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ABSTRACT

Fork-tailed and Leach’s Storm-Petrels were studied 

at Wooded Islands, Alaska, 59° 5 2 1 N, 147°25’ W, to 

document and compare their breeding biology. Measure

ments of both species from California to the Aleutian 

Islands showed clinal variation; current subspecies 

divisions are not justified. Fork-tailed Storm-Petrels 

nested in a wider variety of habitats, arrived earlier 

at night, nested earlier, and fledged young in a 

shorter period than Leach’s Storm-Petrels, apparently 

because of their different oceanic distributions.

River otter predation was the major cause of nest 

failures. Nesting success was higher within an 

exclosure than in areas exposed to predation. Preda

tion was greater at low than high nest densities, and 

greater in soil than in rock habitat. Continued otter 

predation may decimate soil-nesting populations. Fork

tailed Storm-Petrel chick growth patterns did not vary 

between habitats, or nest densities. Mid- and late 

hatched fork-tail chicks grew faster, attained heavier 

weights, and had shorter nestling periods than early 

hatched chicks .
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PREFACE

This thesis presents the results of two field 

seasons of study on the breeding biology of Fork-tailed 

and Leach’s Storm-Petrels at Wooded Islands, Alaska.

In order to expedite publication of the information 

contained herein, this thesis is divided into four sec

tions, each representing a separate article to be 

submitted to a biological journal. The entire thesis 

is written in the style of Condor and the Counc i1 o f 

Biological Editor’s Style Manua1 . edition.

This study was funded by the Bureau of Land 

Management through inter-agency agreement with the 

National Oceanic and Atmospheric Administrât ion and the 

U.S. Fish and Wildlife Service, Office of Biological 

Services--Coastal Ecosystems. I was employed as a 

Graduate Research Assistant at the Alaska Cooperative 

Wildlife Research Unit for the duration of the study.

I would like to thank Dr. Peter G. Mickelson for 

providing me the opportunity to conduct this study and 

for his assistance throughout the project. I would 

also like to thank Dr. Stephen F. MacLean, Dr. Samuel 

J. Harbo, and Dr. Philip S. Gipson for serving on my



committee and providing helpful suggestions and 

criticisms of the study and this thesis.

My field work was made possible by the generous 

assistance of many individuals. The personnel at the 

Cordova office of the U.S. Forest Service, Chugach 

National Forest were particularly helpful in field 

preparations, providing space and vehicles during the 

hectic days prior to leaving for and upon returning 

from the islands. Their kind concern for my well-being 

and safety was much appreciated, as were the periodic 

food supply drops that made a continuous field season 

possible. Without their help, this project could not 

have been successful.

Through Pete Isleib’s help and the 1977 crew of 

the crabbing boat, Sunward Elaine , I was able to reach 

the islands before egg-laying began in April 1977. My 

sincere thanks to Pete for his help, and to the b o a t s ’ 

crew for taking us to the islands and offloading our 

equipment and supplies at Wooded Islands.

I very much appreciated the help of my able field 

assistants, James Sherwood, and Martha Eliassen. Their 

perseverance, companionship, and dedicated assistance 

were great assets to the project during the field
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seasons. I also appreciated the help of Alice Stickney 

during the 1977 field season.

Dr. Stan Harris provided study skins and measure

ments of storm-petrels from northern California, and 

R. Wayne Campbell allowed me to measure study skins 

from the British Columbia Provincial Museum. Anthony 

DeGange generously provided measurements of storm- 

petrels from Forrester Island. I very much appreciated 

their help.

G. Vernon Byrd was very helpful throughout the 

project, discussing techniques, findings, and ideas on 

storm-petrel biology with me. He also generously 

aliowed me to use measurements of birds he examined at 

Buldir Island in the Aleutian Islands. His open 

friendly manner and interesting comments were much 

apprec iated.

I would also like to thank George Mueller and Ken 

Coyle of the Institute of Marine Sciences at the 

University of Alaska for identifying the marine 

invertebrates collected in this study.

Finally, my heartfelt thanks to my husband and 

fellow biologist, Bud Lehnhausen, for his help, 

tolerance, and encouragement throughout the many ups 

and downs of this project.
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SECTION I. TAXONOMY OF STORM-PETRELS AT WOODED ISLANDS

Both Fork-tailed and Leach’s Storm Petrels have 

been reported to vary in size and coloration along a 

north-south gradient from the Aleutian Islands to 

California. Grinnell and Test (1939) summarized this 

variation in Fork-tailed Storm-Petrels, and divided 

them into a northern subspecies, Oceanodroma furc at a 

f urcata. and a southern subspecies, 0.. £. d lumbea. 

Austin (1952) summarized Leach’s Storm-Petrel variation 

by dividing those along the north coast of North 

America into a northern race, Oceanodroma leucorhoa 

leucorhoa. and a southern race 0.« i.- beali. During the 

summers of 1976 and 1977, I measured 375 Fork-tailed 

and 70 Leach’s Storm-Petrels captured in mistnets over 

their northernmost breeding colony at Wooded Islands, 

Alaska. Wooded Islands lies near the subspecies range 

division for both storm-petrel species (Fig. 1, 2). In 

trying to assign Wooded Island birds to subspecies, I 

found their body measurements were intermediate and the 

petrels were not clearly assignable to a subspecies. 

Therefore, I obtained measurements of both species 

throughout their ranges from the literature and 

unpublished studies. Additionally, I measured skins 

obtained from the British Columbia Provincial Museum 

(courtesy of R. W. Campbell), and from Humboldt State



®  Wooded Islands

FIGURE 1. Known breeding locations of Fork-tailed Storm-Petrels 
(Qceanodroma furcata) in the Pacific Ocean (Gabrielson and 
Lincoln 1959, Palmer 1962, Harris 1974, Manuwal and Boersma 1977, 
Bailey 1977, this study). The dashed line shows the subspecies 
range division for 0. f. furcata (A) and 0_. jf. plumbea (B) from 
Palmer (1962).



®  Wooded Islands

FIGURE 2. Known breeding locations of Leach's Storm-Petrels 
(Qceanodroma leucorhoa) in the Pacific Ocean (Palmer 1962, 
Osborne 1972, Bailey 1977, R. H. Day, pers. comm., this study). 
The dashed line shows thesubspecies range division for Ch 1_. 
leucorhoa (A) and 0. 1. beali (B) from Austin (1952).



University Museum in California (thanks to Dr. S. W. 

Harris). Measurements were made of exposed culmen, 

diagonal tarsus, extended wing and wing chord using 

standard techniques (Baldwin et al. 1931). Since no 

sexual difference in these characters could be 

detected, males and females were not separated in the 

analys i s .

Fork-tailed Storm-Petrels exhibit an 

uninterrupted cline toward larger birds to the north 

and west (Fig. 3). Leach’s Storm-Petrels show a very 

similar pattern though there appears to be an increase 

in wing length south along the California seacoast 

(Fig. 4). The divison of either Fork-tailed or Leach' 

Storm-Petrels into subspecies on the basis of such 

differences seems questionable.

Amadon (1949) proposed that 75 percent of a 

population should be distinguishable from 99 percent 

of the other before subspecies separation is 

appropriate. In order for a population to be given 

subspecies status, its mean plus 1.88 times its 

standard deviation should be less than or equal to the 

mean of the second population minus 1.88 times its 

standard deviation (ml + 1.88 s 1 <. m2 - 1.88 s2).

Using this formula to compare (separately) the measure 

ments obtained in the Aleutians and Wooded Islands to



FIGURE 3. Measurements of Fork-tailed Storm-Petrels from the Aleutian Islands along the 
North American coast to their southernmost breeding area, Trinidad Rocks, California.
The horizontal line represents the range of measurements; the vertical line the mean; 
and the shaded area, one standard deviation on each side of the mean. Sources: 
(l)Grinnell and Test (1939), (2) G. V. Byrd (pers. comm.), (3) this study,
(4) A. DeGange (pers. comm.), (5) this study, measurements of study skins from the 
British Columbia Provincial Museum, (6) this study, measurements of study skins from 
Humboldt State University Museum, California, (7) S. W. Harris (pers. comm.).
Grinnell and Test (1939) (source 1) did not provide standard deviations, and seperated 
their data by sex; for their data, the vertical line is an average of the means they 
reported for each sex, and the shaded area is bounded by the average measurement for 
each sex.
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FIGURE 4. Measurements of Leach's Storm-Petrels from their westernmost breeding areas in 
the Commander Islands and northern Japan, along the North American coast to their southernmost 
breeding area in the Coronados Islands. The horizontal line represents the range of 
measurements; the verticla line, the mean; and the shaded portion, one standard deviation 
on each side of the mean. Sources (1) Austin (1952), (2) G. V. Byrd (pers. comm.), (3) Crossin 
(1974), (4) this study, (5) A. DeGange (pers. comm.), (6) this study, measurements of study 
skins from the British Columbia Provincial Museum, (7) this study, measurements of study 
skins from the Humboldt State University Museum, California, (8) S. W. Harris (pers. comm.).
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those obtained at Forrester Islands, British Columbia, 

and California, I found no differences great enough to 

justify subspecies designations.

To determine whether or not the differences in all 

three measurements combined were sufficient to allow 

separation of 75 percent of the southern storm-petrels 

from 99 percent of the northern birds, I compared the 

measurements of each southern bird to the range of 

values obtained from all northern birds. When any 

single measurement fell outside the range of values 

obtained in the north, I considered the bird as 

d іstinquіshab 1 e .' This method is preferable to 

statistical analysis because of the inherent correla

tion between the measurements (Amadon 1949). Thus for 

Fork-tailed Storm-Petrels, only 20 percent of the birds 

from Forrester Island, 42 percent of the birds from 

British Columbia, and 33 percent of the birds from 

California were separable from Aleutian birds. For 

Leach's Storm-Petrels, 6.5 percent of the birds from 

Forrester Island, 22 percent of those from British 

Columbia, and 38 percent of those from California were 

separable from Aleutian birds. When the measurements 

were compared to the range of values obtained at Wooded 

Islands, even fewer birds were separable. Clearly, 

differences in these measurements are not sufficient



for a 75 percent separation of the populations.

Color variations in storm petrels have also been 

used in identifying subspecies. I was able to compare 

specimens from Wooded Islands with study skins from 

British Columia and northern California. While there 

is some variation in color among the study skins, I 

found it to be more related to the age of the skin than 

to geography. Austin (1952) points out that the white 

rump patch of Leach’s Storm-Petrels becomes darker from 

north to south. I was not able to compare enough 

Leach’s Storm Petrels to determine how much variation 

there is in plumage coloration.

I believe that clinal variation appropriately 

describes the differences in measurements found in both 

Fork-tailed and Leach’s Storm-Petre1s along the coast 

of North America. The color variation I found in Fork

tailed Storm Petrels was not sufficient for subspecies 

separation either, so there is no justification for 

maintaining a taxonomic distinction between the 

northern and southern populations of Fork-tailed Storm- 

Petrels. Thus I recommend the subspecific names of 

fork-tails be dropped. Variation in Leach’s Storm- 

Petrel rump coloration may justify subspecies separa

tion, but no quantitative analysis has been done to 

show that such division is warranted. Clearly mensural



differences alone are not large enough to merit 

subspecies division of Leach's Storm-Petrels. Austin 

(1952) noted the weakness of the two races and Crossin 

( 1974 ) noted that many 0.. I. beali individuals were 

indistinquishable from £>.. 1.. leucorhoa. Since Leach's

Storm-Petrels are divided into several other subspecies 

throughout their wide geographic range, I recommend 

that the subspecific name Q. i. leucorhoa be used to 

describe all populations formerly described as 0.. 1,. 

beali and 0.. 1.. leucorhoa.



SECTION II. BREEDING BIOLOGY OF STORM-PETRELS AT 
WOODED ISLANDS, ALASKA

Two species of storm-petrels (Hydrobatidae) 

flourish in North Pacific waters, Fork-tailed Storm- 

Petrels (Oceanodroma furcat a Gmelin) and Leach’s Storm- 

Petrels (Oceanodroma leucorhoa Viellot). Fork-tailed 

Storm-Petrels (also referred to as fork-tails) are the 

most northerly distributed (Fig. 1), breeding along the 

coast of North America from Trinidad Rocks, California 

northward to St. Lazaria Island near Sitka, Alaska, and 

west through the Aleutian and the Kurile Islands (Murie 

1959, Palmer 1962). Austin and Kuroda (1953) report 

them as casual visitors along the coast of Japan.

Until recently, colonies along the coast of the 

northern Gulf of Alaska between the Aleutian Islands 

and Sitka were unknown, although Friedmann (1935) 

reported fork-tails breed on islands near Kodiak. 

Fork-tails were found breeding on the Barren Islands 

in 1965 (Roseneau as cited in Isleib and Kessel 1973) 

and on the Chiswell Islands off the Kenai Penisula in 

1975 (Bailey 1976). Sandegren (1970) first noted fork- 

tails breeding at Wooded Islands, although his report 

was not published in ornithological literature. Isleib 

and Sowl observed fork-tails around Wooded Islands in 

1972 (Isleib and Kessel 1973). This colony is the

12
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northernmost so far located, although more may be found 

in Prince William Sound as more islands are visited by 

ornithologist s .

Leach’s Storm-Petrels breed throughout both the 

North Atlantic and the Pacific. In the Atlantic, 

colonies are known on islands off the coast of Great 

Britain, Ireland, and Iceland, off the southern coast 

of Greenland, and down the North American coast to 

Massachusetts (Ainslie and Atkinson 1937). In the 

Pacific (Fig. 2) they range from Baja California to 

Sitka, Alaska, and west from Sitka through the Aleu

tians, the Kuriles, and several islands off Japan 

(Austin and Kuroda 1953, Gabrielson and Lincoln 1959). 

Between Sitka and the Aleutians the only known breeding 

colonies are those reported by Bailey (1976) in the 

Chiswells and the small colony that I found on Wooded 

Islands. Bent (1922) mentioned that a visitor to 

Wooded Islands in 1918 reported Leach’s Storm-Petrels, 

but later visitors were unable to confirm the report.

At this writing the Wooded Islands’ colony is the 

northernmost known in the Pacific.

The pelagic distributions of these species are not 

well known, but fork-tails occur farther north than 

Leach’s, ranging north into the Bering Sea, 

particularily in winter (Gabrielson and Lincoln 1959),
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while Leach’s have been reported north of the Aleutians 

only once (Eley 1974). Fork-tails are most common 

north of 40° N latitude, while Leach’s Storm-Petrels 

range south to the equator in winter (Crossin 1974). 

Several references indicate that Fork-tailed Storm- 

Petrels feed primarily over the continental shelf while 

Leach’s prefer deeper oceanic waters (Martin and Myres 

1969, Ainley et al. 1974, Harris 1974).

Storm-Petrels nest only on oceanic islands and are 

active on land only at night. Neither species has been 

extensively studied, but information on fork-tails is 

particularily scant. The most thorough information 

available is that provided by Harris (1974) from the 

southernmost known breeding colony of the species. 

Anecdotal and brief mentions of the breeding biology 

of fork-tails are made by several naturalists including 

Grinnell (1897), Maillard (1898), Finley (1905), Me 

Gregor (1906), Heath (1915), Bent (1922), Murie (1959) 

and others.

Leach’s Storm-Petrels have been studied more 

thoroughly than fork-tails, but through a restricted 

part of their range. In the Atlantic, Gross (1935), 

Ainslie and Atkinson (1937), and more recently 

Huntington (1963) and Wilbur (1969) reported on the 

breeding biology of the species. In the Pacific,
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A i n i e y e t a 1 (1979, 19 7 5 ). and Harris (1979) provide 

the most extensive information on Leach's Storm-Petrel. 

Many of the aforementioned naturalists also supplied 

anecdotal information on breeding and distribution of 

Leach's Storm-Petrels.

Offshore oil and gas development and other human 

activities are now increasing throughout the range of 

both species. Both species face probable adverse 

consequences of this development including oil pollu

tion, human disturbance on their breeding grounds, the 

threat of introduced predators, and increasing gull 

populations. In order to preserve the breeding 

colonies of these oceanic species, more precise 

information on their breeding biology is needed.

The purpose of this study was to document and 

compare the breeding biology of the two species at 

Wooded Islands. Habitat use, daily and seasonal 

activity patterns, breeding chronologies, behavior, and 

chick growth patterns were examined for both species. 

Information on nesting success was collected for Fork

tailed Storm-Petrels only, because adequate numbers of 

Leach's were not present.

I conducted field studies between 21 May and 30 

August 1976 and 23 April and 3 October 1977.
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S 1U D Y a R Hi ti

Wooded Islands are located just outside Prince William 

Sound in the northern Gulf of Alaska at 5 9 ^ 5 2 ’N, 147°

25'W (Fig. 5). The nearest large land mass is Montague 

Island, a 75 by 15 km island forming much of the 

eastern border of Prince William Sound. Four small 

islands, Wooded, South, Fish, and Tanker, along with 

many offshore rocks make up the Wooded Islands group 

(Fig. 6). Fork-tailed Storm-Petrels nest on South, 

Tanker and Fish Islands, while Leach's Storm-Petrels 

nest on South and Fish Islands. Both species were most 

abundant on Fish Island, so it was used as an intensive 

study area.

Fish Island, the most exposed island of the group, 

lies 6.4 km offshore of Montague Island. The island 

consists of a high, soil-covered plateau surrounded on 

all sides by cliffs. The cliffs vary in height from 

10 to 50 m and end in boulder and talus slopes which 

taper out to form much of Fish Island's steep, rocky 

shoreline (Fig. 7). Gentler slopes on West Point, and 

at South Cove and Landing Cove form rocky beach areas. 

In total area, Fish Island is approximately 4.1 ha.

The upper plateau is typified by two plant associ

ations: spruce-salmonberry and grass-umbel (Fig. 7).
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FIGURE 5. Location of Wooded Islands in relation to other areas in the Gulf of Alaska.
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FIGURE 6. Wooded Islands showing location of Fish Island in 
relation to Montague Island and ether islands in the area.



FIGURE 7. Map of Fish Island showing topographical features and vegetation. From the 
perimeter of the island to the cliff edge there are boulder beaches and rocky slopes, 
some of which are partially vegetated. The unshaded area inside the cliff edge boundry 
an association of grasses and umbelliferous plants.
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T h e spruce- sal men be r r y assoc i a I .ion is c o rn p osed m a i n 1 y 

of an open Sitka spruce (Picea sitchensis) forest vrith 

a dense understory of salmonberry (Rubus snectabilis) .

Sma 11 patches of elderberry ( Sambucus raooiaosu s ) , 

devil’s club ( K c h inop a n a x horridum) , and Geuj 

h acr-ophv 1 lura are interspersed amongst the sa 1 monberry . 

This vegetation dominates the highest portion o f th e 

plateau and forms a nearly impassable tangle by 

midsummer.

The lower portio r of the p1 ateau 1s oovered by an

association of grasses and umbelliferous plants,

predominan11 y Elyinus arenarius , Galamagrost is sop . ,

Meraclcum 1 anatum , and Angel, ica 1 uc 1 da . Old stumps and 

snags over the island indicate that the island was or.ee 

forested .

In the Alaskan earth q u a k e of 196A , Fish 1s1 and was 

raised 5 m exposing new rocky slopes and eonnecti ng the

west and east spits t o t h e na in island ( San<1 egr en

1970). The newly exposed rocks support little vegeta

tion but older slopes are partial, ly covered by pa to tics 

of salmonberry and trailing black currant (Kibes 

laxif loruin) . Scattered clumps of Cal amagrost is s_p.p., .

E3 vmns arena r ius. He racl eutn lariat um , A n k c- 1 i c a 1 u c i g a .
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and Lupin us nootkatensls arc a lso scat tered over the 

rocky slopes. The rock is irtp.inly gray wacke and 

argillaceous silt stone ( S a n d e gren 19 70 ) .

T h e n ar it i me cl i m a t e p r e v ail i n g j. n t h e a r e a i s 

characte r i z e d by moderate temp e r a t u r e r a ri g e s , high 

humidity, frequent overcast and foggy skies, and heavy 

precipitation. At 59° 52* n no astronomical or complete 

darkness ocour s bet w e e n 2 i Apr i1 and 21 A u gust (U.S.

N aval Oboe r vato r y 19 Ji 5 ) .

Four species of marine birds other than storm- 

petrels breed on Fish Island: Pigeon Guillemot

( Cepphus co lumb a) T Tufted Puffin (JLuilfU. cirrhata) t 

Horned Puffin ( Fra.tercula corniculat a ) t and Parakeet 

Auklet (Cyclorrhvncus psittacula) . Over 111 other 

species of terrestrial and aquatic birds w e re observed 

in the Viooded Islands area du r i n g 19 7 6 a n ci 19 7 7 

(Appendix I). Most important of these in relation to 

storm-petrels are: Glaucous-vinged Gulls (L a ru s

glauoescefis) , Peregrine Falcon (..Falc_o peregr in us) , Bald 

Eagle (Haliaeetus leucocc ph a 1u s ) , and Common Raven 

(Corvus corax) . All of these visited Fish Island, but 

only Common Ravens bred on the island.

Thirteen species of marine and terrestrial mammals 

vi ere observe d I n t i i c \ '■ o c d c cl I s i a n d s a i e a i n 1976 a n d

J. 9 ( I  ̂ U P . A 4 '.i X X « V 4 W J I ' t e lc 1 l> ' ' t.' I 4 JU. X a i i s



( Eurnetop 13 s jubata ) , River Otters ( L u tra canadensis) . 

and shrews (So r e x s.;) > ) bred on Fish Island.

METHODS

Fork-tailed and Leach's Storm-Petrels were studied 

using similar methods. Ho we v e r , F i. s h 1 s land suppor t s 

a very small population of L e a c h ’s, so opportunities 

for s t u d y were 1 i La i t e d and extra c a u t ion was needed t o 

avoid nest desertions. As both speciss desert the nest 

r e a d i 1 y if d i s t u r bed d u r i n g cour t ship or' incubation,

I attempted to m i n i mize m y i m p s. o t d u v :i a g t h c s e p eri o d s «.

H a b i t a t U s e .

Mest Location . Store;-petre 1 aet i v i t.y on land is 

restricted to night and nests are locatec in rock 

crevices or earthen burrows, t nus ni ght observati ons 

were necessary to determine whether or not petrels were

present . I spent three nights on each island and made 

general notes on storm-petrel habitat use. On Fish 

Island I made night observations during peak, storm- 

petrel calling activity (May and June) arou nd the 

entire island. These observations established the 

general distribution of storm- petre1 nosting sub-

C O i C H I f. 3 JLII i) O I ii S O i .L a n 0 i\iu!{ !! U b i  t cl U «■
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Xn soi1 habi ta t , I located nssts by i nte n si ve 

searching and examination of all crevices and b u r r o w s . 

J.n 19 7 7 field work initiated before vegetation growth 

began, so subcolonies cou 1 c5 be de 1 ineated and burrow 

locations mapped. 1 located burrows isolated from 

subcolcnies by listening for calls at night and 

searching beneath logs, tree roots, stumps, and grass 

clumps. In salmonberry habitat dense vegetation and 

a burrow density of 1 ess than 1 burrov; per 33 m 

prohibited a search of the total area. However, 10 

randocily selected plots along the cliff edge (10 m wide 

and 1 2 m deep) were intensively searched .

In rock habitat, the only evidence of nesting 

storm-petrelc is nocturnal calling, the peeping of 

chicks , and rare diurnal calling. I piz,ced seven 

transects 10 m vide by the length of the slope at 

random around the rocky slopes where storm-petrels had 

been observed flighting. At each transeot I 13.stened 

for calling storm-petrels on 3 non-consecutivs, 

overcast nights. In addi t ion , a 1 3 0 m area on t.he 

west end of Fish Island was searched on 15 n .1 g h t s . I

marked the locations of calling storm-petrels with 

flagging, then searched all crevices near the flagging 

on t he f o 11 owing day . I f ounu most nes t s a f t er the 

chick hatched and its persistent peeping led me to the
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nest site. I marlced 130 1 oea11 ons; £jt n i& h t , however , 

only 33 nest s were f o u n (i. N o n e o f these could b e 

reached without exoa va t j.on o f t h e r ooks .

Habitat V a riables. In soil habitat 1 measured five 

habitat characteristics; vegetation speci.es composi 

t i o n , canopy height, percent cover, soil depth, and 

soil moisture content. Measurements were made at 3 ic 

intervals from the cliff edge on eight transects across 

the u p per island.

In rock habitat transects to determine rock 

particle size were run at 10 m intervals around the 

scath , v?es t an6. northwes t rocky slopes of Fish Is 1 and .

A string knotted at 1 m intervals was run the length 

of the slope. Five, 1 ra sections of tbe string were 

randomly chosen. The length, width, and breadth of ail 

rocks greater than 3 cm volume falling below the sec- 

t ion of stri n g were measured. 1 estimated me an roc k 

dimension using a 2-stage, ratio to size estimator.

This technique resulted in a bias towa.rd larger rocks.

