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SUMMARY OF OBJECTIVES, CONCLUSIONS, AND IMPLICATIONS WITH
RESPECT. TC CCS GAS AND OIL DEVELGPMENT:

This final report of Research Unit #96 is addressed to the
following tasks:

TASK A-4 -- Summarize and evaluate existing literature and
unpublished data on the distribution, abundance, behavior,
and food dependencies of marine birds.

TASK A-5 -~ Determine the seasonal density, distribution,
critical habitats, migratory routes, and breeding locales
for the principal marine bird species in the study area.
Identify critical species particularly in regard to possible
effects of 01l and gas development.

TASK A-6 -- Describe dynamics and trophic relationships of
selected species at offshore and coastal study sites.

TASK A-28 -- Determine by field and laboratory studies the
incidence cf diseases presently existing in fish, shellfish,
birds, and mammals for use in evaluating future impacts

of petroleum-related activity.

This report provides information on the evolution, breeding
ecology,disease aspects, and effects of petroleum exposure

on the breeding ecology of the Gulf of Alaska Herring Gull
group (Larus argentatus x Larus glaucescens), with supporting
information on the effects of petroleum exposure on the
reproductive productivity of Black-legged Kittiwakes (Rissa
tridactyla).

There are six known large gull colonies along the northeast

Gulf of Alaska between Cordova and Juneau in an area potentially
impacted by the development of oil resources. These colonies
are located at Egg Island, Copper Sands, Strawberry Reef, Haenke
Istand, Dry Bay, and North Marble Island. There is lTittle
information known about these colcnies prior to this investigation.
One of the goals of this study has been to assess the reproductive
health of these gqull populations. Reprcductive indices are now
~available fcr three of these colonies over a multi-year time

span. Additional information of comparative value is available

for an interior Herring Gull coliony near Glenallen.

This information indicates coastal gqull populations have the
potential for rapid increase with access to human garbage,
sewage and refuse asscciated with increased 01l sonerations,

but their colonies are sensitive to disturbance during the
hreeding season. Gulls are asscciated with canneries, fish-
processing houses, garbage dumps, sewer outfalls, and wmunicipal
water supplies along the coast of Alaska, and are clearly
implicated with the spread of human disease in Alaska.




Large gulls are an excellent example of vertebrate "weedy"
species, adapted to man-disturbed environments and to utilize
artifical food. Future development in coastal Alaska, particularly
in fisheries and petrochemical industries, will increase genetic
contact between Larus populations and assist in the survival

of hybrid forms in disturbed environments. The gene flow between
Targe white-headed gull populations will be increased in future
years as a secondary consequence of human activities, and may

lead to a new adaptive peak in these commensal forms, with
consequences for municipal health and sanitation.

Gulls are opportunistic,'efficient predators on other seabird
species, and increased gull populations potentially threaten
the population stability of other Alaskan seabird species.

Very small amounts (20 microliters) of North Slope Crude 011
exposure to gull eggs in the field, at early stages of incubation,
lead to high embryonic martality. Embryonic resistance to
petroleum exposure increases with the duration of incubation.

Gull behavior is altered by continued incubation of eggs killed
by petroleum exposure. Adult gulils fail to respond with the
normal production of replacement clutches, which usually follow
clutch loss to natural causes. The combination of high egg
mortality and alteration of adult behavior virtually elminates
gull reproduction in experimental areas

Weathered as well as "raw" North Slope Crude 0il significantly
cepress gull egg hatchability, but Black-legged Kittiwakes

are apparently more resistant than gulls to the effects of

oil exposure on egg surfaces. »

Thus, while 0il1 spills have a potentially depressing effect
on gull reproduction, the net result of increased human
“development in coastal Alaska will be expanding pecpulations
of large gulls, with distinctly negative implications.
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(Part 1)

ABSTRACT

Two large white-headed gulls, Larus argentatus and L. glaucescens,

exist in a zone of overlap and hybridization along the southern Alaskan
coastline. Mixed pairs, parental phenotypes, and intermediates are
found within single colonies. The gulls inhabit geclogically dynamic

environments, ranging from recently deglaciated fjords, to earthquake-

influenced sandbar barrier islands, to river deltas. Nesting habitat

selection is flexible, and includes flat gravel bars, sloping grassy
hillsides, and nearly vertical cliff faces. Onset of breeding is
flexible within an individual colony. A mixed colony at the south of
the Alsek River, which connects West Coast marine with boreal interior
environments, exhibits most flexibility in timing of breeding.

Analysis of adult morphology and pairing indicates individuals of
mixed genetic background survive to breed. The complete range of |
variability in primary feather pigmentation is expressed by the off-
spring of hybrid x glaucescens backcrosses. Mating patterns, however,
are assortative, and include individuals of intermediate phenotypé
selecting mates of similar phenotypes (Chi-square = 102.64, 36 d.f.,

p < ;00001), although exceptions do occur.

Adult gulls are not significantly different in morphological
dimensions from population to population with the fo]Towing exception:
males from two Copper River Delta colonies are significantly different
(p < .01) from all other colonies in bill dapth at postarior nares.

"Pure" types of argentatus and glaucescens do not differ significantly

. , . © o wWin . . . e .
in any dimension except 1eggth, which is significantly greater in:

argentatus (p < .01). This may relate to the']onger migration pattern

11




of argentatus, which breeds on boreal lakes and rivers and winters
offshore from the Gulf of Alaska to southern California.

Mean wing hybrid indices become progressively darker along a
northwest to southeast axis within the study area between Prince
William Sound and Glacier Bay. Individual gulls within the study
area are highly variable in primary feather pigmentation. The complete
range of primary feather pigmentation is found within the coiony at
- the mouth of the Alsek River at Dry Bay. As a general trend, mean
wing hybrid indices increase in value'from coastal populations most
1ike glaucescens through intermediate populations in fjords and bays
to an interior population of argentatus on a freshwater lake. Indi-
vidual gulls in the Cordova City area show a slightly larger range of'
body measurements, primaries lighter than the mantle, and light
irides, suggesting hvperboreus genes are present in the summer non-
breeding Larus population.

There is an uninterrupted continuum of the categoriés of iris
color within the study area, from populations most like glaucescens
(dark brown irides) to populations clearly identifiable as phenotypic
argentatus (bright yellow ifides), with intermediate populations that
have irides of light brown to 11§ht yellow. Neighboring colonies on the
Copper River Delta sandbar barrier islands have strikingly similar
distributions of iris hues. The mixed colonies of North Marble Island
and Dry Bay share similar, although not identical distributions of
iris hues and values. ore kinds of iris color were found in the mixed

colony at Dry Bay than in any other group examined.

12




fris color is highly linked with primary feéther pigmentation
in gull populations in southern Alaska (Chi-square = 81.4, 36 d.f.,

p < .001). Light-eyed gulls tend to have dark primaries, dark-eyed
gulls tend to have 1light primaries, and gulls with intermediate amounts
of melanin in the primaries have irides of intermediate shades.

Gulls in southern Alaskan populations have.orbital rings ranging
from dark pink to bright ye11ow, with six intermediate hues connecting
- the extremes with increasing amounts of yellow pigment. Each pdpu]af
tion examined had a different composife orbital ring uniike those of
other populations (Chi-square = 151.02, 77 d.f., p < .001). Some
orbital rings in individual gulls were uniformiy pigmented, whf]e
others were composed of as many as three hues. The mixed colony at
Dry Bay had the greatest distribution of unifofm]y pfgmented orbital
rings as well as the most even distribution of orbital riﬁgs with
combination hues.

The composite hybrid index, which unifies characters of primary
feather pigmehtation, orbital ring and iris co1or, indicates that
gull populations show increasing argentatus influence along an
axis extending from Prince William Sound southeast towards Glacier
Bay. The major source of argentatus genes along the North Gu]F}
Coast of Alaska is the mixéd colony at Dry Bay, which serves as a
partial bridge between coastal and interior populations. Gene flow
s more in the direction of argentatus into glaucesscens populations.

Clutch size of ”pure“ versus mixed pairs is not statistically

aifferent (2.89 - 2.93; p < .05), although there are significant

differences in clutch size between glaucescens populations along




the southern Alaskan coastline (2.05 - 2.93; p < .01). Comparative
hatching success is highest (93%) in a mixed colony due to low rates
of egg inviability and low rates of egg predation. Hybrid, FZ’ and
aparent backcross zygotes are not reduced in viability and demonstrate
slightly enhanced fledging success (1.47 vs. 1.40 chicks per nest).
The summary comparison of the mean clutch size and the mean
number of fledglings produced per nest provides the clearest picture
- of reproductive success in Larus colonies in southern Alaska. The
colonies where interbreeding is occurfng have a higher mean clutch
size (2.9 versus 2.7 - 2.5) and net productivity (1.44 tb 1.77) than
colonies of either glaucescens (1.08) or argentatus (0.95) phenotypes.
Although clutch size and fledging success of mixed versus "pure" pairs
within the individual colony at Dry Bay are not statistically different
(p < .05), the hybrid pairs are reproducing slightly better than the
glaucescens phenotypes (1.47 vs. 1.40). In addition, southern Alaskan
colonies with mixed populations are reproducing considerably more off-

spring per pair than colonies of either argentatus or glaucescens

parental types.

L. argentatus and glaucescens are proposed as semispecies, since
parental phenotypes as well as mixed’pairs and intermediates are found
within single colonies, and assortative mating is occurring even though
hybrids are viable. The Pacific Coast argentatus complex, including

hyperbareus, glaucescens and occidentalis is not usually included with

tne rest oi tne circumpolar Formenkreis, but recent information indicatas
that a chain of interbreeding groups extends up and down the Pacific

Coast of North America and that members of this group are members




of the Holarctic Herring Gull Formenkreis. The Glaucous-winged Gull
is apparently the 'key' species in the Pacific Coast gull complex
because it interbreeds with every other large white-headed gull with

which it comes into contact.
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DEFINITIONS

allele
An alternative form of a gene at the same locus on the chromosome.

allopatric '
Populations distributed in different dimensions of space, occupying
mutually exclusive but usually adjacent geographical areas.

allopatric speciation
The separation of a population into two or more evolutionary units
as a result of reproductive jsolation caused by geographical separa-
tion of two subpopulations.

-allozyme
A protein with an amino acid substitution but a s1m11ar enzymatic
function to another such protein.

Artenkreis _
A group of closely related species distributed as a partially
overlapping mosaic within a given geographic zone. A zoogeographic
species.

assortative mating pattern _
The choice of individuals of similar phenotype as mating partners.

backcross
An individual of the F, or subsequent generations mating to an
individual of the parelta] type.

chick
A young bird from time of hatching until full-grown and flying:
technically a 'pullus'.

chroma
The degree of departure of a given hue from a neutral grey of the
same value. Chroma scales depend upon the strength (saturation)
of the sample evaluated.

circular overlap
The phenomenon in which a chain of contiguous and interbreeding
populations curves back until the terminal links overlap with
each other and behave as a good species, that 15, non-interbreeding.
As exemplified by a 'ring' species.

cline
A geograpnic gradient ia a aeasurable charactar, or gradient in
gene, genotype, or phenotype frequency.




coadapted gene complex ‘
A group of genes in a population, adapted to a particular envi-
ronment, which interact together, and enhance survival and
reproduction in that environment.

conjunction -
A connection of two or more subspecies, incipient species, or
species to each ather along narrow bands or separation by steep
clines.

dispersal
The roughly random and nondirectional small-scale movements made
by individuals rather than groups, continuously, rather than
periodically, as a result of their daily activities.

distal |
That portion of a 1imb or body member or appendage most distant
from the main portion of the body.

ecotone
A habitat created by the juxtaposition of distinctly different
habitats; an edge habitat; the area of transition between different
habitats; an area of overlap in environments of different types.

ethological
Behavioral, particularly with reference to species-specific behavior
elements, the phenotype of which is largely determined genetically.

F
] The first offspring generation of a cross.

F2 _
The second offspring generation of a cross.

F-ratio
The statistic appropriate to the analysis of variance.

fitness
The ability of an organism to survive and reproduce; the survival
value and reproductive capacity of a given genotype relative to
other genotypes in a population.

fledging

The term usually applied to the acguisition by a young bird of its
first true feathers; when the process is complete the bird is
'fledged' and may for a short time be described as a 'fledgling.’

Formehkreis :
Kleinschmidt's (1900) term for an aggregate of geographically
representative (allopatric) species and subspecies.




founder principle
The principle that the founders of a new colony contain only a
small fraction of the total genetic variation of the parental
population. The differences are enhanced by different evolutionary
pressures in the areas occupied by the two populations, acting in
different population genetic environments; the result is increased
divergence.

gene flow
The exchange of genetic factors between populations; the movement
of genetic information between and among populations.

genotype
The totality of genetic factors that make up the genetic constitu-
tion of an individual; as contrasted to phenotype.

geographic isolation
The separation by geographical barriers of a population from the
main body of the species.

hue
The notation of a color in the Munsell system which indicates its
relation to a visually equally-spaced scale of 100 hues. The hue
notation in this study is based upon three color-names: Red.
Yellow-Red, and Yellow.

hybrid

The offspring of a cross of individuals belonging to two unlike
natural populations; those differing in alleles at one or more
loci. :

hybrid index :

A method for analyzing variation in dissimilar yet interbreeding.

- populations of plants and animals, using numerical scores for the
characters which differ between the two populations.

hybrid zone
Narrow belts (clines) with greatly increased variability in
fitness and morphology compared to that expected from random
mixing, separating distinct groups of relatively uniform sets
of populations.

incubation period
The time between the onset of incubaticn of an egg and the
date of hatching.

intergradation
Character gradients between groups of popu]atwons Often refars
to two or more clines for different characters in the same organism,
and going in the same geographic direction.




intergrade
An individual which is the product of a cross between different
parental types and which displays characters intermediate between
those of the parental types.

introgression
The incorporation of genes of one species into the gene pool of
another.

iris
The pigmented main portion of the eye, beneath the orbital ring
(eyelid) and surrounding the pupil.

~isolating mechanism
A ‘property or properties of individuals that prevent successful
interbreeding with individuals belonging to different populations.

Long Call
A series of loud calls given by a qull, associated with a series
of postures, combining vocally elements of both sexual display
and aggressive defense of territory.

mantle _ a
The back, scapulars, and wing covers of a gull, together presenting
an area of distinctive color which extends from the primaries
across the rest of the wings and the back.

melanin
A protein forming dark pigments, resulting from the interaction

of the enzymes tyrosin and tyrosinase.

migration
The relatively long-distance movements made by large numbers of
individuals in approximately the same direction at approximately
the same time, and usually followed by a return 'migration.’
Compare with gene flow and dispersal.

monotypic
Having only one subspecies or form.

niche -
The constellation of environmental factors into which a species
(or taxon) fits; the outward projection of the requirements of
an organism; its specific way of utilizing its environment. In
other words, what the organism does, instead of where it lives
(the habitaz).

orbital ring
The fleshy portion of the eyelid of a gqull visible when the
eye is completely open, which forms a circle around the opened
eye, and which is varicusly colored.




parapatric
Two or more subspecies, incipient species, or species which are
_1n contact over a very narrow zone.

phenotype
The totality of characteristics of an individual (the appearance)
which results from the interaction of genotype and environment.

philopatry
The tendency, or drive of an individual to return to its home area,
especially for breeding. In German, Ortstreue (true to district).

polytypic
Having more than one subspecies or form.

population
Used here in a general sense, any group of organisms of a single
species.

primary(ies)
The main flight feathers of a bird, on the distal end of the
wing. Usually ten in number, and borne on the manus (carpometa-
carpus and distal phalanges).

range
The geographic distribution of a species.

Rassenkrais

A group of subspecies connected by clines. Some of its subspecies
may be sexually or genetically isolated from each other.

remige ~ .
The main flight feathers of a bird (see ‘primaries' abave).

secondary contact
The rejunction of partially diverged populations derived from a
common ancestor.,

secondary intergradation
Intergradation between two geographic forms that at one time
diverged in isolation. '

selection pressure
The environmental resistance leading to differential survival
and reproduction of genotypes.

Sewall Wright Effect
- The tendency in small isolated populations for greater random
variations to beccme fixed through random drift. The effective-
ness of weak selection is low in small populations, which may thus
exhibit unusual characteristics.
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species group
A group of closely related species, usually with partially over-
lapping ranges (see 'Artenkreis' above).

stepped cline
A cline with a very rapid change in gene frequency separating
two regions with a relatively small change of gene frequency
with distance.

subspecies
An aggregate of local populations of a species, inhabiting a
geographical subdivision of the range of the species, and
differing taxonomically from other populations of the species.

. substrate

The geological formation, usually with vegetation superimposed,
upon which a gull colony rests (e.g., sand dunes, rock cliff
face, gravel bars, etc.).

subterminal _
As applied to gulls, that portion of the main flight feathers
(the primaries) prior to the tips.

sympatry ,
The occurrence of two or more populations in the same area; the
existence of a population in breeding condition within the range
of another population. As opposed to allopatry.

synchrony
The tendency of a population of colonial birds to reproduce within
a short period of time of each other. It is an adaptive anti-
predator strategy.

territory \
An area defended by an animal against other members of the same
species, and occasionally against members of other species.

Throwback ’
That component of the "lLong Call" in certain gulls (e.qg.,
argentatus), in which the head is moved rapidly up and to the
rear through an arc extending over the back, from a low, nearly
horizontal position.

value (Munsell) , :
The notation of a color indicating the degree of lightness or
darkness in relation to a neutral grey scale, extendina frecm
absoluta black to absoiute white.

zygote
A fertilized egg; the cell (individual) that results from the
fertilization of an egg cell; a diploid cell formed by the union
of maie and female gametes.
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CHAPTER 1: INTRODUCTION

The evolution and systematics of the Herring Gull group (Larus
argentatus’and relatives) are complex. A circle of interbreeding races
(Formenkreis) extends around the Northern Hemisphere (Stresemann and
Timofeeff, 1947). Where the presumed terminal populations on the circle
overlap in Western Europe, extreme varient races (L. argentatus and L.

- fuscus) may act as good species (Paludan, 1957; Goethé, 1955). The
critical linking populations occur in areas difficult to visit (e.g.,

Canadian arctic, east-central Siberia, sub-arctic Alaska), and funda-

mental questions remain concerning the distribution, intergradation, or
isolation among these circumpolar popu1atioﬁs. This .section of the report
concerns the evolutionary dynamics of the western North American

portion of the circumpolar Larus complex, more specifically with the

large white-headed gulls of the Pacific Northwest, L. hyperboreus,

L. glaucescens, L. argentatus, and L. occidentalis.

Spatial isolation, genetic divergence, and subsequent rejunction of
populations that may or may not have attained reproductive isolation
is regarded as classical speciation theory (Sibley, 1961; Mayr, 1963;
Short, 1969). Concurrent with the development of genetic divergence
is the evolution of attributes which may, if fully formed, reduce the
potential for interbreeding. These attributes haQe been termed repro-
ductive isolating mechanisms (Dobzhansky, 1937, 1951).

One of the major examples used by Mayr (1$63) to support the
importance of spatial isolation and the evolution of isolating mechan-

jsms in the speciatioh process is that of the large white-headed qulls
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(Larus) of the Northern Hemisphere. The data on gulls have.been inter-
preted as providing a good example of a dynamic evolutionary system in
which gulls may act as distinct species in one région while hybridizing
extensive]y.in another (Ingolfsson, 1970). Zones of hybridization can
be observed in a breakdown of interspecific isolation in such factors
as nest site selection, timing of breeding, and mohpho]ogica] or
behavioral characters concerned with or influencing mate selection
(Smith, 1966b).

The Larinae (guils) as a graup may have evolved in the North
Atlantic or North Pacific regions. Gulls cﬁrrent]y have a world-wide
distribution of 42 species (Fisher and Lockley, 1954), with 16 species
| of gulls now found in the North Pacific (Vermeer, 1970). At least 6
species of North Pacific gulls overlap in narrow zones of sympatry
along the North Pacific rim (Williamson, 1966) but the question of
reproductive isolation in western North American gull populations
remains only partially explored. Smith (1966b) focused his study on
gull evalution in the eastern Canadian arctic, where he found four
sympatric species reproductively isolated by pre-mating mechanisms.
Evidence has accumulated since his study suggesting that pre-mating
isolating mechanisms are incompletely formed or have broken down in
the western North American larqge whita-headed gull populations.

In search of answers to questions of reproductive isolation among
these gulls, I' have studied gull morphology and breeding biology in
Alaska for seven field seasons (1971-1977). Results of this study
relate the Alaskan situation to the larger evolutionary history of

northern gulls and the connection to the circumpolar Formenkreis.
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With the advent of continental ice masses during the Pleistocene,
large white-headed gull stock broke up into geographically isolated
populations in refugia in Europe, Asia, and North America (Rand, 1947;
Macpherson, 1961). Some of these geographically isolated populations,

for instance Larus marinus, a large dark-backed predatory species, and

L. argentatus, a medium?sized grey-backed scavenger, evolved complete
pre-mating isalating mechanisms in species recognition, timing of

" breeding, and nesting habitat selection. Hybrids between marinus and
argentatus are rare except in artificial situations (Grey, 1953; Jenhl,
1960; Andrle, 1972). A classic example of populations formerly in
geographic isolation is the secondary contact between L. fuscus and L.
argentatus, which are now sympatric in Europe at the terminal ends of
the circumpolar Formenkrais. These gulls have evolved partial isolating
mechaniéms; however, these mechanisms were insufficient fo prevent
occasional hybridization after the post-glacial range expansion of
argentatus to Europe from North America. The contact between

hyperbqreus and argentatus in Iceland since 1925 is an example of

lack of pre-mating isolating mechanisms. Prior to 1925, hyperboreus

was the on1y‘1arge white-headed gull breeding in Iceland, but a hybrid

. swarm with argentatﬁs has been formed as argentatus populations colonize
Icaland from Britain (Ingolfsson, 1970).

Past workers on northern gulls (e.q., Smith, 1966b; Ingolfsson,
1970) did not directly attempt to relate their results to the concept of
the Formenkreis as developed by Stresemann and Timofeeff (1947). Recent
studies of gulls in western North America (Strang, 1977; Hoffman et al.,
1978) have not linked the Pacific Coast Larus populations to the circum-

polar chain of interbreeding races. [ hava developed the hypothesis
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during the course of my studies on Pacific Coast gulls which states,

in brief, that gull populations other than argentatus (already known

§o be an important link) are part of the argentatus-fuscus Formenkreis.
There is good evidence that a chain of interbreeding groups extends,
down the Pacific Coast and that members of this chain are part of the
circumpolar Herring Gull Formenkreis (Fig. 1).

The Pacific Coast'argentatus complex has not been previously
included with the rest of the circumpolar chain of interbreeding races
due td the lack of sufficient know]edée of Larus populations in the
area. ReCehﬁ investigations, however, have partially clarified the
situation. Sirang (1977) found a high proportion of intermediates on
the Yukon-Kuskokwim Delta, indicating gene flow between hyperboreus and
glaucescens in western Alaska. Williamson and Peyton (1963) and Patten
and Weisbrod (1974) found intermediates and mixed pairs between
argentatus and glaucescens in southern Alaska. Scott (1971) and Hoffman

et al. (1978) have examined mixed pairs, intermediate adults, and mating

behavior between glaucescens and occidentalis in western Washington.

I focused my investigation most intensively on two members of the
genus Larus in the Pacific Northwest and the results of this study form
the substance of my dissertation. The Glaucous-winged Gull (L.
glaucescens) which breeds along the coast from Washington state to the
Aleutians, is quite closely re]afed to the Herring Gull (L. argentatus),
a common, widely distributed species.  Herring Gulls make up a low
proportion of the breeding gulls in the northeast Gulf of Alaska, but
occur more frequently in migration, in winter, and offshore. The

Herring Gull subspecies smithsonianus breeds on boreal lakes in interior

Alaska, British Columbia, and the Yukon, while glaucescens is confined
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to coastal areas. L. glaucescens resembles L. a. smithsonianus in

plumage characters, except that the black pigment on the distal ends of

the primaries in smithsonianus is replaced in glaucescens by a light

grey matching the rest of the mantle. The iris of glaucescens is dark

brown while that of argentatus is yellow. These two forms are consid-

ered séparate species in the A.0.U. Checklist of North American Birds
(1957) but the existence and extent of hybridization between the two

" were unknown in 1957 and thus their taxonomic and ecological relation-
ships were unclear. In some areas hybrids are common, notably where
rivers such as the Susitna and Alsek break through the high range of
mountains separating the south coastlof‘A1aska with the interior

(Fig. 1). |

My previous studies of breeding biology of glaucescens and
argentatus indicated the possibility of tracing gqull eggs and chicks
of known hybrid or apparent backcross ahcestry through the breeding
season to the fledging stage (Patten, 1974; Patten and Patten, 1975,
1976, 1977, 1978). 1In the current studies, I have examined a]lopatric
and sympatric populations of argentatus and glaucescens in southern
Alaska in search of answers to several sets of questions. The first
series of questions concerns aspects of breeding biology:

(1) Are there pre-mating or pre-zygotic mechanisms preventing
the formation of hybrid zygotes through differences in nesting habitat
selection, timing of breeding, or species recagnition?

