, reported in Searing 1977). Based on 

observations made over about a month at Owalit Mountain near Kongkok Basin, he 

reported on growth and development of Common and Thick-billed Murre chicks, 

providing some details on phenology of breeding in these species (Johnson and 

West 1975). 

Searing (1977) investigated the ecology of cliff-nesting birds at Kongkok 

Bay between 31 May and 1 September 1976. Although his sample sizes for some 

species were small, he reported fairly detailed information on attendance 

patterns and breeding phenology of 12 different seabird species including 

Crested, Least, and Parakeet Auklets, Tufted (Lunda cirrhata) and Horned 

Puffins, Pigeon Guillemots (Cepphus columba), Thick-billed and Common Murres, 

Pelagic Cormorants (Phalacrocorax pelagicus), Glaucous (Larus hyperboreus) and 

Herring (L. - argentatus) Gulls, and Black-legged Kittiwakes. His data were 

minimally sufficient to estimate breeding success in Least Auklets, murres, and 

Black-legged Kittiwakes. He also collected small samples of each of these 

species (except kittiwake) for diet examinations. 

Searing censused most of the seabirds nesting in the Kongkok Basin and 

provided estimates of Least and Crested Auklet populations which could be 

compared with Bedard's estimates of 1964-1967. He established six study plots 

on Owalit Mountain for monitoring Common and Thick-billed Murre, and kittiwake 

populations. Extrapolating from these plots to total nesting habitat, Searing 

generated the first detailed estimates of murre (spp.) and kittiwake 

populations at Kongkok Bay, which could be compared to Johnson's (unpubl.) 

approximate estimates made in 1972. 

Aerial surveys conducted in 1977 and 1978 (Ramsdell and Drury 1979, Drury 

et al. 1981) provided some data on seabird numbers, colony locations, and 

offshore feeding areas around St. Lawrence Island. The most recent water-based 

survey was conducted by Roseneau (reported in Roseneau et al. 1985; Springer 

and Roseneau 1985). Roseneau's work was restricted to a one-month period (14 

July-15 August) in 1981, and most effort was concentrated on conducting counts 

of nurre and kittiwake numbers present at colonies at Kongkok Basin and on the 

north coast near Savoonga. Roseneau re-located 4 of 6 study plots established 



by Searing at Kongkok, allowing a direct comparison of numbers in this colony. 

Fron limited data, Roseneau estimated breeding phenology of murres, 

kittiwakes, and Least Auklets, and provided estimates of growth rates in 

kittiwakes and   east Auklets. Samples of murres and kittiwakes were collected 

for stomach content examinations, and frequent observations were made on flight 

directions of alcids to and from offshore foraging areas. The diets of murres 

and kittiwakes from this study have recently been reported and discussed in 

context of marine food webs in the northern Bering Sea (Springer et al. 1987). 

N.M. Harrison and G.L. Hunt, University of California, Irvine, conducted 

studies of auklet foraging distributions and diets near St. Lawrence Island in 

three years from 1984-1986. Their work, though of short duration each year, 

represents the most thorough analysis to date of auklet foraging patterns in 

the Bering Sea. Results are as yet unpublished. 

1.5. General Methods and Rationale 

Birkhead and Nettleship (1980) coined the terms Type I and Type I1 methods 

to denote two possible approaches to monitoring populations. , Their discussion 

pertained specifically to murres, but the ideas apply equally well to other 

colonial seabirds, particulary cliff-nesting species. Briefly, Type I methods 

entail frequent, time-consuming observations on study plots throughout the 

breeding cycle, from which the number of breeding pairs per plot is known, as 

is the fate of all eggs and nestlings. Other information such as the activity 

cycles of adults is generally obtained in such studies. Type I1 methods 

involve replicate counts of the number of birds per plot and provide an index 

of population size over the period of observations. This approach is always 

less tine-consuming than a Type I study but is inadequate for estimating 

breeding success. 

We decided that Type I methods were needed to meet the immediate objectives 

of this project, since it had been more than 10 years since the last intensive 

studies of seabirds on St. Lawrence Island (Searing 19771, and because further 

documentation of breeding schedules and activity cycles seemed desirable for 

designing a longer-term program of frequent visits to this site. We employed 



Type I1 methods for cliff-nesting birds at our secondary study area near 

Savoonga, on the assumption that activity patterns there were reasonably 

similar to colonies at Kongkok Bay. Type I1 methods (possibly modified as 

described in Chapter 6) should suffice for monitoring seabird populations at 

either study site in the future. 

During months of the year when seabirds are visiting their breeding 

colonies, they continue to spend much of their time at sea where birds, or the , 

prey populations on which they depend, may be affected by oil pollution. The 

likelihood of birds encountering an oil spill in a given area can only be 

judged when we know if they go there regularly to feed. Shipboard surveys 

were intended specifically to address the question of persistence and 

predictability of feeding areas. Through replication of fixed transects near 

major breeding colonies, we hoped to learn about temporal changes in the 

distribution of foraging birds. 
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2.1 In t roduc t ion  

Despi te  i ts  h igh  l a t i t u d e  and s i t u a t i o n  on t h e  r e l a t i v e l y  impoverished 

' c o a s t a l  domain' of t h e  Bering Sea, t h e  waters  around S t .  Lawrence I s l and  

suppor t  a  l a r g e ,  d i v e r s e  populat ion of s e a b i r d s  and marine mammals. W e l l  

known f o r  its immense a u k l e t  populat ions,  S t .  Lawrence I s l and  a l s o  h o s t s  t h e  

l a r g e s t  murre co lon ie s  i n  t h e  no r the rn  Bering Sea, and lesser numbers of o t h e r  

s eab i rd s ,  inc lud ing  Black-legged Kit t iwakes (Sowls e t  a l .  1978, Roseneau et 

al. 1985). 

These l a r g e  b i r d  populat ions r e s u l t  from S t .  Lawrence I s l a n d ' s  c l o s e  

proximity t o  h igh ly  product ive Anadyr water  which o r i g n a t e s  a s  a  b i f u r c a t i o n  

of t h e  Bering Slope Current t o  t h e  south ,  and f lows no r th  between S t .  Lawrence 

I s l a n d  and t h e  Chukotsk Peninsula  of  S i b e r i a  (Fig.  1.1).  This  co ld ,  s a l i n e ,  

nu t r i en t - r i ch  Anadyr Current not on ly  promotes h igh  p roduc t iv i t y  t o  t h e  w e s t  

and no r th  of S t .  Lawrence I s land ,  it a l s o  c a r r i e s  w i th  i t  a  zooplankton fauna 

t y p i c a l  of o u t e r  domain and pe l ag i c  food webs. This suppor t s  l a r g e  numbers of 

p iankt ivorous  a u k l e t s  a s  w e l l  a s  A r c t i c  cod (Boreogadus s a i d a ) ,  which i n  t u r n  

support  t he  p i sc ivorous  murres and k i t t iwakes .  As t o p  t rophic- leve l  

p r eda to r s ,  t he  breeding and feed ing  succes s  of  murres and k i t t iwakes  on S t .  

Lawrence I s l and  thus  r e f l e c t  l o c a l  oceanographic cond i t i ons  and prey 

a v a i l a b i l i t y .  

As w e l l ,  both murre s p e c i e s  a r e  about  equa l ly  abundant on S t .  Lawrence 

I s l and ,  where they breed i n  mixed co lonies .  Closely r e l a t e d  and 

s imi la r ly-s ized  congeners,  Common and Thick-bi l led Murres a r e  gene ra l l y  

segrega ted  i n t o  bo rea l  and a r c t i c  reg ions ,  but over lap  ex t ens ive ly  i n  

s u b a r c t i c  a r e a s  and/or  i n  a r e a s  where d i f f e r i n g  water  masses converge and 

o f f e r  access  t o  a  g r e a t e r  abundance and v a r i e t y  of  prey types.  This  appears  

t o  be t h e  s i t u a t i o n  a t  S t .  Lawrence I s l and ,  i n  c o n t r a s t  t o  murre co lon ie s  t o  

t he  e a s t  i n  Norton Sound where Common Murres predominate i n  warmer c o a s t a l  

s h e l f  waters  (Springer  e t  a l .  1987). 

Thus, a l though Common and Thick-billed Murres a r e  very s i m i l a r  i n  many 

a s p e c t s  of t h e i r  biology,  d i f f e r e n c e s  i n  t h e i r  breeding and feed ing  ecology a t  

S t .  Lawrence I s i and  provide a  focus f o r  a s se s s ing  f a c t o r s  which may r e g u l a t e  



pisc ivorous  s eab i rd  populat ions i n  t h e  region.  For t h i s  purpose, and i n  a n  

a t tempt  t o  assess competi t ive i n t e r a c t i o n s ,  we c o l l e c t e d  d a t a  on h a b i t a t  use ,  

a t tendance  p a t t e r n s  and breeding phenology, reproduct ive  success ,  and d i e t s  of  

Common and Thick-billed Murres i n  summer, 1987, a t  S t .  Lawrence I s l and .  

We a l s o  s tud i ed  t h e  breeding biology of p i sc ivorous  Black-legged 

Kit t iwakes and, t o  a much lesser ex t en t ,  Pe l ag i c  Cormorants. These s p e c i e s  

provide an i n t e r e s t i n g  c o n t r a s t  t o  murres. Unlike murres, which e a t  mostly 

Arctic cod and can d i v e  deeply t o  c a t c h  t h e i r  prey, k i t t iwakes  a t  S t .  Lawrence 

I s l a n d  tend t o  f eed  more on sandlance (Ammodytes hexapterus)  and c a p e l i n  

(Springer  e t  al .  19871, and must o b t a i n  t h e i r  prey from t h e  su r f ace .  

Furthermore, k i t t iwakes  have f o r  many yea r s  exh ib i t ed  low breeding success  and 

occas iona l  breeding f a i l u r e s  throughout much of t h e i r  range i n  Alaska (Hatch 

1987). Because of S t .  Lawrence I s l a n d ' s  geographic p o s i t i o n  on t h e  i n n e r  

domain of t he  Bering Sea, but proximity t o  product ive Anadyr waters, k i t t i w a k e  

breeding success  t h e r e  o f f e r s  an  i n t e r e s t i n g  comparison t o  success  a t  c o l o n i e s  

i n  o t h e r  oceanographic regions.  

s i m i l a r l y ,  Pe lag ic  Cormorants provide a c o n t r a s t  to; both murres and 

k i t t iwakes  as they  tend t o  feed more on benth ic  f i s h  a n d  i n v e r t e b r a t e s  (A. 

Springer ,  pers .  comm.), but can d i v e  t o  cons iderab le  depths  (DeGange and 

Sanger 1987). Unlike k i t t iwakes ,  they  have exh ib i t ed  r e l a t i v e l y  h igh  breeding 

success  over much of t h e i r  range i n  Alaska (Hunt e t  al .  1981, DeGange and 

Sanger 1987). 

These d a t a  were c o l l e c t e d  w i th in  t h e  framework of an  o v e r a l l  program by 

the  Minerals Management Serv ice  t o  monitor s eab i rd  popula t ions  i n  t he  Bering 

Sea i n  a n t i c i p a t i o n  of o f f sho re  o i l  exp lo ra t i on  and development. To f u r t h e r  

t h i s  goa l ,  we a l s o  e s t a b l i s h e d  and documented permanent s tudy  p l o t s  f o r  murres 

and k i t t iwakes  on t h e  south  and n o r t h  s i d e  of S t .  Lawrence I s l a n d ,  and 

conducted censusing counts  a t  these  p l o t s .  Some of these  p l o t s  were i d e n t i c a l  

t o  p l o t s  surveyed by Searing (1977) i n  1976, and a l low f o r  a comparison of 

populat ions between years .  



2.2.1 Study Area 

St .  Lawrence I s l and  (ca. 63a 30' N) l i e s  about 200 km west of t h e  Alaskan 

mainland, and about 60 km e a s t  of t h e  Chukotsk Peninsula of S i b e r i a .  Owing t o  

its c e n t r a l  l o c a t i o n  a t  t h e  mouth of  t h e  Bering S t r a i t ,  S t .  Lawrence I s l and  is 

exposed t o  Anadyr water  t o  t he  west ( o r i g i n a t i n g  from the  o u t e r  domain), 

c e n t r a l  domain water t o  t h e  south,  and c o a s t a l  domain water t o  t h e  east (Fig. 

1.1). Most of t h e  e a s t e r n  and southern  p a r t s  of t h e  i s l a n d  are unsu i t ab l e  f o r  

breeding by seab i rds ,  but some 2 m i l l i o n  s e a b i r d s  (14 s p e c i e s ) ,  i nc lud ing  ca. 

300,000 murres and 3,000 k i t t iwakes  breed on p rec ip i tous  c l i f f s  near  t h e  

Southwest Cape/Kongkok Bay a r e a ,  and t o  t h e  east and west of Savoonga on t h e  

no r th  coas t  (Fig. 1.1).  

The av i fauna ,  c l ima te ,  h a b i t a t s ,  and l o c a l  oceanography of S t .  Lawrence 

I s land  have been descr ibed i n  d e t a i l  elsewhere (Fay and Cade 1959, Bedard 

1969a,b, Sealy 1975, Coachman e t  al .  1975, Springer  et al .  1987). 

2.2.2 Attendance and Product iv i ty  

Methods 'employed he re  t o  monitor a t tendance and p roduc t iv i ty  of murres and 

Black-legged k i t t iwakes  were those recommended by Birkhead and Ne t t l e sh ip  

(1980) and adopted by o t h e r  i n v e s t i g a t o r s  (e.g., Gaston and Ne t t l e sh ip  1982, 

Harris et .a l .  1983, P i a t t  and McIagan 1987, Hatch and Hatch i n  press) .  I n  

b r i e f ,  s tudy p l o t s  were chosen and de l inea t ed  on polaro id  photos and ske tch  

maps f o r  subsequent monitoring. For censusing purposes,  numbers of b i r d s  

a t t end ing  s i t e s  wi th in  t h e  boundaries of p l o t s  were counted r e g u l a r l y  

throughout t h e  breeding season (Type I1 s tudy ,  Birkhead and Ne t t l e sh ip  1980).  

Counts were conducted during midday when a t tendance  was most s t a b l e .  

Sub-samples of some p l o t s  were examined more c l o s e l y  t o  assess breeding 

phenology and success  of spec i e s  under cons ide ra t ion  (Type I s tudy ,  Birkhead 

and Ne t t l e sh ip  1980). These p l o t s  were c a r e f u l l y  sketched and ind iv idua l  

s i te -holders  were observed near-dai ly  throughout t h e  breeding season t o  monitor 

egg-laying, ch ick  hatching and f ledging ,  and l o s s e s  of eggs o r  chicks.  

A t o t a l  of 1 6  s tudy  p l o t s  f o r  murres and k i t t iwakes  were e s t ab l i shed  i n  

1987. A t  Kongkok Bay, s i x  p l o t s  were monitored from 28 May t o  2 September 1987 

on Owalit Mountain and one p l o t  near  Ta t ik  Poin t  (Fig. 2.1). S ix  of 
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Figure 2.1.  Locations o f  murre and kittiwake study p lo t s  a t  Kongkok (Owalit 
Mountain) and east  o f  Savoonga. 



these seven plots (1-6) were located from photographs taken by Gary Searing 

during his studies in 1976. All these plots (except No. 4 )  were counted 

frequently through the breeding season for census purposes (Type I1 study). A 

total of nine plots were established for Type I1 monitoring at colonies east 

of Savoonga at the north coast (Fig. 2.11, and counts were made of murres and 

kittiwakes attending these plots between 23 July and 1 August. Photographs, 

sketches, and directions for relocating all 16 of these plots are provided in 

Appendices. 

Two plots (A and B, subplots of Plots 1 and 2, respectively) located near 

the field camp at Kongkok were mapped and Type I studies of murre and 

kittiwake productivity were conducted. Observations were made from ca. 10 m 

(Plot A) and 100 m (Plot B) using spotting scopes, and required ca. 6-8 h per 

day during egg-laying/incubation, and shorter periods thereafter, to assess 

nest-site status of most (ca. 90%) site-holders on each day. Gaps in 

observations occurred only infrequently during periods of heavy rain or dense 

fog. An additional subplot at census Plot 5 was observed for kittiwake 

productivity, but visits were only made every 5-10 days, so productivity 

estimates are undoubtedly inaccurate. Low-lying clouds prevented observations 

at this plot for most of August. Owing to evacuation of the field camp on 2 

September, Type I observations of murre and kittiwake fledging were incomplete. 

To compare habitat use and productivity of Common and Thick-billed Murres 

on different breeding sites, individual sites were characterized at Plots A 

and B, using a system devised by Gaston and Nettleship (1981). For each 

potential breeding site (occupied by all site-holders whether breeding 

successfully or not), the following data was obtained: i) number of neighbors 

(0, 1, 2, and 3 or more); ii) slope of the ledge (either level or sloping 

outward); iii) type cf site (narrow ledge, platform ledge, or small crevice in 

cliff); and iv) number of walls adjacent to site (0, 1, and 2 or more). 

Diurnal attendance patterns were studied through the breeding season by a 

combination of i) all-day counts at Plot 2 in Kongkok and Plot 5 near 

Savoonga, and ii) the use of 8 mm time-lapse cameras at Plots 1 and 7 at 

Kongkok. Counts were conducted, or extracted from time-lapse film, at 1 h 

intervals through the day (visibility permitting). 



2.2.3 Murre Diets 

Murres (n  = 315) were c o l l e c t e d  a t  sea f o r  s t u d i e s  of d i e t  composition 

from 1 3  May t o  13 August. Early samples (May - 12  June) were obtained from 

murres harves ted  by Natives a t  Gambell and preserved by f r eez ing ;  a l l  o t h e r s  

were obtained by u s  a t  Kongkok Bay and were preserved by t rea tment  wi th  5% 

formalin followed by s t o r a g e  i n  70% isopropanol .  Food items were subsequent ly  

i d e n t i f i e d  i n  t h e  l abo ra to ry  using app rop r i a t e  taxonomic keys. Because food 

items were u s u a l l y  i n  an  advanced s t a t e  of decomposition, f i s h  were i d e n t i f i e d  

from o t o l i t h s  and i n v e r t e b r a t e s  were i d e n t i f i e d  from p e r s i s t e n t  p a r t s  l i k e  

r o s t r a ,  j a w s ,  beaks,  e t c .  Numbers of prey consumed were es t imated  by count ing 

p a i r s  of s imi l a r ly - s i zed  o t o l i t h s  ( f i s h ) ,  p a i r s  of jaws (e.g., polychaetes) ,  

o r  i n d i v i d u a l  r o s t r a  o r  t e l s o n s  (c rus taceans) .  Contents of v e n t r i c u l i  and 

p r o v e n t r i c u l i  were examined and repor ted  s e p a r a t e l y  because each p re sen t s  a  

d i f f e r e n t  p i c t u r e  of prey composition owing t o  d i f f e r e n t i a l  d i g e s t i o n  of 

d i f f e r e n t  p r e t y  ( e  .g., zooplankton vs.  f i s h ,  Gaston and Ne t t l e sh ip ,  1981). 

2.2.4 Environmental Data 

Weather v a r i a b l e s  recorded d a i l y  a t  Kongkok included windspeed and 

d i r e c t i o n ,  v i s i b i l i t y ,  s ea  s t a t e ,  maximum and minimum temperatures ,  presence 

o r  absence of fog ,  p r e c i p i t a t i o n  (cm), and barometr ic  pressure.  The range of 

d a i l y  t i d a l  o s c i l l a t i o n s  was c a l c u l a t e d  from t i d a l  t a b l e s .  

2.2.5 Data Analysis  

Simple s t a t i s t i c a l  t e s t s  (e.g., t-tests, f2  tests) were conducted by 

hand using equa t ions  given by Sokal and Rohlf (1981). A l l  o t h e r  s t a t i s t i c a l  

tests o r  c a l c u l a t i o n s  (e.g., c o e f f i c i e n t s  of v a r i a t i o n ,  ANOVA) were conducted 

on computer using s t a t i s t i c a l  procedures a v a i l a b l e  on SAS (1985). 

To a s s e s s  breeding s i te  c h a r a c t e r i s t i c s  i n f luenc ing  murre breeding 

success ,  s i t e -ho lde r s  were c l a s s i f i e d  a s  t o  whether they l a i d  an  egg, hatched 

a  chick,  o r  f ledged  a  chick. Thus, each s i te  had t h r e e  b inary  response 

v a r i a b l e s  a s soc i a t ed  with a  c l a s s i f i c a t i o n  according t o  t h e  f o u r  s i te  

c h a r a c t e r i s t i c s  descr ibed  previously.  To determine t h e  i n f luence  of s i te  



c h a r a c t e r i s t i c s  on l ay ing ,  ha tch ing ,  and f l edg ing  success ,  we  used l o g i s t i c  

r eg re s s ion  ana lyses  (Birkhead e t  a l .  1985) a v a i l a b l e  on SAS (FUNCAT procedure 

f o r  c a t e g o r i c a l  modeling). 

Breeding phenology was assessed  from Type I d a t a ,  and median l ay ing ,  

hatching,  and f l edg ing  d a t e s  were c a l c u l a t e d  from r a w  d a t a  c o l l e c t e d  on a d a i l y  

basis f o r  f i r s t  eggs on ly  (i .e. ,  replacement eggs were ignored i n  a s s e s s i n g  

phenology). For convenience, phenological  d a t a  a r e  presented a s  cumulative 

percent  ogives  (Belopol ' sk i i  1957) us ing  d a t a  grouped over  3 d i n t e r v a l s .  

2.3 Resul t s  

2.3.1 Breeding Phenology 

A l l  s tudy  spec ies  were observed nearshore  from Gambell on a r r i v a l  i n  May 

(Table 2-11. Pack-ice w a s  very  heavy i n  e a r l y  May and s lowly receded n o r t h  i n  

l a t e  ;.lay. During t h i s  per iod,  b i r d  abundance var ied  d rama t i ca l l y  nearshore as 

l a r g e  f l o c k s  of murres, a u k l e t s ,  and k i t t i w a k e s  s h i f t e d  around between open 

l eads  i n  t h e  . i ce .  Pe lag ic  Cormorants were first observed nearshore on 8 May, 

and low numbers were seen r e g u l a r l y  through May. 

By t h e  t i m e  w e  a r r i v e d  a t  Kongkok and s tudy  p l o t s  were loca t ed ,  murres, 

k i t t iwakes ,  and cormorants were a l r eady  occupying breeding ledges ,  a l though 

a t tendance  w a s  h igh ly  v a r i a b l e  at  t h i s  t i m e  ( s ee  below). Because they were n o t  

observed c a r e f u l l y ,  f i r s t  eggs of cormorants were n o t  seen  u n t i l  1 4  June. 

Eased on subsequent observa t ions  of hatching,  however, eggs were probably l a i d  

i n  l a t e  May - e a r l y  June. F i r s t  eggs of a l l  o t h e r  s p e c i e s  were observed on 

20-21 June, and median l a y i n g  occurred around 1 Ju ly .  Common Murres l a i d  eggs 

s l i g h t l y  earlier than Thick-billed Murres and k i t t iwakes ,  a l though i n  gene ra l ,  

l ay ing  phenology of t h e s e  spec i e s  w a s  very s i m i l a r  (Table 2.1, Figs .  2.2, 

2.3). Many k i t t iwakes  l a i d  a second egg, w i th  a mean i n t e r v a l  between eggs of  

ca. 2 d (n  = 7,  mean - + s.e. = 1 . 9 3  + 0.28 d) .  - 

Egg-laying r a t e s  dec l ined  more qu ick ly  a f t e r  median l a y i n g  than  they  

increased p r i o r  t o  median l ay ing ,  l e ad ing  t o  an  asymmetrical p a t t e r n  of l a y i n g  



Table 2.1. Timing of t h e  main events  i n  t h e  breeding cyc le s  of Common and 
Thick-billed Murres and Black-legged Kittiwakes a t  St .  Lawrence 
I s l and  i n  ,1987. 

Thick-billed Black-legged 
Event Common Murre Murre Kittiwake 

Ar r iva l  Nearshore before* 

Ledge Attendance before* 

F i r s t  Egg 

Median Laying 

F i r s t  Chick 

Median Hatching 

F i r s t  Fledging 

Median Fledging 

May 7 

May 28 

June 21 

June 29 

J u l y  20 

August 2 

August 13 

August 25 

*Y 7 

May 28 

June 20 

Ju ly  1 

Ju ly  26 

August 3 

August 1 6  

August 26 

May 7 

May 28 

June 20 

Ju ly  1 

Ju ly  1 6  

Ju ly  27 

August 23** 

August 27** 

* O'bsemations were no t  conducted p r i o r  t o  t hese  d a t e s  s o  they r ep resen t  
minimum f i r s t  a r r i v a l  da tes .  No murres were observed nearshore on 
20-21 Apri l .  

** Based on sample of only n ine  ch icks ,  most of which were hatched e a r l y  
( see  t e x t ) .  



MURRE BREEDING PHENOLOGY 

JUNE JULY AUGUST SEPT. 

Figure 2 . 2 .  Breeding phenology of  Common and Thick-billed Murres. 



JUNE JULY AUGUST SEPT. 

Figure 2 .3 .  Breeding phenology of Black-legged Kittiwakes. 



phenology i n  a l l  spec ie s  (Figs.  2.2, 2.3). This assymetr ic  p a t t e r n  w a s  

subsequently r e f l e c t e d  i n  hatching phenology as wel l .  

Egg-laying ( f i r s t  eggs) overlapped s l i g h t l y  with hatching i n  a l l  spec ies .  

F i r s t  t o  hatch were Pelagic Cormorants (23 ~ u n e ) ,  followed much l a t e r  by 

k i t t iwakes ,  Common Murres, and f i n a l l y  Thick-billed Murres i n  l a t e  J u l y  (Table 

2.1). Median hatching of chicks followed t h e  same phenology (Table 2.1, 2.2). 

Kittiwakes exh ib i t ed  an average incubat ion period of ca. 28 d f o r  f i r s t  eggs (n 

= 35, mean - + s .e .  27.6 - + 0.301, whereas murres incubated f o r  ca. 34 d (Comnon 

Murre: n = 32, 34.0 - + 0.40 d;  Thick-billed Murres: n = 49, 33.8 - + 0.32 d l ) .  

No k i t t iwakes  replaced l o s t  eggs, but many nur re s  d id  ( see  below) a f t e r  about 

two weeks (Common Murre: n = 7, 14.0 - + 0.93 d; Thick-billed Murre: n = 9, 

15.6 + 0.32 d l .  - 

Cormorant ch icks  were the  f i r s t  observed t o  f ledge  (11 August) and median 

depar ture  of l a s t  cormorant ch icks  t o  f l edge  was around mid-August (Table 

2.2). Common Murres s t a r t e d  f ledging  s l i g h t l y  e a r l i e r  than Thick-billed Murres 

i n -  mid-August (Table 2.11, and both spec ie s  reached mid-fledgang around 25-26 
. 

August (Table 2.1, Fig. 2.2). Murre. f ledging  occurred r ap id ly  over  a 10  d 

period i n  l a t e  August, but was delayed near  t h e  end during a period of s t rong  

winds and rough sea  condit ions.  Most (56%) chicks  f ledged i n  s i x  days when 

windspeeds were l e s s  than 5 mph. Owing t o  our  depar ture  on 2 September, we d id  

not observe t h e  completion of f ledging  by a l l  chicks.  The average 

chick-rearing period by murres was ca .  24-25 d (Common Murre: n ' 41, mean - + 
s .e .  ' 24.0 - + 0.43; Thick-billed Nurre: n = 29, 24.6 - + 0.43 d l .  Few ki t t iwake  

chicks survived t o  f ledging  age ( see  below), but  n ine  ch icks  d i d  surv ive  t o  30+ 

d from hatching (mean age of e i g h t  chicks before depar ture  from t h e  nes t :  34.6 

+ 1.1 d l .  Kittiwake chicks usua l ly  r e t u r n  f r equen t ly  t o  t h e i r  n a t a l  n e s t  - 
following successfu l  f ledging  (Roberts 19881, but  t h i s  was not  observed f o r  

these e igh t  chicks.  This observat ion,  coupled with the  f a c t  t h a t  k i t t iwake  

chicks usual ly  remain 40-45 d i n  t h e i r  n e s t  before f ledging ,  sugges ts  t h a t  

these  chicks may not  have survived a f t e r  having l e f t  t he  nes t .  I n  any case ,  

t he  apparent dura t ion  of k i t t iwake  chick-rearing (Fig.  2.3) is  misleading 

because these  chicks hatched e a r l y  (most before median f ledging) ,  t he re fo re  

s h i f t i n g  the  f ledging  curve wel l  t o  the  l e f t  of expected d a t e s  of f ledging  (ca.  

5-10 September). 



Table 2.2. Aspects of Pe lag ic  Cormorant breeding biology on S t .  Lawrence 
I s l and ,  1987.* 

No. of n e s t s  monitored 

No. of breeding p a i r s  (% n e s t s )  

Median c l u t c h  s i z e  (range)** 

No. eggs ha tched/ la id  (%) 

No. ch icks  f l e d g e d h o .  eggs hatched (%) 

No. ch icks  fledged/eggs l a i d  (%) 

No. ch icks  fledged/breeding p a i r  ( r a t i o )  

Median d a t e  of f i r s t  ch ick  hatching 

Median d a t e  of l a s t  chick depar ture  

ca.  30 June 

ca . 1 6  August 

* Data co l l ec t ed  over 3-5 d i n t e r v a l s  and t h e r e f o r e  p roduc t iv i ty  and 
phenology e s t ima te s  only approximate. 

** It was d i f f i c u l t  t o  observe-eggs i n  many n e s t s ,  t h e r e f o r e  c l u t c h  s i z e s  
were probably underestimated. 



2.3.2 Breeding Success 

Pe lag ic  Cormorants were s tudied  i n c i d e n t a l l y  t o  o the r  spec i e s ,  and t h e  

s t a t u s  of n e s t - s i t e s  w a s  monitored much l e s s  f r equen t ly  (3-5 d i n t e r v a l s ) .  

Thus, c l u t c h  s i z e s  were l i k e l y  underestimated, lead ing  t o  an  overest imate of 

hatching and f l edg ing  success  (Table 2.2). Nonetheless,  our  e s t ima te  of 2.1 C 
chicks  produced per  breeding p a i r  is  probably v a l i d  because a c t i v e  n e s t s  wi th  

l a r g e  ch icks  were e a s i l y  monitored. 

Common Murres exhib i ted  (Table 2.3) h igher  hatching and f ledging  r a t e s  on 
C 

P l o t  B than  P l o t  A ( subp lo t s  w i th in  P l o t s  2 and 1, r e s p e c t i v e l y ) ,  y i e ld ing  a 

s i g n i f i c a n t l y  (p<0.05) h igher  o v e r a l l  breeding success  on P l o t  B (71%) than  on 

P l o t  A (51%). This w a s  p a r t i a l l y  due t o  h igher  preda t ion  r a t e s  a t  P l o t  A by 

Arc t i c  foxes  (Alopex lagopus, 12% v s  0%) and Glaucous Gulls (Larus hyperboreus, 

6% vs  0%). A t  both p l o t s ,  poor hatching success  (67% o v e r a l l )  con t r ibu ted  
( 

nos t  t o  a moderate o v e r a l l  breeding success  r a t e  (60%). Most egg l o s s e s  (both 

p l o t s  combined) were from unknown sources  (62%),  with i n f e r t i l i t y  (23%), fox  

predat ion (8%), g u l l  p reda t ion  (4%) ,  and dislodgement (4%) accounting f o r  t h e  

remainder of hatching f a i l u r e s .  Although 27% of b i r d s  l o s i n g  f i r s t  eggs l a i d  
c 

replacement eggs, t h e  success  of t hese  replacements w a s  s u b s t a n t i a l l y  lower 

than f i r s t  eggs (Table 2.3). Chick f ledging  success  r a t e s  (90% o v e r a l l )  were 

much h igher  than  egg hatching success  r a t e s  (Table 2.31, presumably because 

ch icks  a r e  l e s s  vu lnerable  t o  acc iden ta l  l o s s ,  and most m o r t a l i t y  a t  high-risk 
C 

s i t e s  occurs  during incubat ion  (Birkhead and Ne t t l e sh ip  1987b). A l l  ch ick  

l o s s e s  were from unknown causes except f o r  one observa t ion  of preda t ion  by a 

Glaucous Gull.  A few chicks  were not  observed t o  f l edge ,  but were assumed t o  

have done s o  i n  e s t ima te s  of breeding success  because they  were a l l  o l d e r  than  

18 d ,  and no chick mor t a l i t y  w a s  observed f o r  chicks o l d e r  than  14  d. Many 

murres observed on p l o t s  were present  from t h e  beginning of observa t ions  and 

throughout t he  breeding period. I f  t hese  s i t e - h o l d e r s  a r e  included i n  

c a l c u l a t i o n s  of o v e r a l l  breeding success ,  t hen  only  44% of a l l  Common Murres 

present  bred succes s fu l ly .  S imi la r ly ,  k-values ( t h e  r a t i o  of breeding p a i r s  

t o  t o t a l  a t t end ing ;  Birkhead and Ne t t l e sh ip  1980) ca l cu la t ed  f o r  murres (spp. ) 

a t  P l o t s  A and B were 0.45 and 0.44, r e spec t ive ly .  



Table 2.3. Breeding success  of Common and Thick-billed Murres a t  two s tudy  
p l o t s  on S t .  Lawrence I s l and  i n  1987. 

Common h r r e  Thick-billed Murre 

P lo t  A. Plo t  B To ta l  P lo t  A P lo t  B T o t a l  

Tota l  no. p a i r s  49 58 107 9 7 74 171 

No. p a i r s  
no t  l ay ing  (%) l l ( 22 .4 )  25(43.1) 36(33.6) 24(24.7) 24(32.4) 48(28.1) 

F i r s t  eggs-------- 

No. of p a i r s  38 33 71 73 50 123 

No. eggs 
hatched (%I 23(60.5) 25(75.8) 48(67.6) 40(54.8) 30(60.0) 70(56.9) 

No chicks 
f ledged (%I 21(91.3) 24(96.0) 45(93.8) 37(92.5) 27(90-0) 64(91.4) 

Percent f ledging  
success  55.3 72.7 63.4 50.7 54.0 52.0 

Replacement eggs---- 

No. of p a i r s  5 2 7 1 0  0 1 0  

No. eggs 
hatched (%) 3(60.0) l (50.0)  4(57.1) 8(80.0) - 8(80.0) 

No chicks 
f ledged (%I l(33.3) l (10.0)  2(50.0) 4(50.0) - 4(50.0) 

Percent f ledging  
success  20.0 50.0 28.6 40.0 - 40.0 

Overal l  hatching* 
success  (2)  60.5 74.3 66.7 57.8 60.0 58.7 

Overal l  f ledging* 
success  (%I 84.6 96.1 90.4 85.4 90.0 87.2 

Overal l  breeding* 
success  (% BS) 51.2 71.4 60.3 49.4 54.0 51.1 

BS including 
non-layers (%I 44.0 43.1 43.9 42.3 36.5 39.8 

* No s i g n i f i c a n t  d i f f e r e n c e  between s p e c i e s  i n  o v e r a l l  hatching (x2=1. 721, 
f ledging  (x2=0. 401, o r  breeding (x2=2. 59) success  comparing t o t a l  d a t a  
from both p l o t s  (1 df i n  a l l  cases ) .  