Burrow Dimers ions . Kan do m 1 y selected b u r r o w s i n 

sub-colony areas and all isolated burrows were measured 

noting entrance he ight and width , burrow deptn and

s h ape , d e p t h o f c- h e n e s t c h a ni b e r b e n e- a I h t h e s o i 1
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surface, and the genera1 s I ope of t he land oroun d the 

burr ovi. Burrow d imens 1 ons of rock erevices could not 

be determined as excavation was always necessary to 

reach the nest, and in most cases several crevices led 

to the nest, however; the rook size, vegetation around 

the nest, and distance to high tide line were noted for 

each nest site.

P o p u 1 a t i o n E s t i m a t e

Storm-petrel populations are notoriously difficult to 

estimate as the birds are active only at n i g h t , nest 

in hiddeft or inaccessib 1 e crevices , and 1 arge nun:bers 

of non~breeding birds ( di f f icuIt to ident j. f  v as non

breeders) visit land only sporadically. I was able to 

estimate the number of breeding pairs in soil habitat 

by searching all areas in grass-urabel vegetation, and 

searching 10 randomly selected 120 rn plots in 

sal m o n b e r r y habitat. T assumed th a t. e a c h n e .31 

containing an egg represented a breeding pair. 1 could 

not obtain an accurate estimate of the number of 

breeding pairs in rock habitat because nest crevices 

were not identifiable and crevices found by 1istening 

for calling were unreaehab3.e in mcsfc 1 nstances . T. 

com pa r e d mist - o c 11 i n g s u c c c s s in ro c k a n d soil ha b i t a t. 

to ob tai n a rcii g i. o s t .1. is ate of t h e b r cedi n g pop u la L i o n .
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The non-breeding popu1ation is even inore difficult 

to estimate as they do not visit the island in a known 

pattern, are not readily identified as non-breeders , 

and may visit several different burrows during their 

visits to land. Unlike most birds, some non-breeding 

storm-petrels defeather their brood patch (Ainley et 

a 1 197*'). Allan (196.?) reported that breeding storm- 

petrels defeather brood patehes 20 to *10 days prior to 

egg-laying. Thus, I assumed that all birds with 

feathered, partially defeathered, and/or defeathered 

but non-vaseularized brood patches during late egg 

laying were non-breeders. I calculated the proportion 

of these identifiable non-breeders in mist-net captures 

and applied this proportion to my estimate of the 

number of breeding birds.

Ac t i v it y P a ttern s

Activj ty pa11erns of both species of storm-petreIs were 

determined by mist-netting and call counts throughout 

the field season. Mist nets were run on 43 nights in 

1 9 76 and 27 nights in 1977. The time of each capture, 

species, sex (it possible using the method described 

by Serventy J.256 ), molt , brood patch development , and 

weight of each bird w e r e  recorded. Call counts were
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made, as weather permitted, at 10 day intervals 

t h r o u g h out t h e 19 7 7 field season. C a 13. c o u n t s w e r e n o t 

possible d u c i n g v< ind , h a a v v r a .1 n , o r h e a v y s e a s , as t h e 

ca 11 s Twere not audibio over the background roar. I 

made four counts of the number of calls per 15 a, at 

15 min intervals from the arrival of the first storm 

petrel until 01:30 or until no storm-petrels were heard 

for- two consecutive count periods. Arrival times 

reflect the f irst observation of a bi.rd in f 1 ight .

These observations were converted to minutes after 

local sunset using data from U. S. Naval Observatory 

(19**5) tables of sunrise, sunset and twilight at 60° N 

1 a t i t u d e

Nesting Chronology and Behavior

P r e - c)-: g laving . In 19 7 7 I began field work on 2 3 

April allowing a few observations before egg-laying 

began. 0bservations and ca11 counts vere made nigh11y

bet v,T e e n 21:00 and 02:00.

Egg-laving and Incubati o n . In 1976, 1 arrived at 

Fish Island on 2-4 May when, most birds had well 

developed or* near hatching eggs. I a 11erapi so to 

monitor’ fork-1ai 1 incubation shif ts us.ing the 1 a 11 ice 

method described by Wilbur (1969)• When a lattice was
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cli s turbe d , the band number and weigh t o f t he incubating 

bird were recorded . This d isturbance resulted in 

complete nest desertion within 1 to 27 d a y s .

In 197 7 1 checked 20 fork -tail nes t a d a .i 1 y u n t i 1 

an egg was laid, After an egg was found the nest was 

not disturbed for 42 days. Then I checked the nest 

daily until the egg hatched. Adult birds were not 

removed from the burrows during these checks to avoid 

oausing desertions. Actua1 measurements of the 1engtb 

of time between egg-laying and hatching were thus 

obtained.

A distribution of fork-tail egg laying dates was 

obtained by back*dating from hatching using the mean 

incubation period obtaineci in 1977, A d 1 st.ribution of 

Leaoh’s Storm-Petrel egg-laying dates was obtained by 

back-dating from hatching based on a 41-50 day incuba

tion period (Gross 1935; C. Huntington in Palmer 1§62).

Hatching and Chick Dev cloppjent , All chicks found 

were weighed daily using a 100 or 500 gm Pecola spring 

scale. Measurements of culnen, t a r s u s , wing 1eng t h , 

and longest primary vs re taken at 2 day intervals in 

197 6 and 3 day intervals in 19 77 . Culmcn and tarsus 

were measured to the nearest 0.1 mm using Vernier 

calipers. wing and primary lengths were measured to
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the nearest 1 mm using a plastic ruler. Feather 

development was noted d a 11y un111 the chick was 10 days 

o1d , and at 3 day intervals for the remainder of chi<:k 

d e v e 1 o p id e n t . To a void t r a u ra a t i z i n g the chick or aduJ t , 

chicks were normally not measured until after the adult 

ceased diurnal brooding. Weight measuredents were 

consistertt ] y taken betv;een 1 6 : 0 0 and 21: 00 , 

Representative chick growth curves were 

constructed by graphing the mean weight, and cu1raen, 
tarsus, and wing measurements of known aged chicks. 

Known aged chicks arc all those for which a hatching 

date was known within plus or minus one day,

Inaividua1 growth rates were determined by regres~ 

sion analysis of all weight measurements taken between 

2.0 and 80 percent of the weight asymptote. The 

asymptote was estimated by plotting the d a i 1y weight 

measurements against time and fitting ?. curve by eye.

W i n g , tarsus, and cu1men growth rates were analyzed in 

a similar manner except that I compared the slope of 

the line for growth between 20 and 80 percent of the 

maximum measurement attained by the chick.

A chick was assumed to have fledged when its 

primary feathers had reached complete or nearly 

complete development and it disappeared from the nest.



Chick food and feeding .rates.. During .1976 and 1977 

I co 11 e-c ted rcgurgi t at ions of Fork-tailed S torm- Pet rels 

v;hi 1 e inist-net t ing . Samples were collected on 1 0 

nights in 1976 and 12 nights in 1977. Regurgitations 

were collected from 15 to 20 birds each night. Due to 

variations in the amount of material recovered, 

decomposed state of the material, and high oil content, 

little quan111 at i.ve ana 1 ysi s was possib 1 e . VJhen 

possible, organisms were identified to species by the 

University of Alaska Marine Sorting Center.

To estimate feeding size, 18 fork-tail chicks were 

weighed at night just before adults arrived and again 

t h e ii e x t m o r n i n g j u s t after adults left. A v e r a g e o a i 1 y 

weight loss of fork-tail chicks was determined by 

weighing 27 chicks at 22:00, at 02:00 (to determine if 

fed) and the following day at 22:00. Weight loss of 

unfed chicks was calculated by averaging the weight 

changes over the 2A h period. Weight loss of chicks 

that were fed was calculated on the basis of weight 

changes between 02:00 and 22:00. and this weight change 

adjust o u for a 24 h per i od .

Chick weight changes and burrow lattices were used 

to estimate feeding rates. Feeding rates estimated by 

w e i g h t c h a n g e s rr. a y b e underesli m a t e d a s a s m a 11 feed in g 

iviay no t maUc up f c. r iie babo 1 ic losses be 1 ween we 1 ghings .
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Tc partially compensate for this, I assumed that fork- 

tail chicks losing 3 gins or more, and L e a c h ’s chicks 

losing 2 gms or more, were not fed on the previous 

night. As an alternative method, lattices were 

constructed at the mouths of 17 fork-tail burrows with 

chicks. A disturbed lattice was assumed to indicate 

a feeding. However, lattices can be disturbed by 

petrels other than parents, by the chick moving to the 

mouth of the burrow, or by shrews, sparrows, or other 

animals around the burrow entrance. Thus the lattice 

method probably overestimates the feeding rate.

Nesting Success

Only 14 Leach's Storm-Petrel nests were found in the 

two years of study, so an estimate of nesting success 

could not be calculated for Leach's. Hatching (eggs 

hatched/egg laid), fledging (chicks fledged/hatched 

egg) , and nesting success (chicks fledged/egg laid) 

were estimated for Fork-tailed S t o r m - Petrels.

Soil H a b i t a t . In 1976, Fork-tailed Storm-Petrel 

nesting success was calculated on the basis of all 

nests found, except those used in determining incuba

tion schedules. All nests were checked every 10 days. 

In 1977, nests were minimally disturbed to avoid
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leading predators to the nest. Burrows in the large 
subcolonies were located and checked before egg-laying 

or during incubation. A check for the presence of 

adult birds, and/or eggs was made at this time. Nests 

were not re-examined until hatching began. On the 

second check, development of eggs that had not yet 

hatched was determined using the water flotation method 

described by Westerkov (1950). Well-developed eggs 

were re-checked after 10 days; less developed eggs were 

re-checked after 25 days. To prevent nest desertions, 

adult birds were not removed from the burrow on any 

occasion. Wilbur (1969) stated that deserted eggs may 

be kicked out of burrows or buried under fresh excava

tions. I did not consider this an important source of 

error because only four eggs, or 3.2 percent of the 

total eggs found on the original check, disappeared 

between checks. All eggs found on the second check but 

not on the first were included in calculations of 

nesting success. A few nests were accidentally 

destroyed; these were not included in calculations of 

nesting success.
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Hock Kabitat In reck habitat, nests could generally 

not be located until after the chick hatched, so 

hatching success could not be accurately estimated.

All chicks found were included in calculations of 

fledging success.

RESULTS AND DISCUSSIONS

Habitat Use--Fork-tailed Storm-Petrels

Two major habitat types are available for storm- 

Detrel nesting on Fish Island: soil banks where

earthen burrows can be excavated, and rocky slopes with 

numerous crevices.

Soil a r e a s . Ninety percent of the active nests were 

within 12 m of the cliff edge, though solitary nests 

were located at distances up to 28 m from the cliff 

edge (Table 1). None of the habitat variables I 

measured showed a variability correlated with distance 

to the cliff edge. I think fledgling access to the 

cliff edge and soil drainage in relation to the cliff 

edge were important factors. Beneath the dense vegeta

tion, fledglings were unable to fly until they reached 

an opening or the cliff edge. Chicks in nests near the 

cliff edge would waste less energy trying to reach the 

cliff edge and would be exposed to predators for a



35

s h o r t e r  p e r i o d  o f  t i m e  than  c h i c k s  f r c m  n e s t s  s e v e r s .  1  

meters from the edge. My measurements of soil moisture 

content (made just following several days of heavy rain 

when the soil was saturated with water), do not show 

a relationship with distance to the cliff edge.

However, Fish Island receives over 3.75 m of precipita

tion each year and the soil is often saturated with 

water. The driest nest sites would be found on the 

steepest slopes near the cliff edge. Notably, the 

three largest sub-colonies of storm-petrels were on 

peninsulas of land surrounded on three sides by cliffs 

and with 2 00 - 3 0 0 slopes. In late April 1977, before 

egg-laying began, many burrows had standing water in 

the entrance and water saturated soil in the nest 

chamber. No eggs were found until 29 April following 

4 warm days which dried out the soil.

Egg-laying and hatching patterns in 1977 further 

suggested that distance to the cliff edge is an 

important factor affecting nest placement. As shown 

in Table 2, hatching dates varied in relation to 

distance to the cliff edge. A regression of earliest 

hatching dates (r2 =.872, p = . 01, d . f . = 1 , 1 1) and ail 

hatching dates, known and estimated, (r2=.131, p=.01, 

d .f .=1,61) versus distance to the cliff edge indicated 

that nests nearer the cliff edge tended to hatch
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TABLE 1. Habitat characteristics and number cf Fork-tailed Storm- 
Petrel nests in relation to the cliff edge in soil habitat at Fish 
Island, Alaska, in 1976 and 1977. Measurements of habitat characteris
tics shown are mean values based upon 60 samples at each distance, 
excepting the soil water content which is based on 6 samples at each 
distance. Standard deviations are given in parentheses.

Distance Percent
to Cliff Number Percent Canopy Soil Soil
Edge of Active Plant Height Depth Water
(m) Nests Cover (m) (m) Content

1 13 80 (13) .63 (30) .25 (4) 52 (4)
2 25
3 34 85 (15) .69 (28) .41 (14) 59 (4)
4 21
5 22
6 9 89 (17) .80 (27) .34 (11) 57 (4)
7 13
3 13
9 6 80 (19) .90 (27) .41 (16) 59 (6)

10 9
11 7
12 3 92 (11) .98 (26) .44 (16) 57 (5)
13 1
14 2
15 2 90 (18) .91 (22) .42 (12) 60 (6)
16 2
17 2
18 O

z. 94 (9) .87 (31) .45 (20) 60 (5)
19 1
20 0
21 1 98 (4) .88 (28) .38 (12) 59 (5)
22 2
23 1
24 0 87 (18) 106 (32) .38 (13) —

25 0
26 1
27 1
28 1
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TABLE 2. Earliest hatching date and mean hatching date of Fork-tailed 
Storm-Petrels in relation to distance of the nest from the cliff edge 
at Fish Island, Alaska, in 1977. Standard deviations are given in 
parentheses.

Distance 
to Cliff 
Edge (m)

Sample
Size

Earliest
Hatching

Date

Mean
Hatching

Date

1 5 12 June
25 June (10)

2 6 10 June

3 7 15 June
29 June (9)

4 6 17 June

5 6 15 June
26 June (7)

6 5 23 June

7 6 17 June
25 June (7)

8 3 28 June

9 2 2 July
2 July (5)

10 5 2 7 June

11 2 28 June
4 July (7)

12 3 2 July

13-f 8 5 J uly 5 July (6)
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earlier. This variation could reflect either the 

laying date or the length of the incubation period.

The differences in hatching date in relation to the 

distance to the cliff-edge may reflect a response to 

soil moisture, or a variation in the age, experience, 

or quality of the parents nesting at varying distances 

from the cliff edge. Hornung and Karris (1976) 

attributed variations in laying dates of Atlantic 

Puffins (Fratercula arct i c a ) to variable soil moisture 

content. Like these burrowing alcids, storm-petrels 

may vary egg laying dates in response to soil moisture 

c o n t e n t .

Fork-tails preferred the grass-umbel plant 

community over the salmonberry-Sitka spruce community 

in soil areas. While salmonberry-Sitka spruce covered 

nearly 50 percent of the island, 89 percent of the a c 

tive burrows in soil habitat were located in grass- 

umbel habitat. While small aggregations of petrel 

burrows were found in salmonberry habitat, all but one 

of the large subcclonies (an aggregation of 1C or more 

active burrows) were found in grass-umbel areas. 

Vegetation was significantly higher and denser in 

salmonberry than grass habitat, while soil depth, and 

moisture content were similar (Table 3)• The spruce 

trees were probably not an important factor as fork-



TA3LE 3. Comparison of grass-umbel and salmonberry habitat character
istics at Fish Island, Alaska.
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Plant
Cover

Canopy
Height
(m)

Soil
Depth
(m)

Soil
Water
Content

Grass-umbel

Mean 85% . 8 8 .41 60%
Standard Deviation 17 .29 .17 1 0
Sample Size 50 50 50 35

Salmonberry

Mean 99% 1.55 .34 61%
Standard Deviation 4 .34 .16 7
Sample Size 50 50 50 1 1



(Summers 19 7 4 ) ana L e a c h ’s often nest beneath spruce 

forests (Ainslie and Atkinson 1937; Gross 1935; Summers 

1 9 7 *0 . However, access to the ground may have been 

limited by dense salmonberry. Salmonberry also crowds 

out ground cover so that nest entrances are more 

visible than in grass habitat. This may explain the 

higher predation rate in salmonberry ( 6 8  percent, 1 5  

of 2 2  nests) as compared to grass habitat (46 percent, 

84 of 182 nests).

Within 1 2  m of the cliff edge, 6 2 . 7  percent of the 

active storm-petrel burrows were excavated into the 

base of a Cslaaagrcstis or Elvmus grass clump. Other 

active fork-tail burrows were located in natural 

crevices beneath tree roots, stumps, fallen logs, or 

partially buried rocks. At distances greater than 12 

m from the cliff edge, 9 0 percent of the active burrows 

were located in such natural crevices. In addition 

eight burrows (3-4 percent) were excavated into the 

side of Tufted Puffin burrows. In six of these 

instances the petrels shared the entrance with Tufted 

Puffins. In the other two cases the petrels laid their 

egg in a chamber that had been used by a puffin the
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previous y e a r . Other researchers also have found fork- 

tail s nesting in active puffin burrows (Osborne 1972, 

Harris 1974, Wehle 1976).

The most common burrow shape was a tunnel 

extending nearly straight back from the entrance and 

then curving into an enlarged side nest chamber. 

However, variations on this shape were common and 

usually entailed corners in the entrance tunnel. Only 

7 percent of the active burrows had more than one 

entrance to the nest chamber, whereas over 25 percent 

of the inactive burrows had more than one entrance. Of 

all active burrows, 6 percent had shared entrances, 

while only 3 percent of the inactive burrows had shared 

en t r ances.

Table 4 shows the diameters of active and inactive 

burrows in soil habitat. Inactive burrows were 

significantly shorter than active burrows (t-test, 

p=.01). In all other respects both active and inactive 

burrows were not significantly different.

Rock a r e a s . Fork-tails nested in rocky slopes 

around Fish Island, and at South and Tanker Islands.

A large nesting colony flourished on the northwest end 

of Fish Island. An estimate of the number of fork-tail 

nests in rocky areas was not possible. However, mist-
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TABLE 4. Dimensions of Fork-tailed, Leach’s and inactive Storm-Petrel 
burrows in soil habitat at Fish Island, Alaska, in 1976 and 1977.

Burrow Entrance Size Nest Soil Canopy 
Depth Height Width Depth Depth Height
(m) (m) (m) (m) (m) (m)

Fork-tailed
Storm-Petrels

Mean .59 . 1 2 .14 .18 .41 1.25
Standard Deviation . 2 1 .03 .05 . 1 0 . 1 1 .35
Sample Size 93 90 90 29 35 44

Leach’s Storm-Petrels

Mean .61 .13 . 1 2 .16 .47 1.19
Standard Deviation .29 . 0 2 .05 .05 .19 . 2 0
Sample Size 16 13 13 9 9 9

active Burrows

Mean .42 . 1 2 .13 .17 .43 1.29
Standard Deviation .19 .04 .05 .07 .13 .23
Sample Size 38 38 38 15 16 16



43

netting success (number birds caught, per night) in 

rocky areas, 18/night ( s = 1 6 ) ,  was not significantly 

different (t s . 7 3 , p = . 0 5 , d . f . = 5 8 ) from mist netting 

success in soil areas, 21 birds/night (s=17). This 

suggests that similar numbers of birds nest in each 

habitat type. I found nests from 1 to 50 m from high 

tide line which did not seem to be an important factor 

in nest placement. Thin soil over and amidst the rocks 

supports salmonberry, stink currant, and scattered 

clumps of Elvmus and Calamagrostis. Fork-tails were 

heard calling from crevices under or adjacent to each 

of these plants as well as away from any vegetation.

No relationship could be found between rock size and 

number of petrels heard calling from crevices.

Nest dimensions could not be measured in rock 

habitat as the rocks surrounding the nest were usually 

excavated in order to locate the nest. All nests were 

located directly beneath a large smooth rock. This 

probably is of advantage in protecting the egg and 

chick from falling pebbles, shifting rocks, or dripping 

w a t e r .

Habitat U s e - - L e a c h ’s Storm-Petrels

Nests of L e a c h ’s Storm-Petrels were found only in soil 

areas. No L e a c h ’s were observed flying or heard
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calling over rocky areas and only one was captured in 
mist nets used ever rocky areas. In contrast, 

individuals were frequently observed over soil habitat 

and 8 6 were captured in mist nests over soil areas.

All Leach's Storm-Petrel burrows were found in the 

midst of a fork-tail colony. Of the 17 burrows posi

tively identified as Leach's, 16 were located in grass- 

umbel habitat and all were located at the base of grass 

clumps. No nests were found under rocks, tree roots, 

stumps, or fallen logs; however, a pair of juvenal 

birds was found in an abandoned Tufted Puffin burrow.

Leach's burrows were similar to fork-tail nests in 

general size and shape (Table 4). Leach's Storm-Petrel 

burrows had slightly smaller entrances then fork-tail 

burrows, however. In 1976, five of 28 fork-tail 

burrows (with eggs) checked daily were occasionally 

occupied by individuals or pairs of Leach's Storm- 

Petrels during the absence of the incubating fork- 

tails. In one instance, a Leach's laid its egg next 

to a fork-tail egg that had been abandoned only seven 

days. In 1977, Leach's Storm-Petrels nested in two 

burrows that had harbored unsuccessful fork-tail nests 

in 1 9 7 6 .



Both fork-tails and L e a c h ’s have been found nesting in 

other situations than I found on Fish Island. Grinnell 

(1897), Willett (1915), Heath (1915), Bent (1922), 

Richardson ( 1 9 6 0 ) , DeGange et al (1977), and G. V. Byrd 

(pers. comm.) found fork-tails nesting only in earthen 

burrows. In contrast, fork-tails nest only in rock 

crevices at the Commander Islands (Stejneger 1885), 

Amukta Island in the Aleutian Islands (Gabrielson and 

Lincoln 1 959 ), Barren Islands (Manuwal and Boer-sma 

1977), and in northern California (Osborne 1972, Harris 

1974) .

L e a c h ’s are most commonly reported as soil nesters 

(Willett 1915s Heath 1915, Gross 1935, Browning and 

English 1972, Harris 1974, DeGange et al 1977, and G.

V. Byrd pers. comm.). However, L e a c h ’s Storm-Petrels 

are also found breeding in rock crevices at the 

Farallon Islands (Ainley and Lewis 1975), the Chiswell 

Islands (E. P. Bailey pers. comm.), and the western 

Aleutian Islands (R. K. Day pers. comm.).

The particular nesting habitat chosen by storm- 

petrels on any island would be most clearly related to 

the habitat available. Since both species can use the 

same habitats, and sometimes may use the same burrow, 

one might expect seme habitat division to have evolved
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in order to minimize inter«specific nest site competi

tion, assuming optimum nest sites are or have been 

limiting. Where two species of similar habitat 

requirements occur together, the least abundant species 

should narrow its nest site use to avoid inter-specific 

competition, while the abundant species should use a 

wider variety of nest sites to minimize intra-specific 

competition (Svardson 1949). Fork-tailed and L e a c h ’s 

Storm-Petrels show such interaction in areas where they 

breed together and various habitats are available. On 

Fish Island, Fork-tailed Storm-Petrels dominated and 

used a wide variety of nest sites, while L e a c h ’s Storm- 

Petrels used only soil burrows. In contrast, at 

Trinidad Rocks, California, L e a c h ’s predominated and 

used a wider variety of nest sites, while the less 

numerous fork-tails nested only in rock crevices 

(Harris 1974) .

Yet, wherever both species occur, complete nesting 

habitat separation does not occur. The least abundant 

species, whether Fork-tailed or L e a c h ’s, tends to nest 

in the center or at the edge of a colony of the more 

abundant species (Osborne '972, Summers 1974, this 

s t u d y ) . This suggests some advantage to an individual 

bird to nest in a colony, even if the colony is
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dominated by another species. Storm-petrels are clumsy 

on the ground and "blind” flyers, making them quite 

susceptible to avian predators when searching for nest 

sites or beginning burrow construction (Harris 1969a, 

Harris 1974, this study). Clearly there would be an 

advantage in searching for nest sites and nesting near 

other petrels because the colony would be located in 

a site suitable for burrow construction, thus 

shortening the time spent searching for a nest site. 

Additionally, an individual's chances of avoiding an 

avian predator would be greater amidst the swarm of 

birds above the colony than if it was alone. At Fish 

Island, storm-petrels nesting in high density areas 

were also less susceptible to mammalian predators (see 

Section III). Presumably a balance between avoidance 

of interspecific competition and avoidance of predators 

o c c u r s .

Population Estimate--Fork-tailed Storm-Petrels

Breeding population. I found 533 burrows in soil 

grass-umbel habitat, which was completely searched. Of 

these, 207 contained eggs. In soil-salmonberry 

habitat, I estimated 108 (s = 123) burrows containing 48 

eggs (s=72). Assuming each egg represents a breeding
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pair, some 255 pairs, or 510 breeding birds nest on the 

upper soil-covered portion of Fish Island.