(2) Is mutual attraction between the sexes of argentatus and
glaucescens vieak or absent?

(3) Are post-mating or zygotic isolating mechanisms reducing the

viability or fertility of hybrid zygotes (e.g., are the eggs fertile)?
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(4) Are hybrid zygotes reduced in viability or inviable (indicated
by reduced clutch size, reduced hatching or fledging success)?

(5) Are the F2 or backcross hybrids reduced in viability or
fertility?

The éecond series of questions concerns aspects of morphology:

(1) Are the adult gulls different in morphological dimensions

from population to population in southern Alaska?

(2) What is the distribution of primary feather pfgmentation
and soft part colors (orbital ring, iris; feet and legs) among the
different populations?

(3) Are the soft part colors and primary feather pigmentation
genetita11y 1inked?

(4) What aré the mating patterns among these guils?

My intent in answering these questions is to clarify the taxonomic

and ecological relationships between glaucescens and argentatus;

relate the southern Alaskan situation to the larger Formenkreis;

and aid in further understanding the complex systematics of the
Herring Gull group.

Ethological ana1y§is-of relationships betWeen gulls in the Pacific
NorthWest has not been a-major focus of this study for the following
reésons. Tinbergen (1972) has demonstrated that the complete series
of postﬁres associated with the "lLong Call" in ggggggg;ggiinv01ves a
motion (the "Throwback") in which the head is mnved rapidly up and
backwards through an arc, from a low, nearly horizontal position. As
the head is lowered from the “Throwback" position, a sériés of loud

calls is given by the gull, combining vocally elements of both sexual
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display and aggressive defense of territory. L. occidentalis and L.

glaucescens make the "Long Call" but lack the throwback posture. Al1
other displays, such as "Choking," "Mew Call," and "Aggressive Threat,"
are identical in the two species (Tinbergen, 1972; underlining mine).

A study of vocalization in the large gulls of the Pacific North-
west, including argentatus and glaucescens calls recorded in southern
Alaska,vis being conducted by J. L. Hand (pers..comm.). Analysis of
glaucescens and argentatus "Long Calls" is incomplete, but sonagrams

of "pure" glaucescens and occidentalis are quite different, yet the

gulls interbreedf Clearly different vocalizations are not functioning
as pre-mating isolating mechanisms in this case.

The purposes of this research, therefore, are threefold. First,
I examined morphology, plumage characters, and breeding biology of
large gulls in southern Alaska for the status of characters which may
act as'isoiating mechanisms. Second, I explored theoretical alterna-
tive hypotheses for the existence of a narrow hybrid zone between

argentatus and glaucescens in south coastal Alaska. Finally, I related

the information gathered during this study to the larger problem of gul}
~relationships within the Formenkreis. The nature of this study is thus
to examine morphology, reproductive biology, and fledging success in

colonies of glaucescens and argentatus in southern Alaska (Fiq. 2),.

These colonies have been selected for research because of the unknown

character of the populations inhabiting the sites, and the potential

for sympatry between species.
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CHAPTER 2: CURRENT STATE OF KNOWLEDGE

I. Palearctic

The morphology of Eurasian Larus has been studied over an extended
period of time by various authors. Hartert (1921), Pleske (1928),
Stegman (1934), Meinertzhagen (1935, 1950, 1954), Geyr (1938),
Stresemann and Timofeeff-Ressovsky (1947), Witherby (1949), Witherby
et al., (1958), Voipio (1954), Voous (1959, 1961, 1962, 1963), Portenko
(1963), Tinbergen (1960), Goethe (196b, 1961), Bianki (1967), Brown
(1967), Barth (1967a,b, 1968, 1975), Harris (1970), and Verbeek (1977)

have analyzed aspects of the Palearctic Larus argentatus - Larus fuscus

complex. Conflicting interpretations of morphology and behavior at
times have inhibited attempts to resolve dynamic, highly complicated.
evolutionary problems of variation in foot and mantle coloration and in
ecological and ethological segregation.‘

Geyr (1938), Stresemann (1947), Voipio (1954), Voous (1959), and

Kist (1961) have studied the problem of the origin of yellow-footed

(L. argentatus cachinnans and L. fuscus group) and pink-footed (L.
argentatus group) gulls. These authors agree that during the Pleisto-
cene an ancestral Larus population was divided into two refugia by the
East Siberian Ice}Barrier, with the populations that evolved into the
pink-footed argentatus grouped on the east side of the barrier, and the
populations that evolved into the yellow-footed cachinnans on the west
side in the Aralo-caspian area. Ancestral argentatus dispersed in inter-
glacial times over North America, leading to gradual development of the

pink-footed american group, which includes glaucescens and occidentalis




among others (see below). Post-glacially, L. a. smithsonianus emigrated

to Europe from eastern North America, coming into contact with the

westward-expanding cachinnans-fuscus group, to which argentatus is

partially isolated, and forming the classic overlap of a "ring" species.
However, after the Pleistocene, L. argentatus also spread into interior
Siberia, forming the subspecies vegae and birulai. The pink-footed
populations of birulai, moving west, met the populations of the yellow-
footed L. a. antelius, moving east. Large-scale hybridization took
place in centfal Siberia, where no geographical barriers exist, thereby
forging the connecting link in the Palearctic chain of races of the
Formenkreis. Indead, Jungfer (1956) reported on the occasional arrival
of the siberian Herring Gulls (birulai) in the North Sea, indicating.
that westward movement is still occuring.

The Formenkreis, as developed by European authors, is now best
regarded as somewhat of an over-simplification. This is due to previous

lack of information concerning the western North American populations.

These can also can be linked to the Formenkreis, as demonstrated below.

IT. Nearctic: .

The morphology of large white-headed guT1s of the Nearctic
argentatus group has been-studied since the last century with virtually
continuous debate over aspects of species status. Research has focused
on two major geographical areas: the high arctic, and more recent1y,

the West Coast. The status of the arctic forms of hyperboreus, thayeri,

kumlieni, and argentatus has been examined by Henshaw (1884), Ridgway
(1886), Dwight (1906, 1919, 1925), Oberholser (1918), Bishop (1927),
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Stemann (1934), Portenke (1939), Rand (1942, 1948), BaiTey (1948),
Salomonsen (1950), Manning et al. (1956), Johansen (1958), Macpherson
(1956, 1961), Jehl and Frohling (1965), Smith (1966a,b, 1967),
Ingolfsson (1970) and Knudsen (1976). Research interest in Nearctic
Larus has been 1ﬁ aspects of primary feather, iris, and orbital ring
coloration, rather than in foot and mantle pigmentation as in Eurasian
large quils. Studies have demonstrated that hyperboreus and argentatus
are reproductively isolated in the eastern Canadian arctic, but they
inferbreed in Iceland. The taxonomic positions of kumlieni and thayeri
femain unc]éar pending results of ongoing research (cf. Knudsen, 1976).

The West Coast forms; occidentalis, glaucescens, argentatus and

hyperboreus, have been studied by Dawson (1909), Swarth (1934), Shortt
(1939), Pearse (1945), Vermeer (1963), Williamson and Peyton (1963),
Williamson (1966), Scott (1971), Patten and Weisbrod (1974), Hoffman
(1976), Patten (1976), LeValley (1976), Strang (1977) and Hoffman et al.
(1978). A Tliterature review of the evolutionary status of these West

Coast gulls, together with the North Pacific vegae and schistisaqus,

suggests none of these populations are reproductively isolated by pre-
mating mechanisms, since they interbreed in narrow zones of sympatry

(Williamson, 1966). The contact between these forms clearly bears

further study.

ITI. Narrow Hybrid Zones in Vertebrates

Moore (1977) recently reviewed the Titerature on vertebrate hybril-
ization and discussed the existence of narrow hybrid zones in vertebrates

other than Larus. I will briefly describe the four hypotheses pkesented
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by Moore as explanations for these zones in order'that‘I may explore
the theoretical aspects of interbreeding in the contact zone between
argentatus and glaucescens in southern Alaska.

The ephermeral-zone hypothesis states that hybridization will end
either in speciation or fusion of the hybridiiing taxa by means of intro-
gression (Dobzhansky, 1940; Sibley, 1957; Wilson, 1965; Remington, 1968).
Known examples of stabile hybrid zones, such as ﬁhe contact between

Corvus corone and C. cornix in central Europe, and the situation between

Colaptes auratus auratus and C. a. cafer on the Great Plains, provide

evidence against this. hypothesis (Mayr, 1963; Short, 1965, 1969, 1970;
Moore, 1977).

The dynamic equilibrium hypothesis allows for stabile hybrid zones.
Where hybrids are confined to a small area by steep selection gradients,
"crystallization" of antihybridization mechanisms‘might be praevented by
"naive" immigrants from the parental populations even though hybrids
are selected against. This hypothesis reconciles the existence of narrow
hybrid zones with the concept of co-adapted gene complexes, and states
that if two populations have diverged to the poinf where the hybrids
suffer depressed fitness, gene flow through the hybrid zone into the
parental populations should be inhibited by selection (Bigelow, 1965).
Where selection gradients are steep, intergradation should be restricted
to a narrow zone between the parental populations. Although hybrids
might be less fit than parental phenotypes, only a few individuals 1h or
near the zone of secondary contact would be exposed to selection against
hybridizatfon, while a much larger proportion of the parental pheno-

types would never experience this selection pressure. Gene flow from
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parental populations into the hybrid zone could "swamp" alleles which
cause individuals to avoid hybridizing, and thus hinder the evolution
of isolating mechanisms. Selection might also be slow, giving the
appearance of a stabile zone.

A third hypothesis, which could also account for a stabile hybrid
zone, is that hybrids are actually more fit than the parental phenotypes
in the narrow zones in which they occur. This hypothesis has been put
forward by botanists for some time (Anderson, 1949; Muller, 1953; Grant,
1971) but until recently has not been given serious consideration as an
alternatfve to the ephemeral hybrid zone and the dynamic-equilibrium
}hypothesis for animals (Moore, 1977). Short (1970) pointed out that
ephemeral hybrid Zones are the exception rather than the rule in avian
hybrids, and concluded that these hybrids are actually more fit than
parental phenotypes in stabile hybrid zones, although strong selection
may occur in parental populations against immigrant genes (Short, 1972).‘
The hybrid superiority hypothesis states that the range of a hybrid
population is determined by the extent of the environmental conditions
within which the hybrids are superior. Most vertebrate hybrid zones are,
in fact, narrow (Moore, 1977). |

The fourth hypothesis explored to account for the narrow contact

zone between argentatus and glaucescens is based upon the following

logic: hybrids, in some cases, can succeed in environments where compe-
tition from parental phenotypes is weak (Anderson, 1949). Ecotones
are one such area, and Moore (1977) suggested that stabile hybrid zones

are narrow because they tend to occur in eccutones which are themselves

narrow.
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Exploration of the data collected in the narrow contact zone
between argentatus and glaucescens in southern Alaska may provide
sufficient insight to allow discrimination among the various hypotheses
stated above. I believe they are not mutually exclusive, however, and
the "best fit" of the southern Alaskan Larus situation may involve

combinations of one or more hypotheses.

IV, ~The Breeding Biology of Large Gulls

A review of allopatric breeding biology of large gulls aids in
understanding selective forces which may operate upon interbreeding
forms discussed. in the following chapters. The breeding biology of
argentatus in Europe and eastern North America has been studied in
detail by Goethe (1937), Paynter (1949), Paludan (1951), Tinbergen
(1960), Harris (1964), Ludwig (1966), Keith (1966), Brown (1967b),
Kadlec and Drury (1968), Drury and Smith (1968), Kadlec et al. (1969),
Parsons (1971, 1975), Drury and Nisbet (1972), and Hunt (1972). Nesting
habitat selection is flexible (Drury and Nisbet, 1972) and includes
marshes (Burger, 1977),'sénd dunes (Tinbergen, 1960), and cl1iff faces
(Emlen, 1963; Goethe, 1960}. Average clutch size in argentatus is
nearly always three, and variations are small. Most egg loss is due to
predation, and infertility rate is low. Hatching success is usualiy 60
to 80 percent. Herring Gulls raise an average of one young per pair per
vear to fledging. Critical factors affacting hatching and fledging rate
are eqaqg and chick loss through canniba]ism, chick mortality due to
aggressive behavior of adults, and weather conditions during the

breeding season.
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In contrast to the intensive investigations of North Atlantic
argentatus, few researchers have studied large gulls along the Pacific
Coast of North America. The breeding biology of the Western Gull (L.
occidentalis) has been studied by Coulter (1963), Schreiber (1970),

Harpur (1971), Coulter et al. (1971), Hunt and Hunt (1973, 1975, 1977),
Hunt and McLoon (1975), Most aspects of the breeding

biology of occidentalis are similar to East Coast argentatus, or North

Pacific glaucescens (see below) but nesting habitat selection differs
due to drier conditions on nesting islands (Hoffman et al., 1978).

~ Hunt's (1977) studies have demonstrated the apparent failure of sex

recognition in the formation of female-female pairs in occidentalis.

The breeding bio1ogy of the Glaucous-winged Gull (L. glaucescens)
in the Pacific Northwest has been studied by Schultz (1953), Vermeer
(1963), Ward (1973), Patten (1974), Hunt and Hunt (1976), and Patten
and Patten (1975, 1976, 1977, 1978). Results of these investigations
indicate glaucescens is gquite similar to argentatus in nesting habitat
flexibility, average clutch size, Tow infertility rate, moderate to
good hatching success, and variable chick mortality and fledging
success, often related to availability of food. The Glaucous-winged
Gull has the same plumage sequences as the Herring Gull (Schultz,
unpub. ms.) and similar adaptability to urban environments (Ward, 1973).

Strang's studies (1972a,b, 1973, 1974, 1977) of the breeding
biology of hyperboreus in western Alaska are the only works avaiiable on
the repfoductive productivity of this species. Nesting habitat includes
both coastal and marshy sites, clutch size épproaches three, infert11ity
rate is very low, hatching success varies around 50%, and mean produc-
tivity is slightly over one chick per pair per year.
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Philopatry has been documented for sevéra] gulls, including
argentatus and glaucescens (Gross, 1940; Paynter, 1949; Tinbergen, 1953,
1961; Drost et al., 1961; Ludwig, 1963; Vermeer, 1963). There is a
strong tendency for adult gulls to return to natal colonies for
breeding. Voous (1961) showed that mantle coloration in L. a. argenteus
was related to colony of origin, and that the relationships to neigh-
boring colonies were not gradual in minor details, although apparently
gradual on a larger geographical scale. This suggests a degree of isola-
tion between members of adjoining colonies, which in turn leads to rapid
evolutionary potential (Sewall Wright Effect).

In summary, studies of the breeding biology of allopatric large
gulls indicate that nesting habitat selection is f]eXib]e, clutch size
approaches three, infertility rate is low, and normal productivity is
‘one chick per pair per.year. Adult gulls tend to return to colonies
of origin for breeding, suggesting a degree of isolation between

neighboring colonies.
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CHAPTER 3: DESCRIPTION OF STUDY AREAS

I. The General Milieu

The location of this study is the south coast of Alaska between
Juneau and Prince William Sound, including a fresh water lake in the
interior, north of Valdez (Fig. 2). The south coast of Alaska is a
wild, relativeiy'uninhabitated stretch of North Temperate shoreline,
'_exhibiting dramatic changes in relief, with high mountain ranges in
close proximity to mérine environments. Fjords, bays, river deltas,
and occasional sandy beaches indent the coastline. The basic factors
affecting climate are similar at practically all points'a1ong the
coésta1 study area (USDC, 1963). The climate is basically maritime,
with nearby ocean areas modifying daily and seasonal temperatures at sea
1eve1 to within rather narrow 1imits. The area is exposed to frequent
Tow pressure systems moving out of the Guif of Alaska, providing
abundant precipitation. The high, rugged Fairweather, St. Elias, and
Chugach Mountain Ranges (to 5800 m) intensify precipitation from onshore
movement of moisture-laden air. Glacier Bay Ranger Station receives
225 cm of precipitation annually (Streveler and Paige, 1971), Yakutat
338 cm (Alaska Geographic, 1975), and the Copper River Delta 250 cm
(USDC, 1963). Maximum precipitation gver the entire area usually occurs
from August through November. Average annual snowfall occurs mainly
from November through March and ranges from 310 cm to 866 cm, with means
at Yakutat of 370 cm and at Cordova of 317 cm (USDC, 1963). Much
greater amounts of snowfall in the mountains have caused the formation
of glaciers, which may‘be massive. The Malaspina Glacier northwest of
Yakutat is larger than the State of Rhode Island.
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The sky is rather persistently cloudy, averaging 80% ccverage.
Summer- days are often characterized by overcast skies, rain, and cool
temperatures. The mean annual number of c1ear days near Cordova is
only 52 (USDC, 1963). High temperatures, usually encountered in early
~ July, rarely climb above +27°C, while winter extreme low temperatures,
reaching -35°C, are usually of short duration (USDC, 1963). The
following is a description of the conditions at the large white-headed
_gu11 colonies along the Alaskan coastline between Glacier Bay and

Prince William Sound (Fig. 2).

II. North Marble Island»in Glacier Bay

The entire Glacier Bay area was covered, until about 200‘years ago,
by a massive jce sheet that may have been more than 1300 m thick in
places (Streveler and Paige, 1971). The ice has retreated rapidly
since 1792, uncovering large terrestrial and marine areas. North Marble
IsTand 1ies in the middle of Glacier Bay and supports the largest (500
pairs) gull colony in the bay (Fig. 3). North Marble is about 600 m
Tong and 300 m wide, and is surrounded by cold, highly oxygenatéd waters
and strong tidal currents.. The island emerged from glaciation about 120
years ago (Streveler, pers. comm.). The resistant meadow barley

‘(Hordeum brachyantherum) forms nearly 70 percent of the ground cover in

the gull nesting areas on the east, west, and north sides of the island,
which are sloping meadows above shallow (5-25 m) cliffs (Fig 4). For a
complete description see Patten (1974). Gene flow between»previous]y
isolated Lg£g§_popu1ations in the area may be as recént as the degla-

ciation.
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North Marble Island 1s about 600 m long and 300 w wide.
Substrate is Willoughby limestone covered with scrubby
Sitka Spruce and Hordeum meadows,




[II. Ory Bay

The guli colony (500 pairs) at Dry Bay, 75 km S of Yakutat, is
located 4.8 km from the mouth of the Alsek River on fiat gravel bars
(Fig. 5,6). The Alsek River, rising in the Yukon and partially
draining the Fairweather Range; changes in Tevel relative to rainfall
and snow melt. Water surrounding the gull colony is fresh'although
silty, and carries ice floes from the Alsek Glacier, 28 km from the
coast. Some years late summer high water stages wash completely over
the graye] islands (Mork, pers. comm.). In other seasons, powerful
southeast storms cover the delta with heavy rains or SNowW. Winter
winds over 160 kph drive ocean waves over 20 m high onto the outer
beaches, occasionaf?y inundating and washing over much éf the delta.
Japanese glass fishing floats are found on the gravel bars 4 km from
the mouth of the river.

Dry Bay has apparently not been glaciated but may have been the
Tocation of catastraphic flooding within the Tast thousand years
from glacially dammed lakes in the interior Yukon (Brogle, pers. comm. ).
Dry Bay is‘a géo]ogica11y active, earthquake-prone area. A minor earth-
quake caused the mouth of the Alsek River to shift 1 km to the west in
1975 (Alaska Geographic, 1975). The gravel islands of the Alsak River
Delta at Dry Bay are subject to considerable repositioning due to river
action. Vegetation on the gravel bars is a sparse mixture of alluvial

and maritime forms. For a complete description of the area see Patten

and Patten (1379).
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IV. Haenke Island

Haenke Island, located in Disenchantment Bay, 75 km NE of Yakutat,
and less than 1 km from the mainland, is often completely surrounded by
pack ice from the nearby Hubbard Glacier (Figs. 7, 8). The island,
with 1ittle level ground, is covered with low brushy vegetation domin-
ated by alders, suggesting relatively recent deglaciation. The east
side of the island, facing the Hubbard Glacier, gradually slopes to an
- elevation of 75 m, and then drops precipitously, forming a Targe west-
ward-facing cliff, where 500 pairs of glaucescens breed on a series of
narrow terraces.

The glacier once filling Yakutat Bay reached its maximum extent
sometime in the Middle Agés and began to retreat about 600 years ago
(Alaska Geographic, 1975). The retreat went far behind the branches of
the Yakutat Bay Glacier, now the tidewater glaciers of Disenchantment
Bay (Fig. 7). The.ice then readvanced, reaching its Jargest extent
during the 1700's. The Yakutat Bay glacier, best regarded as an
expanded Hubbard Glacier, probably extended slightly beyond Latouche
Point, 10 km past Haenke Island. The glacier again retreated to the
vicinity of Haenke Island by the time of Malaspina and Vancouver, the
early white explorers of the 1790's. Haenke Island, similar to North
Marble, is thus recently deglaciated, but the exact date is uncertain
due to the sporadic advances and retreats of the Hubbard Glacier. The
gull colony at Haenke Island probably dates from the most recent
deglaciation. For a complete description of conditions at Haenke Island

see Patten and Patten (1978). This colony is the most geographically

isolated of the sites examined.




._....a-—-z

47'/?5‘,/04
§0°00

0%

59°55L l
: o ! 2KILOMETERS
L_——J-—sJ s

i
139°35° 139°25'

Fig. 7. Map of Haenke Island and surroundings in Disenchantment Bay, near Yakutat Bay,
50 km NE of Yakutat, Alaska. Note the proximity of four major glaciers. The
advancing Hubbard Glacier threatens to close Russell Fjord and form a freshwater
lake. Haenke Island is located less than 1 km from the mainland.
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V. Copper River Delta

The largest guil colonies in the northeast Gulf of Alaska are
located on sandbar barrier islands off the Copper River Delta near
Cordova, Alaska. South of Cordova the Copper River and the confluent
Martin River have depaosited sand and mud where they meet the sea,
forming a 50 km wide delta. A few kilometers off the mouth of the
Copper River a series of low sandbar-dune islands forms a partial
. barrier to ocean storms. These islands have been formed by the depo-
sition of sand and mud, and have been shaped by the counter-clockwise
onshore currents. of the Pacific Ocean {(Fig. 9 ).

Constant change is characteristic of the intefface between.land and
sea, especially where rivers enter the ocean. Sandy islands are built
up and eroded away in a re]atively uninterrupted process. However, the
Copper River Delta and surrounding areas have been marked by sudden
geological changes that have been extremely important in affecting local
biota. Janson (1975) wrote of major earthquakes fn the Copper River'
Delta occurring at the end of the last century. The most severe earth-
quake recorded on the North American continent during modern times
occurrad in this area of Alaska in 1964. The entire Copper River Delta
including offshore islands was uplifted an average of two meters in a
series of severe shock waves (USFS, 1975). The abrupt uplift disrupted
the complex delta ecosystem and altered the balance between fresh water
and saltwater. Nutrient input from saltwater to the delta appreciably
diminished; several species of intertidal invertebrates and nesting
populations of ducks declined in numbers. Willows and alders began to
replace grass and sedge marshes in areas of the delta. Certain tidal

sloughs dried out (Scheierl and Meyer, 1976).
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The sandbar barrier islands at the mouth of the Copper River under-
went the same sharp geological forces}as the delta itself, but due to
the nature of the islands and the marine bird species using them, the
resulting changes were quite different. Shallow saltwater channels |
between islets were aeliminated, and new ridges of sand dunes formed,
joining islets together. The actual land area of the barrier islands
increased due to the uplift. Plant succession began on newly formed

dunes, with beach rye (Elymus arenarius mollis) forming scattered tufts

on the sandy surface. Meadows encroach on dunes as succession continues.