Thick-billed Murre ha tch ing  and f l edg ing  rates were similar a t  both P l o t s  

A and B,  y i e l d i n g  an  o v e r a l l  breeding success  of  51%. A s  w i th  Common Murres, 

lower rates of ha tch ing  success  (59%) con t r ibu t ed  most t o  t h e i r  moderate 

breeding success .  Most egg l o s s e s  were from unknown sources  (58%), wi th  

i n f e r t i l i t y  (18%), f o x  preda t ion  1 1 %  g u l l  p r eda t ion  ( 4 % ) ,  dislodgement 

(7%),  and breakage (2%) accounting f o r  t h e  remainder of  ha tch ing  f a i l u r e s .  O f  

those  b i r d s  t h a t  l o s t  eggs,  18% re- la id .  A much lower propor t ion  (40%) of  

re - la id  eggs were succes s fu l  (Table 2.3). Chick f l edg ing  success  (87%) w a s  

much b e t t e r  than  ha tch ing  success ,  and a l l  l o s s e s  were from unknown causes.  

A s  wi th  Common Murres, some ch icks  were n o t  observed t o  f l edge ,  but  as a l l  

were o l d e r  t han  17  d of age, we assumed they  f ledged f o r  e s t ima te s  of  breeding 

success .  If non-laying s i te -holders  a r e  incuded i n  estimates of breeding 

success ,  then  only  40% of b i r d s  bred s u c c e s s f u l l y  (Table 2.3). 

Overa l l ,  fox  preda t ion  f o r  both s p e c i e s  and p l o t s  accounted f o r  4% o f  

t o t a l  egg l o s s e s  and 9% of l o s s e s  f o r  which w e  could determine a cause. 

Although much of t h e  shee r  c l i f f  h a b i t a t  used by murres w a s  i n a c c e s s i b l e ,  

Arctic foxes were s u r p r i s i n g l y  a g i l e  and capable  of  explo i t ing .  many breedang 

ledges  on t h e  per iphery  'of co lonies .  Besides d i r e c e  l o s s e s ,  foxes sometimes 

caused panic  f l i g h t s  from t h e  ledges  r e s u l t i n g  i n  egg l o s s e s  from dislodgement 

o r  breakage. During t h e  incuba t ion  per iod ,  w e  f r e q u e n t l y  saw Arctic foxes  

ca r ry ing  murre eggs away from t h e  p l o t s .  Arctic foxes  were seen  p a t r o l l i n g  

colony areas almost  every day during incubat ion .  On one occasion,  a fox  was 

observed caching a murre egg a t  a s i te  between P l o t s  1 and 2. I n  summary, 

p reda t ion  by Arctic foxes  was a s i g n i f i c a n t  source  of  m o r t a l i t y  f o r  murres, 

e s p e c i a l l y  a t  P l o t  1. Af te r  incuba t ion ,  however, foxes  were r a r e l y  observed 

near  murre p l o t s  and most prey observed were Crested Auklets  ( s ee  Chapter 3 ) .  

Although we on ly  observed one in s t ance  of  murre egg preda t ion  by Glaucous 

G u l l s ,  i t  is  l i k e l y  that many of t h e  'unknown' l o s s e s  were due t o  g u l l s .  

During incubat ion ,  g u l l s  were f r equen t ly  observed perched on o r  p a t r o l l i n g  

murre ledges .  On a t  l e a s t  f i v e  occasions,  Glaucous Gu l l s  were observed 

ha ra s s ing  incubat ing  murres by pecking a t  t h e i r  heads,  pu l l i ng  on t h e i r  t a i l s  

o r  wings, o r  pushing i n  an a t tempt  t o  move t h e  a d u l t  murre o f f  i ts egg. 

Xurres u sua l ly  s tayed  t h e i r  ground, however, and neighbors  would sometimes 

come t o  t h e  a i d  of harassed ind iv idua l s ,  f o r c ing  t h e  g u l l  t o  leave .  I n  f a c t ,  



we never actually saw a gull succeed in getting eggs this way, but suspect it 

happened occasionally given the frequency of attempts. No Glaucous Gull were 

breeding in the vicinity of Plots 1 and 2, but at Plot 7, we saw a nest 

surrounded by 13 or nore broken murre eggs suggesting that some gulls rely 

heavily on nurre eggs during this part of the breeding season. 

Overall, Common Murres exhibited higher hatching, fledging, and breeding 

success than Thick-billed Murres (Table 2.31, although none of the differences 

were statistically significant (owing in part to the small sample sizes). To 

assess the influence of breeding site characteristics on breeding success, we 

quantified the use of different habitats by successful breeders of each 

species. First, it was evident that each species preferred to breed on 

different types of ledges (Table 2.4). Common Murres used mostly platform- 

type ledges, facing one rock wall, and tended to co-occupy these sites with 1, 

2, and 3 or more neighbors (Table 2.4). In contrast, Thick-billed Murres more 

often bred on narrow ledges or in small crevices on rock faces with 1 or 2 

walls, and had a greater tendency to breed alone or co-occupy these sites with 

just one neighbor (Table 2.4). However, some of these factors are 

interrelated. For example, there was no room for neighbors on crevice-type 

breeding sites used by Thick-billed Murres whereas platforms used by Common 

Murres could accommodate many neighbors. Similarly, the number of walls was 

related to site-type. 

The success of murres varied with habitat type (Tables 2.5 and 2.6). 

Although nearly equal numbers of both species occupied sloping and level 

sites, a significantly higher proportion of birds on level sites laid eggs. 

Once having laid an egg, ledge slope did not significantly affect hatching and 
/ 

fledging success by Common Murres, but it did for Thick-billed Murres (Tables 

2.5 and 2.6). Although laying, hatching, and fledging success varied 

considerably for both species depending on ledge type or number of walls 

(Table 2.51, none of these differences were significant as determined by 

logistic regression analysis (Table 2.61, owing partly to the fact that these 

parameters were interrelated with slope and neighbors. Finally, both species 

were significantly influenced by neighbors, independent of other effects. 

Common Hurres had a tendency to lay eggs on sites co-occupied by 1, 2, and 3 

or more neighbors, whereas in contrast, Thick-billed Murres tended to lay eggs 



Table 2.4. Characteristics of sites occupied by Common and Thick-billed 
Efurres at St. Lawrence Island, Alaska. 

Common Murre 

Site character n % 

Thick-billed Murre 

Slope 
Level 
Sloping 

TY pe 
Narrow ledge 
Crevice 
Platform 

Walls 
0 
1 
2+ 

Neighbors 
0 
1 
2 

Note: q2 tests for heterogeneity between species for each character: 
slope, x2=0.28, 1 df, NS; type, x2=89.5, 2 df, KO.OOO1 (****I; 

walls, x2=9.6, 2 df, PG.01 (**I, neighbors, X?=61.0, 3 df, KO.OOO1. 



Table 2.5. Proportions of Common and Thick-billed Murres laying eggs (L), 
hatching eggs (H), and fledging chicks (F) on s i t e s  with 
d i f f e r en t  charac te r i s t i c s .  

Common Murre Thick-billed Murre 
S i t e  

Characteris t ic  n X L X H X F n X L X H  X F  

Slope: Level 50 

Sloping 47 

Type: Narrow Ledge ' 2 

Crevice 1 3  

Platform 82 

Walls: 0 20 

1 6 0 

2+ 17 

Neighbors: 0 1 3  

1 30 

2. 29 

3+ 25 

Note: Percent hatching and percent f ledging calculated from those bi rds  
laying eggs (%L x n). 



Table 2.6. Contribution of site characteristics to egg-laying, hatching, and 
chick-fledging in Common (CM) and Thick-billed (TM) Murres 
determined by logistic regression analysis. 

Egg-la~ing Hatching Fledging 
Site* 

Characteristic Sample** CM TM CM TM CM TM 

Slope ASH 

LAY 

Type ASH 

LAY 

Walls ASH 

LAY 

Neighbors ASH 

LAY 

* Site characteristics: slope = level or sloping-; type = narrow ledge, 
crevice, or platform; walls = 0, 1, or 2+; neighbors a 0, 1, 2, or 3+. 

** Sample: ASH - all site holders; LAY - only birds laying eggs. 



where 0 t o  1 neighbor co-occupied s i t e s .  Once having l a i d  an egg, both spec ie s  

tended t o  have the  h ighes t  f l edg ing  success i n  the  presence of one neighbor, 

although t h i s  e f f e c t  was not  s t a t i s t i c a l l y  s i g n i f i c a n t .  

Overall  breeding success by Black-legged Kit t iwakes was very low a t  a l l  

p l o t s  examined (Table 2.7). About 1/4 of nest-bui lding p a i r s  d id  not  l a y  eggs, 

about 1 /2  l a i d  one egg, and the  remaining 1 /4  l a i d  2-egg c lu tches .  Only about 

40% of eggs hatched. Of those eggs not  hatching,  41% disappeared from unknown 

causes ( a f t e r  a mean + s.d. incubat ion time of 15.9 - + 7.3 d ,  n = 481, 41% were 

l e f t  unattended f o r  long periods o r  were abandoned which r e s u l t e d  i n  egg 

mor ta l i ty ,  17% were at tended but  f a i l e d  t o  ha tch  ( a f t e r  mean - + s.d.  incubat ion 

time of 35.9 - + 6.8 d ,  n * 101, and 2% were l o s t  t o  predat ion by Glaucous G u l l s .  

Very few of the  eggs t h a t  d i d  hatch produced f ledging  chicks (ca. 20%, 

Table 2.71, leading t o  very low o v e r a l l  breeding success r a t e s  (ca. 8-10%). 

Most chicks disappeared from unknown causes (72%) a f t e r  an  average of 12 d 

(mean - + s.d., 12.0 - + 7.9, n = 26) i n  t h e  nes t .  Others (19%) were l e f t  

unattended f o r  long periods which may have r e s u l t e d  i n  l o s s e s  from hypothermia 

o r  predat ion (mean - + s.d. time i n  nes t :  13.4 - + 5.9 d ,  n = 7).  A Tew chicks  

(8%) were v ic t ims  of s i b l i n g  aggression and may have died a s  a r e s u l t  (mean - + 
s.d. time i n  nes t :  3.3 + 1.5, n = 3). - 

Plot  B produced zero  chicks ,  whereas P lo t  A produced 0.15 chicks /nes t ,  f o r  

an ove ra l l  breeding success of 0.085 chicks /nes t  at Type I p lo t s .  Less 

in t ens ive  observat ions a t  P l o t  5 suggested s i m i l a r  l e v e l s  of breeding success 

(0.11 chicks/nest  1. Because a l l  these  ch icks  l e f t  e a r l i e r  than would normally 

be expected (see Sect ion 2.3.1 above), and some were s t i l l  present  i n  the  nes t  

on l a s t  days of observat ion (Table 2.71, t r u e  breeding success was l i k e l y  lower 

than t h e  maximums indica ted  i n  Table 2.7. 

2.3.3 Attendance Pa t t e rns  

Diurnal p a t t e r n s  of murre at tendance were examined a t  t h r e e  p l o t s  i n  t h e  

Kongkok study a rea ,  and a t  one p l o t  i n  t h e  Savoonga study a r e a  (Fig. 2.4). 

During the  pre-laying period,  a t tendance peaked between 0700-1100 h and then 



Table 2.7. Breeding success  of Black-legged Kit t iwakes a t  t h r e e  s tudy  p l o t s  
on S t .  Lawrence I s land  i n  1987. 

P l o t  A P l o t  B To ta l  (A&B) P l o t  5 

n X n X n X n % 

Total  no. of n e s t s  

No. 0 egg c lu t ches  

No. 1 egg c l u t c h e s  

No. 2 egg c lu t ches  

No. eggs re - la id  

Tota l  no. eggs 

No. eggs hatched 

No. ch icks  f ledged 

Max. breeding success  

(no. fledged/eggs l a i d )  (12..7) ( 0.0) ( 8.6) (10.8) 

(no. f ledged/nes t )  (15.0) ( 0.0) ( 8.5)' (10.9) < 

* One of n ine  ch icks  had not  l e f t  t h e  n e s t  a t  t h e  end of t h e  s tudy.  
Fledging and maximum breeding success  ca l cu la t ed  assuming a l l  ch icks  had 
f ledged succes s fu l ly ,  bu t  t h e r e  i s  some doubt about t h i s  ( see  t e x t ) .  

** Plo t  5 k i t t iwakes  were no t  checked f r equen t ly  enough t o  observe f l edg ing  
( see  t e x t ) ,  but seven ch icks  o l d e r  than  30 d were present  on t h e  last  day 
of observa t ions  (Aug. 271, and might have f ledged succes s fu l ly .  Maximum 
breeding success  w a s  ca l cu la t ed  assuming a l l  seven ch icks  fledged. 



declined slowly until ca. 1700 h when numbers stabilized around early morning 

levels. Through incubation and hatching, attendance was generally stable 

through most of the day with no consistent decreasing or increasing trend in 

early or late hours of the day. Overall, numbers were most stable during 

midday (1300-1700 h) when Type I1 census counts were conducted. No data were 

obtained on attendance during the chick-rearing period. Attendance patterns 

were similar between Kongkok and Savoonga colonies in late July. 

Kittiwake attendance was examined over similar time periods at Kongkok 

only (Fig. 2.5). There were no consistent trends and in general, numbers were 

most stable during midday hours (1300-1700) when Type 11 census counts were 

conducted. 

Seasonal patterns of murre and kittiwake attendance were typical for these 

species (Piatt and McLagan 1987, Hatch 1988) with: i) large fluctuations 

occurring during the pre-laying period, ii) relatively stable attendance 

through incubation and hatching, iii) a slight increase in attendance during 

chick-rearing (except kittiwakes), and iv) decreasing and irregular attendance 

during fledging (Figs. 2.6 and 2.7). Observations from Plots 3-7 were less 

frequent from mid-July onwards because other duties limited time available to 

check these distant plots, and weather conditions (particularly low-lying 

clouds) made counting difficult, especially in August. 

Nonetheless, birds at all plots exhibited similar patterns of attendance 

(Pigs. 2.6 and 2.7). There were significant between-plot correlations in 

murre attendance for most plot-plot comparisons (14/15 Spearman rank 

correlations significant, r a 0.47 - 0.87, p~0.05), with correlations being 

generally weaker between distant plots. Similarly, kittiwake attendance was 

usually correlated between plots (8/10 correlations significant, r = 0.48 - 
0.67). Murre and kittiwake attendance was significantly correlated on three 

of five plots where they co-occurred. Few inter-correlations in attendance at 

nine Savoonga plots (not shown, 9 d between 23 July and 1 August) were 

significant (3/28 cases) probably because a lower number of counts were 

conducted over a brief period when numbers were relatively stable (Type I1 

census period). Murre attendance at Savoonga and Kongkok were also not 

significantly correlated. 
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Figure 2.4 .  Diurnal attendance patterns of  murres ( spp. ) .  ' Data from t i m e -  
lapse f i lm (P lo t s  1 and 7 )  and observer counts (P lo t s  2 and 5 ) .  
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Figure 2.5. Diurnal attendance patterns of Black-legged Kittiwakes. Data 
from time-lapse film (Plot 1) and observer counts (Plot 2). 
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Figure 2.6. Seasonal attendance patterns of murres (spp.) on six plots at 
Kongkok . 
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Figure 2.7 .  Seasonal attendance patterns of Black-legged Kittiwakes on f i ve  
plots a t  Kongkok. 
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Figure 2.8. Seasonal a t tendance  pa t t e rns  of s u c e s s i a l  breeding, f a i l e d  t 
breeding, and non-laying Common and Thick-billed ;Yurres and t h e i r  ch icks  a t  
P l o t  A. Attendance expressed a s  percent of maximum at tendance of each 
c l a s s .  For success fu i  breeders ,  only da ta  f o r  those f ledging chicks  by 2 
Septenber used i n  t h e  a n a l y s i s .  



Table 2.8. Mean numbers (+S.E.) of murres and k i t t iwakes  a t t e n d i n g  p l o t s  a t  
Kongkok Bay, azd comparison t o  counts  by Sear ing  (1977) .a 

- 

Murre Kit t iwake 

P lo t  Year n Mean S.E. % TbM n Mean S.E. 

1 

2 

3 

5 

6 

7 

Tota l  

a Means ca l cu l a t ed  using only d a t a  c o l l e c t e d  between t h e  end of egg-laying 
and the  beginning of f ledging .  Differences i n  counts  between 1976 and 
1987: P lo t  1 murre tP3.13, 30 d f ,  ~ 4 0 . 0 1 ;  k i t t iwake  ~ 2 . 9 3 ,  30 d f ,  p< 
0.01; P lo t  2 murre t11.27, 27 d f ,  NS; k i t t i w a k e  tZ17.8, 27 d f ,  ptO.OOO1; . 

Plo t  6 murre t=2.38, 8 d f ,  pt0.05. 

Number of k i t t iwake  n e s t s  observed, no t  i n d i v i d u a l  b i rd s .  

Percentage of murres t h a t  were Thick-billed (TbM) on p l o t s  1, 2, and 5. 



Table 2.9. Numbers of muires and kittiwakes attending plots east 
of Savoonga between 23 July - 1 August 1987. 

Murre 

Plot n Mean S .E. X T b M  Kittiwake* 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Total 

* Total number of active kittiwake nests observed. 



Murre attendance patterns were examined in more detail by considering 

attendance of non-layers, successful breeders, and failed breeders separately 

(Fig. 2.8). For both murre species, the attendance patterns of all birds were 

similar prior to egg-laying and at the end of fledging. During incubation and 

chick-rearing, however, one breeding adult was always present at the site 

(attendance by both members of a pair was usually quite brief as they exchanged 

'nest' duty). Thus, virtually all of the variability in attendance during the 

egg/chick period was due to fluctuations in attendance of failed breeders (c.v. 

= 11.5% and 12.5% for Common and Thick-billed Murres, respectively) and 

non-laying si te-holders (c .v. = 14.6% and 20.8%, respectively). Failed 

breeders spent more time attending sites than non-layers, and of these birds, 

Thick-billed Murres (mean attendance " 81% and 69%, respectively) spent less 

time attending than Common Murres (mean attendance = 90% and 75%, for failed 

and non-layers, respectively, Fig. 2.8). Attendance of non-layers and failed 

breeders was strongly correlated within rs = 0.78 - 0.82, P<0.0001) and between 
species (rs = 0.59 - 0.70, P<0.0001) during the egg/chick period. 

Environmental factors contributed to the variability in attendance of 

murres and kittiwakes. Considering all data up to pre-fledging from Plots 1 

and 2, both murre (rs = 0.44, P<0.01) and kittiwake (rs = 0.52, P40.001) 

attendance was negatively correlated' with windspeed, and positively correlated 

with maximum air temperatures (murre: rs = 0.40, Pc0.01; kittiwake: rs = 

0.35, P40.05). Wind effects were more pronounced prior to egg-laying (pc0.05, 

rs = -0.61 and -0.43) than during incubation/pre-fledging (us, rs = -0.30 and 

-0.29). Correlations of murre and kittiwake attendance with maximum air 

temperature were weaker and insignificant when considered over each stage of 

the breeding cycle. No consistent significant correlations were observed 

between bird attendance and barometric pressure, the range of tidal 

oscillations, amount of rain, or presence/absence of fog. 

2.3.4 Population Trends 

For the plots we could compare, there were significant differences in 

numbers of birds observed between 1976 and 1987 (Table 2.8). Murre numbers 

increased significantly on two plots, and declined (non-significantly) on 

another plot. Similarly, kittiwake numbers increased significantly on two 



plots, but did not change on the third plot (none breeding). Based on these 

rather limited samples, it appears there has been a slight increase in murre 

and kittiwake populations at Owalit Mountain between 1976 and 1987. 

Searing (1977) monitored six plots in 1976 for murre and kittiwake 

attendance in the Kongkok Bay area. Although we had polaroid photos of those 

plots (provided by Searing), and located them all, we can only compare data 

from three plots to Searing's 1976 counts (Table 2.8). Only counts conducted 

between the incubation-prefledging period are used for comparison. Plots 1 

and 2 were close to the field camp and easily viewed from land. Both Searing 

and us conducted more counts of these plots than any others. Plot 6 could be 

viewed from the top of Owalit Mountain, but owing to time and weather 

constraints, was counted less frequently. Searing counted Plot 3 from the 

water, and we counted it from land, so they cannot be compared. In addition, 

Searing's Plot 3 counts were conducted during the pre-laying period and were 

extremely variable. Plot 4 could be counted only by boat. It is not clear 

whether we counted the same area as Searing, and like Searing, we only counted 

it a few times during pre-egg laying. It was not possible to compare Plot 5 

counts for the same reasons as Plot '3 counts (above). We established a new 

plot (7) that had not been censused by Searing. We also established nine new 

plots at colonies to the east of Savoonga (Table 2.9). We have documented the 

location and perimeters of all plots (Kongkok 1-7, Savoonga 1-91 in the 

Appendices. All plots can be counted from land. Thus, in the future, 

comparisons can be made to 1987 mean counts of 3,107 murres (40% Thick-billed) 

and 584 kittiwakes at Kongkok (Plot 4 not included and should be dropped), and 

2,247 murres (48% Thick-billed) and 57 kittiwakes at Savoonga (Tables 2.8 and 

2.9). 

Roseneau et al. (1985) counted murres and kittiwakes at St. Lawrence in 

1981, and obtained several counts on each of Plots 1 and 2, and a few counts 

of other plots (Table 2.8, Roseneau and Springer, unpubl. data 

collectedbetween July 23 and August 9, 1981). Their counts of murres at Plots 

1 and 2 (obtained recently) corroborate our finding that murre numbers 

increased at Plot 1 and declined at Plot 2 since 1976. Counts at other plots 

further indicate there has been an increase in both murre and kittiwake 

populations at Kongkok (Table 2.8). 



Roseneau e t  a l .  (1985) a l s o  provided t h e  f i r s t  and only nea r - to t a l  census 

of murres on St.  Lawrence I s l and  which w i l l  be u se fu l  f o r  a s se s s ing  

la rge-sca le  populat ion f l u c t u a t i o n s ,  i f  they  occur  i n  t h e  fu tu re .  Based on 

Roseneau e t  a l . ' s  counts ,  our p l o t s  inc lude  about 9% of murres on Owalit 

Mountain i n  t he  south ,  and 11% of murres t o  t h e  e a s t  of Savoonga on t h e  n o r t h  

coas t  ( a f t e r  adding our  p l o t s  t o  Roseneau ' s )  . 

2.3.5 Murre D ie t s  

A t o t a l  of 226 Thick-billed Murres and 89 Comnon Murres were c o l l e c t e d  f o r  

analyses  of d i e t s  (Tables 2.10 and 2.11). None of t h e  Common Murre stomachs 

(p roven t r i cu l i )  contained food, and only one contained nematode p a r a s i t e s  

(Contracaeucum spp.). Of 89 g i zza rds  ( v e n t r i c u l i )  examined, 12% were empty. 

F ish  occurred i n  97% of g izzards ,  and i n v e r t e b r a t e s  (polychaete)  i n  only 1% of 

gizzards.  Cods dominated the  d i e t  completely (Table 2.10). Of t h e  cods, 

Arc t ic  cod (95%, Boreogadus sa ida )  were most abundant, followed by walleye 

pollock (5%, Theragra chalcogramma). Two o t h e r  f i s h e s  i d e n t i f i e d  both 

occurred i n  3% of gizzards:  cape l in  (Mallotus v i l l o s u s )  and sandlance 

(Anmodytes hexapterus) .  Most Common Murres were c o l l e c t e d  between mid-June t o  

mid-July (Table 2.121, and t h e r e  was l i t t l e  change i n  d i e t  composition over 

t h i s  month. 

Thick-billed Murres had a much more va r i ed  d i e t  than  Common Murres (Tables 

2.10 and 2.11); f i s h  were l e s s  common and i n v e r t e b r a t e s  much elore common. 

Nematodes were a l s o  much more abundant i n  g i zza rds ,  and e s p e c i a l l y  stomachs. 

Again, Arc t i c  cod (94%) dominated among t h e  gadids ,  with walleye pol lock (5%) 

and Saffron cod ( I%,  Eleginus g r a c i l i s )  comprising t h e  remainder. A small 

number of o the r  f i s h  taxa  were found, inc luding  cape l in ,  sandlance,  gunnels 

(Pholididae)  , s n a i l f i s h e s  (Cyclopter idae)  , s c u l p i n s  (Cot t idae)  , and ee lpouts  

(Zoarchidae). Of t h e  inve r t eb ra t e s ,  amphipods (Parathemisto spp. and o t h e r s ) ,  

and euphausi ids  (Thysanoessa spp. and o t h e r s )  were most abundant. Although 

decapods were l e s s  numerous, they occurred most f r equen t ly  next  t o  

amphipodsand were genera l ly  much l a r g e r  than  o t h e r  i n v e r t e b r a t e s ,  thus  

providing more food value per i tem consumed. Decapods i d e n t i f i e d  included 

Eualus and Pandalus shrimps, and Hyas and Chionocetes crabs.  



Table 2.10. Contents of Common and Thick-billed Murre stomachs from S t .  
Lawrence I s l and ,  1987. * 

Common Murre Thick-billed Murre 

Vent r i c u l u s  Vent r i c u l u s  Provent r i cu .  

n 4: n X n X 

Number examined 89 22 6 22 6 

Number empty 11 (12 ) 38 (17 ) 181 (80 ) 

Frequency of f i s h e s  76 97 156 83 1 7  37 

Frequency of i nve r t eb ra t e s  1 1 8 9 4 7 31 69 

Frequency of nematodes 1 (1) 1 7  (8 ) 65 (29) 

Frequency of occurrence of: 

Gadidae 66 8 5 1 36 7 2 1 2  2 7 

Unidentif ied f i s h  9 1 2  21 11 4 9 

Osmeridae 2 3 0 0 0 0 

Ammodyt idae  2 3 2 1 1 2 

Pholididae 0 0 2 1 0 0 

Cyclopteridae 0 0 '1 4 1 0 0 

Cott idae 

Zoarchidae 

Numbers of :  

F ish  

Gadidae 

Unidentif ied f i s h  23 9 31 7 4 1 6  

Osmeridae 2 1 2 1 0 0 

-body t idae  2 1 3 1 1 4 

Pholididae 0 0 1 C l  0 0 

Cyclopteridae 0 0 1 C l  0 0 

Cot t i d a e  0 0 1 4 1 0 0 

Zoarc hidae 0 0 1 < 1 0 0 

* Values i n  parentheses a r e  percent f requencies  among t o t a l  b i r d s  examined, 
o t h e r s  a r e  percent f requencies  o r  numbers among b i r d s  wi th  some food 
remains i n  t h e i r  stomach. Some prey i d e n t i f i c a t i o n s  await  f i n a l  
v e r i f i c a t i o n .  



Table 2.11. I n v e r t e b r a t e s  i n  t h e  d i e t  of Thick-billed Murres a t  S t .  Lawrence 
I s l and ,  1987." 

Vent r icu lus  Provent r icu lus  

n % n X 

Number examined 

Number empty 

Frequency of  occurrence o f :  

Amphipoda 

Decapoda 

Euphausiiacea 

Crus t acea  

Cephalapoda 

Polychae te 

Numbers o f :  

I n v e r t e b r a t e s  . 

Amphipoda 

Decapoda 

Euphausiiacea 

Crus t acea  

Cephalapoda 

Polychaete 

* Values i n  parentheses  a r e  percent  f requenc ies  among t o t a l  b i r d s  examined, 
o t h e r s  a r e  percent  f requenc ies  o r  numbers among b i r d s  wi th  some food 
remains i n  t h e i r  stomach. 



Diets of Thick-bi l led Murres were observed from e a r l y  May t o  mid-August 

(Fig. 2.9). The frequency of occurrence of  f i s h  peaked a t  t h e  beginning, 

middle, and end of t h i s  s tudy  per iod.  Arctic cod dominated i n  d i e t s  

throughout t h i s  per iod ,  and t h e r e  was l i t t l e  seasona l  v a r i a t i o n  i n  f i s h  d i e t  

composition. I n v e r t e b r a t e s  u s u a l l y  occurred less f r e q u e n t l y  than  f i s h ,  but  

two peaks i n  occurrence were observed i n  l a t e  May and mid-August. Again, 

t h e r e  were no c l e a r  s ea sona l  t r e n d s  i n  composition, a l though most euphaus i ids  

were taken i n  l a t e  May, and amphipods were taken  mostly i n  l a t e  May and la te  

August . 

Weights of Common and Thick-billed Murres va r i ed  l i t t l e  over  summer (Table 

2.121, i n d i c a t i n g  t h a t  food was probably n o t  s c a r c e  f o r  most of t h e  season. 

However, both s p e c i e s  exh ib i t ed  a sha rp  d e c l i n e  i n  weight i n  mid-July 

( incuba t ion) ,  bu t  recovered t h i s  weight by mid-August. I n  c o n t r a s t  t o  most 

a r e a s  where they co-exis t ,  Thick-billed Murres were s i g n i f i c a n t l y  heav ie r  t h a n  

Common Murres. 

2.4.1 Breeding Biology 

The phenology of breeding f o r  a l l  c l i f f - n e s t i n g  spec i e s  appeared t o  be 

normal i n  1987, a l though t h e r e  a r e  few d a t a  wi th  which t o  compare. Sear ing  

(1977) provided some informat ion  on breeding phenology of a l l  s p e c i e s  and wi th  

few except ions ,  a l l  h i s  d a t e s  f o r  f i r s t  o r  peak l ay ing ,  ha tch ing ,  and f l edg ing  

were about a week l a t e r  than  we observed i n  1987. However, 1976 was an  

unusual yea r  f o r  s e a b i r d s  i n  t h e  no r the rn  Bering Sea and-Chukchi Sea, owing t o  

co lde r  than  average water  temperatures  and delayed a v a i l a b i l i t y  of prey f o r  

s e a b i r d s  (Springer  e t  a l .  1984). Phenology i n  1987 was more s i m i l a r  t o  t h a t  

observed f o r  murres and k i t t iwakes  by Johnson i n  1972 ( repor ted  i n  Roseneau e t  

a l .  1985) and by Roseneau e t  a l .  (1985) dur ing  t h e i r  v i s i t  i n  1981. Nei ther  < 
of t h s e  yea r s  w a s  considered unusual f o r  s e a b i r d s  i n  t h e  nor thern  Bering Sea 

(Roseneau et  a l .  1985, Spr inger  et  a l .  1984, 1987). 

There w a s  cons ide rab l e  v a r i a t i o n  i n  breeding success  between s p e c i e s  

observed i n  1987. Pe lag ic  Cormorants were most s u c c e s s f u l  i n  f l edg ing  2.1 



THICK-BILLED MURRE DIET 

MAY JUNE JULY AUG. 

Figure 2 .9 .  Seasonal var iat ion i n  occurrence o f  f i s h  and invertebrates  i n  the 
d i e t  of Thick-billed Xurres. 



Table 2.12. Mean body mass (+S.E.) of  Common and Thick-billed Murres from 
S t .  Lawrence ~ s l a n d  i n  1987. 

Common Murre Thick-billed Murre 

Date n Mean S .E. n Mean S.E. Stage 

May 1 3  - - 37 1067 15.5 h e - l a y i n g  - 
May 20 - - 1 9  999 15.0 h e - l a y i n g  - 

June 12  50 957 7.6 26 1000 17.5 h e - l a y i n g  

June 30 6 1012 14.7 26 1022 13.7 Incubation 

J u l y  18 2 6 8 68 14.1 18 899 14.6 Incubation 

August 1 3  2 905 5.0 17  1006 19.6 sick -rearing 

Total  * 84 9 32 6.2 143 1009 6.8 

* The o v e r a l l  d i f f e rence  i n  mass between spec ie s  is h ighly  s i g n i f i c a n t  
(p(0.0001, t98.37, df'225). 



chicks per breeding pair (although half of all nests produced no eggs). This 

was higher than the success observed by Searing (9 nests, 1.5 chicks/nest) but 

similar to that observed by Johnson in 1981 (58 nests, 2.6 chicks/nest; 

reported in Searing 1977). 

Common and Thick-billed Murres exhibited moderate overall breeding success 

rats of 60% and 51%, respectively, in 1987. Searing did not distinguish murre 

species in his study, but gave an average breeding success of 61%, which was 

similar to our results. Johnson (in Searing 1977) gave an estimate of about 

41% breeding success for murres (spp.), but he disturbed chicks and likely 

reduced breeding success considerably (searing 1977). His estimate of 

hatching success (71%) was slightly higher than what we observed in 1987 (67% 

and 59% for Common and Thick-billed Murres, respectively). 

Our observations revealed a near total breeding failure of Black-legged 

Kittiwakes on St. Lawrence Island in 1987 (maximum success of ca. 0.09 

chicks/nest). Similarly, Searing observed a total breeding failure of 

kittiwakes in 1976, and he found only two 1-egg clutches among about 50 nests 

checked. In contrast, about 75% of kittiwakes in 1987 iaid eggs and 2-egg 

clutches were common (ca. 25%). Only about 40% of eggs hatched, however, and 

most chicks died before reaching two weeks of age (presumably from 

starvation). Both our results and Searing's contrast with Roseneau et al.'s 

observations of ca. 0.9 chicks/nest produced in 1981. 

Overall, these observations of differential breeding success among species 

are difficult to interpret. Pending assimilation of further data, there is 

nothing to indicate that 1987 was an unusual year oceanographically, and there 

was nothing unusual about the diets of murres (see below) or auklets (see 

Chapter 3) .  Murre breeding success was low compared to normal success rates 

in the Atlantic Ocean (Harris and Birkhead 19851, but above average for murres 

in many regions of the Bering Sea (Hunt et al. 1981b, Johnson and Baker 1985, 

Murphy et al. 1986). Similarly, Pelagic Cormorant breeding success was 

average compared to rates in the southeastern Bering Sea (Hunt et al. 1981b). 

Kittiwakes, on the other hand, did as poorly as they have in other years when 

widespread kittiwake breeding failures were observed throughout the Bering Sea 

(e.g., 1976, 1984, 1985; Hatch 1987). In the absence of information on 



physical oceanography, prey availability and diet composition of kittiwakes in 

1987, we can only speculate on the causes of the failure. 

Given that both nurres and cormorants, which feed on similar prey as 

kittiwakes over much of their ranges (Hunt et al. 1981a, Springer et dl. 1984, 

1986, 19871, exhibited better than average breeding success, we assume that it 

was the distribution rather than abundance of prey that limited kittiwake 

breeding success. Either prey were available only to murres and cormorants 

because of their diving abilities, or they were located at distances too great 

to be profitably exploited by kittiwakes, or a combination of both factors may 

have influenced kittiwake foraging success (see also Springer et dl. 1984 for 

a discussion of environmental factors influencing prey availability to 

seabirds in the Chukchi Sea). Our shipboard observations conducted in late 

August (Chapter 4) support the suggestion that the prey of murres were found 

at great distances from the study area, and we observed no large feeding 

aggregations of kittiwakes. 

