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ASSTRACT

A study concerning the dynamics of seabird

mul-tispecíes flocks was conducted in Barkley Sound,

British Columbia between 10 May and 23 October L979.

Replicate transects were conducted to determine

the chronology of flocking in the Sound; behavioral

observations were made on seabird multispecies feeding

flocks, experiments were conducted and a time budget

analysis carried out in order to describe the dynamics

of the multispecies feeding flocks; terrestrial loaf-

ing sites lrere characterized and the chronology of

loafing determined, and the frequency and direction of

movements of individuals at the loafing sites were

described.

The chronology of multispecies feeding flocks

vùas determined to establish the seasonal_ use of the

Sound and provided background for a more detailed

examination of the dynamics of feeding ffocks. Inter-

and intraspeci-fÍc mechanisms that permítted the birds

to feed together were considered. The relationship

between terrestrial loafing groups and the seabird

multispecies feeding flocks contributed to the inter-

pretation of the function and significance of this

feeding phenomenon.

xl_ l- r_



There was a gradual inward movement of seabird

multispecies feeding flocks in Barkley Sound over the

study season. Thirty-two species were observed in

feeding flocks. The most and largest (absolute numbers

and biomass) feeding flocks were in August and September

corresponding to the post-breeding season for migrants,

resj-dents and visitors, alike. Feeding flock locations

were related to the overall distribution of birds in

the Sound and the bathymetry of the area. Californj_a

Gull-s (80.02) and Common Murres (67.32), both visitors,

had the highest feeding flock participation and were

represented by the largest numbers. California Gulls,

Common Murres, Herring Gu11s, and Gl-aucous-winged

Gul1s had the greatest flocking tendency on the Deer

Group Transects. For California and Glaucous-winged

gulIs, juveniles had the qreatest tenclency to flock.

Fl-ock initiation and cessation foll_owed a fairly

regular pattern. Gul1s (adults and subadul_ts) initiated

al-l but three feeding flocks seen being initiated. Both

auditory and visual mechanisms appeared to be invol_ved.

Juveniles apparently relied on the searching ability of

adults. The need for flexibil_ity and versatility in

the feeding habits of seabirds was emphasized. Juvenile

gul1s had a greater flocking tendency, spent more time

acti-vely feeding in flocks, spent less time searching,

and had l-ower feeding success rates than did adults.
xl_v



This ímplied that the fl-ocks provided inexperienced

young with not only an abundant and accessible food

supply, but also a dependable and conspicuous means

of locating the food.

Terrestrial loafing sites apparently shifted

location so as to be centrally located for feeding.

California Gul1s were seen most often and represented

by the greatest numbers at terrestrial_ loafing sites.

Arrivals and departures at terrestrial loafing sites

were clumped and directional. Adult gulls had a lower

loafing tendency and a greater frequency of departure

than juveniles or subadults.

The timing of flock-feeding and post-breeding

dispersal of adul-t and juvenile migrant seabirds to

Barklelz Sound was consistent. Barkley Sound was not

a major nesting area; rather, it was an important

post-breeding staging area for these migrants. The

role of seabird multispecies feeding flocks as indicated

by these findings was interpreted !,/ith reference to the

manner in which the participants responded to the

apparently seasonally abund.ant and patchy food supply

in order to achieve improved post-fledging survival

of the inexperienced young.



ï- GE}]ERAL INTRODUCTION

Seabirds are the most visibl-e biological component

of the marine ecosystem but are still one of the l-east

known, particularly in the north Pacific Ocean and

adjacent seas (Bartonek and Nettleship, I979) . This

is surprising because this resource is extremely

important in terms of species diversity and total

numbers of individuals. Sanger (I972) estimated the

standing stocks of seabirds in the Subarctic pacific

Region at about eight million in winter and 51 million

in sunmer. These birds consume an estimated 0.6 to

L.2 million tons of food per year from the Region, and

void into it an estimated 120,000 to 240,000 tons of

feces. Their estimated primary food production was

the equivalent of 0.8% of Lhe estimated carnivore pro-

duction of the Region (Sanger, 1972) . Seabirds are

important members of marine ecosystems; their ecological

roles need to be defined and placed in perspective

through studies of their feeding relations.

Seabirds spend most of their time away from l-and

and obtain all or most of their food from the sea whíle

ftying, swimming or diving (Ashmole, I97l-) . Information

on the relationship between the distribution and abundance

of seabirds and other marine resources is being generated



presently. We are beginning to understand the inter-

play of factors that ínfl-uence the breeding distri-

bution of species, their patterns of foraging and their

dispersion at sea, particularly during the breeding

season. There is much less known about their ecology

and distribution during the non-breeding season. Sea-

bird distribution and abundance at sea have been studied

mainly by opportunistic observations (Kuroda, 1960¡

Sanger, 1965¡ Swartz, L966¡ Martin and Myres, 1969¡

Kingt I97A, I974; Pocklington, 1979) although some

detaj-led studies have been conducted (Sanger, L970¡

Bailey, 1968¡ Scott t I973; Nettleship and Gaston,

L978). Belopol'skii (7957), Uspenski (1958), Ashmole

and Ashmole (1967) , Pearson (1968), Bédard (L969) ,

Sanger (1972) , Sealy (L972) , Cody (1973), Wiens and

Scott (L975) , Baltz and ltforejohn (L977 ) and Furness

(L978) studied aspects of the ecology of seabird com-

munities, but such investigations, particularly of the

birds at sea have been infrequent. This has been due

in part to the difficulties and costs incurred during

at-sea studies.

Knowledge about non-breeding distribution, the

relation between day-to-day distribution of seabirds

and the apparently often patchiness of resources upon

which they depend are important in establishing their
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rel-ationships with the marine environment. Because

seabirds are highly mobile animals, they may respond

quickly to changing envíronmental- conditions, and

therefore are potentially good indicator species (Sanger,

1972) . Several characteristics that appear to prevail
in this group enhance this quality and at the same time

endanger them: they are long-li-ved, reach sexual-

maturity slowIy, and have 1ow reproductive rates, with

correspondingly sl-ow recovery rates. These common

features of the seabird lifestyle, often combined with

wide variations in breeding performances from one year

to another, make it difficult to distinguish between

changes caused by natural fluctuations in environmental

conditions and those induced by human activity.

The present study is an outgrowth of preliminary

work by Sealy (L973) from which the formation and

ecological signÍficance of multispecific assembl-aqes of

seabirds off the coast of British Columbia \,vere described

and discussed. Whenever assemblages of birds have been

studied, the individual species have been found to over-

lap in some aspects of the environment they use (see

Fisher and Lockley, 1954; Recher, 1966¡ Ashmole, L96B;

Cody, 1968¡ MacArthur, L97I; Sea1y, 7973; Wiens and

Scott, I975¡ Bal-tz and Morejohn, J-977 i Diamond, 1978).

As food is generally considered one of the most important



aspects of the habitat, the degree of specialization by

a predator in selecting prey and the degree of prey over-

lap between species are critical elements of the struc-

ture of any comrnunity. Because of this potential overlap

in resource use and the antecedent environmental condi-

tions, maríne birds show a variety of adaptations for

feeding (Bédard , 1969¡ Ashmol-e , I97Ii Cody, L973¡ Ainley,

L977; Ainley and Sanger, I979).

The conspicuous multispecies associations of sea-

birds have been considered by Ashmole and Ashmole (L967) ,

Ashmole (1968), Pearson (1968), King (I910), Scott (1973)

Sea1y (L973) , Goul-d (I974) , Erwin (I971 , 7978) , Wiens

(1976) , Baltz and l4orejohn (1977) , and Diamond (L978) .

These studies examined the use of foraging space, advan-

tages of group feeding, foraging time and distribution,

and the abundance of food in the environment.

The present study was designed to assess quantita-

tively the relative abundance and distribution of flock-

feeding on transects in Barkley Sound, British Colu¡'.rlcia

and to determine the degree of interdependency among

various species of flock-forming seabirds over the breed-

ing season and early part of the post-breeding season in

L979. Patterns exist in species inter-relationships and

community organization, but these patterns may be pro-

duced by species-specific preadaptations to different
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resources and varying mixtures of processes such as compe-

tition, predation, physica.l disturbance, or recurrent but

unpredictable environmental ffuctuations. The dynamics

of feeding flocks were studied to determine the degrees

and directions of interaction among seabird species. The

prey to which individuals in the multispecies flocks

responded and subseguently preyed upon was not determined
j-n the present study. This work remains to be carried

out in Barkley Sound. The assumption was made that the

birds were preying upon surface schools of fish, probably

involving a single species and size class in each school

(see Sealy, 1973; Baltz and }{orejohn,1917) .

This project is part of an on-gioing program where

the feeding biology of species in Barkley Sound that for-

age singly and in single or multispecies flocks is being

considered on a courmunity level-. This thesis involves a

description of the seasonal- chronology of flocking in the

study area, the rol-es of different species in flock forma-

ti-on and development and an analysis of the members I con-

tribution to the efficiency and performance of the entire

system. The occurrence of terrestrial loafing sites in

space and time and movements associated with these loaf-

ing sites \^/ere examined to also facil-itate explaining the

adaptive significance of this social- feeding to the parti-

cipants.



II. STUDY AREA AND METHODS

Barkley Sound is located on the west coast of

Vancouver Island on the Pacific Ocean (Figure 1). The

study area proper consisted of the waters of Trevor and

fmperial Eag1e Channels and a 10 km band extending out-

ward from the Sound from mid-Imperia1 Eagle Channel to

Seabird Rocks. Other areas of the Sound and adjacent

regions were visited infrequently. The Bam.field Marine

Station (48o50'l{, I25o 0B'W) served as a base for opera-

tions. Field work was conducted from 10 May to 23

October I979.

A. Transect data collection

At-sea transects \iüere conducted regularly from 10

May to 17 October 1979, to characterize the marine avi-
fauna in the Sound and offshore waters over one summer.

The two routes covered by the replícate transects were

classified as follows (see Figure 1) : Deer Group Tran-

sects A pneumatic boat with a 15 hp engine was used on

transects every seven days, in the evening and the foll_ow-

ing mornirg, except in Weeks I and 2 when only the evening

transects were run, Week l_0 when the morning transect was

made and Week 17 when no transects were conducted. fnner

Transects - These transects \^zere conducted in a converted,

10 m fishing boat at approximately 10 day intervals until



Figure 1. Map of the study area in Barkley Sound,
British Columbia. This location is
indicated by the inset showinq Vancouver
Island. The lines indicate the direction
and route of the Deer Group, Inner and Outer
Transects.
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28 September. Outer Transects These were a continua-

tion of the Inner Transects. The bul-k of the data for

the analysis of the chronol-ogy of both feeding flocks antl

terrestrial- loafing sites was based on the Deer Group

Transects. Supplementary information was obtained on the

Inner and Outer Transects.

The continuous observations made on these regular

transects included the time (P.D.T.) and location of each

bird sighting, species, number of individual-s per sight-

ing (i.e., group síze), and when possible the agê, acti-

vity (e.9., whether loafing on land or water, flying or

feeding), and molt status. OveraIL, 5,436 sightings of

40,868 individuals were made in 73 hours of observations

on the Deer Group Transects. The 4I transects covered

12BB km. The multispecies feeding fl-ocks observed on the

13 Inner and Outer Transects (455 km, each) were used for

comparative purposes in the analysis of the chronology

of flocking; data for the total number of indivj-duals seen

on these transects will be treated elsewhere (Carter,

Porter, and Sea1y, in prep. ) .

Records of weather and sea conditions \^/ere obtai-ned

from Mr. A. Thompson, keeper of the Cape Bea1e light

station at the southwest entrance to Barkley Sound. Sky

conditions, visibility, weather, wind speed and direction,

and swell and sea conditions were recorded by him eight



times daily.

Each boat was run at a nearly constant speed,

depending upon the sea and weather conditions during a

transect. The position of the boat along the transect

route was determined by recording the time when pre-

dominant l-andmarks were passed on the course.

Factors such as wind, chop, \.vave height and period,

fog, glarer and observer alertness varied from transect

to transect and may have affected the distance at which

different species could be seen (see King, I970; Sanger,

1970). The effect of as many of these variabl-es as pos-

sible were eliminated or minimized. Wind velocity, chop

and swell height were minimized by the limited weather

conditions under which the transects could be conducted.

G1are and possible effects of the time of day on the

birds' behavior were minimized by standardizing the

initiation time (with respect to sunrise and sunset) of

a1l- transects. I made observations on al-l Deer Group

Transects and had the assistance of a boat driver until

1 September. After this time, I drove the boat and made

observations simul-taneously. On fnner and Outer Tran-

sects, there were two observers for the first four of

the 13 transects, after which time ihere was one observer.

On these transets the boat driver spotted birds that may

not have been seen by the observer (s) .



10

Differences in conspícuousness among the species

and the lack of l-ateral or frontal constraints in the

Deer Group Transects made any expression of bird densities
on an absolute basis (individuals per unit area) inappro-

priate. The census data, however, perrnitted the relative
intensity of bird activity to be quantified in different
areas and at different times, and was expressed as birds
per l-inear km.

B. Feeding flock dynamics

(1) Behavioral observations of feeding flocks
Over 350 multispecies feeding flocks lvere observed,

in part or in total, during the study period . Irlost

observations were made from the pneumatic boat with the

aid of binoculars, as needed. Depending on the circum-

stances, flock composition and numbers, flock location,
position of age classes and species in the flocks, the

sequence and timing of flock events, feeding methods,

success rates, and interactions amongi individuals were

recorded.

Seventy-six flocks were seen being initiated but

most were discovered after feeding had begun. The

conspicuousness of the feeding birds aided in locating
f locks. Feeding f locks \¡lere watched until f eeding stopped

or until circumstances beyond my control (i.e., a sports

fisherman drove through the flock or the pneumatic boat
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drifted too close to the fl-ocks) terminated the feeding

and my observations.

(2) Experiments

Experiments with adult Glaucous-winged GuIl models

lvere conducted to test the attractiveness of a qroup or

a single bird on the water to other individual_s. The

model-s were made by carvi-ng styrofoam blocks into gu1I

shapes and sizes, each model- was hoi_l_owed out under-

neath, fi11ed with cement, and a ring-bolt placed in it.

They were painted to match a museum specimen of an adult

Glaucous-winged Gul-l-. During the tests, the 23-26 models

\.{ere connected by a cord through the ring bolts, clumped

into a dense group and released in the location as

indicated in Figure 2. During control observations the

models were placed in the bow of the pneumatic boat and

covered with a tarpaulin.

Tests \dere carried out in September and October, I979.

One test was conducted per day between J_200 and 1600 under

similar weather and sea conditions. A test consisted of

watching the water between Ohiat Islet and Diana Island
(Figure 2) for 15 mínutes (control A), then putting the

model (s) on the water for 30 minutes (experimental period) ,

and finally removing the models and watching for a further

15 minutes (control- B). one test series compared controls

with one model- and a second series compared controls with



Figure 2. Location of modef observations in Ohiat Bay.