Mist-netting success in rock habitat (m=21, s =17) 

was not significantly different from that in soil areas 

(m=l8 , s = 1 6 , t = . 7 3 , p=.05, d.f.= 6 8 ) suggesting that a 

similar number of fork-tails breed in the rocky areas. 

However, netting was conducted ever soil habitat in 

1 9 7 6  and over rocky areas in 1 9 7 7 , so annual variation 

could influence the results. Also, though soil and 

rock habitat were separated by cliffs, birds caught 

over soil areas in 1 9 7 6  were recaptured over rocky 

areas in 1 9 7 7 . Mist-netting success may not directly 

reflect the numbers of breeding birds in an area.

With these sources of error in mind, an estimate 

of 1 0 2 0  breeding fork-tails, (500+ pairs) is cautiously 

offered.

Non-breeding p o p u l a t i o n . Eased on the percentage of 

non-breeders in mist-net captures between 15 June and 

14 July, 27-38 percent of the birds visiting the island 

are non-breeders. Applying this proportion to the 

estimated number of breeding birds ( 1 0 2 0 ), gives an
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estimate of 350 to 750 non-breeders, and a total 

visiting population estimate of 1350 to 1750 Fork- 

tailed Storm-Petrels.

Population Estimate--Leach's Storm-Petrels

The total breeding population of L e a c h ’s clearly 

did net exceed 20 pairs in 1977. However, I believe 

a much larger breeding population was present in 1 9 7 6 . 

In 1976, 120 burrows were examined, 21 Leach's burrows

were identified, and eight of these contained eggs. In 

1977, 533 burrows were examined, but only 19 L e a c h ’s 

burrows were identified, and only six of these 

contained eggs. Thus, proportionately, 10 percent of 

the burrows examined in 1 9 7 6  were active L e a c h ’s 

burrows, while only . 0 2  percent of the burrows examined 

in 1977 were L e a c h ’s. Other observations also 

indicated a decrease in population size from 1 9 7 6  to 

1977. Peak call counts in 1977 were only three 

calls/15 sec, whereas in 1 9 7 6 , several counts of more 

than 15 calls/15 sec were recorded. Also, while 25.1 

percent of the storm-petrels killed by predators in

1976 were L e a c h ’s, only 9.5 percent of these killed in

1977 were Leach's. This indicates that L e a c h ’s 

represented a smaller proportion of the storm-petrel 

population in 1977* Further, none of the L e a c h ’s
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burrows, active and presumably successful in 1375, were 

active in 1977. There are three possible reasons for 

this observed decline in the number of L e a c h ’s Storm- 

Petrels:

1. Predators took at least 54 L e a c h ’s Storm- 

Petrels in 1976. This could have caused the decline 

in call counts and the number of breeding pairs 

returning in 1 9 7 7 .

2. Disturbance by the investigator.

3. A decline may have been caused by some 

mortality at s e a .

4 . Crossin (1974) suggests that at least some 

L e a c h ’s Storm-Petrels may only breed every other year. 

If so, Fish Island might have a biannual fluctuation 

in L e a c h ’s Storm-Petrel numbers. This explanation of 

the change in population size could account for the 

fact that all known 1 9 7 6  nests were inactive in 1 9 7 7 .

Activity Patterns--Fork-tailed Storm-Petrels

For-k-tails were flighting on 23 April 1977 when I 

arrived at Fish Island. They returned at night in 

large numbers throughout May, June, and July. Small 

numbers were flighting throughout August and September, 

but calling was greatly reduced. Peak flighting



51

occurred between 15 May and 14 June as evidenced by 

mist-netting success and call counts (Table 5).

Harris (1974) found that fork-tails in northern 

California visit the breeding grounds throughout most 

of the year. Moderate numbers were present there in 

mid-February, about 1.5 months before egg-laying. Peak 

numbers were present during late April and early May, 

about one month earlier than I observed at Fish Island. 

H a r r i s ’s observations in California suggest that fork- 

tails begin burrov/ renovation and courtship at Fish 

Island during early to mid-March.

Non-breeding fork-tails, identified by their 

feathered, or slightly de-feathered brood patches, 

visited the island throughout egg-laying (Table 6 ).

Many of the birds with de~feathered brood patches may 

also have been non-breeders, but these could not be 

separated from pre-breeders during the early breeding 

s e a s o n .

During late April, flighting occurred for a period 

of 3.0 to 3.5 h, from 22:30 to 02:00 (Fig. 8). This 

decreased during May and June to reach a low of only 

0.5 to 1.0 h between 15 and 28 June, when fork-tail 

flighting occurred only between 00:30 and 01:30. As 

the period of darkness increased after the summer 

solstice (June 21), flighting again spread over a



ГАНІ .R г>. Average numbers ol birds raptured per net. hour and peak call counts of Fork-tailed and beach’s Storm-Pel і e І я 
at I'lsh Island !n 19 76 and 1977. Standard deviations are given In parent hoses.

Number 
of Net 
N1 gbt я

Fork-tal led Storm-l’et reis

Peak 
Number 

Calls/15 8

Nninbe r 
of Net 
Nights

Leach's Storm-d’etre! s
Peak 

Numbe r 
Calls/15 u

Mean Number 
Captured Per 
Net Hour

Number 
of Call 
Counts

Mean Number 
Captured Per 
Net Hour

Number 
o f C a 11 
Counts

20-30 April 2 — fl 9 (9) 0 — Я 0

1-І/. May 1 5 9.6 (Я .2) 5 16 (7) 0 — 5 .5 (.7)

15-3! Kay 9 16.5 (10.7) 1 3 15 (7) 6 .65 (.9) 13 1.3 (1.3)

1-16 .lime 7 21.3 (1Я.3) Я 29 (12) 6 .76 (.7) 8 1.6 (.6)

13-27 dune 1 1 1H.7 (13.0) 6 10 (9) 7 .67 (.8) 6 1.0 (2)

78 dune-16 duly 15 12.0 (Я.6) 7 16 (16) 8 2.0 (1.6) 7 9.Я (Я.7)

15-31 dulv 0 Я.5 (6.1) 1 10 (— ) 5 1.6 (1.7) 1 9.0 < — )

1 16 August 3 1.2 (0.3) 3 6 (3) 2 0 (0) 3 5.0 (6.7)

15-31 August 2 .8 (.6) 3 0 (0) 2 0 (0) 3 1.5 (2)

1-16 September 2 о (0) 3 0 (0) 0 — 3 1.3 (1.5)

15-31 September 1 .6 (--) 3 0 (0) 0 — 3 0 (0)

UrM



TABLE 6 . Brood patch development of Fork-tailed and Leach's Storm-Petrels during 19 76 and 
1977 field seasons at Fish Island, Alaska, based on the percent of mist-net captures with 
each type brood patch. FF-fully feathers; PDF-partially defeathered; DFNV-defeathered but 
not vascularized; FV-fully vascularized; RF-refeathering.

Date Fork-tailed Storm-Petrels Leach'1 s Sotrm-Petrels
Sample %FF %PDF %DFNV %FV %RF Sample %FF %PDF %DFNV % FV %RF

1-1A May 118 1 15 2 0 59 0 0

15-31 May 314 6 9 44 42 .3 1 2 58 42 0 0 0

1-14 June 216 4 9 31 55 0 14 50 2 1 29 0 0

15-27 June 171 0 5 33 60 2 14 7 2 1 57 14 0

28 June-14 July 284 0 4 23 63 1 0 32 6 31 46 16 0

15-31 July 131 0 1 18 47 35 17 6 41 35 18 0

1-14 August 1 2 0 0 0 8 92 2 0 0 0 50 50
15-30 September 4 0 0 0 0 1 0 0 0



FIGURE 8 . Fork-tailed Storm-Petrel (solid vertical lines) and Leach’s Storm-Petrel (dashed 
vertical lines) activity periods in relation to sunset and sunrise (solid horizontal lines) 
and limits of civil twilight (shaded area) at Fish Island, Alaska in 1976 and 1977.

Ui



55

longer period. By late July, flighting again lasted 

for 2 to 3 h .

At Trinidad Rocks, Harris (1974) reported that 

fork-tails arrive between 2 0 : 0 0  and 2 2 : 0 0  and remain 

active until 02:00. Thus, at their southernmost 

breeding grounds, fork-tails are active for 4 to 6 h. 

Clearly fork-tails at Fish Island compress their 

nightly activity in response to the short northern 

night .

The arrival times of Fork-tailed Storm-Petrels at 

Fish Island varied greatly throughout the season and 

between nights. Fork-tails arrived later, with respect 

to sunset, as the summer solstice approached (Table 7). 

In April and early May, they arrived 1.5 h after 

sunset, but in late June arrivals v/ere first noted 2 

h after sunset. This might be expected as the twilight 

period following sunset is also longer near June 21 

(Fig. 8 ). Similarily, fork-tails arrived significantly 

later (paired t test, p=.05, d.f.= 7 ) and called less 

on clear and moonlit nights than on cloudy nights 

(Table 7). Mist-netting success on all moonlit night 3 

was less than five birds/night, however, I thought this 

reflected the relative visibility of the nets. Harris 

(1974) also noted that fork-tails arrive later on 

moonlit nights and suggested that lower numbers visit



TABLE 7. Arrival times (in minutes after local sunset) of Fork-tailed and Leach's Storm- 
Petrels at Fish Island, Alaska, 1976 and 1977 data combined. Standard deviations are given 
in parentheses.

Date 
(Sample Size)

Local 
Sunset1

Arrival
Overcast

Time in Minutes 
Clear

after Sunset 
Clear-Mo on1it

FORK-TAILED STORM-PETRELS

23 April-5 May 
(2,2,3)

2 0 2 0 88 (2 1 ) 96 (15) 125 (12)

6 May-16 May 
(0,3,0) '

2047 — — 112 (3) -

17—27 May 
(3,0,2)

2133 97 (6 ) — — 128 (27)

28 May- 6  June 
(2,0,3)

2154 96 (14) - 149 (29)

7-17 June 
(6 ,2 ,0 )

2218 108 (16) 125 (13) -

18-28 June 
(5,1.0)

2216 127 (17) 108 ( — ) -

29 June- 8  July 
(3,1,0)

2205 127 (7) 128 ( — ) -

9 July-19 July 
(2 ,0 ,2 )

2148 115 (16) - 128 (1 2 )

20 July-30 July 
(2 ,0 ,0 )

2126 1 1 0  (1 0 ) - — T-

31 July-9 August 
(0 ,0 ,0 )

2058 - - -

10 August-20 August 
(1 ,0 ,0 )

20 30 8 8 (— ) - —

LnON



TABLE 7 (Cont inue d)

Date 
(Sample Size)

Local
Sunset1

Arrival
Overcast

Time in Minutes 
Clear

after Sunset 
Clear-Moonli t

LEACH * S STORM PETRELS 

6-16 May 2047 131 (10) 163 ( — )
(2 ,1 ,0 ) 

17-27 May 2133 1 2 0  ( — ) 159 (— ) 171 (9)
(1 ,1 ,2 )

28 May- 6 June 2154 132 (11) — 170 (3)
(4,0,3) 

7-1.7 June 2118 137 (12) 192 (— ) __

(4,1,0) 
18-28 June 2116 139 (18) _2 _2

(5,3,3)
29 June- 8  July 2205 123 (34) 158 (--) 181 (38)

(3,1,2) 
9-19 July 2148 115 (— ) — — 162 (— )

(1 ,0 ,1 ) 
20-30 July 2126 125 (— ) __ __

(1 ,0 ,0 )
31 July-9 August 2053 137 (— ) ---- ----

1 Time of local sunset at 10 day intervals beginning 20 April.

2 Observations were made but no Leach’s Storm-Petrels.
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the islands. Contrary to my observations, Harris found 

that moonlight did not affect arrival and activity 

during egg-laying and chick development. Moonlight 

alone may not affect activity during egg-laying and 

chick development, but at high latitudes (such as Fish 

Island) moonlight may sufficiently add to already high 

ambient light levels and thus affect petrel activity.

Activity Patterns--Leach’s Stcrm-Petrels .

One L e a c h ’s Storm-Petrel was heard on 30 April 1977, 

but flighting activity by more than one or two 

individuals did not occur until 15 May. Peak numbers 

occurred after the summer solstice (Table 5).

Flighting continued until late July, dying down quickly 

in early August. Some L e a c h ’s were visiting the island 

until I left on 3 October. As chicks may not have 

fledged until early November, some adults may have 

visited the island even into November.

In California, Ainley et al (1974) noted L e a c h ’s 

visiting land from late February until early September, 

while Harris (1974) caught them on land from January

to mid-October. At a more northern latitude (44°) in

the Atlantic, Gross (1935) reported L e a c h ’s arrived at

breeding grounds in early May.
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Ercod patch development patterns suggest that non- 

breeders were present throughout the breeding season 

(Table 6 ). Pairs of non-breeders were found in burrows 

throughout July and most of August. In contrast to my 

observations, Ainley et al (1974) found immatures with 

feathered brood patches during only a 2 0  day period 

during late egg-laying.

Like fork-tails, L e a c h ’s flighting was restricted 

with the approach of 21 June. The duration of L e a c h ’s 

flighting was only 2.0 to 2.5 h in late May, lasting 

from 24:00 to 02:00 or 02:30. During June, flighting 

occurred between 0 0 : 3 0  and 0 1 : 3 0  or 0 2 : 0 0  a period of 

1 to 1.5 h. Between 15 and 28 June in both 1976 and 

1977, L e a c h ’s flighting displays occurred only on dark 

overcast nights. Cn clear nights no petrels were heard 

or captured in mist nets suggesting that Leach's do not 

return to land during the lightest part of the summer, 

except on overcast nights. Waters (1964) also noted 

a decrease L e a c h ’s activity on land during late June, 

but attributed this to a change in behavior as incuba

tion began.

Harris (1974) found that Leach's are active at 

night for 6.5 to 8 h at Trinidad Hocks. Ainley et al 

(1974) reported a 5.5 to 6 h activity period at the 

Farallon Islands.
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L e a c h ’s arrived late in the night. Their earliest 

arrival was over 1.75 h after sunset, and most arrivals 

were 2 to 2.5 h after sunset (Table 7). In California, 

Harris (1974) and Ainley et al (1974) reported Leach's 

arrive 1 to 1.5 h after sunset. This difference 

probably reflects the long period of post-sunset 

twilight at high latitudes.

Leach's arrived 0.5 to 1.0 h later on clear and/or 

moonlit nights than on overcast nights (paired t test, 

p < . 01 , d.f.=7). However, Leach's arrived near the same 

time with respect to sunset, throughout the season. As 

mentioned, however, they did not return to land at all 

on the brightest nights of the season. Waters (1964) 

observed Leach's arriving slightly earlier with respect 

to sunset during late June, but he did not take the 

effects of cloudcover, or moonlight into account in his 

a n a l y s i s .

Karris (1974), Ainslie and Atkinson (1937) and 

Gross (1935) also noted Leach's arrive later on moonlit 

than other nights.

Activity Patterns--Comparison of the Species

The seasonal differences of fork-tail and Leach's 

colony attendance reflects differences in egg-laying 

and chick development schedules.
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Harris (1974) predicted that at northern latitudes 

storm-petrels would compress their flighting into a 

short period of time and/or adjust their activity 

schedules closer to sunset/s u n r i s e . Both fork-tails 

and Leach's drastically reduced their night activity 

periods at Fish Island. The length of fork-tail 

activity was reduced 34 to 90 percent of that observed 

at more southern locations. Leach's activity periods 

were reduced 34 to 8 3 percent, and possibly 100 percent 

during the lightest portion of the year. Neither 

species adjusted their activity periods closer to 

sunset/sunrise and Leach's activity periods were later 

with respect to sunset than at more southern locations. 

This indicates that the length of the northern summer 

night probably restricts the northern breeding 

distribution of storm-petrels. An exception might be 

in areas where fog and rain are frequent during the 

light portion of the summer. Notably, Fish Island 

received rain or fog on over 50 percent of the days in 

May, June, and July. Also, at more northern colonies 

of Leach's in the Atlantic (Westman Islands, Iceland 

64°N, and the Faeroe Islands, 62°N), rain and fog occur 

on over 50 percent of the days in summer (U.S. 

Environmental Data and Information Service 1976).
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Leach’s arrive at the breeding grounds 

significantly later after sunset than fork-tails 

(paired t test, p < .01, d.f. = 15). Harris (1974)

attributed this difference to the different oceanic 

distributions of the two species. Fork-tails, feeding 

over the continental shelf, have a shorter distance to 

travel to the breeding grounds than the more oceanic 

Leach's, hence the later arrival time of L e a c h ’s. A 

similar relation between arrival at the breeding 

grounds and distance to feeding areas has been shown 

for Leach's and Ashy Storm-Petrels (Ainley et al 1974), 

and for Horned and Tufted Puffins (Wehle 1976; Amaral 

1977) .

The different distances that each species must 

travel between feeding and breeding grounds may also 

explain why Leach's do not return to Fish Island during 

the lightest portion of the year. Fork-tails need only 

travel a short distance to the breeding grounds, so 

they can return for less than an hour of flighting. 

Perhaps for Leach's Storm-Petrels, the cost is greater 

than the benefits of returning to land.

Both species arrived later and were less active on 

clear or moonlit nights than on cloudy nights.

Moonlight similarily affects the arrival times and 

activity of other nocturnal seabirds including
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H v d r o b a t e s  o e l a g  i o u s  . ( L o o k l e y  1 9 3 2 ) ,  0 . .  c ^ s t r o  H a r r i s

( 19 6 9 ) , Fterodoma macrootera, P.. c ooki (Iraber 1975) and

Ptvohoramphus aleuticus (Manuwal .1972), Expanding his

theory that nocturnal habits of seabirds evolved as a

defense against avian predators, Lack (1966) attributed

the effects of moonlight to increased susceptability

to avian predators on moonlit nights. Storm-petrels

are susceptible to avian predators (Harris 1969, Harris

1974, DeGange et al 1977, this study). During late

June, Common Ravens, Bald Eagles, and Glaucous-winged

Gulls were active throughout the night. Of these, at

least Common Ravens caught storm-petrels, and I

suspected the other two species were also feeding on

storm-petrels. Imber (1975) suggests another reason

for moo n l i g h t ’s effects. Due to a decrease in vertical

migration of zooplankton on moonlit nights, he

suggests, seabirds must search for food longer and over

a wider area thus delaying their arrival on land.

Nesting Chronology and Behavior -- Fork-tailed Storm- 
Petrels

Pre-egg laving . In 1977 I arrived on 21 April 

before egg-laying began. Several birds were flighting 

over the colony between 20:20 and 03:00 on 23 and 24 

April. On 25 and 26 April, only one or two birds were 

heard or seen around the island although observations
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were m £ ci e f r c n 2 1 : G 0 to C 2 : 00 . On 27 and 28 April, 

four individuals were heard calling but the island was 

still mostly deserted by petrels. A severe storm 

hampered observations on the 29th, but by 30 April, 

storm-petrels were again present in large numbers at 

night. Fifty burrows checked between 25 and 28 April 

were unoccupied during the day. Whether the absence 

of petrels on these nights was caused by the full moon, 

or represents a pre-egg laying desertion could not be 

determined .

As previously discussed fork-tails arrive later 

and are less active on moonlit nights. Harris (1974) 

suggests that Leach's react more strongly to moonlight 

before egg-laying than during incubation and chick 

rearing. However, desertion of the colony prior to 

egg-laying occurs in many procellariform species, 

including the Short-tailed Shearwater, Puffinus 

tenuirostris. (Marshall and Serventy 1956), Snow 

Petrel, Pogodroma n i v e a . (Maher 1962), Atlantic Fulmar, 

Fuimaris g l a c i a l i s . (Dunnett et a l . 1963), and Manx 

Shearwater ?uffinus puffinus (Harris 1 966 ) . Colony 

desertion by the female but not the male occurs in 

Black-bellied Storm-Petrels, F r e ge 11 a tropica , Wilson's 

Storm-Petrel, Oceanites oceanicus . and Dove Prion, 

Pachyptila desolate. . (Beck and Brown 1971).
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0 c £ a n o d r o r. ?. c a s a r o occupies burrows less frequently 

prior to egg-laying, but a marked island desertion does 

not occur (Harris 1965a)- The island desertion of 

fork-tails that I observed may have reflected the 

combined effects of a full moon and an asynchronous 

pre-egg-laying desertion.

Before appearance of eggs, fork-tails occupied 

burrows singly and in pairs. However, burrows were 

occupied irregularly, and in 3 oases were not occupied 

during the day for 10 days before an egg appeared.

Many burrows were occupied at night, but not during the 

day. Fork-tails rarely excavated burrows, preferring 

to nest in old burrows or crevices. Few individuals 

had mud on their feet or bills, and few burrows showed 

signs of fresh excavation during this time.

The calls of Fork-tailed Storm-Petrels have not 

been described (Palmer 1962). I recognized two 

distinct fork-tail calls: a harsh ack-ack-ack, or 

ack ack c a k c a k a c k , given in flight and from burrows.

1 heard the flight call from April through early 

August. This call is very similar to the alarm call 

given by a fork-tail in the hand. The screaming call 

seemed to attract other fork-tails and I suspected it 

was used to attract a mate. It was given by 

individuals and pairs, and on one occasion I heard the
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call emitting from a burrow with 3 birds inside. This 

call was heard throughout May and early June, but 

rarely during the rest of the summer.

Egg-laving and i n c ubation. Fork-tails lay a single 

white egg with a faint ring of brick red speckling 

around the large end. Sixty-twc eggs measured at Fish 

Island varied in length from 31.2 to 37.5 mm, and in 

width from 24.0 to 27.9 mm. The average egg size was 

33*7 X 25.9 mm (s = 1 .49; s = 0.79 respectively). I 

weighed 10 eggs and each weighed 11 gms on a Fesola 

spring scale accurate to 1 gm.

The egg-laying, hatching, and fledging chronology 

of fcrk-tails is shewn in Fig. 9. Back-dating from 

hatching in 1976, I estimated egg-laying occurred 

between 16 April and 23 May, with a peak between 21 and 

30 April. In 1977, I estimated egg-laying occurred 

from 22 April to 29 June, peaking between 11 and 20 

May. Exact egg-laying dates obtained in 1977 (nine 

nests) stretched from 1 May to 9 June, a period of 40 

days .

After the egg is laid, both parents incubate. A 

daily check of 33 burrows in 1976 to determine incuba

tion shifts, indicated a mean incubation spell of 1.69 

cays (s = C . 8 7 , n = 4 6), with a range from 1 to 5 days.



FIGURE 9. Nesting chronology of Fork-tailed Storm-Petrels at Fish Island, Alaska in 1976 and 
1977. Egg-laying dates were estimated on the basis of hatching dates and mean incubation period.



NU
M

BE
R 

OF
 

N
ES

TS
Rock Habitat 1977

Soil Habitat 1976

Soil Habitat 1977

□  EGGS LAI!)

C H I C K S  HATCHING

I— II J C H IC K S  FLEDGING

August September
00



69

H o w e v e r , checking band numbers cn incubating birds 

often caused premature departures so this estimate is 

surely low. After leaving the nest, birds stayed away 

for 1 to 10 days, mean = 5.09 days (s=5-9, n=32).

In 1977, nine incubation periods were determined 

(Table 8). These range from 40 to 59 days, averaging 

48.4 days (s=5.59). As fork-tails, like many other 

Procellariiformes, may neglect their egg for several 

days (N.T. Wheelright pers. comm., Harris 1969a, Pefaur 

1974), these periods do not reflect the length of time 

the egg was actually incubated.

Hatching and Chick D e v e l o p m e n t . The first chick 

hatched on 3 June in 1976 and on 10 June in 1977. 

Hatching in 1976 peaked between 5 and 10 June and 

between 16 and 20 June in 1977. The latest hatching 

date recorded was 11 July in 1976, and 15 August in 

1977. Hatching in soil habitat occurred significantly 

later in 1977 than in 1976, (Wilcoxan 2-sample test, 

d = 0 . 0 0 1 , d f = 1 0 4 ) . This may reflect later egg-laying 

dates, longer incubation, or both. The total spread 

of hatching in scil habitat was 35 days in 1976 and 66 

days in 1977- Differences between nesting chronology 

in rock and soil habitat are discussed later (see S e c 

tion I I I ) .
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TABLE 8. Length of For! 
Fish Island, Alaska, in 
days between egg-laying 
was incubated.

x-tailed 
1977. 
and hat

Storm
These
ching,

-Petrel 
figures 
not the

incubation periods at 
indicate the number of 
number of days the egg

Date Egg Laid Date Hatched Incubation Period

1 May 15 June 46

8 May 26 June 49

14 May 25 June 42

15 May 30 June 46

16 May 10 July 55

21 May 2 July 42

23 May 11 July 49

25 May 23 July 59

q June 27 July 48



Harris (1974) summarized scattered anecdotal 

reports on fork-tailed breeding. None of the Alaskan 

reports fell outside the range of dates I observed at 

Fish Island. The nesting chronology observed in more 

recent studies are compared to Fish Island in Table 9. 