Because they are closely related and of similar &ss, the breeding success 

rates of Common and Thickrbilled Murres provide an interesting contrast to 

each other. In general, Common Murres are most abundant in the nearshore zone 

and inner domain of the Bering Sea continental shelf, whereas Thick-billed 

blurres predominate in outer or pelagic domain waters (Sowls et al. 1978, 

Springer et al. 1987). At St. Lawrence Island, however, both species occur in 

near equal abundance and they overlap extensively in use of breeding habitat. 

Thus, if competition occurs between these species, we might expect to find 

evidence of it at St. Lawrence Island. 

Like Birkhead and Nettleship (19871, who studied Common Murre and 

Thick-billed Murres on the Gannet Islands, Labrador, we found similar marked 

differences between species in use of cliff habitat, and murre breeding 

success varied with site characteristics. In general, Common Murres tended to 

breed on platform ledges, with one adjacent wall, and in the presence of more 

than one neighbor. Thick-billed Murres tended to breed on narrow ledges or 

crevices, with one or more adjacent walls, and usually alone or with one 

neighbor. The most important factor influencing overall breeding success in 

both species was the slope of the breeding ledge. Significantly more birds 



l a i d  eggs on l e v e l  s i t e s ,  and breeding success  of Thick-billed Murres t h a t  

l a i d  eggs was g r e a t e r  on l e v e l  s i t e s .  This sugges ts  t h a t  s lop ing  s i t e s  a r e  

sub-optimal and nay be used more by l e s s  experienced breeders  o r  immature 

b i rds .  S imi la r ly ,  both spec i e s  were inf luenced by neighbors.  More Common 

Murres l a i d  eggs when two o r  more neighbors were p re sen t ,  but  the  converse was 

t r u e  f o r  Thick-billed Murres. Neighbors had no s i g n i f i c a n t  e f f e c t  on f l edg ing  

success ,  but both spec i e s  d id  b e t t e r  i n  t he  presence of a t  least one 

neighbor. Thus, f o r  both spec i e s ,  t h e  i n i t i a l  s i t e  s e l e c t i o n  wi th  regard t o  

neighbors and s lope  (above) may account f o r  subsequent d i f f e r ences  i n  success  

between s i t e s ,  s i t e  s e l e c t i o n ,  and may l a r g e l y  depend on t h e  breeding 

experience o r  age of t he  b i r d  s e l e c t i n g  t h e  s i t e .  

As long a s  s i t e s  were l e v e l ,  Thick-billed Murres bred most succes s fu l ly  on 

narrow-ledge o r  crevice-type breeding sites, whereas Common Murres f a i r e d  

equal ly  well  i n  c r ev ices  a s  on platforms (although 82% bred on p la t forms) .  

This observa t ion  is  i n  marked c o n t r a s t  t o  t h e  s i t u a t i o n  observed by Birkhead 

and Ne t t l e sh ip  (1987) where Thick-billed Murres bred mostly on narrow ledges  

but had s i g n i f i c a n t l y  h igher  success  on broad ledges.  For t h i s  reason,  

Birkhead and Nett  l e s h i p  advanced t h e  hypo t h e s i s  t h a t  Conmon and c hick-billed 
Murres competed f o r  breeding s i t e s  a t  t h e  Gannet I s l ands ,  and t h a t  t h i s  

competit ion r e s u l t e d  i n  an  o v e r a l l  lower breeding success  f o r  Thick-billed 

(63%) than Common Murres (82%). They f u r t h e r  suggested t h a t  competi t ion 

favored Common Murres because of t h e i r  a g i l i t y  and s i z e .  

A t  S t .  Lawrence I s l and ,  however, both spec i e s  f a r ed  bes t  a t  s i t e s  they 

occupied most, and t h e r e  w a s  l i t t l e  evidence f o r  competit ion. I n  add i t i on ,  

S t .  Lawrence I s l and  is unusual i n  t h a t  Thick-billed Murres a r e  a c t u a l l y  l a r g e r  

than Common Murres and both spec i e s  occur  i n  near-equal abundance (un l ike  t h e  

Gannet I s l ands  where Common Murres predominate by 40:l). Despite t hese  

condi t ions ,  Common Murres exhib i ted  a h igher  o v e r a l l  breeding success  (60%) 

than Thick-billed Murres (51%), a s  they usua l ly  do i n  a r e a s  of sympatry and 

a l l o p a t r y  (Birkhead and Ne t t l e sh ip  1987). I f  competi t ion f o r  breeding s i t e s  

w a s  not a key f a c t o r  mediating breeding success ,  then we must look  f u r t h e r  f o r  

an  explanat ion.  



An alternative hypothesis is that the breeding success of each species is 

limited by food and foraging behavior. In our study area, and in many other 

areas of sympatry and allopatry, Common Murres eat only pelagic schooling fish 

during the breeding season, whereas Thick-billed Murres eat a greater variety 

of prey including benthic fishes and invertebrates (Springer et al. 1984, 

Bradstreet and Brown 1985, Piatt 1987). It is highly likely that pelagic 

schooling fish require less foraging time and effort to capture than dispersed 

benthic fishes and small invertebrates, and therefore should offer a higher 

energetic rate of return for foraging birds (Piatt 1988). In support of this 

hypothesis, we have observed at St. Lawrence Island and elsewhere (Hatch, 

unpubl. data), that non-laying and failed Thick-billed Murres spend less time 

at the colony than Common Murres, suggesting that they spend more time 

foraging at sea. 

While this hypothesis might explain why Thick-billed Murres usually 

exhibit lower breeding success than Common Murres, .it does not explain why 

Thick-billed Murres do not increase their productivity by increasing 

consumption of more profitable prey. Clearly, Thick-billed Murres choose to 

prey more on invertebrates, and it is this behavioral constraint that 

distinguishes them most from Common Murres in terms of foraging (Bradstreet 

and Brown 1985). Over the short-term, such a behavioral adaptation may appear 

to make Thick-billed Murres less competitive than Common Murres, but over the 

long-term and during periods when pelagic fish densities are reduced, 

Thick-billed Murres may have a competitive advantage over Common Murres (Piatt 

1987, 1988). Just such a situation now appears to be occurring in northern 

Norway where, following a crash in capelin stocks, Common Murres are failing 

completely whereas Thick-billed Murres are managing to reproduce, albeit at 

lower levels than normal (Vader 1988). 

2.4.2 Attendance Patterns 

Attendance patterns of murres were typical of this species, both within 

days and through the season (Birkhead 1978, Gaston and Nettleship 1981). Like 

Searing (1977) we found that in June, diurnal attendance exhibited a broad 

peak early in the day with gradually declining numbers thereafter. Later in 

the season, no consistent trend was evident, and numbers were fairly stable 



through the day, especially in the afternoon and early evening. Kittiwakes 

exhibited no consistent diurnal trends, and numbers attending were also stable 

through nost of the day. Thus, our counts conducted in midday provide a 

reasonable index of bird numbers attending on a daily basis. 

Like Gaston and Nettleship (19821, we found that from egg-laying to the 

beginning of fledging, non-breeders and failed breeders accounted for most of 

the variation in daily attendance of Thick-billed Murres. Slater (1980) 

suggested that attendance by Common Murres is largely determined by breeding 

birds, but our evidence is to the contrary and suggests that like Thick-billed 

Murres, variablity in attendance depends mostly on non-breeder or failed 

breeder attendance behavior. In our study, it appeared that the non-layer/ 

failed breeder population of Thick-billed Murres spent less time attending 

than Conurion Murres. We agree with Gaston and Nettleship (1981) that murre 

attendance is probably determined by feeding conditions mound the colony, and 

therefore, our observations may indicate that Thick-billed Murres spend more 

time foraging than Common Murres (see 'Breeding Biology' above). 

In Gaston and Nettleship's study in the Canadian Arctic, non-laying 

site-holders accounted for only ca. 10% of cliff populations, and breeding 

success was generally higher for Thick-billed Murres than what we observed at 

St. Lawrence Island. Thus, the non-layers and failed breeders at their study 

sites constituted a smaller proportion of total birds attending than we 

observed, where ca. 30% of site-holders did not lay eggs and ca. 45% of 

breeders failed. This emphasizes the importance of these birds in determining 

attendance patterns at St. Lawrence Island, and suggests that inter-year 

variability in attendance (and census counts) may vary considerably with the 

numbers of birds attempting to breed and breeding success. 

For both species, we could find no consistent relationships between 

attendance and any environmental variables except windspeed. Wind effects 

were most pronounced during the pre-egglaying period when birds were not 

constrained to attend sites because of incubation or chick-rearing duties. 

The negative effect of windspeed in attendance by nurres has been demonstrated 

at many, but not all, murre colonies (Birkhead 1978, Slater 1980, Gaston and 

Nettleship 1981, Piatt and FicLagan 1987). As Gaston and Nettleship (1981) 



suggested, the effects of wind are generally observed on very windy days only, 

and counts for Type I1 censusing should not be carried out on these days. 

2.4.3 Population Trends 

Our conclusions about population trends are limited by the small number of 

plots that we could compare with previous studies. Given this constraint, we 

tentatively conclude that murre and kittiwake populations at Kongkok have 

increased since Searing's study 11 years ago. A more reliable estimation of 

population trends will be possible when our plots, comprising about 10% of 

murre and kittiwake populations at Kongkok and east of Savoonga, are modtored 

again in the future. 

The total numbers of murres at Kongkok (Owalit Mountain) have been 

censused several times since 1972 (by Johnson in 1972, Searing in 1976, and 

Roseneau et dl. in 1981). All these estimates were derived from water-based 

counts of the entire colony on one or two days. Searing (1977) also estimated 

total numbers by extrapolating densities observed on plots to total colony 

area, but provided no indication of how he measured total area. Data from 

these censuses suggest that murre numbers at Owalit declined from 32,000 

individuals in 1972 to 16,000 in 1976 and increased again to 34,000 in 1981. 

Roseneau et al. (1985) suggested the decrease in 1976 was probably explained 

by indirect effects of unusually cold environmental conditions that may have 

reduced the number of birds breeding. The apparent decrease in 1976 may have 

reflected a decrease in attendance by failed and non-breeders, rather than a 

long-term change in the population. The constraints of single-day water-based 

counts and the potential for wide variations in water-based counts by 

different observers limits an ability to comment futher on apparent population 

fluctuations. 

No other murre colonies in this region have exhibited a similar trend over 

this same period: murre populations at Cape Lisburne (Fig. 1.1) have remained 

stable, at Cape Thompson have declined slightly, and at Bluff have declined 

consistently (Roseneau et al. 1985, Murphy et al. 1986). It is interesting 

that Koseneau et al. counted almost identical numbers of murres in 1981 as 

Johnson in 1972, suggesting a slight increase of ca. 6%. We observed an 



increase (ca. 21%) on three plots between 1976 and 1987. A consistent slow 

increase of ca. 0.6 - 0.8% per annum since 1972 could account for increases 
observed by both Roseneau et al. and us. Thus, we tentatively conclude that 

murre and kittiwake populations on St. Lawrence Island have slowly increased 

since 1976, and possibly since 1972 as well. Subsequent monitoring of our 

study plots in the future may allow later investigators to assess whether this 

trend is real. 

2.4.4 Murre Diets 

The diets of murres collected at St. Lawrence Island in 1987 were similar 

to diets observed in previous years. Searing (1977) collected 18 murres in 

mid-June, of which 12 had empty proventriculi. From this limited sample, it 

appeared that Common Murres took mostly fish (unidentified), although decapods 

or amphipods were present in four of six stomachs examined. Thick-billed 

Murres ate a much greater variety of prey, with fish occurring in only three 

of eleven stomachs, and with decapods and anphipods occurring in most stomachs 

with food present. It is tenuous to draw any conclusions from comparisons 

between our samples and Searing's, but two observations are of interest: .i) 

species differences in diets were broadly comparable in as much as 

Thick-billed Hurres ate many more invertebrates (especially decapods and 

amphipods) than Common Murres in both years, and, ii) Common Murres ate more 

invertebrates in 1976 than did those we sampled in June 1987, possibly 

indicating a scarcity of fish in that year. 

Springer et al. (1987) collected 32 Thick-billed Murres and 14 Common 

Murres in late July - early August 1981. Like us, they observed that both 

murres consumed predominantly Arctic Cod (86% and 77%, by weight, 

respectively), with walleye pollock, saffron cod, sandlance, capelin, and 

sculpins rounding out the fish diets. Also like us, they observed a much 

higher frequency of occurrence of invertebrates in Thick-billed Murre (33%) 

than Common Murre diets (7%). Amphipods and euphausiids dominated in the 

invertebrate portion of Thick-billed diets. 

Overall, our results and those of previous investigators indicate that 

Arctic Cod are the most important prey of murres at St. Lawrence Island, and 



t h e r e  has  been l i t t l e  change i n  d i e t s  over  t h e  per iod examined. This c o n t r a s t s  

wi th  observa t ions  of Arc t i c  cod - sa f f ron  cod - sandlance dominated murre d i e t s  

a t  Cape Thompson and Cape Lisburne t o  t h e  n o r t h  (Springer  e t  a l .  1984);  s a f f r o n  

cod - sandlance d i e t s  a t  Bluf f ,  Norton Sound, t o  t h e  e a s t  (Spr inger  e t  a l .  

1987); and wi th  walleye po l lock  dominated d i e t s  t o  t h e  south  a t  S t .  Matthew 

I s l and  (Springer  e t  a l .  1986) and t h e  P r i b i l o f  I s l a n d s  (Hunt e t  a l .  1981a).  

This p a t t e r n  f i t s  wi th  t h e  known d i s t r i b u t i o n  of Arctic cod i n  t h e  no r the rn  

Bering Sea, where i t  is r e s t r i c t e d  t o  co ld  Arctic waters  and g e n e r a l l y  does no t  

range very f a r  sou th  of S t .  Lawrence I s l a n d  (F ros t  and Lowry 1981, Spr inger  et 

a l .  1987). Saffron cod and sandlance tend t o  be concentrated i n  c o a s t a l  

Alaskan waters  on t h e  i n n e r  domain of t h e  Bering Sea whereas po l lock  dominate 

i n  t h e  middle and o u t e r  domain (Springer  e t  a l .  1987). 

Few d a t a  have been obtained on murre d i e t s  i n  sp r ing  f o r  any area of  

Alaska. We were f o r t u n a t e  i n  being a b l e  t o  c o l l e c t  samples of Thick-billed 

Ffurres from e a r l y  May through mid-August. These d a t a  i n d i c a t e  t h a t  f i s h  were 

c o n s i s t e n t l y  of  high importance i n  d i e t s ,  and of t he se  f i s h ,  Arctic cod always 

predominated wi th  l i t t l e  v a r i a t i o n  i n  f i s h  d i e t  composition. The occurrence of 

i n v e r t e b r a t e s  was more va r i ab l e ,  however, wi th  peaks occur r ing  i n  la te  May and 

l a t e  August, perhaps i n  conjunc t ion  with zooplankton blooms a t  t h e s e  t imes 

(Bedard 1969b, Springer  et a l .  1987). No obvious t r ends  i n  zooplankton 

composition were ev iden t ,  a l though euphaus i ids  (Thysanoessa spp. and o t h e r s )  

were mostly taken i n  l a t e  Ju ly .  
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3.1 Introduction 

Least (Aethia pusilla) and Crested Auklets (A. - cristatella) are the most 

abundant planktivorous seabirds in the North Pacific (ca. 6 and 2 million, 

respectively) and their breeding populations overlap completely in the Bering 

Sea (Sowls et al. 1978). Crested Auklets (ca. 270 g )  are much larger than 

Least Auklets (ca. 85 g), and this size difference reduces resource overlap 

and competition for breeding habitat (~edard 1969a) and food (Bedard 1969b). 

Both species lay their eggs in natural crevices found in the rubble of boulder 

fields or glacially-formed talus slopes. Owing to logistical difficulties, 

however, few detailed studies of their breeding biology have been undertaken. 

These data are essential for monitoring and interpreting population 

fluctuations. 

The pioneer study of Least, Crested, and Parakeet (A. - psitticula) Auklet 
breeding biology was conducted by Sealy (1968) on St. Lawrence Island (Fig. 

1.1); site of the largest auklet colonies in Alaska and also of Bedard's 

studies on feeding ecology and habitat selection of auklets (Bedard 1969a, 

1969b); sealy (1968) studied chick growth and development (Sealy 19731, and 

factors influencing breeding phenology (Sealy 1975) and survival of eggs and 

chicks (Sealy 1982). Neither Sealy nor Bedard estimated breeding success of 

Least or Crested Auklets. 

Searing (1977) also studied auklet breeding biology on St. Lawrence Island 

and provided the first tentative estimate of breeding success for Least 

Auklets. Searing's results are questionable, however, because he seriously 

disturbed the auklets he was studying and markedly lowered their breeding 

success (Searing 1977). From a limited study conducted on Buldir Island in 

1976, Knudtson and Byrd (1982) estimated Least Auklet breeding success and 

provided the only published estimate of Crested Auklet breeding success. Roby 

and Brink (1986) provided the only other estimates of Least Auklet breeding 

success based on a careful study conducted on the Pribilof Islands in 

1981-1982. Although all the above investigators have acknowledged the 

negative effect observers have on auklet breeding success, none have 

quantified this disturbance factor. This is essential for realistic and 

comparable estimates of auklet breeding success. 



There are some published data on attendance patterns or average densities 

of Least or Crested Auklets at their breeding colonies. Bedard (1969a) 

published population estimates for auklets on St. Lawrence Island. He based 

his estimates on counts of birds on plots during early morning hours of the 

the pre-egglaying period, but provided no data on diurnal or seasonal 

attendance patterns with which to assess errors associated with his censuses. 

Byrd et al. (1983) and Roby and Brink (1986) demonstrated that both Least and 

Crested Auklets exhibit marked diurnal attendance patterns with peak 

attendance in morning and evening hours, and that these patterns change 

through the breeding season. They also monitored the net movements of 

breeding and non-breeding auklets to and from breeding sites. Based on all 

their data, these authors suggested when and how auklets might be best 

censused. Techniques are still being refined, however, and there is no 

consensus yet on the best methods for monitoring auklet populations. 

The diets of Least and Crested Auklets have been studied at St. Lawrence 

Island (Bedard 1969a, Searing 1977, Springer and Roseneau 19851, the Pribilof 

Islands (Hunt et al. 1981, Roby and Brink 19861, and St. Matthew Island 

(Springer and Roseneau 1985). At' St. Lawrence Island, Least and Crested 

Auklets eat primarily copepods and euphausiids, respectively, typical of outer 

domain water carried north by the Anadyr Current (Fig. 1.1). Thus, diet 

composition not only provides useful information with which to interpret 

breeding success (or failure) and competitive interactions between the auklet 

species, it provides some insight into the biological oceanography of the 

region (Springer and Roseneau 1985). 

Our study of Least and Crested Auklets was conducted on St. Lawrence 

Island in summer, 1987. One purpose was to estimate breeding success of both 

species and to measure the effect of natural (e.g., weather and predation) and 

human disturbances on these estimates. Selected Least Auklet study sites were 

subjected to different levels of observation intensity. Owing to smaller 

numbers, Crested Auklets were studied at only one (high) level of observation 

intensity. Chicks of both species were weighed and measured throughout the 

chick-rearing period. Breeding phenology and success (at different 

disturbance levels), chick growth rates, and predation rates were estimated 

for both species. We also monitored diurnal and seasonal attendance patterns 



of Least and Crested Auklets to: i )  i d e n t i f y  components of v a r i a t i o n  i n  

at tendance,  i i )  develop a pro tocol  f o r  censusing populat ions,  and, i i i )  compare 

dens i ty  es t imates  with those of previous s t u d i e s  t o  a s s e s s  populat ion t rends.  

Diets  of Least and Crested Auklet were a l s o  examined during the  chick-rearing 

period t o  a s s e s s  food a v a i l a b i l i t y  and compare with d i e t s  i n  previous years .  

3.2 Methods 

3.2.1 Study Area and P l o t s  

This s tudy was conducted i n  t h e  Kongkok Bay a r e a  (63O 24' N, 171" 49' W) on 

the  southwestern corner  of St .  Lawrence I s l and  (Fig.  1.1). The avifauna,  

c l imate,  and types of h a b i t a t  t o  be found on St .  Lawrence Is land ,  have been 

described elsewhere (Fay and Cade 1959, Bedard 1969b, Sealy 1975). 

Sixteen 200 m2 auk le t  s tudy p l o t s  were e s t ab l i shed  on t h e  southeast-facing 

( in l and)  t a l u s  s lope  of Owalit Mountain (Fig. 3.1). A t  l e a s t  20,000 a u k l e t s  

(ca. 2:l l e a s t / c r e s t e d )  breed on these  s lopes  (Searing 1977). A l l  1 6  p l o t s  

were thoroughly checked 3-4 t imes  over 1 3  days during t h e  e a r l y  egg-laying ( 
period t o  l o c a t e  eggs, check the  s t a t u s  of previously loca ted  eggs, and mark 

breeding s i t e s .  Some eggs were loca ted  a f t e r  minor excavation, but  most were 

loca ted  with c a r e f u l  l ine-of-sight searching using s t rong f l a s h l i g h t s .  Every 

e f f o r t  was made t o  minimize d is turbance  t o  breeding h a b i t a t .  A l l  searches and 

l a t e r  s i t e  checks were conducted during mid-day (1400-2000 h A.S.T.) when 

at tendance by a d u l t s  on the  s lopes  w a s  minimal. 

One s e t  of e i g h t  p l o t s  ( In t ens ive )  was subsequently checked every day 

weather permitted through the  egg-hatching period (ca. 27 J u l y  - 1 3  August), 

every 2-4 days up t o  e a r l y  f l edg ing  (ca.  25 August), and every day poss ib le  

a f t e r  t h a t  u n t i l  2 September when t h e  f i e l d  camp w a s  evacuated. Weights and 

wing chord length  measurements of Least AuJslet chick's were obtained from these  

p l o t s  only. 

Least Auklet breeding s i t e s  i n  the  o the r  s e t  of e i g h t  p l o t s  on Owalit 

Mountain (Control)  were examined only f o u r  times (ca .  once a week i n  August) 
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Figure 3.1.  Location of  auklet study plots  on Owalit Mountain and i n  Kongkok 
Bas i n .  



a f t e r  the  i n i t i a l  egg searches. To f u r t h e r  minimize disturbance,  Least Auklet 

chicks were not handled on these p lo ts .  The f i n a l  check on these p l o t s  was 

especia l ly  thorough and included excavation t o  determine the  s t a t u s  of 

breeding s i t e s .  

Owing t o  smaller  numbers located ,  Crested Auklet breeding s i t e s  were 

examined on a l l  16  W a l i t  p l o t s  with the  same l e v e l  of i n t e n s i t y  a s  the  

' Intensive '  Least Auklet study p lo t s .  Crested Auklet chicks were weighed and 

measured i n  whichever of these 16 p l o t s  they could be obtained. 

Another s e t  of 8 p l o t s  on the  north-facing t a l u s  slope of Kongkok Basin 

(Fig. 3.1) were searched f o r  Least Auklet eggs between 23-25 July. These 

p lo t s  were subsequently checked twice p r i o r  t o  chick f ledging t o  determine 

breeding s i t e  s t a t u s .  As i n  the  Owalit Control p lo t s ,  the  f i n a l  check on 

these p l o t s  was p a r t i c u l a r l y  thorough. The Kongkok p l o t s  d i f f e red  

subs tan t i a l ly  from the Owalit p l o t s  i n  tha t :  i )  observer disturbance i n  

Kongkok was minimal compared even t o  the  Control p l o t s  on Owalit where 

observers were.on the  slope everyday checking s i t e s ,  weighing chicks,  and/or 

walking t o  study s i t e s  of o the r  ' s eab i rd  specfes,  i i )  Least Auklet d e n s i t i e s  

were higher a t  Kongkok, and t o t a l  numbers f a r  g rea te r  (ca. 200,000 bi rds ,  

Bedard 1969a1, and, i i i )  exposure t o  voles and o ther  predators  was not a s  

grea t  i n  Kongkok Basin (see Discussion). 

3.2.2 Monitoring Breeding Success and Chick Growth 

It is d i f f i c u l t  t o  monitor the  progress of auk le t  breeding s i t e s  because 

ne i the r  species  .ac tual ly  builds a nest .  Eggs a r e  l a i d  i n  crevices  among rocks 

on the  t a l u s  s lopes,  and f o r  protec t ion  aga ins t  predators  (e.g., Arc t ic  fox, 

Alopex lagopus), eggs a r e  hidden from s i g h t  and not e a s i l y  accessible.  

Nonetheless, many eggs and chicks were e a s i l y  monitored, once found, with 

l i t t l e  more e f f o r t  than shining a l i g h t  i n  a crevice.  More required d i l igence  

and a g i l i t y .  Speci f ic  wr i t t en  i n s t r u c t i o n s  with reference t o  orange 

spray-painted marks on rocks were very useful  i n  re-locating breeding s i t e s .  

Eggs and chicks ( i n  p a r t i c u l a r )  sometimes disappeared during the  study and 

i t  was d i f f i c u l t  t o  a s sess  the  f a t e  of those l o s t .  Some were undoubtedly 



taken by preda tors ,  o t h e r s  may have rol led/crawled ou t  of s i g h t  temporari ly ,  

o r  permanently re-located, o r  died.  Whereas some chicks  were observed on 

almost a l l  si te checks, o the r s  were only seen pe r iod ica l ly .  The presence of 

f r e s h  f eces  (u sua l ly  red-stained) ,  f e a t h e r  shea ths ,  down, and s p i l l e d  ch ick  

meals provided r e l i a b l e  evidence of continued use of a ' n e s t *  chamber. 

However, some chicks  l e f t  no r e a d i l y  observable s i g n  of t h e i r  presence. 

Chick movements were more common towards t h e  end of t h e  f ledging  period,  

making es t imat ion  of f ledging  d a t e s  d i f f i c u l t  o r  impossible  i n  some cases .  Of 

369 eggslchicks monitored, 1 7  eggs (4.6%) and 64 chicks (17.3%) disappeared 

without t race .  Although this is a problem common t o  a l l  a u k l e t  s t u d i e s ,  human 

d is turbance  appeared t o  be t h e  major cause of egglchick disappearance and 

breeding success  e s t ima te s  can be i n t e r p r e t e d  accordingly ( see  Resul t s ) .  

It was d i f f i c u l t  t o  unequivocably e s t a b l i s h  t h e  f i r s t  occurrence of eggs 

a t  breeding s i t e s .  Because a breeding s i t e  was not  obvious u n t i l  a n  egg was 

a c t u a l l y  found, and t h e r e  was no way of knowing whether a 'new* egg was no t ,  

i n  f a c t ,  missed on a previous check, our e s t ima te s  of egg-laying d a t e s  (and ' 

hence incubat ion periods)  a r e  l i k e l y  biased. 

Estimates of hatching success  were undoubtedly biased because eggs found 

a t  a l a t e  s t a g e  of incubat ion a r e  more l i k e l y  t o  hatch than those found e a r l y  

(Playfield 1961, 1975). To c o r r e c t  f o r  t h i s ,  o v e r a l l  egg hatching success  

r a t e s  were ca l cu la t ed  (Mayfield 1975) by i )  d iv id ing  t h e  t o t a l  number of 

egg-days observed by t h e  t o t a l  number of eggs l o s t  t o  y i e l d  t h e  egg s u r v i v a l  

ra te lday ,  i i )  mul t ip ly ing  t h i s  r a t e  by i t s e l f  n t imes,  where n i s  t h e  average 

number of incubat ion days, y i e ld ing  t h e  egg s u r v i v a l  r a t e l s eason ,  and, iii) 

mult iplying t h i s  r a t e  by t h e  proport ion of eggs surv iv ing  t o  hatching age t h a t  

a c t u a l l y  hatch. This y i e l d s  a cor rec ted  hatching success  r a t e  which a d j u s t s  

f o r  those eggs which were l a i d  and l o s t  without being observed by us. 

Adult body weights were obtained from specimens c o l l e c t e d  from hunters  i n  

Gambell p r i o r  t o  s e t t i n g  up camp i n  Kongkok, and from b i rds  shot  l a t e r  i n  

Rongkok Bay f o r  d i e t  s tud ie s .  



In describing chick growth rates, we followed Sealy (1973) and Gaston 

(1985) in determining the 'instantaneous growth rate' at the inflection point 

of the growth curve to yield an estimate of the maximum growth rate of 

chicks. The maximum growth rate probably provides the best basis for intra- 

and interspecific comparisons of growth in alcids (for a detailed discussion 

see Gaston 1985). Maximum growth rates from this and other studies were 

determined by fitting the steepest possible tangent to smoothed growth curves 

(Gaston 1985). Because both asymptotic and fledging weights vary considerably 

within and between study areas, median chick weights were also calculated for 

comparative purposes as the mid-weight between hatching and asymptotic weights 

(Gaston 1985). Another useful comparative parameter determined from growth 

curves was t 10-90' the time (days) it took for chicks to grow from 10 to 90% 
of asymptotic weight (Ricklefs 1967). 

3.2.3 Monitoring Attendance and Censusing 

Auklet attendance was monitored in two ways. First, we conducted total 
2 counts of all auklets present on Owalit (200 rn ) study Plots 1-8 (see 

Appendices) every 0.5 h on 11 days. ithrough the breehing season. Second, we 

set up 8 mrn time-lapse cameras on three plots (7, -3, and 6) to monitor 
2 attendance of birds in relatively small areas (ca. 5 m 1. Time-lapse photos 

were taken every 5 oin using an intervalometer to control film speed. Films 

were later developed and auklet numbers were counted in the lab using a 

time-lapse projector. The longest time series was obtained from Plot 3, and 

overall we collected complete diurnal attendance data on 71 different days 

through the breeding season. Attendance patterns were analyzed using nested 

ANOVA and variance component procedures available on SAS (1985). The effects 

of veather variables (see Section 2.2.3) on auklet attendance were tested by 

measuring Spearman rank correlations. 

Although we suggest new methods for censusing (see Discussion), we 

compared our census counts of Least and Crested Auklets on Owalit Mountain (8 
2 200 m plots) and Kongkok Basin (16 200 m2 plots, Fig. 3.1) with those of 

Searing (1977) and Bedard (1969a) using the same technique described in detail 

by Bedard (1969a). As suggested by Bedard, our census counts at Owalit were 

conducted during the pre-egglaying period (June). Owing to time and weather 



constraints, our counts at Kongkok were not conducted until late July. We 

corrected for seasonal variations by conducting Owalit and Kongkok counts 

simultaneously in July, and then extrapolating the Kongkok counts based on 

differences observed between the June and July Owalit counts. In calculating 

the density of auklets on plots, we followed Bedard (1969a) and Searing (1977) 

by selecting the four highest counts at each plot as representing 'true' 

densities of breeding birds, and deleting the highest count to obtain an 

average from the next three highest counts. 

3.2.4 Diet Collections 

We obtained samples of food being delivered to chicks in two ways. First, 

we mist-netted adult auklets on their breeding habitat at Owalit Mountain, and 

retrieved the contents of food in their gular pouches. Most birds regurgitatd 

upon hitting the net, and so we laid large sheets of plastic on the ground 

below the net to catch the food. Samples were preserved in 5% formalin for 

later analysis. Mist-netting worked effectively for Least Auklets, and 56 

samples were obtained between 7 August and 1 September. M y  five. Crested . 

Auklet samples were obtained over this period using mist-nets. Remaining food 

samples from 18 Least and 49 Crested Auklets were obtained from gular pouches 

of adults collected by shooting at-sea near Kongkok (Booshu camp, ca. 5 km 

away) on 30 August. These samples were also preserved in 5% formalin for 

later analysis in the lab. All food samples were sub-sampled and sorted to 

identify composition (to species level if possible), and total numbers and 

weights of differing taxa were extrapolated (e.g., see Springer and Roseneau 

1985). 

3.3 Results 

3.3.1 Breeding Phenology 

Least and Crested Auklets were first observed nearshore at Gambell on 15 

May, and birds were seen in attendance at Sevuokuk Mountain near Gambell on 18 

May. Full attendance by adults at breeding sites on Owalit Mountain (Kongkok) 

was observed by 2 June. Between 3-26 June, periodic inspection of breeding 

habitat took place at Owalit and Kongkok. These inspections revealed evidence 



of previous breeding a c t i v i t y  (o ld  egg s h e l l s  and a l l a n t o i c  membranes) and 

f r e s h  f eces  i nd ica t ed  new a c t i v i t y  among t h e  t a l u s  rocks. 

F i r s t  eggs were found on 27 June a t  Owalit ( 4  Least and 1 Crested) .  It 

w a s  impossible t o  a s s e s s  l ay ing  phenology because of t h e  d i f f i c u l t y  i n  

determining lay ing  d a t e s  ( s ee  Methods). A small  number of eggs were monitored 

from t h e  day of l ay ing  t o  hatching t o  y i e l d  e s t ima te s  of a u k l e t  incubat ion  

periods (Table 3.1). With hatching d a t a  (Tables 3.1 and Fig. 3.21, t h i s  

sugges ts  t h a t  median l ay ing  occurred around 1-2 Ju ly .  

Only fou r  eggs (out  of 369, o r  1.1%) were suspected t o  have been re- lays 

(Table 3.2). A l l  were found being incubated by a d u l t s  wi th  t h e  remains of  a 

broken, r ecen t ly  l a i d  egg c l o s e  by. Without having observed t h e  s e q u e n t i a l  

l ay ing ,  however, we cannot be c e r t a i n  they  were second eggs r a t h e r  than broken 

and abandoned eggs of o the r  b i rds .  Therefore,  t hese  eggs were t r e a t e d  as 

f i r s t  eggs i n  a s se s s ing  phenology. 

Hatching w a s  h ighly  synchronous and skewed s l i g h t l y  t o  t he  r f g h t  of median 

hatching (Fig. 3.2). About 80% of Least  and Crested Auklet eggs hatched over  

a 7 and 10  day period,  respec t ive ly .  

Fledging of Least  Auklets w a s  a l s o  h ighly  synchronous (ca. 80% over  7 d )  

and skewed t o  t h e  r i g h t  (Fig. 3.2). With longer  incubat ion  and f l edg ing  

periods (Table 3.11, Crested Auklets would have reached median f l edg ing  

around 6 September. Fledging had j u s t  begun a few days p r i o r  t o  our  depa r tu re  

on 2 September. 

3.3.2 Breeding Success 

Least Auklet hatching success  va r i ed  wi th  i n t e n s i t y  of study and l o c a t i o n  

(Table 3.2). Hatching success  was h ighes t  a t  Kongkok and lowest a t  t h e  

In t ens ive  s tudy p l o t  on Owalit Mountain. The b igges t  d i f f e r e n c e  between sites 

was i n  the  high r a t e s  of non-hatching/abandonment a t  t h e  In t ens ive  s tudy  

p l o t s ,  and i n  t h e  h igher  predat ion of eggs on Owalit p lo t s .  The Owalit 

Control and Kongkok p l o t s  were monitored much l e s s  f requent ly  than t h e  

In tens ive  p l o t s ,  and the re fo re  a h igher  proport ion of eggs su f f e red  an 



Table 3.1. Breeding phenology of Least and Crested Auklets on St. Lawrence 
Island i n  1987. 