G - test area where models \4/ere placed

P - position of observer
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a group of 23-26 models. Tests \¡/ere repeated f ive times

each.

During both the experimental and control periods,

the pneumatic boat was anchored on the south side of
Ohiat Isfet, and records of (l) the number of birds
moving directly into the bay, (2) the number of birds
moving directly out of the bay, (3) the number of birds
moving through the test area (or within I0 m on either
side, including times when birds actually artered course

to move through the test area) as indicated by ,,C,, in
Figure 2, and (4) the number of birds moving to and

remaining in the immediate area of the models. A chi-
square analysis compared control and experimental

conditions.

several- experiments involving supplementary food

\,üere conducted during the sû:dy perÍod. pieces of fish,
popcorn and bread were used to "chum" the birds to form

flocks. Again, the timing of the seouence of events,
the composition and number of birds and behaviors were

recorded. These observations \Á/ere made from the stern
of the marine station research vessel- or from the centre
of the pneumatic boat. The l-atter was less appropriate,
as the observer \,ùas too close to the birds so that they
only flew in, picked up food and departed to a "safer,'
distance.



I4

(3) Time budget analysis

On Ll September from 0730-1930 (p.D.T. ) a time

budget analysis was conducted from an observation point
on Helby Island (Fiqure 3). Al1 feeding flocks observed

over the I2-hour period were noted and species composi-

tion and numbers, time and duration of flocks were

recorded. rn some cases, because of the observation
distance, the numbers of individuals per flock could not
be determined.

In the ana]ysis, a Kruskal-Vüall_is Test (Conover,

L97r) was used to compare data among four equal portions
of the day (0730-l-030, 1030-1330, 1330-1630, 1630-1930).

rnter-feeding flock distances, inter-feeding flock time
intervals and the duration of feeding flocks rvere tested
for clumping by comparing the distribution of intervals
to a distribution generated under the hypothesis of
randomness. The exponential distribution is the distri-
bution of time intervars or distance inÈervals of or
between successive events (feeding flocks), and is a con-

tinuous distributj-on. The observed intervals were grouped

into five minute (duration of feeding flocks and inter-
feeding flock time interval-s) and 500 m (inter-feeding
flock distances) classes for analysis (discretized) r so

a geometric distribution was appropriate for the theoretical
distribution (Johnson and Kotz, 1969¡ O'Ma11ey, 1980). If
Y was the feeding flock duration or inter-feeding flock



Figure 3. Location and size of muttispecies feeding
fl-ocks observed from He1b1z Island on
l7 September I979. Numbers indicate the
seguence of initiation of the feeding
fl-ocks observed (precise location data
for flocks 12 and 13 were not obtained).
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time or dj-stance interval- rounded up to five minutes

(former two) or 500 m (latter one), then the theoretical
distribution of Y under the hypothesis of randomness lvas:

Þ. = Pr (y = i) = 0i-1 (1 0)

where 0 was the probability of no feeding flock in any

interval, and i was the number of interval_ classes

(i = 1, 21 3,. ). lf x was the mean feeding flock

duration, inter-feeding flock time or distance interval
(in units of five minutes or 500 m) , then the maximum l-ike-

lihood esti-mate of 0 was ê = 1 G/i). The expected dis-

tribution was obtained by multiplying the p1 by n, the

total number of interval-s (see Appendix A) .

C. Observations of loafing birds

Terrestrial- loafing site abundance, distribution

and composition data were obtained from the Deer Group

Transects as described in ff.A. The 25 land loafing

sites were located as indicated in Figure 4. eualitative
observations of the behavior and structure of the loafing

birds \¡/ere also made during the transects.

The movements of birds to and from various loafing

sites \^iere studied. Twent¡r-nj_ne and a half hours of

observation were made at five of the major terrestriar-

loafing sites: Vüizard Islet, Shell Beach in the Deer

Group Islands; Tapaltos Beach on the east side of Trevor



Figure 4 - Locations of terrestrial loafing sites onthe Deer Group Transects.

1. Wizard It.
2. East Diana I.
3. Cia Rock
4. Haines point
5. fnside Taylor ft.
6. Cormorant Cave
7. cliff I
B. cliff 2
9. South Edward King I.

10. Mid-Bordelais rts.
11. North Bordel_ai-s Its.
12. Outside Bordelais fts.
13. Folger I.
14. Folger-Leach
15. West Haines I.
16. Inside Seppings I.
I7 . Outside Seppings I.
18. Haines Beach
19. Di_ana Rock
20. Diana Beach
2I. Kirby point
22. Shell It.
23. Ohiar rr.
24. West He1by I.
25. North Helby Rock
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Channel; and North and South Baeria Rocks at the north-

west end of Imperial Eagle Channel (Figure 4) . All sites

were considered in the quantitative analysis of movements.

Observatj-on bouts at loafing sites of 60 or 90 minutes

were conducted periodically from 29 July to 23 September.

The pneumatic boat was anchored about 50 m from the loaf-

ing site and the flight direction and time for all arrival-s

and departures of all species and age classes of species,

where such were identifiable, lvere recorded. prior to

observations, compass directions \^/ere taken from a canadian

Hydrographic Service chart (No. 3671).

The arrivals and departures per minute were tested

for clumping by comparing the distribution of intervals

to a distribution generated under the hypothesis of rand.om

arrival-s and departures. The poisson distribution is a

discrete freguency distribution of the number of times

an event occurs (Sokal and Rohlf, 1969). To say that

arrivals and departures vrere randomly dispersed over time

is to say they follow a Poisson distribution. If x was

the number of movements per one minute interval, then the

theoretical- distribution of x under the hypothesis of

randomness vüas:

-i -x
Pi=Pr(x=i)=I_jf-
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where x was the mean number of movements per minute,

and i was the number of indivíduals per minute (i =

0, l-, 2, .). The expected distribution was obtained

as in II.B. (3) (see Appendix B).

Common and scientific names of the species mentioned

in the text appear in Appendix C. Additional_ methods

were presented where appropriate.



IÏI. DEFINTTION OF TERMS

A. Terms that describe the status of species in Barkrey
Sound:

resident - species that are present all year

(permanent resident) or during the nesting season

(summer resident), and that nest on islands within,
or coasts peripheral to Barkley Sound (adapted from

King , I97 0¡ Sanger , 1972) i

visitor species that nest outside Barkley Sound,

the study area (adaptedbut spend part of their lives in
from Sanger, 1972) ¡

migrant - species present only during passages

distant from theto l-and masses or to oceanic areas

study area (Sanger, 1972) .

Terms that describe the birds' activities:

leqding flock (of seabirds) - a group of two oï
more seabirds feeding on the water in a confined. area

(over a presumed prey concentration), whose formation

depends upon positive responses by individuals to other
foraging birds (see Morse, 1970). These flocks may be

of one or more species;

loafing area - a site where birds engage in non-

feeding and non-nesting activities, either on land or
water.

B.

20
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C. Terms that describe the stage of the birds' Iife cycles:

nesting period - that tirne when birds establ-ish nest-

ing sites, lay eggs, incubate, and care for young in the

nest i

post-fledging period - dispersal or migration periods

or a portion thereof.

D. Terms that descrj-be age desiqnations of the birds:

adult one which has attained complete adult plumage

(see Dwight I L925 for guIls) ;

juvenile a bird in its first calendar year of 1ife,

can also be referred to as a young-of-the-year or a hatch-

ing year (HY) bird;

subadult - a bird in at least its second calendar

year of l-ife, can also be referred to as a second year (SV¡

or third year (TY) birdr âs appropriate.

E. Terms used in the analysis of feeding flocks (King,1970):

flock composition number of flocking individuals of
one species/number of flocking individuals of aII species;

flock participation - number of flocks in which seen/

total number of flocks;

flocking tendency number of individuals seen in
flocks/number of individuals seen on transects.
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F- Terms that describe the feeding method.s of birds
(adapted from Ashmole, I97L¡ Ainley, I9j7) z

diving bird submerges from a water surface
position to pursue and capture prey underwater propelled
by either wings or feet;

surface seizing - includes surface filtering and

scavengiing, and entaj-ls taking prey from the sears surface
or from just beneath it whil-e the bird swims or floats
on the surface;

surface plunging - bird sits on the water, jumps into
the air and plunges into the water to become partially or
totally submerged, but thereafter only the momentum of
the fal-l, is used to reach the prey;

aerial plunging - involves plummeting from the air
to become totally submerged, but thereafter onry the
momentum of the fall is used to reach the prey;

pursuit plunging involves plummeting from the ai-r

to become submerged and thereafter pursuing the prev

short distances underwater propelled by the wings;

dipping - involves taking prey on the surfacer or
from just beneath ít, while remaining airborne oï while
halting flight for just a fraction of a second (contact

dipping and shallow plunging);

kleptoparasitism - one bird secures food from another.



A.

IV. CHRONOLOGY OF THE MULTISPECTES FEEDING

FLOCKS IN BARKLEY SOUND

Introduction

The different patterns of distribution at sea,

habitat use and foraging by seabird species reveal an

intricate and complex relationship between them and the

marine environment. Very important is the availability
of adequate food. Each species, therefore, has timed its
breeding, molded by natural selection, so that it (or

part of it) coincides with maximum availability of food.

A critical point in a species' annual cycle occurs

immediately after young have fledged, when population

densities are theír highest and a large percentage of
individuals are the inexperienced young (see pearson,

1968; Immelmann, 1971) .

These seasonal distributions and the attendant

changes in the environment pose a variety of stimulating
ecological problems. Obvious questions arise about inter-
specific partitioning of resources such as colony sites,
seasonal food sources and (or) roosting and loafing
areas.

Knowledge of the seasonal occurrence of seabírds

in the waters along the west coast of Vancouver Island

23
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is fragmentary. Several species have received some

attention (see Martin and Myres, 1969; Sanger, I970¡

Hatler et af. , I97B ) although the studies v/ere gener-

ally qualitative and were obtained from scattered

locations and (or) at irregular intervals. The west

coast of Vancouver Isl-and is not noted for supporting

numerous, large breeding colonies compared to areas

such as the Oueen Charl-otte fslands that border the

region (see Drent and Guiguet, 1961; Guiguet, I97L¡

Campbel1, L976) . Barkley Sound has Glaucous-winged

Gu1l colonj-es, several Pelagic Cormorant breeding sites

and areas where l4arbled Murrelets apparently breed, but

potentially suitable nest sites remain vacant (Myres,

I9l9). On the other hand, large numbers of birds that

do not breed in the area are there for a portion of the

year during their migratlon or post-breeding dispersal.

This phenomenon has been attributed to the variable and

unpredictable oceanographic conditions characteristic

of the study area (see Martin and t4yres, 1969¡ Sanger,

L970; lt{yres, I979) .

The occurrence of the seabird multispecies feeding

flocks in Barkley Sound was related to the overall dis-

tribution and abundance of the avifauna. Information

on the seasonal use of the Sound provided background

for a more detailed examination of the dynamics of the
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feeding fl-ocks

Resul-ts

The following analysis of 5B multispecies feeding

flocks, observed on the regular transects in Barkley

Sound, deals with the freguency, spatial and temporal

distribution, and species composition of the fl_ocks.

A monthly summary of the species composition on the

Deer Group Transects appears in Appendices D, E, F,

and G.

(1) Feeding f ]ock abundance

Tab1e 1 shows the number of multispecies feeding

flocks seen on the Deer Group Transects in lg7g. On

these transects, birds in flocks accounted for 12.7 ? of
the total birds observed. The four months which ferl-

substantially below this percentage--May, June, JuIy,
and October--were months when relatively few birds \,,/ere

present in the study area. In other words r âs the

total number of individuals increased, the relative pro-
portions of those occurring in fl-ocks al-so increased.

June and July were periods of nestling care for resident
species and migrants had not yet begun to arrive. In-
deed, the lowest number of birds per transect was recorded

in June. As the number of individuals of species that
appeared in flocks increased, so did the number of
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individuals per sighting on the Deer Group Transects;
there was a tendency for larger sightings in August
and september. Fr-ock size decreased again in october
as fa1l migrants began to move out of the sound. At
the same time, the mean number of birds per sighting
was 4.4, less than that of August or September.

A comparison of Deer Group, rnner and outer Transect
areas revealed that, in general, most feeding flocks
occurred in August and September (Table 2, I,igure 5) .

On all three transects, flocks \^/ere largest and con_
tained the greatest biomass of birds, in september.
On the Deer Group Transects, there were more ffocks
per transect in September (1.63), while on the Inner
and outer Transects, there were more flocks per transect
in Ã.ugust (5.0 and 1.5, respectively). A Kruskal_Vüal_lis
Test indicated that the numbers of individuals per feed-
ing flock were simitar in all three transect r_ocations
(T = 0.94, d.f . = 2, p > 0.10). That is, none of the
areas promoted the formation of larger feeding fr_ocks.
There \^/ere more f eeding f locks in the rnner area, than
in the Deer Group or the Outer areas(¡2 = 27.6, d.f. = 2,
p < 0.005), but there !ùas no difference between the latter
two (X' = 0.5, d.f . = I, p > 0.50) .

(2) Spatial distribution of feeding fl_ocks

Throughout the study season there \,vere fi_ve centres
with particularly high numbers of feeding f r_ocks: sherr_



T
ab

le
 2

.
À

bu
nd

an
ce

 a
nd

T
ra

ns
ec

ts
.

T
ra

ns
ec

t

D
ee

r 
G

ro
up

N
o.

 t
ra

ne
ec

ts
N

o.
 f

ee
di

ng
 f

lo
ck

s
F

ee
di

ng
 f 

1o
ck

s,
/tr

an
se

ct
In

di
vl

-d
ua

le
,/f

ee
di

ng
 

flo
ck

 
-

B
io

m
ae

s/
fe

ed
in

g 
flo

ck
 

(k
q)

 r

In
ne

r
N

o.
 t

ra
ns

ec
ta

N
o.

 f
ee

di
ng

 f
lo

ck
e

F
ee

di
ng

 f 
lo

ck
s/

tr
an

ae
ct

In
di

vi
du

al
s,

/fe
ed

in
g 

flo
ck

 
-

B
io

m
as

e,
/fe

ed
in

g 
f 
lo

ck
 

(k
g)

 I

O
ut

er N
o.

 t
ra

ns
ec

tg
N

o.
 f

ee
di

ng
 f

lo
ck

s
F

ee
dl

ng
 f 

lo
ck

e,
/tr

an
se

ct
In

di
vi

du
at

s,
/fe

ed
in

g 
flo

ck
,

B
lo

m
as

sr
/fe

ed
in

g 
flo

ck
 

(k
q)

 r

bL
om

as
s 

of
 i

nd
lv

td
ua

ls
 i

n 
m

ul
tis

pe
cí

es
 f

ee
di

ng
 f

lo
ck

s 
on

 t
he

 D
ee

r 
G

ro
up

, 
rn

ne
r 

an
d 

ou
te

r

M
ay

lB
io

*"
""

 
pe

r 
fe

ed
i-n

g 
flo

ck
;

2M
ea

nt
sE

.

