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ABSTRACT

A negative relation between population size and average reproductive contribution

is a potentially important mechanism for regulation the population size of

mobile organism, such as seabirds. Relatively few studies of nesting success

have been carried out at large seabird colonies at high latitudes and there have

been no systematic investigations of reproductive contribut~on of seabirds as

a function of colony size. J/e compared the reproductive success of seabirds

in two colonies that differed in population size by a factor of 10: St. Paul

Island and St. George Island in the southeastern Bering Sea. The density and

degree of aggregation of birds foraging around the more POPU1 cm col orIy (St.

George) was consistently greater than the density and aggregation of birds

around the less populous colony (St. Paul). Of the five species investigated,

four (Black-1egged Kittiwake, Common Murre, Thick-bill edMurre, and Red-faced

Corinorant)  had significantly lower growth rates of chicks at the larger co’lony.

This resulted in a significant reduction in fledging weight for the two murre

sp=ies at that larger colony, and a significant delay in the fledging date

of Red-faced Cormorant and Red-legged Kittiwake chicks from the larger colony.

There were no significant differences in clutch size or reproductive success.

In an analysis of reproductive data from 22 colonies (including St. Paul and

St. George) +here was a consistently negative relation between colony size

and several components of reproductive contribution, including clutch size, growt)

rate, fledging weight and chicks fledged. These results suggest that colony

size may affect not only the number of chicks fledged, but also the

subsequent survivorship of chicks through delayed fledging or reduced fledging

weight. It is likely that large colonies will be more sensitive than

small colonies to the impact of humans on fish stocks.
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INTRODUCTION

The single-egg clutch and delayed maturation of many seabirds have been

interpreted as adaptations to minimize demands on a potentially limited and

irregular food supply (Wynne-Edwards 1962) and have been cited as evidence

for the historical importance of competition among seabircl populations

(Ashmole 1963, Nelson 1966). Ashmole (1963) hypothesized that tropical population

are limited by density related pressures on food supplies near breeding colonies

that result in reduced production and survivorship ofchicks~ However,

Ashmole did not extend this hypothesis to colonies at high latitudes where

resources were thought to be large compared to the energetic demand of the

seabird populations (Salomonsen 1955, Beck 1970).

food

If food limits seabird reproduction, then brood size should be limited

by the ability of parents to provision their young. Students of seabird

reproductive ecology have described reduced reproduction due to periodically

reduced food supplies (Belopol ’skii 1957, Ashmole 1963, 1971; Croxall and

Prince 1979). Experimental tests have focused on the ability of parents to

raise artificially augmented broods. Parents were ableto raise augmented

broods in some cases (Vermeer 1963, Nelson 1964, Coulson in Lack 1968, Harris

1970, Corkhill 1973, Lloyd 1977, Ward 1973) but not in athe= (Rice and Kenyon

1962, Harris 1966, Nettleship 1972). Supplemental feeding experiments (Harris

1978) and observations of broods with only one parent (Nettleship 1972) suggest

limited food

facilitating

suggest that

availability near colonies. Likewise, the existence of mechanisms

brood reduction among seabirds that lay multipl  e-egg clutches

frequently parents are unable to deliver enough food to raise

complete broods (Nisbet and Cohen 1975, Pa=ons 1975, Ricklefs et al. 1978,

Lundberg and Vaisanen 1979, Hahn 1981, Braun 1981, Braun and Hunt, in press).

These experiments have not shown whether food delivery rates in the majority
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of cases are limited by behavioral and physiological constraints (leading

to hard selection sensu Wallace 1968) or by density related pressures

(soft selection) as hypothesized by Ashmol e (1 963).

R~ent esti mates of the energy requirements of seabi rds i n the vicinity

of northern CO1 onies have shown that seabi rds may take 20-30% of the annual

production of forage fish (Wiens and Scott 1975, Furness 1978). Wiens et al.

(1 979) estimate that in the vicinity of the Pribil of Islands seabirds take

53,600 metric tons of food during the breeding season. These estimates are

in marked contrast to those of modelers of marine ecosystems (Andersen and

Ursin 1977, Laevastu and Favorite 1981, Walsh et al. 1981) who minimize the

large-scale impact of seabird foraging. Estimates ofcmsumption by birds

in pelagic waters are generally lower than estimates from near colonies

(Schneider et al. in prep. ) and suggest the local impact of seabirds on

food supplies around northern colonies may be important.