As might be expected due to latitudinal differences, 

fork-tails at Fish Island nest about 1 month later than 

those in California. Interestingly, the chronology at 

Fish Island and Forrester Island (4* farther south) are 

nearly identical, while fork-tails breeding farther 

south and west of Fish Island nest 1 to 2 weeks later. 

This suggests that local environmental factors other 

than latitude also influence timing of nesting.

The time between pipping of the egg and hatching 

varied from 2 to 6 days in seven observed instances.

In the longer cases, the egg was left unattended for 

up to 3 days and the chick ceased peeping. However, 

all chicks successfully hatched when an adult returned. 

In 2 of 10 instances, both parents were present on the 

day the chick hatched.

The first 5 days after hatching seem to be 

critical to chick survival. Excluding mortality from 

predation, 47 percent of the chicks that did not 

survive to fledge died between 1 and 5 days of age. 

During this period chicks apparently can not



TABLE 9. Most Inn cltronology ol Fork-tailed Storm-Petrels at Fish island, Alaska, in comparison with other locations

Loenti on

Fish Island

So i I llah i I at

Ko.-k Hah i i at

Barren Islands

llnl dir Is land

Forrester Island

Trinidad Rock, 
r.a | | f o r  n i a

Dates

Latitude Year Er r -I ay inf: HatchingPeak & Peak Sgf Sour

59"52'N

58°57'N

I 9 76

J 9  7 7

19 7 7

19/6

16 A p r i l  - 25 May 
21-25 Apr!1

30 A p r i l  -  14 June  
11-20 May

21 April - 5 dune 
1-5 May

3 dune - II July 
6-20 dune

13 dune - 15 August 
1-5 duly

10 dune - 30 July 
16-20 June

26 June - 24 August 
21-26 July

7 August 
16-20 August

12 August - 3 October 
26-31 August

14 August - 15 September 
1.6-20 August

This study

This study

This study

I). Manuw.il air
liner soma, pci 
comm.

5 2"21'N 19 76 15 May - 30 June 
15 May - 30 May

V. Byrd,  ...;

54°48'N 19/6 27 April - 6 June 
4-14 May

7 June - 18 July 
15-25 June

DeC.ange et al

19  I 5
5-15 June

W l l l e t  1 9 1 5

4 I °02'N 19 74 18 March - 16 July 
Mid Aprl1 Early May Mid July

Harris 19 H \

I 0.

. comm. 

. 19/7
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-hermoregulate and are brooded by an adult throughout 

the day. Chicks that were left alone for more than 2 

days during this period almost invariably died. After 

the first night the chick seemed cool to the touch; by 

the second night the chick lay with its head under its 

body and its bill open. Unless the chick was fed and 

warmed when it reached this state, it died. Handling 

chicks for weight measurements or disturbance of the 

adult might increase this mortality. However, four 

chicks less than 5 days old (based on feather develop

ment) were found dead in burrows that I had not 

previously disturbed. Selection for abandoning a 

pipped egg during bad weather might occur, as a delay 

in hatching the cold resistant egg would be preferable 

to abandonment of a newly hatched, cold susceptible 

chick.

After 4 to 6 days of brooding, adults leave the 

chick alone during the day for the remainder of its 

development. In four instances, however, adult birds 

were found with older chicks (10, 18, 20, and 42 days

old). One of these (18) showed a retarded development 

pattern and the other three had lost weight on the 

previous two or three days. However, I could not be 

certain whether the adult was the parent rather than
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a non-breeder. Only the retarded chick was being 

brooded by the adult when I reached into the burrow.

The smallest chicks measured weighed 8 to 11 gms, 

but hatching weight is surely lower than these m e a s u r e 

ments. As fork-tail eggs weighed 11 gms, these chicks 

were undoubtedly fed before I weighed them. Since 

adults, if disturbed, readily leave the burrow instead 

of brooding the chick, few chicks were measured between 

0 and 5 days of age. Table 10 summarizes the average 

weights and body measurements of known-age fork-tail 

c h i c k s .

Culmen and tarsus measurements indicate that bone 

development occurs rapidly after hatching; maximum 

measurements were attained within 35 to 45 days (Fig. 

10). For 33 known-aged chicks, during the period when 

20 to 80 percent of the growth was accomplished, the 

culmen grew at 0.19 mm/day (s=0.03), and the tarsus at 

0.60 mm/day (s=0.07). Wing bone growth showed a 

pattern similar to culmen and tarsus but the emergence 

and rapid development of primaries causes the steep 

curve shown in Fig. 10. The average wing growth rate 

was 3.7 mm/day (s = 0 . 19, n = 3 3 ) • Most chicks completed 

primary development a -few days before fledging, but 

eight left the nest with blood remaining in the last 

two or three primaries. The maximum culmen, tarsus,
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TABLE 10. Fork-tailed Storm-Petrel chick growth at Fish Island, Alaska, based on all 
known-aged chicks in 1977. Standard deviations are given in parentheses.

Age Mean Mean Mean Mean
in Sample Weight Sample Culmen Tarsus Wing
Days Sice (gas) Size (min) (mm) (mm)

1-2 25 12.5 (3.3) 9 9.1 (0.4) 11. 7 (0.6) 13.3 (0.7)
2-4 36 16.2 (4.4) 19 9.3 (0.4) 12.4 (0.7) 14 .5 (0.3)
5-6 5 7 19.5 (5.1) ?4 9.9 (0.5) 13. 3 (0.3) 15.4 (1.1)
7-3 61 23.2 (6.0) 22 10.1 (O.o) 14.0 (1.4) lo. 7 (1.5)
9-10 75 27.0 (6.6) 28 10.3 (0.6) 15. 3 (1.3) 13.3 (1.5)
11-12 76 31.4 (3.1) 24 10.6 (0.6) 15.9 (1.4) 19.9 (1.3)
13-14 73 36.3 (7.9) 27 11.1 (0.7) 17.3 (1.7) 22.1 (3.6)
15-16 68 42.6 (9.2) 23 11.5 (0.7) 19.0 (1.3) 25.0 (3.4)
17-13 74 48.6 (S.9) 29 11.9 (0.6) 19.5 (1.7) 27.5 (3.8)
19-20 66 52.4 (11.1) 30 12.3 (0.7) 20.3 (1.3) 33.2 (5.3)
21-22 66 5 7.7 (9.0) 26 12.7 (0.6) (1.4) 39.3 (7.1)
23-24 64 61.8 (8.6) 26 12.9 (0.7) 23. 7 (1.6) 43.7 (7.0)
25-2.6 62 67.3 (9.7) 30 13.4 (0.6) 24.0 (1.5) 52.9 (3.9)
27-23 58 69.5 (10.2) 22 13.6 (0. 7) 24.5 (1.5) 57. 7 (3.7)
29-30 57 71.0 (11.2) 21 13. 7 (0.5) 25.0 (1.3) 65.5 (9.3)
31-32 65 73.6 (9.6) 23 14.0 (0.6) 25.6 (1.0) 76.7 (9.9)
33-34 67 76.6 (3.4) 22 14.2 (0.5) 26.2 (0.9) 82.3 (9.5)
35-36 70 73.4 (8.7) 21 14. 3 (0.5) 26.3 (0.8) 39. 7 (9.6)
37-38 60 79.4 (9.1) 24 14. 4 (0.6) 26.0 (0.7) 96.7 (10.3)
39-40 57 32.4 (8.3) 22 14.6 (0.7) 26.5 (0.3) 101.5 (3.9)
41-42 59 32.3 (9.3) •"> 1 Lx 14.7 (0.4) 26.5 (0.7) 111.0 (9.7)
43-44 48 83.8 (8.0) 26 14.6 (0.6) 26.3 (0.3) 113.5 (10.2)
45-46 52 35.6 (10.4) 27 14.5 (0.4) 26.5 (0.3) 125.5 (3.9)
a i ——3 35.3 (10.1) 22 14.7 (0.6) 26.6 (0.5) 132.5 (9.3)
49-50 45 88.4 (10.3) 17 14. 7 (0.6) 26.2 (0.7) 139.4 (6.3)
51-52 43 89.6 (10.4) 25 14.3 (0.5) 26.4 (0.7) 144.4 (7.2)
53-54 43 91.8 (9.7) 19 14. 7 (0.5) 26.4 (0.3) 146.5 (3.5)
55-56 50 87.6 (9.4) 21 14. 7 (0.6) 26. 3 (0.3) 152.3 (4.9)
57-58 45 84.2 (6.6) 23 14. 7 (0.5) 26.4 (0.3) 157.1 (3.9)
59-60 43 30.9 (7.1) 17 14.7 (0.5) 26.5 (0.8) 156.3 (6.0)
61-62 31 75.6 (6.5) 10 14.4 (0.2) 24.4 (0.7) 159.9 (1.3)
63-64 14 73.1 (4.8) 7 14.3 (0.4) 26.0 (0.9) 158.3 (5.1)
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FIGURE 10. Fork-tailed Storm-Petrel chick growth patterns based 
on the mean measurement of all known-age nestlings at Fish Island, 
Alaska in 1976 and 1977.
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and wing measurements attained by chicks before 

fledging were similar to adult measurements.

Patterns of weight growth are highly variable 

depending on the number and size of feedings received 

by each chick. Fig. 10 shows a generalized growth 

curve based on the mean weights of known-aged chicks. 

However, individual chick weight growth patterns were 

quite variable as shown in Fig. 11. Weight growth was 

typified by daily fluctuations in weight gain, a peak 

weight far above adult weight, and a pre-fledging 

weight decline. The average rate of weight gain for 

33 known aged chicks was 2.4 gras/day (s=0.44), for the 

period when 20 to 80 percent of the weight asymptote 

was attained. Maximum weights attained by chicks 

varied from 81 to 115 gms, 1.3 to nearly 2 times adult 

weight. The average peak weight was 96.9 gms (s=6.9, 

n=75). Chicks lose weight steadily for 3 to 10 days 

before fledging. Fledging weights varied from 57 to 

87 gms, averaging 72.5 gms (s=5.6, n=54). Adult 

weights varied from 46 to 72 gms and averaged 59-7 gms 

(s=4.4, n=53)* The nesting period lasted from 50 to 

66 days in 33 known-aged aged chicks, averaging 60.1 

days (s = 3 . 2 ) .

I caught four chicks fledging in late August.

Each was found between 21:00 and 22:00 fluttering



A G E IN DAYS
FIGURE 11. Weight growth curves of three Fork-tailed Storm-Petrel nestlings at Fish Island in 1977. CO
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through the brush toward the cliff edge. In the one 

instance I observed a chick leave its nest, it 

attempted to fly immediately, but became entangled in 

the vegetation. It then fell to the ground and walked 

toward the cliff edge (about 1.5 m distance); it flew 

away when it reached the edge. No adults were seen or 

heard during an hour before and after it fledged.

Chicks achieved greater peak and fledging weights 

in shorter periods in 1977 than 1976 (Table 11). There 

were no significant differences in chick growth rates. 

The significant differences could reflect the 

avai lab il-it y or quality of food in each year or a bias 

in the 1976 sample. The 1976 sample is biased toward 

birds nesting early in the breeding season as I was 

unable to obtain measurements of most parameters on 

chicks that fledged after 28 August when I left the 

field. This bias could be the source of the 

differences between years (see Section IV).

Chick food and feeding r a t e s . Table 12 shows the 

organisms identified in food samples regurgitated by 

adult fork-tails. All regurgitated samples contained 

pieces of fish flesh, and 50 percent contained pieces 

of fat. In 1976, only two identifiable organisms were 

present: the copepod, Calanus cristatus and the
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TABLE 11. Comparison of 
nestling periods at Fish

1976 and 
Island, A

1977 Fork-
-A-caS L'vd •

tailed Storm-Pe trel chick

1976 1977 Difference
Significant

Probability

Peak Weight 
Mean
Standard Deviation 
Sample Size 
Range

91.8
5.2

10
81-102

98. 7 
6.5 

47
84-115

Yes p=. 05

Age at Peak Weight 
Mean
Standard Deviation 
Sample Size 
Range

50.4
9.4

10
32-57

49.3
5.6

47
34-60

No p= • 05

Growth Rates-Weight1 
Slope
Standard Deviation 
Sample Size

2.2
.12

11

2.3
.09

11

No p-. 05

Culmen
Mean
Standard Deviation 
Sample Size

.18

.05
9

.19

.025
25

No p=. 05

Tarsus
Mean
Standard Deviation 
Sample Size

.60

.13
7

.60

.07
25

No p= .05

Wing
Mean
Standard Deviation 
Sample Size

3.6
.28

9

3.7
.18

26

No p=. 05

Fledging Weight 
Mean
Standard Deviation 
Sample Size 
Range

64.8
3.56
5

59-70

72.4
6.68

46
57-87

Yes p=. 05

Fledging Period 
Mean
Standard Deviation 
Sample Size 
Range

64.4
2.7
7

61-68

61.0
3.4

47
50-65

Yes p=. 05

1 Weight growth rates based on mean wTeights of all chicks versus age.
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TABLE 12. Contents of regurgi tated food samples collected from adult
Fork-tailed Storm-Petrels at Fish Island, Alaska . in 1976 and 19 77.

No. of Organisms Percent Occurrence
in all samples in All Samples

Identifiable Contents 1976 1977 1976 1977

Invertebrates:
Gammaride

Paracallisoma alberti 0 27 0% 80%
Copepoda

Calanus cristatus 47 3 90% 20%
Euphausiaceae

Thysanoessa spinifera 35 21 70% 50%
Decapoda

Hymenodora frontalis 0 3 0% 20%
Cephalopoda

Unidentified species 0 3 0% 20%

Vertebrates:*
Cottoidea 2 1 - 10%
Gadiadae - 2 - 20%
Myctophidae - 1 - 10%
Scorpiniformes — 1 — 10%

Other:

Fat — — 70% 50%
Plastic Particles 1 8 10% 70%

Total Number Identified 83 70

1 Fish parts were found in all samples during both 1976 and 1977; most
pieces were unidentifiable, but a few could be identified to family
in 1977.
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euphausid, Thvsonessa scinifera, the former the most 

abundant. In 1977, an amphipod, Parcallisoaa albe r t i . 

was the most abundant item in samples, occurring in 30 

percent of the samples and making up 48 percent of the 

identifiable organisms. Second in importance in 1977, 

Thvsanoessa soinifera occurred in 50 percent of the 

samples and made up 37*5 percent of the identifiable 

organisms. Calanus c r i s t a t u s . the major identifiable 

organism in 1976, occurred in only 20 percent of the 

1977 samples and made up less than 5 percent of the 

identifiable organisms. These differences between 

years could reflect the small sample sizes. 

Invertebrate breeding seasons differ widely, and a 

particular species may be abundant at the surface for 

only a short time during breeding.

The myctophid fish and all of the invertebrate 

species (excepting the Cephalopod) found in fork-tail 

regurgitations belong to groups that live in deep 

water, and for the most part occur in surface waters 

only at night (Vinogradov 1968). However, the life 

histories of these species are not known well enough 

to indicate whether each species migrates to the 

surface at night. As a result of diurnal migrations 

of zooplankton, the zooplankton biomass near the ocean 

surface in the Gulf of Alaska is six to eight times
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greater at night than during the day (McAllister 1961, 

Damkaer 1977)- Clearly, surface-feeding seabirds, such 

as storm-petrels, could benefit by feeding at night.

The identifiable organisms I found in fork-tail 

regurgitations indicate that fork-tails do feed at 

night. Imber (1975) indicated that many other seabirds 

(primarily Procellariiformes) feed on zooplankton that 

are at the surface only at night.

Plastic particles were also identified in 58 p e r 

cent of the regurgitation samples. Of eight fork-tail 

chicks that died, six had gizzards clogged with plastic 

particles. Four adult gizzards examined were also 

packed with plastic.

The amount of food received by a chick on any 

given night depends on its age and size, when it was 

last fed, whether one or both parents return to feed 

it, and other factors such as food availability or 

weather which affect the amount of food the parents can 

gather. Eighteen feedings, measured by weighing the 

chick just before adults arrived and immediately after 

they left, ranged from 4 to 24 gms and averaged 11.6 

gms (s = 5.6) .

Over a 24-hour period, 17 chicks that were not 

fed, lost an average of 8.4 gms, while chicks that had 

been fed lost an average 10.6 gms. The slightly higher



p = 0 . 1 0, df = 25) probably reflects losses from 

indigestible food, waste water, and the cost of diges

tion processes. Handling chicks caused some stress and 

added metabolic cost and occasionally chicks 

regurgitated oil when handled, so actual weight loss 

per day is probably lower than these figures indicate. 

Eeck and Brown (1971) estimated a 4.5 gm/aay loss in 

Fregeta tropica and Roberts (1940 as cited in Beck and 

Brown 1970) estimated a 2.7 gm/day loss in Qceanodroma 

o c e anicus.

Table 13 shows the average weight changes of fork- 

tail chicks throughout the nestling period. Weight 

changes each night averaged larger as chicks grew, 

reflecting the higher metabolic rate of larger chicks. 

Large feedings were followed by rapid weight loss 

perhaps indicating a high water content in the food. 

Harris (1969a) similarity noted that chicks lost weight 

more rapidly after large than small feedings.

Table 14 shows estimates of feeding rates based on 

weight changes arid lattice records. Despite the biases 

of each method, estimates of feeding rates are 

surprisingly close. On the average, fork-tail 

nestlings (between 5 and 50 days old) were fed on 76 

to 82 percent of the nights. The major difference
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TABLE 13. Average weight changes of Fork-tailed Storm-Petrel chicks 
throughout the nestling period at Fish Island, Alaska, in 1977.

Age Weight Gains (gins) Weight Losses (gms)
in Sample Size Mean Std. Dev. Sample Size Mean Std. Dev. 
Days

5-10 82 4.8 2.9 42 3.4 1.5

11-20 145 6.7 4.4 86 4.3 3.2

21-30 123 6.9 5.1 86 5.2 3.5

31-40 113 6.8 4.1 88 5.9 3.9

41-50 103 7.1 4.1 106 5.3 3.3

51-60 61 4.7 3.8 131 4.8 2.6
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TABLE 14. Estimated percentage of nights Fork-tailed Storm-Petrel chicks 
were fed based on daily weight changes and lattice disturbances through
out the nestling period at Fish Island, Alaska, in 1977. Weight changes 
and lattice records of known-aged chicks only were included.

Age
in
Days

Weight Changesi Lattice Records

Sample
Size

% Days 
Fed

Confidence
Interval

95%
Sample
Size

% Days 
Fed

Confidence
Interval

95%

5-10 120 84.1 ± 6.6 50 84.0 ± 10.1

11-20 241 82.2 5.0 128 75 .0 7.5

21-30 233 76.8 5.4 136 82.3 6.4

31-40 214 75. 7 5.8 129 88.4 5.5

41-50 226 74.8 5.7 115 80.9 7.2

51-60 207 48.3 6.8 104 81.7 7.4

1 Any chick gaining weight or losing 3 gms or less was assumed fed.
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between estimates by the two methods occurs in the 10 
days before fledging. Based on weight changes alone, 

chicks were fed only 48.3 percent of the nights. 

Lattices, however, were disturbed on 81.7 percent of 

the nights, as often as earlier in the nestling period. 

Because chicks gained weight on some nights, and the 

average weight increase between 50 and 60 days of age 

was small, I believe adult storm-petrels returned with 

food, but chicks refused it. Another interpretation, 

however, is that parents returned less often, and 

chicks disturbed the lattices by moving to the mouth 

of the burrow in anticipation of feeding or fledging.

Nesting Chronology and Behavior -- L e a c h ’s Storm-Petrel

Information on L e a c h ’s Storm-Petrel breeding 

biology is based on scattered observations because of 

their relative scarcity on Fish Island. The breeding 

biology of L e a c h ’s Storm-Petrel has been partially 

documented (see Introduction) and most of my observa

tions concur with those of Ainslie and Atkinson (1937), 

Wilbur (1969), and Harris (1974).

P re-eeg-l a v i n e . L e a c h ’s visited burrows for 

courtship and burrow renovation during late May, June, 

July, and early August. Pairs occupied burrows curing
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the day irregularly throughout this same period. Also, 

individual birds were frequently found excavating 

burrows at night and during the day.

L e a c h ’s calls are described as a "cackle” call 

given in flight and from the burrows, and a purring 

call given from the burrows and presumably associated 

with courtship (Palmer 1962). The cackle call was 

given from May through early September, but peak 

calling occurred during July and early August. I heard 

the purring call from early June until late July, but 

most frequently during mid-June.

Egg-laving and incubation. L e a c h ’s Storm-Petrel 

eggs averaged 32.3 X 24.2 mm (s=1.28 X 0.51, n=8).

These are intermediate between the average measurements 

of 0. leucorhoa eggs reported by Palmer (1962) for the 

Atlantic and southern North Pacific range.

In 1976, two egg-laying dates were obtained, 8 and 

15 June, the former when a mist-netted bird laid an egg 

before being banded, and the latter in a monitored, and 

recently deserted fork-tail burrow. Precautions to 

avoid nest desertions of this relatively rare species 

ruled out attempts to determine incubation periods. 

Backdating from hatching, egg-laying occurred between 

28 May and 25 July 1975, and 3 June and 7 July in 1977 

(Table 15).
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TABLE 15. Nesting chronology of Leech's Stcrm-Petrels at Fish Island, 
Alaska, in 1976 and 1977. Egg-laying dates were estimated from date of 
hatching based on an incubation period of 42-50 days (Gross 1935). 
Fledging dates were estimated on the basis of a 63-75 day fledging 
period (Gross 1935, C. Huntington in Palmer 1962).

Estimated 
Egg-laying Date

Estimated 
Hatching Date

Estimated 
Fledging Date

28 May - 6 June 18 July 26-30 September

8 June" — —

15 June1 — —

16-29 June 5-10 August1 —

22-30 June 11 August 15-20 October

4-17 July 23-28 August1 22-6 November

1977

23 May - 31 May 13 July 22 September

15-23 June 4 August 8-18 October

27 June - 5 July 16 August 20-30 October

8-16 July 27 August 1-10 November

1 Estimated based on wing growth and feather development.
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>■ a : chin •.? and chin dc vs 1 o om sn  t . The rar.g e of 

hatching dates are shown in Table 15. Most are 

accurate to + 2 days. In comparing nesting chronology 

of L e a c h ’s at Fish Island with other areas, the same 

latitudinal trend apparent in fork-tail breeding 

chronology appears (Table 16). Breeding occurs earlier 

at more southern locations along the west coast of 

North America. There is about one m o n t h ’s difference 

between the Farallon Islands (Ainley et al . 1974) and

Fish Island. However, Leach's breed later at Buldir 

Island in the Aleutians than at Fish Island, though 

Euldir lies further south.

Hatching weight is difficult to determine without 

disturbing the brooding adult. The smallest weight I 

obtained was 8 gas. However, Harris (1974) reported 

a hatching weight of 6 gms. L e a c h ’s chicks were 

brooded for 3 to 5 days after hatching, and then fed 

irregularly at night for the remainder of their 

development.

To obtain a generalised picture of chick growth 

(Table 17), 1976 and 1977 chick measurements were 

combined. My data are similar to those reported by 

Gross (1935). L e a c h ’s chick growth patterns (Fig. 12) 

are similar to fork-tail patterns. Chick growth rates 

based on the mean measurements at each age were:



TAIiLF. 16. Nesting chronology of Leach's Storm-Petrels at Kish Island, Alaska, in 1976 and 1977 as compared will» other b r e e d i n g  i m  . i s

Location l.at 1 tude Year Egg-lay lag Hatching Fledging Source

Kish Island 59°52'N 1976 8 Jiine-12 July 18 July-23 August 26 September-1 November 'l'llls Study

Fish Island 59°52'N 19 7/ 11 Jnne-5 Jnly 23 July-27 August 23 September-5 November This Study

Forrester island 54°48'N 1915 Peak 29 June - - Willett lrT5

Forrester island 54°48’N 19 76 17 June-Peak 28 June 2 August-9 August - DetJnnp.e et a 1 . 19/7

Huldir Island 52° 2 1 ' N 19 75 10 May-30 July 
Peak 30 June-15 July

- - V. Byrd, pcrs. c< imin

I r I n i d.ui Rocks , 
Oa1i forni a

4 1°02'N 1965-
1969

6 May-8 July 
Peak 21 Mav-3 June

J6 June-18 August 
Peak 1-14 July

- Harris 1974

Fat al Ian Island 37°()4'N 1972 9 May-16 June 
Peak 19 May-6 June

- - AInley el a 1 . 19 76

eoi—>



TABLE 17. Leach’s Storm-Petrel chick growth at Fish Island, Alaska, 1976 and 
1977 data combined. Sample size was the same for culmen, tarsus and wing. 
Standard deviations for each mean are given in parentheses.