Least Auklet Crested Auklet 

n Mean - + S .E. Range n Mean - + S.E. Range 

Incubation period 31 30.1 - + 0.51 25-39 20 33.8 - + 0.63 29-40 

Fledgling period 34 29.3 - + 0.37 25-33 6 33 .2+0 .05  - 27-36 

Median laying date * 1 July * 2 July 

Median hatching 76 30 July 75 4 August 

Median fledging 38 28 August * 6 September 

* .Extrapolated from incubation/fledging period and median hatching dates. 



Table 3.2. Breeding success of Least and Crested Auklets on St .  Lawrence 
Island i n  1987. 

Least Crested 

In tens ive  Control Kongkok In tens ive  

n X n X n X n X 

Frequency of v i s i t s  

Tota l  eggs found 

Egg losses  due to: 
Non-hatch/abandoned 
Unknown 
Breaking 
Vole predation 

Eggs re-laid* 

Hatching success 
(Mayfield est imate)  

Chick losses  due to: 
Disappearance 16 (21.1)** 16  (21.1) 6 (12.5) 18 (23.1) 
k a t h  . . 1 2  (15.8) 5 ( 6.8) 3 ( 6.3.) 6 ( 7.7) 
Vole predation 7 ( 9.2) 1 ( 1.3) 0 ( 0.0) 2 ( 1.9) 

Fledging success C 41 (53.9) 54 (71.1) 39 (81.3) 50(64.1)  

Breeding Success AxC 37.6 53.5 69.7 48.5 
(Mayf i e l d  est imate)  BxC 35.8 49.6 65.5 42.0 
Maximum est imate 82 .1 89.9 

* Not included i n  ca lcu la t ions ,  see  t ex t .  
** Values i n  parentheses a r e  percentage of hatched eggs. 
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Figure 3.2 .  Breeding phenology of Least and Crested Auklets. 



unknown f a t e  (disappeared). Some of these  unknown losses  probably resu l t ed  

from eggs r o l l i n g  out of the  breeding site,  while some unknown proportion 

were undoubtedly l o s t  t o  predation by voles and Arct ic  foxes. The f a t e  of 

Crested Auklet eggs on Owalit was s i m i l a r  t o  t h a t  observed f o r  Least Auklets 

on Intensive p lo t s ,  with a high proportion of monitored eggs not hatching o r  

being abandoned and a small proportion su f fe r ing  from vole predation (Table 

3.2). 

Hatching success was re-evaluated using t h e  Mayfield (1975) method t o  

account f o r  egg-losses that might not have been observed by us. Because the  

Intensive p l o t s  provided the  most complete assessment of egg success, egg 

survival  r a t e s  from the  Intensive p l o t s  were applied t o  the  Control and 

Kongkok p l o t s  t o  ca lcu la te  o v e r a l l  hatching success (Table 3.2). Estimates 

of hatching success ca lcula ted  using the  Mayfield method were ca. 5-10% lower 

than est imates made from raw da ta  (Table 3.2). 

Least Auklet f ledging success a l s o  varied markedly between study s i t e s  

(Table 3.2). - As with hatching success, chick disappearance and predation 

r a t e s  were higher oo the  disturbed Owalit p lo ts .  Crested Auklet chick 

mortal i ty r a t e s  were s imi la r  t o  those '  of Least Auklets on O w a l i t .  A much 

higher proportion (15.8%) of Least Auklet chicks died from unknown causes on 

the  Intensive p l o t s  than on the  o ther  p lo t s .  Both chick disappearance and 

mortal i ty a t  In tens ive  p l o t s  may have been elevated by our disturbance and 

handling of chicks f o r  measurements. Overall ,  38% and 30% of a l l  

dying/disappearing Least and Crested Auklet chicks, respect ive ly ,  were 

handled by us. Death r a t e s  were much lower on Control and Kongkok p l o t s  

(Table 3.2). 

Vole predation r a t e s  were highest  on In tens ive  Least and Crested Auklet 

p lo ts .  It is  l i k e l y  t h a t  predation r a t e s  were a l s o  high a t  the  Control 

Owalit p lo ts ,  but went unobserved owing t o  t h e  lower frequency of monitoring 

v i s i t s .  Voles did not a sua l ly  k i l l  chicks ou t r igh t ,  but r a the r  removed some 

f l e s h  from lower back o r  f lank regions. Death o r  disappearance usually 

followed vole a t t a c k s  by a few days. Thus, many of the  'disappeared' chicks 

on the  Control p l o t s  were k i l l e d  by voles and/or exposure, but vanished 

between s i t e  checks (removed by adu l t  o r  scavenger, buried, washed away, 

e t c . ) .  



About 50% of auk le t  chick l o s s e s  occurred wi th in  t h e  f i r s t  week of 

hatching (Fig. 3.31, and over  h a l f  of t h e s e  l o s s e s  were due t o  dea th  from 

unknown causes.  Much of t h i s  dea th  may have r e s u l t e d  from our  handl ing of 

ch icks  compounded wi th  hypothermia of unattended and/or exposed ch icks .  

Attendance of ch icks  by a d u l t s  dropped o f f  r a p i d l y  wi th  chick age (Fig.  3.41, 

r e f l e c t i n g  t h e  gradua l  development of homeothermy of ch icks  i n  t h e  f i r s t  week 

of l i f e  (Sealy 1968). More than twice a s  much r a i n  f e l l  between 2-17 August 

(5 .1  cm) than i n  t h e  previous two months of June and J u l y  (2.1 cm), and much 

of t h i s  f e l l  over  two per iods  (2-3 and 9-12 August) immediately fol lowing 

ch ick  hatching (Fig.  3.2). Many dead ch icks  were found s a t u r a t e d  wi th  water ,  

and i t  i s  l i k e l y  t h a t  r a i n  con t r ibu t ed  s i g n i f i c a n t l y  t o  ch ick  mor t a l i t y .  

Vole preda t ion  was most i n t e n s e  on ch icks  between 5-20 d o l d  (Fig. 3.3). 

This p a t t e r n  probably r e f l e c t s  a decrease i n  ch ick  p ro t ec t i on  by a t t end ing  

a d u l t s  a f t e r  t h e  f i r s t  few days of l i f e  (Fig.  3.41, and an  i n c r e a s e  i n  

mobi l i ty  and a b i l i t y  f o r  defense a g a i n s t  vo les  i n  l a t e r  s t a g e s  (20+ d l ;  wi th  

t h e  vu lnerab le  per iod i n  between. 

Losses were g r e a t l y  reduced a s  ch icks  exceeded an  age of 20 d ,  and no 

chick l o s s e s  were observed a f t e r  22 days (Fig.  3.3). The propor t ion  of 

ch icks  t h a t  simply 'disappeared'  increased  with age up t o  22 d.  Some of 

t he se  'd isappeared '  ch icks  may have wandered from the  breeding s i te  (and 

s t a rved  o r  were predated) ,  and t h i s  was l i k e l y  exacerbated by our d i s tu rbance  

of  h a b i t a t  and a d u l t  chick-feeding a c t i v i t i e s .  Wandering of  ch icks  d i d  no t  

resume u n t i l  l a t e  i n , t h e  chick-rear ing per iod a s  ch icks  approached f l edg ing  

and becane phys i ca l l y  a c t i v e .  Most of t h e s e  ch icks  were re- located on 

repeated checks, o r  could be loca t ed  wi th  a l i t t l e  exp lo ra t i on  of neighboring 

h a b i t a t .  Any ch icks  t h a t  could no t  be re- located a f t e r  surv iv ing  t o  23+ d 

were assumed t o  surv ive  f o r  estimates of breeding success .  

Overal l  breeding success  e s t ima te s  on d i f f e r e n t  s tudy p l o t s  r e f l e c t e d  

hatching and f l edg ing  r a t e s  (Table 3.2). On I n t e n s i v e  p l o t s ,  Crested Auklets 

(48.5%) exh ib i t ed  h igher  breeding success  than Least  Auklets (37.6%). The 

impact of observer  d i s turbance  i s  ev ident  from t h e  f a c t  t h a t  Least  Auklet 

breeding success  was s u b s t a n t i a l l y  h igher  (53.5%) i n  t h e  Control  Owalit 

p l o t s .  S t i l l  h igher  success  a t  Kongkok (69.7%) r e f l e c t s  no t  on ly  decreased 
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Figure 3.3. Sources and frequency of  auklet chick mortality with age of chick. 

(Age of chicks i n  days). 



CHICK AGE (POST-HATCHING) 

Figure 3.4. Frequency of attendance of adult auklets with chicks of varying 
age(days). Sample sizes indicated next to each data point. 



dis turbance ,  but  much lower (o r  absent )  vo le  predat ion.  Using ha tch ing  

success  es t imates  ca l cu la t ed  by .Hayfield's method, o v e r a l l  breeding success  

e s t ima te s  were reduced by only 1.8-6.5%. 

Two f a c t o r s ,  d i r e c t  human d is turbance  a t  nes t ing  sites and unaccountable 

disappearance, c l e a r l y  inf luenced breeding success  es t imates .  I f  we  assume 

t h a t  es t imates  of Least  Auklet breeding success  a t  Kongkok w e r e  t h e  most 

reasonable,  and d iv ide  the  1 0  unknown/disappeared egg and chick l o s s e s  

propor t iona te ly  between all poss ib le  outcomes ( i . e . ,  7 ch icks  f l edge ) ,  then  

breeding succcess  might have been as h igh  as 82%. Crested Auklets were 

s tudied  a t  only one (high) l e v e l  of i n t e n s i t y .  I f  they  were t o  e x h i b i t  t h e  

same propor t iona l  i nc rease  i n  breeding success  a s  Least  Auklets between the  

In t ens ive  and Kongkok p l o t s  (i.e., 1.9-fold improvement), then  Crested Auklet 

breeding success  might have been a s  high as 89.9%. 

3.3.3 Chick Growth 

The weight of Least  Auklet ch icks  increased  s t e a d i l y  f o r  about 21 days 

post-hatching, a f t e r  which mean weights  decreased s l i g h t l y  before climbing t o  

asymptotic weight a t  27 d post-hatching (Figs.  3-5). The average weight of 

ch icks  o lde r  than 22 d, o r  a t  f ledging ,  were about t h e  same (100% and 103%, 

r e spec t ive ly )  a s  a d u l t  weights i n  l a t e  June (Table 3.3). Mean weight-at-age 

decreased s t e a d i l y  a f t e r  ch icks  reached asymptotic weight (Fig. 3.5). Af t e r  

an in i t ia l  l a g  a s  pr imar ies  developed, wing chord l eng ths  increased  s t e a d i l y  

t o  90.1% of a d u l t  wing l eng ths  a t  31 d post-hatching. 

Crested Auklet ch icks  exhib i ted  s i m i l a r  growth p a t t e r n s ,  a l though d a t a  

were not  obtained on any chicks o l d e r  than  32 d post-hatching (Fig. 3.5). 

Weights increased s t e a d i l y  up t o  23 d post-hatching and dec l ined  s l i g h t l y  

before reaching asymptotic weight a t  29 d post-hatching. No f ledging  weights 

were obtained,  but t he  average weight of ch icks  o lde r  than 22 d post-hatching 

was s i m i l a r  (98.4%) t o  a d u l t  weights i n  mid-July (Table 3.4). Crested Auklet 

chick wing chord l eng ths  increased with age a f t e r  an i n i t i a l  5 d l a g  (Fig. 

3.5) and the  maximum chord l eng th  recorded was 85.3% of a d u l t  wing chord 

lengths  (Table 3.3). 



LEAST AUKLETS CRESTED AUKLETS 

AGE (DAYS POST-HATCHING) AGE (DAYS POST-HATCHING) 

Figure 3 . 5 .  Increase i n  body mass and wing chord length with age of auklet 
chicks. 



Table 3.3. Weights and wing chord lengths  of  a d u l t  and chick  a u k l e t s  from 
St .  Lawrence Is land,  1987. 

Least Auklet Crested Auklet 

n Mean - + S.E. Range n Mean - + S .E. Range 

Adult weight (g) 
May 18-20 18 2 8 3 + 5 . 6  250-31 5 
June 6 18 86.6 + 1.5 77-101 6 272 7- 6.0 256-298 
June 31) 8 8 2 . 0 T 1 . 8  - 76-90 34 2 6 0 T 2 . 4  227-285 
July  18 22 2 6 5 T 3 . 2  - 228-294 

Chick weight (g) 
Asymptote 6 90.8 + 3.1 81-100 3 2 6 9 + 6 . 1  - 258-279 
Fledgling 1 2  8 2 . 2 T 2 . 8  72-99 
22+ days 46 8 5 . 0 T 1 . 3  - 64-105 38 2 6 1 + 2 . 8  - 221 -2 90 

Wing length  (mm) 
Adult 18 9 7 . 6 + 0 . 5  95-102 20 1 4 3 + 0 . 9  137-153 
Fledgling 1 2  8 7 . 9 T 1 . 1  - 8 3 - 9 5  1 122 Tmx) 



Maximum growth r a t e s  of Least  and Crested Auklet ch i cks  were s i m i l a r  t o  

those  observed i n  o t h e r  yea r s  and l o c a t i o n s  (Table 3.41, a l though growth 

r a t e s  were lowest  i n  1976. S t .  Lawrence I s l and  growth r a t e s  were g e n e r a l l y  

h igher  than  those  observed a t  S t .  ,%tthew I s l and  i n  1982-83, but lower t han  

growth r a t e s  a t  t he  P r i b i l o f  I s l a n d s  i n  1981-82 (Table 3.4). Crested Auklet 

growth r a t e s  were h igher  i n  1987 a t  S t .  Lawrence I s l and  than  i n  any o t h e r  

year  of s tudy (Table 3.4). 

3.3.4 Attendance P a t t e r n s  

Diurnal  p a t t e r n s  of i nd iv idua l  a u k l e t  a t tendance  were extremely v a r i a b l e  

when examined a t  smal l  temporal and s p a t i a l  s c a l e s .  Figure 3.6 shows t h e  
2 numbers of Least and Crested Auklets s i t t i n g  on a ca .  5 m a r e a  of t a l u s  

s lope  a t  5 min i n t e r v a l s  on 21 June. There a r e  no obvious p a t t e r n s ,  except  

t h a t  both s p e c i e s  were absent  f o r  ca.  1 2  h i n  t h e  middle of  t h e .  day (no t e  

broken s c a l e  i n  Fig.  3.61, and numbers were lower f o r  a s h o r t e r  per iod  i n  t h e  

evening. The timing of presence and absence per iods  var ied  through t h e  

sumner, but  t h e  e r r a t i c  p a t t e r n s  shown i n  Fig. 3;6 were t y p i c a l  on a l l  days 

observed. 

Although i t  is not  obvious from Fig. 3.6, Least  and Crested Auklet . 
numbers were nega t ive ly  c o r r e l a t e d  wi th  each o t h e r  on most days observed 

(73%, n = 771, and many (48%) c o r r e l a t i o n s  were s i g n i f i c a n t .  S i g n i f i c a n t  

p o s i t i v e  c o r r e l a t i o n s  were found on 10% of days.  

Figure 3.7 r e v e a l s  d i u r n a l  a u k l e t  a t tendance  p a t t e r n s  viewed a t  a l a r g e r  
2 s ca l e :  t o t a l  numbers observed on e i g h t  200 m p l o t s  on Owalit Mountain a t  

0.5 h t h e  i n t e r v a l s .  Several  f e a t u r e s  s t and  out :  i) Least  and Crested 

Auklet a t tendance  is c o r r e l a t e d  s i g n i f i c a n t l y  on these  and most (94%) of 77 

time-lapse counts  when d a t a  were i n t e g r a t e d  over  0.5 h i n t e r v a l s ,  ii) both 

spec i e s  i nc rease  a t tendance  r ap id ly  i n  t h e  morning, a t tendance  d e c l i n e s  

slowly u n t i l  a l l  b i r d s  leave  by late-morning/midday, and b i r d s  r e t u r n  i n  

lower abundance i n  l a t e  evening, i i i )  t he  du ra t i on  of morning a t tendance  

i nc reases  through t h e  breeding season, i v )  a t tendance  ends completely by l a t e  

chick-rear ing ( see  Fig.  3.2 a l s o ) ,  and v)  t h e r e  a r e  l a r g e  day-to-day 

v a r i a t i o n s  i n  a t tendance.  



Table 3 . 4 .  Auklet growth parameters*. 

MGR Mid- t (d l  
Species Location Year ( g/d) w t .  10 -90 

Least Auklet SLI 
SLI 
SL I 
SLI 

PRI 
SMI 
SMI 

Crested Auklet SLI 
SLI 
SLI 

* Studies  conducted by us  i n  1987 on S t .  Lawrence Is land  (SLI), 
Roseneau e t  a l .  (1982) i n  1981, Searing (1977) i n  1976, Sea ly  (1968) 
in 1966-67; by Springer  e t  a l .  (1983, 1985) i n  1982-83 on S t .  Matthew 
b l a n d  (SMI); and by Roby and Brink (1986) on t h e  P r i b i l o f s  (PRI) i n  
1981-132. MGR is maximum growth r a t e ;  mid-wt. is t h e  average weight 
of ch icks  mid-way through growth t o  asymptotic weight; and t 10-90 is 
t h e  time (days) f o r  growth between 1 0  and 90% of asymptotic weight.. 



TIME O F  D A Y  (21 JUNE) 

Figure 3.5.  Diurnal attendance patterns o f  auklets a t  Plot  3 on 21 June 1987, 
a s  determined from time-lapse f i l m .  Counts made a t  5 min in terva l s  from 
0430 - 0220 h B.S .T .  (Note break i n  time between 1210 - 1155 h; no auklets  
were i n  attendance during these  hours).  
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Figure 3.7. Diurnal  a t tendance  p a t t e r n s  of auk le t s  i n  d i f f e r e t l t  per iods  of  
t h e i r  breeding season.  Counts of e i g h t  p l o t s  on Owalit Mountain a t  0.5 h 
i n t e r v a l s .  



Analysis of t he  components of v a r i a t i o n  (Table 3.5) i n d i c a t e s  t h a t  

within-day v a r i a t i o n  accounts f o r  most of t h e  t o t a l  v a r i a b i l i t y  i n  auk le t  

a t tendance observed i n  Fig. 3.7. Var ia t ions  i n  at tendance a t  d i f f e r e n t  p l o t s ,  

and v a r i a t i o n s  i n  at tendance between d i f f e r e n t  p l o t s  over a day a l s o  c o n t r i b u t e  

s i g n i f i c a n t l y  t o  t o t a l  v a r i a t i o n ,  but t hese  e f f e c t s  a r e  swamped by within-day 

v a r i a t i o n s  (Table 3.5). Var ia t ion  not  accounted f o r  ( e r r o r ,  due t o  o t h e r  

f a c t o r s  l i k e  observer ,  wind, p r e d a ~ o r s ,  e t c . )  accounted f o r  most var iance  a f t e r  

within-day e f f e c t s .  

Af te r  removing within-day v a r i a t i o n s  from the  a n a l y s i s ,  and using only d a t a  

from 0600-0900 B.S.T. (per iod used f o r  censusing by Bedard 1969a), we found 

t h a t  between-day and between-plot v a r i a t i o n s  accounted f o r  much of t he  t o t a l  

va ra t ions  i n  at tendance,  although t h e  proport ion of var iance  due t o  e r r o r  

remained high (Table 3.6). 

Attendance pa t t e rns ,  and v a r i a t i o n s  i n  at tendance,  were examined more 

c l o s e l y  using d a t a  from time-lapse f i lm.  Although time-lapse techniques a r e  

l imi t ed  by t h e  low number of b i rds  recorded on p l o t s ,  t h i s  i s  more than  

compensated f o r  by t h e  l a r g e  number of 5 min counts  t h a t  can be conducted 

wi th in  hours,  days, and periods of t h e  breeding season. Time-lapse counts  

appear t o  be r ep re sen ta t ive  of a t tendance over l a r g e r  a r eas .  Strong 

s i g n i f i c a n t  c o r r e l a t i o n s  (Least: mean r = 0.67 + 0.096; Crested: mean r = - 
0.62 - + 0.23) between time-lapse ( in t eg ra t ed  over 0.5 h )  and observer  counts  

were observed on a l l  days except August 23, when few a u k l e t s  a t tended  t h e  

colony (Fig. 3.7). By grouping d a t a  i n t o  hours and months, we o b t a i n  an 

in t eg ra t ed  p i c t u r e  of aukle t  a t tendance t o  which we can a s s i g n  e r r o r  terms 

(Fig. 3.8). This in t eg ra t ed  da t a  r e v e a l s  a c l e a r e r  p i c t u r e  of a t tendance  than 

the  observer  counts  (Fig. 3.7) because t h e  between-day var iance  i s  masked. I n  

most r e spec t s ,  p a t t e r n s  revealed by both techniques a r e  s i m i l a r .  More ev ident  

from t h e  time-lapse da t a ,  however, i s  t h e  marked inc rease  i n  Crested Auklet 

a t tendance i n  Ju ly  while  Least Auklet a t tendance remained a t  s i m i l a r  l e v e l s  

between months. 

-Another way t o  examine between-day and seasonal  v a r i a b i l i t y  i s  t o  p l o t  

auk le t  a t tendance in t eg ra t ed  over each day a g a i n s t  d a t e  (Fig. 3.9). This  shows 

more c l e a r l y  how l a r g e  d a i l y  v a r i a t i o n s  can be, and how Crested Auklets 



Table 3.5. Components of v a r i a t i o n  i n  a t tendance  of Least  and Crested 
Auklets a t  p l o t s  1-8 on Owalit Mountain, S t .  Lawrence I s land .  
Nested ANOVA using a l l  da ta .  

Least Auklet Crested Auklet 

Source df F P4 X Var F P< X V a r  

P lo t  7 39.5 0.0001 2.5 120.8 0.0001 8.6 

Period of summer 3 174.2 0.0001 5.2 144.8 0.0001 6 2 

Day (within per iod)  7 65.5 0.0001 0.0 64.2 0.0001 0.0 

Time (within period)  33 123.7 0.0001 49.0 80.0 0.0001 38.7 

P l o t  * period 21 4.0 0.0001 1.4 7.0 0.0001 2.0 

P l o t  * day 49 1.7 0.01 0.3 2.8 0.0001 0.0 

P l o t  * time 23 0 2.3 0.0001 4.3 4.2 0.0001 17.3 

Error  3143 -- - 37.2 - - 26.3 



Table 3.6. Components of variation in attendance of Least and Crested 
Auklets at plots 1-8 on Owalit Mountain, St. Lawrence Island. 
Nested ANOVA on counts conducted between 0600-0900 h Bering Sea 
Time. 

Source 

Least Auklet Crested Auklet 

d f F Pd % Var F Pe % Var 

Plot 7 28.5 0.0001 11.8 41.0 0.0001 22.9 

Period of summer 3 58.6 0.0001 0.0 47.6 0.0001 10.2 

Day (within period) 7 78.8 0.0001 45.7 21.9 0.0001 13.4 

Plot * period 21 1.9 0.01 0.0 2.8 0.0001 1.7 

Plot * day 49 2.2 0.0001 8.2 1.8 0.001 8.1 

Error 508 -- - 34.3 -- -- 43.7 
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Ftgure 3 . 8 .  Diurnal attendance patterns of  auklets  during pre-laying, 
incubation, and chick-rearing a s  determined by time-lapse photography- 
Each data point is  the mean.(+ s . e .  bars) attendance per hour per month. 
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e x h i b i t  a q u i t e  d i f f e r e n t  seasonal  p a t t e r n  of a t tendance than Least Auklets.  

Least Auklet a t tendance peaks during pre-laying whereas Crested Auklet 

a t tendance slowly bu i ld s  t o  a peak dur ing  incubat ion.  

The e f f e c t s  of t he  environment were assessed  by measuring c o r r e l a t i o n s  

between i n t e g r a t e d  d a i l y  at tendance va lues  (excluding t h e  f l edg ing  period)  

and environmental v a r i a b l e s  (Table 3.7). Attendance of both spec i e s  was 

negat ive ly  co r r e l a t ed  with windspeed, which accounts  f o r  many days of low 

at tendance we observed (Figs.  3.7, 3.9). Cor re l a t ions  with t h e  d a i l y  range 

of t i d a l  o s c i l l a t i o n s  were a l s o  negat ive ,  and improved t o  much h igher  va lues  

when d a t a  were grouped over seven day i n t e r v a l s .  Maximum t i d a l  o s c i l l a t i o n s  

r e s u l t  i n  increased  turbulence i n  t h e  water column which may a f f e c t  feeding  

condi t ions ,  and the re fo re  time spent  forag ing  ( P i a t t  1987). Crested Auklet 

a t tendance w a s  a l s o  nega t ive ly  c o r r e l a t e d  with barometric pressure,  and 

p o s i t i v e l y  c o r r e l a t e d  with a i r  temperatures  and r a i n f a l l .  

A s  i nd i ca t ed  i n  Fig. 3.9 and by a n a l y s i s  of var iance  components (Tables 

3.5, 3.61, t he  degree of v a r i a t i o n  i n  a t tendance  d i f f e r e d  between each s t a g e  

of t h e  breeding season, p a r t i c u l a r l y  i n  Crested Auklets. P a r t  of t h e  reason 

f o r  this is probably t h a t  environmental v a r i a b l e s ,  e s p e c i a l l y  windspeed, had 

a g r e a t e r  e f f e c t  on at tendance e a r l y  i n  t h e  breeding season when b i r d s  were 

no t  bound t o  breeding s i t e s  by incubat ion  o r  chick-rearing r e s p o n s i b i l i t i e s .  

For censusing purposes, it is. d e s i r a b l e  t o  know a t  which s t a g e  of breeding 

t h a t  d a i l y  v a r i a t i o n s  a r e  minimized. Coe f f i c i en t s  of v a r i a t i o n  i n  a u k l e t  

a t tendance i n t e g r a t e d  over two week i n t e r v a l s  i n d i c a t e  t h a t  t h e  bes t  time t o  

conduct censuses would be during l a t e  incubat ion  o r  e a r l y  chick-rear ing 

(Table 3.8). 

3.3.5 Population Trends 

We censused a u k l e t s  on O w a l i t  Mountain and Kongkok Basin, and compared 

our  counts  t o  those of Searing (1977) and Bedard (1969a) where comparisons , 

were appropr i a t e  (Table 3.9). A t  both co lon ie s ,  Searing had counted higher  

numbers of Least and Crested Auklets i n  1976 than Bedard i n  1964. A t  Kongkok 

Basin, we counted much high numbers of Least Auklets,  and about t he  same 

number of Crested Auklets i n  1987 as Searing had i n  1976. Considering the  



Table 3.7. Spearman rank correlations between mean numbers of 
auklets attending time-lapse plots per day and 
environmental variables. 

Least Crested 

Variable n r P4 r P <  

Wind speed 

Air pressure 

Tide range 

Tide (7-d means) 

Max. Temp. 

Min. Temp. 

Fog 

Rain 



Table 3.8. Variation in Least and Crested Auklet attendance during different 
periods in their breeding cycle at St. Lawrence Island (counts of 
auklets at 5-min intervals at time-lapse film plots throughout 
breeding). 

Least Crested 

Period Date n Mean S.E. C.V. Mean S.E. C.V. 

Pre-laying JUN 1-15 1289 0.51 0.03 229 0.10 0.01 426 

JUN 16-30 2846 0.48 0.02 238 0.37 0.02 278 

Incubat ion JUL 1-15 3139 0.49 0.02 216 0.76 0.03 224 

JUL 16-31 2095 0.67 0.03 188 1.58 0.06 175 

Chick-rearing AUG 1-15 2171 0.49 0.02 199 1.43 0.05 166 

AUG 16-31 1470 0.05 0.01 549 0.07 0.01 526 



Table 3.9. Mean d e n s i t i e s  of Least  and Cres ted Auklets  on Owalit  Mountain and Kongkok Basin ,  S t .  
Lawrence Is land.*  

Least  Auklet Cres ted  Auklet  
- - --- 

1987 1976 1964 1987 1976 1964 

Loca t Ion n Mean S.E. n Mean S.E. n Mean n Mean S.E. n Mean S.E. n Mean 

Kongkok Basin , . 

G r o u p e d d a t a  48 90 5.9 H 48 56 5.0 39 34 48 42 6.0 H 48 40 12.6 39 30 

N o r t h s i d e  24 58 3.9 L 21  76 8 .1  24 62 3.3 L 21  85 23.7 

South s i d e  24 122 6.8 H 27 40 3.6 24 21  1.6 H 27 5 1 .4  

Owalit Mtn.** 

Grouped d a t a  24 53 3.0 L 24 64 4.9 ? 36 24 32 4.4 H 24 1 3  1.7 ? 19 

P l o t s  1 , 2 , 8  9 44 2.0 L 0 56 4.0 9 25 5.2 H 9 1 0  1.8 

P l o t s  3,4,7 9 50 3.8 L 9 . 60 2.7 9 42 10.1  H 9 1 9  2.5 

P l o t  6 3 80 1 .5  L 3 120 4.1 3 33 1.0 H 3 20 1.8 

P l o t  5 3 65 3.8 A 3 45 4.1 3 23 3.0 H 3 2 0.3 

* Counts from 1987 (our d a t a )  i n d i c a t e d  t o  be h i g h e r  ( H )  o r  lower (L) than coun ts  i n  1976 by S e a r i n g  
(1977). Counts I n  1964 from Bedard (1969b). A l l  coun ts  of 200 m2 a u k l e t  p l o t s .  

** Based on S e a r i n g ' s  o r i g i n a l  f i e l d  n o t e s .  We compared coun ts  from p l o t s  l o c a t e d  i n  similar a r e a s  
(upper s t ra tum:  3 ,  4 ,  2; and lower s t ra tum:  1, 2 ,  8) ,  and two p l o t s  (5  and 6 )  b e l i e v e d  t o  be i n  
e x a c t l y  t h e  same l o c a t i o n s  . 



north and south side of Kongkok separately, there appeared to be a decrease 

in mean densities of both species on the north side, but a large increase in 

densities on the south side. 

At Owalit Mountain, Searing observed an increase in auklet densities 

since Bedard's counts. We observed a small decrease in Least Auklet 

densities since Searing's counts, but a large increase in Crested Auklet 

densities. We believe that two of the plots (5, 6) we monitored in 1987 were 

identical to ones counted by Searing (we found Searing's wooden stakes). 

Least Auklet densities declined at one of these plots, but increased on the 

other. Crested Auklet densities increased at both plots. On the basis of 

Searing's report (1977) and original field notes, we stratified two sets of 

three plots by their locations on the talus slopes (lower: 1, 2, 8; upper: 

3, 4, 7) and compared counts with Searing's plots which were in the same 

general area. Trends were consistent at both sets of plots: Least Auklets 

decreased whereas Crested Auklets increased. 

We did not test the significance of these differences because, as 

demonstrated above (3.3.4 Attendance Patterns), there is so much variability 

in attendance between plots, within-days and between-days, that statistfcal 

comparison of these data would be meaningless. Nonetheless, plots were 

chosen in representative areas and were censused by the same methods over 

similar time periods. While the results may not allow statistical C 

comparison, they may still be biologically valid. If so, our census suggests 

that i) birds increased in some colony areas but decreased in others, ii) 

Least Auklet densities have increased dramatically at Kongkok and declined 

very slightly at Owalit, and, iii) Crested Auklet densities increased c 
dramatically at Owalit, but did not vary at Kongkok. 

3.3.6 Diets 

Least and Crested Auklets had markedly different diets for the period in 

which they were sampled (Table 3.10). Least Auklet diets, which were sampled 

over the entire period of 7 August - 1 September, were dominated entirely by 
calanoid copepods and in particular, by Neocalanus plumchrus, a zooplankton 

species typical of outer domain waters (Fig. 1.1). Least Auklets ate a great 



Table 3.10. Composition of Least (n ' 74) and Crested (n = 54) Auklet meals 
co l l ec t ed  a t  S t .  Lawrence I s l and  between 7 August - 1 September 
1987. 

Least Auklet Crested Auklet 

Prey spec ies  n %No.  X W t .  n %No.  X W t .  

Neocalanus c r i s t a t u s  

Neocalanus plumchrus 44,417 82.9 87.0 909 10.4 1.2 

Calanus marshallae 

Calanoid copepod 690 1 .3  1.0 20 0.2 0.1 

Metridia pacif i c a  

Eucalanus bungii 

Axhae ta  elongata 

Apherusa g l a c i a l i s  1 0.1 0.1 0 0 0 

Anisogammarus puget tens is  

Parathemisto l i b e l l u l a  

P a r a t h a i s t o  p a c i f i c a  

Parathemisto spp. 

Thysanoessa spp. a d u l t  

Thysanoessa spp. f u r c i l i a  

Pandalus spp. zoea 

Paguridae spp. zoea 

Limacina h e l i c i n a  

Squid 

Fish 



var ie ty  of o ther  prey i n  much smaller  q u a n t i t i e s ,  however, including 

amphipods (Parathemisto spp.),  euphausiids (Thysanoessa spp.), and shrimp 

(Pandalus spp.) zoea. Most Crested Auklets were obtained on one day (30 

August) so  they probably do not  adequately reveal  d i e t  breadth. Euphausiids 

(Thysanoessa spp.) t o t a l l y  dominated d i e t s  of Crested Auklets, with copepods 

and amphipods contr ibuting only s l i g h t l y  t o  t h e  t o t a l  composition of d i e t s .  

3.4 Discussion 

3.4.1 Phenology 

The breeding schedules of Least and Crested Auklets i n  1987 were 

apparently normal f o r  St .  Lawrence Island (Bedard 1969b, Sealy 1968, Searing 

1977, Roseneau e t  dl. 1982). In  f i v e  of s i x  previous years  of study 

(1964-67, 1976, 19811, b i rds  ar r ived nearshore i n  l a t e  Hay and egg-laying 

commenced i n  the  l a s t  week of June; s e t t i n g  the  schedule f o r  peak hatching i n  

l a t e  Ju ly /ear ly  August and f ledging i n  l a t e  August/early September. Breeding 

phenology was ca. 10-14 d e a r l i e r  i n  1967,. probably because of unusal ly mild 

weather condit ions and an e a r l y  snowlnelt on breeding h a b i t a t  (Sealy '1968, 

1975). 

Incubation and chick-rearing periods observed i n .  this study were s i m i l a r  

t o  those reported previously from St .  Lawrence Island.  Sealy (1968, 1981) 

estimated t h a t  Least Auklets incubated f o r  ca. 31 d; j u s t  one d longer than 

our average of 30 d. Both these est imates a r e  considerably s h o r t e r  than 

Kuudtson and Byrd's est imate from Buldir I s land (35-36 d l .  Our est imate of 

the  Least Auklet chick-rearing period (29 d )  was the same a s  Sealy's from St .  