Large colonies of gulls nest on these meadow-covered dunes. The
actual area upon which gulls can nest {s increasing, and at the moment
there are large areas of unoccupied meadows capable of supporting
nesting qulls due to the earthquake uplift and subsequent plan succes-
sion oh newly formed areas (Fig. 10 ).

Overlying the vegetation and geological changes along the southern
Alaskan coastline is the increasing human influence. Since the turn of
.the century successive tides of human influence have swept over Alaska.
The most important developments for gulls have been the rise of inten-
sive fisheries, open garbage dumps, and sewage outfalls. As an
example, five seafood packing canneries and fish-processing houses in
Cordova provide a major food source to gulls in the form of salmon and
crab offal (Fig. 10 ). Gulls also feed at the open municipal dump at
the edge of the harbor.

The potential for discardad human tood and industrial waste

increases dai1y in coastal Alaska. Isleib (pers. comm.) sees an

increasing gull popu]ation in the Cordova area to date. Our NOAA
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helicopter survey indicated 13,225 gull pairs nested on the sandbar
barrier islands off the Copper River Delta in 1976 (Table 1 ). This
number is expected to increase with the development of offshore oil
resources, since gull-associated problems of human waste and garbage
disposal are not likely to decline.

The discussion of study areas will now focus on four sandbar

barrier i{slands off the Copper River Delta.

VI. Egq Island
Egg Island 1ies off the south coast of Alaska 20 km S of Cordova.

Prior to the 1964 earthquake, Egg Island was a series of sand dunes and
bars, but since the earthquake the sandbars and dunes have coalesced and
built up one basic island, with a tremendous increase in surface area,
which is undergoing colonization by the beach rye Elymus (Fig. 11).
Driftwood, remains of fishing vessels, and other debris are scattered
along the former storm-tide 1ine, now at least a kilometer from the
nearest saltwater (Michelson, 1973). Egg island currently extends for
10 km along a series of dunes arranged on an east-west axis, containing
the largest gull colony in the northeast Gulf of Alaska, approximately
10,000 pairs of nesting gléucescens. Changes on this island are nothing
less than dramatic over the last dozen years. Quiﬁe recent earthquake
activity (1964) is important in determining the structure of the island
and the plant communities upon which the gu11s nest. For complete
analysis of the gull colony at Egg Island see Patten and Patten (1975,

1976, 1977, 1978). This is apparently the largest glaucescens colony

in the world.




Table 1. Nesting Gull Populations
on Copper River Delta Sandbar Islands

29 June 1976 NOAA Helicopter Survey +

Sandbar Barrier Island Population Estimate *

Egg Island 10,000 pairs

Copper Sands (N) 200 pairs
Copper Sands (S) 800 pairs

Kokinhenik Bar a few pairs

Grass Island Bar 200 pairs

Softuk Island 25 pairs among driftwood
Strawberry Reef 2,000 pairs

*_ estimated by groups of 50 individuals

Other mudflats and islets serve as loafing areas for large populations
of immatures and adults which may or may not be breeding.

+ observers: Pattens
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VII. Copper Sands and Strawberry Reef

Copper Sands (S), a bar 12 km long, one of a series of barrier
islands at the mouth of the Copper River, lies 5 km ESE of Egg Island
and 24 km SE of Cordova (Fig. 10). Copper Sands, consisting of a
series of unstabilized dunes extending from southeasﬁ to northwest, has
risen in elevation since the 1964 earthquake, but shows much less
vegetation than Egg Island. The gull colony of 800 pairs is located on
 three dunes covered with Elymus at the SE tip of Copper Sands (Fig. 10).

Copper Sands (N), a small, newly formed island less than a kilo-
meter long, 2.5 km ENE of Egg Island off the mouth of the Eyak River,
did not exist before the 1964 earthquake, but now contains several dunes
-with 150 pairs of glaucescens nesting in the Elymus (Fig. 10). Other
barrier islands between Copper Sands and Strawberry Reef at the east end
of the delta support few nesting gulls due to lack pf suitable vegeta-
tion, a result of intense sand scouring during wintér high pressure
systems (Michelson, 1975; Isleib and Kessel, 1973). Gulls use unvege-
tated islands such as. Kokinhenik, Softuk, and Grass Island Bar as
resting areas (Fig. 10). |

Strawberry Reef, 8 km.long, the easternmost baffier island at the
mouth of the Copper River, contains the second largest glaucescens
colony on the delta (Fig. 10). About 2000 gull pairs nest in the Elymus
on Strawberry Reef, which is separated from the mainland by shallow
tidal channels. The island is undergoing plant succession on reéently
up1ifted areas, becoming more suitable to nesting gulls. Strawberry
Reef, as Egg Island, consists of wide ocean beaches, unstabilized dunes,

Elzmds—covered dunes, and mud flats, but differs by expanding thickets

of spruce and alder.




VIII. Lake Louise

Lake Louise, 8 x 12 km, Tlies 51.2 km NW of Glenallen, in the Copper
River Basin on southcentral Alaska. Lake Louise drains through Susitna
Lake and the Tyone and Susitna Rivers to Cook Inlet (Figs. 12, 13).

An island gull colony, readily observed due to disturbed vegetation,
lies 1 km from the west shore of the lake on a steeply sloping rock
known as "Bird Island."” Bird Island, radically different in appearance
from other spruce-covered islands in Lake Louise, shows evidence of
heavy, long-term bird use. Vegetation, composed of lichens, mosses,
-grasses, resistant forbs, and woody vines, indicates disturbed condi-
tions. Living plants are absent in the peat formation along the island
crest, area of heaviest bird use. At least 77 pairs of L. argentatus

smithsonianus and 14 pairs of Phalacrocorax auritus nest on the island

(100 x 20 X 10 m, 0.36 hectare). Photographs taken by Hayes (pers.
comm.) fifteen years ago show little change in island vegetation struc- |
ture, in contrast to dynamic conditions in qull colonies previously
examined. Hayes (pers. comm.) reports gulls and cormorants have
inhabited Bird Island for as long as local residents can remember,
probably centuries Tonger. This invites comparison with the biology

of guils on the south coast of Alaska, where change is explosive.

IX. Summary of Study Areas

The study colonies are thus a series of islands in southern
Alaska, extending over 4% latitude from Glacier Bay near Juneau,
to Lake Louise in southcentral Alaska. Aquatic environments include

the coast, tidal bays, river deltas, fjords, and a fresh-water lake.
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contains 77 pairs of Larus argentatus smithsonianus.
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The geology of the coastal sites is dynamic due to recent deglaciation,
major earthquakes, and floods. Vegetation at the colonies, composed
of tolerant, resistant invaders of the early successional stages,
reflects both disturbance by gulls and rapid environmental changes.
Slope and substrate of the gull colonies vary from horizontal, gravel
bars to nearly vertical cliff faces (Table 2).

Four coastal colonies, Egg Island, Strawberry Reef, Copper Sands,
- and Haenke Island, contain allopatric glaucescens. Two coastal
colonies, North Marble and Dry Bay, support sympatric an& inter-
breeding argentatus and giaucescens. The interior colony at Lake lLouise
is composed of allopatric argentatus. Cordova, a major feeding area,
supports summering populations of glaucescens, low numbers of
hyperboreus, and guils showing intermediate characters between these
two. Table 3 contains the principal periods of study for these Larus

colonies in southern Alaska.
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Table 2.

Study Areas

for Larus Co]onies in Southern Alaska

Substrate/
Colony Coordinates Species* Aquatic Geology/ Dominant
N W Environment. Slope Vegetation
North Marble  58%4¢° 136%04" argentatus, tidal bay recently deglaciated Hordeum meadews
glaucescens (120 yrs) sloping
island
Dry Bay £9%08" 138%25° argentatus, river delta/ shifting flat gravel  sparse alluvial/
glaucescens  coastal marine bars maritime mix
Haenke Island 59058 139%32" glaucescens  tidal bay recently deglaciated Hordeum/Alnus on
island cliff face cliff terraces
Strawberry £0°13" 144°51" glaucescens  brackish delta/ earthuake influenced Elymus
Reef coastal marine = low sandbar island .
Copper Sands 60°18" 145°37 " glaucescens  brackish delta/ earthquake influenced E]ymds
coastal marine iow sandbar island
Egg Island 60°23" 145%6" glaucescens  brackish delta/ earthquake influenced Elymus
: coastal marine low sandbar island.
Cordova ** £0%33" 145°45" glaucescens, tidal inlet artificial urban city dump
hyperboreus environment -
Lake Louise 62°20" 146°32" argentatus freshwater lake slope lake islet Calamagrostris
meadows

* |arge white-headed Larus populations during breeding season,
** ot a breeding colony but a major feeding area (see text).




Table 3. Principal Periods of Study
for Larus Colonies in Southern Alaska

Study Area Year Periods of Study
Glacier Bay 1971 17 July - 11 August
North Marble Island 1972 15 May - 14 August
North Marble Island 1973 27 April - 9 August
Outer Coast of Glacier Bay 1974 23 May - 4 August
National Monument :
Haenke Island | 1974 14 - 15 June
Dry Bay 1974 17 - 18 June
Dry Bay 1975 28 June - 3 July
Dry Bay ; 1977 4 May - 23 Jduly
Egg Island 1975 18 June - 18 August
- Egg Island 1976 20 May - 15 August
Strawberry Reef 1976 29 - 30 June
Copper Sands (S) 1976 1 July
Lake Louise ' 1976 24 - 25 August
Lake Louise 1977 9 - 10 June; 8 - 10 July;
' 1 - 3 August
Cordova City v 1975 Intervals: June - August
Cordova City | 1976 Intervals;' May - August

Cordova City 1977 Intervals: April - August




CHAPTER 4: MATERIALS AND METHODS

I. Colony Selection and Investigation Dates

North Marble, Dry Bay, Egg Island, and Lake Louise were selected
as principal locations for reproductive aspects of this study because
they supported the largest gull colonies in southern Alaska. Each
site has distinguishing features and represents the major colony for a
large geographical area. North Marble, only recently deglaciated
and thus available for nesting, is being colonized by pioneering popu-
lations of both argentatus and glaucescens. Dry Bay supports a coastal
hybrid colony astride a major migration route to the Yukon. Egg Island
contains the largest, still expanding, meadow-nesting'gTaucescens popu-
lation in the northeast Gulf of Alaska. Lake Louise, "Bird Island,"

has long been inhabited by migratory interior argentatus.

IT. Reproductive Cycle

A1l neSts under study were marked with forestry survey stakes at
the beginning of each colony investigation. Each heavy wire survey
stake had a bright vinyl flag attached. Since vegetation growth
tended to obscure the flags by mid-season, each survey stake was
marked with an additional sequentially-numberad florescent streamer.

A fiberglass meter tape was used to find the direct distance from every
study nest toc the center of the nearest neighboring nest. The nest
survey stakes were lett in position for two fiald seasons in order to
follow nests for two years where possible. -Nest site slope was

measured using a Brunton Survey Transit.
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As part of each sequential visit through the gull colonies,
numbers of eggs and chicks from each nest site inspected were recorded
in National Oceanographic Data Center format 035, "Flat Colony Survey".

Visits at North Marble averaged once every three days
during incubation, and once every six days during the chick stage.
Visits at Egg Island averaged once every three days during incubation,
and once every three days during the chick stage. The Dry Bay colony
was visited every other day, and the Lake Louise colony at egg-laying,
chick hatching, and at fledging time.

The plumage and soft-part colors of both parents at each nest site
studied at Dry Bay were examined using a 25x telescope and comparing
them to a Munsell color chart. Newly hatched chicks at Dry Bay were
web-tagged with fingerling fish tags until large enough for banding
with USF&WS rings. Young chicks in other colonies were counted in the
nest upon hatching. Older chicks in study areas other than Dry Bay
were presumed to have hatched in the nearest nest; such older chicks
were marked at Egg Island with 2.5 c¢m aluminum bands bearing number
codes which could be réad vertically. The web-ﬁagged chicks at Dry Bay,
when nearly fledged, were banded with similar 2.5 cm aiuminum bands,
and an additional 2.5 cm lynply plastic band with engraved codes 1n‘
black alphanumeric characters on the opposite leg. The parentage of
fledged chicks at Dry Bay could be verified in this manner. At the
end of the sturvey period each summer counts were made of fledged,
banded chicks for entire study areas. The productivity of the hybrid
colonies at ny Bay and North Marble has been compared to the allopatric
g1aucescens_at Egg Island and the argentatus at Lake Louise in search

of evidence for pre- or post-mating isolating mechanisms.
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III. Marking Methods: Banding

We banded 11,212 gulls during this study in order to answer
questions of migration routes, wintering afeas, and to permit indivi-
dual recognition of chicks and adults. Outside of the main study areas
we banded 1300 flightless chicks in 1975, 2696 in 1976, 1200 in 1977,
and 5546 in 1978. These young gulls were banded on their left tarsi
with USFAWS butt-end aluminum, monel, or incoloy bands, size 6 (for
. argentatus) or 7A (glaucescens and hybrids).

- A1l 1975 young glaucescens were éaptured at Eqg Island. In 1976,
we banded 2500 glaucescens chicks on Egg Island, 95 chicks at
Strawberry Reef, and 101 at Copper Sands (S). In addition, within the
1975 study site (150 m x 150 m) southwest of £gg Island Tlight tower,
we captured every glaucescens chick which survived two weeks. These
222 individua]s were banded on the Teft tarsus with 2.5 cm, butt-end
aluminum bands, with the reference numbers twice repeated vertically
(STaden et al., 1968 ). We counted as fledged 157 of the 222 banded
chicks in early Aqust. We did not band until chicks were nearly
fledged in 1976, in order to reduce disturbance to the study area.

We then counted as fledged. those 208 glaucescens banded within the
study in an intensive effort in late July.

At Dry Bay we banded 25 known hybrid chicks, 1 known argentatus
chick, and 403 other chicks assigned to glaucescens. Study area chicks
were marked with web-tags, 2.5 cm aluminum bands, and orange lynply
2.5 cm bands with engraved black alphanumeric codes (AG01-A000), |
enabling individual recognition of the chicks.

U.S. Forest Service crews assisted by banding 700 additional

qlaucescens chicks on Egg Island in 1977. We banded 71 of the 73

68




argentatus chicks produced at Lake Louise in 1977, and 60 of the 75
produced there in 1978. In 1978 we banded 86 glaucescens chicks on
Midd]etoﬁ Island, and with Forest Service assistance, 5400 gull chicks
on Egg Island. A1l other qulls forming the combined total were trapped,

banded and released in the municipality of Cordova.

IV. Morphological Measurements

In order to obtain morphological measurements from sympatric and
allopatric Larus populations in southern Alaska, adult gull speciméns
were required. Gulls were collected with a shotgun, and Tive-trapped,
since official permission to use drugs for capture of gulls (cf. Smith,
1966b) was denied. Collecting is less desirable since it invites non-
random sampling (see Ingolfsson, 1970). Trapping was a more random
method, since 1 took whatever birds entered the trap.

As soon as an adult gull was trapped or collected, standard measure-
ments were taken (culmen chord length; bill length from the side of the
anterior nares to tip; bill depth at posterior nares; diagonal tarsus
length; chord of closed (f?atteﬁed) wing; and weight) and the informa-
tion was recorded on data sheets v These same
measurements have been used in previous gull studies and are of compara-
tive value (Smith, 1966b).

The data was sorted into grouping by sex and colony. Only four
quils could be collected from Glacier Bay National Monument, all of
whicn were males, due to permit restrictions. The Lake Louise
colony was composed of only 77 pairs; therefore on]y two males were
collected in addition to Williamson's earlier specimens. All birds

obtained from Cordova were trapped, since discharge of firearms was
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not permitted within city 1imits. Sample size of females in all cases
was less than males, suggesting that behavioral differences made them
less likely to approach a trap or shotgun range. Both trapped and
collected gqulls have been included in the analysis of morpholbgy,

plumage characters, and soft part colors.

V. Hybrid Index Method

Initial perspective on the morphology and pairing of large gulls
in the southern Alaskan contact zone‘suggested occurrence of second-
generation hybrids and backcrosses. An efficient comparison of the
interbreeding populations required a method of portraying the variation
exhibited by the parental types and intermediate forms.

Anderson's (1936) original techniques for analyzing hybridization,
consisting of a 1ist of differences between the hybridizing entities,
have been gradually refined to a quantitative approach involving
numerical scores for the characters which differ between the two bopu-
lations (Anderson, 1949; Sibley, 1952)., The two principal forms
concerned in this dissertation, argentatus and glaucescens, differ in
eye and orbital ring color, and in amount and pattern of melanin in the
distal primaries. After a gull was captured or collected, I immediately
photographed the orbital region of the head, with the primaries in
juxtaposition, with a Pentax 35 mm camera and Kodachrome II coTor f1lm.
The iris, orbita] ring, tarsi, and feet were verbally described, and
then the colors were ccmpared to the standard charts of the Munsell

notation by holding the charts directly over the individual parts

(Fig. 14; see below).
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Figure |+. Study of isolating mechanisms. Determination of adult
glaucescens orbital ring and iris pigmentation using
a Munsell chart of skin, halr and eye colors, based
upen the Munsell Seil Color Chart. Note numbered
tarsal band. Cordova, 1977,




Mantle and primary pigmentation were also recorded by direct
comparison with the Munsell Neutral Value Scale (see below). Mantle,
ﬁrimary color, and a wing hybrid index derived from amount and pattern
of melanin oﬁ the outer primaries, were included in this analysis. For
the wing hybrid index, elements in the series were scored as essen-
tially like one of the two species, or assigned to the spectrum of
intermediate forms. The wing hybrid index and the corresponding
Munsell notation are presented below (Fig. 15). The combination of
amount and pattern of melanin on the dista] portions of the five
ouﬁermost primaries was classified into one of seven categories which

‘were given the numerical notatiocns or scores of 1 (typical glaucescens)
to 6 (typical argentatus). The score of O was reserved for those
atypical Cordova glaucsscens in which the primaries were lighter than
the mantle. The notation of the primaries in atypically light
glaucescens was revised to account for the possibility of genetic
interaction with a third species, hyperboreus.

The distribution of iris colors was scored in six grades from
1 (typical glaucescens, hue 2.5 YR) to 6 (typical grgentatﬁs, hue 5 Y).
The observed range of pigmentation in orbital rings included all niné
possible Munsell.hues within the major hue names of Red, Yellow-Red,
and Yellow (see Munsell System of Color Notation, below). Orbital
rings were composed of all three major hues in some cases. The scores
within the major hues were added together for the individual qull to
form a "composite orbital ring." In similar fashion, the scores for

the primaries, irides, and orbital rings were added together for each

gull to produce a "composite hybrid index."




DR R CPRIMARY  FEATHER s s

MUNGELE S NEUTREL WAl bE Brare

B A

Hybrid Index Munsell Scale Verbal Descriptién
; N7/  primaries lighter ‘than
, mantle '
N6/ primaries same shade as |
~ mantle ‘ i
N5/ primaries 1 shade darker
: than mantle
NG/  primaries 2 shades

darker than mantle

N3.25/  primaries 3 shades
darker than’ mantle

N2.5/ primaries blackish

N2/ primaries black

Fig. 15.
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The scores are set in such a way that resemblance to argentatus is
always high in value, and resemblance to glaucescens always low in
value. The hybrid index obtained was of course an arbitrary indication
of the "hybridness" (i.e., the relative number of argentatus,
glaucescens, or in some cases, hyperboreus genes), since the categories
were arbitrariTy defined. The definitions of the categories used are
given in Fig. 15, and typical examples of wing patterns are shown in the
Frontispiece. My main concern in defining the categories was to arrive
at recognizable stages which could be differentiated from other stages.

Methods used in this study are therefore similar, although not |
identical, to those used by other authors in analyzing hybrid situa- _
tions in birds (Sibley, 1954; Ingolfsson, 1970; Strang, 1977; Hoffman et
al., 1978). The hybrid index method, simple to apply, has given satis-
factory results in previous cases of hybridization, and has proven
efficient for exploring complex situaticns (Anderson, 1949; Sibley,

1954; Ingolfsson, 1970).

VI. Munsell System of Color Notation

The colors discussed in this study, that of gull irides, orbital
rings, primary and mantle feathers, required a rapid and precise methcd
of identification and recording. The Munsell System of Color Motation
(Munse]] Skin, Hair and.Eye Color Charts, Matte Finish Edition,

Munsell Color Co., Baltimore, Maryland) was used in order to reduce
subjective evaluation and because soft part colors quickly fade and
may change colors after a specimen is taken. The following introduc-

tion is taken from Munsell Color, a privately printed publication of
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Macbeth, a division of Kollmorgen Corporation, and is used with
permission.

The Munsell notation system of equally spaced color
scales provides a tool for expressing perceived color of
an object and the color differences observed among a group
of objects. The system of color notation identifies color
in terms of three attributes, hue, value, and chroma.

This method of color notation arranges the three attributes
of color into orderly scales of equal visual steps: the
scales are used as parameters for accurate specification
and description of color under standard conditions -of
illumination and viewing.

The hue (H) notation of color indicates its relation
to a visually equally-spaced scale of 100 hues.

The hue notation in this study is based upon three major hue names:
Red, Yellow~Red, and Yellow, since these cover the range of pigmenta-
tion in orbital rings and irides.
The value (V) notation indicates the degree of
l1ightness or darkness of a color in relation to a
neutral grey scale, extending from absolute black to
absolute white. The value symbol 0/ is used for abso-
lute black, the symbol 10/ for absolute white.
The chroma (C) notation indicates the degree of
departure of a given hue from a neutral grey of the
same value. Chroma scales depend upon the strength
(saturation) of the sample evaluated.
The complete Munsell notation for a chromatic
color is written symbolically: H V/C.
The complete notation for a sample of "vermillion" would be 5 R 6/14,
while the notation for a sample of "rose" would be 5 R 5/4.
The notation for a neutral {achromatic) color, such as found in
primary feather pigmentation, is written N V/. The notation of black,
a very dark neutral, might be N2/; the notation of white, a very light |

neutral, might be N9/; while the notation for a gra2y, visually half-

way between these two, would be N5/.




VII. Data Analysis

Numbers of eggs and chicks, recorded as part of sequential visits
'through the gull colonies, with distance to the nearest neighboring
nest, were entered on 80-column sheets and key-punched following the
NODC Format 035, "Flat Co]ony}Survey.” A custom program written
by Mr. Mark Miller of the University of Washington and modified
by Mr. Ga]en'Smith of the Johns Hopkins Computing Center was used to
compute clutch size, egg loss, hatching success, and fledging success
for North Marble, Dry Bay, and Egg Isiand, and to portray these
variables graphiéa]ly using the Cal-Comp system on the Jonhns Hopkins

University DEC-system 10 computer.

VIII. Study Skins
During this study 174 adult gulls were collected from North Marble

Island, Dry Bay, Haenke Island, Strawberry Reef, Copper Sands (S),
Egg Island, and Lake Louise, for taxonomic verification, food habits,
and serology. Representative series of study skins will be presented
to thé University of Washington, Seattle; National Museum of Natural
History, Washington, DC; and the American Museum of Natural History,

New York City.

76




CHAPTER 5: RESULTS

I. Comparison of Measurements

Although there are suggestions in the literature that argentatus
and glaucescens populations are broadly over]apping'in body dimensions
(Dwight, 1925; Williamson and Peyton, 1963) I did not immediately
dismiss the possibility that certain morphological features might be
useful to discriminate between populations of gulls in southern Alaska.
I formulated two null hypotheses, and examined the standard measurements
of 174 gulls in search of evidence to accept or reject these null hypo-
theses: |

(1) There are no significant differences in mensural characters
between sympatric and allopatric populations of glauceSCens and

- argentatus in southern Alaska;

(2) There are no significant differences in measurements between
so-called "pure types," e.g., those exhibiting plumage and soft part
colors characteristic of strictly parental types. (For descriptions of
the parental types please see the Introduction.)

The morphological measurements of gulls in populations in southern
Alaska are‘presented in Tables 4 and 5. Means, standard deviations,
and ranges have been included in an exploratory univariate analysis
of the body measurements. Since gulls are sexually dimofphic in body
size and mensural characters, males were not compared against females.