At present it is difficult to demonstrate prey depletion in the vicinity

of colonies because sampling methods for the fast-swinrning  prey of seabirds are

only qualitative and because there are many other consumers using the same prey.

An alternate approach is to examine reproductive achievement as a function of

colony size at colonies in similar marine habitats. If density related factors

do depress reproductive success, then the effects should be most pronounced at

the largest colonies.

In this study, we compare reproductive achievement of seabirds in two

colonies of different size. The seabird colony on St. George Island, Alaska

has a population of 2.5 X106 birds during the breeding season, while neighboring

St. Paul Island, 63 km distant, supports only one tenth as many (Hickey and

Crai ghead 1977). Although we have no data on food availability near the islands,

we were able to obtain an index of demand for food near each colony based



on the biomass of foraging birds. We additionally compi~ed information on

reproductive achievement and CO1 ony size for three hol arctic seabirds, the

B1 ack-l egged Kittiwake (Rissa tridactyl a) , Common Plurre (Uris aal ge) , and

Thick-billed Murre (~. lomvia) at other colonies.

STUDY AREA AND METHODS

The colonies

Eleven species of seabirds nest on the Pribilof Islands. These are:

Thick-bill ed Murre 1.6 x 106 birds, Least Aukl et (Aethia pus ill a) ‘2.7 x 105

birds, Conunon Murre 2.3 X105 birds, Red-legged Kittiwake (Rissa brevirostris)

2.2 x 105 birds, Parakeet Auklet (Cyclorrhynchus psittacwla) 1.8 X105 birds,

Black-legged Kittiwakel.1 x 105 birds, Northern Fulmar (Fulmarus glacial is}

7.1 x 104 birds, Crested Auklet (Aethia cristatella) 3.4 x 104 birds, Horned

Puffin (Fratercula corniculata) 3.2 x 104 birds, Red-faced Cormorant

(Phal acrocorax uril e) 7.7 x 103 birds, Tufted Puffin {Lunda cirrhata) 7.0

x 104 birds (Sowls et al. 1978). Although the proportions ofsp=ies

change between islands (Schneider aiid Hunt,in press), all species are more

abundant on St. George Island, where there is seven times more cliff area

available for nesting (Hickey and Craighead 1977].

The Pribilof Islands are located in the Mid Shelf @main of the Bering

Sea shelf (Fig. 1 ) (Ivemon et al. 1979). Each Island is surrounded by a water

mass boundary (front) near the 50 m isobath, which appears to be a region

of enhanced foraging activity for birds, particularly fw murres {Kinder et

al. 1983). There is more shallow water habitat between the front and

St. Paul Island than around St. George Island and bird Foraging appears

concentrated between each island and its surrounding frmt (Kinder et al.

1983). One could therefore argue that while there is a greater area of



generally good foraging available to birds at St. Paul, birds on St. George

are closer to the front where foraging appears best. St. George Island is

also closer to the Outer Shelf Domain and shelf-edge front, both apparently

richer foraging areas for birds than the shallower waters of the Mid Shelf

Domain (Iverson et al. 1979, Schneider and Hunt 1982). Since we CCHJ1  cl not

measure the relative availability of prey to birds on the two islands, we

compared bird abundance near one island to bird abundance near the other. We

then compared the energy demand of one colony to the other.

Comparison of Bird Distribution in the Foraging Areas

Birds were counted at sea around both islands during the breeding seasons of

1976, 1977 and 1978. Counts were made during daylight hours frcnns hips steaming

at a mininum speed of 10 km/hr. Birds were counted in a 9(lF sector extending

300 moutwards from the bow and beam of the ship, on the side with the best

visibility. The behavior of birds was noted and ship-following birds were

excluded from the analysis. Each ten minute count was standardized by dividing

it by the area surveyed during the count. Five cruises were made, yielding

309 transects within 30 km ofSt, Paul Island and195 transects within 30 km

of St. George Island. Standardized counts were not normal~y distributed sowe

compared mean bird density within 30 km of each of the islands using a Wilcoxon

two-sample test (Sokal and Rohl f 1969). We also made an estimate of the

relative energy demand-of birds at the two colonies based on colony size.