4 1 0.
25

68
1l

_5
. 

0

3 I 0.
3

26
L

28
5.

2

Ju
n

I 0 0 0 0

.lu
l

M
on

th

7 1 0.
 r

4
64 48

.9

2 4 2.
0

23
.0

!I3
 .

7
16

.6

2 I 0.
5

7T 56
 .

5

3 3 1.
0

88
.3

18
2.

8
78

.7

3 0 0 0 0

bo
dy

 w
el

gh
È

s 
of

 
in

dl
vi

du
al

s 
of

 e
ae

h 
sp

ec
ie

s 
in

 A
pp

en
di

x 
E

.

A
ug I I 1.
0

11
9.

71
11

3.
92

98
 .

4

2
10
5.

0
L5

2.
L!

\4
7.

2

. 
L2

2.
7

2 3 1.
5

74
.3

! 
4L

.2
61

.1

3 0 0 0 0

se
p

I I3 1.
63

35
8 

.7
t2

60
. 

3
31

6.
6

3 9 3.
0

40
3.

8r
31

0.
7

35
5.

7

3 3 r.
0

15
5.

 3
r 

52
 .

7
L2

9.
L

O
ct 6 I 0.

 1
7

27
3.

0
26

4 
.4

T
ot

al

4t 24
0.

59
24

7.
L!

23
L.

6
21

9.
0

l3 27
2.

L
2L

3.
8t

24
3.

3
18

5.
8

13
7 0.

 5
4

11
2.

91
 6

2.
5

89
.6

: :

t\) @



Figure 5. Number of multispecies feeding flocks per
transect on the Deer Group, Inner and Outer
Transects.
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Beach, Folger-Leach, Cape Beale, Seapool Rocks, and
Seabird Rocks (Figure 6) .

The density centres near cape Beale and seapool
Rocks \^/ere present from June onwards (Fiqure 6) , thus
corresponding to the occurrence of feeding fl0cks on the
Ïnner Transects (see Figure 5). Folqer-Leach and shel1
Beach centres were active primarily in August and septem_
ber. Flocking occurred by seabird Rocks arso from August
through september around the time most Glaucous-winged
GuIl chicks from that colony fledged.

The five centres of feeding fr-ock density shared
simj-lar features (Table 3, Figure 6) . They usually were
only one km or r-ess from land and in areas where the water
was not very deep (contours from 25_40 m), but more
importantly, where the bathymetry was complex. fn all
l-ocations land or islands close by facilitated the
formation of eddies and. currents (Figure 6).

(3) Feeding flock composi-tion

Gu1ls, murres and shearwateïs, in that order, were
the predominant species groups in feeding fr_ocks in the
study areas (Tables 4, 5 and 6). Gul]s, primarily
california and Glaucous-winged, dominated the composition
in the Deer Group (79.42) and the ïnner (73.5%) areas
covered by the transects, whire sooty shearwaters mad.e

up 652 of the individuar-s in the outer area. rn both
the rnner and the Deer Group areas, common Murres were



Figure 6. Location and
flocks on the
Transects. M
A = August, S

síze of multispecies feeding
Deer Group, Inner and Outer
= May, J = June, Jr = Ju1y,
= September, Q = October.
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Tabl-e 3. Bathymetric featuresl of the centres of
multispecies feeding fl_ock density.2

Centre of
flocking
densitlz

Distance from
land (km)

Water depth (m)

Mean Range

Shel-1 Beach

FoIger-Leach

Cape Beale

Seapool Rocks

Seabird Rocks

0 .49

0 .62

0.86

1.00

2.59, 4.813

2s

40

30

25

35

10-50

5-]10

5-4 0

s-3 0

5-45

lEstimated from Canadian Hydrographic Service
3627 (L977 ) and 367I (L979) .

2centres of feeding flock density as in Figure
3pirst number indicates distance from Seabird
second indicates the distance from Vancouver

marine charts

6.

Rocks, the
Isl-and.
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the second most abundant group (about 20e") " In the

Outer areas, gu1ls comprised about 302 of the individuals
present. An important difference between the Inner and

the Deer Group feeding flocks was that the former had

about 5Z Sooty Shearwaters present, while they vüere

absent in the latter.

Eleven different species vrere recorded participating
in multispecies feeding flocks on the Deer Group Transects,

14 in flocks on the Inner Transects, and eight in flocks
on Outer 'Iransects. The number of species per feeding

flock ranged from one to eight and did not differ among

the three areas (Median Test, Conover, I97I: T = 0.34,
d.f. = 2, p > 0.50).

Arctic Loons, lVestern Grebes, pink-footed Shear-

waters, Brandt's Cormorants, pelagic Cormorants, Northern

Phalaropes, Herring Gul1s, Bonaparte ts Gul1s, Heermann's

GulIs, Pigeon Guillemots, Marbled Murrelets, Cassin's

Auklets, and Rhinoceros Auklets weïe also observed in
the multispecies feeding flocks but their numbers com-

prised less than 3Z of the birds seen in the flocks in
any area.

(4) Feeding flock participation

Gu11s participated in 98.22 of a1l of the multi-
species feeding flocks observed in the three transect

areas (Table 7) . Of the gu1ls identified, California
Gul1s were present in B0% of the flocks and Glaucous-winged
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Table 7. Species participation
flocks on the regularl

in multispecies feeding
transects.

Species No. flocks
present

Percent
participation

Arctic Loon
Western Grebe
Pi-nk- footed Shearwater
Sooty Shearwater
Brandt's Cormorant
Pelagic Cormorant
Northern Phalarope
Glaucous-winged Gull
Herring Gul1
California Gul1
Bonaparte's Gull-
Herrmannr s Gull
Gul-1 spp. 3

Common Murre
Pigeon Guillemot
Marbl-ed Murrelet
Cassinrs Auklet
Rhinoceros Auklet

5
Iî
J

I2
/'l

^2 ..,

32 (28)'
12 (11)
44 (30)

2
2(1)

54 (sz¡
37 (28)

l_

o
2

I5

Q]

1.8
5.5
))
7.3
'1 ')

3.6
58.2
2I.B
80.0
3.6
3.6

98.2
61 .3
1.8

t4.5
3.6

27 .3

lD""r Group plus Inner plus Outer.
2Nrr*bers in parentheses are
where the individuals v¡ere
presented.

a'Gul-l spp. includes al-I the birds in the previous five
rows, plus some unidenLified gulIs, assumed to be one
of those species.

the number of feeding flocks
counted, if two numbers are
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Gulls in 58.2e". Two al-cid species, the Common Murre and

the Rhinoceros Auklet participated in 67.3% and 27.3e"

of a1l- flocks, respectively. No other species partici-

pated in more than 252 of all feeding flocks.

Itrhen the transect areas were considered separately
(Tab1e B ) , the relative participation by species in

feeding flocks differed s1ightly. Gul1s were a part

of all Deer Group feeding fl_ocks, with California
(90.5U ) and Glaucous-winged (61.9%) gulls predominating.

Murres participated in 76.zeo of the Deer Group flocks.

In the fnner Transect areas the same trend persisted.

The main differences between these two areas were a

high incidence of Marbled Murrelets and the presence of

Northern Phalaropes, Pigeon Guil1emots and Sooty Shear-

waters in the rnner Transect flocks. The flocks in the

Outer areasr oD the other hand, had very different
participants. Sooty Shearwaters vzere in 85.72 of these

flocks, gul1s in 71.4å and murres in 5I.72. Cormorants

r,rere not present in the Outer Transect f locks. The most

important gulI species was the California Gull, while

the Gl-aucous-winged Gu11 was present in only one of the

seven Outer Transect flocks.

Regardless of transect location, California Gu1ls

and Common Murres were present in most feeding flocks
and were represented by large numbers. The resident

Glaucous-winged Gull was an important flock member in the
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Deer Group and Inner areas, but was less so in the

Outer regions not close to land.

(5) Flocking tendency

Only the Deer Group feeding flocks are considered

in this section as the data for the totar number of birds
seen on the rnner and outer Transects were not analysed

(see If.A.). Among species observed on transects, Cali-
fornia Gul1s, Glaucous-winged Gulls, Herring Gul1s, and.

Common Murres had the greatest tendency to flock, that
is, the proportion of individuals seen on transects that
was Ín mul-tispecies feeding fl-ocks was highest for these

groups. All gulls and murres observed feeding during the

transects, did so in feeding flocks. At other times

gu11s were observed feeding in the intertidal or scaveng-

ing on offal. Murres may have been feeding as singles

or in monospecific groups, but this was not discerned, as

they consumed their food under water. The l-ow flocking

tendencies in Table 9 indicate that birds spent much of
their time engaging j-n other activities (e.g., f 1ying,

loafing on land or water). The Marbled }4urre1et had the

lowest flocking tendency (0.22 ) of the birds seen parti-

cipating in multispecies feeding fl_ocks. On the other
hand, there were 15 species that occurred on the Deer

Group Transectsthat potentially couJ_d have joined such

flocks to feed, but did not (see Appendix D). Their

flocking tendency was zero.
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Table 9. Flocking tendency by species on the Deer Group
Transects.

Species
TotaI

individual-s
on transects

Individuals Percent
in feed- flocking

ing flocks tendency

Arctic Loon
Western Grebe
Brandt's Cormorant
Pelagic Cormorant
Glaucous-winged GuI1
Herring Gul1
California Gult
Heermannr s Gull
Gul-l- spp. f
Common Murre
Marbled Murrelet
Rhinoceros Auk1et

l-55
I2

260
2923
3577

101
9528

208
27 Bl.I

6819
962

65

2
1
I

40
r62

11
574

5
4II9
1019

2
5

I
õ

0
1
4

10
16

2
T4
T4

0
1

?
?

.4

.4
tr

ô

.0

.4

.B
o

.2

.l

1*Gul-l spp. includes al_l of the
ro\.\rs, plus some unidentified
of those species.

birds in the previous four
gulls, assumed to be one
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rt should be noted that for the Gl_aucous-winged and

cal-ifornia gults, flock-feeding was dependent on age

(Table 10; c - 56.25t 164.5, respectively; cl.f . = 2i
p < 0.005) with juveniles having the irighest percentages
relative to their abundance in both species (10.32 ancl

14.32 ' respectively). For the migrant california Gulr,
subadults had the next greatest proportions in frocks
(8.6u ). The reverse was true for the resident Glaucous-

winged GuIl.

when the rer-ative abundance of species groups found
in feeding flocks was compared to that on the transects,
certain trends emerged. rn both cases, alcids comprised
just over 202 of the total individuals recordecl. The pro-
portion of gulls was higher in the feeding flocks than for
all birds seen. cormorants were barely represented in the
feeding fl-ocks, arthough they \¡/ere recorded. on transects.
The abundance of individual-s of species groups (alcids,
gu]1s, cormorants, others) in the feedj_ng flocks oiffered
from that expected, based on relative freguencies of
species groups recorded on the transects as a whole
(x'> 100, d.f.= 3, p < 0.005). This indicated that par_

ticular groups of species had a greater tendency to feed
in flocks.

Discus s ion

Barkley sound is not a major nesting area, rather it
appeared to be an important post-breeding staging area

C.
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for certain migrant specj-es. From May until mid-Ju1y very

few birds were observed in the study area (see Appendices

D, E and F). The species present were resident, and most

of those individuals dropped from sight in June and Ju1y,

which corresponded to their major nesting times. August

brought with it a large influx of migrant birds, particu-
larly California Gulls and Common Murres. The number of

individuals per km of transect increased dramatically from

July to August. September had the greatest number of
birds, while October showed a decline in numbers. Cali-
fornia Gulls started on the southward portion of their
migration (Ba1tz and Morejohn , 1977 ¡ Houston, 1977; South-

ern, 1980); Glaucous-winged GuIl juveniles continued their
post-fledging dispersal (Butler et âf., 1980; Southern,

1980); Common Murre numbers decreased; v¡hÍIe resident

Glaucous-winged Guil adults and Pelagic Cormorants

remained in the studlz area.

This seasonal and ternporary increase in bird densi-ty

coincided with the presence and abundance of seabird

multispecies feeding flocks. The most and largest feeding

flocks occurred in August and September. In September,

the number of species observed per transect and per

feeding flock was highest. This supported Cody's (I974)

claim, based on observations from Destruction Island,
tr{ashington, that these local and sporadic areas of food

abundance in inshore \,vaters attracteC large numbers of
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individuals of many species that might not ordinarily be

found feeding adjacent to each other.

Although the arrival of bj-rds and the attendant

flock-feeding happened very suddenly, initially, there

\^ras a gradation in the location of f locks. There was a

gradual, inward movement of flocks during August and

September. At the same time, flocks were larger and con-

tained more species in September than in August. On the

other hand, regardless of transect location, Common

Murres and California Gulls dominated the composition of

flocks throughout the fl-ockinq period. It has been sug-

gested that the timing and route of migration for Cal_i-

fornia GuIIs was an evol-utionary response to food and

competition pressures at the nest area (see !{eseloh, J975).

For California Gullsr âs for Common Murres, Iarge numbers

of adul-ts and juveniles arrived simul-taneously. Extended

postfledging care is not expected in California Gulls
(see Burger t 1980). On the other hand, juvenil_e murres

were still under parental care when they arrived in

Barkley Sound and had to be provisioned with food and pro-

tected by the accompanying adult. As stated in the rntro-

duction, the period of initial independence in birds is

probably the time of greatest mortality and thus a con-

current accessibl-e, conspicuous and abundant food resource

shoul-d be important. Apparently, in I979, Barkley Sound

provided this attribute at the appropriate time (cf. off
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Senegal, Brown, I9l9) and was able to support a portion
of the population for a short, but critical period.

Flock-feeding on this patchy and superabundant food

supply appeared to provide the vulnerable juveniles with
an easy access to food. Proportionately more juveniJ-e

gulls were found in feeding flocks than either adults or

immatures, suggesting that these aided in counteracting

their less skillful- foraging and searching powers (see

later sections). Although adult Glaucous-wingecl Gulls were

seen on transects throughout the season, peak numbers and

feeding flock activity occurred during the post-breeding

dispersal of the young (earIy September) .

This distribution data implies that the chronology of
seabird flocking was timed such that inexperienced young

\,vere provided with an abundant and accessible food supply

at a (the) most critical time in their lives. If Barkley

sound had not had this superabundant food resource at that
time, migrants and residents would not have remained rong

in the area, but continued on their dispersal and migra-

tion routes. f suggest Barkley Sound was an important

post-breeding area for these birds. Given this, in the

sections to follow r shall elaborate and speculate on the

mechanisms of these multispecies feeding flocks, both

physical and behavioral, and what proximate and(or) ulti-
mate functions they served to the participants.



DYNAMTCS OF THE MULTISPECIES FEEDING

FLOCKS IN BARKLEY SOUND

Introduction

Two major hypotheses have been proposed to account

for the existence of heterospecific groups (and single

species ones, âs weII) : enhanced feeding capabilities

and(or) improved predator evasion (see Morse, Lgj7).