Age
111
Days

Sample 
Si ze

Mean
Weight
(gms)

Sample
Size

Mean
Culmen
(mm)

Mean
Tarsus
(mm)

Mean
Wing
(mm)

1-5 0 0 - - _
6-10 2 15.5 (2.12) 2 9.5 (• 2) 11.6 (.2) 14 (3.0)

11-15 14 15.3 (3.9) 7 9.6 (.4) 12.5 (.7) 14 (3.0)
16-20 14 29.0 (7.3) 9 10.6 (• 5) 14.7 (1.0) 18.5 (2.9)
21-25 18 44.1 (8.9) 6 11.3 (.6) 17.4 (1.0) 23.7 (3.7)
26-30 11 50.8 (5.3) 7 12.2 (.4) 20.4 (1.7) 30.8 (2.9)
31-35 9 57. 7 (3.3) 6 13.0 (.5) 21.9 (0.5) 48.5 (6.8)
36-40 10 68.7 (5.4) 4 13.7 (.1) 23.2 (.4) 68.8 (7.6)
41-45 10 65.8 (7.8) 6 14.5 (.6) 23.2 (.5) 76.8 (9.8)
46-50 10 58.1 (4.6) 4 14.8 (.3) 23.3 (.5) 102.7 (6.8)
51-55 10 64.9 (5.8) 4 14.8 (.4) 2 3.2 (.5) 119.3 (5.5)
56-60 10 68.2 (5.2) 4 14.8 (.3) 22.8 (.8) 137.5 (5.0)
61-65 10 74.1 (13.5) 3 14.7 (.1) 23.2 (1.1) 149.4 (1.5)
66-70 7 66.1 (8.1) 3 14.6 (.2) 23. 3 (.7) 156.4 (2.1)

ro
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weight, 1.86 gins/day; culmen, 0.16 mm/day; tarsus, 0.57 

mm/day. The peak weights attained by two chicks (aged 

58 and 64 days) were 77 ana 96 g m s . Another chick 

weighed 79 gms, though only 45 days old when I left the 

field. Harris (1974) reported L e a c h ’s chicks reached 

a maximum of 70 gms. Huntington (in Palmer 1962) 

reported an average peak weight of 80 gms with maximums 

of 90 to 92 gms observed.

Two L e a c h ’s chicks neared fledging age before I 

left the field. One remained in the nest at age 67 

days. The second was apparently preparing to leave the 

nest at age 70 days, as it was sitting in the burrow 

entrance at dusk. Its primaries were fully developed 

and ail the down was worn away. Gross (1935) reported 

a fledging period of 65 to 75 days and Huntington (in 

Palmer 1962) reported 63 to 70 days. The 

aforementioned fledging chick weighed 58 gms, 16.5 gms 

above average adult weight (41.5 gms, S = 4 . 1 8 ,  n=97).

Chick food and f e e d i n g . Average daily weight 

changes and feeding rates of Leach's Storm-Petrel 

chicks are shown in Table 18. Overall, L e a c h ’s chicks 

were fed on 72.2 + 8.4 percent of the nights during the 

first. 60 days of the nestling period. Air.siie and 

Atkinson (1937) determined feeding rates of chicks by
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TABLE 18. Average weight changes and estimated feeding rates of Leach’s 
Storm-Petrels throughout the nestling period at Fish Island. Alaska,
1576 and 1977 data combined.

Weight Gain (gins) Weight Loss (gms)  Feeding Rate_______
Age Saranle __ Std. Sample .. Std. Sample % ConfidenceMean Meanin Size Dev. Size Dev. Size Days Interval
Days Fed 95%

11-20 15 4.8 3.9 8 3.1 2.4 23 87.0 ± 13.7

21-30 19 4.4 3.4 7 4.7 2.8 26 76.9 16.2

31-40 12 5.4 3.4 6 5.3 1.6 18 66. 7 21.8

41-50 9 4.6 4.0 11 4.9 2.5 20 55.0 21.8

51-60 14 4.4 4.2 7 4.9 1.7 21 71.4 19.3

61-70 8 4.6 5.7 9 4.4 2.2 16 43.7 24.3



chicks were fed by both parents on 21.1 ±  8.4 percent 

of the nights.

Two chicks monitored between 60 and 70 days of age 

gained weight on 7 out of 16 nights, suggesting a 

feeding rate of only 43.7 percent (Table 18). This may 

reflect smaller feedings, adults returning less often 

or chicks refusing food. Ainslie and Atkinson (1937) 

and Huntington (in Palmer 19o2) reported a desertion 

period prior to fledging. They reported, respectively, 

chicks that were not fed 6 and 7 days before fledging. 

The one chick fledging at Fish Island showed five 

weight gains in the 10 days before leaving and was fed 

two nights before it left. The 67 day old chick was 

fed at 65 days of age.

Nesting Chronology and Behavior--Comparison of Species

Nesting c h r onology. The breeding seasons of Fork

tailed and L e a c h ’s Storm-Petrels are distinctly 

different at Fish Island (see Fig. 15). In both 1976 

and 1977, fork-tails began laying eggs 1 to 1.5 months 

before L e a c h ’s. Such asynchronous nesting is 

characteristic of fork-tails and L e a c h ’s wherever their 

breeding ranges overlap (Harris 1974, DeGange et al. 

1977, G. V. Byrd pers. comm.).
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URE 13. Comparison of breeding chronology of Fork-tailed and Leach's Storm-Petrels at Fish 
ska (1976 and 1977 data combined).
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Cody (1973) suggested that asynchronous nesting cf 

sympatric storm-petrels evolved to minimize 

interspecific competition. Asynchronous nesting may 

reduce interspecific interactions at the breeding 

colony; however, the nesting cycle of each species is 

over 100 days and egg-laying is spread over 40 or more 

days. Consequently, both species use the nesting 

island and burrows simultaneously. Clearly, the 

species which delays nesting, in this case L e a c h ’s, 

will be at a disadvantage in choosing nest sites as the 

best ones will already be occupied by fork-tails. 

Additionally, breeding L e a c h ’s at Fish Island are nest 

site prospecting just as the large non-breeding p opula

tion of fork-tails arrives and occupies burrows.

Kence, the asynchrony of nesting periods does little 

to minimize nest site competition between L e a c h ’s and 

fork-tails. Assuming the species use the same food 

resources, competition for food might be reduced by the 

differences in nesting chronology. Food requirements 

are presumably highest during egg formation and chick 

growth. Breeding fork-tails are incubating eggs, for 

the most part, while Leach's are forming theirs. Chick 

growth periods overlap considerably, but conceivably, 

periods of peak growth, and hence food requirments, are 

staggered. However, in view of the different pelagic
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distributions of Fork-tailed and Leach* s Storm-Petrels, 

direct competition for food seems unlikely.

Differences in the breeding seasons need not 

result from interspecific competition; Ashmole (1971) 

suggested that differencs in breeding seasons (between 

sibling species) may be a prerequisite for maintenance 

of reproductive isolation during the development of 

sympatry. Perrins (1966) and Lack (1968) suggest that 

timing of birds breeding seasons evolved in relation 

to the availability of food for egg formation and 

growth of the young. Possibly, the differences in 

fork-tail and Leach*s nesting chronology are related 

to differences in seasonal availability of food at 

their respective feeding grounds.

Both fork-tails and Leach*s feed primarily on 

zooplankton within a few cm of the sea surface.

Throughout northern seas, zooplankton abundance in 

surface waters is substantially lower in winter than 

in spring and summer. At Ocean Station *’P ” in the Gulf 

of Alaska (50°N, 145° VJ) , zooplankton biomass in surface

waters (0-100 m) averaged 20 gms/1000 m in winter 

(November to March) and 150 gas/1000 m during spring 

and summer (McAllister 1961). The timing of spring and 

fall changes in zooplankton abundance are surely 

important to storm-petrel nesting chronologies. In the

JHE ELMER E. RASMUSON LIBRARY 
UNIVERSITY OF ALASKA
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Gulf of Alaska, spring phytoplankton production in 

coastal areas begins in February and March, and 

advances seasonally toward the center of the Gulf where 

the spring increase occurs in late April and May 

(Damkaer 1977). Zooplankton abundance is directly 

related to phytoplankton abundance (McAllister 1961). 

This indicates that abundant food becomes available to 

fork-tails, feeding over the continental shelf, before 

it is available to more oceanic L e a c h ’s Storm-Petrels. 

This may explain the difference in the two species 

nesting chronology.

A surprising relation exists between storm-petrel 

nesting chronology and what is known of zooplankton 

abundance in the Gulf of Alaska. Most fork-tail 

nestlings fledged in late August and in September; 

Leach's chicks apparently fledge in October and early 

November. At Ocean Station "P1' zooplankton abundance 

is markedly lower during these months than during the 

summer (Fig. 14). B i r d s ’ breeding seasons are often 

presumed (in part) to be timed so as to fledge 

inexperienced young when food is most available 

(Immelmann 1973). For example, Snow Petrel, (Pagcdroma 

n i v e a ) breeding is timed so as to permit ’’recently 

fledged juveniles to encounter a maximum food supply 

in their early period of independence” (Maher 1962).
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Like storm-petrels at Fish Island, Leach's and Ashy 

Storm-Petrels at the Farailon Islands fledge young when 

food is least abundant (Ainley et a l . 197*0. Ainley 

et al. hypothesized that this was an adaptation to 

avoid avian predation on fledglings. By delaying 

nesting, they suggested, fledglings leave the safety 

of burrows only after all avian predators (gulls) have 

deserted the nesting island. At Fish Island, gulls are 

not serious predators, and ravens, perhaps important, 

do not leave the island after breeding. Also storm- 

petrels fledge 0.5 to 2.5 months after all avian 

predators have finished breeding, and at least gulls 

have left the island. Such a delay can not be 

attributed to avoidance of avian predators.

The timing of fledging is determined by three 

factors: the timing of egg-laying, and the lengths of 

incubation and nestling periods. I have already 

discussed the effects of spring food availability on 

timing of egg-laying. Additionally, I believe, the 

rate at which adults can supply food to the young 

limits their growth rate and prevents storm-petrels 

from fledging young when food is most available. Lack 

(1966) suggested that the long incubation and nestling 

periods found in storm-petrels evolved as an adaptation 

to a patchy and widely dispersed food supply. In
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winter, adult storm-petrels are able to survive despice 

extremely low zooplankton abundance. During chick 

raising, adults must obtain the same amount of food as 

in winter, plus one half the food requirements of the 

chick, plus food to fuel the added metabolic costs of 

transporting food to the nesting island. The costs of 

raising a chick might thus be three to four times the 

cost of winter maintenance requirements. Yet, in 

summer, zooplankton is 7 to 15 times more abundant in 

surface waters (McAllister 1961, Damkaer 1977). Thus, 

as Lack suggested, it is probably the rate at which 

storm-petrels can collect food and bring it back to the 

young that determines the length of the nestling 

period. Though post-fledging success might be 

increased by fledging young when food is more abundant, 

storm-petrels are probably fledging young as early as 

possible within the limits of their food gathering 

methods and the distance between breeding and feeding 

areas. Possibly, storm-petrels are only able to gather 

sufficient food for themselves and a chick when 

zooplankton is most abundant.

Breeding bio1c gv . The breeding patterns of fork- 

tails and L e a c h ’s at Fish Island are quite similar and 

follow the general breeding patterns of other storm-
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p e t r e l  s p e c i e s  t h r o u g h o u t  t h e  w o r l d .  A d u l t s  r e t u r n  t o  

the colony only at night, lay a single, relatively 

large egg, have long incubation and nestling periods, 

and both male and female parents incubate the egg and 

care for the young. Chicks are brooded for a few days 

after hatching then left alone, except for irregular 

night feedings, throughout the remainder of the 

nestling period. Chick weight growth is typified by 

an increase far above adult weight followed by a 

decline prior to fledging. Despite these similarities, 

a close comparison (Table 19) of the nesting biology 

of fork-tails and L e a c h ’s reveals several differences 

and suggested a pattern. Some differences are related 

to the size differences between fork-tails (60 gms) and 

L e a c h ’s Storm-Petrels (41 gms), but other factors also 

seem to be important.

Allan (1962) postulated that the important 

difference between storm-petrel species should be in 

their ecology and behavior away from the breeding 

colony. Ainley et a i . (1974) reiterated this sugges

tion with evidence that differences in the nesting 

biology of £. leucorhoa and 0. hoaochroa at the 

Faralion Islands are related to the differences in the 

s p e c i e s ’ distributions at sea. Ashmole (1967) showed 

that several differences in the breeding patterns of
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TABLE 19. Comparison of Fork-tailed and Leach’s Storm-Petrel breeding 
patterns. Most information was collected at Fish Island, Alaska, but 
information on Leach's Storm-Petrels was supplemented by information 
in the literature as noted.

Fork-tailed
Storm-Petrel

Leach’s 
Storm-Petrel

Adult weight (mean) 59.7 gms 41.5 gms
Standard Deviation 4.4 4.2
Range 48-74 32-55
Sample Size 35 3 92

Egg Weight (mean) 11 gms 8.8 gms1
Range 10.5-11.5 ---

Egg Weight in Proportion to
Adult Weight 18.4% 21.2%

Range 16.4-20.8 19.2-23.6

Incubation Period (mean) 48.4 days 47.62 or 41-423
Standard Deviation 5.6 —
Range 40-50 —
Sample size 9 —

Incubation Shift (mean) 1.69 days 3 days11
Standard Deviation .87 —
Range 1-5 1-5
Sample Size 42 ---

Nestling Period (mean) 60.1 days 70
Standard Deviation 3.2 —
Sample Size 33 T_
Range 51-65 63-755

Percent Days Chick Fed 78.2% 72.2%
95% Confidence Interval 2.5% 8.4%
Sample Size 1034 108

Peak Weight in Percent Adult Weight 162% 208%
Range 139-192 186-231
Sample Size 75 2

Fledging Weight in Percent
Adult Weight 125% 140%

Range 96-146 —
Sample Size 54 1

1 From W. Gross in Palmer 1962 uFrom Ainslie and Atkinson 1937
2 From G. V. Byrd, pers. comm. 5From Palmer 1962
3 From C. Huntington in Palmer 1962
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petrel species throughout the world. Adults return to 

the colony only at night, lay a single, relatively 

large egg, have long incubation and nestling periods, 

and both male and female parents incubate the egg and 

care for the young. Chicks are brooded for a few days 

after hatching then left alone, except for irregular 

night feedings, throughout the remainder of the 

nestling period. Chick weight growth is typified by 

an increase far above adult weight followed by a 

decline prior to fledging. Despite these similarities, 

a close comparison (Table 19) of the nesting biology 

of fork-tails and L e a c h ’s reveals several differences 

and suggested a pattern. Some differences are related 

to the size differences between fork-tails (60 gms) and 

Leach's Storm-Petrels (4 1 gms), but other factors also 

seem to be important.

Allan (1962) postulated that the important 

difference between storm-petrel species should be in 

their ecology and behavior away from the breeding 

colony. Ainley et a1. (1974) reiterated this sugges

tion with evidence that differences in the nesting 

biology of Q_. leucorhca and Q, hoaochroa at the 

Farallon Islands are related to the differences in the 

s p e c i e s ’ distributions at sea. Ashmole (1967) showed 

that several differences in the breeding patterns of
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terns and petrels at Christmas Island were related to 

differences in their feeding ecologies. I believe that 

the differences in the breeding biology of fork-tails 

and L e a c h ’s Storm-Petrels are also related to 

differences in their distributions at sea.

Lack (1967, 1968) compared the breeding patterns

of several species of seabirds and related the 

differences to the various distances each species 

traveled to obtain food. He divided seabirds into 3 

groups: inter-tidal, inshore (in sight of land), and 

offshore (pelagic) feeders. He found, generally, that 

inshore feeders (as compared to pelagic feeders) tend 

to "lay a larger clutch, relieve their mate on the egg 

more quickly, feed their young more frequently, and 

have shorter incubation and fledging periods."

Inasmuch as Lack attributed these differences to the 

distance each species must travel between breeding and 

feeding areas, his hypothesis about the differences 

between inshore and pelagic feeders should be 

applicable, or testable, using neritic and oceanic 

feeding seabirds.

L a c k ’s hypothesis predicts many of the observed 

differences in the breeding patterns of Fork-tailed



108

(neritic) and Leach's (oceanic) Storm-Petrels (see 

Table 19). However, differences in size must also be 

c o n s i d e r e d .

The clutch sizes of fork-tails and L e a c h ’s are the 

same, as a single egg clutch appears to be an 

invariable trait among Procellariformes. The 

proportionate size of egg to adult weight suggests that 

L e a c h ’s lays a larger clutch than fork-tails, in 

conflict with the hypothesis. However, the main 

advantage of a larger egg is that a chick hatches 

either at a more advanced stage or with a bigger food 

supply (Heinroth 1922). As mentioned, the most 

critical time for fork-tail chicks is the first few 

days after hatching. A better developed chick with 

more food reserves would have a better chance of 

surviving if the parent was unable to return. Thus, 

larger egg size may be an adaptation related to the 

distance between breeding and feeding grounds, or the 

frequency that adults can return to the nest.

The incubation period of fork-tails is slightly 

longer than L e a c h ’s. As the length of incubation is 

positively correlated with egg size within a family 

(Lack 1957), this difference is expected. The 

magnitude of the difference depends on whether the 

incubation of L e a c h ’s at Fish Island is more similar
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to the 4 7 • c day period found at Bu1 dir Island, Alaska 

(G. V. Byrd pers. comm.) or the 41 to 42 day period 

reported in the Atlantic (C. Huntington in Palmer 

1 9 6 2  ) .

Three inter-related characteristics, chick feeding 

rates, growth rates, and fledging periods, indicate the 

differences suggested by L a c k ’s hypothesis. Fork-tails 

feeding over the continental shelf return to feed their 

chicks more often, and their chicks grow faster and 

fledge in a shorter period than L e a c h ’s. The feeding 

rate of fork-tails is only 6 percent greater than that 

of Leach's and the difference is not significant 

( p = 0 . 1 , chi-square test). One might expect that fork- 

tail chicks are fed by both parents on a higher 

percentage of nights than L e a c h ’s, but I have no data 

to test this possibility. The growth rates of each 

species are presumably evolved primarily in relation 

to the amount food which can be brought to the young 

in the time available (Lack 1967, Rickiefs 1973). 

Culmen, tarsus, and wing growth rates are slightly 

greater, and weight growth, slightly slower in fork- 

tails than in L e a c h ’s (Fig. 15). Normally growth is 

slower in larger species of the same family (Ricklefs 

1973). My observations of fork-tailed fledging periods 

(averaging 61 days) are clearly shorter than my 2
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FIGURE 15. Growth patterns of Fork-tailed and Leach’s Storm-Petrels 
compared on the basis of percent adult measurement attained by 
nestlings at Fish Island, Alaska in 1977.
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observations of L e a c h ’s fledging period (>67 and 70 

days). The range of fledging periods reported in the 

Atlantic suggests there is overlap between the species 

however.
According to Lack (1967), the peak weight and 

fledging weights, as compared to adult weight, should 

be greater in species which must travel farther to get 

food, and hence may desert the young for longer 

periods. L e a c h ’s Storm-Petrels reached proportionately 

higher peak and fledging weights than fork-tail chicks, 

in agreement with his prediction. However, information 

on L e a c h ’s is based on only two and one observations, 

respectively.

These data support the application of L a c k ’s 

hypothesis to comparisons of neritic and oceanic 

feeding storm-petrels. However, since the data are not 

statistically testable, caution must be exercised in 

accepting these interpretations. Table 20 compares the 

nesting biology of two pairs of sympatric storm-petrels 

that feed at different distances at sea. Generally, 

the differences between the Storm-Petrel, Hvdrobates 

pelagicus and Leach's Storm-Petrel support the 

hypothesis. The more neritic Storm-Petrel has a 

shorter incubation period than might be expected based 

on egg weight, has shorter incubation and fledging



TABLE 20. Comparison of breeding patterns of sympatric storm petrels that feed at different 
distances from shore. Data on Hydrobates pelagicus from Davis (1957); on Oceanodroma leucorhoa 
from Ainslie and Atkinson (1937) and Palmer 1962. Data comparing 0_. homochroa and (3. leucorhoa 
in Ccilifornia from Ainley et al. 19 74.

Hydrobates
pelagicus

Oceanodroma
leucorhoa

Oceanodroma
homochroa

Oceanodrom
leucorhoa

Location 

Feeding Type 

Adult Weight

Egg Weight in Proportion to 
Adult Weight

Incubation Period

Incubation Shift

Nestling Period

Percent Days Chick Fed

Great Britain 

Neritic

25%

40.6

3

62.8

83%

Great Britain 

Oceanic 

43 gins 

20%

41-42

3

63-75

78%

California 

Neritic

39.6 gms 

21.6%

44

76

California 

Oceanic 

41.9 gms 

20.1%

41-42

66



Contrary to the hypothesis, though, incubation shifts 

are the same, and the egg of the neritic species is 

larger. Comparisons of Ashy Storm-Petrels, 0. 

h o m o c h r o a . and L e a c h ’s at the Farallon Islands, 

California, does not support the hypothesis in any of 

the points where information is available. Perhaps the 

relative steepness of the California continental shelf 

shortens the distance L e a c h ’s must fly to obtain food. 

Also, the narrow band of waters over the steep 

continental shelf may force Ashy Storm-Petrels to fly 

long distances parallel to the coast in order to meet 

their food requirements.

More precise knowledge of storm-petrel feeding 

areas and their relative productivity, along with 

statistically adequate samples of nesting parameters 

are needed to test the applicability of L a c k ’s 

hypothesis to storm-petrel breeding patterns.

Nesting Success of Fork-tailed Storm-Petrels

Nesting success is a measure of a population’s 

production for a given season or set of conditions.

The accuracy of any nesting success estimate depends 

on the number of nests and years included, and the 

number and timing of vists to nests. The latter factor
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is important because too few visits to a nest may 

obscure nest failures (Mayfield 1975), while too 

frequent visits may cause nest desertions or lead 

predators to the nest. In this study, burrows were 

visited only once or twice during incubation to 

minimize human disturbance. Some eggs may have been 

laid and disappeared between checks. In crowded storm- 

petrel colonies, deserted eggs are frequently kicked 

out or buried (Wilbur 1969). Since only four of 125 

eggs disappeared between May and September 1977, and 

only three of 20 failed eggs disappeared between August 

1976 and July 1977, I do not believe egg disappearances 

caused an important bias in my nesting success 

estimates. However, any attempt to correct for this 

bias by more nest visits might have caused nest deser

tions and a serious underestimate of nesting success.

Estimates of nesting success in soil habitat 

during 1976 and 1977 were not significantly different 

(chi square= 1.265, p=.05, d . f . = 1 , Table 21). For both 

years combined, nesting success in soil areas was only

25.8 ±  5.1 percent (95percent confidence interval). In 

both years nest predation accounted for over 70 percent 

of the nest failures (Table 21). In 1976, however, 56 

percent of the predation occurred during incubation, 

while in 1977, 36 percent occurred during incubation
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TABLE 21. Nesting success of Fork 
habitat in 1976 and 1977 at Fish L

-tailed Storm- 
sland, Alaska

—Petrels in SOIi

1976 1977

Number of Eggs 75 204

Eggs Hatching 44 72

Chicks Fledging 23 49

Hatching Success 59 + 11% 35 + 7%

Fledging Success 52 + 26% 65 + 11%

Nesting Success 31 + 10% 24 + 6%
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(significant difference, X2 =20.59, p<.0C1, d . f . = 1 ) .

This difference is probably explained by increased 

predation on Tufted Puffin chicks in 1977. Puffin 

chicks were available to predators during most of the 

fork-tail chick stage.

Predation during incubation was the major cause of 

nest failure in soil habitat, accounting for over 57 

percent of all nest failures. Egg desertions, second 

in importance, accounted for 20 percent of all nest 

failures. Egg desertion may result from: human 

disturbance, adult mortality away from the nest 

(including predation away from the nest), addled or 

infertile eggs, inadequate parental care, or egg 

destroyed by ether storm-petrels. I was unable to 

determine the ultimate cause of any nest desertions. 

Four nests accidentally destroyed during the study were 

excluded from nesting success calculations, but seme 

nest desertions may have been caused by human 

disturbance. In 1977, 11 deserted eggs were found 

cracked on the September check, but whether this was 

caused by intruding birds or the parents, or before or 

after egg desertion is unknown.

Predation was the major source of nestling 

mortality accounting for 66 percent of all nest 

failures during the chick stage. However a variety of
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ether causes «ere also important. Death during the 

first five days after hatching (accounting for 16 p e r 

cent of chick mortality) was the second most important 

cause. I attributed these deaths to exposure as chicks 

grew cold to the touch, and died if not brooded during 

this period. However, other proximate causes may have 

been involved including: starvation, desertion, or

plastic particle ingestion. I examined the digestive 

tracts of eight chicks dying before five days old and 

found six had gizzards packed with plastic particles. 

Possibly these particles blocked nutrient passage, but 

more evidence is needed to ascertain the role of 

plastic particles in chick deaths. Other causes of 

chick mortality are shown in Table 22.

Intraspecific nest-site competition, human 

disturbance, and predation are the most important 

factors contributing to lew nesting success among 

Proce11ariiforms (Table 23). Intra-specific competi

tion is evidenced by eggs ejected from burrows and 

chicks killed by intruding storm-petrels (Harris 1969; 

Allan 1962). Such occurences were infrequent at Fish 

Island suggesting that strong nest site competition is 

not occuring at Fish Island at present. Human 

disturbance may have contributed to low nesting 

success, but nest disturbances were minimized and those



118

TABLE 22. Causes of Fork-tailed Storm-Fetrei nest failures in soil 
habitat in 1976 and 1977 at Fish Island, Alaska.