Miens et al. (1978, 1979) estimated the energy demand of seabirds at the

Pribilof Islands, and partitioned the total demand among species groups.

We further partitioned energy demand between the colonies using Elickey and

Craighead’s  (1977) estimates of the relative population sizes of species at

the two colonies.
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Comparison of Reproductive Achievement at the Two Colonies

We measured the reproductive achievement of five cliff-nesting species

(Red-faced Cormorants, Black-legged Kittiwakes, Red-legged Kittiwakes, Common

Murres and Thick-billed Murres) at both islands during the summers of1976, 19?7

and 1978. Species that nested in talus or crevices were not feasible to study.

Phenology, clutch size and reproductive success were measured at three sites

on St. George Island and four sites on St. Paul Island. At each nest, we followed

the progress of nesting from before egg-laying until fledging or nesting failure;

sample size was approximately 100 nesting attempts for each species in each

year (see Hunt et al. 1982 for details of sampling).

Calculations of clutch size included only nests containing eggs. In species

that lay multiple egg clutches,

nest. Reproductive success was

chicks fledged to the number of

as a defended territory or nest

we report only the timing of first events in each

computed for each study area, using the ratio of

nesting attempts (a nesting attempt was defined

construction). Murres do not build nests so

we estimated reproductive success as the number of chicks fledged divided

by the average number of adults at each site. Me assumed missing murre chicks

to have fledged if their age or plumage on the previous visit indicated that

they were sufficiently mature. Recomputed the number of murre chicks fledged

per egg for comparison with other studies.

by

at

Growth rates and fledging weights were obtained at two sites accessible

ladder on St. George and three sites on St. Paul. Study sites were visited

two- to seven-day intervals with

days. Growth rates were calculated

peak weights, divided by the number

the last weights of chicks obtained

most sites visited every three to four

as the difference between initial and

of days elapsed. Fledging weights were

before fledging.
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We used a one-way Anova (Sokal and Rohl f 1969) to determine whether SiteS

and years could be pooled to compare islands. Years could not be pooled so we

used t-tests to compare the two islands within each year. If the difference

between the two means reversed direction among years (e.g., greater at St. Paul

one year and greater on St. George another year), we accepted the null hypothesis

of no consistent difference between islands. If the difference between means was

consistent among years, we combined test results from all years using Fisher’s

(1954) method.

Comparison of Reproduction as a Function of Colony Size

To see whether reproductive achievement was related tocalonys~ze  at other

locations we assembled published data on Black-1egged Kittiwakes (BLK), Common

Murres (CM) and Thick-bil 1 ed Murres (TBM) (Appendix 1 ). When studies presented

several years of data, we used only the maximum value. Multi-year studies were

more likely to report a year of poor reproduction than single year studies; the

use of maximum values avoided this problem We examined c1 utch s i ze (BLK),

growth rates (BLK, CM, TBM), fl edging weights (CM, TBM) and

success (BLK, CM, TBM). For each species we regressed each

against the logarithm of colony size to test for a negative

reproductive

reproductive measure

relation between

reproductive achievement and colony size. We combined the results of the

individual regressions using Fisher’s (1954) method.

RESULTS

Comparison of Bird Distribut on in Foragng Areas

The density of all birds on the water was consistently higher around

St. George than around St. Paul 1s1 and on al 1 5 cruises (Tabl e 1 ). The weighted

mean value (derived from Table 1) around St. George, 253.2 birds/km2, was
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11.1 times greater than around St. Paul (22. 9 birds/km2) (p = 0.03, Milcoxon

two sample test based on 5 cruises). The density of murres on the water

was 15.1 times greater around St. George Island (x = 230.5 vs. 15.3, p = O.OZ

Wilcoxon  test based on 5 cruises). If we compare densities for the combination

of birds on the water and flying birds, we find the weighted ‘mean density

(derived from Table 1) to be 6.7 times greater around St. George for all

species combined and 9.8 times greater for murres. Thus, around St. George

there were higher densities of birds foraging close to the island and

there were more birds flying further off shore to forage than around St.

Paul Island.