Feeding advantages include: beating for insects and

other active prey (Morse, I970i Charnov et af., IgjG)¡

minimizing duplication of effort (Cody, I97I) ¡ facilita-

tion of food-finding (Krebs er af ., 1972; I{ard and

Zahavi I 1973; Krebs , I97 4) ; capturing food items

unavaÍlable to single individuals (Barlow , L97 4) .

Predator avoidance advantages include: increased

avüareness of predators (Goss-Custard, I970; page and

Whitacre, l-975) and the "confusion effect" (Morse , 7910) ¡

cover-seeking (I{i11iams, 1964; Hamilton, l-97I) ¡ dis-

couraging predators (Moynihan, 1962) ¡ and statistical_

probability of discovery (Morse, I977; c.f, Treisman,

I975) . These multispecies feeding flocks presumably

formed over, and ultimately in response to a clumped

food resource (see below) and advantages (if they

exj-sted) were probably related to feeding.

If the numbers of seabirds are regulated by the

avail-ability of food, as the evidence suggests

\7

A.
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(Lack , 1966, 1968; Ashmole and Ashmole, 1967; Nelson,

7970, I97B; Ashmo1e, I97I), species which live together

in the same area must have evolved means of reducing

interspecifj-c competition for food (Cody, I973) . They

might find it in different places, in different ways,

or feed on different prey; any two species may differ

in more than one of these ways. How these separations

are brought about may be difficult to determine because

they may be manj-fested only when food is in short

supply--the species overlapping in almost all- respects

when food is plentiful (Harris, I97l) .

Seabirds can exploit onl1z a fraction of their

potential- prey; most seabirds can only feed at or near

the surface. For a variety of physical and biological

reasons, foraging seabirds must rely on situations in

which their prey is concentrated cl-ose to the surface.

Such locaf concentrations are important not only for

their accessibility, but also for the reduced costs

associated with the density of prey (see Brown, 1980).

As the distribution and therefore availabilitlz of

food becomes increasingly non-uniform, finding these

localized concentrations at any particular time becomes

a problem (Orians, 1971). This type of food distribution

decreases the defensibility of the food resource and

decreases the disadvantages of having another individual-
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within easily observable range. Greater resource abun-

dance permits more species to exploit a resource whereas

low abundance precipitates the exclusion from that resource

of species that are more poorly adapted (Coay, I974) . The

present study was an exanple of the rel_ation between the

predictability of a food supply and the orderl_iness with

which it was subdivided among species to which it provided

support.

Seabird exploitation of shoals of fish is wel_1 known--

Atlantic l4ackeral (Scomber scombrus) , Atlantic Herring

(Clupea harengus) and Capelin (uallotus vil-Losu.s) by North-

ern Gannets (Nelson, L97B¡ Montevecchi and Porter, 1980);

Pilchards (sardina pilchardus) by l[anx Shearwaters (Lockley,

1953); sticklebacks (Gasterosteidae) by Common and Arctic

terns (Lemmetyin, L973)¡ and Sandlance (ennodgtes spp.),

Capelin and Arctic Cod (Boreogadus saida) by the seabird

communities of the North Sea, Newfoundland and the eastern

Canadian Arctic, respectively (Tuck, 196I¡ pearson, 1968¡

Brown, 1980). Invertebrate shoal-s, especially of euphausids

(Euphausiidae) and other large crustaceans, are also very

important (Komaki, 1967) . Euphasids and Market Squid

(zoligo opalescens) , along with Northern Anchovies (Engrau-

7is mordax) and Sandlance were found to be the staple foods

of seabirds along much of the Pacific coast between Cali-

fornia and British Columbia (sealy, I973, 1975a; wiens and

Scott, 1975; Baltz ano Morejohn, 1977). In the absence of
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diet analyses in the present study, the nature of the prey

vras not determined. Based on these previous studies and

casual- observations of fish rippling the water's surface

at feedinq flock sites, it is assumed that the seabirds

were feeding on highly clumped food resources. The local

areas of prey concentration attracted large numbers of

many species which may not ordinarily have been feeding

adjacent to each other. ft is unlikely that any species

would ignore potential prey Íf it could catch it, so

ecological separation is probably a combination of both

physical and behavioral adaptations.

l4ost seabirds defer breeding for a few to several

years (Amadon, L964¡ Lack,, 1967, 1968; Burger, 1980).

This deferred maturity is believed to permit the young

to learn to forage successfully before they themselves

attempt to feed offspring. Studies with Brown pelicans

(Orians , 1969) , Ol-ivaceous Cormorants (I{orrison et ãf . ,

L97B) , Glaucous-winged, Herring and Laughing gulls (Moyle,

1966; Barash et af . , I975; Verbeek, L97'7a,b; Ingolfsson

and Estrella, I97B¡ Searcy, J-97B¡ Burger, 1980), and

Sandwich and Royal terns (Dunn, I972; Buckley and Buck1ey,

I974) all have indicated that young were less successful_

using most foraging methods when cornpared to adul-ts.

Fail-ure to locate food sources, lower attempt rates and

lower success rates appeared to be factors contributing

to their lower success. Presumably, this delayed maturity
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provides young with sufficient time to learn or dis-

cover foraging areas and to perfect hunting technigues

(Amadon , l-964) .

By examining the dynamics of seabird multispecies

feeding flocks in Barkley Sound, it was hoped that some

of these inter- and intraspecific mechanisms that allowed

the birds to feed together would be determined. Inter-

pretation was aided by a consideration of the relation-

ship between feeding adaptations and life history

strategies.

B. Results

(1) Feeding flock structure: initiation, duration and
cessati-on

The multispecies feeding fl-ocks \,rere comprised

of usually fess than 1000 individual-s. They began

with the discovery of what was assumed to be surface

shoals of food and ended when the prey descended or

dispersed bevond contact of the birds. Once a feeding

flock had formed it developed following a fairly regular

pattern. Gul-l-s f 1ew in at 10 to 15 m altitude. In wind,

they swung downwind to join the flock, but in calm air

they approached the flock from a1l directions. Alcids

swam or flew to fl-ocks and pursuit dove or landed and

dove, usually at the boundaries of the flocks. Shear-

waters f1ew to the centre and pursuit plunged. Cormorants
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flew directly into the centre of the flocks and plunged,

presumabl-y in pursuit of prey.

Typically, a single individual or a small group of

birds located the prey and began feedíng. Gul1s

initiated all but three of the 7 4 feeding flocks seen

being initiated (Table 11) . California Gulls initiated

61 .5% of the fl-ocks where initiators were identified

and Gl-aucous-winged Gul1s 14.82. California GulIs \,vere

dominant nucl-ear species in July through September, when

their numbers were highest in the study area (see

Appendix E). Glaucous-winged Gulls initiated the onl1z

f l-ocks seen in May and June. As the proportions of

adult Gl-aucous-winged Gul-1s rose in October (see

Appendix G) so did their tendency to inj_tiate the

feeding flocks. Heermann's and Bonaparters gu11s,

late arrivals in the Sound, inítiated four flocks each

in october. No juvenile gulIs were seen initiating fl-ocks

and adults had a much higher frequency than did subadul-ts.

A Sooty Shearwater was observed initiating' one fl_ock.

It detected the prey, fJ_ew directly to the area of rippling

water and plunged into the centre. rt was fol]owed. within

l-0 seconds by several guIls. A common Murre and a Marbled

Murrelet, were each recorded as flock initiators. Each

dived and surface seized repeatedly in an area where

there were fish on the surface. A single California Gull

was attracted in each case and began feeding. This
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attracted other birds to the feeding area and intense

feeding began.

On numerous occasions during the study, largie

numbers of gu1ls and a few cormorants vrere observed

flying in a specific direction. I fol_l_owed their

direction of fliqht and invariably found a multispecíes

feeding flock already well developed and birds actively

feeding at the water's surface, presumably on bait fish.

Multispecies feedínq flocks could be detected with the

unaided €yê, while sitting in the pneumatic boat from

as far as 1.5 km away. The dipping behavior of the

gulls and the flashing white of their winos made the

aerial component of the flock very conspicuous. The

feeding call-s (see Smith, 1977) of both gulls and murres

could be heard from long distances on calm days. Fl_ocks

\,vere of ten heard bef ore they were seen.

Experiments with adult Gl-aucous-winged Gutl models

vüere desj-gned to test the attractiveness of a group or
a single bird on the water. Results of the tests
(Table l-2) indicated that the large group of models

was not more attractive than the single model_ in terms

of birds moving into (X'= 0.05, d.f. = 7, p > 0.5) or

out of (X'= 0.01, d.f. = L, p > 0.9) Ohiat Bay, or

through the test area (X'= 0.08, d.f. = 1, p > 0.5) so

controls versus models were compared in the analyses. On

the other hand, the number of birds that were attracted
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to the moder site and remained there differed in
the two situations. rn control situations, no bÍrds
approached the model- site and remained there. During

the trials, three birds approached and remained by

the one model and 36 birds b]' the 23-26 models. Thus,

the larger group appeared to be more attractive in this
instance.

Tests showed that the attractiveness of the area as

measured by the number of birds that moved. throuqh the
test area and the number that remained in the vicinity of
the model- release site was directly related to the presence

of gutl models (X' = 22.2, d.f . - I, p < 0.005), v¡hile the
number of birds moving out of the bay was inversel], refated
to the presence of the gull models (Xt = 47.3, d.f. = I,
p < 0.005). The number of birds moving into the bay was

independent of the presence of model_s {X, = 3.6, d.f. = I,
p > 0.05).

The fact that in the presence of models, more birds
moved through the test area and moved to and remained at
the model site, combined with the finding that fewer

birds moved out of the bay, suggesLed that birds \^rere

attracted to the models. sj-nce birds moving j_nto the balz

were not attracted, r speculate that these birds were

satiated whi-le the others were searching for food. one

model had the same effect as the group, but the latter
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provided a greater stimulus to remain in the model site,
suggesting that birds might find good (better) feeding
potential (including searching power) in an area with
many birds.

Of the birds that moved to the model_ site and

remained there, 62.2e" v/ere juvenile common Murres , rB.gz

adult Glaucous-winged Gull-s, 13.5u juvenile Gl_aucous-

winged Gu1ls, and 2.72 of each of juvenile carifornia
Gulls and Rhinoceros Aukl-ets.

These results suggest that the presence of models

on the water attracted the attention of individuals that
were searching (for feeding areas?) and young, parti-

cularly, were apt to remain in the test area if a large
group of models \^7as present.

Five of the six feeding flocks resulting from

experiments involving supplementary food were initiated
by adult cal-ifornia Gul1s. The one flock started adjacent

to the Glaucous-winged Gull colony on Baeria Rocks was

initiated by an adult Glaucous-winged GuI1.

At Village Reef, food was distributed 0.5 km and

0.2 km from the terrestrial roafing site. The active
feeding at the second locality, where food v¡as discovered

first, lasted about three minutes. After that time, birds
went to the first (0.5 km) feeding area, and finally fl-ew

back to the 0.2 km feeding area. Arthough adult carifornia
Gulls discovered the food, more adul-ts than juveniles
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remained at the original feeding site. Juveniles

were the first to l-eave a site if another flock started

in a nearby area. On the other hand, if only one feed-

ing flock occurred, more juvenile gu1ls remained after

15 minutes (seven juveniles to one adult) . Adul-ts

then usually dispersed or flew back to loafing sites.

fn early Augrust, L4 feeding fl-ocks were observed in

quick succession (spatial and temporal). By the fifth

feeding flock, 200 adul-t gulls sat on the edge of the

flock while the juveniles activel¡r dipped ín the centre

where the food \^zas. In the 10th feeding flock, only
juveniles were dippinq and in the 13th feeding flock

there \^zere 50 juvenile California Gul-Is and five adult

Gl-aucous-winged Gulls dipping in the centre, and

B0 juvenile and four adult California Gul-ls and four

Common Murres sitting on the periphery. Adul_t gul1s

were loafing on the water or on nearby rocks.

Figure 7 shows a schematic representation of the

initiation, duration and cessation of feeding flocks.

Feeding in the fl-ocks lasted for less than one minute

up to many hours. In al-l cases, the flocks conformed to

a similar formation pattern. Following initiation there

v/as a rapid increase in numbers. The peak number of

individuals in the flocks occurred during the feeding;

numbers often reached a plateau during this period

(see the dotted l-ine in Figure 7). Once feeding stopped,



Figure 7. Schematic representation of the initiation,
formation and cessation of multispecies
feeding flocks (see text for explanation).

f = initiation

Q = cessation
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there was a steep drop in numbers as individual_s moved

out of the area. Some individuats remained in the

foragJ-ng site and departed intermittently.

Gulls appeared to l_ose contact with the prey

first and gradually dispersed outward.. Adurt carifornia

Gulls generalJ-y were the f j-rst to f eave f locks. They may

have been searching for feeding areas (recall_ their

high flock initiation) or returning to loafing sites.

Glaucous-winged GuIls, when present, remained. in the

feeding area for a prolonged period, unless another

feeding flock commenced at another location. In this

case they flew to the new feeding fl_ock. Murres also

dispersed, soon after the dipping of the guI1s stopped.

They swam-dove in various directions although they

usually maintained themselves in fairllz large groups.

Juvenile gulls generally l-eft the feeding ftock site

last, unless another fl-ock had started nearby, in which

case they invariably joined.

(2) Feeding methods and success rates of the participants

The feeding methods used by the participants in feed-

ing flocks in Barkley Sound are

The gu1ls comprised the greatest

the feeding flocks and exploited

surface of the water. In calm a

into fairly circular groups, but

summarized in Tabl-e 13.

above-surface portion of

prey on or near the

ir gul1s usually gathered

in wind the flocks \^/ere
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Tab1e 13. Feeding methodsl of seabirds in multispecies feeding flocks in Barkley Sound.

Species Feeding rnethod2

seizing plunging plunging plunging parasi_
ti sm

Common Loon
Arctic Loon
Red-necked Grebe
Horned Grebe
Western Grebe
Pink-footed

Shearwater
Sooty Shearwater
Double-crested

Cormorant
Brandtrs Cormorant
Pelagic Cormorant
Harlequin Duck
White-winged Scoter
Red-breasted

Merganser
Bald Eagle
Northern Phalarope
Glaucous-winged Gu11
Western Gull
Herring Gu11
California Gul1
Ring-bi1Ied Gull
Mew Gul1
Bonaparter s Gull-
Heermann's GuII
Black- legged

Kittiwake
Sabine's Gu11
Arctic Tern
Common l{urre
Pigeon Guillernot
Marbled Murrelet
Cassin's Àuklet
Rhinoceros Àuklet
Tufted Puffin

o
o
o
o
o

x
o

x
o

o
o

o
o
o

o
o
o
o
o

x

o

o
o

o
o

o
o
o

o
x
o
o

o
o
o

o
o
o

x

o
o
o
o
o

o
o

o

xx
x

o
o
o
o
o
o

o

lSee rrr.F.
2o = observed feeding method; x = presumed feeding ¡nethod.
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el-ongated along the axis of the waves. Birds were

probably responding to the dispersion of the prey

which appeared to be related to the wind and currents.