Lawrence Island and Roby and Brinks' from St .  George Island.  Similarly,  our 

est imate of Crested Auklet incubation period (34 d )  i s  s l i g h t l y  lower than 

Sealy 's  (36 d l ,  and both these est imates a r e  much lower than Knudtson and 

Byrd's (40-41 d )  from Buldir Island. 

Because of the  d i f f i c u l t y  i n  e s t ab l i sh ing  the  f i r s t  occurrence of eggs 

(see Methods), we cannot be c e r t a i n  t h a t  a l l  eggs used i n  our ana lys i s  of 

incubation t i n e s  were seen on the  f i r s t  day of laying,  and t h i s  may account 

fo r  our est imates being s l i g h t l y  lower than Sealy's.  On the  o ther  hand, 



t h e r e  is  some v a r i a t i o n  i n  incuba t ion  per iod between years  (Sealy 1968) and 

incubat ion  t i m e  may vary cons iderab ly  depending on t h e  degree of d i s turbance  

t o  incuba t ing  b i r d s  (Sealy 1968, 1984). The incubat ion  per iods  repor ted  by 

Knudtson and Byrd (1982) were probably over-estimated, pos s ib ly  owing t o  

d i s turbance ,  but a l s o  because breeding sites were not  checked f r equen t ly  

enough t o  p inpoin t  l ay ing  and ha tch ing  d a t e s  (Sealy 1984). 

Only four  eggs were suspected as being re - lays ,  and i f  inc luded  i n  t h e  

a n a l y s i s ,  would al ter  t h e  assessment of phenology only s l i g h t l y .  The 

proport ion of a d u l t  a u k l e t s  t h a t  may l o s e  and re-lay eggs i s  poorly known. 

Sealy (1968) observed only one p o s i t i v e  case of re-laying i n  Parakeet 

Auklets,  and suspected t h a t  on ly  two re- lays  by Least  and Crested Auklets 

occurred during h i s  per iod of s tudy.  

Breeding phenology of a u k l e t s  a t  S t .  Lawrence I s l and  (63" 24' N) is ca.  

7-10 d later  than  a t  S t .  Matthew I s l a n d  (60" 27' N, Springer  e t  61. 1983, 

19851, ca.  2-3 wk later  than a t  S t .  George I s l a n d  i n  t h e  P r i b i l o f s  (56" 55' 

N, Roby and Brink 19861, and ca.  3-4 wk l a t e r  than  a t  Buld i r  I s l a n d  i n  t h e  

western Aleu t ians  (52" 21' N, Knudtson and Byrd ' 1982). This geographic 

d i f f e r e n c e  i n  phenology i s .  probably r e l a t e d  t o  d i f f e r e n c e s  i n  t he  t iming of  

prey a v a i l a b i l i t y  (Sealy 1968, Birkhead and Harris 1985). 

It appears  t h a t  Least  and Crested Auklets a r e  u sua l ly  q u i t e  synchronized 

i n  lay ing  of eggs, but owing t o  d i f f e r e n t  incuba t ion  and chick-rear ing 

per iods ,  ha tch ing  i s  out  of phase by ca. 5 d ,  and f l edg ing  by ca. 9 d a t  t h e  

end of t h e  breeding season. This  r e p r e s e n t s  on ly  a modest reduc t ion  i n  

temporal ove r l ap  a t  breeding co lon ie s  compared t o  o t h e r  coex i s t i ng  a l c i d s ;  

e.g., ca. one month d i f f e r e n c e  i n  f l edg ing  between Common Flurres (Uria a a l g e )  - 
and A t l a n t i c  Pu f f in s  (F ra t e r cu l a  a r c t i c a ,  P i a t t  1987). 

3.4.2 Breeding Success 

A l l  previous i n v e s t i g a t o r s  have acknowledged t h a t  t h e i r  estimates of 

hatching rates f o r  a u k l e t s  were probably h igh  because search ing  f o r  eggs 

continued throughout the  lay ing/ incubat ion  per iod and eggs l o s t  t o  preda t ion  

o r  o the r  causes  were l i k e l y  underestimated (Sealy 1968, Sear ing 1977, 



Knudtson and Byrd 1982, Roby and Brink 1986). Using the Mayfield (1961, 

1975) method, which is a simple and robust (Johnson 1979) procedure for 

estimating hatching or fledging success rates, this source of error can be 

evaluated. In our case, hatching success was likely overestimated by 5-lo%, 

leading to an overestimate of breeding success by ca. 2-7%. The magnitude of 

this error will depend on how early in the laying/incubation period 

observations begin, and should be evaluated in all auklet studies. 

Our estimate of Least Auklet hatching success on Intensive plots (66-69%) 

was similar to that reported from Buldir Island (68%, Knudtson and Byrd 

1982). Our estimate of Least Auklet hatching success at the relatively 

undisturbed Kongkok plots (80-86%) was close to success reported from St. 

George Island (87-90%, Roby and Brink 1986). By Searing's (1977) account, 

his disturbance of breeding sites was so great that his estimate of Least 

Auklet hatching success (47%) cannot be considered valid. The highest loss 

of eggs on our Intensive plots resulted from non-hatching/abandonment (22%); 

which occurred at much lower rates on the less disturbed Control (6.9%) and 

Kongkok (5.4%) plots. Knudtson and Byrd (1982) reported a similar rate of 

non-hatching/abandonment (29%), as did Searing (24.2%), but Roby and Brink 

(1986) did not report the fate of lost eggs (only 10-13% in total). 

These results are ambiguous and difficult to interpret. Knudtson and 

Byrd's study was incidental to other work on Buldir Island, and breeding site 

checks were conducted much less frequently (ca. 3-7 d) than by Roby and Brink 

on St. George Island (ca. 1-2 d). If observer disturbance is as damaging as 

our results suggest, then Roby and Brink's estimates of hatching success 

should have been lower and at least around the level of other studies. Roby 

and Brink did not indicate whether most eggs were located just prior to 

hatching, but if so, this might account for their high estimates of hatching 

success. Alternatively, perhaps the habitat and birds on St. George Island 

are less vulnerable to disturbance. Application of the Mayfield method to 

their hatching data might have resolved this question. 

Similarly, estimates of Crested Auklet eggs lost due to 

non-hatching/abandonment by Searing (50%), Knudtson and Byrd (22%) and us 

(14X) suggest that observer disturbance is the most important factor 



influencing hatching success estimates. Our overall estimate of Crested 

Auklet hatching success (66-76%) on Intensive plots was similar to Knudtson 

and Byrd's from Buldir Island (76%). Again, Searing's estimate can be 

disregarded owing to extreme disturbance (Searing 1977). 

Disturbance effects may also seriously affect hatching success estimates 

of other alcid species. High egg losses owing to non-hatching/abandonment 

have been reported for Parakeet Auklets (20%, Sealy and Bedard 19731, 

Cassin's Auklet (Ptychoramphus aleuticus, 23-30%, Vermeer and Lemon 19861, 

and Xantu's Murrelet (Synthliboramphus hypoleucus, 14%, Murray et al. 1983). 

Least Auklet fledging success rates also varied considerably between our 

different study plots (54%, 71%, 81%). Greatest chick losses were due to 

chick disappearance and death at the breeding site (37% of nestlings on 

Intensive plots), and most of these losses were probably caused by observer 

disturbance. High Least Auklet fledging success rates were also observed on 

St. George Island (76-82%, Roby and Brink 1986) and on Buldir Island (75%, 

Knudtson and Byrd 1982). Highest chick losses at these colonies were also 

due to death/disappearance (16-19% and 25% of nestlings, respectively). 

Crested Auklet fledging success at St. -Lawrence Island (64%) was similar to 

that observed at Buldir Island (67x1, and most losses at both colonies were 

due to death and disappearance of chicks (31% and 35%, respectively). 

Overall Least Auklet breeding success (no. chicks fledged per egg laid) 

on the least disturbed Kongkok plots (66-70%) was considerably higher than at 

Buldir Island (51%) and a little lower than at St. George Island (67-73%). 

Given differences in methodology, it is impossible to say whether these 

breeding success estimates reflect real differences in the biology of Least 

Auklets between areas or years. The same is true for Crested Auklet breeding 

success, which was somewhat lower at St. Lawrence Island (42-49%) than at 

Buldir Island (51%). 

It is likely that the breeding success rate observed at Kongkok is 

representative for Least Auklets, and that success of both auklets is higher 

than most studies would indicate because: i) Observer disturbance clearly 

reduces breeding success in study plots. Extrapolating from our study to 



account for disturbance effects, Least and Crested Auklet might have breeding 

success rates of ca. 82% and 90%, respectively; ii) The assessment of 

breeding success from breeding sites which are accessible to humans probably 

biases results. It is likely that optimal breeding sites for Least Auklets, 

and especially Crested Auklets, are those in deeper and/or less accessible 

crevices where the effects of human disturbance, predation, and weather are 
C 

less pronounced (Bedard 1969b, Sealy 1968); and, iii) Auklets at Kongkok 

suffer from less predation (see below), and occur in much higher abundance 

and density than at Owalit Mountain (Bedard 1969b, Table 3.9). For many 

seabirds, breeding success is highest where densities are highest (Birkhead 

19851, and thus, the production rates observed at Kongkok may be most typical 
< 

for Least Auklets on St. Lawrence Island, and for the species as a whole. 

The same may be true for Crested Auklets. 

In summary, our study suggests that the breeding biology of < 
crevice-nesting auklets is best studied over a range of conditions. 

Intensive observation may artificially increase adult desertion and chick 

mortality, but the fate of eggs and chicks is more readily assessed. 

Conversely, less disturbed plots yield better estimates of breeding success. 

Finally, different colonies or colony areas may be subject to differing 

effects from predation, habitat type, and bird density. A more thorough 

study of auklets on St. Lawrence Island is required to address these issues. 

3.4.3 Predation and Weather Effects 

In our study, 2-3% of eggs and 2-9% of chicks were lost to predation by 

voles at Intensive plots. Although Tundra Voles (Microtus oeconomus) were 

observed in small numbers, Red-backed Voles (Clethrionomys rutilus) were by 

far the most abundant and widespread small mammal occuring on breeding slopes 

and were likely the source of most predation on auklets (Sealy 1982). 

Sealy (1968, 1982) and Searing (1977) observed similar rates of predation 

on eggs (2-11%) and chicks (1-9%) of Least and Crested Auklets on St. 

Lawrence Islad. Sealy and Bedard (1973) also reported similar rates of vole 

predation on Parakeet Auklet eggs (3.3%) and chicks (20%) on St. Lawrence 

Island. Predation on seabirds by microtine rodents is unustial (Sealy 1982). 



In one extreme case, Murray et al. (1983) observed severe (44%) predation on 

Xantu's Murrelet eggs by deer mice (Peromyscus maniculatus) and suggested 

this was a serious problem for murrelets on Santa Barbara Island. 

This does not appear to be the case for auklets on St. Lawrence Island. 

We observed no predation at the Kongkok Basin colony, possibly because we 

checked breeding sites less frequently there. Nonetheless, our impression 

was that unlike Owalit Mountain, where auklet densities were lower and 

vegetation abundant, few voles were observed in the dense talus scree at 

Kongkok where the majority of auklets breed. Indeed, the high density of 

birds and guano may inhibit growth of plants required by voles. Rates of 

predation at the relatively small (72,000) auklet colony on Sevuokuk Mountain 

studied by Sealy, and at Owalit, may therefore not be representative for the 

majority of the auklet population on St. Lawrence Island. 

Some proportion of 'unknown' egg losses, and 'disappearance' of chicks 

was due to predation by Arctic Fox. Whereas voles left visible marks on eggs 

and chicks, allowing us to measure predation, foxes took whole eggs and 

chicks intact, and we can only speculate about their impact on breeding . 

success. -Arctic Foxes were seen carrying murre eggs' more often than auklet 

eggs during incubation, but Crested Auklet adults and chicks were their main 

fare during chick-rearing. Foxes were seen almost daily on Owalit Mountain, 

and a den in which 8 pups were reared successfully was located near (ca. 200 

m) the slopes where our plots were located. Prey parts scattered around the 

den were mostly from adult Crested Auklets. In mid-August, all 8 pups moved 

onto the slopes with their mother and were observed in the area until we left 

in September. Arctic Foxes were also observed frequently in Kongkok Basin. 

Thus, it is possible that much of the 'unknown' losses of auklet eggs 

(ca. 4%) and chicks (ca. 13-232) was due to predation by Arctic Foxes. 

Although Sealy (1968) suggested that fox predation on St. Lawrence Island was 

negligible, he was working at Sewokuk Mountain near the Yupik Eskimo 

community of Gambell, and fox numbers there are probably limited by hunting 

and trapping (Lane Iyakitan, pers. corn.) The negative impact of fox 

predation on seabird and waterfowl populations in the Aleutians is well 

known, especially from cases where they were introduced to islands for 



farming (Jones and Byrd 1979). Arct ic  Fox predation on auk le t s  a t  St .  George 

Is land may i n h i b i t  population growth the re  (Roby and Brink 1986). On the  

o ther  hand, fox predation may be neg l ig ib le  on l a r g e  i s l ands  with very l a r g e  

seabird colonies and where severe winters  may l i m i t  populations (Sklepkovich 

1986). Both these  condit ions apply t o  St .  Lawrence Island.  

A t  l e a s t  one Red Fox was f requent ly  seen foraging near Owalit, but i t  

seemed t o  prey mostly on rodents. Nunivak Is land is  the  only o the r  i s l and  i n  

Alaska where Red and Arct ic  foxes coexis t  n a t u r a l l y  (Ed Bailey, pers.  corn.). 

Other major auk le t  predators  included Glaucous (Larus hyperboreus) and 

Herring (L. - argenta tus)  Gulls. These were observed pa t ro l l ing  the  breeding 

s lopes  and pursuing a d u l t s  (nos t ly  Least Auklets). 

Another important f a c t o r  influencing aukle t  breeding success on St.  

Lawrence Island i n  1987 was weather. Breeding from boreal  regions t o  t h e  

high Arct ic ,  a l c i d s  regular ly  encounter extreme weather condit ions and i t  is 

not unusual f o r  chicks t o  d i e  from exposure (Sealy 1968). Like Roby and 

Brink (19861, we found t h a t  adu l t  incubation of Least and Grested Auklet 

chicks decreased with chick age up t o  ca. 10  d of age. Sigtilarly, a d u l t  

Cassin's Auklets a t t end  chicks continuously f o r  1-2 d post-hatching, but 

attendance decl ines  s t e a d i l y  f o r  the  next 12  d (Vermeer and Lemon 1986). As 

chicks do not become homeothermic u n t i l  ca. 4-5 d of age (Sealy 19681, 

unattended chicks a r e  p a r t i c u l a r l y  vulnerable t o  cold, wet weather during 

t h i s  s tage.  Thus, i t  was not  su rp r i s ing  t o  observe increased chick morta l i ty  

following two prolonged periods of r a i n  i n  August which came immediately 

a f t e r  median hatching of both species.  This e f f e c t  was probably exacerbated 

by our disturbance of nest ing adu l t s .  

3.4.4 Chick Growth 

Chick growth on St.  Lawrence Island i n  1987 appeared t o  be normal f o r  

Least and Crested Auklets. There was no ind ica t ion  t h a t  auk le t s  had any 

unusual d i f f i c u l t y  feeding and rear ing  chicks a s  median weights, maximum 

growth r a t e s ,  and development times were s imi la r  t o  those found i n  o the r  

years o r  locat ions .  



Sealy (1968, 1981) found that Least Auklet chick mass peaked at ca. 98% 

of adult mass and then declined by ca. 11% before fledging at ca. 88% of 

adult mass. On St. George Island, Roby and Brink (1986) found that Least 

Auklet chick mass did not decline significantly after reaching asymptotic 

mass, and chicks fledged at ca. 108% of adult mass. Like Sealy, we also 

observed a recession in weight (9.8%), but fledgling mass was ca. 103% of 

adult mass. This discrepency occurs only because Sealy compared chicks to 

adults collected throughout the breeding season rather than during the 

chick-rearing period. Bedard (1969a) showed that adult auklet mass declines 

through the season by ca. 11 % (93.4 to 83.4 g). 

Similarly, adult Crested Auklets lose ca. 12% of their mass through the 

breeding-season (300 to 265 g, Bedard 1969a). Thus, Sealy's observation that 

following a 12% recession from asymptotic mass, Crested Auklet chicks fledged 

at ca. 80% of adult mass is a slight underestimate because he took 287 g as 

adult mass, whereas data suggest that adult mass during chick-rearing is 

closer to 265 g (Bedard 1969a, this study), and thus chicks fledge at ca. 

85-90% adult mass. 
) 

In any case, our data corroborate Sealy's findings that Least and Crested 

Auklet chicks exhibit a weight recession prior to fledging. Although 

pre-fledging weight recession is common in the Alcidae (Sealy 19681, the 

cause of this phenomenon is not clear. Sealy (1968, 1981) suggested it may 

occur because of increased physical activity by chicks prior to fledging. 

But if so, then Least Auklet chicks on St. George Island should have also 

' exhibited some weight recession. 

Alternatively, Sealy suggested that reduced chick feeding activity by 

adults at the end of chick-rearing may account for chick weight recession. 

There are no data on seasonal trends in chick feeding by auklets with which 

to test this hypothesis. However, chicks on St. George Island exhibited the 

fastest growth rates, shortest growth periods, and highest fledging weights 

of any study on Least Auklets to date. This suggests an abundance of food at 

St. George Island during the period of study; and this may explain the 

absence of a recession in chick weight. 



Our data  on attendance pa t t e rns  revealed t h a t  a d u l t  attendance ends 

completely during the  l a t e  chick-rearing period. This suggests t h a t  foraging 

becomes progressively more time-consuming a s  the  chicks near  f ledging age, 

and would support Sealy's suggestion t h a t  chick weight recession r e s u l t s  from 

reduced feeding a c t i v i t y .  

3.4.5 Attendance Pat terns  and Population Monitoring 

The general  pa t t e rn  of aukle t  attendance t h a t  we observed on St .  Lawrence 

Is land,  i .e . ,  pronounced d iu rna l  peaks i n  morning and evening, have been 

observed there  previously (Bedard 1969a1, a t  Buldir Is land i n  the western 

Aleutians (Byrd e t  a l .  19831, and a t  the  P r ib i lo f  Is lands  (Least Auklets 

only; Roby and Brink 1986). Al l  inves t iga to r s  have noted a s h i f t  i n  

attendance through the  breeding season, with more b i rds  a t tending l a t e r  i n  

the  day a s  the  season progresses. 

Roby and Brink (1986) assessed attendance by monitoring the 'net  

movement' of a d u l t  and immature b i rds  t o  and from breeding s i t e s .  They 

determined t h a t  the  period of apparent non-attendance during midday of the  

chick-rearing period i s  deceptive a s  a d u l t  b i rds  a r e  a c t u a l l y  coming and 

going with food f o r  chicks; they jus t  do not  l i n g e r  a t  breeding s i t e s  long 

enough t o  be observed 'a t tending' .  Based on t h e i r  observations of marked 

individuals  a t  a small colony s i t e ,  they concluded t h a t  the  bes t  time t o  

census breeding a d u l t s  w a s  during evening hours of the  mid t o  l a t e  

chick-rearing periods because a t  t h a t  time, only a d u l t s  with meal d e l i v e r i e s  

were observed a r r i v i n g  a t  the  colony. 

Similarly,  Byrd e t  a l .  (1983) examined attendance of Least and Crested 

Auklets by measuring net  movement a t  d i f f e r e n t  p lo t s ,  and a l s o  by counting 

a t tending b i rds  i n  the  manner described by Bedard (1969a). Like Roby and 

Brink (19831, they assumed t h a t  the  ne t  movement technique could be used t o  

approximate the  a c t u a l  number of breeding p a i r s  i f :  i )  both members of the  

p a i r  spend the  night  i n  the  breeding crevice ,  i i )  i n  the  morning, one member 

of a p a i r  leaves the crevice ,  sits around outs ide  f o r  a while, then f l y s  out 

t o  sea t o  spend the day feeding, and, i i i )  t h a t  same evening, the  feeding 

bird re turns ,  sits outside the crevice f o r  a while, then re turns  t o  its 



crevice and waiting mate. The pattern presumably repeats itself the next day 

when the other bird goes to sea. 

Byrd et al. (1983) compared census estimates derived from the net 

movement of marked birds with estimates derived by observer counts of total 

birds attending (Bedard technique), and found that the net movement technique 

resulted in estimates about an order of magnitude greater than the Bedard 

technique. Estimates from both techniques were significantly correlated, 

although the correlation was much weaker in Least Auklets. Byrd et 61. 

suggested this was because Crested Auklets, which are much bigger, intimidate 

Least Auklets and where the two co-occur, reduce the amount of time Least 

Auklets spend outside their crevices. Our observation of a negative 

correlation in attendance of these species over small spatial scales supports 

this conclusion. 

There are pros and cons associated with both census techniques. Bedard's 

technique is favorable because: i) large numbers of attending birds may be 

counted in many plots by a single observer, ii) there does appear to be a 

direct relationship between the number of breeding'. adults standing around 

outside their crevices and breeding bird densities (-Ian Jones, pers. comm.), 

and, iii) the technique is relatively simple to apply and interpret. Oo the 

negative side: i) counts are conducted during the pre-egglaying stage when 

attendance is most variable, ii) Least Auklet attendance may be reduced in 

the presence of high densities of Crested Auklets, iii) it assumes that all 

breeders are in attendance on talus slopes early in the mornings prior to 

laying, and, iv) count variability is handled by the dubious technique of 

arbitrarily taking a mean value of the second, third, and fourth highest 

counts as the total number of breeding birds. 

The net movement teclmique is favorable because: i) it estimates actual 

numbers moving in and out of the talus slopes rather than static attendance, 

and thus provides a much nore reliable indication of the total number of 

breeding birds, and, ii) it can be used at any stage of the breeding cycle; 

e.g., during incubation when attendance is more stable. On the negative 

side: i) a substantial banding effort is required to mark birds for net 

movement observations and population estimates, ii) counts are time-consuming 



and d i f f i c u l t  t o  conduct i n  high dens i ty  a reas ,  i i i )  count variance i s  very 

high, i v )  the  general  assumptions (see above) may not be r e l i a b l e .  For 

example, both a d u l t s  may sometimes forage f o r  chicks thereby doubling ne t  

movement est imates,  and, v)  i n t e r p r e t a t i o n  of ne t  movement es t imates  a r e  not 

s traightforward,  and vary with the  s t age  of breeding (Byrd e t  a l .  1983). 

Given a l l  these  problems associa ted  with these  census techniques, we 

recommend a new approach t o  censusing auk le t s  based on time-lapse 

photography. Our da ta  c l e a r l y  i n d i c a t e  tha t :  i )  within-day, between-day, 

and between-period v a r i a b i l i t y  i n  at tendance i s  extreme and cannot be 

adequately d e a l t  with by observations over only a few days (a s  i n  the  above 

techniques),  i i )  environmental per turbat ions  add another  component of 

variance t h a t  cannot be addressed with short-term counts, i i i )  attendance i s  

l e a s t  var iable  during l a t e  incubation and e a r l y  chick-rearing, i v )  Crested 

Auklets exh ib i t  a markedly d i f f e r e n t  seasonal  pa t t e rn  of attendance than 

Least Auklets, with peak attendance occurring during incubation and e a r l y  

chick-rearing . 

Thus, we recommend t h a t  aukle t  censusing should be conducted by < 
es tab l i sh ing  permanently marked s i t e s  wi th in  auk le t  colonies where 35 rnm 

time-lapse cameras can be mounted t o  photograph l a rge  p l o t  a reas  (ca. 200 
2 m '1 a t  regular  i n t e r v a l s  (e.g., 20 min) during a two week period i n  the  

l a t e  incubation - ea r ly  chick-rearing period. P lo t  a reas  could be del ineated  

with polypropelene rope t o  def ine  p lo t  boundaries i n  the  photographs. Auklet 

counts made from these  photographs could be in tegra ted  over the  e n t i r e  period 

t o  obta in  a s i n g l e  measure, with a variance est imate,  of aukle t  attendance i n  

d i f f e r e n t  years. We believe tha t  two weeks would be adequate t o  dea l  with 

within-day and between-day variance, and weather e f f e c t s .  

There a r e  many advantages t o  t h i s  approach: i )  once es tabl i shed,  da ta  

can be col lec ted  with l i t t l e  more e f f o r t  than changing the  camera f i lm pack 

a t  appropriate i n t e r v a l s ,  i i )  an index of populations can be obtained which 

allows f o r  t e s t i n g  the  s igni f icance  of t rends,  i i i )  s ince  we a r e  counting 

t o t a l  b i rds  a t tending a s  an index of population s i z e ,  the  cont r ibut ion  of 

immatures t o  t o t a l  counts i s  i r r e l e v a n t ,  although inves t iga to r s  may assess  

t h i s  independently during the  count period,  i v )  inves t iga to r s  a r e  released 



from the time-consuming task of all-day counts, and may gather appropriate 

ancillary data on breeding success and feeding habits. 

Clearly, this approach needs to be evaluated further at St. Lawrence 

Island and elsewhere. However, we believe it offers great potential for 

detecting population trends at auklet colonies. One additional approach, 

which we failed to undertake in 1987, would be to document by maps and 

photographs the total area occupied by breeding auklets at specific 

colonies. This would serve to monitor possible variations in breeding 

densities at the periphery of colonies where, in fact, population changes may 

be more evident or pronounced. 

3.4.6 Population Trends 

Given the above discussion, the limitations of our auklet censuses 

conducted using the Bedard technique should be evident. If we accept that . 

the censuses conducted by Bedard (1969a1, Searing (1977) and ourselves in 

1987 are comparable, then it appears that i) Least Auklet densities have 

increased dramatically at Kongkok but declined very slightly at Owalit and, .. 

ii) Crested Auklet densities have increased dramatically at Owalit, but not t 

at Kongkok. Overall, the densities of both species have increased since 

Bedard's study. 

We can only speculate on the cause of this increase, if indeed it is 

real. If populations are limited by food, then it may be that food has 

become increasingly more abundant or available over the 23-year period 

examined. Pending assimilation of further information, there are few data 

with which to assess this hypothesis. Water temperatures in the northern 

Bering Sea showed a general warming trend in the mid-1960's, followed by a 

cooling trend from the late 1960's to mid-1970's, followed by another warming 

trend since about 1976 (Coachman et al. 1975, Springer et al. 1984). If 

zooplankton populations in the area of St. Lawrence Island have responded to 

these variations, this may have influenced breeding success of auklets over 

the years, but the absence of a consistent oceanographic trend does not 

explain the (apparent consistent increase in auklet populations. Given the 

large number of other factors likely to affect zooplankton; e.g., food 



supp l i e s ,  cu r r en t  movements, predat ion,  e t c . ,  i t  is not  l i k e l y  t h a t  

temperature f l u c t u a t i o n s  a lone  could exp la in  the  * t r e n d *  i n  a u k l e t  

populations.  

A reduct ion  i n  t h e  amount of preda t ion  on a u k l e t s  by foxes and humans may 

be p a r t i a l l y  respons ib le  f o r  i nc reas ing  a u k l e t  numbers. Native t r app ing  of 

foxes has taken p lace  f o r  many years  on S t .  Lawrence I s l and ,  and wi th  t h e  

a r r i v a l  of modern, more e f f i c i e n t  t r a p s  and snowmobiles i n  t h e  196OVs, t h e  

populat ion of foxes  on St .  Lawrence I s l and  has been reduced (Lane Iyaki tan ,  

pers.  comm.). I n  add i t i on ,  t he  t r a d i t i o n a l  Native method of cap tu r ing  

a u k l e t s  i n  n e t s  a t  t h e i r  breeding sites has  apparent ly  f a l l e n  i n t o  d i s f a v o r  

a t  Kongkok, poss ib ly  because ample numbers are taken now by shoot ing  a t  sea. 

We found numerous s tone  w a l l s  and b l i n d s  a t  both Owalit and Kongkok t h a t  were 

used i n  t h e  pas t  f o r  h id ing  while  n e t t i n g  b i r d s ,  but  t hese  appeared not  t o  

have been used i n  recent  years ,  and we observed no n e t t i n g  i n  1987. Thus, 

the i n d i r e c t  nega t ive  e f f e c t  of n e t t i n g  (d i s rup t ion  of  a d u l t  a t tendance  and 

chick-feeding) and d i r e c t  e f f e c t  ( l o s s  of breeding a d u l t s )  has  been reduced 

o r  e l imina ted  s i n c e  BedardVs time. 

F ina l ly ,  t h e  d i f f e r e n t  p a t t e r n s  of 'populat ion inc rease  a t  Kongkok and 

O w a l i t  between a u k l e t  spec i e s  may be due t o  competi t ive i n t e r a c t i o n s  and 

h a b i t a t  d i f f e r ences  between these  sites. The h a b i t a t  a t  Kongkok d e f i n i t e l y  

f avo r s  Least Auklets,  e s p e c i a l l y  on t h e  south  s i d e ,  because t h e  t a l u s  is  

cdmposed of a gene ra l ly  shallow l a y e r  of small boulders  (Bedard 1969a, 

Searing 1977). The r eve r se  is found on Owalit, where a deep l a y e r  of t a l u s  

composed of l a r g e  boulders would favor  breeding by Crested Auklets (Bedard 

1969a, Searing 1977). The f a c t  t h a t  Crested Auklets d i d  not  d e c l i n e  i n  t h e  

f a c e  of a l a r g e  inc rease  i n  Least Auklets a t  Kongkok, bu t  t h a t  Least Auklets 

dec l ined  when Crested Auklets increased  a t  Owalit, suppor ts  t he  idea  t h a t  

t h e r e  is  assymetr ic  i n t e r f e r e n c e  competi t ion between these  spec i e s  with 

Crested Auklets being supe r io r  because of t h e i r  l a r g e r  s i z e  and aggres s ive  

behavior (Bedard 1969a, Byrd e t  a l .  1983, t h i s  s tudy) .  

3.4.7 Auklet Die ts  

The d i e t s  of Least and Crested Auklets i n  August 1987 were similar t o  

d i e t s  reported by Bedard (1969b) f o r  t he  same t i n e  period: Least  Auklets 



consumed almost entirely copepods, whereas Crested Auklets consumed almost 

entirely euphausiids. Although auklets take a greater variety of prey 

earlier in the breeding season, Bedard (1969b) observed in all three years 

(1964-1966) of his study that both auklets became nearly monophagic in late 

July, and maintained this trend through most of August. Based on a review of 

the biology of relevant zooplankton species, he suggested that zooplankton 

blooms in late summer result in a superabundance of these food items, leading 

to a predominance of the most abundant species in the diets of auklets. 

Subsequent investigations on Least Auklets by Searing (1977) and Springer and 

Roseneau (1985) in 1981 have revealed a similar pattern of monophagy during 

the chick-rearing period. 

The species composition of diets that we observed was very similar to 

that reported by Bedard for Crested Auklets (i.e., predominantly Thysanoessa 

spp., with very small proportions of Parathemisto spp. and calenoid 

copepods), but was markedly different for Least Auklets. Whereas we, and 

other investigators (Searing 1977, Springer and Roseneau 19851, found that 

Least Auklets consumed predominantly Neocalanus plumchrus, and generally much 

lower proportions of Calanus marshallae and - N. cristatus, Bedard reported 

that - C. finmarchicus (now called C. marshallae in the Pacific) was the - 
dominant calenoid copepod in diets and reported no observations of - C. 
plumchrus. The remainder of prey identified by Bedard were similar in 

composition to those reported by all subsequent investigators. 

This striking difference seems odd, especially since - C. marshallae is 

most common in middle domain waters of the Bering Sea (Fig. 1.1), where it 

dominates the diet of Least Auklets on St. Matthew- Island (Springer and 

Roseneau 1985). It seems unlikely that Bedard would not have seen at least a 

few - C. plumchrus in three years of study, unless there has been some major 
change in zooplankton fauna since his time. However, the concordance in 

occurrence of all other species in diets between 1964 and 1987 argues against 

such an explanation. The simplest explanation may be that Bedard 

mis-identified - C. plumchrus as - C. finmarchicus, because as he noted (p. 1036, 
1969b): "No detailed study of Calanus is available for the present study 

area and it is not certain that - C. finmarchicus, sensu stricto, is the form 

present. " 



Like Bedard (1969b1, we noted on s e v e r a l  occasions a marked seg rega t ion  

i n  o f f sho re  feeding a r e a s  used by Least and Crested Auklets (Chapter 41, and 

where each spec i e s  occurred they were grouped i n  l a r g e ,  h igh  dens i ty  

aggregat ions.  These b i r d s  may have been a s soc i a t ed  with dense swarms of 

zooplankton which were concentrated along t h e  edge of f r o n t s ,  o r  near  t h e  

thermocline, i n  Anadyr water t o  t he  northwest of S t .  Lawrence I s l and .  

S imi l a r ly ,  dense feeding f l o c k s  were o f t e n  observed nearshore when wind 

events  r e s u l t s  i n  nearshore upwelling and concent ra t ion  of prey (Bedard 

1969b, Springer  and Roseneau 1985). The segrega t ion  of a u k l e t s  sugges ts  t h a t  

prey were segregated a l s o ,  and may exp la in  why d i e t  composition of i n d i v i d u a l  

b i r d s  w a s  o f t e n  t o t a l l y  dominated by only  one spec ies .  

There is no i n d i c a t i o n  t h a t  a u k l e t s  had 'musual  d i f f i c u l t y  i n  ob ta in ing  

food i n  1987. Meal composition w a s  similar t o  t h a t  of previous years ,  ch ick  

meal loads  were apparent ly  normal, breeding success  w a s  q u i t e  high, and ch ick  

growth r a t e s  were average o r  b e t t e r  than i n  r ecen t  years .  On t h e  o t h e r  hand, 

a d u l t  body weights during incubat ion  were i n  t h e  range descr ibed by Bedard 

(1969b) i n  1966 a s  being poss ib ly  i n d i c a t i v e  of a 'poor' year  f o r  food. 

However, a d u l t  weights over t h e  whole season were g e n e ~ a l l y  lower than those 

observed by Bedard, s o  t h a t  t h e  lower weights we observed may only r ep re sen t  

a long-term d e c l i n e  i n  average body mass. 
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4.1. Introduction 

Previous surveys in Alaskan waters have located concentrations of foraging 

seabirds (e.g., Forsell and Gould 1981, Hunt et al. 1981, Gould et al. 19821, 

but there has been little replication of transects involved in this work. The 

persistence and recurrence of feeding "hot spotsw has in most instances not 

been determined, and resource managers are therefore liable to make decisions 

without the benefit of realistic information on seabird habitat requirements. 

Primary objectives of the shipboard observations near St. Lawrence Island in 

1987 were: (1) to identify major foraging areas used by seabirds breeding in 

colonies on the west end of the island, and (2) to determine whether offshore 

feeding aggregations are persistent and predictable. The present analysis 

concerns the focal species of colony studies conducted at Kongkok Bay: Common 

and Thick-billed Murres, Crested and Least Auklets, and Black-legged 

Kittiwakes. 