A second measure of the differences in the densities of birds around the

two islands is the pooled variance, which provides an index of crowding or

aggregation. The pooled variance for murres on the water at St. George

(2473. 5) was 76.3 times greater than that at St. Paul 1s1 and (32.4) while for

all birds combined, the variance differed by a factor of 14.7 (2478.0

vs. 168.6). The higher densities as well as the higher degree of clumping

of foraging birds near St. George Island increases the probability of

interference between foraging individuals.

Energy demand, based on estimates by Wiens et al. (1978, 1979) and

partitioned between colonies on the basis of population size, was 12 times

greater at St. George than at St. Paul Island. The St. George Island colony

accounted for 86% of the total demand; the St. Paul Island colony accounted

for 7% of the total demand (Table 2). The remaining 7%was due to non-breeding

procellariids (Miens et al. 1978).

Comparison of Reproductive Achievement at the Two Colonies

When we compare the reproductive achievement of birds at the two colonies,

we found either no significant difference or better achievement at the smaller



. .*’ 1:

of the two CO1 onies, St. Paul Island (Figs. 2, 3, Tabl e 3). Three of the

f~ve species (Red-faced Cormorant, Red-1 egged Kittiwake, and Thick-billed Murre)

fledged young earlier on St. Paul (Fig. 2, Table 3), while the other two species

(Black-1 egged Kittiwake and Common Murre) were earlier on St. Paul in only

two of three years. Neither Red-faced Cormorants nor Black-legged Kittiwakes

showed significant differences in clutch size between the

is not unexpected in the case of the Red-faced Cormorant,

is a very small proportion of adult weight and may not be

of food availability to the female (Hunt 1980).

islands. This result

as the clutch weight

a sensitive indicator

Growth rates of young should be sensitive to the availability of foodto

the parents. All five species had lower chick growth rates on St. George

Island (Fig. 3, Table 3), although the differences were not statistically

significant for the Red-legged Kittiwake. The greatest difference was found

in Thick-billed Murres; growth rates on St. George were only 59% of those

on St. Paul. For the two kittiwake species, differences in growth rates did

not translate into differences in

in the nest until they were about

delayed for Red-legged Kittiwakes

Three week 01 d young of both

fledging weight; kittiwake chicks remained

90% of adult weight. However, fledging was

on St. George (Table 3).

species of murres go to sea at about 20%

of adult weight. In both Common Murres and Thick-billed Murres, chicks from

St. George departed at 1 ower weights than on St. Paul (Fi ~ 3, Table 3).

Thick-billed Murre chicks from St. George fledged at only

chicks from St. Paul Island.

While we found no difference in reproductive success

populations on the two islands, we did find significantly

fledging weights and delayed fledging for some species at

74% of the weight of

between seabird

lower growth rates,

the larger colony.

The magnitude of the difference in reproductive achievement between seabird
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populations at the two colonies was greatest for the most abundant species,

the Thick-billed Murre (Fig. 3, Table 3). These findings suggest that

seabird reproduction is affected by density related factors and that chicks

fledged from the larger colony may suffer higher mortality rates than chicks

produced at the smaller colony.

Reproduction as a Function of Colony Size

Clutch size (BLK), growth rates (BLK, TBM, CM), fl edging weights (TBM, CM)

and reproductive success (BLK, TBM, CM) varied inversely with colony size for

(Fig. 4) in CO1 onies for which there were reports of CO1 ony size and reproductive

measures (Appendix 1). The correlations were significant in four of the

nine regressions (Fig. 4). The combined probability (Fisher 1954) for

the entire analysis was <<0.005 ( x 2=64.405, 18 df). It is noteworthy

that the growth rates for all three species (BLK, CM, TBM) on St. George

Island (b in Fig. 4} were among the lowest reported in any study, as were

the weights of murres chicks when they left the colonies.

There also appears to be a negative relation between colony size and the

ability of pairs to raise extra chicks (Table 4). This comparison involves many

different species with different foraging patterns and methods of provisioning

chicks, and conclusions must be drawn with extreme caution. However, there

is one species, the Common Puffin (Fratercula  arctica) which was examined at

two colonies of different size

consistent with our hypothesis

and reproductive achievement.