Juvenile california GuIls spent more time actively

feeding (Table L4) in the cenLre of flocks than did

adul-ts. Adufts often fed (dipping or surface plunging)

for a short while in the centre of the fl_ock and then

flew to the periphery and sat there without feeding.

The adult Cal-ifornia GuIIs plunged and dipped from

higher in the air and l-ess frequently than did juveniles.

Adul-t Glaucous-winged Gul-1s fl-euz dírectly into the centre

of activity, dipping or surface plunging. For both

species, only adults were seen surface seizing, although

dipping and surface plunging r4/ere the usual feeding methods

in the flocks. The gu1ls often dipped for fish, caught

one (or more), and then flew to the periphery to swa]low

ir.
The smaller gul1s--Heermannts, Mew and Bonaparte's--

al-I were observed aerial plunging in the flocks. The

latter two appeared to use this method more often than

dipping. These smafler specj-es were nore highrlz manoeuver-

able and acrobatic than the larger Glaucous-winged and

Cal j-f ornia guI1s.

Few feeding flocks in which shearwaters participated

\,vere observed in detail, partly because they occurred

farther from shore, in areas less accessible in the
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Table 14 Comparisons of
adul-t, subaduJ-t

foragÍng parameters amongr
and juvenile Cal_ifornia Gul1s.

Foraging parameter Adult Subadult Juveníle No.
feeding
flocks

Percent success
(n = 256)

Flocking tendency2

Relative frequency
in feeding flocksz

Relative freguency
of actíve feeding
in feeding flocks
(n = 702)

95.3

l. '7

56 .9

19 .4

76.2

8.6

11. 6

2.8

,q o

L4.3

31.s

77.8

33

2I

27

59

lott parameters are significant amongp < 0.05).
2Refer to rv.B. (5).

age classes (G-test:
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pneumatic boat, and partly because most feeding fl-ocks

were l-ocated within five km of shore where few shear-

waters \^/ere found. shearwaters fed mostly in the centre
of the flocks by either aerial or surface plunging.

Twice a Sooty Shearwater was seen surface seizing in
a feeding fl-ock. rn the one flock a sooty shearwater

initiated (v.8. (1) ) , the bird flew directly to the area

where prey shoaled on the surface and plunged into the

centre.

The l-ower dimensions of the prey source were exploited
by divers. Diving birds, with the exception of cormorants

were most often seen on the edges of flocks. All Ioons,

grebes and ducks seen, participated at the edges of frocks,
usually on the upwind end. Tufted puffins were seen in
feeding flocks four times and each time they \,{ere only
seen diving and surfacing on the edges. of 23 observa-

ti-ons of Rhinoceros Aukl-ets in feeding f locks, only one

juvenile was recorded feeding in the centre whire the

others fed on the flock peripherv.

Common Murres usual_Iv occurred on the periphery of
the flocks, surroundíng the focus of gull dipping and

surface plunging. occasionally, they dove and surfaced.

in the centre. From the time of their arrival in the

study area in early August unti] young became independent
(see Appendices D and F), adult murres had to feed their
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young" The young generally rernained on the edges of the

fl-ock or were slightly removed from the fl_ock. Adults
dove for fish, retained the fish either longitudinally

or cross-wise in their bil_l_s and s\^ram back to the edge

to feed the chíck. only once was the complete seguence

observed; when the adult got to the edge, a juvenile,

calling loud1y, approached it, and. was fed. By mid-

september, most murres had completed their prebasic mol_t

and many of the flocking birds were young (discerned by

the distinct call of the juvenile murre; see Tschanz,

1968) . At that time, there \^/as a greater proport.i_on

of murres in the centre of flocks. When a murre sur-

faced in the centre it generally dove again immediately.

Twice a murre was observed surface seizing for fish that
were shoaling on the surface. One of those times, the

murre was the flock initiator.

Cormorants usually were in the centre of flocks.

Only once did I observe more than nine cormorants in a

flock; in a May feeding flock there were about 40 pelagic

cormorants. Generally, cormorants dove and surfaced in

the centre of flocks. They swallowed theír food

beneath the surface of the water.

Six instances of successful kleptoparasitism were

observed in feeding flocks. All were by adult gulls,

three California and three Heermannrs. fn one case a

subadu]t california GuIl carrying a fish landed near the
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centre of the fl-ock and an adul-t california GulI stol_e

the fish from i-t. on three occasions, an adult chased

a juvenil-e or a subadult to the edge of the f1ock, the

victim dropped the food, and. the adult ate it. surface
piracy was recorded once. An adult calÍfornia Gulf chased

a common Murre that had just surfaced with a fish cross-
wise in its bill. The gul1 did not steal- the fish, and

the murre swam to the periphery of the flock and fed a

young. The incidence of kleptoparasitism \^/as not high;
kleptoparasites were generally medium-sized gulls and

the victims were juvenile or subadult gulls.

Feeding success rates \,,/ere difficutt to obtain as

it was hard to follow one índividual in a feeding ftock
and the diving species apparently consumed their prey

underwater. All juvenile gulrs had a 50u or l-ess feeding

success rate in the flocks (Table 15) . Only sample sizes
for california Gul-1s were sufficient to compare among atl_

three age cl-asses. Adults had a 95.3? success rate,
subadul-ts 76.22 and juveniles 25.92. All differences

were significant (G-test of independence: p < 0.0I).
Also juvenile Glaucous-winged Gulrs had lower success

rates than did adults. These success rates may have

underestímated the overall feeding success rates of
adults, âs they also caught food by surface seizing.
Juveniles lvere not observed using this foraging technique.
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Table \4 details several foraging parameters for
cal-ifornia Gul-fs. Juveniles had the highest flocking
tendency (see IV.B. (5) ) , the highest foraging activity
in the fl-ocks (relative frequency of feeding attempts) ,

but the lowest success rates. There were insuffici-ent
data to make this comparison among age cr-asses of the

other species, although the same general trend appeared

to prevail for Gl-aucous-winged Gul1s; juveniles had a

higher flocking tendency than did adults (IV.B. (5)) and

lower feeding success rates (Table 15).

(3) Time budget analysis at the sherl- rslet loafing site
on L7 September I97 9

There vrere 22 multispecies feeding flocks observed

in the 12 hour period (Figure 3). Flock-feeding comprised

a maximum of 243.5 minutes during the day (33"82) 
"

Although all areas courd not be seen from the observa-

tion point, there were no other large movements of the

birds from the loafing site on shell rsr-et that woul-d

indicate feeding fl-ocks were being formed elsewhere. Al1

individuals did not feed in arl flocks. The frocks averaged.

(tsE) 524.9!102.5 individuals with a mean of 4.7t0.49 species

per flock (Tabl_e 16).

There was a gradual increase in the number of feeding

flocks over the day (Table 16) , although this was not

significant among the four time periods (X, = 6.I4, d.f. -
3, p > 0.10). On the other hand, the six feeding flocks



69

Tabl-e l-6. Frequency, size and. numbers of species in
multispecÍes feeding flocks on 17 September
L979.

No. feeding No. individual-s/ No. species/'l'rme
(P.D.r.) flocks f l-ocklSE f l-ockt SE

0730-1030

1030-1330

1330-1630

1630-l-93 0

Total

2

4

6

10

22

439.0t239.0

633.7 r308.7

4II .7 !2I3 .5

630.0r120.0

524 .9!L02 . 6

8.5t0.50

4.310.25

4.8t0.48

3.3r0.25

4 .1t0 .49
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in the first half of the day were significantly less

than the 16 in the l-atter half (X' = 4.55, d.f . - I,

p < 0.05) " The first feeding fl-ock was not recorded

until- 0916 , 116 minutes after observations began.

There did not appear to be a tidal effect; high and l-ow

tides were at 1110 and 1650, respecti-vely. A circadian

activity in the prey may have been present and could

account for the number of f l-ocks near dusk.

The size of the feeding flocks ranged from 50-1400

individuals. The mean size of the feeding flocks
(Table 16) among the four periods of the day did

differ (Kruskal-Wallis Test: T- I.70, d.f. = 3,

The duration of feeding flocks ranged from 0.5-66

and averaged (tSE) 11.5i3.13 min (Tabte L7). The

tion of feeding flocks \^/as distributed randomly (

Appendix A. (1) ) and did not differ among the four

not

p > 0.10)

.0 min

dura-

see

periods

:?of the day (Kruskal--Wa11is Test:

p > 0.10) .

T - 5.79, d.f .

The distribution of the inter-feeding flock time

intervals was ranCom (see Appendix A.(2)), indicating

that the feeding flocks were not clumped in time. The

time between successive feeding flocks (Table l-7) did

not differ among the four periods of the day (Kruskal-

Wallis Test: T = 4.36, d.f. = 3, p > 0.1_0) .
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Tabre r7. Duration of flocks, and inter-feeding flock time
interval-s and distances on 17 September Ig7g.

Time Duration of Time between Distance between
(P. D. T. ) f lockstSE f l_ockstSE f lockstSE(min) (min) (m)

0730-1030 24.0! 9.0 46.5t 2.5 380.010

1030-1300 6.6! 3.9 22.6! 7.5 532.5! 130.7

1330-1630 IB.0l 9.7 19. B t 9.4 1590.01353.9

1630-1930 7.0! 2.4 13.1r 3.8 825.6!279.6

Total 11.5rL4.7 20.0!I7.6 913.5!L76.6
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Species participation in the multispecies feeding

fl-ocks is shown in Table 18. california Gulls partici-

pated in all flocks for which there were data. Glaucous-

winged Gulls and common Murres were j-n 932 of the flocks

and Brandt's cormorants in 642. common Loons, Harlequin

Ducks, White-winged Scoters, Herrinq Gul1s, Heermannrs

Gul-1s, and Rhinoceros Auklets were al_so present.

Pl-ots were made to compare the dependence of the

duration of flocks vs. fl_ock size, inter-feeding flock

time interval-s and inter-feeding fl_ock distances; the

inter-feeding time intervals lzs. flock size and inter-

feeding fl-ock distances; and fl-ock size vs. inter-feeding

flock distances. No positive or negative relationships

were found. These results indicated that the multi-

species feeding flocks occurred as independent events

in space and time.

Discussion

Group foraging generally occurs when food is
patchily distributed and local1y abundant. Seabirds

show two mutually exclusive adaptations for exploiting

their marine environment. They may have long wings

conferring mobility in the air (e.g., gulls), or they

may have short wings with legs set far back suited for

swimming (e.g., alcids; Bourne, 1977). The former are

birds whose foraging and feedi-ng behaviors are highfy
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Table l-8. species' participation in multispecies feeding
flocks on 77 September L979.

Species Percent
participation

No. f l-ocks
present
(n = 14)

Common Loon

Brandt I s Cormorant

Harlequin Duck

White-winged Scoter

Gl-aucous-winged Gul1

Herring Gull-

California GuIl

Heermann's Gu11

Common Murre

Rhinoceros Auklet

3

9

1

2

13

B

L4

T

13

1

2r.4

64.3

7.r

14"3

c't , o

57 .r
100.0

7.L
q? q

7.L
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visibl-e" They were usually the initiators of the

feeding fl-ocks observed in this study, and even when

contact with food was made by a diver, the arrivar of
the more conspicuous feeders facilitated rapid fl-ock

development. fn Barkley Sound feeding flocks, the

most important of these were the adult cal-ifornia and

Glaucous-winged gu]1s. They \,vere capable of a s1ow,

hiqhly manoeuverable flight that mad.e them well adapted

for aerial searching for prey. rn Alaska, the initiators
or nuclear species were the Black-legged Kittiwake and

Glaucous-winged Gurl- (w. Hoffman, pers. comm.) ; off the

Queen charlotte rslands the nuclear species was primarily
the Black-legged Kittiwake (Sealy, I973) ; and off
Destruction rs]and, the nuclear species was usually the
western GuIl (w. Hoffman, pers. comm.) . All of these

species fed by aerial dipping and plunging, whi-ch mad.e

them highly visibl-e while feeding. rn addition, these

gu1ls had largely white underparts and wing linings.
rt has been suggested that this cororation evolved for
the purpose of attracting birds to food sources (Darwin,

1890; Armstrorrg, 1946; Simmons, Ig72). Smith (Ig77)

maintained that a dark plumage combined with a highly
conspicuous and vocal mode of foraging, usually prevailed
in intraspecifical-ly gregaïious land birds. The drabness

presumably reduced aggression. This may have been a

contributing factor in the evolution of the dark plumage
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of young gull-s; the need to avoid agonistic encounters

counteracted any benefits rerated to conspicuousness

(e.9", reducing visíbility to prey (Cowan, Ig72) or
increasing visibility for feeding) .

Feeding methods among ecological groups were not
wholly stereotyped as some (e.g., Ashmole, Igi.i_) have

implied. Murres were recordecl surface seizing and gulrs
plunge diving. This, coupred with the presumptj-on that
all of the members of a fl-ock were exploiting the same

prey, emphasized that versatility was evidently a key

factor in the feeding biology of the many successful-

seabird species.

The experiments with models indicated that individuals
(gulls in particular) were attracted to a decoy(s) of an

adult Glaucous-winged Gull (see also Krebs, Ig74). Birds
flying out from the loafing' areas, presumably in search

of food were more attracted to the models than were birds
flying back to the loafing site (satiated?) . Most interest-
ing was the finding that young birds remained near the

models, particurarly if there was a large number of models

present. Juveniles perhaps \¡iere more apt to cue in to
other birds (potential food-finders) than actual_ food.

This may confirm less searching ski1r. in young birds and

ties in with the finding that adul-ts were the flock
i-nitiators.
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Burger (1980) reviewed the differences in foraging

behaviors of seabirds of dif f erent ages. Inlhen compared

to adults, voung were l-ess successful usíng most foraging

methods. This lower success was manifested in their
initial failure to locate food sources, lower attempt

rates when food was located, and ultimately rower success

rates. In this study juvenile gu1ls spent moïe time

feeding, fed most actively and for the longest periods

and had the lowest success rates. This supported Lack's
(1967, 1968) premise that delayed maturity in seabirds

resulted from the need to perfect hunting and foraging

skil-ls before birds attempted to raise young of their
own. subadults had success rates intermediate to those

of adults and juveníles.

The actual- occurrence of feeding fl_ocks rel_ied on

the behavior of the prey. There seemed to be no parti-

cular pattern (e.9., diurnal, tidal); the time budget

analysis suggested that the feeding fl-ocks occurred as

i-ndependent events in space and time. on the other hand,

as we shal-l- see l-ater, the movements of the individuals

associated with loar'ing sites and feeding areas \iüere

also not random. This reinforces the theory that some

sort of social facilitation was invol-ved in their feeding.