1976 1977

Failures during Incubation

Number of eggs 75 204
Lost to Predators 19 99
Egg Deserted 13 29
Egg Disappeared 0 2

Failures during Nestling Stage

Number of chicks 44 72
Lost to Predators 15 16
Number Died

Before 5 days old 3 4
Wandered out of burrow 0 1
Pecked on head 2 1
Starved 1 0
Disappeared 0 1

Total Fledging 23 49



TABLE 23. Hatching, fledging, and nesting success of Procellariiformes.

Species
Hatching
Success

Fledging
Success

Nesting
Success

Major Cause 
Nest Failures Source

Oceanodroma fureata 41% 62.1 % 25.8% Predation This study

Oceanodroma furcata 67-94% 68% 46-62% Chick mortality This study

Oc.eano droma f ur c at a 62% 75% 47% Human disturbance DeGange et al. 1977

Oceanodroma furcata 53% 53% 29% Egg desertion Manuwal and Boersma 
1977

Oceanodroma leucorhoa 33% — — Human disturbance DeGange et al. 1977

0 ce ano d roma 1e uco rhoa — — 99% Egg desertion Wilbur 1969

Oceanodroma tethys 33% 71.4% 23.8% Intra-specific
competition

Harris 1969a

Oceanodroma castro 50% 60% 30% Egg/chick disappeared Harris L969

Oceanodroma castro 49% 67% 33% Intra-specific nest 
competition

Allan 1962

Hyd roba tes pe1ag i c us 66% 89% 59% Egg/chick desertion Davis 1957

Puffinus puffinus 78% 89% 70% Egg/chick disappeared Perrins et al. 1973

Puffinu s lherminier i 59% 44% 26% Chick starvation Harris 1969c

61
1
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have been destroyed by the investigator ( 4) were 

excluded from the calculations. Predation was clearly 

the most important factor affecting nesting success at 

Fish Island in 1976 and 1377.



SECTION III. EFFECTS OF RIVER OTTER AND AVIAN 
PREDATION ON A STORM-PETREL COLONY

The nesting habits of storm-petrels are presumed to be 

adaptations for avoidance of avian and mammalian 

predators (Lack 1966). By returning to land only at 

night, and nesting in crevices or burrows, storm- 

petrels presumably avoid avian predation. Mammalian 

predation is avoided by nesting only on oceanic islands 

where such predators do not occur. During a study of 

the breeding biology of storm-petrels at Wooded 

Islands, Alaska, avian predators were active throughout 

the night (due to the northern latitude of the study 

area), and a naturally occuring mammal, the river 

otter, (Lutra canadensis), preyed heavily on nesting 

storm-petrels. This study was undertaken to determine 

the effects of avian and river otter predation on 

storm-petrel nesting success and survivorship.

STUDY AREA

This study was conducted at Fish Island, a 4.1 ha 

island at 59° 5 8 ’ N, 1476 2 5 ’ W in the northwestern Gulf 

of Alaska. Detailed information on the islands 

physiognomy and location were presented previously (see 

Section I). An estimated 1000 pairs of Fork-tailed 

Storm-Petre 1 s and no more than 20 pairs of L e a c h ’s

121



122

Storm-Petrels nested on the island. Fork-tails nested 

in rock crevices and in earthen burrows, while Leach's 

nested only in earthen burrows.

Avian predators in the area included Peregrine 

Falcon, Bald Eagle, Glaucous-winged Gull, and Common 

Raven. Of these, only Common Ravens nested on Fish 

Island.

Though Fish Island is 6.4 km offshore of the 

nearest large land mass, Montague Island, other islands 

and offshore rocks lie between Montague and Fish 

Island, so river otters would have to swim less than 

1 km of open ocean to reach Fish Island. River otters 

have occupied Fish Island (at least in summers) since 

1967 (Sandegren 1970), though they may not have preyed 

on seabirds then. In 1976, an adult male, and a female 

otter with three pups were observed. In 1977, two 

adults, three smaller animals (presumed to be 

yearlings), and a pup occupied Fish Island from at 

least 30 April to 30 September. Otters were observed 

about once every 3 days, and fresh tracks or scat were 

found almost daily. The otter pup and three yearlings 

were observed on the upper soil covered portion of the 

island; all otters probably frequented the upper 

island. River otters may have visited the upper island 

as a shortcut to the other side of the island, to
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obtain fresh water, or for shelter, as well as to prey 

on storm-petrels and Tufted Puffin chicks.

METHODS

In 1976, I kept a record of all storm-petrel remains 

found, noting the date, location, and burrow activity 

(if the remains were in front of a burrow). In 1977 

major subcolony areas were checked at 5-day intervals 

for petrel remains so that the date of predation was 

known within 5 days in most cases. In rock slope 

areas, all remains found were collected, but most were 

several days old when found.

Avian Predation

The effects of avian predators could not be quantified 

as birds presumably caught petrels on the wing or away 

from the nest. Nests belonging to those petrels 

captured by avian predators thus would be recorded as 

deserted. Castings of Peregrine Falcon, Bald Eagle, 

Glaucous-winged Gull, and Common Raven were collected, 

and butcher blocks and perch sites of these species 

were examined to determine which species were preying 

on storm-petrels.
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River Otter Predation

The effects of river otter predation were quantifiable 

as river otters dug out adult birds and chicks and left 

the remains, (usually the wings, tail and feet), in 

front of the damaged burrow. Burrows that suffered 

otter predation were checked as scon as the signs were 

observed to minimize errors resulting from eggs being 

kicked cut of burrows or buried in the soil by other 

storm-petrels. River otter scat were collected 

throughout the field season from den sites and marking 

a r e a s .

Effects of Predation on Nesting Success

Nesting success of storm-petrels was estimated as 

described previously (see Section II. Breeding biology 

of storm-petrels--nesting success). All burrows that 

were dug out, had remains near the entrance, and 

contained an egg were assumed to have been destroyed 

by river otters. Chicks that disappeared were 

considered to have been killed by predators if the 

burrow was dug out. Nest losses caused by predation 

but overlooked by this method include nests that were 

destroyed before an egg was laid, and nests that
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were deserted as a result of predation on adults away 

from the nest.

Otter Exc l o s u r e . In 1977, a chicken wire fence 

(similar to that described by Sargeant et a l . (1974)

was erected in soil habitat to exclude river otters 

from a storm-petrel subcolony. Nesting success inside 

and outside this exclosure was compared using a 2x2 

contingency table.

Habitat and Predation r a t e s . Nesting success and 

predation rates in different habitats were compared 

using rxc contingency tables. Three habitat types were 

examined: rocky slopes, soil-grass-umbel, and soil- 

salmonberry.

Nest density and predation rates . The effects of 

nest density on predation rates and nesting success 

were studied in soil habitat only. Nest density was 

determined from maps of burrow locations made before 

vegetation growth obscured burrows. Using a compass 

and the nests as a c e nter-point, an area of 1, 2, and 

5 m radius around each nest was drawn. The number of 

nests with eggs and the total number of burrows within 

each circled area was recorded for each nest. Regres

sion analysis was used to determine if nesting success 

was related to nest density. In addition, the average 

nest density for each subcolonv was calculated. Preda-
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ation rates and nesting success of subcolonies were 

compared using rxc contingency tables.

Timing of B r e e d i n g . Eggs could not be separated 

into early, mid, and late season groups as most egg- 

laying dates were unknown. Hatching chronologies in 

areas exposed to predators and in areas protected from 

predators were compared. This method provided 

circumstantial evidence of the effects of predators on 

birds nesting at different times. However, differences 

among habitats and subcolonies may also result from 

differences in population structures, subtle habitat 

differences, or other factors.

Fledging success (hatching to fledging) and preda

tion rates on nestlings were determined for early, mid 

and late hatching chicks. Mid-season nests were those 

which hatched chicks when 70 percent of the population 

did. All chicks found before 15 days of age were 

placed in a group based on their estimated date of 

hatching. Hatching dates were estimated by comparing 

wing, tarsus, culmen, and feather growth to those of 

20 known aged chicks.

Population M o d e l . To assess the possible long term 

effects of river otter predation on soil-nesting storm- 

petrels, I constructed, using the computer,
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a simple population moaei using " Pops id", a program for 

deterministic population studies (Dean 1972). Recruit

ment rates were based on nesting success observed at 

Fish Island. Mortality of non-breeding birds, and age 

of first breeding were based on a review of estimates 

for other seabirds in the literature. Two adult 

mortality figures were examined: natural mortality 

estimates from the literature, and an estimate based 

on my studies at Fish Island. To estimate mortality 

at Fish Island, I assumed that every storm-petrel 

killed in front of a burrow with an egg was a breeding 

bird. While some non-breeders may be killed in front 

of burrows with deserted eggs, some breeders may be 

killed in front of empty burrows. The estimated number 

of breeding birds killed was compared to the estimated 

number of breeding pairs in soil habitat to obtain an 

estimate of breeding bird mortality at the island. I 

assumed mortality rates were constant after the bird 

began breeding.

RESULTS AND DISCUSSIONS

Table 24 shows the number of petrel remains found in 

1976 and 1977 on Fish Island. A more thorough search 

for remains in 1977 accounts for most of the increase 

between years.
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TABLE 24. Numbers of storm-petrel remains found at Fish Island, 
Alaska, in 1976 and 1977.

1976 1977

Total Number of Fork-tailed Storm-Petrel 
Remains 136 325

Number in front of excavated burrow 
(otter predation) — 260

Number not associated with a burrow 
(avian predation) — 65

Number in front of a burrow with an 
egg (assumed to be breeding birds) — 121

Total Number of Leach’s Storm-Petrel 
Remains 54 29
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Avian Predators

Avian predators visiting Fish Island included Peregrine 

Falcons, Glaucous-winged Gulls, Bald Eagles, and Common 

Ravens. The only evidence of Peregrine Falcon preda

tion on storm-petrels was one L e a c h ’s Storm-Petrel wing 

found at a peregrine feeding station on Wooded Island. 

Falcons were observed at Fish Island primarily in late 

August and September when few petrels were visiting 

land and nights were dark. Beebe (I960) found that 

storm-petrels were heavily utilized by breeding 

peregrines in southeast Alaska, sc the species is 

potentially an important predator.

Glaucous-winged Gulls bred on nearby Weeded and 

South Islands, but only immature gulls frequented Fish 

Island. Gulls were heard calling on 20 May and 3 June 

during petrel flighting activity. On 4 June, three 

dead petrels were found with their breasts gone. These 

may have been killed by gulls. Interestingly, cn South 

Island, a fork-tail was heard calling from a rock 

crevice in the midst of a gull colony, and several 

storm-petrels were flying and calling around the gull 

colony on the night of 4 July. I found no petrel 

remains in the gull pellets I examined, nor ’were 

petrel remains found arcund gull nests. In mc-ther
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areas Glaucous-winged Gulls are considered serious 

predators on storm-petrels (Ainley et al 197 4; G . V . 

Byrd, pers. comm.) and other nocturnal seabirds 

(Manuwal 197 2) .

Bald Eagles took storm-petrels as I found skulls 

and feathers in two of seven castings. Petrel wings 

were also found below eagle perches, but I could not 

be certain they were left by eagles rather than ravens. 

Eagles were active during several nights in May and 

June when storm-petrel flighting was strong, but no 

predation was observed. Bald eagles were a major 

predator on storm-petrels at Forrester Island in 1976 

(DeGange et al 1977). Murie (1940) found one wing in 

eagle castings collected on the Aleutian Islands.

Common Ravens were the most visible and probably 

the most serious avian predator of storm-petrels at 

Fish Island in 1976 and 1977. Ravens were observed of 

four nights during storm-petrel flighting, and eight 

pairs of petrel wings were found at raven butcher 

blocks. Petrel skulls and feathers were found in 8 of 

10 raven castings collected. Two ravens were observed 

landing along the cliff edge in the midst of storm- 

petrel colonies during the night of 20 June 1976. They 

may have been attempting to catch petrels on the 

ground. On a different occasion, one petrel nearly
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the collision, then flew around the raven for a few 

seconds before departing. I could not be sure if the 

near collision was accidental, or an attempt by the 

raven to catch a petrel on the wing. Ravens may also 

have dug up a few storm-petrel chicks, as one chick 

within the otter exclosure was dug out and a raven 

feather was found within 0.5 m of the burrow.

The total number of birds thought to have been 

killed by avian predators in 1977 was 65 (Table 24).

River Otter Predation

River otters preyed heavily on storm-petrels in both 

1976 and 1977- I did not observe river otters catching 

storm-petrels; however, I found otters in petrel 

colonies with fresh petrel remains, and occasionally 

found river otter tracks imprinted in the dirt of 

destroyed burrows. Additionally, petrel remains were 

found scattered around river otter dens. Most conclu

sively, 166 of 193? over 85 percent, of the river otter 

scats collected in 1977, contained storm-petrel 

feathers. However, this sample may be biased as many 

scat were collected at marking posts on the upper 

island where otters might have fed recently on petrels. 
River otters also fed on Tufted Puffin chicks, and
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nearshore fish and invertebrates. River otters were 

observed eating Tufted Puffin chicks on 3 occasions.

By the end of the 1977 field season, river otters had 

destroyed every known Tufted Puffin nest on the island 

(over 400), except those on vertical cliffs.

River otter predation on storm-petrels at Fish 

Island was noted first in early June 1976. River 

otters had dug out 22 of 27 nests in a subcolony I had 

not previously visited. A complete search of Fish 

Island in August 1976 revealed several other subcolony 

areas where river otters had dug out nests and killed 

petrels. In 1977 two areas were searched for storm- 

petrel nests only in late August. Without human trails 

to the areas, or human scents leading to nests, six of' 

six, and four of five nests were dug up and had petrel 

remains in front of them. Additionally, most nests 

found in low density areas were preyed on before I 

discovered them. Thus, river otters were highly 

successful at finding nests in areas not previously 

visited by people. In British Columbia, river otter 

predation on storm-petrel colonies was noted on several 

islands not previously visted by biologists (R. W . 

Campbell pers. comm.). Hence, river otter predation
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is probably net induced by humans. Ihare v;as no 

indication that river otters followed human trails to 

nests .

River otters dug storm-petrels out of burrows, and 

left the wings, feet, and occasionally the tail in 

front of the destroyed burrow. River otters did not 

eat storm-petrel eggs, though some eggs vjere crushed 

when the burrow was dug up. Most burrows were 

excavated at the burrow mouth, but seven were dug into 

from above or at the side of the nest chamber. Five 

decapitated adult petrel bodies were found in front of 

dug out burrows. No caches of petrel bodies were 

found, and nearly all dug out burrows had petrel 

remains within 0.25 m of the diggings. However, 

surplus killing of Tufted Puffin chicks occurred in 

late August of 1977, as a cache of 12 decapitated, but 

uneaten, chicks was found.

River otter predation on storm-petrels was 

heaviest during late May and early June (Fig. 16). 

During this period most breeding fork-tails were 

incubating, and non-breeding petrels were visiting the 

island in peak numbers. Three factors probably 

contributed to the decrease in predation after 

hatching: vegetation growth, availabilty of alternative 

prey, and a decline in the number of storm-petrels
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FIGURE 16. Timing of river otter predation on Forlc-tailed Storm-Petrels in relation to nesting ■—
chronology, and number of storm-petrels captured per mistnet h at Fish Island, Alaska in 1977. -t>
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visiting land. Vegetation growth obscured burrow 

entrances and may have restricted river otter travel. 

Tufted Puffin chicks hatched and were available to 

otters throughout most of the fork-tail nestling 

period. As puffin chicks are larger, and otters could 

capture them without excavating their burrows (otters 

entered puffin burrows), otters could profit by feeding 

on puffin chicks rather than petrel chicks. 

Additionally, storm-petrel hunting may have become less 

profitable after hatching as breeding birds returned 

only at night, and non-breeding petrels stayed over in 

burrows less frequently and in lower numbers.

Peak predation on L e a c h ’s storm-petrels was less 

pronounced but was also most severe during incubation 

stages .

River otters were observed at all times of the day 

except the dark hours of the night. I was never 

certain that otters were inactive at night. Some 

predation was known to have occured during morning 

twilight hours. Also, otters hunting at night probably 

could have captured petrels without excavating burrows 

as petrels are very awkward on land; I was able to 

catch several by just reaching down and picking them 

up. Hayward et al (1975) noted river otters preying 

on gull chicks most often between 10:00 and 10:30,
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while Ve rb e e k and Morgan (1978) found that all otter 

predation on gull chicks occurred at dusk or during the 

n i g h t .

Birds form only a small proportion of inland river 

otter diets (Hamilton 1961; Erlinge 1967, Knudsen and 

Hale 1968). No broad studies of coastal river otter 

food habits have been published. Recently, river otter 

predation on seabirds has been noted in several 

isolated coastal areas of Washington, British Columbia, 

and Alaska (Kennedy 1968, Hayward et al 1975, Footit 

and Butler 1977, Verbeek and Morgan 1978, D. Manuwal 

pers. comm., R. W. Campbell pers. comm., E. Bailey pers 

comm.). This may reflect the increase in coastal 

seabird research rather than an increase in otter 

predation on seabirds. However, Foottit and Butler 

(1977) give evidence that on Mitlenatch Island in 

Washington, river otter predation on Glaucous-winged 

Gull chicks has occurred only recently. Though the 

island was visited since 1963, predation was not 

observed until 1968 (Kennedy 1968). Since 1968 river 

otter predation on gulls has increased dramatically 

(Footit and Butler 1977). Verbeek and Morgan (1978) 

also indicate that river otter predation on gulls is 

a recent phenomenon.



TABLE 25. Comparison of nesting success and predation rates among nesting habitats and within 
a river otter exclosure in soil habitat at Fish Island, Alaska, in 1976 and 1977.

Exclosure
1977

Sol1-Grass-Umbel 
1976 and 1977

Soil-Salmonberry
1977

Ro ck Habi tat 
.1977

Number of eggs 25 257 22 6
Lost to predation 0 (0%) 103 (40.1%) 15 (68.2%) 0 (0%)
Egg deserted 4 42 0 2
Egg disappeared 0 4 0 0

Number of chicks hatching 21 109 7 31
Lost to predators 1 (4.8%) 29 (26.6%) 2 (28.6%) 2 (6.5%)
Number died

Before 5 days old 3 7 0 2
After 5 days old

Wandered from burrow 0 1 0 1
Pecked on head 0 3 0 1.
Starved 0 1 0 3.
Disappeared 0 0 1 3

Total chicks fledging 17 68 4 21

Nestiiig Success 68% 26.5% 18.2% ~63. 6%

PredaLion rates are given in parentheses.
1
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Effects of Predation on Nesting Success

Within a river otter exclosure in soil habitat, nesting 

success (68 percent) was over twice that in soil areas 

exposed to river otter predation (24 percent, 

significant difference, X =20.99, d .f = 1 , p < .001,

Table 25). The difference was clearly attributable to 

the exclusion of river otters. One nest within the 

exclosure was dug out, and the chick killed. This was 

attributed to raven predation.

Habitat and Pr-edation Rates . Large differences in 

nesting success and predation rates occurred between 

habitats (Table 25). Nest predation rates are affected 

by habitat features that influence accessibilty of 

nests to predators and nest concealment. Nesting 

success in rock habitat (62 ±  17 percent) was similar 

to that within the otter exciosure. Nests in rocky 

slopes suffered virtually nc predation as most rocky 

crevices were too small for predators to enter and 

rocks prevented excavations. The only two rock crevice 

nests known to suffer predation were beneath large 

boulders where an otter was able to dig out underlying 

soil to reach the nest. The nesting success estimate 

for rock habitat is based on 33 nests, only six of 

which were found before the egg hatched. Of the six



of 67 ± 38 percent. The two that did not hatch may 

have been deserted as a result of my excavations to 

locate the nest. Clearly a larger sample of nests is

needed to accurately assess hatching success in rock

habitat. Fledging success in rock habitat (68 percent) 

was similar to that in soil areas exposed to predators, 

62 percent. In rock habitat, however, chick mortality 

was caused by several factors other than predation.

The only source of chick mortality that occurred 

proportionally more in rock than soil habitat was 

'chick disappearance.’ In soil habitat chicks could 

rarely disappear from their single entrance, single

chamber burrow. Eut in rock habitat, chicks were

extremely difficult to reach so in some cases chicks 

may have moved into unreachable side crevices and were 

thus recorded as 'disappeared'. If this was the case, 

fledging success in rock habitat may have been as high 

as 77 percent.

In soil habitat, differences in nest concealment 

probably contributed to differences in predation rates 

between grass-umbel and salmonberry habitat.

Salmonberry crowded out nearly all ground vegetation 

so petrel burrow entrances were conspicuous. In grass- 

umbel areas, burrow entrances were visible early in the



140

season out rapid vegetation g r owth soon concealed tne 

entrances making them extremely difficult.to see, even 

when one knew the location.

Nest Density and Predation R a t e s . Fork-tailed 

Storm-Petrel nesting success increased significantly 

(r2 = . 679, t = 2 . 9 , df = 4, p = .05) as nest density increased 

(Table 26). The major reason for this trend was that 

nest predation (particularily pre-hatching) was more 

severe at low nest densities ( r 2 = . 8 4 , t = 4 . 6 4 , d .f .= 4 , 

p = . 0 1 ) than at high nest densities. Similarily, 

nesting success was higher and predation rates lower 

in large high density subcolonies than small, low 

density subcolonies (Table 27).

This result was surprising as predators normally 

return to seek other nests where they have already 

found one nest (Kruuk 1964; this study) and nests in 

high densities should be more easily located by 

predators (Krebs 1971). Several studies have suggested 

that predation rates decline with increasing nest 

densities of terns (Cullen I960, Ashmole 1963), gulls 

(Kruuk 1964, Patterson 1965), murres (Біг k head 1977) 

and swallows (Hoogland and Sherman 1976). Each of 

these species is noted for "mobbing" intruding 

predators. Storm-petrels are net known to mob 

predators at night, and they do not leave their burrows



TABLE 26. Nesting success of Fork-tailed Storm-Petrels at Fish Island, Alaska in 1977 in 
relation to nest density in soil habitat. Nest density was determined by the number of active 
(containing an egg) within 2 m radius of each nest.

0 1

Nest Density 

2 3 4 5

Number of Eggs 72 48 24 27 14 18

Lost to Predation 44 (61%) 33 (69%) 14 (58%) 10 (37%) 4 (29%) 5 (28%)

Deserted 8 (11%) 4 ( 8%) 3 (13%) 3 (11%) 5 (36%) 5 (29%)

Number Chicks Hatching 20 (28%) 11 (23%) 7 (29%) 14 (52%) 5 (36%) 8 (4 7%)

Lost to Predation 7 (35%) 5 (45%) 2 (29%) 3 (21%) 0 ( 0%) 1 (13%)

Lost to other cause 2 ( 8%) 1 ( 9%) 1 (14%) 0 ( 0%) 0 ( 0%) I (13%)

Number Chicks Fledging 11 (55%) 5 (45%) 4 (57%) 11 (79%) 5 (100%) 6 (75%)

Nesting Success 15., 3% 10..4% 16. 7% 40., 7% 35. 7% 35. 3%

141
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TABLE 27. Rates of predation 3nd nesting success in Fork-tailed Storm- 
Petrel subcolonies of various nest densities at Fish Island, Alaska, in 
1977.

Sub
colony

Mean 
Density 

(Std. Dev.)
Number 
of Eggs

Number
Lost

Predators
Number

Hatching

Number
Chicks
Lost

Predators
Number

Fledging

1 2.5 (2.0) 32 11 (34%)1 19 3 16 (50%)2

2 2.1 (1.7) 77 36 (47%) 28 4 19 (24%)

3 1.5 (1.8) 13 9 (50%) 5 3 2 (11%)

4 1.0 (1.2) 17 7 (41%) 5 0 5 (29%)

5 .8 (1.0) 11 6 (54%) 3 2 1 ( 9%)

63 .4 (0.6) 21 15 (71%) 5 3 2 (9.5%)

* Percent of eggs lost to predators.
2 Percent of eggs yielding fledged young.
OJ Burrows included in this row were widely distributed and not 
associated with a distinct subcolony.



is not a likely explantion for the decline in predation 

rates at high storm-petrel nest densities.

In birds that do not mob nest predators, predators 

generally destroy more nests in high density areas 

(Krebs 1971, Fretwell 1972, Dunn 1977). The probablity 

of predation on a given nest depends on the probability 

of its detection by the predator; and the probability 

of the nest being taken after it is detected (Gadgil 

1972). Both of these factors may vary in response to 

nest density. The initial detection of a group may be 

less if all individuals are clumped into a small area 

rather than widely dispersed (Cullen I960, Tinbergen 

et a1 . 1967). Once the initial nest is detected, the 

probability of detection of other nests increases 

dramatically as nest density increases as shown 

experimentally by Tinbergen et al (1967) and Goransson 

et al (1975). The probability of predation on an 

individual nest (after detection) may decrease as a 

result of the "selfish herd" effect postulated by 

Hamilton (1971). According to Hamilton, an individual 

may gain from breeding near conspecifics because of 

increased opportunities to cause others or their 

offspring to be more available to predators than 

themselves. Thus, when a predator takes only a certain



number of nests per visit the probability of predation 

on an individual nest decreases as density increases. 