(Table 4). The results of this comparison are

of a negative relationship between colony size
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DISCUSSION

At the Pribilof Islands, we found reduced growth rates, delayed fledging,

and reduced fledging weights for young of several seabirds at the larger of

two colonies, but we found no direct effects on the numbers of chicks produced

(clutch size or net reproductive success). In comparing reproduction among

several northern hemisphere colonies we found that clutch size and reproductive

success, as well as growth rates and fledging weights ware all reduced in larger

colonies. These results are consistent with the conclusions of Coulson et al.

(1982) who attributed increased size of individuals and increased egg size

in a Herring Gull (Larus argentatus)  colony to reduced competition after the

population was culled to 1/4 its former size.

Other studies

rates of young and

urbica); van Balen

have demonstrated a close correlatiar?  between the growth

food supplies [Bryant 1975, 1979 House Martins (Del ichon

1973 Great Tits (Parus major)l. In Common Terns, the quality— .

and quantity of food available to the females was found to aff=t both the

number of young produced (clutch size and reproductive success) and potentially

reduce post-fledging survival (dueto delayed phenology] (Nisbet 1978).

Reduced post-fl edging survivorship in seabirds has been associated with

low fledging weights (Perrins  et al. 1973, Jarvis 1974) and with Iate fledging

(Harris 1966,

alcids failed

birds. Lloyd

Perrins 1966, Nisbet and Drury 1972). However, two studies of—

to show lower survivorship  in late fledging or low fledging weight

(1979) found no s i gnificant difference in survivors hip of early

(heavy) and 1 ate (1 i ght) fledging razorbills. However, he worked at aco?ony

with only 1000 Razor&ills. In a study of post-fledging survivorship of Comnon

Murres at Stora Karl so [population size about 13,000 birds (Hedgren 1979)]

Hedgren (1981) also found no relation between survivorship and the timing

of fledging or fledging weight. However, the mean weight of Stora Karlso
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murres was 253.9 ~ 35.3 g and the upper 1 imit for smallest size class Hedgren

used in his analysis ( <215 g) was 47 g heavier than the mean fledging weight

of Common Murres on St. George Island ( x = 168 + 20.2 g, Hunt et al. ~982),

Iiedgren did find a 19% 1 ower return rate (survival ) of 1 ow fl edging weight

birds, but this was not statistically significant. A 31% lower return rate

WCIUI d have failed significance because of his small sampl e size. Because St.

George birds are al most a?l at or bel ow the upper bound of !-!edgren’s 1 owest

weight category, we bel i eve that the considerable y reduced fl edging wei ghts

of murres on St. George 1s1 and may result i n decreased post-fl edging survival.

Thus far most studies of post-fl edging mortality and experimental

manipulations of brood size have been done at rel atively sma~l colonies. If

chicks at 1 arge CO1 oni es depart underweight as our data suggest, many estimates

of post-fledging survival may be too hi gh. The possibility that results from

experimental manipul  ations of brood size are sensitive to colony size raises

doubts about the interpretation of past tests of Lack’s (1 954) hypothesis

concerning the evol ution of c1 utch size. We now need a series of brood size

supplements across a wide range of CO1 ony sizes within a single species.

Additional 1 y, i f birds at 1 arge COI onies are incapabl e of ra5sing

extra chicks, then a species requiring 1 arge CO1 ony size (for 1 ack of alternate

site= avoi dance of predators or information sharing, see Wtttenberger and Hunt,

in press ) may 1 ose the option of having 1 arger broods.

Competition implies resource depletion. At 1 arge seabfrd CO1 onies the

potentially 1 imited resounes are nest sites, food, or access to food without

interference. Competition for nest sites is important at the Pribil of 1s1 ands

(Squibb and Hunt, in press) but occurs primarily early i n the season when nests

are being established. Competition for nest sites does not explain the depression

of growth rates, fledging weights or the delay in fledging found at St. George
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1s1 and. Although we have no measures by which to compare nesting interference

at the two colonies, there are neither indications of differences in nesting

density (Hickey and Craighead 1977), nor did we see obvious differences in

the amount of interference at the nest sites.

It is likely that reduced food delivery rates were responsible for

reduced growth rates on St. George. Reduction in food delivery may result

either from interference among foraging birds or from prey depletion. Inter-

ference during feeding may be important because birds feed in large aggregations,

especially around St. George Island. The energetic demand of birds at the

St. George colony is 12 times greater than the demand at the St. Paul colony.