VI. BEHAVTOR AND MOVEMENTS OF BTRDS AT

TERRESTRTAL LOAT'ING SITES

A. Introduction

social organization expresses the complex evolutionary

response of a species to numerous variabfes in the environ-
ment. Most studies that related spacing behavior and

feeding dispersion have dealt with breeding and roosting
assemblies of birds (e.g., Crook, L964, 1965; Lack, L96B;

Zahavi, L97I¡ Ward and Zahavi, 1973; Krebs, I9l4). rn

this portion of the study I examined the location of
loafj-ng areas and the use and movements by the ind,ividuars

and species associated with them. To my knowledge, there
have been no studies of non-breeding gulrs at communal

loafing sites not concerned with feedinq on garbage or
of f al-.

Large groups of gulls and cormorants loafinq on

islands or beaches weïe common occurrences in Barkrey

Sound, partj-cularly from August to October. This

prompted a question concerning the function of these

land-based loafing sites. why do so manv birds associate

in so few areas? As stated in V, qroups may form in

response to food or predators. An explanation for

coloniality in birds, which could also be extended to

71
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loafing associations, is the limited supply of suitabl_e

nesting sites (Lack, 1968¡ Nelson I I?TB) , or in this

case, loafing sj-tes. Apparently, the reason most of

the birds \^iere in the Sound (especially the visiting

Common Murres and California Gulls), was to exploÍt the

food supply (refer to fV; Weseloh, 1975¡ Houston , 1977;

Southern, 1980).

By forming groups, individuals can increase the

likel-ihood that thelz will- find f ood , for instance if it

is loca]ly concentrated but distributed irregularl¡z in

space and time (Scott, 1973¡ Smith, IgTj). Ward and

Zahavi (I973) proposed an "information centre hypo-

thesis. " Flocks of individual_s which forage together

by day may join other fl-ocks when roostinq at night;

these communal roosts, according to ward and Zahavi (r973)

act as information centres that give very large numbers

of individuars access to each other's information about

feeding sites. Birds and ffocks that have exhausted

sites and fail-ed to find ne\^/ ones can join the "ruckier"
ones, following them as they leave in the morni.g.

Scott (7973) indicated that species which fed on

patchily distributed, but loca11y abundant food types,

for example, fish schools, fed by "loca1 enhancement,"

defined as "an increased tendency to respond to part of
the environment as a conseguence of the response of
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another individual to it" (Hinde

Thi-s ensures not only a greater

but also identification of food

ficant portion of the popul_ation

located.

, 1966 in Scott, L973) .

area surveyed for food,

sources by a signi-

when they are

In this section I attempt to il_lustrate (1) that
loafing area abundance and distribution in Barkley

Sound was correlated with times of flock-feeding,
(2) that the composition at the sites was associated

with the composition in flocks, and particularly that
this was an aqe-rel-ated phenomenon, and (3) that the

movements of birds at these sites \¿vere clum.ped,

directionaf and age-related. Terrestriar loafing areas

appeared to be located within visual range of feeding

areas. such loafing site selection was also considered.

The relationship between loafj-ng groups and the seabird

multispecies feeding fl-ocks contributed to the inter-
pretation of the function and significance of this
feeding phenomenon.

B. Results

(1) Loafing site use on the Deer Group Transects

Table t9 and Figure B show the abundance, size and

dístribution of loafing areas on the Deer Group Transects
(see also Appendix F). on the Deer Group Transects, the
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Figure B. Location (see Figure 4) and size (individuals/
transectr/month) of terrestrial- loafing sites on
the Deer Group Transects. M = May, J = June,
J' = Ju1y, A = August, S = Septernber, O = October.
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birds at the 25 loafing sites accounted for 4I"32 of
the birds seen on the transects (Table 19). The numbers

during May, June and. JuIy were well_ below this percen-

tage, because there were relativety few birds present

in the study area at that time (see eppendix E). As the

absolute numbers of gu1ls and cormorants increased in
the arear so did the proportions of these birds observed

at the loafing sites.
The average number of bj_rds per transect at the

loafing sites was highest in August (585.5 j328.3)

and September (1189.4 x516.6¡ Tabl_e 19), corresponding

to the chronology and size of the feeding flocks (IV.B.).
The number of areas used by loafing birds per transect
was highest in September and October, respectively.
In October, there was a greater percentage of birds at
the loafing sites (47.62) . This was i]tustrated best by

the resident Pelagic cormorant and Glaucous-winged Gull
(Figure 9) " On the other hand, the ratio of loafing to
non-loafing California Gul1s dropped in October, cor-
responding to a reduced number of birds in the study

area.

Figure 10 shows the relative frequencies of certain
activities for the three age crasses of Glaucous-winged

and california gu11s. Most adult Graucous-winged Gulls
\^/ere seen flying from May through JuIy, although sub-

adults had a greater tendency to l_oaf on the land at



Figure 9. Relative frequencies of activities for the
Pelagic Cormorant, Glaucous-winged Gufl
and Cal-ifornia Gul-1.
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Figure 10. Relative frequencies of activities for
adult, subadult an<1 juvenile Glaucous-
winged and California gulls'
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that time. fn August, September and October al_l_ three

age cl-asses were recorded primarily loafing on land.

Until August, most California Gull-s were seen flying.

After that time, most birds \^/ere recorded at the terres-

trial loafing sites (about B0%). By October, when their

numbers had decreased substantially, most adults were

either sitting on the water or loafing on land, while

the juveniles had a greater tendency to sit on the water.

Figure B, showing the distribution of loafing sites

over the season, revealed tliat there \^iere four areas

that consistently attracted large numbers of loafing

birds. There appeared to be a trend toward an inward

movement of loafing site use. The few sites observed

from May through July averaged less than 50 birds per

transect (see Appendix F). In August, September and

October, Wizard and Shell islets (Figure 4) were major

loafing sites. Folger-Leach was important, particularly

in August. The Dodger Channel group (Inside and Outside

Seppings, Haines Beach and Point, Diana Beach and Rock)

was an important area in all of these months, particu-

larly September. By October, Wizard Islet was the main

terrestrial loafiirg area used by gul1s and Southeast

Edward King became a major cormorant loafing site.

These four areas corresponded to the density centres

associated with the feeding flocks observed on the Deer
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Group Transects, wheir Folger-Leach and Ohiat islet were

areas of importance (fv.e. Q)). The only feeding fl_ock

observed in October v¡as west of Wizard Isl_et, which was

the major gull loafing site at that time.

I,üizard Islet was the most heavily used loafing

site with an average of 164.3 birds recorded there per

transect (494.6 birds per transect in September) . This

location provided a view of both Imperial Eag1e and

Trevor Channels, probably important for opportunistic

foragers like guils (see VI.B. (3),C).

(2) Loafing site composition and structure on the Deer
Group Transects

The average number of species per loafing site per

month among months was not different (ANOVA: F = 0.41,

d.f. = 5.67, p < 0.05) . Glaucous-winged Gulls, pelagic

Cormorants and California GuIls were most often seen a-u

the loafing sites. Cal-ifornia Gulls (7204 birds),

Pelagic Cormorants (2289 birds) and Gl_aucous-winged

Gul-1s (1733 birds), respectively, were representecl by

the highest numbers. Herring (I4 birds) and Heermann's

(111 birds) gulJ-s and Doubl-e-crested (75 birds) and

Brandtrs (136 birds) cormorants were also recorded at

the sites during the study season.
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Loafíng species in May \^7ere comprised mostly

of Pelagic Cormorants and adult Glaucous-winged Gul_l_s.

During June and Julv, the nesting season for these

species, relatively few l_oafers vüere recorded. In

August and September, Calj_fornia and Gl_aucous-winged

gu11s predominated. By October, species composition

at loafing sites lvas similar to that of May with adult

Gl-aucous-winged Gul-ls and pelagic Cormorants present

in the largest numbers.

An age dependency in gu1l loafing behavior in

August and september on Deer Group Transects v,/as reveal-ed

when the frequencies of loafing and non-Ioafing birds

lvere analysed according to the ages of the individuals
(Table 20¡ c - 176.43, d.f . : 2, p < 0.005). An STp

analysis of homogeneity (sokal and Rohlf, 1969) showed

that the differences between successive age classes were

significant: adult vs. subadult, G = 90.66; adult rzs.

juveniles, G - 46.7; subadult vs, juveniles, G - Zg.B

(p < 0.005 in all- cases). Subadults had the greatest

tendency to loaf (82.92), followed by juveniles (73.92),

and adults (66.0%). There were absolutely more adult
gulls on transects or at loafing sites than either of

the other classes. In August and September the ratios

of adults to subadults to immatures, on the transects

as a whole was 6.97 to 1.0 to 3.96, and the loafing on

the transects was 5.54 to 1.0 to 3.51. In other words,
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Table 20 " Frequencies
age classes
August and

of loafing guIls compared among
on the Deer Group Transects in

September, L979.

Age Behavior Totals Percent
loafing

G

value*
Loafing Not

Ioafing

Adult

Subadult

Juvenile

Totals

3287

593

207 9

s959

1693

I22

753

2568

4980

7L5

2832

8527

90 .6

29.8

I
I nr.,
l
LT6 .4

':':;i^1

69 .9

G-test of independence.
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adul-t gulls \^/ere present in the greatest numbers,

but had the least tendency to loaf on land.

When Glaucous-winged Gul1s and Cal-ifornia Gulls

were seen loafing together, the former were usually
farther from the tide leve1 on the loafing island,

adults more so than subadults. cormorants had sliohtly
di-fferent loafing habitat preferences, tending to loaf
on cliffs and steep rock faces. Among the cal-ifornia
Gul-1 age classes, there r,/üas no apparent segrec¡ation.

when birds arrived at the terrestrial loafing sites
they usually f lew to an area where there r^rere other birds.
The fj-rst to arrive, generally landed on a reasonably

high point, not exposed to wash from the sea, and on

the sunny side of the rock. r suggest that Gl-aucous-

winged Gulls \,vere dominant; they appeared to have larger
individual distances, and on the approach of an observer,

an adul-t Glaucous-winged Gul1 often frew from the group,

circled over the boat and returned again. If a large
group of birds was already present at the site, arriving
birds did, not necessarily land in the same general area.

This depended much on wind and their arrivar direction.

An interesting behavioral response to a potential

predator occurred on numerous occasions. when a Bald

Eagle fl-ew over a loafing site, the birds al_l flew up,

and either returned to the rock or randed on the water

when the eagle had disappeared (observed nine times).
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once r observed this phenomenon when birds were roafing

on Haines Beach. They al-1 flew in response to a Great

Blue Heron which passed overhead. That was the only

time r had observed this behavior in response to anything

but an eagle.

(3) Movements of individual_s at loafing sites

The observations of movements to and from terrestrial-

l-oafing areas suggested that both arrivals and departures

were non-random (Figures 11 and 12). More frequency

intervals with few observations or a large number of

observations \dere recorded than expected with a random

distribution having the same mean number of birds

arriving or departing per minute (arrivals: t = 3.491

6./,29 min, X2 > l-00, p < 0.005; departures: ; = 4.g6t

24.464 min, X2 > 100, p < 0.005). These results

indicated the birds were not arriving and departing from

loafing sites independently, but tended to be clumped

temporally (see Appendix B). On the other hand, there

were more departures than arrivals (4017 ys. 2B2B) and

the greatest number of birds that arrived per minute was

82, whil-e observations of 1I0, :-:-7, 300, and 577 birds

departing in one minute \,,/ere recorded. This suggested

that qroups of departing birds had a tendency to be

larger than groups that were arriving.

Qualitative observations also supported this con-

clusion. Birds \^rere often seen streaming in or out in



Figure l-1. Observed and expected frequency distri-
butions of arrivals per one minute
interval- at terrestrial- loafing sites
(see Appendix B. (1) ) .
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Figure L2. Observed and expected frequency distri-
butions of departures per one minute
interval at terrestrial loafing sites
(see Appendix B. (2) ) .



(J
L
c)fg
q)

u_

ñ observed

E expected

N= 8lO
X = 4.96

2
> lOO, p< O.OO5

6 I tO t2 t4 t6 t8 æ22
Number of deportures,hinute

?4 ?6 >28



93

groups. There vJere periods, however , v,'hen there was

littl-e movement to or f rom the loaf ing site.

Movements of gul1s to and from loafing sites \¡Jere

related to age. The ratio of adults, subadults and

juveniles invol-ved ín movements at the loafing sites

$/as 8.02 to l-.0 to 3.65, compared to a ratio of 7.59 to

1.0 to 3.85, respectively, for atl arriving birds. Al_1

differences were significant (X' > 100, d.f. = 2,

p < 0.005) .

The freguency of age classes involved in movements

r'üas compared to that at the loafing sites and an age

dependency v/as revealed (Tab1e 2I; c - 5I.77, d.f . : 2,

p < 0.005). An STP analysis of homogeneity showed that

the differences between adufts and suhadults or adults

and juveniles \,ùere significant (G = l-9.90, G - 42.0,

respectively, d.f. - I, p < 0.005) " The freguency of

movements and loafing by subadults and juveniles did not

differ (G = 0.106, d.f . - I, p > 0.5). Adults had a

greater tendency to move at the loafing sites than either

subadults or juveniles. Vühen the freguencies of arrivals

and departures of gul1s were compared among the three

age classes (Table 22) , an age dependency in arrivals

and departures was found (G = 11.85, d.f. = 2, p < 0.005).

The percentage of juveniles arri-ving was 68.8, that of

subadults was 65.3 and adults was 6I.8. The differences

between adults and subadults or subadults and juveniles
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Tabl-e 2I. Freguencies of movements
at terrestrj_al loafing
age classes.

and loafing of gu1ls
sites compared amongt

Age Activity Totals

Movement Loafing

Percent
movement

G

value*

Adul-t

Subadult

Juvenil-e

Totals

I7 56

2I9

800

2775

J¿Ó I

593

207 9

5959

5043

BI2

287 9

81 34

I rn. nolI lqz.ooj o.lol

34.8

2l .0

27 .8

31. B 5I.77

G-test of independence.
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Table 22. Frequencies of arrivals andgu1ls at terrestrial loafing
among age cl_asses.

departures of
sites compared

Age Movement
Arrival Departure

Totals Percent
arrive

G

val-ue*

Adult

Subadult

Juvenile

Total

1085

r43

550

T77B

67r

76

250

997

17 56

2L9

800

277 5

61.8r ì
I r.oz I

-Jtþ). J- I

I o.g: I

68.81 -l

6I.4

11.70

11.85

G-test of independence.
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v,/ere not significant, whil-e adul-ts vs. juveniles did

differ (G = 7I.70, d.f . = 1, p < 0.005). Juveniles were

more apt to arrive than adult and subadult gulIs, and

adults were more apt to depart than juveniles or sub-

adults.

In suÍrmary, adul-ts had a greater f requency of move-

ment and departures than subadults or juveniles. This

related to the l-ower frequency of loafing by adults

(vr.B.(2)).