That is, if a predator takes only 1 nest at a density 

of 2, each nest has a 50 percent chance of predation, 

while in an area of 10 nests, each nests faces only a 

10 percent chance of predation. The theoretical r e l a 

tion betwen nesiting density and probablities of detec 

tion, and predation are shown graphically in Fig. 17. 

The interaction of these two curves is shown in Fig. 

18. As shown in Fig. 18, there will be some density 

at which maximum predation will occur (MPD, maximum 

predation density). At densities lower than MPD, the 

probability of predation is lower because a predator 

is less likely to detect the nest. At densities above 

MPD, the probablity of predation is lower due to 

"selfish herd" effects.

As shown in Table 28, this model adequately 

predicts the relation between river otter precation 

rates and fork-tail nest density at Fish Island. This 

model also predicts the results of ether studies which 

showed an increase in predation as nest density 

increased, if all their observations were of densities 

less than MPD.
Factors other than probabilities of detection and 

predation, notably predator and prey behavior, may a.Is
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FIGURE 17. Relationship of probabilities of nest detection and nest 
predation versus nest density. Probability of predation is the 
conditional probability of predation, given detection.
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FIGURE 18. Theoretical interaction of probabilities of nest 
detection and nest predation.



TABLE 28. Comparison of expected and observed predation rates on Fork-tailed Storm-Petrel 
nests at Fish Island, Alaska, in 1977. Expected predation rates were calculated based on 
the maximum observed predation, and adjusted for density.

Nest Density 

1 2  3 4

Observed Predation
Rate .61 ± .11 .69 ± .13 .58 ± .20 .37 ± .18 .29 ± .24 .28 ± .22

Expected Predation
Rate <1.0 — .69 > .46 > .35 > .28 > .23
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influence rates of precation at various densities. Two 

such factors may have influenced predation rates on 

fork-tails nesting at various densities. One of these 

is the density of inactive burrows surrounding each 

nest. A predator normally reacts to the discovery of 

prey by intensified search effort in the area around 

its first find (Tinbergen et a1. 1967), and returns tc 

hunt in an area where it was previously successful 

(Kruuk 1964). Thus, though on a single predator visit 

to a colony, nests in high density areas have a low 

probability of predation, the predator might tend to 

return tc high density areas more often. At Fish 

Island, 1 or more inactive burrows were adjacent to 

most active petrel burrows. Confronted with up to 23 

inactive burrows, many with petrel scents leading tc 

them, but few containing birds, a predator might have 

difficulty deciding which burrow to dig up. If so, 

investigation and excavation of burrows in high density 

areas would be less profitable than in low density 

areas (since the ration of active to inactive burrows 

is correlated with active burrow density). This could 

explain why predators did not concentrate their 

foraging in high denisty areas, since a predator should 

maximise food intake while minimizing time spent 

searching, capturing, and handling prey (Estabrook and
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Dunham I$ 7 o ). Otters dug cut a few burrows that wer e 

empty (as evidenced by lack of remains nearby), 

indicating that they were not always able to 

distinguish active and inactive burrows. However, 

predation rates were not signifcantly related to the 

number of inactive burrows within a 2 m radius of each 

nest (t = 2 . 0 9 , d .f .= 4 , p=.05, Table 29).

Egg desertion rates are another factor that may

have influenced predation rates at different densities. 

Egg desertion was nearly three times more frequent at 

peak nest densities (4 and 5 nests within a 2 m radius)

than at lower densities (Table 26). Once a nest is

deserted, the adults are no longer susceptible to river 

otter predation. The cause for high desertion rates 

in peak density areas is unknown but might result from 

social communication of danger, or from increased 

disturbance by other storm-petrels. In any case, high 

egg desertion rates may have resulted in lew predation 

rates at those densities. However, desertion rates at 

densities 2 and 3 were not significantly different from 

those at densities of 0 and 1 ( X 2 = . 3 4 , d.f.=3, p = . 0 5) , 

yet predation rates still declined. This indicates 

that decreasing predation rates are not an artifact of 

high desertion rates.



TABLE 29. Nesting success and predation rates on Fork-tailed Storm Petrel nests in relation 
to the density of inactive burrows within 2 m radius of each active nest.

Number of Inactive Burrows
0 to 2 3 to 5 6 to 8 9 to .11 12 to 14 15 or mort

Number of eggs
Lost to otter 
predation
Deser ted

Number hatching
Lost to otter 
predation
Lost to other 
mortality

Number Fledging

Nesting Success

Mean density of 
active burrows

58

32 (55%) 
7

3

12

21%

26 (59%) 
5

0

11

25%

15 (54%) 
4

19 (32%) 12 (27%) 9 (32%)

0

3

11%

16

11 (69%) 
2

3 (19%)

0

0

3

19%

19

5 (26%)
6

8 (42%)

1

6

32%

13

2 (15%) 
4

7 (54%) 

0

1

6
46%

.37 (.62) 1 1.2 (.97) 2. 3 (1.4) 2.6 (1.6) 3.5 (1.6) 5.1 (1.2)

1 Indicates standard deviation of mean, sample size is the same as the number of eggs



predation in colonies of nesting birds, predators 

usually take a higher proportion of early and late than 

mid-season nests (Patterson 1965, Parsons 1971, 1975, 

Nisbet 1975, Williams 1975, Hunt and Hunt 1976,

Birkhead 1977). Thus, at Fish Island, storm-petrels 

nesting in areas exposed to predators should begin 

nesting later, and synchronize nesting more than these 

nesting in areas protected from predators.

Comparison of nesting chronology between areas 

exposed and protected from predation suggests that 

early nests suffered proportionately more predation 

than mid and late season nests. As expected, mean 

hatching dates were earliest in areas protected from 

predation (Table 30). However, the means are not 

significantly different (analysis of variance, F =1.27, 

d.f.=2,101, p=.C5)). Similarily, hatching was slightly 

more synchronous in areas exposed to predation, but not 

significantly so (Eartlett's test for homogeneity of 

variances, X2 =.52, d.f.=3, P >.2). Early hatched 

chicks represented 2 6 . 3  percent of those within the 

exclosure and 3 1  percent of those in rock habitat, but 

only 1 2 . 2  percent cf those in soil areas exposed to 

predation (significant difference, X 2 = 4 . 8 , d.f.=2, p

> . 1 ). There was no significant difference among these



152

TABLE 30. Comparison of mean hatching dates of Fork-tailed Storm- 
Petrels in areas exposed, and protected from predation by river otters 
at Fish Island, Alaska, in 1977.

Area
Sample
Size

Earliest
Hatching

Date

Mean
Hatching

Date
Standard
Deviation

Soil Habitat (exposed to 
predation)

56 13 June 1 July 10.4

Soil Habitat-Exclosure 
(protected from predation)

18 15 June 29 June 1 2 . 0

Rock Habitat (protected from 29 10 June 27 J une 11.5
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areas in the proportion of late hatched chicks . This 

suggests that early nests were preyed on

proportionately more during incubation than mid or late 

season nests. However, these differences could also 

reflect the age structure of populations nesting in 

different areas (e.g. Coulson 1966) or subtle 

differences among habitats (such as soil moisture) that 

affected laying dates or lengths or incubation periods 

(e.g. Hornung and Harris 1976).

Fledging success of fork-tail chicks did not vary 

significantly in relation to the date of hatching 

(Table 31, r x c test, X =.49, d.f.=2, p < .05). There 

was no indication that any group of chicks suffered 

more from predation or other mortality than other 

groups .

The absence of a decline in fledging success with 

date of hatching was surprising, even in the absence 

of seasonal changes in predation rates. Hatching and 

fledging success have been found to decline seasonally 

(in the absence of predation) among several other 

marine birds: Maaieran Storm-Petrel, Oceanodroma 

c a s t r o . (Harris 1969), Sooty Shearwater. Puffinus 

g r i s e u s , (Rich dale 1963),« Cassin's Auklet,

Ptvchoramchus aleuticus . (Manuwal 1972 ), Common Puffin, 

Fratercula a r c t i c a , (Nettleship 1 9 7 2 ), and several gull
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TABLE 31. Fledging success of early, mid, and lata season hatching 
Fork-tailed Storm-Petrel chicks at Fish Island, Alaska, in 1977. The 
last category in the table includes all chicks which were not killed 
by predators.

Early 
(Before 19 June)

Middle 
20 June-10 July

Late 
After 10 July

Soil habitat
Number of chicks 
hatching 9 39 15
Number fledging 5 (56%) 26 (67%) 9 (60%)

Lost to predators 3 9 4
Lost to other1 1 4 2

River Otter Exclosure
Number of chicks 
hatching 6 1 1 4
Number fledging 6 (1 0 0 %) 8 (75%) 2 (50%)

Lost to predators 0 1 0

Lost to other 0 1 o

Rock Habitat
Number of chicks 
hatching 7 18 6

Number fledging 5 (71%) 1 1  (61%) 5 (83%)
Lost to predators 0 2 0

Lost to other 5 1

All hatched chicks 
(except those taken 
by predators)

Number of chicks 
hatching 18 30 2 0

Number fledging 16 (89%) 26 (87%) 16 (80%)



no significant change in pre-fledging survival of Manx 

Shearwaters, Puffinus puffinus . in relation to date of 

h a t c h i n g .

Effects of Predation on Storm-Petrel Populations

Predators killed non-breeding and breeding adults, 

destroyed nests, and killed chicks. River otters were 

clearly the most important predator at Fish Island in 

1 9 7 6  and 1977. Nesting success was reduced by 40 pe r 

cent by river otter predation alone. At a nesting 

succes of only 24 percent, 1 0 0 adults would fledge only 

12 young per year. In order to maintain a stable 

population, in this case, post-fledging mortality could 

not exceed 12 percent. Estimates of mortality rates 

of adult seabirds range from 3 to 10 percent (see Table 

32). However, estimates of mortality between fledging 

and first breeding are much higher ranging from 3 6 to 

7 3  percent. With a pre-breeder mortality rate of .7 , 

a stable population could not be maintained unless 

adult mortality was less than 4 percent per year. 

Possibly storm-petrels could maintain their population 

in the face of reduced nesting success.

In addition to reducing nesting success, however, 

predators killed 1 2 1  breeding birds (based on the
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TABLE 32. Estimated life history parameters of various seabirds from 
the literature used in constructing a population model for Fork-tailed 
Storm-Petrels at Fish Island, Alaska.

Parameter Estimate Species Source

Age at first 
breeding

3 yr. Oceanoaroma leucorhoa Gross, 1947
4-5 yr. " " Huntington as

cited in Lack, 
1966

5-8 yr. Puffinus tenuirostris

6 yr. Puffinus griseus
4-5 yr. Puffinus puffinus

4-5 yr. Larus argentatus

3 yr.
3-8 yr.

9-11 yr. Diomeda epomophora

D. L. Serventy as 
cited in Lack, 
1966
Richdale, 1963
Perrins et al., 
1973
Chabrzyk and 
Coulson, 1976
Harris, 1970
Wooler and 
Coulson, 1977
Richdale, 1952, 
as cited in Lack, 
1966

Juvenile mortality 73.3% 
rate - percent/year

62%
36%

Adult mortality 6.4%* 
rate - percent/year

7%
9.2%

6-9%

Puffinus puffinus

Puffinus tenuirostris 
Diomeda irrorata

Oceanodroma leucorhoa

Hydrobates pelagicus 
Oceanites oceanicus

Puffinus puffinus

Perrins et al., 
1973
Serventy, 1967 
Harris, 1973)

Morse and 
Bucheister, 1977
Davis, 1957
Beck and Brown, 
19 72
Perrins, et al. 
1973



TABLE 32 (Continued)
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Parameter Estimate Species Source

7% Puffinus griseus Richdale, 1963
5-9% Puffinus tenuirostris Farner, 1962
6% Fulmaris glacialis Dunnet et al., 

1963
3% Diomeaa epomophora Richdale, 1963

1 Morse and Bucheister (1977) estimated an annual adult mortality of 
2 1 . 1  percent but after adjusting for band wear and loss, and for 
small sample sizes in some years, they arrived at the above estimate 
of 6.4%.
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presence of an egg in excavated burrow) in soil habitat 

in 1977. This represented 24 percent of the estimated 

breeding population in soil areas (524). Also, 5 per

cent of all banded fork-tails and 8 percent of all 

banded L e a c h ’s were killed. These estimates exceed the 

maximum 4 percent mortality rate necessary to maintain 

the population. Thus, at present, predators may be 

decimating the storm-petrel population at Fish Island. 

Considering the small numbers of L e a c h ’s nesting on 

Fish Island now, 10 years of sustained predation levels 

could extirpate the population (assuming little or no 

immigration). The Fork-tailed Storm-Petrel population 

in soil habitat could decline rapidly if predation 

continues at 1977 levels. The rate of decline depends 

on at-sea mortality rates of pre-breeders and adults, 

the age at first breeding, and rates of immigration 

from rocky slope areas or other islands.

The fork-tail population at Fish Island was 

simulated by applying nesting success and breeding bird 

mortality rates obtained in 1 9 7 7 ? and using estimates 

of pre-breeder, adult mortality, and age at first 

breeding obtained from the literature (Table 32). Fig. 

1 9 shows the rate of disappearance based on different 

combinations of these variables.
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FIGURE 19. Predicted trends in the Fork-tailed Storm-Petrel 
population nesting in soil habitat at Fish Island, Alaska using 
estimates of adult mortality (a.m.), juvenal mortality (j.ra.) and 
nesting success (n.s.) obtained at Fish Island and from the 
literature, and assuming river otter predation continues at 1977 
levels.



160

This mcaei is based on the assumption that preda

tion will continue at 1977 levels. The relationship 

between predation rates and nest densities observed in 

1 9 7 7  suggests that predators may take proportionately 

more breeding birds as the population and nest 

densities decline. However, the data also suggest 1) 

a functional predator response to the total number of 

petrels on land and 2 ) that petrel nests surrounded by 

many inactive burrows may be protected from predators. 

As the population and nest density decline, the number 

of inactive burrows will increase. Thus, a minimum 

number or density of nesting birds might be reached at 

which little or no predation would occur. Further, 

river otters may not continue to prey on storm-petrels 

and other seabirds at Fish Island. River otters (Lutra 

l u tra) were found to vary their diet considerably in 

relation to seasonal availability of prey (Erlinge 

1967). Possibly, some other food source was scarce in 

1 9 7 6  and 1 9 7 7 , causing otters to turn to seabirds as 

alternative food.

SUMMARY

Heavy river otter predation on Fork-tailed and L e a c h ’s 

Storm-Petrel nests and Tufted Puffin chicks was 

observed at Fish Island, Alaska in 1976 and 1977.



Petrels in 1977, 297 of these were thought to be otter 

kills. Evidence of Peregrine Falcon, Bald Eagle, and 

Common Raven predation on storm-petrels was also found, 

but none of these killed a substantial number of 

petrels .

Storm-petrel feathers and bone fragments were 

found in 1 6 6  of 1 9 3  otter scat collected in 1 9 7 7 . 

Additionally, river otter tracks were found in front 

of excavated storm-petrel burrows, petrel remains were 

found around otter dens, ana otters were observed in 

storm-petrel colonies. River otters were observed 

killing and eating Tufted Puffin chicks. Otters dug 

up petrel burrows, and normally left the wings, feet, 

and occasionally the tail of the consumed bird nearby. 

Otters did not eat petrel eggs. River otter predation 

was most severe during incubation when maximum numbers 

of storm-petrels occupied burrows during the day and 

vegetation did not obscure burrow entrances. Otter 

predation on storm-petrel chicks was minimal presumably 

because burrow entrances were hidden by vegetation and 

Tufted Puffin chicks were more easily available to 

otters .

Fork-tailed Storm-Petrel nesting success in areas 

exposed to predation was 26 percent, while nesting



162

success within a river otter exclcsure (in comparable 

habitat) was over 6 8 percent. Fork-tails nesting in 

rock crevices were protected from otter predation by 

the rocks and had an estimated nesting success of 6 2  

p e r c e n t .

Predation rates on storm-petrel nests declined 

significantly as nest density increased. Circumstan

tial evidence that otters destroyed more early than mid 

or late season nests is provided by comparing hatching 

dates and nesting synchrony between areas exposed and 

protected from otter predation. There was no 

significant difference in predation rates or fledging 

success of early, mid, and late season hatched chicks.

Predators killed an estimated 24 percent of the 

breeding fork-tail population in soil habitat in 1 9 7 7 . 

Five percent of all banded fork-tails and 8 percent of 

all banded L e a c h ’s were killed by otters. Through 

reduced nesting success and high adult mortality, river 

otter predation could cause a rapid decline in the 

storm-petrel population in soil habitat at Fish Island. 

The rate of decline depends upon at-sea mortality rates 

of breeding and non-breeding birds, and age at first 

breeding, as well as future levels of predation.
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SECTION IV. FACTORS AFFECTING FORK-TAILED STORM-PETREL 
CHICK GROWTH

Clutch sizes, brood sizes, and nesting success 

estimates are valuable measures of the reproductive 

performance of birds. Analyses of these measures can 

provide comparative information on the reproductive 

success of a species in different habitats, seasons, 

or geographical locations. For species that lay only 

a single egg clutch, however, these measures are 

inadequate as they indicate only the proportion of 

total nest failures. Ricklefs (1968) suggested that 

growth rates of seabird young should vary considerably 

according to the feeding capacities of adults, if slow 

growth rates of seabirds evolved in response to the 

rate at which adults could supply food to young, as 

Lack (1967) hypothesized. If so, variation in growth 

rates and development patterns of surviving nestlings 

could provide an index to variation in the breeding 

abilities of adults. This study was undertaken to 

determine how much variation occurs in growth of Fork

tailed Storm-Petrel chicks, and to examine the varia

tion in relation to nesting habitat, density, and date 

of hatching. Data were collected at Fish Island,

Alaska during the summer of 1977.
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All chicks found were weighed between 16:00 and 21:00 

each day using a 1 0 0  cr 500 gm Pesola spring scale. 

Measurements of culmen, tarsus, wing length, and 

longest primary were taken at 3 day intervals. Culmen 

and tarsus were measured to the nearest 0 . 1  mm using 

Vernier calipers. Wing and primary lengths were 

measured to the nearest 1 mm using a plastic ruler. 

Feather development was noted daily until the chick was 

1 0 days old, and at 3 day intervals for the remainder 

of chick development. To minimize traumatizing the 

chick or adult, chicks were normally not measured until 

after the adult ceased diurnal brooding. A chick v/as 

assumed to have fledged when its primary feathers had 

reached complete or nearly complete development and it 

disappeared from the nest.

Individual growth rates were determined by regres

sion analysis of all weight measurements taken between 

20 and 80 percent of the weight asymptote. The 

asymptote was estimated by plotting the daily weight 

measurements against time and then fitting a curve to 

the points by eye. Wing, tarsus, and culmen growth 

rates were analyzed between 2 0 and 8 0 percent of the 

maximum measurement attained by the chick.

METH 0 D
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Analysis of variance was used tc compare mean 

values of weight, wing, culmen, and tarsus growth 

rates, peak weights, fledging wteights, length of 

nestling period, and maximum measurement of wing 

culmen, and tarsus attained by specific groups of 

chicks. For these comparisons chicks were separated 

according to 1 ) nesting habitat, (rock or soil nest 

burrow), 2 ) nest density (number of burrows within 2  

m radius of nest, and 3 ) date of hatching (before 1 9  

June, 20 June to 10 July, and after 10 July). All 

chicks were included in comparisons of nesting habitats 

and date of hatching, but nest density could not be 

determined for nests in rocky habitat.

Feeding rates were estimated based on changes in 

chick weight. I assumed that chicks losing 3 gms or 

more were net fed on the previous night. Estimates 

based on this method agreed with estimates based on 

disturbances of lattices placed at burrow entrances 

(See Section II, Chick Growth and Development, Feeding 

r a t e s ).

Daily weather changes of chicks were examined in 

relation to daily weather variables. Since chicks were 

weighed daily near the same time of day, changes in 

weight should bear a direct relation tc the amount of 

food fed the chick on the previous night. The
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percentage of chicks gaining weight under different 

environmental conditions were first examined using r 

x c tables. The relative importance of these factors 

was then examined by regressing individual daily weight 

changes against measurements of weather variables using 

a multiple step-wise regression.

Weather variable data were obtained from the 

National Weather Service and from data collected at 

Wooded Islands. Wind speeds and temperature readings 

were taken at Middleton Island, 48 km southeast of 

Wooded Islands, by a continuously recording automatic 

weather station. Average wind speed and temperature 

for each day were calculated by averaging the values 

recorded at 24:00, 06:00, 12:00, and 13:00. Cloud

cover and precipitation were taken at Wooded Islands, 

and at Cordova Airport, 110 km northeast of the 

islands .

RESULTS AND DISCUSSION

Growth rates and development patterns of Fork-tailed 

Storm-Petrel chicks at Fish Island are shown in Table 

33* Since chick growth was variable, I compared growth 

rates and development patterns of chicks grouped
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TABLE 33. Fork-tailed Storm-Petrel chick growth at Fish Island, 
Alaska, in 1977, showing variation in growth and development.

Measurement Sample
Size Mean Std. Dev, Range

Fledging period 47

Fledging Weight 46

Peak Weight 47

Age at Peak Weight 47

Growth Rates:

Weight 33

Wing 33

Culmen 33

Tarsus 33

61.0

72.4

98.7 

49.3

2 .4 gm/day

3.7 mm/day

.19 mm/day 

. 6 mm/day

3.4 

6.6

6.5

5.6

.44

.19

.03

.07

50-66

57-87

84-115

34-60

.99-3.26 

3.45-4.02 

.14-.22 

.43-.75
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according to nesting habitat, nesting density, and date 

of hatching, to determine if there was a pattern to the 

v a r i a t i o n .

Chick growth and development patterns did not vary 

significantly between rock and soil habitat (Table 3 »  

with the exception of fledging period. This difference 

probably was caused by the tendency of near fledging 

chicks to move away from the nest chamber. In soil 

burrows, chicks could rarely wander from their single 

entrance, single nest chamber burrows; however, in rock 

habitat, a slight movement often made chicks 

inaccessible. Thus, fledging periods may have been 

underestimated in rock habitat. The absence of 

significant differences in chick growth between rock 

and soil habitats indicates that there is not a 

significant difference in the parental, or foraging 

abilities of storm-petrels nesting in these habitats.

If one habitat were preferable to the other, one might 

expect differences in the quality of individuals 

nesting in each habitat, and hence differences in chick 

growth p a t t e r n s .

Measurements of chick growth and development were 

not significantly related to nest density (Table 35). 

This suggests that there was no difference in the 

quality, age, and breeding experience of birds nesting
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TABLE 34. Comparison of Fork-tailed Storm-Petrel chick growth in soil 
and rock habitats at Fish Island, Alaska, in 1977.

~ i Student s c. .Soil Rocks . Significancet value

Nestling Period 61.2
Standard Deviation 2.7
Sample Size 46

Peak Weight 98.7
Standard Deviation 6.5
Sample Size 47

Fledging Weight 72.1
Standard Deviation 6 . 6
Sample Size 45

Growth Rates:

Weight (gms/day) 2.10
Standard Deviation 0.60
Sample Size 43

Wing (mm/day) 3.67
Standard Deviation 0.19
Sample Size 45

Culmen (mm/day) .18
Standard Deviation .03
Sample Size 45

Tarsus (mm/day) .59
Standard Deviation .08
Sample Size 41

Fledging Wing Length 158.5
Standard Deviation 3.2
Sample 48

57.9 3.00 Yes .01
4.0 

15

95.0 1.87 No .05
7.2

18

73.1 -0.59 No .05
5.9

15

2.23 -.921 No .05
0.46 

17

3.64 .476 No .05
0.20 

17

.20 -1.56 No .05

.04
17

.57 .82 No .05

.07
17

157.8 .762 No .05
3.6 

16



TABLE 35. Comparison of Fork-tailed Storm-Petrel chick growth rates at various nest 
densities at Fish Island, Alaska, in 1977-

Measurement

Fledging Period
Mean
Standard Deviation
Sample Size

Pledging Weight
Mean
Standard Deviation
Sample Size

Peak Weight
Mean
Standard Deviation
Sample Size

G row 111 Rat es :
Weight (gm/dny)
Standard Deviat;ion 
Sample Size

Wing (mm/day)
Standard Deviation 
Sample Size

Culmen (mm/day)
Standard Deviation 
Sample Size

Tarsus (mm/day)
SI an da r d Devi a11on 
Sample Size

0-1 Active 
Burrows/?, m

61 .1
2.2
18

74.4
7.5
19

99.8
5.3

18

2.1
0.64
18
3.68 
0.17 
1 7
0.18
.03

17
0.59
0.08
15

Nest Density 
2-3 Active 
Burrows/2 m

61.3
2.9
16

70.1
6.5
16

98.9
6 . 2
14

2.3
0.54
13
3.68
0.17
13
0.18
0.03

1.2

0.57 
0.07 
1 1

4 or More Active 
Burrows/2 m

60.9
2 . 0
7

73.0
5.0 
7

101.1
6.1
8

2.1
0.66
8
3. 73 
0 . 2 0  
8
0.18
0.02
7
0. 56 
0.07 
7

F-Statis tic 
Sign 1I i cante

0.06 
n. s .
P“ .05

I .69 
n . s .
p-0.05

0.34 
n.s. 
p=. 05

0.34 
n.s.
p= .05
0.19
n.s.
p=. 05
0.11 
n.s.  
p= .05
0.42
n.s.
p=. 05

'-If—»
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at various densities. Coulscn (1963) found that B l a c k 

legged Kittiwakes nesting in high density areas of a 

colony were, on average, older, more experienced 

breeders. This situation was perpetuated by the 

earlier arrival, and nest site defence of older 

breeders. At Fish Island, heavy predation may allow 

young birds to nest in high density areas.