4.2. Methods 

Surveys were conducted aboard the M/V TIGLAX between. 18 August and 3 
( 

September near colonies on the west end of St. Lawrence Island. Three 

transects were chosen for replication. One (WSW transect) was a polygonal 

cruise track that began and ended about 2 km offshore from the Kongkok 

colonies (63'22' N, 171°49' W) (Fig. 4.1). A second transect (NNW line) 

began about mid-way between Kongkok Bay and Gambell (63'32' N, 172°00' W) 

and proceeded across the Anadyr Strait to 64'00' N, 172'20' W. The third 

transect ( W E  line) began at the northwest cape of St. Lawrence Island near 

Gambell (63O50' N, 171°45' W) and proceeded into the Chirikof Basin, 

ending near the international dateline at 64'43' N, 170'45' W. Nine 

replicates of transect 1 (WSW) were completed between 19 and 27 August, two 

replicates of transect 2 (NNW) were completed on 22 August and 26 August, and 

five replicates of transect 3 (WE) were completed between 23 August and 1 

September. Specific dates and times of these surveys are given in Tables 

4.1-4.3. 

Birds were counted continuously while the ship was underway. The census 

area consisted of a moving 300 x 300 m zone extending forward and abeam of the 



, .....: - . . .=./ a? 1 I 1 1 - . - -. . . . . . -. 
BERING S E A  

6C- 

WSW (9) 3 

- 
0 25 50 - 

km 

1 73' I 1 ? f  1 169" 
I 

Figure 4.1. Orientation of transects used for shipboard surveys of seabirds 
near S t .  Lawrence Island i n  August-September, 1987. Tracks are numbered 
sequentially along the transect l i n e s ,  and the number of replicates 
completed for each transect i s  indicated i n  parentheses. 



vesse l .  Ship speed w a s  maintained a t  approximately 10  knots.  -Ill b i r d s  were 

i d e n t i f i e d  t o  spec i e s  except murres, which gene ra l ly  could no t  be 

d is t inguished  as e i t h e r  Thick-billed o r  Common Murres. The behavior ( s i t t i n g  

on t h e  water o r  f l y i n g )  of a l l  b i r d s  was recorded, a s  were t h e  f l i g h t  

d i r e c t i o n s  of b i r d s  observed i n  t h e  air .  Here w e  d e a l  exc lus ive ly  wi th  counts  

of  b i r d s  on t h e  water  i n  t h e  case  of a u k l e t s  and murres, but  i nc lude  a l l  d a t a  

( s i t t i n g  o r  f l y i n g )  f o r  k i t t iwakes .  The reason f o r  t h i s  i s  t h a t  a l c i d  s p e c i e s  

tend t o  spend t h e i r  time e i t h e r  swimming on t h e  su r f ace  o r  d iv ing  when they  

a r e  exp lo i t i ng  a feeding  a r e a  ( a s  opposed t o  moving between a r e a s ) ,  whereas 

k i t t iwakes  a r e  known t o  engage i n  both s u r f a c e  a c t i v i t y  and a e r i a l  searching  

behavior while foraging.  W e  were p r imar i ly  i n t e r e s t e d  i n  documenting t h e  

d i s t r i b u t i o n a l  p a t t e r n s  of a c t i v e l y  foraging  b i rds .  

The u n i t  of observa t ion  used i n  t h e  fol lowing ana lyses  i s  t h e  number of 

b i r d s  observed during each 10-minute time i n t e r v a l .  I n  a l l ,  473 10-minute 

counts were obtained dur ing  t h e  s tudy  (excluding- non-replicated c r u i s e  

t r acks ) .  To f a c i l i t a t e  t h e  p re sen ta t ion  and a n a l y s i s  of s p a t i a l  p a t t e r n s  i n  

b i r d  d i s t r i b u t i o n ,  w e  divided t h e  t h r e e  primary t r a n s e c t  l i n e s  i n t o  a number 

of " t racks" defined by t h e  turn ing  p o i p t s  of t h e  polygon (WSW t r a n s e c t )  o r  t h e  

l o c a t i o n s  of hydrographic s t a t i o n s  (NNW and NNE l i n e s )  (Fig. 1 ) .  Generally,  

seven 10-minute counts  per  t r a c k  were completed during each r e p l i c a t e  of  t h e  

WSW t r a n s e c t  l i n e ,  and s i x  10-minute counts  pe r  t r a c k  were conducted during 

each r e p l i c a t e  of t he  NNW and NNE l i n e s .  Excluded from t h e  a n a l y s i s  a r e  

counts cu t  s h o r t  by t h e  a r r i v a l  of t h e  s h i p  on s t a t i o n  o r  t h e  presence of 

i n t e r m i t t e n t  fog t h a t  reduced v i s i b i l i t y  t o  l e s s  than 300 m. 

Analysis of t h e  v a r i a t i o n  i n  b i r d  d e n s i t i e s  per  10-minute count w a s  

performed using t h e  SAS package of s t a t i s t i c a l  programs (SAS Inc.  1985). The 

survey design descr ibed i n  Figure 4.1 and Tables 4.1-4.3 permitted us  t o  

a s s e s s  t h e  v a r i a b i l i t y  a t t r i b u t a b l e  to:  ( a )  d i f f e r e n c e s  among major survey 

a r e a s  (SSW, NNW, and NKLE t r a n s e c t s ) ,  (b)  d i f f e r e n c e s  among t r a c k s  wi th in  

t r a n s e c t  a r e a s ,  (c )  d i f f e r ences  among days f o r  a given t r a c k  o r  t r a n s e c t  a r e a ,  

and ( d l  temporal d i f f e r ences  among r e p l i c a t e s  completed wi th in  t h e  same day 

(WSW t r a n s e c t  a r ea  only) .  Areas, t r a c k s ,  days, hours ,  and i n t e r a c t i o n s  were 

a l l  t r e a t e d  a s  random (as opposed t o  f i x e d )  e f f e c t s ,  and SAS procedures NESTED 

and VARCOblP were used t o  es t imate  t h e  components of var iance  a s soc i a t ed  wi th  



Table 4.1. Dates and times (Alaska Daylight Time) for replicated 

cruise tracks off Kongkok Bay (WSW transect), 

St. Lawrence Island, 1987. 

Date Time 

Day 1 

Replicate 1 

Replicate 2 

Replicate 3 

Day 2 

Replicate 4 

Replicate 5 

Day 3 

Replicate 6 

Day 4 

Replicate 7 

Replicate 8 

19 August 

19 August 

19 August 

21 August 

21 August 

22 August 

26 August 

26 August 

Day 5 

Replicate 9 27 August 



Table 4 .2 .  Dates and times (Alaska Daylight Time) f o r  repl icated  

NNW l i n e  i n  Anadyr S t r a i t ,  S t .  Lawrence Island, 1987. 

Date Time 

Replicate 1 22 August 0848 - 1415 

Replicate 2 26 August 



Table 4.3. Dates and times (Alaska Daylight Time) for replicated 

NNE line, St. Lawrence Island, 1957. 

.-- - . -- - - -  ~ ~ 

Date Time 

Replicate 1 

Replicate 2 

Replicate 3 

Replicate 4 

23 August 

28 August 

29 August 

31 August 

Replicate 5 1 September 0931 - 2024 



each crossed or nested effect. We also report the significance levels of 

non-zero components of variance (from F-ratios of their mean squares), but we 

caution that such tests are inexact and possibly unreliable because of: (a) 

unbalanced cell frequencies in model 11 ANOVAs'(Soka1 and Rohlf 19811, and (b) 

the likely failure of transect data to meet the assumptions of normality and 

independence. In any case, our estimated variance components are useful for 

designing future surveys and for interpreting the results of past and future 

surveys that do not incorporate replication. 

4.3. Results 

The distributions of foraging auklets were extremely patchy, with few 

birds encountered for hours at a stretch, followed by periods when up to 

several hundred birds were seen per lo-minute count. Foraging concentrations 

of Least and Crested Auklets were largely non-overlapping. The only sizeable 

aggregations of either species occurring in the WSW transect area were of 

birds staging on the water immediately offshore from breeding colonies or 

flying in a north or northwesterly direction toward feeding grounds in Anadyr 

Strait or the Chirikof Basin. We found feeding concentratioqs of auklets 

primarily along the NNE line, and mean densities per track were 

correspondingly high in that area (Figs. 4.2. and 4.3). The considerable 

differences among tracks in mean auklet density along the NNE line are 

indicative of the clumped dispersion of these birds encountered on each of the 

several days we spent in the area. 

Murres reached their highest densities along the NNE line, but they also 

occurred at moderate densities throughout the area southwest of large breeding 

colonies in Kongkok Bay and vicinity (Fig. 4.4). In contrast to both auklets 

and murres, Black-legged Kittiwakes occurred at relatively low densities 

throughout the study area, but appeared to be more abundant off Kongkok Bay 

than farther north (Fig. 4.5). 

Using tracks within the transect lines as our spatial scale of resolution, 

.we found that feeding concentrations typically were not located in the same 

places on different days. High densities ( >  75 birds/lO-minute count) of 

Least Auklets, for example, were found in most tracks along the NNE line at 



+ 1 1 I 

LEAST AUKLET 

SCALE 65% 

0 0 

1-20 
20.1-40 . 
40.1-60 - 

- 64% 

T. LAWRENCE 

- - 

- 
0 25 50 

6 s  

* 
km 

b 17P I I 171' I 1 6sP I 
h 

Figure 4.2. Overall mean densities within tracks (birds/lO-minute count) of 
Least Auklets in E W ,  NNW, and NNE transect areas from 18 August - 1 
September, 1987. 
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Figure 4.3. Overall mean densities within tracks (birds/lO-minute count) of 
Crested Auklets in WSW, NNW, and NNE transect areas from 18 August - 1 
September, 1987. 



d 

I .. ;( I I 1 $ ...? .. - .-: 
...I .... .. MURRE SPECIES 

SCALE 66?- 

0 0  
1-5.0 

5.1-10.0 

- 

- 

- 
0 25 50 

km 

173' I 171" I 169" 
h 

_r 

Figure 4 . 4 .  Overall aean densi t ies  within tracks (birds/lO-minute count) of 
murre species i n  WSW, NMJ, and ME transect areas from 18 August - 1 
Septenber, 1987. 



Figure 4 .5 .  Overall  mean d e n s i t i e s  w i t h i n  tracks  (birds/lO-ninute count) of 
Black-legged Kittiwakes i n  WSW, NNW, and NNE t r a n s e c t  a r e a s  from 18  August 
- 1 September, 1987. 



least once, but densities in the same tracks were lower at other times by an 

order of magnitude (Fig. 4.6). Similar variability is evident in the data for 

Crested Auklets and murres (Figs. 4.7 and 4.8). Black-legged Kittiwake 

densities appeared to have smaller temporal fluctuations, at least in the NNE 

transect area (Fig. 4.9). 

In a nested analysis of variance (days surveyed nested within WSW, NNW, 

and NNE transect areas), the seemingly large differences among areas 

illustrated in Figures 4.6-4.9 were found to be significant only for the 

Black-legged Kittiwake and, marginally, for the Least Auklet (Table 4.4) . 
That is, after taking daily variation into account, there was little or no 

basis for inferring area differences in densities of murres or auklets. For 

comparison, we ran single classification ANOVAs (testing for area effects 

while ignoring temporal variation) and found highly significant differences 

among areas for all four species (P< 0.0001 in all cases). 

Within transects, area differences can be evaluated with reference to 

tracks. Days were crossed (not nested) with tracks, because all tracks were 

surveyed on the same days. The interaction between track and day contributed 

substantially to the variances observed in NNE and I W  transect areas (Tables 

4.5 and 4.61, which implies that any conclusions about spatial differences 

along the survey lines, however conspicuous they may appear by inspection of 

Figures 4.2-4.5, would be premature. The interaction of track and day 

reflects essentially the same pattern as the previous (nested) design-i.e., 

the density observed in a given sample area (track), depended greatly on the 

particular day on which it was surveyed. 

Data from the WSW transect area include 3 days on which the entire cruise 

track was repeated during morning and afternoon time periods (Table 4.1). 

This enabled a crude assessment of diurnal variation in pelagic habitat use by 

i two species. The component of variance among time periods within days was 

small but detectable in kittiwakes (6%) and relatively large in murres (22%) 

(Table 4.7). Auklet densities in the WSW transect area were probably too low 

to provide meaningful contrasts within days during this short-term study. 
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Figure 4 .6 .  Mean densi t ies  of Least Auklets (birds/lO-minute count) within 
trac!cs along the ?THE transect l i n e  on f i v e  days i n  August and Septenber, 
1987. 



Figure 4.7. Nean d e n s i t i e s  o f  Crested Auklets (birdsI l0-minute  count)  w i th in  
t r acks  along t h e  NNE t r a n s e c t  l i n e  on f i v e  days i n  August and September, 
1387. 
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Figure 4.8. Mean d e n s i t i e s  of murre spec i e s  (birds/ lO-niaute  count)  w i th in  
t racks  along the  NNZ t r a n s e c t  l i n e  on f i v e  days i n  August and September, 
i987. 
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Figure  4.9. ?lean d e n s i t i e s  o f  Black-legged Ki t t iwakes  (birds/lO-minute count )  
w i th in  t r a c k s  a long t h e  NNE t r a n s e c t  l i n e  on f i v e  days i n  August and 
September, 1987. 
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Table 4.4. Components of v a r i a n c e  i n  b i r d  d e n s i t i e s  recorded d u r i n g  10-minute c o u n t s  i n  t h r e e  t r a n s e c t  

a r e a s  (WSW, NNW, NNE) nea r  S t .  Lawrence I s l a n d ,  1987. 

Black-legged 
Kitiwake Murre spp.  Cres ted  Auklet  L e a s t  Aukle t  

% of t o t a l  % of  t o t a l  % of  t o t a l  % of  t o t a l  
Source of  v a r i a t i o n  v a r i a t i o n  F- tes ta  v a r i a t i o n  F- tes ta  v a r i a t i o n   test^ v a r i a t i o n  F- tes ta  

w 
W 

Among a r e a s  

Among days ,  w i t h i n  a r e a s  8.4 * + 7.5 

Among 10-min. c o u n t s  52.7 -- 88.9 
( E r r o r )  

* * * a I?-tests and s i g n i f i c a n c e  l e v e l s  a r e  on ly  approximate ( s e e  t e x t ) .  P* 0.05; P e 0 . 0 1 .  



Table 4.5. Components of var iance i n  b i rd  d e n s i t i e s  recorded during 10-minute counts  i n  the  NNE t r a n s e c t  

a r e a ,  S t .  Lawrence I s l and ,  1987. 

Black-legged 
Kitiwake Murre spp. Crested Auklet Least  Aukle t 

X of t o t a l  % of t o t a l  % of t o t a l  X of t o t a l  
Source of v a r i a t i o n  v a r i a t i o n   test^ v a r i a t i o n  F-testa v a r i a t i o n  F-testa v a r i a t i o n  F-testa 

Among t r acks  

Among days 3.6 n  s 5.8 ns 2.6 ns 5.7 ns 

Track x  day i n t e r a c t i o n  24.1 * * 6.2 ns  12.2 * 27.9 ** 

Among 10-min. counts  66.6 -- 86.4 -- 82.6 -- 64.3 -- 
(Er ror )  

* ** a F- tes t s  and s ign i f i cance  l e v e l s  a r e  only approximate (see t e x t  1. P c 0.05; P < 0.01. 



Table 4.6. Components of variance i n  b i r d  d e n s i t i e s  recorded during 10-minute counts  i n  t he  NNW t r a n s e c t  

a r e a ,  S t .  Lawrence I s land ,  1987. 

Black-legged 
Kitiwake Murre spp. Crested Auklet Least  Auklet 

X of t o t a l  X of t o t a l  X of t o t a l  X of t o t a l  
Soticce of v a r i a t i o n  v a r i a t i o n  F-testa v a r i a t i o n  F-testa v a r i a t i o n  F-testa v a r i a t i o n  F-testa 

I-' 
W 
Cr\ 

Among t r acks  

Among days 0.0 -- 10.5 ns 0.0 -- 0.0 -- 

Track x day i n t e r a c t i o n  46.5 * * 33.9 ** 0 .O -- 0.0 -- 

Among 10-min. counts 53.5 -- 55.6 -- 100.0 -- 57.3 -- 
(E r ro r )  

** a F- tes t s  and s ign i f i cance  l e v e l s  a r e  only approximate ( s ee  t e x t ) .  * P < 0.05; P < 0.01. 



Table 4.7. Components of  va r i ance  i n  b i r d  d e n s i t i e s  recorded d u r i n g  10-minute c o u n t s  i n  t h e  WSW t r a n s e c t  

a r e a ,  S t .  Lawrence I s l a n d ,  1987. a 

Black-legged 
Kitiwake 

- - - - 

Murre spp.  Cres ted  Aukle t  L e a s t  Aukle t  

% of t o t a l  % o f  t o t a l  % of t o t a l  % of  t o t a l  
Source of v a r i a t i o n  v a r i a t i o n  au test^ v a r i a t i o n  au test^ v a r i a t i o n  au test^ v a r i a t i o n  au test^ 

Among t r a c k s  

C 

w Among days  
w 

Track x day i n t e r a c t i o n  0.7 n s  22.0 ** 2.3 -- 0 .3  n s  

Among hours ,  w i t h i n  days  5.8 * 21.7 ** 0.4 n s  0.9 n s  

Among 10-min. coun t s  70.3 -- 56.3 -- 93.8 -- 96.5 -- 
( E r r o r )  

a Included a r e  d a t a  from t h e  f i r s t  two r e p l i c a t e s  (morning and mid-day) on 19  August ,  2 1  August ,  and 

26 August ( s e e  Table  4 .1) .  

* ** F - t e s t s  and s l g n i f l c a n c e  l e v e l s  a r e  on ly  approximate  ( s e e  t e x t ) .  P 0.05; P 4 0.01. 



4.4. Discussion 

Results of t h i s  s tudy i n d i c a t e  t h e  importance of considering short-term 

temporal v a r i a t i o n  i n  at tempting t o  a s sess  seabi rd  use of of fshore  h a b i t a t s .  

The conclusions reached i n  a  pe lagic  census may depend g r e a t l y  on the  number 

of days a  p a r t i c u l a r  region is surveyed, and poss ib ly  a l s o  on t h e  times of day 

the  surveys a r e  conducted. While the  i n d i c a t i o n  so f a r  is  t h a t  auk le t s ,  and 

possibly a l s o  murres, t h a t  breed i n  colonies  on t h e  w e s t  end of St.  Lawrence 

Is land r e l y  on foraging a r e a s  loca ted  nor th  of Gambell, i t  is  disconcer t ing  

that two weeks* e f f o r t  t o  census b i r d s  by s h i p  was inadequate t o  show 

conclusively any d i f f e rences  between p o t e n t i a l  feeding a r e a s  because of 

temporal v a r i a t i o n  within areas .  

Most da ta  on at-sea d e n s i t i e s  of b i r d s  i n  Alaska have, t o  da te ,  been 

gathered during r e l a t i v e l y  b r i e f ,  oppor tunis t ic  surveys. Such information 

could conceivably r e s u l t  i n  ill-informed decis ions  by t h e  unwary user.  We 

suggest t h a t  where important land management dec is ions  a r e  concerned; f o r  

example, t he  pro tec t ion  of s p e c i f i c  a r e a s  on the  con t inen ta l  she l f  f o r  

w i l d l i f e  conservation, surveys should f i r s t  be designed t o  a s s e s s  temporal 

va r i a t ion .  Obviously, such surveys should i n v e s t i g a t e  components t h a t  we 

could not address i n  t h i s  short-term study,  including seasonal  and annual 

changes i n  h a b i t a t  use. 

By f a r  t h e  l a r g e s t  component of v a r i a t i o n  i n  a l l  our analyses  of temporal 

and s p a t i a l  e f f e c t s  was the  e r r o r  term, i.e., v a r i a t i o n  among t h e  lo-minute 

counts. We recorded b i rd  s igh t ings  continuously, and t h e  choice of a  

1v"-minute counting period a s  the  bas i s  f o r  ana lys i s ,  while following recent  

convention (Tasker e t  a l .  19841, is  a r b i t r a r y .  It is poss ib le  t h a t  a  more 

appropr ia te  i n t e r v a l  could be found f o r  a  given species  t h a t  would optimize 

s t a t i s t i c a l  analyses r e l a t i v e  t o  a  spec ies*  t y p i c a l  p a t t e r n  of dispersion.  

Such quest ions depend on t h e  s c a l e  of ecologica l  phenomena and hypothesis 

t@s t ing  (Schneider and Duffy 1985 and Schneider and P i a t t  1 9 8 6 ) .  We bel ieve  

that f u r t h e r  research  i n  t h i s  a r e a  is d e s i r a b l e  from a p r a c t i c a l ,  a s  w e l l  a s  

t h e o r e t i c a l ,  s tandpoint .  
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5.1 In t roduc t ion  

The ob jec t ives  of our  s tudy on S t .  Lawrence I s l a n d  w e r e  t o  i )  c o l l e c t  

base l ine  information on the  biology of dominant s e a b i r d s ,  i i )  e s t a b l i s h  and 

document permanent s tudy  p l o t s  which may be monitored aga in  i n  t h e  f u t u r e ,  

i i i )  a s s e s s  whether populat ions o r  r e l evan t  breeding parameters have changed 

s i n c e  previous s t u d i e s ,  and i v )  i n v e s t i g a t e  new methods f o r  monitoring a u k l e t  

populations.  

Although we achieved most of our  o b j e c t i v e s ,  much work remains t o  be done 

on St.  Lawrence I s l and  before  we can be conf ident  t h a t  f u t u r e  populat ion 

f l u c t u a t i o n s  w i l l  be de t ec t ab l e .  I n  t h i s  chapter ,  we p re sen t  a f e w  of our  

major f i nd ings  t h a t  r e l a t e  t o  populat ion monitoring, and make recommendations 

f o r  f u t u r e  cons idera t ion .  Our conclusions a r e  presented i n  po in t  form and 

with l i t t l e  q u a l i f i c a t i o n .  The r eade r  i s  encouraged t o  read r e l e v a n t  s e c t i o n s  

i n  o the r  chap te r s  about t h e  l i m i t a t i o n s  of  our  conclusions and t h e  b a s i s  of 

our recommendations. 

5.2. Populations 

5.2.1. Conclusions 

1) Based on r a t h e r  l i m i t e d  comparisons, i t  appears  t h a t  popula t ions  of a l l  

s tudy spec i e s  have increased  a t  Kongkok s i n c e  t h e  l a s t  s tudy  of s eab i rd s  t h e r e  

(murres 20X, k i t t iwakes  872, Least  Auklets  8 X ,  Crested Auklets 44%). 

2)  Current methods f o r  a s se s s ing  popula t ion  changes i n  c l i f f - n e s t i n g  

spec i e s  a r e  adequate,  but more s tudy  p l o t s  need t o  be added t o  t h e  16 p l o t s  we 

documented, e s p e c i a l l y  on t h e  nor th  s i d e  of S t .  Lawrence I s l and .  P l o t s  must 

be a c c e s s i b l e  and countable  from land. 

3)  Current methods f o r  a s se s s ing  populat ion changes i n  crevice-nest ing 

spec i e s  a r e  inadequate  because they cannot d e a l  wi th  t h e  enormous d a i l y  and 

seasona l  v a r i a t i o n s  i n  a t tendance.  Time-lapse photography o f f e r s  g r e a t  

promise a s  a technique f o r  monitoring auk le t  populat ions.  



5.2.2. Recommendations 

1) Future investigators should expand the number of study plots for 

cliff-nesting species, while they monitor the plots we established. All new 

study plots should be fully documented, marked, and described in reports for 

future investigators. Plot counts without complete documentation made 

publically available are virtually useless. 

2) Pending further refinement of time-lapse monitoring techniques for 

auklets, future studies on St. Lawrence should undertake the establishment of 

permanent time-lapse study plots at Kongkok and at one or more large colonies 

on the north coast of St. Lawrence Island. 

5.3 Productivity 

5.3.1 Conclusions 

1) Pelagic Cormorants, Common Murres, and Thick-billed hrres exhibited 

average, or above average, breeding success at Kongkok in 1987. Black-legged 

Kittiwakes exhibited near-total reproductive failure for unexplained reasons. 

2) Crested and Least Auklets exhibited high levels of breeding success 

after the effects of observer disturbance were taken into account. Chick 

growth rates were average for these species. Predation by microtine rodents 

and foxes was a significant source of chick mortality. 

5.3.2 Recommendations 

1) Baseline data are now available on the breeding biology of all species 

studied in 1987 (except cormorants) for St. Lawrence Island. In the future, 

less intensive Type I1 monitoring with nest checks during chick-rearing will 

be adequate to obtain an index of productivity on cliffnesting species. 

However, we still know very little about inter-annual variations in breeding 

success of auklets on St. Lawrence Island or elsewhere. A multi-year study of 

auklet breeding biology is essential before we can begin to say what is 

'normal' for auklets. 



2) The causes of kittiwake breeding failure need to be studied in more 

detail, if not at St. bwrence Island, then at other colonies where failures 

are comon. This will require intensive, long-term ecological, behavioral, 

and pelagic studies. The widespread and repeated failure of kittiwakes 

throughout the Bering. Sea needs to be explained if we are to have any hope of 

assessing any kittiwake population fluctuations due to oil development or 

pollution. 

3) The breeding biology of Least and Crested Auklets is still poorly 

known. To establish the 'normal* variability in auklet breeding success, more 

studies will have to be conducted over a wider geographic range. Our study 

indicates that least disturbed sites yield a better estimate of success than 

intensively studied sites. Thus, while more in-depth studies would be of 

interest, minimal disturbance and hence minimal effort studies would provide 

the information we require as long as they are standardized. 

5.4 Feeding Habits 

2.4.1 Conclusions 

1) Diets of all species studied were apparently normal, and there was no 

evidence of problems in obtaining food. Kittiwakes were the major exception 

to this conclusion, but we obtained none of these birds for diet analysis 

owing to their very low densities in the study area. 

2) We found feeding concentrations of murres and auklets primarily north 

of Gambell in the Anadyr Strait or western Chirikof Basin. Kittiwakes were 

dispersed widely over the study area. 

3) Temporal variability of feeding aggregations was so great that 

conclusions about spatial patterns of habitat use are tenuous. Our study 

indicates that more detailed and longer-term surveys are required to measure 

temporal and spatial persistence of feeding aggregations. 



5.4.2 Recommendations 

1) Because seabirds are most vulnerable to oil pollution while they are at 

sea, pelagic studies should receive at least as much emphasis as colony work 

in the MMS environmental studies program. Although much can be learned by 

"piggy-backing" bird observations on cruises directed toward other objectives, 

dedicated vessel surveys are required to adequately measure seabird movements, 

habitat use, and spatial relationships between seabirds and their prey. 

2) In light of the continuing kittiwake problem and point 1) above, an 

effort should be directed at studying kittiwake feeding behavior at sea in 

relation to prey aggregations. 

3)  Developnent and employment of alternate techniques for monitoring 

seabird behavior at sea (e.g., satellite telemetry) should be encouraged for 

the future. 'High-tech' methods may be able to address many of the same 

questions as shipboard or aerial surveys, but at a much lower cost and with 

greater resolution. 
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6.1. General Considerat ions and Rat iona le  f o r  a Seabi rd  Monitoring Program 

in t h e  Bering and Chukchi Seas 

6.1.1. In t roduc tory  Remarks 

I n  dec id ing  whether o r  how t o  implement a s eab i rd  monitoring program i n  

Alaska, it is important  t o  be c l e a r  about what t h e  a c t i v i t y  can reasonably 

accomplish. A gene ra l  concept t h a t  is f r e q u e n t l y  e n t e r t a i n e d  is t h e  

p o s s i b i l i t y  t h a t  s eab i rd s  can serve a s  u s e f u l  i n d i c a t o r s  o f  t h e  "heal th"  of  

marine ecosystems (e.g. ,  NOAA 1982 1. The i d e a  is t h a t  because s eab i rds  a r e  

t op  l e v e l  consumers which sample l a r g e  t r a c t s  of  t h e  ocean environment, 

t h e i r  behavior and populat ion parameters  should i n t e g r a t e  and r e f l e c t  a 

broad range of condi t ions  and processes  i n  t h e  sea .  Seabi rds  a r e  t h e r e f o r e  

seen t o  o f f e r  a r e l a t i v e l y  inexpensive a l t e r n a t i v e  t o  monitoring f i s h ,  

c ru s t aceans ,  o r  o t h e r  organisms t h a t  are r e l a t i v e l y  d i f f i c u l t  t o  observe. 

While t h e  concept o f  s e a b i r d s  as marine i n d i c a t o r  spec i e s  has  no t  been 

c r i t i c a l l y  evaluated o r  t e s t e d  i n  p r a c t i c e ,  t h e r e  is no doubt t h a t  s e a b i r d s  

a r e  themselves a valued forni of  marine l i f e  which t h e  pub l i c  expects  t o  b e  

pro tec ted .  It is t h e r e f o r e  u s u a l l y  considered app rop r i a t e  i n  t h e  context  of 

OCS development t o  monitor s e a b i d  popula t ions  f o r  t h e i r  own sake. Here 

aga in ,  it is b e s t  no t  t o  o v e r s t a t e  t h e  bounds o f  what can be achieved. To 

show how t h e  s i z e  o f  a given populat ion o f  v e r t e b r a t e s  changes over  t i m e  is 

reasonably s t r a igh t fo rward .  However, t o  a s k  a l s o  about t h e  s p e c i f i c  causes  

of such  changes is t o  pose what is arguably  t h e  most comprehensive problem 

with which e c o l o g i s t s  a r e  concerned: t h e  r e g u l a t i o n  o f  animal numbers. It 

is u n r e a l i s t i c  t o  expect  t h a t  a broad,  y e t  a f f o r d a b l e ,  program can be 

designed which w i l l  s imultaneously t r a c k  po p l a t  ion  changes and r evea l  t h e  

causes o f  t hose  changes. The l a t t e r  o b j e c t i v e  is t h e  province o f  i n t e n s i v e ,  

long-term populat ion s t u d i e s ,  and even among t h e  b e s t  of  t hose ,  t h e  success  

r a t e  cannot be considered p a r t i c u l a r l y  high. 

6.1.2. The Four Levels o f  S o p h i s t i c a t i o n  i n  Populat ion Monitoring 

Assuming f o r  t h e  purpose of  t h i s  d i s cus s ion  t h a t  our primary o b j e c t i v e  

is t o  t r a c k  populat ion s i z e s  over t i m e ,  it is u s e f u l  t o  consider  each of t h e  



fol lowing quest ions:  (1) I f  a change i n  t h e  numbers o r  a c t i v i t y  o f  b i r d s  on 

co lonies  occurs  between two sampling per iods ,  w i l l  we d e t e c t  i t  wi th  an  

acceptab le  degree of p r o b a b i l i t y  and p rec i s ion?  (2) I f  we d e t e c t  a change 

i n  numbers o r  a c t i v i t y  of b i r d s  on co lon ie s ,  does t h a t  r e a l l y  r e f l e c t  a 

change i n  t h e  population of  b i rd s  a l i v e ?  ( 3 )  Of what magnitude and du ra t i on  

does a t r e n d  have t o  be before we would conclude t h a t  i t  is o u t s i d e  of  t h e  

expected range of  behavior f o r  a populat ion responding normally t o  n a t u r a l  

v a r i a t i o n  i n  its environment? ( 4 )  I f  a t r e n d  is found t o  be unexpectedly 

s t e e p  or  p e r s i s t e n t ,  how w i l l  we e s t a b l i s h  t h e  s p e c i f i c  cause o r  causes  

con t r ibu t ing  t o  i t ?  

The answer t o  t he  f i r s t  ques t ion  e n t a i l s  a h o s t  o f  s t a t i s t i c a l  

cons idera t ions  involved i n  sampling design. Put s imply,  one is requi red  t o  

make dec i s ions  about  where t o  sample, when t o  sample, and how i n t e n s i v e l y  t o  

sample, and those dec i s ions  a f f e c t  t h e  p r o b a b i l i t y  o f  d e t e c t i n g  a given 

magnitude of  change i n  t he  parameter being measured. Temporal f a c t o r s  

a f f e c t i n g  populat ion counts such as weather,  breeding chronology, day-to-day 

v a r i a t i o n ,  and d i e 1  p a t t e r n s  of colony a t tendance  a r e  a l l  p o t e n t i a l l y  

important and are f a i r l y  w e l l  understood i n  some spec ies .  On t h e  o t h e r  

hand, s p a t i a l  v a r i a b i l i t y  within and between co lonies ,  and i ts  imp l i ca t i ons  ' 

f o r  sampling des ign ,  remain l i t t l e  understood and l a r g e l y  ignored. I n  

Alaska, f i e l d  e f f o r t s  and d i scus s ions  of  s eab i rd  populat ion monitoring have 

so  f a r  been l a r g e l y  s tuck  a t  t he  l e v e l  of ques t i on  1, o r  have jumped ahead 

t o  conclusions about  t rends  and causa t ion  before  such b a s i c  i s s u e s  of  

s t a t i s t i c a l  confidence have been resolved.  

Quest ion 2 recognizes t h a t  a l though our sampling scheme may have the  

power t o  d e t e c t  smal l  annual d i f f e r e n c e s  i n  apparent  populat ion s i z e ,  even 

l a r g e  d i f f e r ences  must be i n t e r p r e t e d  cau t ious ly .  General ly ,  we do no t  

measure a c t u a l  populat ion s i z e  i n  s eab i rd  monitor ing,  bu t  i n s t ead  we measure 

the  l e v e l  of  some k ind  of  a c t i v i t y  (e.g., n e s t  s i t e  a t tendance)  which we  

hope is s t r o n g l y  co r r e l a t ed  with t he  number o f  b i r d s  comprising t h e  colony. 

There a r e ,  however, f a c t o r s  t h a t  tend t o  weaken t h i s  c o r r e l a t i o n .  For 

ins tance ,  Gaston and Ke t t l e sh ip  (1982) noted t h a t  time spent  forag ing ,  and 

therefore  counts of b i r d s  a t  co lonies ,  may be de te rn ined  p r i n c i p a l l y  by 

annual and seasona l  v a r i a t i o n  i n  t he  b i r d s '  food supply. Thus, census 



r e s u l t s  a r e  p a r t l y  a func t ion  of  environmental condi t ions  and behavior 

p reva i l i ng  a t  t h e  time t h e  counts  a r e  made. The problem can be phrased i n  

terms of two competing hypotheses t o  exp la in  any apparent  d i f f e r e n c e  in 

colony s i z e  between years .  The f i r s t  hypothes i s  ha s  s e v e r a l  a l t e r n a t i v e s ,  

o r  sub-hypotheses, a s  fol lows.  

Observation: Mean p l o t  counts  dur ing  t h e  census per iod d i f f e r  between 

two years.  

HI: 
The populat ion of  b i d s  a l i v e  was unchanged, but  fewer b i r d s  were 

presen t  a t  t h e  colony dur ing  t h e  census counts  i n  one year .  

Hla: Breeding success  was poor; some b i r d s  f a i l e d  and l e f t  

t h e  colony before  o r  during t h e  census. 