The arrivals and departures at the loafing sites
\,vere directional (Figure 13) . Although, the number of

hours of observation was 1ow, certain trends were

revealed. fn locations for which there were movernent

data for both morning and evening (Wizard and Shell)

there appeared to be little rel-ationship between succes-

sive morning/evening arrivals and departures. This sug-

gested that either there was much movement during the

day and night or a large transitory population of birds

was involved and hence the same birds were not seen at

subsequent observationsr or both. The arrival and

departure directj-ons as shown in Figure 13 indicated

that movements to and from both Trevor and Imperial

Eagle Channels were important.

C. Discussion

The selection of land loafing areas did not seem to

be in response to a predator-free habitat, although this



Figure 13, Percent of seabirds seen arriving and
departing in various directions at
different terrestrial loafincf sites.
The outer cj-rcle represents z}s" of the
total. If birds flying Ín one directj_on
exceed 202, the bar extends past the
circle and the percentage is indicated
at the end of the bar. The sample size
is given in parentheses under each fiqure
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may have been invol-ved to some extent. The greqarious-
ness of indivi-duar-s was probably not in response to
predators ei-ther; rather it appeared to be an adaptation
for locating food patches by means of r-ocar_ly-enhanced

food searching (see Evans, l9B0). The terrestrial loaf_
ing sites apparently shifted location so as to be in
the centre of food patches as suggested by Horn (1968)

for Brewer's Bl-ackbirds. This v¡as illustrated by the
gradual inward movement of loafing areas and a correspond_
ing movement of centres of feeding frock density. The

four major loafing areas, Folger-Leach, Dodger channel,
shell rsl-et, and wizard rsr-et, arJ- provided vantaoe of
both Trevor and rmperial Eagre channels, where most feed-
ing f locks occurred (see IV.B . (2) ) .

The finding that departures from loafing areas were
clumped (see al-so Krebs, I974; O'Malley, l9B0) suggested
that individuar-s were not leaving the loafing sites
independently. They were possibly following a r-eader

to a food patch (Krebs, l-g74) . Most feedinq flocks \^¡ere

wíthin sight of loafing areas, and hence loafing areas
were visible from defunct feeding areas. rt was possibre
for an individual to sit on the water in Trevor channer_

and be aware of a feeding flock out of sight in ïmperiar
Eagle channel- merery by watching the behavior of birds
at the loafing sites.
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The composition of individuals at terrestrial_
loafing sites had an age dependence as did the move-

ments of individual-s at the sites. Adul_ts had the
lowest tendency to foaf, the highest percentage of
individuals involved in movements to and from roafing
sites, and the l-owest relative frequency of arrivals
at loafing sites (and therefore the hiqhest proportion
of departures). They also had a lower flockinq
tendency than juveniles. This coufd indicate that
adults spent more time searching for potential foraging
patches than did juveniles; the juvenires' strategy may

have been to feed in fl-ocks and remain at the fl_ock

site or to l-oaf, and wait for adults to find food,
rather than spend time searching. on the other hand,

the extra time spent by juveniles feeding may have

precluded their searching for food. whil_e this may have

been the most enerqeticalry beneficial strategy for
juveniles, the adults, because they were more successful
searchers and feeders, frây have had the advantage of
experience. This allowed them a greater chance of
finding food and possibly being the first individuar
to locate it. The odds may have been too low for
j uveniles .

The resul_ts indicated that the age-dependent

behaviors associated with frocking \,vere related to
those at loafing sites. The presence of centrally
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l-ocated loafing sites, combined with the conspicuous

mode of foraging probablv greatly aided food-finding,
particularly in the inexperienced juvenile gul1s.



VIT. GENERAL DISCUSSTON

A. seabirds in the marine envíronment: distributíon
and behavior

seabirds unquestionably are important components

of the compl-ex marine ecosystem. Arthough most oceano-

graphers ignore or overfook this dimension, and seabird
biologists have generarly remained on the terra firma,
this by no means reduces the impact of the seabird,s
rol-e in the marine community. perhaps the difficulty
involved in studying these animals can be taken as an

indication of the degree of special-ization reouired for
their highly adapted mode of life.

Most seabirds come to land only to breed. Delayed

maturity in seabirds implies that the non-breeding

segment of the popufation virtually leads a pelagic
existence until sexually mature (see Brown, 1980).

The result is that millions of individuals consume

food from, defecate into and live and die on the ocean.

From the standpoint of energetics alone, seabirds are an

important cog in the system. on a different level_, sea-

birds are highly visible and may be used as valuable
indicators for both the envi-ronmental- ecologist and

the fisherman. other, less tangible advantages associated
wíth seabirds accrue from the beauty and preasure they
provide to humanity. seabirds are a resource and must be

101



treated as such. Only by obtaining. a

understanding of these animals can we

their vul-nerability and implement the

measures.

r02

more complete

accurately assess

proper protective

rn 1979, Barkley sound didnot have a large breeding
population of seabirds. rn fact, only during about two

months of the six-month study did the area have a

rel-atively high leve1 of bird activitlz. This occurred
during the post-breeding season for migrants, visitors
and resídents, alike. At this time, young in their
early stages of independence were learning to fend for
themsel-ves - There can be no less emphasis placed on

the importance of this stage in their l_ife cycle than
any other (e.9., the nestling period). Barkley Sound

provided a highllz conspícuous and abundant food supply
at this critical period. rt appeared that the multi-
species feeding flocks faciritated food-finding for manlz

newly fledged juveniles.

B. Adaptive significance of group foraoing
social foraging is generarly regarded as being a

response to a clumped and indefensible food supply. such

appeared to be the case in Barkley sound, in rglg. Many

mechanisms may have been invol-ved in flock formation and

feeding. Both auditory and visual mechanisms \^¡ere pro-
bably necessary to attract fl-ock members (see Frings et âf.,
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1955). ff feeding by l-ocally enhanced search (see

Evans, l-980) was the case, and. the model seems to f it,
then the increased searching power of the group pre_

sumably outweighed disadvantages arising from competition
or interference. The centrarly located terrestrial loaf-
ing sites facilitated aerial fl-ockers since they provided
a conrmon meeting place and a c]ear view of both rmperial
Eagle and Trevor Channels, and they apparentl), were free
of ground predators. Arrivals and departures at loafing
sites \^/ere clumped and directional; birds were actually
seen streaming from a loafing site directly to a feeding
f l-ock.

rn addition to the advantages relating to food find-
ing, there may have been benefits associated with the
different specíes' various adaptations for exproiting
the food source. The feeding activities of the divers
may have ai-ded in maintaining longer contact with the
prey and hence al-l-owed arr birds to feed for a greater
length of time (W. Hoffman, pers. comm.) . The con_

spicuous feeding methods of gutls probably permitted
divers to cue into more feeding frocks than they wour_d

have otherwise if they searched for prey concentrations
on their own.

The need for flexibility and versatirity in the
feeding habits of the seabird species in ord.er to take
advantage of a highry variabr-e food resource, must be
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emphasi-zed. The birds are highly opportunistic and

shouÌd adapt themserves in such a way as to make fur_]
use of the avai-l-abl-e resources.

c. The function. and significance of seabird murtispecÍesfeeding ftocks in Bãrk1e1z Sound, in IgTg
Behavior is a mechanism through which adaptations

to the environment are forged and maintained. The

investigation of this relationship and the survÍval value
accruing from it are usefur i¡ interpreting and expraíning
the many unique features of an organism's rife cycle.
The seabird multispecies feeding frocks were apparent,-y
the most effective means of exploi-ting the given food
resources in Barkley Sound, in tg7g. The timing of
flock-feeding and the post-breeding dispersar- of adult
and young-of-the-year migrant seabirds to the sound was

consistent- Barkley sound. was not a major nesting area;
rather, it was an important post-breeding staging area
for these migrants.

The del_ayed maturity in seabirds explains why
juvenile seabirds were apparentry ress successful foragers
both in locating and. catching prey. Juvenire gu1ls had
a greater flocking tendency, spent more time activery
feeding in flocks, spent l_ess time searching, and had
lower feeding success rates than did adul-ts. This
implied that the frocks provided inexperienced. young

with not only an abundant and accessible food supply,
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but also a dependable and conspicuous means of locating
the food. other foraging birds were easy to cue in to.
This period of initial independence is the time of
greatest mortality for fledged younq (Southern, 1980)

and juveniles benefited from the expertise and ski11
of the adults. Considering these concepts in an

evolutionary framework, we see a complex of behavioral
adaptations emerging to enhance survival- of these

inexperienced young at a criticar- period in their lives.
The following flow diagram il-lustrates how improved

post-fledging survival may be achieved and places the

role of the multispecies feeding frocks in the context
of the response of seabirds to their environment during
the post-breeding period (Figure 14) .



Figure l-4. The role of the sea-bird multispeciesfeeding fl_ocks in Barkley Sounã, in Ig7g.
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VfÏI. SUMMARY

A. This study described the chronology and dynamics

of seabird multispecies feeding flocks in Barkl_ey sound,

British Columbia from May to October, Ig79.

B. Replicate transects were conducted to determine
the chronol-ogy of flocking in the sound; behavioral
observations were made on seabird multispecies feeding
flocks, experiments were conducted and a time budget

analysis was carried out to describe the dynamics of the
multispecies f eeding f l-ocks; terrestrial_ loaf ing s j_tes

were characterized and the chronology of loafing was

determined; and the frequency and direction of movements

of individual-s at the loafing sites were described.

c. (1) The most and largest seabird multispecies
feeding f locks \,{ere in August and september. There rvas

a graduar inward movement of flocks over the season.

Feeding flocks on Deer Group, rnner and outer transects
did not differ in the number of species or the number of
individuals per feeding f1ock.

(2) There were five centres of flocking density:
Shell Beach, Folger-Leach, Cape Beale, Seapool Rocks,

and seabird Rocks. Locations were related to the overall
distribution of birds in the sound and the bathymetry of
the area.

l-07
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(3) california Gur-r-s, common Murres and Glaucous-
winged Gul-1s dominated the flock compositi_on in the Deer
Group and the rnner feeding fr-ocks; sooty shearwaters,
california Gull-s and common ¡{urres dominated the flock
composition in the Outer feeding flocks.

(4) california Gurts, common Murres and Graucous-
winged Gulls participated in the most Deer Group feed-
ing flocks; carifornia Gulrs, Glaucous-winged Gulls
and common Murres participated in the most rnner feeding
flocks; and sooty shearwaters and common Murres partici-
pated in the most Outer feeding flocks.

(5) Cal-ifornia Gul1s, Common Murres, Herring
Gul1s, and Glaucous-winged Gulls had the greatest ftocking
tendency. For california and Graucous-winged gurls,
juveniles had the greatest tendency to flock.

D. (1) Gults initiated all_ but three feeding
flocks seen being initiated. carifornia Gur]s initiated
67 .5e". fndividuals (particularly juveniles) vüere

attracted to a group of gu1I models on the water.
Juveniles left the feeding flock site last unr-ess

another flock had started nearby, in which case they
invariably joined.

(2) The feeding methods used b1z flock participants
showed versatil-ity. For california Gur-r-s, juvenites had
the highest flocking tendency, the highest number of
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feeding attempts and the l_owest feeding success

rates.

(3) Feeding frocks appeared to be random events
in space and time.

E. (l) Terrestrial 1oafing sites apparently
shifted l-ocati-on so as to be in the centre of food
patches.

(2) california Gufls were seen most often and

r^/ere represented by the greatest numbers at terrestrial
loafing sites. Adurts had the r-owest roafing tendency.

(3) Arrivar-s and departures at terrestrial loaf-
ing sites \dere clumped ancr directionar. Adurt gu11s

had a greater frequency of movement and departure
than subadul-ts or juveniles.

F. Barkley Sound appeared to be an important
post-breeding staging area for migrant seabirds.
The results demonstrated horn' improved post-fledging
survival was achi-eved for seabird multispecies feeding
fl-ock participants. This phenomenon was discussed in
terms of the birds' response to the apparently seasonarry
abundant and patchy food supply.
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Appendix A. Cal-cufation of expected random distributions of:
(1) feeding flock durations on 17 September lgjg,

5 minute
interval
cla ss

Observed
frequency

(oi )

Relative
expected
frequency

(n, )

Absol-ute
expected
frequency

(E¡- )

1
2
3
4
5
6
7
B

9
10
11
I2
13
I4

Total

l
I\

0.178

22

10
5
3
I
0
I
1
0
0
0
0
0
0
I

22

0. 578
0.244

I.000

72.7
5.4

?q

The mean duration of feeding flocks in units of 5 minutes
was calculated as:

I* = Ñ Ii(O.) = 38/22 = L.73

The val-ue of 0 was then:

1 - I/x = 0.422

The vafues of pi were then cal-culated according to theformula:

= pr(y = i) = ot-t(t e)

= 3.06, d.f. = I, p > 0.05.

pi

x2
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(2) inter-feeding flock time intervals on L7
L979 and

September

5 minute
interval-
cla ss

(i)

Observed
frequency

(oi)
Relative
expected
frequency

(nt)

Absofute
expected
freguency

(Ei )

4.6
3.6\
2.8 I
2.2 )
1.7\
r.3 I
1.1J
0.8 I
0.6 I
0.s I
}.8 J

2T

0.2l.9
0 " 171ì
0.1331
o.1o4J
0.0811
0.064(
o. osoJ
0.039\
o.03o/
0 .024\
o. oBsJ

1.000

7

jj
ij
it
1,l,

2I=

1
2
3
4
5
6
7
B

9
10

>11

0.408

0.19s

0.178

Total-

x = 4.57; 0 = 0.781; X'= 4.367, d.f. = 2, p > 0.05.

(3) inter-feeding fl-ock distances on 17 setpember rg7g.

8.6

4.I

3.1

500 m
interval
class
(i)

Observed
frequency

(oi )

Relative
expected
frequency

(nr)

Absolute
expected
frequency

(Ei )

6. 18

B.BB
4.94

I
f

20

0.309

0 .444
0.247

ì
l_.000

9
6
0ì3l
0f
2[

20=

I
2
3
4
5

ì6

Total

I = 2"25¡ 0 = 0.556; X2 = 0.454, d.f . = L, p > 0.5.
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Appendix B. Calculation of expected random distributions
for the freguency of:

(1) arrival-s at terrestrial loafing sites and

Frequency
class

(i) *
-1min

Observed
frequency

(or)

Relative
expected
freguency

(nt)

Àbsolute
expected
frequency

(Ei)

6
9
7
4
2
4
4

I
1
1
2
2
0
1

0
1
2
3
4

5
6
7
I
9

10
f1
l2
13
14
15
l6
T7
18
19
20
2I
22
23
24
25
26

304
t20

80
62
39
37
31
24
2I
11
11

0. 031
0. I06
0. 186
0.216
0.189
0.132
0.076
0. 038
0. 017
0. 006
0. 002

25.L
85.9

150.7
17s.0
153.1
106.9
61.6
30.8
13 .8

4.'1
1-6

I

1
I
I
I
I
1
1

810=n

0.001 0.8

31
33
35
40
47
79
82

Total 1. 000 810

*
No, of minutes with i observations.