Mid and late hatching fork-tail chicks generally 

grew faster (weight and wing), reached higher peak 

weights, and fledged at heavier weights in shorter 

periods of time than early hatching chicks (Table 36). 

Because sample sizes are small, most differences are 

significant at p = 0 . 1 , but not at p = 0.05. The 

consistency of the differences between groups suggests 

that the trend is real.

The reason(s) for the increase in chick growth 

rates and chick quality with timing of hatching is 

(are) probably related to seasonal changes in food 

availability, foraging conditions, or quality of 

breeding birds. The availability of food may vary 

through changes in abundance or distribution. Feeding 

rates during the first 1 0 days of the nestling period 

increased seasonally (Table 36). However, feeding 

rates throughout the entire nestling period did not
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TABLE 36. Comparison of Fork-tailed Storm-Petrel chick growth in 
relation to date of hatching at Fish Island, Alaska, in 1977.

Measurement
Early Mid Late F-statistic 

Hatched Hatched Hatched Significance

Fledging Period (days)
Mean ' 62.2 60.9 58.0 4.58
Standard Deviation 3.2 2.9 4.3 Yes
Sample Size 15 33 9 p = 0.05

Fledging Weight (gins)
Mean 70.3 72.5 76.7 3.04
Standard Deviation 5.5 6.5 5.2 Yes
Sample Size 14 38 10 P < 0.1

Peak Weight (gms)
Mean 94.6 97.9 100.3 2.59
Standard Deviation 5.3 6 . 8  6.7 Yes
Sample Size 14 38 13 p < 0.1

Growth Rates:
Weight (gm/day) 2.07 1.99 2.49 3.54

Standard Deviation 0.52 0.61 0.41 Yes
Sample Size 15 36 12 p = 0.05

Wing (mm/dav) 3.59 3.67 3.78 3.11
Standard Deviation 0.26 0.17 0.10 Yes
Sample Size 14 37 13 p < 0.1

Culmen (mm/day) 0.20 0.18 0.18 1.12
Standard Deviation 0.03 0.04 0.03 No
Sample Size 15 34 13 p = 0.05

Tarsus (mm/day) 0.58 0.58 0.59 0.05
Standard Deviation 0.09 0.07 0.05 No
Sample Size 14 31 12 p = 0.05

Weight at Age 10 days (gms) 24.0 28.4 31.4 3.13
Standard Deviation 7.1 5.4 5.5 Yes

Feeding P̂ ate Chicks <
1 0 days old (percent of
nights fed) 82 88 95
Feeding Rate Chicks 1-50
days old (percent of
nights fed) 85 89 79
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increase seas o n a l l y . Possibly the size of feedings or 

quality cf food changed throughout the season.

Changes in foraging conditions through the season 

could have affected feeding rates, or sizes. Foraging 

conditions may vary in relation to weather or other 

environmental changes, as has been shown for Common 

Swifts, Apus a p u s . (Lack and Lack 1951), Common Terns 

( Sterna hirundo ) , Sandwich Terns ( S.. sandvicensis ) , and 

Roseate Terns (S.. d o u g a 11 i i ) (Dunn 1975). Lack and 

Lack (1951) attributed differences in growth rates and 

fledging weights among nestling swifts to periods of 

bad weather that affected insect abundance and parental 

feeding ability. Noting the similarités between Common 

Swift and procellariiform nestling development, they 

suggested that procellariiforms also depend on a food 

supply that is likely to be rendered inaccessible by 

bad weather. Ainslie and Atkinson (1937) noted that 

L e a c h ’s Storm-Petrel chicks were fed less often and in 

smaller amounts during severe storms, but showed 

dramatic increases on calm nights following storms. 

Davis (1957) suggested that weather influenced the size 

of Storm-Petrel (Kvdrobates oelagicus) feeds, but did 

not observe any change in the frequency of feeding 

related to weather. During July and August of 1977, 

when late hatched chicks were growing most rapidly, the
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weather* was much stormier than it was during June (SO 

percent of the days rainy as compared to 56 percent 

during June). I attempted to determine whether 

differences in weather throughout the season could 

explain differences in fork-tail chick growth 

seasonally. Chicks were fed most frequently on 

overcast, windy (but less than 15kn), and moonless 

nights, and least frequently on clear, moonlit, and 

windy nights (Table 37). Though some of the 

differences were significant at p = 0.05 due to large 

sample sizes, the total change in feeding frequencies 

under varying weather conditions were not large. A 

multiple regression of chick weight changes against 

weather variables (Table 38) showed a significant (p 

= 0.05) negative correlation between weight changes and 

wind speed, and significant positive correlations 

between weight change and cloud cover, and temperature, 

but the total variation accounted for by all the 

significant weather variables was less than 3 percent. 

Clearly, the weather factors measured had a negiigable 

effect on chick weight changes. Probably part cf the 

reason that sc little variation is explained by these 

variables is that storm-petrels from Fish Island may 

forage as far as 3 2 0  km away from the island on any 

given day (based on 3illings 1968). Clearly, different
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TABLE 36. Comparison of Fork-tailed Storm-Petrel chick growth in 
relation to date of hatching at Fish Island, Alaska, in 1977.

Sample 
Size 

(birdnights)
Number
Fed

Percent
Fed

Chi Square 
Significance

Cloud Cover
0 to 1 0 % overcast 283 197 69.6 14.77
11 to 89% overcast 283 216 76.3 Yes
90% or more overcast 904 727 80.4 p < 0 . 0 1

Windspeed
0 to 5 knots 339 265 78.2 15.43
6 to 1 0 knots 637 467 73.3 Yes
11 to 15 knots 431 338 82.2 p < 0 . 0 1
over 15 knots 76 51 67.1

Precipitation
None 339 241 71.0 7.23
Light ( . 6 cm) 261 209 80.1 Yes
Heavy 695 5 35 76.9 p < 0.05

Temperature
Less than 52° F 368 272 73.9 1.24
53° to 56° F 1032 781 75.6 No
57° to 60° F 127 1 0 0 78.7 p = 0.05

Moon Stage
Moonless night 863 650 74.3 19.25
Moonlit but overcast 544 433 Yes
Moonlit and clear 98 58 59.0 p < 0 . 0 1



TABLE 38. Results of a multiple-linear step-wise regression of daily weight changes of 
Fork-tailed Storm-Petrel nestlings, against weather variables at Fish Island, Alaska, in 1977.

Step Variable
Degrees of 
Freedom

Regression
Coefficient F-ratio

Cumulative
r2 Significancc

1 Weight Change Day-11 987 -.4338 240.18 .1862 JL jr- *».

2 Cloud cover 986 CO00<rr—i 32.41 .2039 Vv v’c 'k

3 Wind speed 985 -.6952 8 . 0 0 .2119

4 Temperature 984 .2398 4.69 .2159 VC VC

5 Age of chick 983 -.033742 4.54 .2195 *;< -k

1 The weight change of each chick on the previous day was included as it was clearly related 
to the amount of weight lost (large feeds were followed by large weight losses on the 
following day); and becuase the probability of an adult returning was less if it had 
returned on the previous night.

2 Significance levels, *** p = .01; ** p = .05.

177
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birds may experience very different weather conditions 

on any given day. Basea on the movement of weather 

systems through the area, petrels feeding northeast of 

Fish Island might experience clear, dry weather, while 

those around Wooded Islands experienced overcast, and 

rainy weather, and while those feeding southwest of 

Fish Island experience gale force winds. Hence, the 

low amount of variation explained by the weather 

variables examined may be interpreted to mean that few 

birds fed in the vicinity of Fish and Middleton islands 

where the weather data were collected.

Another possible explanation for the seasonal 

change in chick growth patterns is a seasonal change 

in the quality (foraging ability, age or experience) 

of individual fork-tails nesting at different times of 

the season. Individual foraging ability may vary 

considerably with the age or quality of each bird 

(Moreau 19^7, Lack and Lack 1951, Ashmole 1963, Perrins

1970). However, as older and more experienced birds 

generally breed earlier than others (Perrins 1970), a 

seasonal change towards better breeders late in the 

season seems unlikely. Late chicks could reflect r e 

nesting attempts by early failed breeders. Manuwal and 

Eoersma (1977) found that Fork-tailed Storm-Petrels did
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renest if their nests were destroyed early in the 

season .

Whatever the cause for the observed trend, it is a 

fairly unusual observation. Faster growth and heavier 

fledging weights in relation to hatching date have been 

found in Wood Pigeons, Columba oaluiabus. (Murton et al 

1963 in Ricklefs 1968 ) and Common Swifts A p u s  a p u s . in 

1 year (Lack and Lack 1951). Additionally, Harris 

( 1 9 6 6 ) found no correlation between date of hatching 

and growth rates, peak weights, fledging weights, or 

fledging periods of Manx Shearwaters, Puffinus 

p u ffinus. However, chick growth rates, weights, and 

survival have been found to decline markedly throughout 

the season in several other species: Great Tit, Parus

m a i o r . (Gibb 1950, Perrins 1965 ), Barn Swallow, H irundo 

rustica (Kuzniak 1967 as cited in Klomp and Speek 

1971), Atlantic Gannet, Sula ba s s a n a . (Nelson 1964 ), 

Lesser Black-backed Gull, Larus f uscus. (Brown 1967), 

Robin, Turdus migra t o r i u s . (Lack and Silva 1949, 

Ricklefs 1968 ), Starling, Sturnus v u l g a r i s . (Dunnet 

1955, Hudek and Folk 196 1 in Ricklefs 1968 ), Common 

Puffin, Fratercula arct i c a . (Nettleship 1972 ), and Manx 

Shearwater, Puffinus p u f f i n u s , (Perrins et al 1973). 

Among procellariiformes, late hatched chicks often face 

deteriorating weather conditions (e.g. Beck and Brown



180

1 9 7 1 )* Richdale ( 1 9 6 3 ) noted strong selection for 

early breeding in one year when many late hatched Sooty 

Shearwaters died of starvation and those fledging did 

so at weights far below normal. Perrins (1970) 

concluded that there appears to be an overwhelming 

advantage to breeding early among birds.

The importance of pre-fledging chick quality, as 

measured by chick growth and development patterns, also 

depends upon its significance to survival after 

fledging. Fledging weights reflect the amount of food 

reserves the fledgling has to rely upon while it learns 

to feed. Perrins et a 1 (1973) showed that post- 

fledging survival of Manx Shearwater chicks was 

strongly correlated with their peak and fledging 

weights. They also found, however, that post-fledging 

survival was closely tied to fledging date; early 

fledged young surviving better than late hatched young. 

Thus, the more rapid growth and heavy fledging weights 

of late hatched fork-tail chicks, we re probably 

advantageous to post-fledging survival.

Several studies of prccellariiforms suggest that 

nestling growth rates of species in this order are 

highly variable. Nestling periods, indirect measures 

of growth rate, vary from 62 to 10G days in A u d u b o n ’s 

Shearwater, P u ff i n u s 1h e r m i n i e r i , (Harris 1969c), 58



castxwo , (Allan 1 9 6 2 , Harris 1 9 6 9 b), 5 o to 7 3  days in 

Storm-Petrels, Hvdrobates pelagic us . (Davis 1957), 63 

to 75 days in Leach's Storm-Petrel, Oceanodroma 

leucorhoa . (Gross 1935, C. H. Huntington in Palmer 

1962), and 62 to 7 1  days in Elack-bellied Storm- 

Petrels , Fregetta t r o p i c a , (Beck and Brown 19 71) .

Harris (19b9c) hypothesized that flexiblility in 

nestling period of Audubon's Shearwater is an adapta

tion to a scarce and variable food supply, allowing 

chicks to survive periods of food shortage. This 

hypothesis is also applicable to the variable growth 

and development patterns of Fork-tailed Storm-Petrel 

chicks observed in this study.

SUMMARY

Fork-tailed Storm-Petrel chick growth rates, peak, ana 

fledging weights, and nestling periods were found to 

vary widely between individuals. Variation was 

examined in relation to nesting habitat, nesting 

density, and hatching date. There were no significant 

differences in chick growth patterns between nesting 

habitats or among nest densities. This suggests that 

the parental and foraging abilities of adult fork-tails
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did net differ significantly between habitats or nest 

densities at Fish Island.

In 1977, mid and late hatched fork-tail chicks 

grew faster (weight and wing), reached higher peak 

weights, and fledged at heavier weights in shorter 

periods of time than early hatched chicks. Several 

hypotheses to explain the seasonal increase in chick 

growth patterns are discussed including: changes in 

food availability, breeding bird quality, and weather.

A multiple step-wise regression analysis was carried 

out to determine if cloud cover, wind, precipitation, 

temperature, or moonlight affected daily weight changes 

of fork-tail chicks. Cloud cover, wind and temperature 

showed significant correlations, but explained only 3 

percent of the total variation in chick weight changes. 

This probably reflects dispersal of fork-tails from 

Fish Island over such a wide area that different parts 

of the population are exposed to different weather 

conditions simultaneously.



MA N AGE MENT IM PLICA TICNS

Management of long-lived, slow reproducing, 

oceanic species such as Fork-tailed and L e a c h ’s Storm- 

Petrels can only have as its goal, maintainence of 

current populations. These populations can only be 

maintained if storm-petrel habitat, the ocean and 

offshore nesting islands, are protected from serious 

disturbances. As oil and gas exploration and develop

ment and other human activities in the Gulf of Alaska 

increase, the potential for disrupting the ocean 

ecosystem or altering nesting habitat increases.

Currently, the most serious threat facing storm-

petrel populations in the Gulf of Alaska is oil and gas

development. The Wooded Islands colony may be exposed

to oil pollution in the near future, as oil and gas

exploration in the area has already begun, and tankers

carrying crude oil from the Trans-Alaskan Pipeline pass

near the islands almost daily. Since currents in the

Gulf flow in a counter-clockwise direction, oil spilled

near Hinchinbrook Entrance or in the lease area near

Kayak Island may reach Wooded Islands. Royer (pers.

comm.) indicates that oil spilled near Kodiak also

could be carried to Wooded Islands by a counter current

from the southwest. As storm-petrels feed over a wide
183
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area of the Gulf, even oil spilled 1000 km away ecuId 

potentially contaminate Wooded Islands storm-petrels.

Direct oil contamination reduces the insulative 

and buoyant properties of b i r d s ’ feathers, causing 

death through exposure or drowning (Hartung 1967)* If 

birds preen oil from their feathers or pick up 

solidified oil droplets poisoning may also kill the 

bird (Hartung and Hunt 1966). Finally, birds may carry 

oil to their nests on feathers or contaminated nest 

material, thus killing embryos or nestlings (Bourne 

1976). Oiled storm-petrels have been found following 

large oil spills in Britain and Canada, but unlike 

diving seabirds, they are likely to be able to avoid 

oil slicks (Bourne 1 9 7 6 )

The effects of spills on the marine ecosystem may 

pose a more serious threat to storm-petrels than direct 

oil contamination. The long incubation periods and 

slow nestling development of storm-petrels are 

presumably adaptations to a widely distributed and 

patchy food supply (Lack i 9 6 0 ). Even with present food 

supplies, Fork-tailed and L e a c h ’s Storm-Petrels appear 

to fledge young when surface food supplies (surface 

zooplankton) are low and declining. If chronic oil 

pollution should reduce food supplies (even slightly) 

by affecting the mortalitiy, reproduction, or behavior
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of zoopianktcn, storm-petrels might not be able to 

reproduce successfully. At present, we have little 

information on the effects of chronic oil pollution on 

the marine environment. Some zooplankton and ether 

invertebrate animals retain and or concentrate 

hydrocarbons when exposed to low levels of oil p o l l u 

tion (Lee 1975, Neff and Anderson 1975, Stainken 1975). 

We can not predict what type, where, or how much oil 

pollution will cause a change in storm-petrel food 

supplies, nor do we know how adaptable storm-petrels 

might be to changes in the distribution or abundance 

of their food. While further investigating the effects 

of oil pollution, stringent safety regulation of all 

at-sea handling of oil should be implemented.

Unlike disturbances in the marine environment, 

disturbances at breeding colonies should be relatively 

easy to detect and prevent. The most serious threat 

to storm-petrels posed by human activities in coastal 

areas is the intentional or accidental introduction of 

mammalian predators. Introduced foxes, cats, dogs, and 

rats have eliminated or decimated may storm-petrel 

colonies in both the Atlantic and the Pacific (Bent 

1922, Murie 1959). Careful regulation of human use of 

offshore islands, and public education should prevent 

most introductions. When possible, tourism or other
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human use should be allowed on islands where introduced 

predators are already present, rather than on those 

which have not previously had introduced predators.

Human use of offshore islands could affect storm- 

petrel populations in other ways. Trampling of burrows 

by human visitors or livestock may pose a threat to 

storm-petrels. In California, such disturbances have 

caused the extirpation of burrow-nesting seabirds from 

some islands (Osborne 1971). Lights from boats, 

navigational markers, lighthouses, or industrial or 

residential developments could also affect the birds. 

Storm-petrels are attracted to lights for unknown 

reasons. In lighted areas they may become disoriented 

or susceptible to avian predators. Energetic losses 

could also be incurred if time spent around lights 

would have normally been spent feeding or resting. In 

Hawaii, lights are a major cause of mortality of 

fledgling N e w e l l ’s Shearwater Puffinus puffinus 

n e w e H i . as fledglings become disoriented and do not 

reach the sea (G. V. Byrd, pers. comm.).

Ingestion of plastic particles may already be 

affecting storm-petrels and is worthy of further study. 

Several questions must be answered to determine if 

plastic particles are affecting storm-petrel breeding
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physiology, or survival. Where do storm-petrels obtain 

plastic particles? Are they digested, passed through 

the bird, or do they collect in the gizzard? Does 

ingestion of plastic particles affect nestling 

survival? Are chemicals from the plastic absorbed into 

the blood stream? If so, which ones, in what 

quantities, and how do these affect their physiology?

I believe these questions need to be answered soon. 

Since nearly all Fork-tailed Storm-Petrel nestlings 

that died before fledging had gizzards packed with 

plastic particles, there is a strong possibility that 

plastic particles could be affecting nestling survival. 

Since plastic particles have been found in the stomachs 

of 15 of the 37 seabird species in Alaska (R. H. Day, 

pers. comm.), they could pose a serious threat to many 

species of seabirds including storm-petrels.

This study is only a beginning upon which wildlife 

managers and researchers can base future decisions and 

studies. Clearly, further research is needed to 

predict the effects of m a n ’s activities on storm-petrel 

populations. Perhaps the most pressing challenge to 

those responsible for maintaining storm-petrel popula

tions is to establish a monitoring program. Even major 

declines in storm-petrel numbers or reproductive 

success would be likely to go undetected. Suggestions
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for monitoring the Wooded Islands population were 

outlined previously (Mickelson et al. 1978). This 

colony seems worthy of further monitoring as it is 

likely to be among the first exposed to oil pollution 

due to its proximity to current oil operations. 

However, larger colonies, where nests are more 

accessible and where reproductive success is not 

affected by mammalian predators may be better choices 

for a long-term monitoring program.



189

APPENDIX I. Birds observed in the Wooded Islands, Alaska area between 
21 May and i September 1976, and 21 April and 3 October 1977.

Species Status

Common Loon Migrant
Arctic Loon Migrant
Red-necked Grebe Migrant
Sooty Shearwater Migrant
Slender-billed Shearwater Migrant
Fork-tailed Storm-Petrel Breeder
Leach’s Storm-Petrel Breeder
Double-crested Cormorant Breeder
Pelagic Cormorant Breeder
Red-faced Cormorant Breeder
Great Blue Heron Migrant
Trumpeter Swan Migrant
Whistling Swan Migrant
Canada Goose Breeder
Black Brant Migrant
White-fronted Goose Migrant
Mallard Migrant
Pintail Migrant
Green-winged Teal Migrant
American Wigeon Migrant
Northern Shoveler Migrant
Greater Scaup Migrant
Bufflehead Migrant
Oldsquaw Migrant
Harlequin Duck Summer Resident
King Eider Migrant
White-winged Scoter Summer Resident
Surf Scoter Summer Resident
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APPENDIX I. Bird list for Wooded Islands. Alaska (cont.).

Common Scoter Summer Resident
Common Merganser Migrant
Red-breasted Merganser Migrant
Sharp-shinned Hawk Migrant
Bald Eagle Breeder
Marsh Hawk Migrant
Osprey Migrant
Peregrine Falcon Breeder
Merlin Migrant
American Kestrel Migrant
Black Oystercatcher Breeder
Semipalmated Plover Breeder
American Golden Plover Migrant
Black-bellied Plover Migrant
Hudsonian Godwit Migrant
Whimbrel Migrant
Upland Sandpiper Migrant
Lesser Yellowlegs Migrant
Spotted Sandpiper Summer Resident
Wandering Tattler Summer Resident
Ruddy Turnstone Migrant
Black Turnstone Migrant
Northern Phalarope Migrant
Common Snipe Breeder
Surfbird Migrant
Semipalmated Sandpiper Migrant
WTestern Sandpiper Breeder
Least Sandpiper Breeder
Pectoral Sandpiper Breeder
Dunlin Migrant
Pomarine Jaegar Migrant
Parasitic Jaegar Migrant
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APPENDIX I. Bird list for Wooded Islands, Alaska (cont.).

Long-tailed Jaegar Migrant
Glaucous-winged Gull Breeder
Herring Gull Summer Resident
Mew Gull Summer Resident
Bonaparte's Gull Migrant
Black-legged Kittiwake Breeder
Arctic Tern Breeder
Aleutian Tern Migrant
Common Murre Breeder
Pigeon Guillemot Breeder
Marbled Murrelet Breeder
Ancient Murrelet Breeder?
Cassin’s Auklet Summer Resident
Parakeet Auklet Breeder
Rhinocerus Auklet Breeder
Horned Puffin Breeder
Tufted Puffin Breeder
Black Swift Migrant
Rufous Hummingbird Breeder
Yellow-bellied Sapsucker Summer Resident?
Epidonax Flycatcher Migrant
Olive-sided Flycatcher Migrant
Tree Swallow Breeder
Bank Swallow Migrant
Cliff Swallow Migrant
Steller's Jay Summer Resident
Black-billed Magpie Summer Resident
Common Raven Breeder
Northwestern Crow Breeder
Chestnut-backed Chickadee Breeder
Brown Creeper Breeder
Winter Wren Migrant



APPENDIX I. Bird list for Wooded Islands, Alaska (cent.).

Varied Thrush Breeder
Hermit Thrush Breeder
Golden-crowned Kinglet Breeder
Ruby-crowned Kinglet Breeder
Water Pipit Migrant
Bohemian Waxwing Breeder
Northern Shrike Migrant
Yellow Warbler Breeder
Townsend’s Warbler Migrant
Blackpoll Warbler Migrant
Wilson's Warbler Breeder
Rusty Blackbird Migrant
Pine Grosbeak Summer Resident
Hoary Redpoll Migrant
Common Redpoll Breeder
Pine Siskin Summer Resident
Red Crossbill Migrant
White-winged Crossbill Migrant
Savannah Sparrow Summer Resident
Dark-eyed Junco Migrant
Tree Sparrow Migrant
Harris' Sparrow Visitor
White-crowned Sparrow Migrant
Golden-crowned Sparrow Migrant
Fox Sparrow Breeder
Song Sparrow Breeder
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APPENDIX li. Mammals observed in the Wooded Islands» Alaska area 
between 21 May and 1 September 1976, and 21 April and 3 October 1977.

Species Scientific Name

Shrew (unidentified species) Sorex spp.
Sperm Whale? Physeter catodon
DallTs Porpoise Phocoenoides dalli
Gray Whale Eschritius robustus
Fin Whale Balaenoptera physalus
Humpbacked Whale Megaptera novaeangliae
Brown Bear Ursus arctos
Mink Mustela vison
River Otter Lutra canadensis
Sea Otter Enhydra lutra
Steller’s Sealion Eumetopias jubatus
Harbor Seal Phoca fasciata
Black-tailed Deer Odocoileus hemionus sitkensis
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