Inspection of the means, ranges, and standard deviations reveals *hat
the magnitude of difference between colonies is not absolutely great

(Tables 4 and 5).
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Table 4.

Larus Gulls in Southern Alaska -- Males

Comparison of the Measurements (in Millimeters) of Sympatric and Allopatric

Measurement Colony Composition Mean Range S.D.
Culuen North Marble arg. x glauc. 59.8 57-62 2.06
Dry Bay arg. x glauc. 59.7 56-64 2.36
Haenke Island glauc. 60.6 59-63 1.81
Straviberry Reef glauc. 59.2 55-64. 2.31
Copper Sands g]auc. 60.5 58-61 1.46
Egg Island glauc 59.1 55-64 2.57
Cordova glauc. /hyperbor 59.9 57-63 1.97
Lake Louise arg. 60.5 58-63 2.50
Bivy: Norih Marble 27.8 27.5-28. 0.50
Anterior Nares Dry Bay 28.0 24.5-31 1.58
to Tip Haenke Isltand 28.4 26-30 1.46
Strawberry Reef 28.8 27-31 1.09
Copper Sands 30.2 28.5-33 1.99
Egg Island 28.2 25-31 1.56
Cardova 29.3 27-32 1.39
Lake Louise 28.5 28-29 0.50
Bill: North Marble 19.7 18.7-20 0.65
Depth at Dry Bay 19.9 18-22 1.04
Posterior Nares  Haenke Island 19.8 19-21 0.75
Strawberry Reef 21.4 27-31 1.13
Copper Sands 21.6 21-22. 0.73
Egg Island 20.3 18-23 1.24
Cordova 20.1 19-25 1.45

Lake Louise 20.5 20-21 0

.50
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Table 4, cont'd.

Measurement Colony Composition Mean Range S.D.
Tarsus North Marble arg. x glauc. 69.1 67-72 2.19
Dry Bay arg. x glauc. 68.0 61-73 2.58
Haenke Island glauc. 65.6 61-69 2.88
Strawberry Reef glauc. 67.9 63-72 2.61
Copper Sands glauc. 68.9 64-73. 3.38
Egg Island glauc. 67.2 63-72 2.41
Cordova glauc./hyperbor.  68.2 62-72 3.37
Lake Louise'’ arg. 70.3 66.5-74 5.30
Wing North Marble 434.8 420-451 12.79
Dry Bay 433.5 414-463 13.80
Haenke Island 432.4 430-435 2.30
Strawberry Reef 437.4 418-463 13.95
Copper Sands 433.0 422-445 8.78
Egg Island 435.4 419-455 9.25
Cordova 4341 417-450 9.49
Lake Louise 455.0 450-460 7.07




Table 5. Comparison of the Measurements (in Millimeters) of Sympatric and Allopatric
Larus Gulls in Southern Alaska -- Females

Measurement Colony Composition Mean Range S.D.
Culmen Dry Bay arg. x glauc. 53.6 50-57.5 2.09
Haenke Island glauc. 53.2 50-57 2.78

Strawberry Reef lauc. 52.8 50-55 1.80

Copper Sands lauc. 53.1 52-53.5 1.24

Egg lsland glauc. 54.2 51-60 2.33

Cordova glauc./hyperbor.  54.6 50-58 2.65

Biil: Dry Bay 26.6 24-31 1.83
Anterior hares Haenke Island 26.5 22-29 2.42
to Tip Strawberry Reef 24.9 22-217 1.64
Copper Sands 26.7 26-28 0.83

Egg Island 25.8 23-29 1.48

Cordova 26.8 24-29 2.32

Bill: Dry Bay 18.5 17-22 1.30
Depth at Haenke Island 18.1 17-20.5 1.28
Posterior Nares  Strawberry Reef 19.5 18.5-21 0.76
Copper Sands 19.1 18-20 0.89

Egg Island 18.2 17-20 1.08

Cordova 15.0 17-23 2.19

Tarsus Dry Bay 65.6 62-70 2.24
Haenke Island 62.9 60-66 1.12

Strawberry Reef 61.4 57-67 1.37

Copper Sands 62.9 61-64.5 1.44

Egg Island 62.3 56-69 3.29

Cordova 62.0 58-64 2.83
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Table 5, cont'd.

Measurement Colony Composition Mean Range S.D.
Wing Dry Bay arg. x glauc. 418.7 400-450 12.38
: Haenke Island glauc. 412.2 403-424 9.44
Strawberry Reef glauc. 421.3 410-435" 9.81
Copper Sands glauc. 414.8 412-418 2.50
Egg Island glauc. 416.9 400-445 11.91
Cordova 410.5 400-425 - 10.85

glauc./hyperbor.




F-ratios (the statistic appropriate to the Analysis of Variance),
were then computed, using the SPSS-10 ONEWAY program. 'This program
is an Analysis of Variance that takes into account differences in
sample size and changes in degrees of freedom by groups. The F-test
may require some qualification if the means are skewed. However, since
gull body measurements (within sexes) are approximately normally
distributed, the F-test should give a goodvapproximation of the real
differences between population means.

The F-ratios for the measurementévof the female adult gulls
indicated no significant differences between any of the populations
examined at either level: P <.01 or p <.05 (Table 6). However,
for male gulls, the comparison of body measurements first yielded a
significant F-ratio at the 5 percent level for two measurements:
bill depth at pqsterior nares; and bill 1ength, anterior nares to
tip (Table 7). Further exploration of the data revealed that the
males in two colonies, Copper Sands (S) and Strawberry Reef
(neighboring colonies on the Copper River Delta) were the source of
the significant variation. If the males from Copper Sénds and Straw-
berry Reef were eliminated from the analysis, then the F-ratio indi-

.cated no significant differences between the remaining popu]ations‘
(Table 8). Males from Copper Sands and Strawberry Reef, compared to
each other, showed no significant difference (Table 9). Further, the
difference between population means in the measurement of bill Tength
(anterior nares to tip) was of marginal significance (p< .04).

Since the F-ratio was at least marginally significant for these
two dimensions, further comparisons were necessary. Analysis now

required a rank-ordering approach. Duncan's New Multiple Range Test
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Table 6. Analysis of Variance (SPSS-10 ONEWAY) of Morphological MeaSQrements

For Adult Gulls (Female)

Captured/Collected at: Ory Bay, Haenke Island, Strawberry Reef, Copper Sands (S), Egg Island, Cordova.

Body Part Betweegeg;gﬁgsOf Fri?gng Groups F-ratio Significance
Wing. | 5 41 0.741 n.s.*
Tarsuvs 5 41 2.515 n.s.

Culmen ~ 5 41 0.483 n.s

Bill: Anterior 5 42 1.015 n.s
Nares to Tip

Bill: Depth at 5 42 1.079 s

Posterior Nares

* n.s. = not significant at p <.01 or p <.05
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~ Table 7. . Analysis of Variance (SPSS-10 ONEWAY) of Morphological Measurements

For Adult Gulls (Male)

Captured/Collected at: North Marble, Dry Bay, Haenke Island, Strawberry Reef, Copper Sands (S), Egg Island,
' Cordova, Lake Louise.

Degrees of Freedom . e
Body Part Between groups Within Groups F-ratio  Significance
Wing 7 94 1.143 n.s.*
Tarsus 7 94 1.197 n.s.
Culmen ' 7 94 0.593 n.s.
Bill: Anterior 7 94 2.320  significant at p <.05
Nares to Tip n.s. at p <.0]
Bill: Depth at cand fi
bostertor Nares 7 94 ' 3.526 significant at p <.0l

* n.s. = not significant at p <.01 or p <.05

(Since analysis of variance has given a significant F-ratio at two variables, further analysis is needed.)
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Table 8. Ana]ysfs of Variance (SPSS-]O ONEWAY) of Morphological Measurements
For Adult Gulls (Male)

‘Captured/Collected at: North Marb]e; Dry Bay, Haenke Island, Egg Island, Cordova, Lake Louise;

WITHOUT Copper Sands, Strawberry Reef.

| Degrees of Freedom’ _ . .o
Body Part Between Groups Within Groups F-ratio Significance
Wing 5 76 1.554 n.s.*
Tarsus 5 76 1.503 n.s.
Culmen ' 5 76 0.565 n.s.
Bill: Anterior r
Nares to Tip > 76 ]7593 n-s-

Posterior Nares

* n.s. = not significant at p <.01 or p <.05
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Table 9. Analysis of Variance (SPSS-10 ONEWAY) of Morphological Measurements
For Adult Gulls (Male)

Captured/Collected at: Strawberry Reef, Copper Sands.

Degrees of Freedom

Body Part Eetween Groups Within Groups F-ratio Signiticance
Wing ] 18 0.431% n.s.*
Tarsus 1 i8 0.510 n.s.
Culmen i | 18 1.431 n.s.

Bill: Anterior N
Nares to Tip i 18 3.442 n.s.
B8i11: Depth at 1 18 0.130 NS

Posterior Nares

* n.s. = not sicnificant at p <.01 or p <.05




(Steele and Torrie, 1960) is well suited to this sort of analysis.
This test, and the t-test used below, are both robust (i.e., they
assume a normal distribution of means, not samples, and therefore
can be used without qualification).
The results of buncan's Multiple Range Test confirmed that the
differences between male populations in bill length (anterior nares
to tip) were of marginal significance (not significant atvp <.01).
However, the next test showed that males from fhe two neighboring Copper
River Delta colonies, Copper Sands (S) and Strawberry Reef, were signi-
ficantly different (p <.01) in bill depth (at posteriof nares) from all
other colonies examined (Table 8 ). The two colonies were not signi-
ficantly different from each other (Table 9). |
After testing the significance of differencés in measurement$
between various populations, "pure types" were selected from the data
base, and the means of the body measurements of the "pure types" were
compared by t-test, appropriate for the small sample size (n=15). The
"pure types" did not differ except for wing measurement, which was
significantly longer in argentatus types (t=3.20, p <.01). The
observed statistical difference in bill depth between the two Copper
River Delta populations and the other colonies examined cannot, there-
fore, be used in taxonomic discrimination, since the "pure typeé” of

glaucescens and argentatus do not differ statistically in this

dimension. However, this difference may have other genetic and evolu-
tionary implications (see discussion below).

Since no significant differences were found in measurements

between female gull populations examined, the first null hypothesis




was accepted. This hypothesis was rejected for males, howevér, since
there is a significant difference in bill depth between two Copper
River Delta colonies and other populations examined. However, male
gull populations examined do not differ significantly in any other
dimension.

The "pure types“ of argentatus and glaucescens do not differ

significantly in any dimension except wing length, which is signifi-
.vcantly longer in argentatus. However, the non-significant F-fatio for
allopatric ahd sympatric populations indicates broad QverTap in wing
length (Table 7).

The conclusion was therefore drawn fhat a minor sex-linked
difference in bill measurement exists among varfous populations of
gulls in éouthern'A1aska, but there is broad overlap in all other
mensUra] characters. As a result, the examination of morphology
vas extended to include an analysis of colorimetric characters,
including primary feather pigmentation, iris and orbital ring color-

ation.

I[I.  Primary Feather Pigmentation

The most 6bVious character which differed between individuals and
poputations of gqulls in southern Alaska was the amount and pattern of
melanin in the distal ends of the primaries. As the amount of melanin
in the primaries intensified, the pattern of deposition expanded from
the subterminal area to incTude prograssiveiy more of the distal |
portions of the outermost remiges. The melanin extehded up the feather
shafts of the three outermost primaries in very dark-primaried gulls.

Initial field observations su_ asted that gulls could be sorted into
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groups by their primary feather pigmentation. As I inspected the
primaries at close range in collected or captured specimens, I began to
classify the patterns into categories.

This combination of amount and pattern of melanin deposition was
used to construct a wing hybrid index (HI). The index ranged from 1
to 6. The range of the index included typical glaucescens, with
primary tips the same shade of grey as the mantle (Munsell N6; a score
~of 1 on the hybrid index) and typical argentdtus, with primaries of
extensive black pigment (Munsell N2; an HI of 6) (Fig. 15).

When unusual gulls were trapped in the Cordova dump, this classi-
fication was reviséd. These birds had primaries one shade lighter than
the mantle, as well as light-colored irides, and often had slightly,
althodgh not statistically larger body measurements than other popula-
tions (Tables 4, 5). The wing hybrid index was modified to account
for this variation, with the unusually light-primaried gulls given a
score of 0 on the index. The revised wing hybrid index for 174 qulls
from popuTations between Glacier Bay and Lake Louise is presented in
Table 10.

The mean hybrid index of the Cordova populatioh was the lightest
of the groups sampled, due to the presence of three light-primaried
gulls (Table 10). Another gull with primaries 1ighter than the mantle
was collected from Egg Island, and the range of the index for Egg Island
includes this individual. Egg Island has the greatest upward range (to
4) of colonies where "pure" argentatus is absent. The means of the

hybrid indices constructed for Cordova, Egg Island, Haenke Island,
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Copper Sands (S), and Strawberry Reef are grouped around the score of 2,
i.e., the populations showed slight but noticeable darkening of the
distal portions of the primaries. The hybrid indices for these colonies
are within one standard deviation of each other. No colonies studied
on this section of the Alaskan coastline exhibited a monomorphic,
typically glaucescens characteristic of primaries the same shade as the
mantle. Sucﬁ colonies are found in the Aleutians (Williamson, pers.
comm.; Strang, 1977).

The complete range of primary feather pigmentatioh, including forms
most 1ike glaucescens and argentatus, along with four 1intermediate
types, is found in the gull colony at Dry Bay (Table IO). The means
of the hybrid indices constructed for Dry Bay and North Marble are
close to the middle of the range, with large standard deviations,
reflecting the presence of many intermediate types. Gulls scoring 6
on the index, with black primaries, and melanin extending up the shafts
of the three outer primaries, are present in the Dry Bay, North Marble,
and Lake Louise populations. The means of the hybrid indices for Dry
Bay and North Marble are beyond the standard deviations of all other
colonies except Lake Louise, but are within one standard deviation of
each other. Gulls at Lake Louise, the darkest population examined,
all scored 6 on the index.

Inspection of Table 10 indicates that a very highly significant
(p< .001) distribution exists for wing hybrid indices in Larus colonies
in southern Alaska, incliuding the complata specirum of variation

between the parental types of argentatus and glaucescens. The

observed distribution of primary feather pigmentation includes
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Hybrid Index of Primary Feather Pigmentation
for Larus Colonies in Southern Alaska

Colony Mean Range Standard Deviation
Cordova .58 0.0-3.0 0.87
Egg Istand - 1.91 0.0-4.0 0.69
Haerike Island 1.95 1.0-3.5 0.83
Copper Sands (S) 2.03 1.0-3.0 0.67
StrawberryAReef 2.20 1.0-3.0 0.54
Dry Bay 3.10 1.0-6.0 1.56
North Marble 4,12 3.0-6.0 1.32
Lake Louise 6.00 6.0-6.0 0.00
Analysis of Variance
N, Degrees of Sum of Mean At
source Freedom Squares Squares F-ratio
Between Groups 7 88.0957 12.5851 13.130 *
Within Groups 166 159.1055 0.9585
Total 173 ' 247.2011

* yery highly significant (p < .001)




primaries lighter than the mantle, primaries the same shade as
the mantle, primaries of various shades of grey, and primaries of
extensive black pigment. Since the F-ratio for the wing hybrid indices
was very highly significant, the data were explored further using
Duncan's Multiple Range Test. The results of this test are presented in
Tables 11 and 12. The Cordova, Egg Island, Haenke Island, Copper Sands
(S),'and Strawberry Reef populations are coastal groups most like
glaucescens. However, the mean wing hybrid index becomes progressively
darker (HI 1.59 - 2.20) along a northwest to southeast axis. These
popu?atibns are included in a homogeneous subset in this test, with no
significant differences at either p <.05 or p <.01 Tlevel of significance
(Tables 11, 12). The wing hybrid indices constructed for Dry Bay, North
Marbie, and Lake Louise are significantly different from each other and |
from the remaining colonies at the p <.05 level. However, at the p <.0l
level, the colonies of Dry Bay and North Marble form a hybrid subset,
while North Marble and Lake Louise are grouped in an argentatus-like
subset. A genetic bridge can therefore be postulated, connecting coastal
glaucescans with interjor argentatus through hybrid colonies at the
heads of fjords and bays (e.g., North Marble and Dry Bay) in southern
Alaska. |

In summary, the primary feather pigmentation of 174 gulls in
southern Alaska was analyzed using a wing hybrid index. Individual
gulls within the study area are highly variable, and the variation

includes primaries lighter than the mantle with no observaple

pattern of melanin deposition, to a distinctly delimited and extensive




Table 11. Ranked Means for the Wing Hybrid Index
~ for Larus Colonies in Southern Alaska

(Duncan's New Multiple Range Test: p < .05 1eve])

'Homogeneou; subsets (subsets of groups, whose highest and lowest means do not differ by more than the
~shortest significant range for a subset of that size). Underlined numbers indicate there is no signi-
ficant difference between the means. ‘

Subset 1 (subtcrminal primaries slightly darker than mantle)

Croup Cordova Egg Island Haenke Island Copper Sands (S) Strawberry Reef
Mean 1.5870 1.9107 ° 1.9500 2.0313 2.2000

._....._..._..._.__—_-_-—_.-........_._.....-_-_.._..__—_._—__.._-—----——_-—--—_..---._...._.._.._-___.-...__—__._...._____-_-_..-____..—___

£b

Subset 2 (primaries 2 shades darker than mantle; extensive melanin)

Subset 3 (primaries 3 shades darker than mantle; extensive melanin)
Group . North Marble
Subset 4 (privaries black; distinctly delimited and extensive black pattern)

Group Lake Louise
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Table 12. : Ranked Means for wing Hybrid Indices

“for Larus Colonies in Southern Alaska
(Duncan's New Multipie Range Test: p < .01 level)

Homogeneous subsets (subsets of groups, whose highest and lowest means do not differ by more than the
shortest significant range for a subset of that size). Underlined numbers indicate there is no signi-
ficant difference between the means.

Subset 1 {subterminal primaries slightly darker than mantle)

Grecup-  Cordova Egg Island Haenke Island Copper Sands (S)- Strawberry Reef
Mean 1.5870 1.9107 1.9500 2.0313 2.2000

Subset 2 (primaries 2 - 3 shades darker than mantle; extensive melanin)

Group Dry Gay North. Marble
Mean 3.1083 4.1250

Subset 3 (priwaries 3 shades darker than mantle to black; extensive and distinctly delimited pattern)

Greup  North Marble Lake Louise
Yoan 4.1250 6.000




black pattern including much of the outermost primaries. The complete
range of variation in primary feather pigmentation between glaucescens
and argentatus types is found in the colony at Dry Bay. Some gUl]s in
the Cordova area show primaries lighter than the mantle. Mean wing
hybrid indices gradually increase from coastal populations most Tike
glaucescens (HI 1.59), through intermediate populations (HI 3.1 - 4.1)
in fjords and bays, to an interior population of argentatus (HI 6) on a
freshwater Take.

THe next most obvious character which differed between individual
gulls and by populations in southern Alaska was eye color. Since iris
pigmentation may serve as an isolating mechanism between gull popula-
tions in other areas, the following analysis of iris pigmentation seeks
to demonstrate whether eye.co1or could serve as an isolating mechanism

in southern Alaska.

III. Iris Pigmentation

Iris color has been suggested as an important morphological
character which exérts its effect during pair formation and copulation
in gulls (Smith, 1966b). Djfferénces in contrast affdfded by eye color
against the white head may function as an isolating mechanism in mate
selection, e.g., in speéies recognitidn. I sought to determine, witn
this background in mind, whether the variation and distribution of
iris color would function as a factor in species recognition between the
light-eyed argentatus and the dark-eyed glaucescens in the southern
Alaskan study area.

Iris color was analyzed by four main methods. First, the distri-

bution of colors was determined by computation of a hybrid‘index based
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upon broad categories equivalent to the mid-values of Munsell hues.
Second, an ahaiysis of variance was conducted on the iris color data
to test for the significance of the observed distribution. Since the
resulting F~ra£io was very highly significant, the data were further
analyzed using Duncan's Multiple Range Test. Third, iris colar was
examined by qualitative comparison of the percentages of the ihdividua]
Munsell categories of hue, value, and chroma. Fourth, the Munsel}
vparameterS’bf iris hue, value, and chroma were combined and the
resulting detailed frequencies of the cbmplete notation were analyzed
qualitatively. Finally, the possible linkage of iris color with
primary feather pigmentation was tested by an analysis of variance,

crosstabuliation, and Chi-square value.

A. Index of the Broad Categories of Iris Color

The resulits of the index constructed for the broad categories of
iris color are presented in Table 13. The range of iris coloration
within the southern Alaskan study area includes very dark brown (HI 4),
dark brown (HI 5), brown (HI 6), light brown (HI 7), lignt yellow (HI 8),
and bright yellow (HI 9). The Haenke Island population had the darkest
index (6.30), the least range (6 - 7), and the smallest standard devia-
tion (other than the monomorphic Lake Louise population), reflecting
a relatively uniform population of coastal glaucescens-like tybes.

Egg Island had the greatest range, extending from very dark brown (HT 4)
to light yellow (HI 8). MNorth Marble had the greatest standard devia-
tion, reflecting a mixture of iris colors in the population. A1l gqulis
observed at Lake Louise had yellow irides (ML 9). Light brown (HI 7)

was the most frequent mean cye color, and occurred in coastal populations.
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Table 13.

. Hybrid Index of Broad Categories of Iris Color

for Larus Colonies in Southern Alaska

Colony lean Color Range Standard Deviation
" Haenke Island 6.30 brown 6 -7 0.48
Egg Island 6.86 Tight brown 4 - 8 0.98
Strawberry Reef . 7.08 light brown 6 - 8 0.95
Copper Sands (S) 7.12 1ight brown 6 -8 0.96
North Marble 7.25 light brown 6 -9 1.50
Cerdova 7.26 light brown - 6 -9 0.81
Dry Bay 7.79 light yellow 6 -9 0.81
Lake Louise 9.00 yellow 9-9 0.00
Analysis of Variance
: Degrees of Sum of Mean Cvadd
Source Freedom Squares - Squares F-ratio
Between Groups 7 34.7799 4.9698 6.062 *
Within Groups 166 136.0477 - 0.8196
Total 173 170.8276 0.8196

* very highly significant (p < .001)




B. Ranked Means of Eye Color Categories

Since the F-ratio for the observed distribution of iris color was
very highly significant (F = 6.062, 173 d.f., p <.001), the data were
further analyzed usfng Duncan's Multiple Range Test for subsets of
ranked means. Results of this test are presented in Table 14. Inspec-
tion of this Table reveals an uninterrupted continuum of the categories
of iris color, from populations most like glaucescens to populations
clearly identifiable as argentatus. The mean of the coastal Haenke
Island colony (brown irides) is conneéted to the mean of the interior
Lake Louise colony (clear yellow irides) by a "bridge" of intermediate
colonies at North Marble (1ight brown) and Dry Bay (1ight yellow) (see
Subset 3, Table 14). The Cordova population falls into this same
subset, suggesting a mixture of dark and light-eyed genes is present
in this population. Interestingly, the mean wing hybrid index for
Cordova was the lightest of any population examined. This finding has
implications of a genetic contact between g]aucestens and hygerbofeu;

(see Discussion).

C. Munsell Parameters of Iris Color

(1) Hue - the notation of a color indicating its relation to a
visually equally-spaced scale. The hue notation in this study is based
upon three color names: Red (R), Yellow-Red (YR), and Yellow (Y).

Qualitative ana]ysis of the frequencies of iris hue demonstrates
that Haenke [sland, a geograpnhicaily rather isolated colony, 15 wos:
different from other populations, with the highest frequency of 7.5 YR
(a brown hue) (Table 14; Fig. 16). Strawberry Reef, Copper Sands (S),

and Egg Island, neighboring colonies on the Copper River Delta, have
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Table 14. | Ranked Means for the Broad Categories of Eye Color
for Larus Colonies in Southern Alaska

(Duhcan's New Multiple Range Test: p < .05 level)

Homogeneous subsets (subsets of groups, whose highest and lowest means do not differ by more than the
shortest significant range for a subset af that size). Underlined numbers indicate there is no signi-
ficant difference between the means.