Walleye Pollock (Theragra chalcogramma)  is the most important prey of four

of the five seabirds (BLK, RLK, CM, TBM) we studied (Hunt et al. 1981, Schneider

and Hunt, in press). Pollock are also the principal food of Northern Fur Seals

(Call orhinus ursinus ) which have 1 arge CO1 onies on

consumption of seabirds at moderate sized colonies

portion of the fish production (Furness 1978), and

St. George 1s1 and is a possibility. ‘

the Pribilof Islands. Prey

appears to be a substantial

resource depression

We have demonstrated density dependence of reproduction for three

species in northern hemisphere seabird colonies. Our results from the

at

dominant

Pribilof Islands suggest that competition for food reduces food delivery rates

to chicks. We attribute the consistently lower growth rates, fledging weights

and delayed fledging on St. George Island to the demonstrably greater demands

placed on the food supplies around this colony. Whilewe have not determined

whether increased interference in feeding or prey depletion exist, both types

of competition are likely and may be important. An important implication of

our results is that large seabird colonies will be particularly sensitive

to reduction in their food resources by man.
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Appendix 1. Colonies used in Fig. 4 and sources for data.

Colony Size

a. St. Paul Is. 253,800

b. St. George Is. 2,519,000

c. Skomer Is. . 220,384

d. Fame Islands 50,000

e.’ Akpatok Is. 1,200,000

f. Cape Hay

Prince Leopold 1s.9*

h. Coburg Is.

i. North Shields

j’ B1 uff

k. Cape Lisburne

1. Cape Thompson

350,000

362,400

350,000

150

60,000

127,000

417,695

Location

Bering Sea

Bering Sea

Irish Sea

North Sea

N. Atlantic

Baffin Bay

Baffin Bay

Baffi n Bay

North Sea

Bering Sea

Chukchi Sea

Chukchi Sea

Sources

Hunt et al. 1982

Sowls et al. 1978

Hunt et al. 1982

Sowls et al. 1978

Birkhead  1977

Cramp et al. 1974

Pearson 1968

Ci-anp et al. 1974

Tuck 1960

Brown et al. 1975

i3irkhead  and Nettl eshi p 19S

Brown et al. 1975

Gaston and Nettl eshi p 1981

Brown et al. 1975

Birkhead and Nettl eshi p 198

Brown et al. 1975

Coulson and White 1961

Drury et al. 1981

Sowls et al. 1978

Springer and Roseneau 1978

Springer et al. 1979

Sowls et al. 1978

Springer and Roseneau 1978

Springer et al. 1979

Sowls et al. 1978



m. Kulichoff 1s. 1,327

n. Sitkalidak Strait 23,453

0. Gull IS.

P“ Cape Peine

q“ Dunbar

r. Browfiman

S. St. Abbs

t. Middleton Is.

u. Runde

v. Stora Karlso

w. Hekkingen

138,380

1,230,000

45(I

50,000

50,000

172,000

300,000

28,800

1,000

N. Pacific

N. Pacific

N. Atlantic

Bering Sea

North Sea

North Sea

North Sea

North Pacific

North Sea

Bal tic

North Sea
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Nysewancier  and Barbour 1979

Baird and Hatch 1979

Mahoney and Threl fall 1981

Maunder and Threl fall 1972

Brown et al. 1975

Petersen and Sigman 1977

Sowls et al. 1978

Coulson and White 1967 “

Coulson and White 1961

Coul son 1963

Coulson and White 1961

Hatch et al. 1979

Sowls et al. 1978

Barrett and Runde 1980

Brun 1979

Hedgren and Linnman 1979

Barrett and Runde 1980
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Tabl e 1. Abundance of birds within 30 km of St. George Island and St. Paul

Island. Abundance does not include ship-following birds. N is the numberuf

ten minute counts, X is the average density (birds/kmz), sd is the standard

deviation around the mean, and NR is not recorded separately.

St. George Island St. Paul Island

Cruise n

a. Birds in the air and

August 1975 13

June 1976 13

July 1976 35

July 1977 40

August 1977 39

August 1978 55

b. Birds on water only.

August 1975 13

June 1976 13

July 1976 35

July 1977 40

August 1977 39

August 1978 55

x- sd— n

on water combined.