Hlb: Time budgets d i f f e r e d  between years ;  b i r d s  spent  less time 

a t  t h e i r  n e s t  sites i n  one year  than  t h e  o ther .  

Hlc: F rac t ions  o f  t h e  populat ion (e  .g., prebreeding age groups)  

. s tayed  away from t h e  colony a l t o g e t h e r  i n  one year.  

Hld: F r a c t i o n s  of  t h e  populat ion emigrated t o  o t h e r  co lonies  

between sampling per iods.  

H2: The populat ion o f  b i r d s  a l i v e  a c t u a l l y  changed between sampling 

per iods . 

We must have some b a s i s  f o r  r e j e c t i n g  hypotheses l a  - I d  before  w e  can 

conf ident ly  accep t  hypothes i s  2. Unfortunately,  t h e  s t u d i e s  requi red  t o  

reject H - H are beyond t h e  scope of  a monitoring program a s  i t  is l a  Id  
u s u a l l y  envisaged,  and i n  some in s t ances  ( e s p e c i a l l y  H and Hid) beyond 1 c 
t h e  scope of  a l l  but t h e  most thorough of  populat ion s t u d i e s .  

One way around t h e  dilemma posed by ques t ion  2 is  t o  r e se rve  judgment 

about populat ion changes u n t i l  a t r end  can be demonstrated i n  a s e r i e s  of 

annual  counts.  The longe r  and nore c o n s i s t e n t  t h e  t r end ,  t h e  more con f iden t  



we a r e  t h a t  it  is r e a l l y  populat ion change we a r e  see ing .  However, s i n c e  

t h e  purpose o f  monitoring populat ions ( a s ide  from t h e  i nhe ren t  eco log ica l  

i n t e r e s t  of  b a s i c  population dynamics ) is t o  d e t e c t  "unnatural" 

(anthropogenic) changes, we a r e  nex t  faced  w i t h  t h e  problem (ques t ion  3)  of  

dec id ing  when a t r e n d  has  gone beyond what could be expected under n a t u r a l  

condi t ions.  There a r e  two ways t o  e s t a b l i s h  t h e s e  s tandards .  The f i r s t  is 

t o  conduct empir ica l  s t u d i e s  over a long period o f  t i n e .  Given t h e  long 

genera t ion  times o f  s eab i rd s ,  a minimum study d u r a t i o n  of  50-100 yea r s  is 

not  a n  unreasonable requirement. The second way is t o  model t h e  populat ions 

of i n t e r e s t  mathematical ly  and look a t  s imulated populat ion t r a j e c t o r i e s  

over time. Such a modelling e x e r c i s e  would incorpora te  t h e  e f f e c t s  on 

population growth of  v a r i a b i l i t y  i n  b i r t h  and d e a t h  r a t e s .  The o b j e c t i v e  

would be t o  p r e d i c t  t h e  frequency of t r e n d s  of  a given du ra t i on  and 

nagni tude,  given r e a l i s t i c  e s t ima te s  of  means and annual  v a r i a t i o n  i n  

reproduct ion and su rv iva l .  Because o f  t h e  unce r t a in ty  of continued funding 

f o r  seab i rd  populat ion monitoring over  t h e  nex t  100 years ,  and t h e  need f o r  

usable  information a t  t h e  presen t  t ime,  we favor  t h i s  second approach. 

F i n a l l y ,  we sugges t  t h a t  t h e  answer t o  ques t ion  4 (causat ion1 w i l l  be 

t h e  most d i f f i c u l t  of a l l  t o  ob ta in .  Two methods of  i nqu i ry  a r e  accepted i n  

t h e  b i o l o g i c a l  sc iences  t o  i n v e s t i g a t e  cause and e f f e c t  r e l a t i o n s h i p s .  The 

f i r s t  is an experimental  approach i n  which f a c t o r s  a r e  i s o l a t e d  and 

manipulated sys t ema t i ca l l y ,  w i th  s u i t a b l e  c o n t r o l s ,  t o  r e v e a l  t h e i r  e f f e c t s  

through a process  of  deduc t ive  reasoning. For a system a s  l a r g e  and open a s  

a seab i rd  colony, and a ques t ion  a s  comprehensive a s  t h e  r e g u l a t i o n  of  

population s i z e ,  t h i s  is obviously a d i f f i c u l t  p ropos i t ion .  Lesser  

experiments,  a l s o  d i f f i c u l t ,  might demonstrate some e f f e c t s  on b i rd  behavior 

or  physiology of va r ious  condi t ions  a s s o c i a t e d  wi th  o i l  and gas developnent,  

bu t  t o  ex t r apo la t e  such r e s u l t s  t o  t h e  l e v e l  of populat ion dynamics would 

i nev i t ab ly  involve a number of un tes ted  assumptions. 

The comparative approach is a second, l a r g e l y  i nduc t ive ,  method of  

a s se s s ing  cause and e f f e c t  r e l a t i o n s h i p s .  Properly executed,  t h i s  approach 

may permit a t  l e a s t  a p a r t i a l  so f t en ing  o f  our e a r l i e r  s ta tement  t h a t  a 

simple monitoring program cannot r e v e a l  bo th  t h e  p a t t e r n  and causes of 

change i n  population parameters. To i l l u s t r a t e  t h e  po in t ,  we o f f e r  t h e  



example of  t h e  widespread breeding f a i l u r e  observed i n  Black-legged 

Kitt iwakes during r e c e n t  years.  One sugges t ion  a s  t o  t h e  cause o f  t h i s  

f a i l u r e  i n  t h e  southern Bering Sea is s t o c k  d e p l e t i o n  o f  walleye pollock 

(Theragra chalcogramma) by commercial f i s h e r i e s ,  r e s u l t i n g  i n  reduced food 

a v a i l a b i l i t y  t o  k i t t iwakes  (Lloyd 1985 ). Though seemingly a t t r a c t i v e  i n  a 

l i m i t e d  r eg iona l  con tex t ,  t h i s  hypothesis  s u f f e r s  when we t a k e  a broader 

geographical perspec t ive .  We f i n d  e s s e n t i a l l y  t h e  same p a t t e r n  of 

r e  productive f a i l u r e  a t  k i t t i w a k e  co lon ie s  throughout  Alaska (Hatch 19871, 

inc lud ing  a r e a s  with no pollock h a r v e s t  o r  o t h e r  f i s h e r i e s  l i k e l y  t o  have an 

e f f e c t  on k i t t iwakes .  Thus, t h e  evidence sugges ts  a d i f f e r e n t  and more 

general  explana t ion  is needed. This type o f  reasoning  w i l l  r a r e l y  lead  t o  

a f f i r m a t i v e  s ta tements  about  cause,  b u t  i t  may a l low us  t o  r e j e c t  one o r  

more p o s s i b i l i t i e s  i f  t h e r e  is a poor match-up, s p a t i a l l y ,  between purported 

causes and e f f e c t s .  

A monitoring program i n  which t h e  e f f o r t  is  broadly d i s t r i b u t e d  

geographical ly  is a l s o  advantageous because t h e  l o c a l  d e c l i n e  o f  a spec i e s ,  

even i f  it  is  known to be caused by i n d u s t r i a l  a c t i v i t y ,  may be acceptab le  

i f  t h e  s p e c i e s  i s  known t o  be secure  throughout  t h e  major i ty  of its range. 

For t he se  reasons,  w e  f avo r  3 seab i rd  monitor ing program i n  which many 

d ispersed  co lon ie s  a r e  v i s i t e d  a t  f r equen t  i n t e r v a l s ,  even a t  t h e  expense of 

g r e a t e r  d e t a i l  i n  t h e  da t a  obtained during each v i s i t .  

6.1.3. Choice o f  Parameters t o  Monitor 

In  p r i n c i p a l ,  any of  a l a r g e  number o f  v a r i a b l e s  could be measured a t  

i n t e r v a l s  t o  r evea l  t h e  e f f e c t s  on s e a b i r d  populat ions of  n a t u r a l  

v a r i a b i l i t y  and human a c t i v i t i e s  i n  t h e  marine environment. A l i s t  o f  

candidates  is presented i n  Table 6.1. Most o f  t h e  parameters can be placed 

i n t o  one o r  another  of t h r e e  c a t e g o r i e s  d e a l i n g  with: (a)  populat ion size, 

(b)  breeding p roduc t iv i t y ,  o r  ( c )  a s p e c t s  of feed ing  ecology, physiology, o r  

behavior.  

Measures o f  populat ion s i z e  (group A) a r e  a rguably  t h e  f i r s t  p r i o r i t y  i n  

any monitoring e f f o r t  because t h i s  is t h e  f e a t u r e  of  any spec i e s '  b iology we 

a r e  u l t ima te ly  t r y i n g  t o  conserve. Because t h e  accu ra t e  aod repea ted  



Table 6.1. Parameters of  s eab i rd  breeding o r  feed ing  biology t h a t  could be  

incorpora ted  i n  a monitoring program. 

A.  Numbers 

1. Total  colony s i z e  

2 .  Populat ion index 

B. P roduct iv i ty  

3. Overal l  p roduct iv i ty  (young f ledged per  u n i t  of populat ion)  

4. Percent n e s t  s i te  occupancy (burrowing spec i e s  o d y )  

5. Proport ion of  b i r d s  i n  colony t h a t  breed 

6. Clutch s i z e  

7. Hatching success  

8. Hatchabi l i ty  

9. Fledging success  

C. Time budgets and n u t r i t i o n  (breeding b io logy)  

10. Breeding chronology 

11. Time a l l o c a t i o n  (propor t ions  of  t i m e  on land  and a t  s e a )  

12. Adult body weights and composition 

13. Egg weights 

14. Egg neg lec t  

15. Chick feeding r a t e s  

16. Chick growth 

17. Adult d i e t  composition 

18. Foraging d i s t r i b u t i o n s  

D. Other 

19. Adult s u r v i v a l  

20. Tissue burden of contaminants 



es t imat ion  of t o t a l  colony s i z e  is f r a u g h t  wi th  p r a c t i c a l  and s t a t i s t i c a l  

d i f f i c u l t i e s ,  t h e  method of choice w i l l  g e n e r a l l y  be t o  quan t i fy ,  on 

permanent s tudy  p l o t s ,  some kind of a c t i v i t y  t h a t  s e rves  a s  a n  index of 

population size ( i tem 2). 

Measures o f  breeding p roduc t iv i t y  (group B) a r e  of  i n t e r e s t  because they  

r e f l e c t  t h e  condi t ion  of t h e  environment a  given s p e c i e s  exper iences  dur ing  

t h e  sp r ing  and summer months. Although a  number of d i f f e r e n t  components o f  

p roduc t iv i t y  ( i tems 4 - 9 1  are commonly measured i n  e c o l o g i c a l  s t u d i e s ,  t h e  

s i n g l e  measure o f  o v e r a l l  annual  p roduc t iv i t y  is t h e  parameter of choice f o r  

monitoring purposes because it subsumes all t h e  rest and has  d i r e c t  

a p p l i c a t i o n  t o  t h e  a n a l y s i s  of  l i f e  t a b l e s .  

Items i n  group C a l l  r e l a t e  t o  t h e  fo rag ing  ecology and n u t r i t i o n  of 

b i rd s  dur ing  t h e  breeding season. They a r e  u s e f u l  t o  varying degrees  i n  

address ing  t h e  ques t i on  of why breeding succes s  is h ighe r  i n  some years  t han  - 
o the r s ,  b u t  measurements tend  t o  be d i f f i c u l t  t o  s t a n d a r d i z e  _and hard t o  

ob t a in  i n  b r i e f  v i s i t s  t o  colonies .  We sugges t  t h a t  group C parameters - 

should be de-emphasized i n  a  geographica l ly  broad program s o  t h a t  populat ion .. . 
s i z e  and p roduc t iv i t y  can be monitored a t  a  l a r g e  number o f  s i t e s .  S tud i e s  . 
focusing on items 10-18 are app rop r i a t e  when populat ion dec l ines  o r  

reproduct ive  f a i l u r e s  a r e  i d e n t i f i e d  i n  p a r t i c u l a r  co lon ie s  o r  spec ies .  

The l a s t  two items on t h e  list a r e  of  s p e c i a l  i n t e r e s t .  Unlike a l l  

parameters i n  groups B and C ,  a d u l t  s u r v i v a l  r a t e s  convey information about 

condi t ions  o u t s i d e  of t h e  breeding season, when most of  a  s p e c i e s '  annual  

mor t a l i t y  occurs.  Unfortunately,  s u r v i v a l  da t a  a r e  obtained only a t  t h e  

co lonies ,  and t h e  win te r ing  a r e a s  of b i r d s  from p a r t i c u l a r  co lonies  a r e  

l a r g e l y  unknown. Fur ther ,  a l though populat ion growth is s e n s i t i v e  t o  minor 

changes i n  t h e  a d u l t  s u r v i v a l  of long-lived spec i e s ,  t h e s e  changes a r e  

e s p e c i a l l y  d i f f i c u l t  t o  d e t e c t .  S tud ies  involv ing  marked b i r d s  a r e  t i m e -  

and labor-in tens  i v e  , and i t  is u n l i k e l y  t h a t  monitor ing o f  a d u l t  s u r v i v a l ,  

w i th in  s u i t a b l e  bounds of accuracy,  can be sus t a ined  given r e a l i s t i c  l e v e l s  

of funding and manpower. 

Tissue burdens o f  contaminants a r e  of  p a r t i c u l a r  re levance t o  t h e  i s s u e  



of possible  e f f e c t s  from o i l  and gas development. Although t h e r e  is a 

s u b s t a n t i a l  l i t e r a t u r e  on the  phys io logica l  e f f e c t s  of inges ted 

hydrocarbons, we a r e  unaware of any s t u d i e s  d i r e c t l y  l i n k i n g  population 

dec l ines  t o  chronic  hydrocarbon pol lu t ion .  Nevertheless,  we support t he  

idea of con taminants monitoring, and suggest t h e  Minerals Management Serv ice  

should continue and possibly expand i ts  p re sen t  program i n  t h i s  a r ea  f o r  

marine b i rds .  Laboratory analyses  a r e  expensive, bu t  f requent  sampling may 

be unnecessary. For t h e  p re sen t ,  a thorough sample of pre-development 

ma te r i a l  should be obtained,  possibly employing t h e  t i s s u e  bank approach. 

With t h e  primary ob jec t ive  of broad geographic coverage i n  mind, we 

recommend t h a t  measures of population s i z e  ( i n d i c e s )  and breeding 

product iv i ty  should be obtained f o r  s e l e c t e d  spec ies  on an  annual o r  

near-annual bas i s  a t  a l a rge  number of co lonies  i n  t h e  Bering and Chukchi 

Seas. 

6.1.4. Choice of  Species t o  Monitor 

In  deciding which spec i e s  t o  monitor, i t  is again necessary t o  cons ider  

what i t  is we a r e  t&ng t o  accomplish. I f  we wish t o  monitor t h e  h e a l t h  of c 

t he  a a r i n e  environment, conventional l o g i c  sugges ts  we would want t o  s e l e c t  

spec ies  t h a t  sample t h i s  environment i n  a v a r i e t y  of ways. For ins tance  we 

might ca t egor i ze  spec ies  a s  sur face  f eede r s  o r  d ive r s ,  f i s h  o r  plankton 

feeders ,  nearshore o r  of fshore  i n  r e spec t  t o  foraging h a b i t a t ,  then  s e l e c t  

one o r  more spec ies  from each group. On t h e  o the r  hand, t he re  may be 

spec ies  t h a t  a r e  s p e c i a l l y  valued, r a r e ,  o r  vu lnerable ,  which we would 

choose t o  monitor without  regard t o  how rep resen ta t ive  they may be. Other 

considerat ions include ease of s tudy (gene ra l ly  b e t t e r  f o r  open- than  

crevice- o r  bur rownes  t i ng  b i rds  ) and geographic r ep re sen ta t ion  throughout 

t h e  area of i n t e r e s t  ( r e l a t e d  t o  the  above d i scuss ion  on hypothesis  t e s t i n g  

using a comparative approach). 

Based mainly on t h e  l a s t  two c r i t e r i a ,  a l i s t  of candidate  spec i e s  f o r  

population monitoring i n  t h e  Bering and Chukchi Seas includes:  Northern 

Fulmar, Red-faced and Pe lag ic  Cormorants, Black-legged and Red-legged 

Kittiwakes, Common and Thick-billed Murres, and Least  and Crested Auklets.  



Considerable l a t i t u d e  with respect  t o  prey types and foraging s t y l e s  is  a l s o  

present  i n  t h i s  se lec t ion .  Ultimately, however, the  scope of  a monitoring 

program w i l l  be determined by time and money cons t ra in t s ,  and it is c l e a r  

the  l i s t  of species is  s t i l l  too long. We f e e l  t h a t  i f  good information 

were obtained consis tent ly  on two or t h r e e  species i n  a l a r g e  number of 

colonies,  the  primary objec t ives  of an area-wide monitoring program would be 

well s e r v e d .  

The Northern Fulmar is an o f f  shore surface  feeder ,  omnivorous, and easy 

t o  study. However, it occurs a t  only two colonies i n  t h e  Bering Sea, one of 

which (St .  Matthew Is land)  is r e l a t i v e l y  inaccess ib le .  Cormorants a r e  

inshore d ivers  t h a t  occur throughout t h e  s tudy region. A s  c l i f f  n e s  t ing 

species they a r e  easy t o  observe, but  a t  l e a s t  on some i s l ands  they have t h e  

hab i t  of moving t h e i r  colonies from place t o  place between years (Hunt 1977, 

Hatch and Hatch 1983). This f ea tu re  is incompatible wi th  the  use of 

permanent study plo ts .  Least and Crested Aukle ts a r e  numerically important 

elements of the  Bering Sea avifauna and a r e  the  only plankton-feeding 

s p e c i a l i s t s  on t h e  list. The product iv i ty  of auk le t s  is  extremely d i f f i c u l t  

t o  assess ,  however, and s u i t a b l e  methods f o r  monitoring t h e i r  popllat ion 

s i z e s  have yet t o  be worked o u t  (see Methods below). I f  counting techniques 

can be standardized and applied regu la r ly  i n  severa l  Bering Sea colonies,  

then aukle ts  should be included i n  the  monitoring program f o r  t h e  study of 

numbers only (not  productivi ty) .  

Murres and ki t t iwakes a r e  present  a t  every major seabird colony i n  the  

Bering and Chukchi Seas. They a r e  o p e n n e s t i n g  species f o r  which methods of 

observation a r e  well  developed and easy t o  apply. A program including only 

these species ,  while compromising ecologica l  v a r i e t y ,  would a t  l e a s t  include 

surface feeding and diving species and would o f f e r  maximum geographic 

coverage and overlap. Therefore, we suggest t h a t  resources avai lable  f o r  

seabird monitoring i n  t h i s  region should be a l loca ted  t o  maximize 

information on numbers and productivi ty of murres and k i t t iwakes ,  with t h e  

o ther  species (except aukle ts ) included only on a not- to-interfere basis .  

Provisionally, auklet  numbers might a l s o  be monitored on a regular  bas is, 

since we envision t h i s  would be bes t  accomplished by automated 

data-gathering techniques. 



6.1.5. Methods 

I n  Chapter 1, we r e f e r r e d  t o  Type I and Type I1 methods f o r  monitoring 

seabi rd  populations on co lonies  ( see  a l s o  Birkhead and Ne t t l e sh ip  1980). 

Type I methods r equ i r e  t h a t  observat ions be  made from pre-laying through 

f ledging  s t a g e s  of t h e  breeding cycle.  A r e l a t i v e l y  complete d e s c r i p t i o n  o f  

breeding a c t i v i t y  and success ,  including t h e  t iming a s  we l l  a s  magnitude o f  

reproduct ive f a i l u r e s ,  is obtained us ing  t h i s  approach. Type I1 methods 

e n t a i l  a s e r i e s  o f  d a i l y  counts  o f  b i r d s  on permanent s tudy p l o t s  dur ing  a 
" pre-defined census period ." The census period is chosen t o  f a l l  w i th in  

t h a t  por t ion  o f  t h e  breeding cyc le  t h a t  has  ninimal  d a i l y  v a r i a t i o n  i n  

a t tendance a t  t h e  colony. By i t s e l f ,  a Type I1 da ta  s e t  is adequate  f o r  

documenting annual changes i n  populat ions,  b u t  no t  f o r  a s s e s s i n g  t h e  means 

o r  v a r i a b i l i t y  of annual  p roduct iv i ty .  Consis t e n t  w i th  our  prefe rence  f o r  

geopraphic coverage a t  t h e  expense o f  d e t a i l ,  we recommend Type I1 methods 

fo r  monitoring numbers of  murres and k i t t i w a k e s ,  wi th  t h e  a d d i t i o n  o f  a 

secondary v i s i t  t o  each colony l a t e  i n  t h e  season t o  a s s e s s  product iv i ty .  

Procedures f o r  monitoring a u k l e t  numbers, descr ibed  below, have n o t  been 

implemented i n  any s tudy t o  da t e .  

Requirements f o r  conducting a Type I1 census o f  c l i f f - n e s t i n g  b i r d s  a t  

any given s tudy s i te  include t h e  following: 

(1) A s e t  of  wel l -def ined,  permanent s tudy p l o t s ,  adequate ly  marked and 

documented s o  t h a t  observers  new t o  t h e  s tudy  s i t e  would have no t r o u b l e  

r e l o c a t i n g  t h e  counting a reas .  

(2 )  P l o t s  a r e  observed from land  and a r e  o f  manageable s i z e ,  s a y  50-500 

b i rd s ,  depending on t h e  spec i e s  and h a b i t a t .  

( 3 )  Plo t s  a r e  of  a s u f f i c i e n t  number (no t  fewer than 5 )  t o  support 

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

population change ( see  Murphy e t  dl. 19871, bu t  not s o  numerous o r  

far-f lung . t h a t  they cannot a l l  be v i s i t e d  by two observers  i n  a s i n g l e  

day. 



(4 )  P lo t s  should be s e l ec t ed  t o  be r e p r e s e n t a t i v e  of t h e  range of  h a b i t a t  

types-e.g., c e n t e r  vs. edge, dense ly  vs.  s p a r s e l y  populated, e t c .  A 

random s e l e c t i o n  of p l o t s  i s  d e s i r a b l e  (Har r i s  e t  a l .  1983) bu t  i n  most 

i n s t ances  t h i s  w i l l  be imprac t i ca l .  It may be p o s s i b l e  t o  use  a random 

sample of t h e  "viewablen population. 

(5 )  Where poss ib l e ,  p l o t s  should i n i t i a l l y  inc lude  unoccupied surrounding 

h a b i t a t  a v a i l a b l e  f o r  expansion i n  numbers a t  o r i g i n a l  d e n s i t i e s .  

( 5 )  A t  least 5 d a i l y  counts pe r  p l o t  should be made each season. Ten 

counts  is a b e t t e r  t a r g e t ;  more than 1 0  is u s e f u l ,  but t h e r e  are 

diminishing r e t u r n s  from l a r g e r  numbers of counts  i n  terms of  t h e  r e l a t i v e  

change i n  numbers t h a t  can be de t ec t ed  s t a t i s t i c a l l y  (Fig.  6.1). Counts 

should be made dur ing  a s p e c i f i e d  census per iod  when d a i l y  v a r i a t i o n  i n  

a t tendance  is known t o  be low. For i n s t ance ,  i n  Black-legged Kit t iwakes 

t h i s  period extends from f i r s t  egg-laying through f i n a l  hatching (about 50 

days) ;  i n  murres it l a s t  from t h e  middle of  egg-laying through f i n a l  

hatching (about 40 days) (Hatch and Hatch i n  p r e s s ,  MS). 

I n  most i n s t ances ,  t h e  requi red  number of  p l o t  counts  w i l l  be completed 

before  the  season has  advanced f a r  enough f o r  a v a l i d  measure of breeding 

p roduc t iv i t y  t o  be made. The s t r a t e g y  f o r  monitoring p roduc t iv i t y  would be t o  

v i s i t  each s tudy  a r e a  aga in  near  t h e  end of t h e  season t o  count t h e  number of 

young surv iv ing  on t h e  census p lo t s .  These v i s i t s  should be timed t o  be as 

l a t e  a s  poss ib le ,  but  before  t h e  f i r s t  young have f ledged .  Since murres and 

k i t t iwakes  have asynchronous p a t t e r n s  of  f l edg ing ,  it w i l l  i n  most i n s t a n c e s  be 

necessary t o  compromise t h e  e s t ima te  of k i t t iwake  success  by making t h e  ch ick  

counts  wel l  ahead of t h e  f i r s t  f l edg ing  da t e .  A s  most l o s s e s  occur  before  t h e  

mid-chick s t a g e  i n  k i t t iwakes ,  t h i s  procedure i s  probably s a t i s f a c t o r y .  

P roduc t iv i t y  of k i t t iwakes  could be expressed a s  t h e  number of young su rv iv ing  

on t h e  second v i s i t  d iv ided  by t h e  number of n e s t s  on p l o t s  dur ing  the  i n i t i a l  

census per iod.  For a l l  spec i e s ,  however, p roduc t iv i t y  should a l s o  be expressed 

a s  t h e  number of su rv iv ing  young divided by t h e  mean count of a d u l t s  p resen t  on 

t h e  f i r s t  v i s i t .  



Power 0.75 

5 counts detect A 18 70 
10 arunts detect A 12 70 
50 awnts & t W  A 5 70 

Power 0.75 

5 awntr L t u ?  620% 
10 counts datect 413% 
40 COIlnh dated 06Yo 

Number of counts 

Figure  6.1. Re l a t i onsh ip s  between sample s i z e  (number o f  
d a i l y  counts  made dur ing  t h e  census per iod  i n  two o r  more 
years )  and t h e  p ropo r t i ona t e  change i n  numbers d e t e c t a b l e  
in a  t-test o r  a n a l y s i s  of  va r i ance  f o r :  ( a )  Black-legged 
Ki t t iwakes ,  and (b) Common and Thick-bil led Murres. Power 
is the  degree  of conf idence t h a t  t h e  d i f f e r e n c e  between 
sample means would be  s i g n i f i c a n t  a t  t he  0.05 l e v e l .  



Ihe goal of monitoring numbers of Least and Crested Auklets p re sen t s  

s p e c i a l  problems. Unlike murres o r  k i t t iwakes ,  t hese  spec i e s  have s t rong  

d i u r n a l  f l u c t u a t i o n s  in  at tendance and a r e  a l s o  prone t o  f r equen t  panic 

f l i g h t s  during the  hours  of  t h e  day they  spend on t h e  sur face  of  t h e i r  t a l u s  

nes t ing  s lopes.  A l a r g e  number of  counts w i t h i n  each day must be averaged 

t o  overcome t h i s  sho r t  -term v a r i a b i l i t y  i n  numbers. Furthermore, t he re  is 

considerable  v a r i a t i o n  among d i f f e r e n t  observers  i n  counting a b i l i t y  a t  t h e  

d i s t ances  from which the  p l o t s  must be viewed. The p rec i se  demarkation o f  

p lo t  boundaries is another  problem. 

We suggest  t h e  use  of time-lapse photography a s  a n  a l t e r n a t i v e  t o  human 

observers  making t h e  counts i n  t he  f i e l d .  Our experience sugges ts  t h a t  a 35 

inm format w i l l  be necessary t o  g ive  c o n s i s t e n t l y  usable  products and t h a t  

some means of e l e v a t i n g  t h e  cameras 8-10 f e e t  above t h e  ground su r f ace  w i l l  

be needed i n  most s i t u a t i o n s .  This could be done, f o r  example, by mounting 

camera boxes on s t e e l  towers which a r e  designed t o  be e rec t ed  and dismantled 

seasonal ly .  Towers would have concre te  foo t ings  placed permanently i n  t h e  

t a l u s  s lopes.  The boundaries of t h e  p l o t  o r  p l o t s  (quadra ts )  w i th in  each 

camera's f i e l d  of view should be '  de l inea t ed  by t a u t  l eng ths  of  b r i g h t l y  

colored pplypropylene l i n e .  Metal corner pins f o r  secur ing  t h e  l i n e s  should . 

a l s o  be permanently cemented i n  place. The use  of  a bulk f i l m  magazine and 

programed t imers  should permit a camera t o  ope ra t e  unattended f o r  1 0  days, 

exposing 2-4 frames per hour during periods of  a u k l e t  a t tendance.  In  t h e  c 
fu ture ,  it  may be cheaper and nore e f f i c i e n t  t o  use a video record ing  system 

i n  place of  conventional photography . 

I n  t he  l ab ,  t he  numbers of  b i r d s  wi th in  each  quadra t  would be counted 

and sumned over a l l  photographs f o r  each day t o  give a n  in t eg ra t ed  va lue  f o r  

a u k l e t  a t tendance over  one d i u r n a l  cycle .  The average of 1 0  o r  s o  o f  t hese  

in tegra ted  d a i l y  t o t a l s  would be the  annual index of  auk le t  numbers on t h e  

study p lo t s ,  w i t h  a s tandard e r r o r  based on the  sample s i z e  of  1 0  days. 

While t h e  proposed scheme would r e l i e v e  personnel of t h e  ted ious  and 

imprecise t a sk  of making repea ted  counts i n  t h e  f i e l d ,  t he  set-up and 

maintenance of such equipment would not be a t r i v i a l  matter.  It may be 

d e s i r a b l e  t o  conduct such opera t ions  a t  l e s s  t han  annual i n t e r v a l s .  In any 



event ,  u n t i l  a r igorous  s e t  of procedures such a s  w e  have descr ibed  is put 

i n t o  p r a c t i c e ,  w e  quest ion t h e  value of  any e f f o r t s  t o  monitor a u k l e t  

populations i n  Bering Sea colonies .  

6.1.6. Se lec t ion  o f  Study S i t e s  

The s e l e c t i o n  o f  study sites f o r  t h e  proposed monitoring program should 

be based upon: ( a )  t h e  goal  of maximizing geographic coverage, (b)  t h e  

presence of spec i e s  chosen t o  monitor, (c )  a c c e s s i b i l i t y ,  and (dl  t h e  

ex i s t ence  of a n  e s t ab l i shed  system of  s tudy  p l o t s  and h i s t o r i c a l  data base.  

Based on t h e s e  c r i t e r i a  w e  i d e n t i f i e d  11 p r i o r i t y  s tudy sites i n  t h e  Bering 

and Chukchi Seas (Fig.  6.2). Previous s t u d i e s  have been ccmducted a t  most 

of  t h e s e  sites wi th  funding provided by t h e  Outer Cont inental  Shelf 

Environmental Assessment Program (OCSEAP), Minerals Management Se rv i ce  

(MMS), o r  Fish and Wild l i fe  Service (FWS). One s i te  which has  n o t  rece ived  

previous a t t e n t i o n  ( L i t t l e  Diomede I s l and )  is included because of t h e  

importance of  its seabird co lonies ,  i ts s t r a t e g i c  l o c a t i o n  i n  t h e  Bering 

S t r a i t ,  and r ecen t  i n t e r e s t  i n  t h i s  a r ea  expressed by t h e  HMS. A synops is  

of e a r l i e r  e f f o r t s  a t  o the r  sites r e l e v a n t  to '  t h e  proposed 'monitoring scheme 

is presented i n  Table 6.2. A s e l e c t e d  l d s t  of pub l i ca t i ons  and r e p o r t s  

pe r t a in ing  t o  t h e s e  a r e a s  is provided i n  Appendix 6.1. 

I t  is noteworthy (Table 6.2) t h a t  a l though s e v e r a l  of  t h e  prominent 

seab i rd  co lonies  i n  t h e  ~e r ing /Chukch i  region have been v i s i t e d  r e g u l a r l y  

s i n c e  t h e  mid-1970's, Type I1 censusing of murres and k i t t iwakes ,  inc lud ing  

5 o r  more r e p l i c a t e  counts i n  a season, has  been completed on ly  r e c e n t l y  o r  

no t  a t  a l l  i n  most colonies .  Thus t h e  da ta  base f o r  a s se s s ing  populat ion 

t rends  v i t h  a n  acceptab le  degree o f  statis t i c a l  confidence is poor, and t h i s  

s i t u a t i o n  w i l l  inprove only i f  a concerted e f f o r t  u s ing  s t a n d a d i z e d  methods 

is implemented and f a i t h f u l l y  executed over  a number of  years.  

Without f i r s t - h a n d  knowledge of each s tudy  s i te ,  it is d i f f i c u l t  t o  

eva lua te  t h e  s u i t a b i l i t y  of e e s t i n g  study p l o t s  f o r  uniform Type I1 

methods. Probably a subset  of t he  l a r g e  number of  p l o t s  e s t ab l i shed  i n  some 

study a r ea s  could be chosen which would s e rve  t h e  purpose. There is no p l o t  

system i n  p lace  a t  any study s i t e  t o  support t h e  photographic Type 11 
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Table 6.2. S t a t u s  of s eab i rd  observa t ions  a t  11 sites proposed f o r  i nc lue ion  

i n  an  area-wide monitoring program f o r  the  Bering and Chukchi Seas. 

Colony 

S t a t u s  

Type. I1 p l o t  system 
i n  place,  documented? 

Murres 
No. p l o t s  

K i t  t iwakes 
No. p l o t s  

Annual v i s i t s b  

E a r l i e s t  
No. t o  d a t e  

yes yes  yes yes  yes  yes  yes  yes  no yes  yes  
57 35 17  35 44 7 9 11 - 137 75 

yes  yes  yes yes  yes  yes  yes yes  no yes yes  
57 35 24 35 44 7 9 11 - 137 75 

Type I1 minimum 
c r i t e r i a  met? 
( L 5 counts /p lo t )  

Murres 

No. years  4 c 3 ‘ = 4 0  2 2 1  0 0 0 0 
E a r l i e s t  '84 '85 '76 - '85 '76 '87 - - - - 

No. yea r s  4 C 3 C 4  0 2 2 1 0  0 0 0 
E a r l i e s t  '84 '85 '76 - '85 '76 '87 - - - - 

No. years  p roduc t iv i t y  
e s t ima te s  a v a i l a b l e  

Murres 5 6 6 0 2 2 0 8 0 0 0  
Kit t iwakes 1 3 1 3  7 0 4 3 0 1 1  0 5 1 0  



Table 6 .2 .  (Continued) 
- - - - - -  - 

a P lo t s  for  v isual  attendance counts of  auklets  e x i s t  on S t .  George, Hall 

Island, and S t .  Lawrence-South. 

Includes observations that used the current p lo t  system, or parts of i t .  

Sample s i z e  l e s s  than 5 counts for  some p lo t s  i n  all years. 



methods f o r  a u k l e t s  descr ibed  e a r l i e r .  Colonies where t h i s  approach could 

be appl ied  a r e  l oca t ed  on S t .  George I s l a n d ,  Hal l  I s l a n d ,  S t .  Lawrence-South 

(Kongkok Bay), and L i t t l e  Diomede I s land .  