Subset 1 (brown - light brown)
Group Haenke Island Egg Island Strawberry Reef Copper Sands (S) North Marble

g Island Strawberry Reef  Copper Sands (S) North Marble Cordova

Subset 3 (1ight brown - light yellow)
i

Group lorch Marble Cordova Dry Bay
Mean 7.25 7.26 7.79

Subset 4 (light ye]low‘- bright yellow)

Group Dry Bay Lake Louise
“Mean 7.79 ' 9.00




strikingly similar frquencies, with distributions of 7.5 YR (brown),

10 YR (light brown), and 2.5 Y (light yellow). The means of iris colors
for these three colonies are also closely grouped around 7 (1ight brown)
on the index (Table 14). The distribution of iris hues in the Cordova
population, with high percentages of 10 YR and 2.5 Y, is quite different
from that of the Copper River Delta populations, although the means of
the color indices are statistically similar (Fig. 16; Table 14). The
North Marble and Ory Bay populations both exhibit strong yellow hues

(5 Y), which are absent in other groups except Lake Louise (Fig. 16).
North Marble, compared to Dry Bay, has a higher percentage of 7.5 YR,
although the means oT the broad categories of eye color are statis-
tically similar. Dry Béy, compared to all other colonies, has the
highest percentage of 2.5 Y, and the lowest percentage of 7.5 YR. Lake
Louise has the highest percentage of 5 Y (Fig. 16). The means of the
iris color indices for Dry Bay and Lake Louise were not statistically
different (Table 14).

(2) Value - the notation of a color indicating the degree of
lightness or darkness in relation to a neutral grey scale.

Comparison of the percentages of iris values again demonstrates
that the Haenke Island population possesses particular characteristics,
here with»a high concantration (80%) of the wmoderately dark value 4. The
value 8 on the Munsell System (quite light, indicating decreased melanin
pigments) is present in the jrides ot the North Marble and Dry Bay
populations in the southern portion or the study area, and in the Egg
Island and Cordova populations in the north. The value 8 1s not found
in the populations or Haenke Istand, Strawherry Reef, and Copper Sands

(S) in the central part of the study areq.
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North Marble resembles Dry Bay in the distribution of iris values,
as in many other parameters, except for a lack of the ya]ue 6, perhaps
due to smaller sample size (Fig. 17). The frequency of iris values in
the Strawberry Reef population, which has slightly darker primaries and
Tonger wings than other Copper River Delta colonies, resembles that of
Dry Bay, with two differences. There is a greater percentage of the
dark value 4, and a compiete lack of the 1ight value 8 at Strawberry
Reef.

The iris value 3 (quite dark, indicating abundant melanin pigments)
is present in the Copper Sands (S), Egg Island, and Cordova populations.
Interestingly, quite light values of 8 are also present at Egg Island
‘and Cordova (see above). This somewhat paradoxical result can be
explained by postulating a mixture of both light-eyed and dark-eyed
genes in these populations.

(3) Chroma - the degree of departure of a given hue from a neutral
grey of the same value. Chroma scales depend upon the strength (satur-
ation) of the sample evaluated. |

A1l populations except Cordova éhow a concentration of the chroma 4
(Fig. 18). The Cordova population is quite different, with chroma
rather evenly distributed among the classifications of 2, 3, and 4, with
a smaller amount of chroma 6. Haenke Island shows relatipnship to other
colonies with a high frequency of chroma 4 (but not through frequencies
of hues and values). The distribution of iris chroma at North Marble is
bimedal, with strong concentrations at the classifications of 4 and 8.
The Dry Bay distribution is qualitatively different from that of North
Marb]e, in comparison to the rather simi]af distributions of iris hues

and values. (These two colonies are also related in the broad index of
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eye color, and the wing hybrid index.) Less intensely saturated chroma
(2, 3) are present in the Dry Bay population, as well as an intermediate

chroma of 6.

IV. Iris Hue, Value, and Chroma Combined

Hue, value, and chroma are the parameters which make up a complete
color in the Munsell system. The iris colors of similar base hues are
~graphed in proximity to each other in Figs. 19, 20, 21, 22.

The combination of iris parametefs extends well into the realm
of individual variation._ For instance, each of four gulls collected at
North Marble had different colored eyes. The distribution of the
combined iris parametefs for North Marble i1s thus related to sample
size. Dry Bay has the widest distribution of the combined iris para-
meters; there are more kinds of eye color in this colony at the mouth
of the Alsek River than in any other group examined. The breeding
’ popuTétion at Dry Bay is highly mixed in other characters such as
primary féather pigmentation and orbital ring coloration. The Cordova
and Egg Island populations also show a wide distribution of combined
iris parameters.

Copper Sands (S) and Strawberry Reef, neighboring colonies on the
Copper River Delta, have the most similar distribution of combined iris
parameters. These colonies also share similar indices of primary
feather pigméntation, similar distributions of the individual Munsell
parameters of hue and cnroma, and significant enlargement oflbill depth.

In summary, qualitative comparisons of the iris frequencies of.
the individual Munsell catégories of hue, value, and chroma, and the

combinations thereof, reveal subtle aspects of relationships not apparent
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in the comparison of means of the broad categories of eye color.
Neighboring colonies on the Copper River Delta have strikingly similar.
distributions cf iris hues. The Cordova guil population is qualitatively
different in distribution of iris hues from the Copper River Delta
populations. North Marble and Dry Bay share similar, although not
jdentical disﬁributions of iris hues and values. Haenke Island has a
particular pattern of both hues and values, but shares a concentration
~of chroma with other populations. Strawberry Reef resembles Dry Bay

in the distribution of iris values. (Strawberry Reef gulls also have
slightly, although not statistically, 1ongér and darker wings than other
Copper River Delta populations.)

‘All population§ éxcept Cordova show a concentration of the chroma 4.
(Cordova gulls also have the lightest mean wing index, and slightly,
although not statistically larger body measurements.) Cordova, Egg
Island, and Dry Bay populations have a wide distribution of the combined
iris parameters, indicating that gulls of different eye colors are
present in these populations. Copper Sands (S) and Strawberry Reef
are related in many morphological parameters, inc]uding'iris color,
although Strawberry Reef shows an additional affinity to a population

-1ike that inhabiting Dry Bay to the southeast.

V. Linkage of Iris Color to Primary Feather Pigmentation

To test whether iris color could be Tinked to primary'feather
pigmentation, I formulated a null hypothesis that there was no linkage
between these characters. I then conducted an analysis of variance:-

on the observed distribution of wing hybrid indices (0.0 - 6.0) as

compared to the distribution of six categories of 1iris hue, using
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Table 15. Analysis of Variance of Wing Hybrid Index by Iris Hue

Source of Variation Sum of Squares’ d.f. Mean Square F-ratio
Main Effecis 38.605 4 9.651 7.819 *
Iris Hue 38.605 4 8.651 7.819 *
Explained 38.605 -4 9.651 7.819 *
Residual A 208.597 169 1.234
Total " 247,201 173 . 1.429
(n = 174) * yery highly significant (p <.001)

Crosstabulation of Iris hue by Wing Hybrid Index: Chi-square = 81.4322 with 36 degrees of freedom:
very highly significant association of Wing Hybrid Index by Iris Hue.




data from 174 gulls. The results of this test are’presented in

Table 15. Inspection of this table reveals a very highly significant
F-ratio. A furthér crosstabulation of iris hue by wing hybrid index
produced a value of Chi-square (81.4322, 36 d.f., p <.001), indicating
a very high1y significant association of wing hybrid index with iris
hue. I therefore rejected the null hypothesis.

Iris color is highly linked with primary feather pigmentation in
gull populations between Lake Louise and Glacier Bay in southern Alaska.
Light-eyed gulls tend to have dark primaries, dark-eyed gulls tend to
have 1ight primaries, and gulls with intermediate amounts of melanin
deposition in the primaries have irides in various intermediate shades.
There are some exceptions to this rule, notably around Cordova, wheré
gulls may have both light eyes and primaries distinctly lighter thaﬁ
those found elsewhere (see Discussion).

The variation and distribution of iris color, although apparently
linked with primary feather pigmentation, seems unlikely to function in
species recognition between the light-eyed argentatus and the dark-eyed
glaucescens in southern Alaska, since the two forms are linked by a

complete range of intermediates.

VI. Orbital Ring Pigmentation

The orbital ring of a gull is that fleshy portion of the eyelid
which is visible when the eye is completely open. The orbital ring
forms a circle around the opened =2ye, and is variously colored in
different species of gulls. The orbital ring, along with the iris,
cantrasts against the white head of the gull, and'may function as an

“isolating mechanism between certain species.
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Larus argentatus "pure types" in southern Alaska have yellow

orbital rings of the hues 2.5 Y - 5 Y. In contrast, other_argentatus

populations may have orange eye-rings (Smith, 1966b). Larus glaucescens

"pure types" have dark pink or vinaceous orbital rings of hue 5 R.
This section of the study examines the variation, distribution, and
possible function of orbital ring pigmentation in southern Alaskan
gulils.

Orbital ring pigmentation was analyzed by similér methods to
those used in the analysis of eye co]dr. A hybrid index was computed,
based on the orbital ring hues of 174 gulls. The orbital rings in some
cases were made up of two to three hues. In such cases, the indices for
the individual hues were summed, giving a composite index for the
orbital ring. An analysis of variance was conducted for the signifi-
cance of the observed variation. An analysis was then conducted for
subsets of ranked means, using Duncan's Multipie Range Test. The
qualitative frequencies of the orbital ring hues were compared by
colony. Finally, a crosstabu]atfon of orbita] ring hues by colony
identification number resulted in a Chi-square value of the significance

of the distribution.

A.  Hybrid Index of Orbital Ring Pigmentation

(1) Broad Index
The results of the hybrid index of orbital ring pigmentation
for guil coionies in southern Alaska are presented in Table 16. MNote

that the extreme pigments are dark pink and bright yellow, but six

intermediate hues exist, and more than one hue may occur in an




Table 16.

Hybrid Index of Orbital Ring Pigmentation
for Larus Colonies in Southern Alaska
(Hue 1 + Hue 2 + Hue 3)

VAN

Munsell
Colony Mean Hue Color
Haenke Island 1.30 5 R dark pink
Cordova 1.83 7.5 R pink
Morth Marbie 2.75 10 R 1ight pink
Egg Island 3.66 2.5 YR yellowish pink
Copper Sands 4.00 2.5 YR yellowish pink
Dry Bay 4.36 2.5 YR yellowish pink
Strawberry Reef 4.60 5 YR p?nkish yellow
Lake Louise 8.50 2.5 Y l1ight yellow
b Y bright yellow
Analysis of Variance
Degrees of Sum of Mean
source Freedom Squares Squares
Between Groups 7 226.1396 32.3057
Within Groups 166 1100.0500 6.6268
Total 173 1326.1897

* very highly significant (p < .001). Crosstabulation of the Index of Orbital Ring Pigmentation by

colony: Chi-square degrees of freedom; very highly significant association of

151.021 with 77

index of Orbital Ring Pigmentation by colony.




individual eye-ring. Each colony examined had a different mean.
composite orbita] ring, but the extremes are connected through
increasing amounts of yellow pigment.

Haenke Island again represents a coastal’popu]atiqn most like
parental glaucescens, with orbital rings of 5 R, dark pink (Table 16).
North Marble scored relatively light on the index, with a mean of 10 R,
Tight pink, in contrast to other characters showing hybrid infjuence.

- The Cordova population mean was 1.83, closest to moderate pink values.
Egg Island. Copper Sands (S), and Dry'Bay we}e grouped around 4.00 on
the index, with intermediate yellowish pink orbital rings. The
Strawberry Reef population had slightly more yellow present in the
orbital rings than ather Copper River Delta populations, with an index
of 4.60. The index jumped sharply between Strawberry Reef and Lake
Louise (4.60 - 8.50). Lake Louise represents the pbpu1ation most like
parental argentatus, with orbital rings of hues 2.5 Y - 5 Y.

Ihspection of Table 16 shows that a very highly Sighificant F-value
is produced by the Analysis of Variance of the hybrid indices of
orbita]vring bigmentation. An additional crosstabulation of these
indices by colony results in a Chi-square value of 151.021, 77 d.f.,

b <.001; a very highly significant association. Each pdpulation,
therefore, had orbital rings unlike those of other popu]atiohs§ ance
the F-ratio for the distribution of orbital ring pigmentation was very
highly signifiéant, the means were ranked using Duncan's Multiple
Range Test. Three subsets of ranked means were produced at the p< .05
"~ level (Table 17). Most populations (five) fall into the intermediate
subset 2, with orbital rings ranging from light pink to yellowish pink.

Populations from Copper Sands, Dry Bay, and Strawberry Reef are most
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Table 17. Ranked Means for Orbital Ring Indices
for Larus Colonies in Southern Alaska

(Duncan's New Multiple Range Test: p < .05 level)

Homogeneous subsets (subsets of groups, whose highest and Towest means do not differ by more than the
shortest significant range for a subset of that size). Underlined numbers indicate there is no signi-
ficant difference between the means. '

Subset 1 (dark pink - light pink)
D Haenke Island Cordova’ North Marble

o e e e o o e e e e MR R e e M he e e e e e = e AR R G e Mm T e S S = e e A e Em T e A e A e e am

Subset 2 (Yight pink - yellowish pink)

Group North Marble Egg Island Copper Sands Dry Bay Strawberry Reef
Mean - 2.75 , 3.66 4.00 4.36 4,60

e e e e e mm e A e e e W AN R e e e e e e G A e e e e e o= e b e b e e G A S e M v e e v e = e e W e e SN Ve A M e T e e T e e = e A e SR e S e s A G A e A e S m e b e = e v o > e e e

Subset 3 (light yellow - bright yellow)

A Group Lake Louise
Mean 8.50

* The only difierence in this test between the p <.05 and p <.01 levels of significance, is at the
p <.01 level, Lake Louise joins Subset 2.




nearly intermediate between the extremes of dark pink and bright yellow
orbital rings. At the p <.01 level, Dry Bay joins Subset 2, thereby
forming a statistical continuum of orbital ring pigmentation.

(2) Solo Hues |

Some orbital rings were uniformly pigmented, with the color evenly
distributed on all portions of the eyelid. These will be referred to as
"solo hues." Orbital rings with solo hues occurred in the North
.Mafb1e,.Dry Bay, Haenke Island, and Cordova popu1ationsA(Figs. 23, 24,
25). Orbital rings with solo hues only were found in North‘Marble and
Haenke Island populations.

Dark pink (5 R) was the dominant solo hue in the North Marble,
Haenke is]and, Dry Bay, Egg Island, and Cordova populations (Fig. 23).
YeT]owish pink (2.5 YR) was the second most important solo hue (after
‘5 R) occurring in the Dry Bay, Haenke Island, and Egg Island popula-
tions. The‘hue 5 R (without 2.5 YR as the second most important hue)
was found at North Marble and Cordova. The North MarbTe popu]afion
showed the maximum number of solo hues, ranging from 5 R (dark pink) to
2.5 Y (1ight yellow). The Dry'Bay population contained every possible
orbital ring hue between these two extremes (Fig. 23). Gulls with black
priharies at Dry Bay had orbital ring hues including 2.5 YR (yellowish
pink), 5 YR (pinkish yellow), and 10 YR (Tight pinkish yellow). Gulls
with similar indices of primary feather pigmentation (HI 6) at Lake -
Louise had drbita] ring hues of 2.5 Y (light yellow) to 5 Y (bright

vellow).
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(3) Combination Hues

Orbital rings with a composite index were made up of two to three
hues, or "combination hues." Orbital rings with combination hues
may have similar base hues (5 Y - 5 Y), each having different value
and chroma. For example, a pink eye-ring with areas of more intense
reddish pigmentation occurs with a relatively high frequency in the
Dry Bay, Egg Island, and Cordova gull populations (ngs. 23, 24, 25).

Only combinations of two hues occurred in the orbital rings of the
Copper Sands (S) and Strawberry Reef bopu]ations, further demonstrating
the close similarity of these populations (Fig. 24). An orbital ring
with a pinkish hue on the upper rear portion of the eyeiid, and a |
yellowish hue on the lower front portion, is a typicél paftern in
these populations. Other populations have 5 R - 2.5 YR combinations
(pink with yellowish pink); or 5 R - 7.5 YR combinations (pink wfth
light pinkish yellow).

The gull populations at Egg Island and Dry Bay had individuals
with a combination of three hues within a sfngle orbital ring. An
. example from Dry Bay is an orbital ring of the pigmentation 10 R - 5 R -
2.5 YR (light pink, dark pink, yellowish pink). An example from Egg
Istand is 5 R - 5 R - 2.5 YR; this eye-ring was pink with darker ﬁink
areas on the upper rear, and yellowish pink on the lower front porticn.
| Egqg Iﬁ]and had the greatest distribution of combination hues,
ranging from 5 R - 5 R (pink with darker pink areas); to 5 YR - 5

\pinkisn yellow with yellow). Tne 5 YR - 5 Y combination did not

appear in the gull population at Dry Bay. The distribution of




combination hues at Dry Bay ranged from 5 YR - 5 R (pinkish yellow to
pink); to 5 R - 7.5 YR (pink to light pinkish yellow). Dry Bay had the
greatest distribution of solo hues in addition to the most even distri-

bution of combination hues.

B. Summary of Orbital Ring Pigmentation

Gulls in southern Alaska have orbital rings ranging from dark pink
to bright yellow, with six intermediate hues connecting the extremes
with increasing amounts of yellow pigment. Each population examined
had a different composite mean orbital ring unlike those of other
populations. Some orbital rings in individual gqulls were uniformly
pigmented, while others were composedbof as many as three hues. The
colony at Dry Bay had the greatest distribution of uniformly pigmented

orbital rings, as well as the most even distribution of orbital rings
with combination hues. The function of orbital ring pigmentation as a
species-specific recognition character in southern A]éska is unlikely,
due to the spectrum of variation. However, the variability may |

“function as a character for individual or population recognition.

VII. Composite Hybrid Index

Primary feather pigmentation. iris and orbital ring coloration,
have been analyzed individually to discern relationships between gull
populations in southern Alaska. These colorimetric characters will
now be unified in a composite hybrid index in order to offer the

most complete exploration of relationships between gull populations

in southern Alaska.




Since the F-ratios for these individual analyses of variance were
all very highly significant, it is logical that the.F-ratio for the
composite hybrid index by colony is also very highly significant
(F = 20.614, 172 d.f., p <.001). The composite hybrid index‘data
were therefore further analyzed using Duncan's Multiple Range Test.
The results of this test at the p<X .05 level of significance are
contained in Table 18.

The population with the lowest composite index, and therefore
most like glaucescens, is from Haenke‘Island. The population with
the highest index, and fherefore most like argentatus, is from Lake
Louise. Between the two extremes are four homogeneous subsets.

Subset 1 contains coastal populations most like glaucescens. Subset 2
contains as a unit the colonies of the Copper River Delta. Subset 3
contains the hybrid colonies in bays and fjords, with individual
phenotypic argentatus present in the populations as well as inter-

- mediates and glaucescens. Subset 4 contains the interior Lake Louise
argentatus population. |

The subsets of ranked means are reduced to three if the Duncan's
Multiple Range Test is conducted at the p <.01 level of sjgnificance
(Table 19). The Copper River Delta populations become unified with
other populations most 1ike glaucascans in Subset 1. DMNote that in
Subset 2, the Strawberry Reef population at fhe east end of the Copper
River Delta is included with the hybrid colonies of Dry Bay and North
Marble. Subset 3 contains only the interior argentatus at Lake Louise.
Individual gqulls scoring high on the composite hybrid index, e.qg., |

identifiable as phenotypic argentatus, were found at Dry Bay and
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Table 18. Ranked Means for the Composite Hybrid Index for Larus Colonies in Southern Alaska
(Primary Feather Pigmentation + Iris + Orbital Ring)

(Duncan's New Multiple Range Test: p <.05 level)

Homogeneou§ sgb§ets (subsets of groups, whose highest and Towest means do not differ by more than the
-shortest significant range for a subset of that size). Underlined numbers indicate there is no signi-
ficant difference between the means. :

Subset 1 (most 1ike glaucescens)

Group Haenke Island Cordova Egg Island Copper Sands
Mean 9.55 10.02 10. 39 10.41

Subset 2 (Copper River Delta colonies)

Group Egg Island Copper Sands (S) Strawberry Reef
Mean -~ 10.39 10.41 - o
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Subset 3 (hybrid colonies with individual argentatus-types present)
Group Dry Bay _ North Marble

Subset 4 (interior argentatus)
Group Lake Louise




Table 19. Ranked Means for the Composite Hybrid Index for Larus Colonies in Southern Alaska
(Primary Feather + Iris + Orbital Ring Pigmentation)

(Duncan's New Multiple Range Test: p < .01 level)

Homogeneous subsets (subsets of groups, whose highest and lowest means do not differ by more than the
shortest significant range for a subset of that size). Underlined numbers indicate there is no signi-
ficant difference betwecen the means.

Subset 1 (most like glaucescens)

Group Haenke Island Cordova Egg Island Copper Sands (S) Strawberry Reef
Mean 9.55 10.02 10.39 10.41 11.40

e L L e et o e e e o o n mm e e e e e = R v TR Al e m e e M e e e e Tm e MR S wm s G R e e e Y A e e e M e G SR e R W W e e T G W R G e e G AR e e = e e e e e

Subset 2 (hybrid colonies with and without individual argentatus-types present)

Group Strauberry Reef Dry Bay North Marble
Mear 11.490 13.54 14.12

. e e e e R e e e e am MR e e e e e S M e M e e e e o e e e W ME AR e e e L e e e e e

Subset 3 (interior argentatus)

Group Lake Louise
Mean 23.5




North Marble, but none were found at Strawberry Reef. However, in
population parameters of primary feather pigmentation, iris and orbital
ring coloration, Strawberry Reef shows a%gentatus influence, and is
assigned at the p <.01 level to the category of a hybrid colony.

A geographical tendency or cline is'evident with the exception
of the extreme indices of Haenke Island and Lake Louise. Gull popu-
lations show increasing argentatus influence along an axis extending
- from the northwest to the southeast within the study areas. Primary
feathers become darker and yellow pigmengs increase in the irides and
orbital rings of gull populations betweéh Cordova and North Marble.
North Marble is quite recently deglaciated (within the last 120 years)
qnd was colonized thereafter. This suggests that the major source of
argentatus-like genes along the North Gulf Coast of Alaska is the hybrid
colony at Dry Bay, which»serves as a bridge between coastal and interior

Larus populations.

VIII. Analysis of Mating Patterns

L. argentatus, L. glaucescens, and adult gulls of highly variable
primary feather pigmentation were observed nesting together in
different habitats in Glacier Bay in 1971 (Patten and Weisbrod, 1974).
These observatiéns led to a subsequent study of mating patterns in |
the mixed colonies of North Marble and Dry Bay. The null hypothesis
was that mating was random.

At MNorth Marb1e, 162 gqull pairs nesting on sloping grassy meadcws
were examined in 1972. The study of the pairs revealed the following:
157 apparently phenotypit glaucescens pafrs, 1 "typical" argentatus

paired with a "typical” glaucescens, and 3 "intarmediates" paired with
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glaucescens. An intermediate is defined here as a gull not identifiable

in the field as either glaucescens or argentatus, but having character-

istics of both, i.e., in primary feather pigmentation and iris color.
Permission was granted by ParkFService officials to collect only four
adult gqulls at the close of the 1972 nesting season. The birds
collected were the same three intermediates and the argentatus
analyzed above.

Gull pairs at 290 nest sites were examined on MNorth Marble in
1973. The following pairs were recorded: 276 apparent glaucescens

pairs; 1 pair of argentatus; 3 argentatus paired with glaucescens;

and 10 pairs of "intermediate" gulls paired with glaucescens. The
differences between the two years were not significant‘(p <.05).
The}presence of species-specific pairs within the study area led to
a tentative conclusion that a form of mate.seTection was occurring.

Mating patterns within the gull colony on flat gravel bars at
Dry Bay were studied in detail during May, 1977. The plumage and
soft part colors of both parents at 112 nests were examined using a
25 x te]escope‘and comparing them to a Munsell color chart, or in
the case of primaries, a Munsell neutral value scale. The orbital
ring colors, however, were beyond effective resolution of the
telescope. The analysis was‘hence restricted to primary feather
pigmentation and iris color indices (Tables 20, 21, 22).