3’20.6

274.6

1936.7

330.1

211.3

179.0

NR

4.2

1056.0

158.4

18.3

36.6

352.8

337.6

6635.2

582.6

240.1

331  ● 3

NR .

7.9

5627.6

360.3

45.1

139.2

63

14

92

47

44

49

13

14

92

47

44

49

x

115.9

20.8

111.0

81.9

45.4

36.4

NR

1.5

38.1

27.4

11.1

6.9

sd

291.7

25.0

129.6

84.7

32.6

47.0

NR

3.9

80.9

29.8

11.5

11.8
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Table 2. Energy demand of the seabird colonies at St. George Island and St.

Paul Island. Estimate is based on Wiens et al. (1978) figures for species

groups and Hickey and Craighead’s (1977) estimates of population sizes of

species on the two islands. Energy demand forsp=ies groups is given

in l~l” kcals and as penent of the total demand.

Energy demand (1010 kcals)

St. George Island St. Paul Island

Murres

Auk? ets

Puffins

Ful mars

Kittiwakes

Total

Total Energy Demand

St. George/St. Paul

kcals

4.400

0.147

0.039

0.599

o* 374

5.559

% kcals %

68.0 0.383 6.0

2.0 0.022 O*3

0.6 0.006 0.1

9.0 0.006 0.1

6.0 0.042 &6

86.0 0.459 7.0

12:1
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Tabl e 3. Differences in reproductive parameters of seabirds nesting on St.

Paul (P) and St. George (G) Islands. Probability levels based on Fisher’s

(1 954) method to combine tests (years). RFC=Red-faced Cormorant, BLK=Black-legged

Kittiwake, RLK=Red-l egged Kittiwake, CM=Common Murre, TBM=Thick-billed Murre.

RFC BLK RLK CM TBM

LAYING Datea p < G** flips fl i ps n. d. flips

HATCHING Datea

FLEDGING Datea

CLUTCH
SIZE

GROWTH RATE

FLEDGING
WEIGHT

PRODUCTIVITY

p < G** fl i ps flips

p < G** flips p < G**

p<~ p > G n. v.
n.s. n.s.

p > G** p > G * P>G
n.s.

n. d. flips fl i ps

flips fl i ps flips

flips p < G *

flips p < G**
(. 005)

n. v. n. v.

P>G* p > G**
(.005)

P>G* p > G**

flips flips

a: < for date means earlier in season
n.s. : not significant at p = .05
n.d. : no data
WV.: no variation in clutch size
flips: direction of difference not consistent from year to year; not combined

*p<.05
* p ~ .001
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Table 4. Ability of seabirds to raise artificially supplemented broods as

a function of colony population size of all species combined (order of

magnitude, listed in increasing size).

Study

Colonies with 103 birds

Marsden Bay

Coulson in Lack

1968

Mandarte.Island

Vermeer 1963

Ward 1973

Colonies with104 birds

Bass Rock

Nelson 1964

Skokholm

L1 oyd 1979

Harris 1966

Skomer Island

Corkhill 1973

Colonies with >105 birds

Great Island

Nettl eship 1972

Midway Atoll

Rice and Kenyon 1962

Species Able to raise

larger broods?

Black-legged Kittiwake yes

G1 aucous-wi  nged Gul 1 yes

G1 aucous-wi nged Gul 1 yes

Gannet yes

Razorbill “ yes

(pop. size 1000)

Manx Shearwater no

(pop. size 70,000)

Common Puffin yes

Connnon Puffin no

Laysan Albatross no
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FIGURE LEGENDS

Fig. 1. Location of the Pribilof Islands in the southeastern Bering Sea.

Fig. 2. Comparison of the breeding phenology of seabird populations on

St. Paul (solid line) and St. George (dashed line) Islands fcr

five species of cliff-nesting seabirds, 1976-1978. Figures

show mean : 1 standard deviation.

Fig. 3. Comparison of reproductive achievement of seabird populations on

St. Paul (solid line) and St. George (dashed line) Islands for

five’ species of cliff-nesting seabirds, 1976-1978. Figures show

mean ~ 1 standard deviation.

Fig. 4. Relation between reproductive achievement and colony size for

Black-legged Kittiwakes, Common Murres and Thick-billed Murres.

Letters designate colonies listed in Appendix 1. Lines are

least squares regression lines; regression coefficients and

probabilities are given.
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