The values of Pi were then calculated
formula:

-i -;Pi = x-'e -'
* Í!

I = 3.49¡ x2 >> 1oo, d.f. - ro, p <<

according to the

0.005.
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(2) departures at terrestrial loafing sites.

Freguency
c l-as s
(i)*

-l min

Observed
frequency

(oi)
Relative
expected
freouency

(n, )

À-bsolute
expected
frequency

(Ei)

0
I
2
3
4
5
6
7
I
9

10
11
I2
13
t4
15
16
77
18
19
20
2t
22
23
24
25
26
27
28
29

:o

32
34
38
42
47
50
62
68
80

110
r17
300
5'17

TotaI

65

310
140

79
68
39
36
I4
20

6
I6

6
11_

4

2
B

2
5
4

2
4
1
3
0
1
2
2
0
3
I
2

0.007
0.035
0. 086
0.143
0.t77
0.175
0.145
0.103
0.064
0.035
0. 017
0.008

1.000

0. 005

E'

28.3
69.7

11s. I
I43 .4
T4I.7
1I7.5
83.4
51.8
28.3
13.8
6.5

810

4.1

1
2
I
I
1
2
1
1
1
I
I
I
I

810 =N

No. of minutes with i observations.
î = 4.96¡ X2 >> lOO, d.f. = lÌ, p << 0.005.



125

Appendix c" common and scientific names and abbreviations
of species mentioned in the text, following
the A.O.U. checklist (I957) and supplements
l-97 3a ,b , I97 6) .

Common Loon Gavia jmmer (Brunnich) * COLO1

Arctic Loon Gavia arctica (Linnaeus) * - ARLO

Red-throated Loon Gavia stet-J-ata (pontoppidan) RTLO

Red-necked Grebe podiceps grisegena (Boddaert) * RNGR

Horned Grebe podjceps aurjtus (Linnaeus)* - HOGR

western Grebe Aechmophorus occidental-is (Lawrence) * - WEGR

Pink-footed shearwater puffinus creatopus coues* - pFsH

Sooty Shearwater puffinus griseus (Gmelin) * - SOSH

Manx shearwater puffinus puffinus (Brunnich) - MASH

Brown Pel-ican pel-ecanus occidental-is Linnaeus - BRPE

Northern Gannet Morus bassanus (Linnaeus) - NOGA

Doubled-crested cormoranL phal,acrocorax auritus (Lesson) *
DCCO

olivaceous cormorant phaLacrocorax oJ-ivaceus (Humboldt)
OLCO

Brandt I s cormorant- phaJ-acrocorax penicil-Latus (Brandt) *
- BRCO

Pelagic cormoranL phaLacrocorax pelagicus pall-as* pECo

Great Blue Heron Ardea herodias Linnaeus - GBHE

Little Blue Heron FJ-orida caerul_ea (Linnaeus) LBHE

Harrequin Duck Histrionicus histrionicus (Linnaeus)* HADU

White-winged Scoter Mel_anitta degland.i (Bonaparte)* - WWSC

surf scoter ÌreLanitta perspiciLJ-ata (Linnaeus) susc

Black Scoter rreLanitta nigra (Linnaeus) - BLSC
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Appendix C (continued)

Red-breasted Merganser Mergus serrator Linnaeus* - RBME

BaId EagIe Hal-iaeetus JeucocephaLjs (Lj_nnaeus)* BAEA

Osprey pandion haLiaetus (Linnaeus) OSPR

Bl-ack oystercatcher Haematopus bachmani Audubon - BLoy

Bl-ack Turnstone Arenaria mel-anocephala (vigors) - BLTU

wandering Tattler Heteroscel-us incanum (Gmelin) - WATA

I,üestern Sandpiper Ereunetus mauri Cabanis - WESA

Northern Phalarope Lobipes l_obatus (Linnaeus) * - NOPH

Glaucous-winged Gull Larus glaucescens l,laumann* GwGu

Western Gul1 Larus occidenta_Zis Audubon* - WEGU

Herring GulI Larus argentatus pontoppj_dan* HERG

cal-ifornia Gull- Latus ca l-if ornicus Lawrence* - CAGU

Ring-billed Gu1l Larus del-awarensis Ord* RBGU

Mew Gull- Larus canus Linnaeus* - MEGU

Laughing GulI Larus atricil_ l_a Linnaeus LAGU

Bonaparters Gull Larus phiJadelphia (Ord)* - BOGU

Heermann's Gul1 Larus heermanni Cassin* HEEG

Black-l-egged Kittiwake Rjssa tridactgJa (Linnaeus) *
BLKI

Sabine's Gu]l xema sabini (Sabine) * - SAGU

Common Tern ^gterna hirundo Linnaeus - COTE

Arctic Tern Sterna paradisaea pontoppidan* - ARTE

Royal Tern Sterna maxjmus (Boddaert) ROTE

Sandwich Tern Sterna sandvicensjs (Latham) SATE

Common Murre Uria aalge pontoppidan* COMU
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Appendix C (continued)

Pigeon Guil-l-emot C epphus col_umba pal_l-as* - pIGU

Marbl-ed Murrel-et Brachgramphus marmoratus (Gmelin) * - MÃMU

Cassin I s AukleL ptgchoramphus aJ-eut jcus (pal_Ias) * CAAU

Rhinoceros Auklet Cerorhjnca monocerata (pa11as) * RHAU

Tufted Puffin Lunda cjrrhata (pal-1as) * TUpU

Brewerrs Blackbird Euphagus cganocephalus (hiaqler) BRBB

1¿- r rllÐ.Orevl_at l_on .

*
species observed in multispecies feeding flocks during
the study period.
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Appendix D. Monthly summaries of the speci_es composition
on the Deer Group Transects.

Five of the 35 species on the Deer Group Transects

had a frequency of greater than 0.05 birds per km over

the six month period of the study (Appendices E and F) .

They were also present in the multispeci-es feeding ffocks.
Pelagic cormorants, Glaucous-winged Gulls and Marbled

Murrelets, all- resident, were present throughout the

studlz period. Most abundant were california Gul-ls and

common Murres which \^/ere visitors. The latter two species

l,üere observed primarily in August and September.

ïn May, adult Glaucous-winged Gulls were the most

numerous birds in the study area (Appendices E and G).

Pelagic cormorants and Marbred Murrelets ranked second.

and third, respectively. Of the 35 species observed

between May and October, only L4 species, many of them

resident or wintering, \,vere recorded in May. This was

the lowest number of species sighted in all months.

Marbled Murrelets were the most abundant species

in June, followed by Gl-aucous-winged Gul1s and pelagic

cormorants" subadult california Gulls appeared in June,

but represented <1% of the total birds observed. There

\^/ere 2r species recorded and only 4.60 birds seen per

transect (Appendix E).
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In July, the proportions of California GuIls
increased (Appendix c) with the arrival of adult and

juvenile birds following their breeding, possibly in
Alberta and saskatchewan coronies (see wesel_oh, r975;
Houston, I977; Southern, 1980). Glaucous-winged Gufl
and Pelagic cormorant numbers dropped at that tíme,
corresponding to their early nesting periods.

rn August, the numbers of californi-a Gurls increased.

dramaticalJ-y with peak numbers mid-month. rn early
August, juvenile Common l4urres accompanj_ed, by a

presumed parent, arrived in the study area (Appendix F).
Young became independent, adults completed their pre-
basic molt and plumages became indistinguishable about

three weeks later. Juvenile Gl-aucous-\.{/inged Gulls appeared

in late August (Appendix F) , but the proportion of
Glaucous-winged Gul-1s remained low (Appendix G). Twenty-

one species \,vere sighted and 34.51 birds per km. cali-
fornia Gulls and common Murres still comprised. more than

652 of the total birds seen.

september \^/as the month of heaviest use in Barkley
sound. over 93 birds per km were sighted and 28 species

lrere recorded. Gul1s comprised over 7oz of these

individuals. The proportion of cal-ifornia Gulls dropped

in this month, but absol-ute numbers lvere probabry higher
than recorded due to the greater number of unidentified
gul1s. The proportions and numbers of Gl-aucous-winged
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Gul1s increased, coïresponding to the fledging of
theír young and possibly to their initía1 post-breeding
dispersal" common lrlurres increased appreciably and

comprised nearly 25s" of the birds seen.

Many changes occurred in October in the study

area due mainly to the departure of many murres and

california Gul1s. Baltz and Morejohn (r977) reported
that california Gu]ls generally began to arrive ín
Monterey Bay, california about that time. southern
(1980) also documented this southward. movement. The

proportions of cormorants and Glaucous-winged Gurrs

increased, making the relative contributions of
cormorants, arcids and gu11s similar to those in May,

although absolute numbers were higher. By r7 october,
adul-t Glaucous-winged Gulrs outnumbered juveniles
(Appendix F). Banding records indicated that juveniles

tend to disperse farther (Butler et af ., r9B0) . Ir[igrants

were few and mostly resident and (or) wintering species

were present" The total number of species dropped to
24 species and there were 25.j6 birds recorded per km.
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Appendix E. Species composition of the Deer croup Transects.

I!ipecres Birds per km per month Total
May Jun Ju1 Àug sep Oct

col,o
ÀRLO
RTLO
RNGR
HOGR
I{EGR
sosH
DCCO
BRCO
PECO
cor. spp.2
GBHE
HÀDU
wwsc
SUSC
BLSC
BÀEA
OSPR
BLOY
BLTU
}JÀTA
T{ESÀ
NOPH
GWGU
WEGU
HERG
CÀGU
RBGU
MEGU
BOGU
fTEEG
cull spp.3
COMU
PTGU
MAMU
cÀÀu
RHÀU

Total

No. km

0. 05
0. 17
0
0
0
0
0
0
0.23
2 .00
2 .30
0
0
0. 02
0
0
0.22
0
0. 12
0
0. 04
0
0
2.29
0
0.02
0
0
0
0
0
2.32
0. 01
0.4s
1. 41
0
0. 03

7.12

L27.6

0
0. 01
0.27
0.73
1. 06
0. 01
0.01
*
0
0
0.36
0. 01
0.t2
0
0
0
0
o.94
0
0. 01
0. 04
0
0
0. 01
0
1. 31
0. 01
0. r_9
1.45
0
0.02

4 .60

242.2

0. 06
0.30
0.43
0
*
0
0
0
0.16
0
0. 10
0
0
0.02
0. 07
0 .44
0
0. 01
0.85
0. 01
0. 04
0
0. 01
2.81
0.02
0.29
0. 58
0
*

4.52

2L6.8

*
0
0
0
0
*
*
0
0. 06
0. 18
0.27
0.02
0. 01
0. 01
0. 03
0
0.11
0
0. 08
0
0
0
0.02
0.54
0
o.20
19.93
0
0.03
0.04
0

29.31
3.65
0.19
0.72
0
0. 08

34.51

255.2

*
o.44
0
,*

0
0
0
o .02
0. 30
2.86
3.41
0. 04
0.28
0
0. 54
*
0.03
0
0.19
0.13
0. 01
*
0.02
6.54
0. 01
0.1I
16.33
0
0.01
o .02
o.L2

66.80
20.70
0.05
0.43
0. 02
0.13

93.24

255.2

0
0.06
0
0. 0l
0.07
0. 05
0
0.51
0.31
8.62

10.50
o.02
0.39
0.18
0.28
0
0.04
0
0.16
0.09
0
0
0
6 .02
0
0. 05
0.41
0
0.13
0. 01
0.91

10.71
3.02
0.11
0.06
0.01
0

25.7 6

191.4

0.01
0.12

0.01
0.01
*
0.08
0.20
2.27
2.79
0 .02
0.12
0. 03
0.15
*
0.15
*
0.13
0. 04
0. 01
*
0 .02
2.78
*
0. 08
7 .40
*
0.03
o .02
0.16

21.58
5.28
0.19
0.75
0.01
0.05

3r.47

1288.0

f

0.01
0
0
0
0
0
*

*
0. 02
*
0
0
*

1_-Corunon and scientific names given in Appendix C.
)-cor. spp. includes all the birds in the previous three rows, plus some unidentified
cormorants, assumed to be one of those species.

t""11 spp. includes all the birds in the previous eight rows, plus some unidentifiedguIls, assumed to be one of those species.
*Present, but less than 0.005 birds per km.
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Abundance of five species on the Deer GroupTransects. Age cl_asses plotted in species
where these cátegories rär. recognizãc1.
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Relative abundance of species or speciesgroups on the Deer Group Transects. Numbersin parentheses are the numbers of birds per
km each month. Comrnon and scientific species
names are given in Appendix C.

og o/o

o1h6r 19%
Sep(93.24) Ocî(25.76)

3.7 96

C¡rntoronls 323%Alclda ?6.77o

COMU O.lêls

Gulls 92.6 96

GWGU 3¿.2 %

Alcld¡ 36.3 o/o

coMU 02 %
Cormo'ronl6

6slle 28.5 7o

GWGU 20.4 %
caGU o.9 0/c

Aus(34.51

6ullE 84.97"

GWGU 1.6 7o

oAGU 5U8 0/o

Âlcid¡ 19.7 7"

COMU O4 o/o

Gulls 6?-? ø/"

GWGU 9.7 %

CåGU l8A%

Alcld¡ 22.8 7o

@tau ?22 %

6ulb ?1.6 %

8WU rO %

cÂou f?.5%

Cor¡rqmts ¿[0.8 %

æHU il.? 96

Gulls 41.6 7o

6WGU as.¿t 96

cÂq, 1.6 %
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Appendix H" Average body weights of individuals of
each species in multiFpecies feeding
flocks on the regula# transects.

Species Body Source

Arctic Loon
tr{estern Grebe
Pink-footed Shearwater
Sooty Shearwater
Brandtrs Cormorant
Pelagic Cormorant
Northern Phalarope
Gl-aucous-winged Gull_
Herring Gull-
California Gull
Bonaparte I s Gull_
Heermann' s Gull-
Gull- spp. 3

Common Murre
Pigeon Guil-lemot
Marbled Murrelet
Cassin's Auklet
Rhinoceros Auklet

Pa1mer, 1962
Pal-mer , l-962
Palmer, l-962

Palmer, 1962
Palmer, 1962
u.M.2.M.2
U.M. Z.M.
Belopol'skii , 1959
U.M. Z .M.
u.¡1. z .M.
U.M. Z.M.

Bédard, l-969
Drent, 1965
Sea1y, l-975b
Manuwal , I97 4
Vermeer and Cullen,

I97 9

2500.0
l.47 4 .0
781 .0

2426 .0
1868.0

34 .4
1373.5
1134. 9

719. B

L7I .7
4I9.2
850.0
982.L
450.0
?t o o

171.3
519. B

lD."t Group pJ-us rnner plus outer.
2urri-r.r=ity of Manitoba zoology lquseum.
.>

'Gul-l spp. includes all of the birds
rows, plus some unidentified gulls,
those species.

in the previous five
assumed to be one of
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