Three statistical tesfs were conducted on the matjng patterns
of the guils at Dry Bay, using the SPSS-10 CROSSTABS subroutine ¢n

the Johns Hopkins University DEC-system 10 computer. First, the index

of'primary feather pigmentation for each male was compared against




Table 20.

Same As
Mantle

Same As
Mantle

1 Shade
Darker
Than Mantle

2 Shades
Darker
Than Mantle

Black
Primaries

Column
Total

51
77.
70.
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* Fach section contains:

Hybrid Indices of Primary Feather Pigmentation
of Males Against Females in 112 Pairs
~of Larus Gulls at Dry Bay, Alaska

1 Shade Darker
Than Mantle

2 Shades Darker

Than Mantle Primaries

- W = - = e = s - R Wm e v A8 W WD Gm W e e e A e

(Raw Chi Square

24.20370, 9 d.f., significance = p <0.0040.)

Column %
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Table 21.

—

Hytrid Indices of Eye Color (Equivalent to Munsell Hues)

of Males Against Females in 112 Pairs
of Larus Gulls.at Dry Bay, Alaska

.7.5 YR 10 YR 2.5 Y 5 Y AROW Total
7.5 YR 100 2 1 2 105
5.2 1.9 ' 1.0 1.9 93.8.
©96.2 100.0 100.0 40.0
________________ 89.3 A8 09 V8
10 YR 1 0 0 2 3
33.3 0.0 0.0 . 66.7 2.7
1.0 0.0 0.0 48.0
_________________ 0.9 0000V
2.5 7 1 0 0 0 1
100.0 0.0 0.0 0.0 0.9
1.0 0.0 0.0 0.0
_________________ 0.9 00 0.0 0.0
5Y 2 0 0 1 3
' 86.7 0.0 0.0 33.3 2.7
1.9 0.0 0.0 -20.0
_________________ 180000 0.9
Column 104 2 1 5 112
Total 92.9 1.8 9 4.5 100.0
* Each section contains: Count (Raw Chi Square = 34.82256, 9 d.f., significance = p< 0.0001.)
Row %
Column % -

Total %
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Table 22.

of Males Against Females in 112 Pairs

of Larus Gulls at Dry Bay, Alaska

Cunibined Indices of Primary'Feather Pigmentation and Eye Color

Glaucescens Female Argentatus Row Total
Phenotypes Intermediates Phenotypes
"Pure" 51 * 6 3 2 2 0 0 64
Glaucescens  79.7 9.4 4.7 3.1 3.1 0.0 0.0 57.1
Primaries As 71.8 33.3 27.3 66.7 40.0 0.0 0.0
Mantle 45.5 5.4 2.7 1.8 1.8 0.0 0.0
CIrs 7D YR e
8 10 7 4 1 1 1 0 24
41.7 29.2 16.7 4.2 4.2 4.2 0.0 21.4
» 14.1 38.9 36.4 33.3 20.0 100.0 0.0
=S 8.9 . 6.3 ___3:6_____ 0.9 ____ 0.9 ____ 0.9 ____ 0.0 ..
D 9 5 1 3 0 1 0 0 10
£ 50,0 10.0  30.0 0.0 10.0 0.0 0.0 8.9
3 7.0 5.6 27.3 0.0 20.0 0.0 0.0
=R A5 . 0.9 ____ 2.l . 0.0_____ 0.9 ___. 0.0 ____ 0.0 o=
o8]
‘s 10 0 2 0 0 0 0 1 3
= 0.0 66.7 0.0 0.0 0.0 0.0 33.3 2.7
0.0 11.1 0.0 0.0 0.0 0.0 33.3
_______________ 0.0 .18 00 00 00 00 09
* Fach section contains: Count
Row %
Column %

Total &




. Jable 22, cont'd.

Total %

Glaucescerns Female ' Argentatus Row Total
Phenotypes Intermediates Phenotypes
o 12 5 2 -0 0 1 0 0 8
e ©62.5 25.0 0.0 0.0 12.5 0.0 0.0 7.1
ke .0 11.1 0.0 0.0 20.0 0.0 0.0
- 4.5 . 1.8 0.0 0.0 09 00 0.0
9]
= 13 0 0 0 0 0 0 1 1
" 0.0 0.0 0.0 0.0 0.0 0.0 100.0 0.9
it 0.0 0.0 0.0 0.0 0.0 0.0 33.3
B 0.0 ... 0.0 0.0 00 00 00 0.9 ________________
"Pure" 0 0 1 0 0 0 1 2
Argentatus 0.0 0.0 50.0 0.0 0.0 0.0 50.0 1.8
Primaries Black 0.0 0.0 9.1 0.0 0.0 0.0 33.3
_Yellow Eyes 0.0 ______ 0.0 0.9 00 00 00 09
Column 71 18 iR 3 5 1 3 112
Total 63.4 16.1 9.8 7 4.5 0.9 2.7 100.0
* Each section contains: Count (Raw Chi Squaré = 102.63608, 36 d.f., significance = p< 0.00001.)
' ' Row % _ '
Column %




each of the females in 112 pairs (Table 20). The crosstabulation
produced a Chi-square of 24.204, 9 d.f., p <.004. The iris colors
of the mé]es were then crosstabulated against the iris colors of the
females in each pair, resulting in a Chi-square of 34.823, 9 d.f.,
p <.0001 (Table 21). The indices of primary feather pigmentation
and iris color Were then combined for each individual gull, and the
sums of the males in the 112 pairs were crosstabuléted against the
sums of the females. This produced a Chi-square value of 102.636,
36 d.f., p <.00007 (Table 22). |

The mating patterns of the gulls were therefore very highly
significantly assortative; the null hypothesis was rejected. Guils
tend to choose mates similar to themselves, but in some cases select
mates of widely different phenotypes, forming mixed pairs and apparent
backcrosses. Although primary feather pigmentation and iris color
are both significant in mate selection, iris color is considerably
more significant than primary feather pigmentation, and the combination
of the two characters is much more significant than either as a single

factor in mate selection.

IX. Nest Site Selection: Slope, Substrate, and Cover

Southern Alaskan argentatus and g]auceséens nest on a variety of
substrates ranging from bare cliff ledges in Glacier Bay, to sloping
grassy meadows at Egg fs]and, North Marbie, and Lake Louise, and to
flat gravel bars at Dry Bay. Glaciar Bay is recently deglaciatad; wnile

not in the arctic, it approximates high latitude conditions in some
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areas. In Glacier Bay argentatus is most often found in fjords close to

glacier fronts; glaucescens concentrates in more marine regions, but not

exc]usiVe]y. L. argentatus and glaucescens were first observed nesting
together with gulls of variable primary feather pigmentation in July,
1971, on sea cliffs at William Field Cairn #3. This colony is located
4 km from the active front of the Johns Hopkins Glacier, on the north
side of Johns Hopkins Inlet. The cliff was deglaciated within the last
20 years; therefore, the colony cou]d‘not have been occupied for long.

In subsequent field seasons argentatus, glaucescens, and mixed pairs

were found nesting together on low rocky islets, flat gravelly islands,
and sloping grassy hillsides in Glacier Bay (Table 23).
Dry Bay, at the mouth of the A]sek River, northwest of Glacier

Bay, supports 500 pairs of mixed argentatus and glaucescens nesting

on flat gravel bars. The low alluvial islands, washed by high waters
in late summer and during winter storms, are of unstabilized substrate.
Vegetation is sparse and indicétes a combined mariﬁime and fresh-water
~influence. Vegetative cover is important in nest site selection,

since nests are clumped neaf drift logs, willow bushes, and grass
patches.

Thousands of glaucescens at Egg Island, off the Copper River Delta,
nest on dunes covered with Elymus meadows. The nest'sités are usually
in proximity to old drift logs or Sambucus bushes. Slope of the dunes
is shallow, with a‘mean less than 3 %. The highest dunes on Egg Island
are only 10 m above sea level. v |

_Nbfth Marble, as Egg Island, has highest nesting.densities

on grassy meadows; the dominant vegetation is Hordeum. Some sites
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Table 23. Nest Site Substrates

: in Larus Colonies
in Southern Alaska, British Columbia, and Yukon Territory

Species
Colony Composi tion Substrate

Glacier Bay colonies:

Johns Hopkins Inlet mixed argentatus - bare cliff face
glaucescens
Sealer's Island mixed argentatus - low rocky islet
glaucescens:
Tlingit Point mixed argentatus - flat gravelly islet
glaucescens
North Marble mixed argentatus - sloping grassy hillsides
glaucescens
- Dry Bay mixed argentatus - flat alluvial gravel bars
glaucescens
Haenke Island glaucescens .grassy cliff terraces
Strawberry Reef glaucescens Elymus-covered dunes
Copper Sands | glaucescens Elymus-covered dunes
Egg Island glaucescens Elymus-covered dunes
Lake Louise argentatus sloping grassy islet
Dezadeash Lake Y.T. argentatus boreal lake, forested

islet shores

Atlin Lake, B.C. argentatus low rocky islet
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Table 24. ' Nest Site Slope
' in Larus Colonies in Southern Alaska

Species :
Colony Compos i tion Mean Range S.D. n
North Marble mixed - 16.2 1 - 438 15.7 9
Dry Bay - mixed 0 0 0 112
Egg Island glaucescens 2.8 0-8 2.4 186

Lake Louise  argentatus 15.9  1-5 149 50
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at Narth Marble, however, are precipitous, approaching 58 % slope.

Sympatric and interbreeding glaucescens and argentatus are found on

the grassy slopes of North Marble. Allopatric argentatus at Lake

Louise nest on a grassy (Calamagrostris) islet, with slope and

substrate similar to North Marble (Tables 23, 24). Study of other
colonies at Dezadeash Lake, Yukon Territory, and Atlin Lake, British
Colombia, revealed that argentatus also nest on low rocky islets and
‘on the edges of forested islands in boreal lakes (Table 23).

In summary, both allopatric and éympatric argentatus and
glaucescens are flexible in nesting habitat selection in coastal
southern Alaska and the adjoining interior lakes. Nest site substrate
ranges from gravel bars to cliff faces and inc]udeé from 0 % to over

50 % slope. Favored sites for both forms are grassy s]obes.

X.  Clutch Size

Clutch size, hatching success, and fledging success Qf Lgﬁgg gulls
in southern Alaska were examined for evidence of post-zygdtic isolating
mechanisms. Populations of argentatus were compared against glaucescens
and mixed populations, and "pure" pairs were compared against mixed
pairs. Analysis of variance, and if F-ratios were significant, Duncan's
Multiple Range Test, were used. |

There is spatial and temporal variation in clutch size in gull
populations in southern Alaska. The range of clutch size in argentatus,
glaucescens, and mixed populations between 1972 to 1977 inc]udes'means
of 2.05 to 3.0 eggs per nest. Notably, the extremes both occur in
glaucescens popu]ations (Table 25). The 1975 Egg Island population

was at the low end of the range. Clutch size increased significantly
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Table 25.

Clutch Size, and Number of Fledglings Per Nest
in Larus Colonies in Southern Alaska

. Number of Mean Mean Number

Colony Year  Species Nest Examined  Clutch Size  of Fledglings
North Marble 1972 ~ mixed

East 94 2.8 1.8

West 36 2.9 2.2

liorth 20 2.8 1.5

Top 12 2.1 0.4

Total 162 2.8 * 1.75 *
North Marble 1973 mixed

East 104 3.0 1.6

West 60 2.9 2.2

North 15 3.0 1.7

Top 12 2.9 1.6

Total 191 2.96 * 1.80 *
Dry Bay 1977 “pure" 76 2.93 1.40

mixed 36 2.89 1.47

Total 112 2.92 * 1.44 *
Egg Island 1975 glaucescens 153 2.05 1.03
Egg Island 1976 glaucescens 186 2.56 1.12
Lake Louise 1977 argentatus 77 2.74 10.95

* yeighted means




between 1975 and 19756 (Table 27). Analysis of population parameters
at Egg Island suggests en expanding population with a high propdrtion
of young females, which tend to lay smaller clutches than older adults
(Patten and Patten, 1975, 1976, 1977, 1978). The interior Lake Louise
argentatus population had an intermediate clutch size of 2.74. The
upper extreme in clutch size was the mean.for ”pure“ g1aucescens pairs
at Dry Bay in 1977 (2.93).
The weighted means for the mixed North Marble Island population
were quite high (2.80 in 1972; 2.96 1h 1973; combined 2.90). Only
the North Marble "Top Colony," composed of 12 g1aucescens_pair§, had
a significantly smaller clutch size compared tovother sites in 1972
(2.1; F = 6.066; p <.01). Differences were not significant in 1973.
Phenotypes of both parents were determined for 112 nests in two
study plots at Dry Bay in 1977. The categories containing pairs with
at least one hybrid parent were combined for analysis. Only one

argentatus x argentatus pair was found at these sites. The analysis of

clutch size of "pure" pairs at Dry Bay was therefore confined to
g]aucescehs. However, "pure" pairs of argentatus at Lake Louise have
been compared against coastal glaucescens and mixed pairs.

The analysis of variance for clutch size in southern Alaskan
Larus colonies produced a hignly significant F-ratio of 35.574 (7 d.f.,
p <.001) (Table 26). The data were therefore further analyzed using
Duncan's Multiple Range Test. The differences between 1972 and 1973 for
the éo1onies on North Marble werc not significant, with the exception of
the Top Co1ony.' The Top Colony, however, due to its small size, did not
significantly depress the population mean. The North Marble data were

thus included as a single mean.
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Table 26. Analysis

of Variance of Clutch Size

Degrees of Sum of Mean .
Source Freedon Squares Squares Ffrat1o
Between Groups 8 88.7920 12.6846 35.574 *
Within Groups 796 283.8299 0.3566
Total 173 372.6219

* very highly significant (p < .001)




Table 27 contains the results of Duncan's Multiple Range Test at
the p <.05 level of significance. Note that the Dry Bay colony is broken
down into two groups: ‘“pure" glaucescens, and mixed pairs; but that
North Marble data are combined as one mean. | |

In the Duncan's Multiple Range Test (at the p <.05 level), there

are four homogéneous subsets of clutch sizes for argentatus, glaucescens,
and mixed populations, between the two extreme clutch sizes (both |
~glaucescens) (Table 27). Subset 1 contains the 1975 Egg Island popu-

 lation. Subset 2 contains popuiationé of ‘glaucescens, argentatus, and

mixed pairs, not significantly different in clutch size. In Subset 3,
: cigtch size of argentatus is not significantly different from two mixed
populations. In Subset 4, the mixed pairs at Dry Bay are not signifi-
ficantly different from the "pure" pairs, or from the mixed colony at
North Marble.

At the p <.01 level of significance, homogeneous subsets of
ranked means for clutch size are reduced to three. The 1976 clutch
‘size for glaucescens at Egg Island is not significantly different
from that of argentatus at Lake Louise, nor from that of mixed pairs
at Dry Bay. In Subset 3, argentatus clutch size is not significantly
different from that of glaucescens, mixed pairs, or the mean of the
combined colonies at North Marble (Tabie 28).

In summary, while there are significant temporal and spatial
differences in clutch size between Larus colonies in southern Alaska,
populations of argentatus are not significantly different from mixed
or glaucescens populations. Within the cbiony at Dry Bay, "pure"
pairs of giaucestens are not significantly different from mixed‘pairs

in mean clutch size.
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Ranked Meahs for Clutch Size

for Larus Colonies in Southern Alaska

(Duncan's New Multiple Range Test:

p < .05 level)

Homogeneou; sgbsets (subsets of groups, whose highest and Towest means do not differ by more than the
shortest significant range for a subset of that size).

. ' Underlined numbers indicate there is no signi-
ficant difference between the means.

glaucescens
Egg Island - 1975

glaucescens
Egg Island - 1976

argentatus
Lake Louise

argentatus
Lake Louise

combined
North Marble

e e

hybrid *

Dry Bay
2.89

combined **
North Marble

glaucescens

Dry Bay
2.93

* hybrid = pairs containing at least one intergrade gull

#* combined = arg. x glau.; arg. x arg.; intergrade x glau.; glau. x glau.
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Table 28. Ranked Means for Clutch Size
for Larus Colonies in Southern Alaska

(Duncan's New Multiple Range Test: p <.0l level)

Homogeneous subsets (subsets of groups, whose highest and lowest means do not differ by more than the
shortest significant range for a subset of that size). Underlined numbers indicate there is no signi-
ficant difference between the means. ‘

Subgset 1 glaucescens
Group Egg Island - 1975
Mean ___________ 2,06 ..
Subset 2 glaucescens | ~ argentatus hybrid *
Group Egg island - 1976 Lake Louise Dry Bay
JMeRn . 2.96 . 2. 0% . 2.89____
Subset 3 argentatus hybrid combined ** glaucescens
Group Lake Louise Dry Bay North Marbie Dry Bay
_Mean 2.74 2.89 2.90 2.93
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* hybrid = pairs containing at least one intergrade

*= combined = arg. x arg.; arg. x glau.; intergrade x glau.; glau. x glau.




X1. Hatching and Fledging Success

Factors influencing hatching and fledging success in southern
Alaskan Larus colonies have been analyzed in detail in a previous
series of pub]ications_(Patten, 1974, Patten and Patten, 1975, 1976,
1977, 1978). The purpose of this concluding section on results is’
to present highly condenséd data on reproductive success of

glaucescens, argentatus, and mixed populations, and to compare

fledging success of "pure" glaucescens versus "hybrid" pairs within
the colony at Dry Bay. "Hybrid" pairs are here considered.to be

. those containing at least one intergrade, and thus include Fj and
F2 backcrosses.

Hatching success in southern Alaskan Larus colonies is influenced
by three principal factors: eggs diappearing from the nest, due to
predation, which are considered "lost"; eggs which are inviable, i.e.,
tﬁose which remain in the nest but fail to hatch; and eggs which
pip but the embryo fails to emerge and dies (Table 29). The most
'important factor influencing hatching success is egg loss to preda-
tion, ranging from 4 % to nearly 30 % of eggs laid. In most cases,
‘egg predation is due to Larus gulls. The glaucescéns colony at
Egg Island (1975-76) and the mixed colony at North Marble (1972-73)
do not differ significantly from each other in egg loss due tov
predation, th bbth have significantly (p <.05) higher ratés from
the mixed colony at Dry Bay (Table 29). Data on egg Ioss to
predation and hatching success is not availaple for the argentatus
co]onyvat Lake Louise. Inviable eggs range from 1.9 % in»the Egg
Island glaucescens population, to 6.2 % in.the argentatus population

at Lake Louise. Inviable eggs in the mixed colonies of North Marhle
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Table 29. "lost," Inviable, and Pipped Eggs Failing to Hatch
in Larus Colonies in Southern Alaska (1972 - 1977)

Total

Colony Year Species | Eqgs Lost Eggs Inviab]e Eggs -Pipped/Fai1ed to Hatch‘
ﬂorth Marble 1972 mixed 455 125 (27.5%) 22 (4.8%) R (< 1%)
Nerth Marble 1973 mixed 566 150 (26.5%) 26 (4.6%) i (< 1%)
Egg Island 1975 glaucescens 313 92 (29.5%) 8 (2.6%) 1 (< 1%)
- Egg Island 1976 glaucescens 476 104 (21.8%) 9 (1.9%) 1 (< 1%)
T Dry Bay A 1977 mixed 265 10 ( 3.7%) 8 (3.0%) 2 (< 1%)
Dry Bay 'B' 1977 mixed 63 7 (11.1%) 0 0

Lake Louise 1977 argentatus 211 n.a. 13 (6.2%) 2 (< %)




and Dry Bay have similar low frequencies ranging from 0 % to 4.8 %.
Differences between the populations in frequencies of inviable eggs
are not significant (p <.05). The last cause of failure to hatch
is eggs which pip, without emergence of the embryo. In all cases,
thfs is well below 1 % at any colony.

Hatching success in southern Alaskan Larus colonies ranged from
67 % to 93 % (Table 30). The colony with the highest hatching success
was the mixed population at Dry Bay in 1977. This colony also had
the lowest egg loss to predation; hatéhing success was thus inversely

related to predation. The Egg Island g1auces¢ens population was not

significantly different in hatching success or observed chick mortality
from the mixed colony at North Marble, but chick disappearance was
significantly higher (p <.05) at Egg Island than North Marble
(Table 30). This was most likely related to the mhch greater meadow
area on Egg Island. Dry Bay, due to intense eagle predation, had
the highest rate of chick disppearance. An active_eag1e nest was
located within 1 km of the colony. Gull chicks found dead within
the colony usua]]y showed peck wounds to the head, presumably from
territorial defense by other adult gulls. North Marble had the
highest percentage of chicks fledged of those hatching, and Dry Bay
the laowest percentage. However, the final f1édging success as
measured in chicks produced per nest depends additiona]ly upon the
clutch size and the hatching success.

The summary comparison of the mean clutcn size and the irean

number of fledglings produced per nest provides the clearest picture

of reproductive success in Larus colonies in southern Alaska. The
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Table 30.

Hatching Success, Chick Mortality, and Fledging Success

in Larus Colonies in Southern Alaska \1972 - 1977).

Cotony Vear  Species  [eelt i Thiching  Mortaliey  Dseveered (i)
North Marble 1972 mixed 162 304 (67%) 16 (5 5 (2 283
hNorth Marble 1973 mixed 191 390 (69%) 31 16 343
Egg Island 1975 glaucesgens 153 254 (69%) 30 75 157
Egg Island 1976 glaucescens 186 343 (77%) 27 108 208
Ory tay 'A' 1577 mixed 90 245 (92%) 16 95 134
Cry Bay 'B' 1977 mixed 22 59 (93%) 2 29 28
Lake Louise 1977 argentatus 77 n.a -- -- 73

* Most chick disappearance was due to sustained eagle predation.




Table 31. Comparison of Mean Clutch Size and Fledging Success
in Larus Colonies in Southern Alaska

Colony/ Mean Mean Number Mean Number of
Species Clutch of Fledgings Territory Nests
Composition Size Per Nest Size (m2)* Examined

North Marble ’
(1972-1973) 2.90 1.77 18 m
(mixed)

162-191

Dry Bay v 5
(1977) 2.92 1.44 32.2 m 112
(mixed) ,

- Egg Island 5
(1975-1976) 2.40 1.08 29.6 m

(glaucescens)

Lake Louise 2
(1977) 2.74 .95 13.5 m 77

(argentatus)

153-186

* Substrates: North Marble: Willoughby limestone with Hordeum meadows.
Dry Bay: alluvial sand and gravel with sparse vegetation.
Egg Island: sand dunes with Elymus meadows.
Lake Louise: rocky islet with Calamagrostris meadows.




colonies where interbreeding is occurring, e.g., North Marble and
ODry Bay, have higher mean clutch sizes and net productivity than

colonies of either glaucescens or argentatus “pure"” parental types

(Table 31). Within the mixed colony at Dry Bay, howeVer, the
‘"hybrid" pairs had a reproductive success of 1.47 chicks fledged

per nest, while in comparison, the phenotypically "pure" glaucescens
produced 1.40 chicks per nest. The differences between the two
groups in fledging success were not significant; nor were the
differences in mean clutch size (2.89 vs. 2.93).

In summary, although clutch size and fledging success of "hybrid"
versus "pure" pairs within the individual colony at Dry Bay are not
significantly different, the hybrid pairs are reproducing slightly
better than the glaucescens phenotypes, and southern Alaskan colonies
with mixed populations are producing considerably more offspring per

pair than colonies of either argentatus or glaucescens parental types

(Fig. 26).
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CHAPTER 6: DISCUSSION

I.  Ancestral Populations

The ancestral Larus populations most Tikely emerged from eastern
Siberia duking the early Pleistocene, spreading in both easterly and
westerly directions across the Eurasian land mass, and crossing the
Bering Strait Land.Bridge into the North American continent (Hopkins,
1962; Haag, 1962). Expanding ice masses subsequently separated the
ancestral gull populations, forcing them into refugia in Europe,
Asia, and North‘America during successive glaciations. With an
increasfngly severe climate, and with small populations, the oppor-
tunities for diffefentiation would have been considerable.