It may be unnecessary o r  i n f e a s i b l e  t o  v i s i t  a l l  o f  t h e  proposed sites 

i n  all years.  From a purely geographical point  o f  view, t h e r e  may be 

redundancy i n  inc lud ing  both  o f  t h e  nain i s l a n d s  i n  t h e  P r i b i l o f s  o r  both 

s i t e s  on St. Lawrence I s land .  S imi l a r ly ,  a l though p l o t  systems f o r  murres 

and k i t t iwakes  e l d s t  a t  both ends of  S t .  Matthew I s l a n d  (Murphy e t  a l .  

19871, we recommend t r y i n g  t o  maintain only one i n  t h i s  r e l a t i v e l y  

i nacces s ib l e  area.  The nor thern  s i t e ,  inc lud ing  Hall I s l a n d ,  may be 

app rop r i a t e  because of t h e  abundance o f  a u k l e t s  a l s o  breeding i n  t h a t  a rea .  

However, sou theas t e rn  p l o t s  on S t .  Matthew may have more relevance t o  

p o t e n t i a l  o i l  and gas i ndus t ry  support a c t i v i t i e s .  

6.2. D e t a i l s  o f  a ~e r ing /Chukch i  Seabird Monitoring Program: Breeding 

Chronologies and F i e ld  Schedule 

Obviously, t h e  ob j ec t ive  of g e t t i n g  info'rmation on seabi rd  populat ions 

and p roduc t iv i t y  from a l a r g e  number of  co lonies  annual ly  imposes l o g i s t i c  

d i f f i c u l t i e s  and t h e  need f o r  coordinated f i e l d  a c t i v i t y .  The purpose of  

t h i s  s e c t i o n  is t o  show how t h e  work could be accomplished through t h e  

e f f i c i e n t  t iming of  v i s i t s  t o  colonies .  The information on seabi rd  breeding 

schedules  incorporated i n  t h i s  d i s cus s ion  was e x t r a c t e d  from r e p o r t s  l i s t e d  

i n  Appendix 6.1. Data summaries a r e  intended f o r  genera l  planning purposes 

only,  s i n c e  we had t o  take considerable  l i b e r t y  wi th  t h e  fragmentary 

k ~ f  orma t i o n  ava i l ab l e .  

The t y p i c a l  census per iod f o r  Type 11 counts o f  i nd iv idua l  spec i e s  l a s t s  

40 t o  50 days ( i . e . ,  e a r l y  t o  mid-laying u n t i l  l a t e  hatching) .  I f  we assume 

t h a t  a f i e l d  pa r ty  would need about 2 weeks a t  a given s tudy s i t e  t o  make 

t h e  des i r ed  number of  counts (about 101, it is c l e a r  t h a t  one crew would be 

unable t o  v i s i t  a l l  t h e  proposed co lonies  i n  a season. Some advantage is 

der ived from t h e  f a c t  t h a t  breeding schedules  a r e  no t  completely overlapping 

in d i f f e r e n t  colonies .  For example, t h e  breeding schedules  o f  murres and 

k i t t iwakes  a r e  e a r l i e r  i n  t h e  Southern Bering Sea and Norton Sound than  they  



a r e  f a r t h e r  nor th  o r  seaward, but  t h e r e  is s t i l l  much synchrony o f  breeding 

throughout t h e  region (Fig.  6.3). Moreover, t h e  i n c l u s i o n  o f  two o r  more 

spec ies  i n  t h e  s tudy  des ign  reduces t h e  number of days a v a i l a b l e  f o r  

counting a t  a given colony. 'Ihis is i l l u s t r a t e d  f o r  t h e  P r i b i l o f  I s l a n d s  i n  

Figure 6.4. I f  Type I1 counts a r e  d e s i r e d  f o r  a l l  seven candidate  spec i e s  

on t h e  P r i b i l o f s ,  t h e r e  is only  one 1 4 d a y  per iod  dur ing  which t h e s e  counts  

could be made i n  a s i n g l e  v i s i t  to  t h e  i s l ands .  S i m i l a r  ana lyses  f o r  s i x  

a d d i t i o n a l  s tudy sites a r e  presented i n  Figures  6.5-6.9. C lea r ly ,  one 

r e s u l t  of emphasizing spec ies  d i v e r s i t y  over geographic coverage i n  t h e  

o v e r a l l  monitoring program is t o  reduce f l e d b i l i t y  i n  t h e  t iming of  v i s i t s  

t o  colonies .  

'Ihe a l t e r n a t i v e  we sugges t  is t o  op t imize  t h e  e f f o r t  f o r  murres and 

k i t t iwakes  and to sett le f o r  only a s  much information on o t h e r  s p e c i e s  a s  

can then be taken o p p o r t u n i s t i c a l l y .  Estimated census per iods f o r  murres 

and k i t t iwakes  a t  seven co lonies  a r e  l i s t e d  i n  Table  6.3. Despi te  the 

over lap  i n  d a t e s  a v a i l a b l e  f o r  count ing i n  t h e s e  a r ea s ,  two crews could  

cover a l l  t h e  co lonies ,  spending an  average  of  2 weeks i n  each a r e a  (Fig.  

6.10). L i t t l e  time is a v a i l a b l e  f o r  t r a v e l  between co lon ie s ,  b u t  t h e  1 4 4 a y '  

period a l l o c a t e d  t o  each a r ea  should a l low f o r  a d d i t i o n a l  t r a v e l  time as 

requi red ,  camp set-up, poor weather,  and 8-10 days o f  count ing.  A t h i r d  

crew would be needed t o  work a d d i t i o n a l  co lon ie s  (e .g., Nunivak I s l and  and 

L i t t l e  Dimede) and a l s o  t o  a s s i s t  w i t h  p r o d u c t i v i t y  checks a t  s e v e r a l  

co lonies  i n  August. Two opt ions  f o r  a follow-up v i s i t  a r e  shown f o r  each 

colony, one t h a t  a l lows t h e  measurement o f  murre p r o d u c t i v i t y ,  and a l a t e r  

v i s i t  t h a t  is b e t t e r  timed f o r  k i t t iwakes  but  too  l a t e  f o r  nu r r e s .  Although 

product iv i ty  checks should r e q u i r e  on ly  1-2 days o f  observa t ions  per s i t e ,  

it would be necessary under e i t h e r  op t ion  f o r  crews t o  v i s i t  two o r  more 

s i t e s  i n  quick succession.  

Though t h e  schedules  depic ted  i n  Figure 6.10 a r e  designed t o  opt imize 

f o r  nu r r e s  and Black-legged Kittiwaices, t h e  oppor tun i ty  e x i s t s  t o  count 

o t h e r  spec i e s  dur ing  t h e i r  r e spec t ive  census per iods a t  most co lonies .  

These a d d i t i o n a l  spec i e s  include Red-legged Ki t t iwakes ,  fulmars,  cormorants, 

and auk le t s ,  depending on the  colony (Table 6.4). S i m i l a r l y ,  t h e  

p roduc t iv i t y  of  a d d i t i o n a l  spec i e s  bes ides  murres and k i t t i w a k e s  could be 
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Figure 6 . 3 .  Mean span of  egg-laying in murres (MURR) and Black-legged 
Kittiwakes (BLKI) a t  seven colonies  in the Bering and Chukchi Seas.  
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Figure  6 . 5 .  Breeding c h r o n o l o g i e s  o f  s e a b i r d s  a t  Cape P e i r c e  and t h e  
t iming o f  v i s i t s  f o r  Type I1 c e n s u s  c o u n t s  and p r o d u c t i v i t y  c h e c k s .  
For d e f i n i t i o n s  o f  symbols  see l egend  on page 166.  
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F i g u r e  6.6.  Breed ing  c h r o n o l o g i e s  o f  s e a b i r d s  on S t .  Matthew I s l a n d  
and t h e  t i m i n g  o f  v i s i t s  f o r  Type I1 c e n s u s  c o u n t s  and p r o d u c t i v i t y  
checks .  For  d e f i n i t i o n s  o f  symbols  see l e g e n d  on page 166.  
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Figure 6 . 7 .  Breeding chronologies of  seabirds  on S t .  Lawrence Is land 
and the timing of  v i s i t s  f o r  Type I1 census counts and product iv i ty  
checks.  For d e f i n i t i o n s  of symbols s e e  legend on page 166. 
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Figure  6.8. Breeding c h r o n o l o g i e s  of  s e a b i r d s  a t  Bluff  and t h e  
t iming  of v i s i t s  f o r  Type I1 census  c o u n t s  and p r o d u c t i v i t y  
checks .  For d e f i n i t i o n s  of symbols s e e  legend on page 166. 
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Figure 6 . 9 .  Breeding chronologies of seabirds a t  Cape Thompson and 
Cape Lisburne and the timing of v i s i t s  for  Type I1 census counts and 
productivity checks. For de f in i t ions  of symbols s ee  legend on 
page 166 .  
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Figure 6 . 1 0 .  Census periods of murres and Black-legged Kittiwakes a t  
seven colonies  and the timing of v i s i t s  for  Type I1 counts (dashed 
boxes) and productivity checks (arrows), 



Table 6.3. Estimated census per iods  f o r  Type I1 counts of murres and 

Black-legged Kit t iwakes a t  seven co lon ie s  i n  t h e  Bering and 

Chukchi Seas. 

Colony 

Census Period 

Thick-bi l led and 
Black-legged Kit t iwake Common Murres 

- 

Cape Thompson 

Cape Lisburne 

S t .  Matthew-Hall 

S t .  Lawrence 

P r i b i l o f  s 

Bluf f  

Cape P e i r c e  

-- - - - - - - - - - - -- - - - -- 

25 June - 16  August 9 J u l y  - 24 August 

24 June - 1 5  August 7 J u l y  - 22 August 

24 June - 1 5  August 6 J u l y  - 25 August 

23 June - 1 0  August 6 J u l y  - 22 August 

19  June - 1 7  August 30 June - 1 5  August 

1 6  June - 11 August 29 June - 1 4  August 

1 0  June - 27 J u l y  1 7  June - 30 J u l y  



Table 6.4. Scheduled v i s i t s  t o  Bering and Chukchi s eab i rd  co lonies  and spec ie s  

o ther  than murres and k i t t iwakes  whose census periods coincide with 

those v i s i t s .  

Colony Dates i n  area 
Anci l la ry  spec ies  t o  census 

(no. census days a v a i l a b l e )  

Cape Pei rce  17  June - 28 June PECO (14) 

P r i b i l o f s  30 June - 11 Ju ly  RLKI (141, RFCO (141, NOFU (141, 

LEAU (141 

Bluff 1 5  Ju ly  - 26 Ju ly  - 
St .  Lawrence 30 Ju ly  - 10  August LEAU (1411, CRAU (141) 

S t  . Mat thew-Hall 6 Ju ly  - 17 Ju ly  NOE'U (141, PECO (141, LEAU (141, 

. . 

CRAU (141 

Cape Lisburne 21 Ju ly  - 1 August - 
Cape Thompson 5 Aug. - 16 August - 

- 



Table 6.5. Scheduled v i s i t s  t o  a s s e s s  breeding p roduc t iv i t y  of murres and 

k i t t iwakes  a t  Bering and Chukchi co lonies  and o t h e r  s p e c i e s  whose 

p roduc t iv i t y  could be a s se s sed  dur ing  t h e  same v i s i t s .  

Colony 
V i s i t  timed f o r  Other spp. V i s i t  timed f o r  Other spp. 

Kit t iwakes a v a i l a b l e  Murres a v a i l a b l e  

Cape Pe i r ce  

P r i b i l o f  s 

Bluff  

S t .  Lawrence 

S t .  Matthew 

Cape Thompson 

1 5  August - 30 J u l y  BLKI ,  PECO 

27 August NOFU, RLKI 9 August BLKI, RLKI, 

RFCO, NOFU 

22 August - 3 August BLKI 

20 August - 1 3  August BLKI, PECO 

27 August NOFU 15  August NO,FUj BLKI, 

PECO 

27 August - 15  August BLRI 

Cape Lisburne 27 August - 16 August BLKI 



checked during August v i s i t s ,  p a r t i c u l a r l y  i f  t h e  e a r l y  op t ion  is e l e c t e d  

(Table 6.5). 

The success  of  t h i s  type of f i e l d  ope ra t i on  would depend on c a r e f u l  

planning and t h e  experience of t h e  f i e l d  crews. Success a t  a given s t u d y  

s i t e  is u n l i k e l y  un l e s s  a t  l e a s t  one member of  t h e  f i e l d  par ty  has  personal  

experience i n  t h e  a rea .  

6.3. Complementary S tudies  

6-3.1. At-Sea D i s t r i b u t i o n  and Movements 

Although seabi rd  populat ions a r e  most e f f i c i e n t l y  monitored where they 

a r e  concentrated i n  breeding co lonies ,  t h e  n o s t  s e r i o u s  o f  p o t e n t i a l  impacts 

from o i l  and gas a c t i v i t y ,  commercial f i s h e r i e s ,  and o t h e r  developments, 

w i l l  l i k e l y  occur i n  pe l ag i c  h a b i t a t s .  We have l i t t l e  information,  however, 

on t h e  of fshore  d i s t r i b u t i o n  and movements of b i r d s  i n  r e l a t i o n  t o  

p a r t i c u l a r  co lonies ,  and .  our understanding of  environnental  f e a t u r e s  t h a t  

might be used t o  recognize  and c l a s s i f y  key h a b i t a t s  is crude a t  be s t .  We 

suspec t  t h a t  feed ing  a c t i v i t y  is s p a t i a l l y  concentrated i n  a r e a s  o f  abundant 

food supp l i e s  near  co lon ie s ,  b u t  i t  is unknown whether t he se  a r e a s  a r e  f i x e d  

over t ime, o r  ephemeral. Thus, though we m y  d e t e c t  populat ion d e c l i n e s  in 

the  f u t u r e ,  and may even have some gene ra l  i n d i c a t i o n s  of  t h e i r  cause,  we 

a r e  i n  no p o s i t i o n  to  recommend s p e c i f i c  management a c t i o n s  t h a t  could 

mi t i ga t e  o r  r eve r se  any adverse t rends .  Models f o r  p r ed i c t i ng  t h e  impact of  

o i l  s p i l l s  on marine b i r d s  (Ford e t  a l .  1982, Samuels and Lanfear 1982) a r e  

a l s o  l im i t ed  by t h e  s c a r c i t y  of information on a t - sea  d i s t r i b u t i o n  and 

novenents of b i r d s  from colonies .  Therefore,  canplementing t h e  land-based 

seabi rd  monitoring program, s t u d i e s  should be i n i t i a t e d  t o :  

( 1 )  Document t h e  breeding season d i s t r i b u t i o n  and abundance of forag ing  

seab i rds  i n  r e l a t i o n  t o  s p e c i f i c  co lon ie s  and c h a r a c t e r i z e  t h e  h a b i t a t s  

being used. (Can marine h a b i t a t s  used by s e a b i r d s  be def ined  i n  such a 

manner t h a t  we can a c c u r a t e l y  p r e d i c t  where feed ing  concent ra t ions  w i l l  

occur ? 



(2) Document t h e  win te r  d i s t r i b u t i o n  and abundance of  s e a b i r d s  and 

c h a r a c t e r i z e  t h e  h a b i t a t s  being used. (Are t h e  l o c a t i o n s  of  win te r ing  

concent ra t ions  cons tan t  o r  do t hey  vary  over t ime? Do b i r d s  from 

s p e c i f i c  co lon ie s  tend t o  migrate  t o  and win te r  i n  s p e c i f i c  a r ea s ,  o r  do 

win te r ing  concent ra t ions  include b i r d s  from s c a t t e r e d  co lon ie s? )  

The answers t o  t h e s e  ques t ions  w i l l  h e l p  determine t h e  r e l a t i v e  

v u l n e r a b i l i t y  of  b i r d s  a t  s e a  and w i l l  ensure t h a t  e f f e c t i v e  mi t i ga t ion  

s t r a t e g i e s  a r e  employed. We a n t i c i p a t e  that 6 4  weeks of  dedica ted  s h i p  

t i m e  (N/V Tiglax,  NOAA v e s s e l s ,  o r  o t h e r )  would be needed annual ly  over 4-5 

yea r s  t o  conduct t h e s e  s t u d i e s .  

6.3.2. Populat ion Modelling 

As noted e a r l i e r ,  t h e  usefu lness  of t r ack ing  populat ion changes i n  

Alaskan s e a b i r d s  is l imi t ed  by our l a c k  of understanding of  n a t u r a l  

v a r i a t i o n .  Since annual  p roduc t iv i t y ,  and poss ib ly  a l s o  a d u l t  su rv iva l ,  

tends t o  be h i g h l y -  v a r i a b l e  i n  some spec i e s ,  t h e  p o t e n t i a l  e x i s t s  f o r  

cons iderab le  f l u c t u a t i b n  o f  populat ion sizes around long-term means. Xodels 

a r e  a v a i l a b l e  f o r  p ro j ec t i ng  populat ion growth given age - spec i f i c  r a t e s  of 

fecundi ty  and s u r v i v a l  (Les l i e  1945, 1948). A s  they  are u s u a l l y  app l i ed ,  

however, such models incorpora te  mean va lues  f o r  b i r t h  and d e a t h  r a t e s ,  wi th  

no allowance f o r  t he  annual  v a r i a t i o n  i n  t h e s e  parameters that is 

c h a r a c t e r i s t i c  of Alaskan seabi rds .  Pre l iminary  r e s u l t s  from comptter 

s imula t ions  t h a t  incorpora te  t h i s  v a r i a b i l i t y  (Hatch, unpubl. sugges t  t h a t  

population s i z e s  may f l u c t u a t e  a s  much a s  50-100% over 10-15 years ,  simply 

because of t h e  concatenat ion o f  s e v e r a l  yea r s  of  h igh  o r  low p roduc t iv i t y  

and h igh  o r  low o v e r r i n t e r  su rv iva l .  We b e l i e v e  t h a t  f u r t h e r  work i n  t h i s  

a r e a  is d e s i r a b l e  s o  t h a t  managers n igh t  avoid t h e  mistake of  r e a c t i n g  t o  

populat ion d e c l i n e s  t h a t  a r e  e n t i r e l y  n a t u r a l  and u l t i m a t e l y  t r a n s i e n t .  
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APPENDIX A. STUDY PLOTS FOR CLIFF-NESTING SEABIRDS AT THE KONGKOK STUDY AREA, 

ST. LAWRENCE ISLAND, ALASKA 

Seven study plots were monitored in the Kongkok area for Black-legged 

Kittiwakes, Common Murres, Thick-billed Murres and Pelagic Cormorants. The 

following written descriptions, photographs and figures show how to locate 

these plots. 

Table A-1 indicates which plots were counted, the types of observations 

conducted, species counted, whether our counts were comparable to Searing's 

(19771, and the plot marker designations (e.g. Area A). Markers are 

permanently placed, circular brass surveyor's markers inscribed with the 

letters "USFWS SLI PLR AREA - ". A map (Fig. A-1) showing the location of all 

plots, the route to all plots, and plot marker locations is provided. Finally, 

a sketch map and photograph of each plot (except no. 4) is provided (plots 1-7, 

Owalit Mountain). 

LOCATING THE STUDY PLOTS 

Plots 1 and 2: Plots 1 and 2 can both be found by traversing along the 

lower slopes of Owalit Mountain (Fig. A-1). From camp, at the western shore of 

Kongkok lake, the observer walks west along the shoreline, climbing up the 

talus slopes of Owalit Mountain far enough to avoid the steep cliffs along the 

water's edge. Once above these cliffs, the observer traverses around the side 

of the mountain. 

Plot 1 is located on a steep NW facing cliff and is the first large 

aggregation of murres and kittiwakes encountered on the traverse W/NW from 

canp. A jagged pinnacle of rock surrounded by water at the base of this cliff 

is also included in the plot. The observation point (OP) 3s approximat,ely 13 

m west of the plot on a grassy hillside and must be approached slowly so as not 

to flush the birds. A permanent brass surveyor's marker (inscribed "area B") 

can be found on top of a large flat rock abouta 3 m above the OP . 

Plot 2 is .25 km NW of plot 1. It is located on some cliffs which form the 

base of a large SE facing ridge. The OP is 90 m SE of the plot on a grassy 



s loping  h i l l s i d e .  A permanent marker ("area D") was placed on top  of a boulder - 

approximately 25 m above t h e  OP. 

P l o t s  3, 5,  6 ,  and 7: These fou r  p l o t s  a l l  can be found by climbing t o  t h e  

top  of Owalit Mountain and then fol lowing along t h e  s t e e p  c l i f f  edge i n  a NU 

d i r e c t i o n  (Fig. A-1) . 

P l o t s  3 and 6 a r e  encountered f i r s t  on t h e  walk from camp. These p l o t s  a r e  

both loca t ed  on a r i d g e  forming t h e  NW s i d e  of a s t e e p  gu l l ey  and a r e  viewed 

from the  same OP. This OP is marked by a permanent marker ("area C") placed on 

top  of a f l a t  rock a t  t h e  top  of t he  c l i f f ' s  edge. P l o t  3 encompasses t h e  

c l i f f  a r e a  f u r t h e s t  from t h e  OP and c l o s e s t  t o  t h e  ocean. P l o t  6 is  the  c l i f f  

system c l o s e r  t o  t h e  observer.  

To f ind  p l o t s  5 and 7, cont inue walking N/NW along t h e  c l i f f  edge, about .5 

km pas t  t h e  OP f o r  p l o t s  3 and 6. P l o t  5 can not  be seen from t h e  top  of t h e  

c l i f f .  A permanent marker ("area R") placed on top  of a l a r g e  boulder marks 

t h e  descent rou te  t o  t h e  p lo t .  The observer  must climb down t h e  s i d e  of a 

s t eep  h i l l s i d e  u n t i l  a south  f ac ing  c l i f f  system above t h e  water ' s  edge can be 

seen. The OP f o r  p l o t  5 is loca t ed  south of t h e  p l o t ,  as f a r  down t h e  s i d e  of 

a s t e e p  h i l l s i d e  a s  i t  is  s a f e  t o  go. It should be emphasized t h a t  t h e  descent  

t o  t h i s  p l o t  can be s l i p p e r y  i n  e a r l y  June, when t h e r e  is s t i l l  p l en ty  of snow 

remaining on the  h i l l s i d e .  

To l o c a t e  p l o t  7, cont inue 1 5  t o  20 m pas t  t h e  permanent marker f o r  p l o t  5 ,  

heading W / N W  a long t h e  c l i f f  edge. A l a r g e  t r i a n g u l a r  rock i s l a n d  s i t u a t e d  

next t o  t he  sho re l ine  can be seen by looking down from a smal l  promontory. The 

protected e a s t  f ace  of t h e  rock i s l a n d  and t h e  south  f ac ing  c l i f f  next  t o  it 

a r e  both included i n  p l o t  7. Permanent marker ("area J" )  can be found on top  

of one of t h e  l a r g e  boulders  where the  OP is loca ted .  

P lo t  4: P lo t  4 is t h e  only p l o t  l oca t ed  SE of camp and can only be counted 

by boat. It is a 2.5 km boat t r i p  from t h e  beach a t  Kongkok Bay t o  t h e  NW s i d e  

of Ta t ik  Point  where t h e  p l o t  is loca t ed  (Fig. A -  This p l o t  was only 

censused t h r e e  t imes i n  1987. We recommend t h a t  p l o t  4 be discont inued from 

f u t u r e  monitoring because inclement sea  condi t ions  f r equen t ly  prevent counts  

from being made of Ta t ik  Point  where t h e  p l o t  i s  loca ted .  



+ PLOT -MARKERS 
ROUTE TO PLOTS 

Figure A-1. Locations of murre and kittiwake study p l o t s  a t  Kongkok 
(Owalit Mountain) and east  of Savoonga. 



Table A-1. Summary of census techniques f o r  c l i f f n e s t i n g  b i r d s  a t  Kongkok 
s tudy a r e a ,  S t .  Lawrence I s l and ,  Alaska, 1987. 

1987 Counts 
P l o t  Permanent Type of Species  Comparable L a n d / ~ o a t  
No. Marker Counts Made Counted w/Searings? Counts 

1 Area B 1 and 2 Murre Yes Land 
BLKI 

2 Area D 1 and 2 Murre Yes Land 
BLKI 
Corm 

Murre No Land 
BLKI 

4 - 2 Murre No Boat 

5 Area R 1 (For Corm Murre No Land 
& BLKI only)  BLKI 

2 Corm 

6 Area C 2 Murre Yes Land 

7 Area J 2 Murre 
BLKI  

- Land 
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APPENDIX B. STUDY PLOTS FOR CLIFF-NESTING SEABIRDS EAST OF SAVOONGA, 

ST. LAWRENCE ISLAND 

Nine study plots were established for Black-legged Kittiwakes, Common 

Murres, and Thick-billed Murres along a 112 mile stretch of sea cliffs, 

approximately 6-112 miles east-southeast of the town of Savoonga (Fig. A-1). In 

the following, we provide written descriptions of how to locate the plots, and 
c 

photographs with plot areas delineated on them. 

The area in which the study plots were located is known to local residents 

as "Mahok". In 1987, John Wells established a field camp at a small cabin at 

Kookoolik, an old village about 4 112 miles east of Savoonga (Fig. A-1). The 
( 

cabin was rented from its owner, Ivan Pungowiyi of Savoonga, for $25 per day. 

Trips to and from the study area were made on foot. 

LOCATING THE STUDY PLOTS 

The coast is low-lying for just over two miles on the walk east from the 

camp at Kookoolik. The cliffs begin just past a small pond near the shoreline 
c 

and continue for several miles past Cape Myaughee. Note that the small pond 

appears in the background-of the photograph of Plot 1. Walking along the cliff 

edge, in a southeasterly direction from the small pond, one encounters a 

steep-sided stream valley after about 114 mile. Climbing out of this valley, 
C 

the land gradually levels out and, in clear weather, the Stolbi Rocks and the 

west side of Cape Myaughee appear in the background. Just at the point where 

Cape Myaughee becomes fully visible, the observer should cut towards the cliff 

edge. Plot 1 should now be visible to the west. Once Plot 1 has been found, 
C 

the remaining study plots should be relatively easy to locate as the observer 

continues along the cliff edge in a southeasterly direction. 

Plot 1 A natural corner in the cliff-edge configuration is the viewing point 
c 

for Plot 1. Observer looks to the west. 

Plot 2-3 These are counted from the same viewing point. The viewing point is 
C 

a corner in the cliff-edge about 50 feet beyond the Plot 1 viewing 

point. 



Plo t  4 Continue p a s t  the  viewing point  f o r  P l o t s  2 and 3 f o r  about 100 

f e e t .  P lo t  4 is  near the  t o p  of t h e  c l i f f s  and must be approached 

slowly t o  avoid f lush ing  t h e  b i rds .  Observer looks t o  t h e  east. 

P lo t  5 Continue pas t  P lo t  4 f o r  50-70 m. A loose  p i l e  of  boulders j u s t  

in land from t h e  viewing point  may be of use  i n  l o c a t i n g  t h i s  p l o t .  

Observer looks down and t o  t h e  east a t  t h i s  p l o t .  

P lo t  6 A r a t h e r  long walk (about 350-700 m) i s  required t o  g e t  from P l o t  5 

t o  P lo t  6. P lo t  6 should be e a s i l y  recognized by t h e  rock s t a c k  on 

the  outer  edge ( see  photograph). It i s  v i s i b l e  f o r  some d i s t ance  

before the  observer reaches t h e  c l i f f -edge  corner which is  t h e  

viewing point .  Observer looks t o  t h e  e a s t .  

P lo t  7 Continue pas t  P l o t  6 f o r  120-135 m. Observer looks t o  t h e  w e s t  from 

a c l i f f -edge  corner. 

P l o t  8 Immediately pas t  P lo t  7. Observer looks down and somewhat t o  t h e  

east of t h i s  p lo t .  

P l o t  9 Continue pas t  P lo t  8 u n t i l  a l a r g e  area of v e r t i c a l ,  rocky c l i f f  is 

v i s i b l e  t o  the  immediate east. P l o t  9 i s  counted looking t o  t h e  e a s t  

from the  cl iff-edge.  





















APPFNDIX C. WSTED AND LEAST AUKLET STUDY PLOTS AT KONGKOK STUDY AREA 

ST. LAWRENCE ISALM), U S K A  

A t o t a l  of 32 a u k l e t  s tudy p l o t s  were e s t a b l i s h e d  on t h e  t a l u s  s l o p e s  of 

Owalit Mountain (~'16) and Kongkok Basin (nt16). Each p l o t  was 14.2 m on a  
2  s i d e  o r  200 m . A t  Owalit Mountain, a l l  day counts  were made a t  e i g h t  of t h e  

p l o t s  (numbered 1 through 8 )  and a l l  16  p l o t s  were used f o r  p r o d u c t i v i t y  

monitoring (Fig. - 1  A t  Kongkok Basin, a l l  16  p l o t s  were censused but 

p roduc t iv i t y  checks were made only a t  t h e  e i g h t  p l o t s  l oca t ed  a t  t h e  south  s i d e  

of t he  bas in  (Figs.  C-2 and C-3). Permanent b r a s s  su rveyor ' s  markers ( labe led :  

USFWS SLI PLR Area - 1, were placed a t  p l o t s  1 through 8 a t  Owalit Mountain s o  

t h a t  they could be e x a c t l y  re loca ted  i n  t h e  f u t u r e .  The fol lowing pages 

desc r ibe  t h e  l o c a t i o n  of t h e  marker w i th in  each p l o t  and t h e  compass bear ings  

from t h e  marker t o  t h e  f o u r  corners  of t h e  p l o t .  Sketch maps (Figs .  C-1, C-2, 

C-3) i n d i c a t e  t h e  l o c a t i o n  of a l l  p l o t s ,  and t h e  l o c a t i o n s  from which census 

counts were made. 



LOCATIONS OF PERMANENT MARKERS AT AUKLET PLOTS NO. 1-8 AT OWALIT MOUNTAIN 

ST. LAWRENCE ISLAND, ALASKA 

Note: U a Upper, L 'Lower, L ' Left ,  R 'Right 

Plot  1, Marker "T": 

The marker is  near t h e  bottom L.L. corner, a s  t h e  observer f aces  Owalit 
Mountain. It is 7'4" from t h e  marker d i r e c t l y  l e f t  t o  t h e  l e f t+and  border of 
t h e  p lo t  and 7'3" from t h e  marker s t r a i g h t  doun t o  t h e  bottom edge of t h e  p lo t .  

Bearings taken a f t e r  compass adjus ted  f o r  12" 
from t r u e  north. 

Bearings from marker to  : 

L.R. comer: 52" 
L.L. comer: 180" 
U.R. comer: 21' 
U.L. corner: 3 U 0  

Plot  2,  Marker "Pa: 

The marker is  near U.R. edge of p lo t ,  3'1" from right-hand p l o t  edge and U'l" 
below upper p lo t  edge. 

Bearings from marker to: 

L.R. corner: 144" 
L.L. corner: 189" 
U.R. comer: 336" 
U.L. corner: 253" 

Plot  3, Marker " G w :  

The marker is located exact ly  i n  U.R. corner of the  plot .  

Bearings from marker to: 

L.R. corner: 140" 
L.L. comer: 190" 
U.R. comer: 232" 



Plot  4, Marker "L": 

The marker is loca ted  12'10" from L.R. corner ,  a t  bearing E. 82. 

Bearings from marker to: 

L.R. corner: 82" 
L.L. corner: 236" 
U.R. corner: 341" 
U.L. corner: 277" 

Plo t  5, Marker "S": 

The marker is loca ted  3' l e f t  of U.R. corner ,  d i r e c t l y  on p l o t  boundary. 

Bearings from marker t o  : 

L.R. comer: 224" 
L.L. comer: 180" 
U.R. corner: 46" 
U.L. comer: 220" 

Plo t  6,  Narker "F": 

The marker is loca ted  j u s t  i n s i d e  U.L. corner of p lo t ,  8'0" a t  280" from 
marker t o  U .L. corner.  

Bearings from marker t o  : 

L.R. corner: 78" 
L.L. comer:  144" 
U.R. corner: 40" 
U.L. corner: 280" 



Plot  7, Marker "8": 

The marker is located  exac t ly  in U.R. corner of p lo t .  

Bearings from marker to  : 

L.R. comer:  130' 
L.L. comer: 190' 
U.L. comer: 242' 

Plot  8, Harker "Em: 

The marker is  located outs ide  t h e  plot .  It is 4'3" from t h e  marker d i r e c t l y  
r i g h t  t o  lef t-hand border of t h e  p l o t  and 9'6" from t h e  marker t o  t h e  L.L. 
corner of  t h e  p lo t .  

Bearings from marker to: 

L.R. comer:  52' 
L.L. comer: 101' 
U.R. comer: 16' 
U.L. comer: 328' 



AUKLET STUDY PLOTS 
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AUKLET STUDY PLOTS 
KONGKOK BASIN: NORTH SIDE 
ST. LAWRENCE ISLAND, 1987 



AUKLET STUDY PLOTS 
KONGKOK BASIN: SOUTH SIDE 
ST. LAWRENCE ISLAND, 1987 
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APPENDIX D. COUNTS OBTAINED ON MURRE PLOTS 1-7, BLACK-LEGGED KITTIWAKE 

PLOTS 1-7, -AM) ON THE AUKLET PLOTS ON OWALIT MOUNTAIN 

(COUNTS FOR PLOTS 1-8 COMBINED) 



COUNTS ON MURRE PLOTS, S L I .  1987 

OBS DATE 



COUNTS ON MURRE PLOTS, SLI, 1987 

OBS DATE 



COUNTS ON KITTIWAKE PLOTS, SLI ,  1987 

OBS DATE KWPLOTl W L O T 2  KWPLOT3 KWPLOT5 



COUNTS ON KITTIWAKE PLOTS, SLI. 1987 

OBS DATE KWLOTl KWLOT2 KWPLOT3 KWLOT5 



AUKLET COUNTS ON OWALIT MI%, S L I ,  1987 

OBS DATE TIME CRESTED LEAST 



AUKLET COUNTS ON OWALIT MTN, SLI ,  1987 

OBS DATE TIME CRESTED LEAST 



AUKLET COUNTS ON OWALIT MTN, S L I  , 1987 

OBS DATE TIME CRESTED LEAST 



AUKLET COUNTS ON OWALIT MTN, SLI,  1987 

OBS DATE TIME CRESTED LEAST 



AUKLET COUNTS ON OWALIT MTN, S L I ,  1987 

OBS DATE TIME CRESTED LEAST 



AUKLFT COUNTS ON OWALIT MTN, S L I ,  1 9 8 7  

OBS DATE TIME CRESTED LEAST 



AUKLET COUNTS ON OWALIT MTN. SLI.  1987 

OBS DATE TIME CRESTED LEAST 



AUKLET COUNTS ON OWALIT MTN, SLI ,  1987 

OBS DATE TIME CRESTED LEAST 



AUKLET COUNTS ON OWALIT MTN, S L I ,  1987 

OBS DATE TIME CRESTED LEAST 



AUKLET COUNTS ON OWALIT MTN, SLI, 1987 

OBS DATE TIME CRESTED LEAST 



AUKLET COUNTS ON OWALIT MTN, S L I  , 1987 

OBS DATE TIME CRESTED LEAST 
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