North American gull populations resembling argentatus stock were
pushed back by continental glaciation to an interior refugium along
the Yukon-Kuskokwim - Bering Strait Land Bridge. Other populations
were forced to retreat southward along the Pacific Coastline to the
Puget Sound region, where they evolved in proximity to glacier fronts.
The relatively uniform mantle and primary feather pigmentation of
glaucescens resembles that of high latitude arctic species such as
glaucoides, which breeds on exposed cliffs in similar glacier environ-
ments (Hoffman et al., 1978).

As the ice sheets retreated, Larus populations which had
continued to evolve in separate pathways rejoined, and in some caseé
interbred, and on other cases dia not. Wnii2 these gUiis snared a
common gene pool at one time, enough evolution occurred to account
for certain colorimetric differences between argentatus and

glaucescens, for instance in the amount and pattern of melanin
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deposition in the primary feathers, and in orbital ring and iris coior-
ation, and to account for certain habitat preferences.

L, argentatus is a wide-ranging species currently found along the
Eastern Seaboard, the Great Lakes, and on boreal lakes of North America,
exhibiting tolerance fbr both freshwater and marine conditions.

L. glaucescens is a coastal Pacific Northwest species, generally

confined to marine environments. The more flexible argentatus,

- breeding on boreal lakes, and wintering offshore in the Pacific, appears

to possess the capacity to colonize the southern Alaskan coastline,
while glaucescens is not found in the interior. The area where these
two gull forms come into contact is the region of the Pacific Northwest

coastline between southeastern Alaska and the A]aska\Peninsu]a.

I1. Larus Populations in Southern Alaska

Williamson and Peyton (1963) collected a series of specimens which
were intermediate between argentatus and glaucescens from the Cook Inlet

region, near Anchorage, Alaska. The authors suggested that sympatry

between breeding argentatus and glaucescens occurs in southeastern

Alaska. The preceeding chap;er has demonstrated that additional sympatry
and interbreeding of glaucescens and argentatus occurs in southcentra]i
and southeastern Alaska. Mixed populations exhibit a higher reproduc-
tive rate than colonies of parental phenotypes.

These Larus gulls inhabit geologically dynamic nesting habitats
along the southern Alaskan coastliine, ranging from recently deglaciated
fjords to eafthquake-inf]uenced sandbar barrier islands and delta
gravel bars. Nesting habitat selection is flexible, and ranges from

flat gravel bars to sloping grassy hillsides and nearly vertical cliff
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faces. Onset of breeding is flexible within an Tndividu31 colony, and
is related to weather conditions and snow cover. The mixed colony at.
Ory Bay at the mouth of the Alsek River exhibits the mast flexibility
in timing of breeding of seven colonies examined, although over fifty
percent of the eggs are laid in just over avone-week time span.

Clutch size of "pure" versus mixed pairs within the colony at
Dry Bay is not significantly different. Hatching success in the entire
colony was quite high, due to low rates of egg inviability and egg
predation. Hybrid, F2 and apparent backcross zygotes, with a slightly
enhanced fledging success, are cleaf]y not reduced in viabi1ity to
fledging stage. Analysis of morphology and pairing indicates that
individuals of mixed genetic background survive to adulthood and may
interbreed with parently types, usually glaucescens. The Comp]ete
range of variability is expressed by the offspring of the backcrosses.
Mating patterns, however, are strongly assortative, with individuals
of intermediate phenotypes tending to select mates of similar pheno-
types, although exceptions occur regularly. |

This outline of the two forms and the environment in which they

meet presents fundamentals of the argentatus - glaucescens interaction

in southern Alaska: the two colorimetrically different but inter-
fertile forms,; largely kept anart by dissimilar natural environments,
are interbreeding in a zone of contact in ecologically dynamic coastal
Alaska. - In addition to the rapid geological and successional changes
in coastal southern Alaska, certain aspects of the environment are
becoming progressively more altered by human influence, notably with
the development of intensive fisheries, with increasing amounts of fish

offal and similar garbage.




Four theoretical alternative hypotheses for the existance of a
narrow hybrid zone between argentatus and glaucescens in south coastal
Alaska w1]1 be explored in search of the best exp]anafion for the data
coilected. These four hypotheses are not mutually exclusive, and the
"best fit" for the southern Alaska Larus situation may involve combin-
ations of segments of several hypotheses.

The ephermal-zone hypothesis, e.g., that hybridization will end

~in either speciation or fusion of the hybridizing taxa by means of
introgression (Dobzhansky, 1940, 1951§ Sibley, 1957, 1959, 1961;
Wilson, 1965; Remington, 1969; Maore, 1977) is inappropriate to the

southern Alaskan argentatus - glaucescens contact zone for several

reasons. Speciation requires selective pressure against those indivi-
duals which enter into mixed pairs, and is to be expected if the
populations have diverged to the extent that the hybrids would serve
as a bridge for introgressive hybridization. While historical data on
thé duration and extent of the contact are not available, other than
from Williamson and Peyton (1963), natural selection is appérent]y

not acting against hybrid zygotes in the coastal environment, at Teast
until fledging stage. Further, analysis of adult morphology indicates
intermediate adults are common and reproduce as well as "pure" types
withfn the cqnfact zone. The viable and fertile hybrids could serve
as a bridge for introgressive hybridization,.yet evidence suggests
that glaucescens genes are not penetrating interior'argentatus to the
degrea that the converse is occurring. Theréfore, rapid speciation or

fusion of these two forms is not occurring; a]though the glaucescens

population is increasing in variability.




The dynamic equilibrium hypothesis, as postulated by Bigelow |
(1965) and discussed by Moore (1977), requires influxes of genes
from both parental populations. This hypothesis has aspects which
apply to the southern Alaskan Larus contact zone. The migration
pattern of argentatus from offshore wintering areas, which extend
from the Gulf of Alaska to southern California (Harrington, 1973;
Sanger, 1975) towafds breeding localities in interior Alaska and the
“ Yukon, includes major river valleys sqch as the Alsek and the |
Susitna. These rivefs pass through major mountain formations, such
as the Alaska and St. Elias ranges. Local glaucescens populations
at co]oﬁies near mouths of rivers may receive substantial influxes
of argentatus genes, as well as glaucescens genes from other colonies.
Continued immigration of "naive" individuals could swamp evolution
of isolating mechanisms. Hoffman et al. (1978), using computer
simulation teéhniques, suggested that immigration of parental types is
assisting in maintenance of the apparently stabile glaucescens -

occidentalis contact zone in western Washington state. Bigelow (1965)

proposed that stabf]e hybrid zones might result from a dynamic balance
between gene flow and selection against hybrids. He suggested that
steep selection gradients on either side of the contact zone might
inhibit intrograssion. The evolution of an antihybridization mechanism
in the restrictea zone of contact might be disrupted by migrants moving
into the restricted zone from more extensive areas of allopatry.
However, hybrids are apparently not selected against in the southern
Alaskan contact zone, and theoretically, mating should be random in a
stabile hybrid zcne. There is strony evidence that assortative mating

is occurring, possibly counter to evolution of an equilibrium.
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There is also the additional evidence that more argentatus genes are
entering coastal populations than the reverse, e.g., not.an equilibrium
state. |

The hybrid superiority hypothesis suggests that hybrids are
actually more fit than the parental phenotypes in the restricted regions
in which they occur (Anderson, 1949; Muller, 1952; Hagen, 1967; Short,
1969, 1970, 1972; Littlejohn and Watson, 1973; Moore, 1977); Data
from the southern Alaskan Larus contact zone indicaﬁes that this
possibility éertain]y exists. There is evidence of hybrid fertility,
backcrossing, morphological intermediacy, and hybrid viability. At
first, the assortative mating pattern seems to counter the hybrid
superiority hypothesis, but intermediates which select like types as
mates within the contact zone should increase their reproductive
fitness by the production of offspring adapted to the intermediate
environment.

Zones of contact (c.f., Mayr, 1963) usually involve only small
portions of the complete ranges of the participating popu]ations.
The vast majority of both glaucescens and argentatus populations
breed outside this particular contact zone, although g1aucescens is
in genetic contact with two other forms, hyperboreus (Strang,‘]977),.

and occidentalis (Hoffman et al., 1978), to the north and south. The

continuation of hybridization in the southern Alaskan contact zone may
result from the very sharp boundary between the two environments in

wnich argentatus and glaucescens usually occur, in this case the

radical division of interior from coastal Alaska by very high mountain
ranges. The abrupt division allows such a small fraction of each form

to be sympatric with the other, at river mouths, bays, and recently
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deglaciated fjordlands, that gene flow to these ecotones may swamp
development of complete ethological pre—mating isolating mechanisms
(Jackson, 1973).

The concept that ecological factors are most important in deter-
mining the fitness of these hybrids is central to the development of

the hybrid superiority hypothesis (Moore, 1977). The extent of a

contact zone is determined by the geographical range of ecological condi-

 tions to which the intermediates are adapted, or to which the parental

phenotypes are less well adapted. Moét hybrid zones are narrow and
occur at the juxtaposition of the ranges of the parental populations

(Moore, 1977). The argentatus x glaucescens contact zone is clearly

narrow and at the interface between the two parental populations
(Short, 1969; Fig. 1 ).
The fourth explanation to be considered to account for the

argentatus x glaucescens contact zone is based upon the following

logic: most stabile hybrid zones appear to occur in ecological
conditions that are ecotones, disclimax, marginal habitats, or
perpetually disturbed habitats (Moore, 1977). This explanation,
along with aspects of the hybrid-superiority hypofhesis discussed
immediately above, provides the best possible explanation for what
has been observed in Larus populations in southern Alaska. The
mixed populations of gulls are found when argentatus of the boreal
lakes meets the marine glaucescens at the mouths of rivers and in
recently deglaciated fjofds. The occurrenca of the zone of overlap
and hybridization appears to correlate with a change fn climatic |
conditions from West Coast Marine to Boreal Interior, or in the case

of the kecent1y deglaciated fjords, from West Coast Marine to
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circumstances which mimic arctic conditions. These ecotones probably
provide marginal habitats for the forms which represent_eco]ogica]
communities on either side of the ecotone.

L. argentatus and L. glaucescens are forms which have diverged in

response to particular external conditions exerted by the respective

communities in which they evolved. The argentatus x glaucescens hybrid

may be physiologically homeostatic and no less adapted'to the transi-

tional habitat than are the parénta] phenotypes. The selection gradients

exerted by the distihctly integrated West Coast Marine and Boreal

Interior communities on either side of the ecotone preQent expansion

of the hybrid zone. However, compliete reproductive isolation is not

evolving because, when the opportunity to hybridize occurs, there is

no selection against the mixed forms. The hybrids are able to

survive in the dynamic southern Alaskan contact zone because they do

not have to compete in stabile communities with species that are well

adapted to those communities. Since the hybridization is occurring

in zones of marginal habitat for both parental phenotypes, the hybrids

would not have to overcome rigorous competition from either argentatus

or glaucescens phenotypes and therefore persist in the dynamic ecotones.
River val]éys_are among the most variable of environments |

(Anderson, 1949). Extant conditions may be drastically altered

within a short period of time by river action. The connection between

disturbed environments and the results of hybridization is typical

of many cases of hybridization (Anderson, 1949; Grant, 1971; Moora, .

- 1977). The greater the number of gene differences between the parenta]

types, the greater will be the number of special new habitats neces-

sary for the segregants. Presumably, the genetic differences between
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argentatus and glaucescens are not especially great. Theoretically,
if F2 and éubsequeht generations are to survive and reproduce, there
must be environments not only with intermediate habitats, but that
present all possible recombinations of the contrasting differences
of the parental environments (Anderson, 1949). The theoretical
expected intermediate habitat for these two gull forms would be a
fresh-water / salt-water mosaic within a mixed West Coast Marine -
Boreal Forest environment. This is precisely the environment near
the mouths of the Alsek and Susitna Rfvers in southern Alaska. These
sites are apparently the center of gull interbreeding along this section
of Pacific Cdast]ine, since argentatus gene frequencies (as analyzed by
colorimetric hybrid indices) diminish with distance away from these
areas.

Pioneering gull populations in recently deglaciated fjofd]ands
are within a partially different selective framework, even though the
ehvironment is a dynamic ecotone. Whenever retreat of ice masses is
rapid, as within the last 200 years in Glacier Bay, large areas are
| open for colonization. Tinbergen (1960) noted that hybridization
is characteristic of pioneering populations. When the pioneering
individuals, for example argentatus phenotypes, arrive in the
recently deglaciated environment, they are unable to find conspecific
mates. Thus, even though their pre-mating isolating mechanisms could
be as completely devéloped as those in the center of the range, such as
in the eastern Canadian arctic (Smith, 1966b), the threshhold of the
pioneering argentatus will eventually diminish to a low enough level
that they will hybridize with glaucescens rather than not reproduce at

all (Mayr, cited by Sibley, in Blair, 1961). L. argentatus is
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distfnctly less common than glaucescens within the fjordlands of Glacier
Bay. Individual argentatus may not find conspecific mates, and the
instinctive mating drive eventually overcomes the inhibitory drive of
potentially incorrect species-specific recognition signals and a mixed

argentatus x glaucescens pair is formed. The viable offspring, with

mixed genomes, may have a selective advantage in the rapidly changing
environment.
Man, in addition to catastrophic natural forces, creates new,

artificial niches in which hybrid segregants might survive and repro-

~duce (Anderson, 1949). Some of these artificial niches are of definite

types. For instance, natural plant hybrids are often restricted to
man-disturbed environments, i.e., they are weeds in an ecdlogica]

sense (Anderson, 1949; Grant, 1971; Moore, 1977). Most stabile hybrid
zones appear to occur in ecological conditions which confofm to Wright
aﬁd Lowe's (1968) definition of "weed" habitat (in Moore, 1977).

Some of the most important artificial niches for Larus gulls are
garbage piles, sewage outfalls, and concentrations bf fish offal

around canneries and processing plants. The rapid development of
coastal and marine fisheries in Alaska, with production of huge amounts

of offal in addition to the refuse associated with increésed gas and oil

"development on the continental shelf, is providing large amounts of

"loose" energy. L. argentatus is an excellent example of a vertebrate
"weedy" species, adapted to man-disturbed environments and to utilize
artificiaT food (Drury, pers. comm.). When numans 0OCCupy naw arsas,
barriers between other species are broken down and new eco]ogicél niches

are creatéd in which hybrid segregants can survive {c.f., Sibley, 1950,
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1954; Sibley and WEét, 1958; Sibley and Sibley, 1954). The effect of
human disturbance is to give weedy species, such as L. érgentatu ,
much'greater oﬁportunities to hybridize with sim11ar‘forms than would
otherwise be encountered. Future development‘in coastal Alaska, parti-
cularly in fisheries and petrochemical industries, will increase contact
between Larus populations and assist in the survival of hybrid forms

in disturbed environments. Hybridization is expected to coﬁtinue between
Larus populations in Alaska in coming years, and intermediate gulls

will become more common. The géne flow between large white-headed gqull
populations will be increased in future years as a secondary consequence
of human activities, and may lead to a new adaptive peak in these

commensal forms. .

III. Relation to the Circumpolar Formenkreis through Eastern Siberia

Dr. Kistchinski of the Soviet Academy of Sciences (pers. comm.)
reports a similar Larus situation to that in Alaska on the eastern
side of the Bering Strait. Species composition differs slightly.

L. g]aucescens”breeds on the Aleutian Chain and extends into Soviet
territory only on the Commander Islands. Ms. Ludmila V. Firsova

of the Ornithology Department, Zoological Institute, Leningrad, has
been studying the breeding biology of glaucescens in this area.

L. schistisagué, the Slaty-backed Gull, occupies the coastal niche of

glaucescens on the eastern shares of the Sea of Okhotsk and the

Kamchatka Peninsula. L. argentatus vegae occupies interior eastern

Siberia, as L. a. smithsonianus occupies interior Alaska. A zone of

overlap and hybridization exists between schistisagus and vegae where
rivers descend from the southern Koryak Highlands and enter the Bering
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Sea (Fig. 27). L. schistisagus typically nests on cliffs facing the

- Bering Sea, and vegae usually nests in scattered pairs on boreal lakes.
However, Portenko (1963) and Kistchinski (pers. comm.) found vegae and

schistisagus breeding sympatrically from Barykov Cape to the Khatyrka

River mouth and somewhat to the south on the Siberian coast. Hybrid
colonies are found on Koryak river deltas and on sea cliffs in the
northern Koryak Highlands. The colonies on river deltas serve as a
“partial gene bridge connecting coastal with interior populations,
forging another link in the circumpolar Formenkreis. These settings
are remarkably similar to those found in Alaska, e.g., the Alsek River
Delta at Dry Bay, and the Susitna River Delta near Anchorage.

The following species composition serves as an example of those
gulls breeding on sea cliffs in the northern Koryak Highlands: 5 %

hyperboreus, 70 % schistisagus; 5 % vegae; and 20 % intermediates

~exhibiting a wide variety of characteristics of both vegae and

schistisaqus. Portenko (1963) believes that schistisaqus and vegae

should be regarded as conspecific. Firsova and Kistchinski (pers.
comm.) now believe that the binomial nomenclature should be retained,
since parental types are present in the mixed colonies. L. a. vegae

and schistisaqus exist in a narrow zone of overlap and hybridization,

and should be treated as semispecies.
L. hyperboreus breeds northward from the Koryak Highlands on the
coastal lowlands, where it is not in sympatry with vegae on the

boreal lakes. L. hyperboreus pallidissimus nests on arctic shores

westward across northern Siberia, and on the periphery of Wrangel




Island. - Mixed colonies of vegae and hyperboreus are found in the

.interior of Wrangel Island, with no interbreeding. A representative
composition in these colonies is 70 % vegae, 30 % hyperboreus. Small
numbers df L. a. vegae enter U.S. territory on St. Lawrence Island, where
they breed on cliffs (Fay and Cade, 1959; Searing, 1976; Drury, pers.
comm.). St. Lawrence Island is a fragment of the fdrmer Bering Strait
land bridge, connecting Eurasia with North America, across which the

ancestral populations of argentatus moved from Eastern Siberia into

North America during the early Pleistocene.
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IV. Taxonomy of Large White-headed Gulls of the North Pacific Rim

The effects of glaciation, as discussed abave, are particularly
apparent where pairs of "semispecies" are formed (Rand, 1948). These
are cases in which two forms, or groups of forms, meet in conjunction
along a narrow belt. The relationships of the forms to each other
are neither those of species, nor of subspecies; but combine character-
istics of both, in a stage of evolution between that of species and of
| subspecies. Ripley (1945) called semispecies "emergent interspecies.”

Mayr, Linsley, and Usinger (1953) first defined semispecies as
the species of which a superspecies is composed; semispecies are a special
kind of sﬁecies, not a category different from the species. However,
Mayr (1963) iater agreed with Lorkovic (1958) that the term should be
broadened to include the additional meaning of populations that have
acquired some, but not yet all, attributed of species' rank; borderline
caSes between species and subspecies. Thus, gene exchange would stil]
be possible among semispecies, but not as freely as among conspecific
populations (cf. Amadon, 1966). Hoffman, Wiens, and Scott (1978) sug-
gested that the semispecies concept should be further expanded to
include apparently stable zones of ovér]ap and hybridization, such as

the glaucescens - occidentalis contact in Western Washington (Fig. 1).

Data gathered in southern Alaska during research for this inves~-
tigation support the above concept developed by Hoffman et al. (1978).

Similar to the glaucescens - occidentalis contact, the analyses of

morpho1bgy and mafing patterns of glaucescens and argentatus demonstrate
that Short's (1969) and Mayr's (1963) criteria for conspecifity are not

met, i.e., that the zone of contact shcould be characterized by random
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mating, complete intergradation, absence of pure parental types, with
introgression into the adjacent parental populations. However, evidence

from western Alaska suggests that the hyperboreus - glaucescens contact

zone may meet these criteria.

L. hyperboreus barrovianus, breeding in northern and western

Alaska, as well as in the western Canadian arctic, is characterized by
smaller size and darker mantle than other hyperboreus Subspecies (Rand,
1952; Manning et al., 1956; Macpherson, 1961). SQarth (1938) found gulls
on Nunivak Island off western Alaska to be nearly completely intermediate
between g]aucesceﬁs and barrovianus. Johansen (1958) suggested that
barrovianus showed a probable glaucescens influence. Strang (1977) found
a uniform level of glaucescens character§ in populations of barrovianus
on the Yukon-Kuskokwim delta of western Alaska (Fig. 1). However, a
character gradient has not been demonstrated between these forms, nor
have mixed colonies or mixed pairs been 1ocated.* The contact between

barrovianus and glaucescens clearly bears further investigation. The

available evidence does suggest that the contact between barrovianus and
glaucescens is of considerable antiquity, especially as compared to the

parapatric glaucescens - argentatus zone.

~Short (1969) first suggested that glaucescens and argentatus are
semispecies. The results of my research confirm this suggestion., Further,

argentatus, glaucescens, and occidentalis form a chain of semispecies.

L. glaucescens is the 'key' link in this chain, since it interbreeds

with every other Targe white-headed gull with which it comes into

* .
Drury (pers. comm.) recently reported a mixed pair between
hyperboreus and L. argentatus vecae on the Seward Peninsula of Alaska.




contact, including hyperboreus. This chain is in turn linked through

L. schistisagus and L. argentatus vegae of the Siberian coastline with

the circumpolar Formenkreis.
The appropriate taxonomic treatment for semispecies is to retain
the binomial nomenclature. Thus, the Herring Gull of Alaska should

remain Larus argentatus, and the Glaucous-winged Gull L. glaucescens.
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SUMMARY

This study investigates mensural characters, plumage and soft-
part celors, nesting habitat selection, mating patterns and hatching
and fledging success of large gulls (Larus) in colonies in southern
Alaska. The problem is approached through a comparative field study of
allopatric and sympatric gull populations.

After an introduction to the evolution and systematics of the

Herring Gull group (Larus argentatus) Chapter 1), two Alaskan members

of the genus Larus are described. Questions are posed in search of
answers to pre- and post-mating isolating mechanisms between these two
forms. The intent in answering these questions is to clarify taxonomic
and ecological relationships between glaucescens and argentatus, relate
the Alaskan situation to the larger Formenkreis, and aid in further
~understanding the complex systematics of the Herring Gull group.

The Titerature on the morphology and evolution of Palearctic and
Nearctic Larus gulls is summarized in Chaptér IT. There is general
agreement in the literature on the origin of yel]ow-footed and pink-
footed gulis. An ancestral Larus population was divided by the East
Siberian Ice Barrier into two major refugia. Populations that evolved
Ainto the pink-footed argentatus group were forced to the éast side of
the barrier, and the populations that evolved into the yellow-footed

cachinnans-fuscus group were displaced to the west side in the Aralo-

caspian area. 'The ancestral argentatus disnersad in interglacial times

over North America, leading to gradual development of the pink-footed

American group, which includes glaucescens and occidentalis, among others.
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Post-glacially, L. a. smithsonianus emigrated to Europe from eastern

North America, coming'into contact with the westward-expanding cachinnans-
fuscus group, to which argentatus is partially isolated. The classic
overlap of a "ring" species (Formenkreis) is thus formed. The connect-
ing links in the Formenkreis are the sympatric populations of Larus

gulls in central Siberia, which hybridize on a large scale.

Evidence is presented linking the Western Nofth Americén Larus
populations with the circumpolar Formenkreis. A review of the evolu-
tionary status of large gulls of the West Coast suggesté none of these
Larus populations are completely reproductively isolated by pre-mating
mechanisms, since they interbreed in narrow zones of sympatry. Breed-
ing biology of large white~headed gulls fs reviewed to assist in under-
standing dynamics of the interbreeding forms.

The study areas are discussed in Chapter 3. After an introduc-
tion to the general environmental conditions on the south coast of Alaska,
eighf individual study sites are described. These sites consist of six
coastal colonies, and one major feeding area, located between Juneau
and Prince William Sound. A qull colony on fresh-water lake in interior
Alaska, north of Valdez, is included in the study. The geology of the
coastal sites is dynamic, due to recent deglaciation, major earthquakes,
and floods. Slope and substrate of the study colonies vary from hori-
zontal gravel bars to nearly vertical cliff faces. Two coastal colonies
support interbreeding argentatus and gTaucescens. THe interior colony
at Lake Louise is composed of allopatric argentatus. Principal periods
of study for these colonies are given.

Materials and Methods are presented in Chapter 4. Techniques of

marking nests, chicks, and adults are described in addition to the me thods
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of obtaining morphological measurements of adult qulls. The Hybrid
Index is discussed as a method for analyzing hybridization. Numerical
scores are assigned to the variation exhibited by the parental types
and intermediate forms. Colors analyzed in the study are identified
and recorded by the Munsell System of Color Notation.

Chapter 5 contains the Results of the research. Statistical
tests reveal that a minor sex-linked difference in bill depth at pos-
terior nares exists between two Copper River Delta glaucescens colonies,
and all other populations. There is, however, broad overlap between
populations in other mensural characters.

The study therefore includes such colorimetric characters as
primary feather pigmentation, iris and orbital ring colors. The
primary feather pigmentation of 174 gulls is ana]yzed{ Individual qulls
within thelstudy area are highly variable, and the Qariation includes
primaries 1ightér than the mantle, with no observable pattern of melanin
deposition, to a distinctly delimited and extensive black pattern

including much of the outermost primaries. The complete range of varia-

tion in primary feather pigmentation between glaucescens and argentatus
types is found within the individual colony at Dry Bay, at the mouth
of the Alsek River, southeast of Yakutat, A]aska.  As a'generaT trend,
mean wing hybrid indices gradually increase from coastal populations
resembling glaucescens forhs.through intermediate populations in fjordé
and at river mouths to an interior population of argentétus on a fresh-
water lake.

The range of iris coloration in gulls within the study area
includes very dafk browﬁ, dark brown, brown, light brown, Tight ye]low;

and bright yellow, forming an uninterrupted continuum from populations
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most 1ike glaucescens to popu]ations clearly identifiable as argentatus.
Qualitative comparisons of the frequencies of the individual Munsell
categories of iris hue, value and chroma, and the combinations theréof,’
reveal that neighboring colonies on the Copper River Delta have strikingly
similar distributions of iris hues; however, the Cofdova gull popula-
tion is qualitatively different in distribution of iris hues from the

- Copper River De]ta‘popu1gtions. The mixed populations at North Marble
and Dry Bay share similar, although not identical, distributions of

iris hues and values. The distribution of iris values in irides of

the Strawberry Reef population resembles that of the population inhabit-
ing Dry Bay. The Copper Sands (S) and Strawberry-Reef glaucescens
populations are'closeTy related, although Strawberry Reef additionally
resembles the hybrid population inhabiting Dry Bay.

A Chi-square test demonstrates that iris color is linked with
primary feather pfgmentation in Larus populations in the southern
Alaskan study area. Light-eyed qulls tend to have dark primaries,
dark-eyed gqulls tend to have light primaries, and qulls wfth inter-
mediate amounts of melanin in the primaries have irides of various
intermediate shades.

The variation and distribution of iris color, although 1inked
with primary feather pigmentation, is unlikely to function in species
“recognition betweén the light-eyed argentatus and the dark-eyed glaucescens
in southern Alaska, since the two forms are linked by a complete range
of intermediates. |

The extreme pigments in orbital rings of glaucescens and argen-

tatus in southern Alaska are dark pink and bright yellow, but six inter-
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mediate hues exist, and more than one hue may occur in an individual
eye-ring. Each colony examined had a different mean composite orbital
ring, but an analysis of variance confirms that the orbital ring colors
of the populations at both endé of the distribution are connected by
increasing amounts of yellow pigment. Orbital rings of some individual
gulls in the study area are uniformly pigmented. Other gulls possess
orbital rings with two to three hues. The population at Dry Bay has
-the greatest distribution of uniformly pigmented orbital rings, as

well as the most even distribution of brbita] rings with combination
hues.‘ The function of orbital ring pigmentation as a species-specifjc
recognition character in southern Alaska is unlikely, due to the spectrum
of variation. However, the variability may function as a character for
individual or population recognition.

The composite hybrid index demonstrates a cline of increasing
afgentatus influence along a 480 km axis extending from the northwest
to the southeast between Prince Wi11iam’Sound and G]acier Bay. Primary
feathers become darker and yellow pigments increase in the irides and
orbital rings in gull populations along this axis. The major source
of arQentatus-]ike genes along the North Gulf Coast of Alaska is the
hybrid colony at Dry Bay, which serves as a bridge between coastal and
intérior Larus populations. |

Three statistical tests are conducted on the mating patterns of
gulls in 112 pairs at Dry Bay. These tests indicate that mating'pat-
terns are significantly assortative; i.e., gulls toend to choose mates
similar to themselves, but in some cases select mates of widely differ-
ent phenotypes, forming mixed pairs and apparentvbaCkcrosses. Statis-

tically, the combination of both iris color and primary feather pigmentation
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is considerab}y more important than either as a single factor in mate
selection. |

Both allopatric and ssympatric argentatus and glaucescens are
flexible in nesting habitat selection in southern Alaska. Nest site
substrate ranges from gravel bars to cliff faces’inc]udihg from 0% to
over 50% slope. Favored sites for both forms are grassy island sidpes.

Clutch size, hatching success and fledging success of Larus

gulls in southern Alaska are examined for evidence of post-zygotic
isolating mechanisms. While there aré statisticélTy significant temporal
and spatial differences ih clutch size between Egrgé.co1onies ﬁn sduthern
Alaska, popu]atidns of argentatus are not significantly different from
mixed or glaucescens populations. Within the colony at Dry Bay, "pure"
pairs of glaucescens are not significantly different from mix=d pairs in

mean clutch size.

The tolony with the highest hatching success is the mixed popula-
tion at Dry Bay in 1977. Rates of egg inviability in all colonies are
low, and differences between populations in frequencies of inviable
eggs are not significant.

The colonies where interbreeding is occurring, e.g., North Marble
and Dry Bay, have higher mean clutch sizes and net productivity than
clutch size and f]edging success of mixed Qersus "pure"” pairs are not
significantly different within the individual colony, the mixed pairs
are reproducing slightly better than the glaucescens phenotypes, and
southern Alaskan colonies with mixed populations are reproducing con-
siderably more offshore per pair than colonies of either argentatus»or

argentatus parental types.
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Chapter 6 confains a discussion of the research results, begin-
ning with a section on the evolution of ancestral £g£g§_popu1ations._
Current conditions for Larus populations in southern Alaska are dis-
cussed in the following section. Four theoretical alternative hypo-
theses for the existence of a narrow hybrid zone between argentatus and
glaucescens are explored in search of the most reasonable explanation |
for the data collected during. this research. Aspects of the hybrid
“ superiority hypothesis, combined with evidence that hybridization is
occurring in geologically disturbed habitats, ecotones, and disclimax
areas,'provide an explanation for the Larus contact zone in southern

Alaska. The argentatus x glaucescens contact zone is clearly narrow

and at the interface between the two parental popu]étions. The mixed
populations of gulls are found as argentatus of the bofea] lakes meets
the marine glaucescens at the mouths of rivers and in recently deglac-
iéted fjords. fhese conditions correlate with a change in climatic
conditions from West Coast Marine to Boreal Interior, or from West
Coast Marine to circumstances which mimic arctic conditions. The
ecotones probab1y.provided marginal habitats for the.forms which repre-
seht eco]ogiéal communities on either side of the ecotone. The gull
hybrids are able to survive in the dynamic southern Alaskan contact
zone becausé they do not have to compete in stable communities with
Species that are We11 adapted to those communities. The theo}etical
’expected intermediate habitat providing maximum survival for F2 and
subsequent generations is a fresh-water/saltwater mosaic within a mixed
West Coast Marine - Boreal Forest environment, precisely the environment

near the mouths of the Alsek and Susitna Rivers in southern Alaska.
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Pioneering gull populations in recently deglaciated fjordlands may
hybridize because conspecific mates are not available, The viable
offspring, with mixed genonomes, may be at a seleCtive advantage in
the rapidly changihg post-glacia] environment.

Future development in coastal Alaska, particularly in fish-
eries and pefrochemica] industries, will increase contact between
Larus populations and assist in the survival of hybrid forms in dis-
turbed environments. Hybridization is expected to continue between
| Larus populations in Alaska in coming years. The gene flow between large
white-headed gull populations will likely increase in future years as a
secbndary consequence of human activities, and may lead to a new adaptive
peak in these commensal forms.

In the concluding section of the Discussion, the interbreeding
between Larus gulls in southern Alaska is found to resemble that occurr-
ing Between Larus gulls on the Siberian coastline, and the relationship

to the circumpqlar Formenkreis is indicated.

174




LITERATURE CITED
Alaska Geographic. 1975. Yakutat: the turbulent crescent. Vol. 2,
No. 4. The Alaska Geographic Society, Anchorage. 82 pp.

Andrle, R.F. 1972. Another probable hybrid of Larus marinus and L.
argentatus. Auk 89: 669-671.

. 1976. Herring Gulls breeding on a cliff at Niagara
Falls, New York. Can. Field-Nat. 90: 480-481.

Anderson, E. 1936. Hybridization in American tradescantias. Ann.
Mo. Bot. Gard. 23: 511-525.

A . 1949. Introgressive hybridization. John Wiley & Sons,
Inc.” New York. 109 pp. :

American Ornithologists' Union. 1957. Checklist of North American
Birds. Port City Press, Baitimore. 691 pp.

Bailey, A.M. 1948. Birds of arctic Alaska. Colo. Mus. Nat. Hist. -
Pop. Ser. No. 8. 317 pp.

Barth, E.K. 1966. Mantle colour as a taxonomic feature in Larus
argentatus and Larus fuscus. :

. 1967a. Standard body measurements in Larus argentatus,
E, fuscus, L. canus, and L. marinus Nytt. Mag. Zool. 14: 7-83.

1967b. Egg dimensions and laying dates of Larus mari-
nus, L. argentatus, L. fuscus and L. canus. Nytt Mag. Zool.

15: 5-34,

. 1968. The circumpolar systematics of Larus argentatus
and Larus fuscus with special reference to the Norwegian pop'Th-
t1ons Nytt Mag. Zool. 15, suppl. 1: 1-50.

. 1975. Moult and taxonomy of the Herring Gull and the
Lesser Black-backed Gull in Northwestern Europe. Ibis 117:
384-387.

,Bianki,'V.V. 1967. Gulls, shorebirds and a]cidé of Kandalaksha Bay.
Murmanskoe Knizhnoe Izdatel'stvo. Murmansk, Israel Program for
Scientific Translations. Jerusalem 1977, 250 pp.

Bigelow, R.S. 1965. Hybrid zones and reproductive isolation. Evolu-
tion, 19: 449-458.

Bishop, L.B. 1927, Status of the Point Barrow Gull. Condor 29: 204-205.

175




.

Brown, R.G.B. 1967a. Species isolation between the Herring Gull
Larus argentatus and Lesser Black-backed Gull L. fuscus.
Ibis 109: 3T10-317.

. 1967b. Breeding success and population growth in a
colony of Herring and Lesser Black-backed Gulls Larus argen-
tatus and L. fuscus. Ibis 109: 505-515.

Burger, J. 1977. Nesting behavior of Herring Gulls: invasion into
Spartina saltmarsh areas of New Jersey. Condor 79: 162-169.

Cou]ter,'M; 1969. Mortality rate in different sized broods of
Western Gulls. PRBO Bul. 20: 16-18.

Coulter, M , D. A1n1ey, and T.J. Lewis. 1971. Breeding of the
Wes . rn Gull in different habitats on Southeast Faral]on Island.
PRBO 8ul. 20: 1-3.

Dawson, W.L. 1909. The birds of Washington. Vol. II. Seattle,
Occidental.

Dobzhansky, T. 1937. Genetic nature of species. Am. Nat. 71:
404-420.

. 1940. Speciation as a stage in evolutionary diver-
gence. Am. Nat. 74: 312-321.

. 1951. Genetics and the origin of species. Third Ed.
ColTumbia University Press, New York. 364 pp.

Drost, R., E. Focke, and G. Freitag. 1961. Entwicklung and Aufbau
einer Population der Silbermbwe, Larus argentatus argentatus.
J. Ornith, 102: 404-420,

Drury, W.H., and I.T. Nisbet. 1972. The importance of movements
in the biology of Herring Gulls in New England. In Population
ecology of migratory birds. USF&WS, BSF&W, Wildlife Res. Rep.
No. 12: 173-212,

Drury, W.H., and J.A. Kadlec. 1974. The current status of the
Herring Gull population in the northeastern United States.
Bird-Banding 45: 297-306.

Drury, W.H., and W.J. Smith. 1968. Defense of feeding areas by
adult Herring Gulls and intrusion by young. Evolution 22:

193-201.
Dwight, J. 1906. Status and plumages of the white-winged gulis of
the genus Larus. Auk 23: 26-43.

| .~ 1917. The status of "Larus thayeri, Thayer's Gull."
TTTTRUK 34: 413-414,

176




. 1919. Reasons for discarding a proposed race of the v
GTaucous Gull (Larus hyperboreus). Auk 36: 242-248.

1925. The gulls (Laridae) of the world; their plumages,
moults, variations, relationships and distribution. Am. Mus.
Nat. Hist. Bul. Vol. 50: 207-230. .

Emlen, J.T. 1963. Determinants of cliff edge and escape respdnses'
in Herring Gull chicks in nature. Behavior 22: 1-15,

Endler, J. A. 1977. Geographic variation, speciation, and clines.
Princeton University Press. Princeton. 246 pp.

Fay, F.H., and T.J. Cade. 1959. An ecological analysis of the avi-
fauna of St. Lawrence Island, Alaska. Univ. Calf. Pub. Zool.
63: 73-150,

Fisher, J., and R.M., Lockley. 1954, Sea-birds. Collins, London.
320pp.

Geyr von Schweppenburg, H. 1938. Zur systematik der fuscus-argentatus
Mowen. J. Ornith. 86: 3452365,

Goethe, F. 1937 Beobachtungen und Untersuchungen zur Biologie der
S11bermowe auf der Vogelinsel Memmerstand. J. Ornith. 85: 1-119,

. 1956. Der Silbermwe. Wittenburg-Lutheranstalt. Die
Neue Brehm-Bucherei Bd. 182. 95 pp.

. 1960. Felsbriitertum und weitere beachtenswerte Tendenzen
bei der SilbermBwe. Proc. Int. Ornit. Congr. XII: 252-258 (1958).

. 1961. Zur Taxionomie der Silbermbwe im siudlichen deutschen
Nordseegebiet. Die Vogelwarte 21: 1-23.

. 1963. Verha]tungsuntersche1de zw1schen europaischen
Formen der Silbermowengruppe (Larus argentatus-cacchinans-fuscus).
J. Ornith, 104: 129-141. v

Goethe, F., and W. Jungfer. 1956. Fremde Silbermbwenformen an deutschen
Klsten. (Doch sibirische Silbermbwe Larus argentatus birulae
Pleske bei Helgoland!) Die Vogelwarte [3: T152-156.

Grant, V. 1971. Plant speciation. Columbia University Press, New
York. 435 pp.

Grey, A.M. 1958. Bird hybrids. A check-list with bibliography. Com-
monwealth Agricultural Bureaux. Farnham Royal, Bucks., England.
390 pp. )

Gross, A.0. 1940. The migration of Kent Is]and Herring Gulls. Bird
Banding 11: 129-155.




Haag, W.G. 1962, The Bering Strait Land Bridge. Sci. Am. 206:
112-123. _

Hagen, D.W. 1967. Isolating mechanisms in thfee-spine stickle-
backs (Gastercsteus). J. Fish. Res. Bd. Canada 24: 1637-
1692,

Harpur, C.A. 1971. Breeding biology of a small colony of Vestern
Gulls Larus occidentalis wymani in California. Condor 73:
337-341.

Hartet, E. 1921. Die V8gel der paldarktische Fauna 2, Berlin.
pp. 1723-26.

Harrington, B.A. 1975, Pelagic gulls in winter off southern Cali-
fornia. Condor 77: 346-350.

Harris, M.P. 1964. Aspects of the breeding biology of the Larus
argentatus, L. fuscus, and L. marinus. Ibis 106: 423-456.

. 1970. Abnormal migration and hybridization of Larus
argentatus and L. fuscus after interspecies fostering experi-
ments. 1bis 112: ~488-498.

Harris, J.T., and S.W. Matteson. 1975. Gulls and terns as indica-
tors of man's impact upon Lake Superior. Univ. Wisc. Sea
‘Grant Tech. Rep. No. 227. Madison. 45 pp. :

Henshaw, H.W. 1884. On a new gull from Alaska. Auk 1: 250-252.
Hoffman, W., J.A. Wiens, and J.M. Scott. 1978.' Hybridization

between gulls (Larus glaucescens and L. occidentalis) in
the Pacific Northwest. Auk 95: 441-458,

‘Hopkins, D.M. 1959, Cenozoic history of the Bering Land Bridge.
Science 129: 1519-1528.

Hunt, G.L. Jr. 1972, Influence of food distribution and human
disturbance on the reproductive success of Herring Gulls.
Ecology 53: 1051-1061.

. and MW, Hunt. 1973. Clutch size, hatching success and
eqgshell-thinning in Western Gulls. Condor 75: 483-486.

: . 1975, Reproductive ecology of the
Western GulT: the importance of nest spacing. Auk 92: 270-279.

. . 1976. Gull chick survival: the signi-
ficance of growth rates, timing of breeding and territory
size. Ecology 57: 62-75.

178




Hunt, G.L. Jr., and M.W. Hunt., 1977, Female-female pairing iﬁ
Western Gulls (Larus occidentalis) in southern California.
Science 196: 1466-1467.

Hunt, G.L. Jr., and S.C. MclLoon. 1975, Activity patterns of qull
chicks in relation to feeding by parents: their potential
significance for density-dependent mortality. Auk 92: 523-527.

Ingoifsson, A. 1970. Hybridization of Glaucous Gulls Larus hyper-
boreus and Herring Gulls L. arqentatus in Iceland. 1Ibis 112:

340-362.

Isleib, M.E., and B. Kessel. 1973. Birds of the North Gulf Coast -
Prince William Sound Region, Alaska. Bio. Pap. Univ. of Alaska
No. 14. 149 pp.

Jackson, J.F. 1973. The phenetics and ecology of a narrow hybrid
zone. Evolution 27: 58-68.

Janson, L.E. 1975. The Copper Spike. Alaska NW Publ. Ca., Anchor- v?
age. 175 pp.

Jehl, J.R. 1960. A probable hybrid of Larus arcentatus and L. marinus.
Auk 77: 343-345.

Jehl, J.R. and R.C. Frohling. 1965. Two probable hybrid gqulls from
New Jersey. Auk 82: 498-500.

Johansen, H. 1958, Revision und Entstehung der arktischen Vogel-
fauna. Part II. Acta Arctica, Vol. 9. 131 pp.

Kadlec, J.A., and W.H. Drury. 1968. Structure of the New England
Herring Gull population. Ecology 49: 644-676.

and D.K; Onion. 1969. Growth and mor-
tality of Herring Gull chicks. Bird-Banding 40: 222-233.

Keith, J.A. 1966. Reproduction in a population of Herring Gulils
Larus argentatus contaminated by DDT. J. Appl. Ecology 3:

57-70.
Kist, J. 1961, "Systematische beschouwingen naar aanleiding van

de waarneiming van Heuglins Geelpootzilvermeeuw, Larus cach1nnans
Heuglini Bree in Nederland. Ardea 49: 1-51.

Knudsen, B. 1976. Colony turnover and hybridization in some Cana-
dian Arctic gulls. PSG Bul. 3, p. 27.

Levalley, R. 1976. A discussion of the taxonomy and evolution of

some dark-backed gulls of the genus Larus. PSG Bul. 3, p. ZS.




Littlejohn, M.J., and G.F. Watson. 1973. Mating call variation
across a narrow hybrid zone between Crinia laevis and C.
victoriana {Anura: Leptodactylidae). Aust. J. Zool. 21:

277-284.

Ludwig, J.P. 1963. Return of Herring Gulls to natal colony. Bird-
Banding 34: 68-72. '

. 1966. Herring and Ring-billed Gull populations on the
Great Lakes 1960-1965. Univ. Mich. Great Lakes Res. Pub. 15:
80-89.

Macpherson, A.H. 1955, Field work on arctic gulls at Cape Dorset,
Baffin Island. Arctic Circular, Vol. 8, pp. 74-78 (mimeo).

- . 1961. Observations on Canadian Arctic Lgﬁgg.gui]s and
on the taxonomy of L. thayeri Brooks. Arc. Inst. N. Am. Tech.
Pap. No. 7. 39 pp. '

Manning, T.H., £.0. Hohn, and A.H. Macpherson. 1956. The birds of
Banks Island, Nat. Mus. Can. Bul. No. 143. 144 pp.

Mayr, E. 1963. Animal species and evolution. Belknap Press,
Cambridge, Mass. 797 pp.

Meinertzhagen, R. 1935. The races of Larus argentatus and Larus
fuscus; with special reference to Herr Stegmann’s recent
paper on the subject. Ibis 13:762-773.

. 1950, On a race of the Larus argentatus-fuscus group
new to the British Isles. Bul. B.0.C. /70: 17/,

Michelson, P.G.” 1973. Report on Egg Islands, Copper River Delta
U.S. Forest Service. 2630 Wildlife Habitat (mimeo). Anchor-

age. 4 pp.

, . 1975, Additional observations of wildlife and their
habitat on the Copper River Delta offshore sandbar isltands.
USFS. CNF. 2630 Wildlife Habitat {mimeo.). Anchorage. 7 pp.

Moore, W.S. 1977. An evaluation of narrow hybrid zones in verte-
brates. (Quarterly Rev. Bio. b2: 263-27/.

Muller, C.H. 1952. CLcological control of hybridization in Quercus:
A factor in the mechanism of evolution. Evolution 6: 147-761.

Munse2ll Color Co., Munsell Color Charts: Skin, Hair and LEye Colnrs,
based upon Munsell Soil Color Charts. Matte finish edition.
Baltimore, Maryland. Privately printed.

o Munscoll Neutyal Value Scale. Matte finish edition.
32-step weale.

180




Oberholser, H.C. 1918. The subspecies of Larus hypérboreus Gunnerus.
Auk 35: 467-474.

Paludan, K. 1951. Contributions to the breeding biology of Larus
argentatus and Larus fuscus. Videsk. Medd. Dansk Naturh. _
Foren. 114 '

1-128.

Parsons, J. 1971. The breeding biology of the Herring Gull (Larus
argentatus). Unpublished Ph.D. dissertation, Univ. Durham,
urham, tngland.

. 1975. Seasonal variation in the breeding success of
the Herring Gull: An experimental approach to pre-fledging
‘ success. J. Anim. Ecol. 44: 553-573,

Patten, S.M. Jdr. 1974. Breeding ecology of the Glaucous-winged Gull
in Glacier Bay, Alaska. Unpublished M.Sc. thesis, University
~of Washington Library, Seattle. 78 pp.

. 1976. Sympatry and interbreeding of Herring and Glaucous-~
winged Gulls in southern Alaska. PSG Bul. 3:25-26.

Patten, S.M. Jr. and L.R. Patten. 1975. Breeding ecology of the Guif

‘ of Alaska Herring Gull group. NOAA. ERL. Environmental Assess-
ment of the Alaskan Continental Shelf. Boulder, Colo. July-
September PI Reports, Vol. 1, pp. 243-315. '

1976. Breeding ecology of the
GuTf of ATaska Herring GulT group (Larus argentatus x Larus
laucescens). NOAA. ERL. Boulder, Colo. EAACS. Annual Report.
%pr]l PT Reports, Vol. 2: 271-368.

. 1977. Evolution, pathobiology, and
breeding ecology of the Gulf of Alaska Herring Gull group (Larus
argentatus- x Larus glaucescens). NOAA. ERL. Boulder, Colo.
EAACS. Annual Report. April PI Reports.

: .- 1978. Effects of petroleum exposure
on the breeding ecoTogy of the Gulf of Alaska Herring Gull group
(Larus argentatus x Larus glaucescens) and reproductive ecology of
Targe gulls 1n the northeast Gulf of Alaska. NOAA. ERL. Boulder,
Colo. EAACS. (In press).

, and A.R. Weisbrod. 1974, Sympatry and interbreeding of
Herring and Glaucous-winged Gulls in southeastern Alaska. Condor:
76: 343-344,

Paynter, R.A. 1949. Clutch size and the egg and chick mortality of Kent
Island Herring Gulls. Ecology 30: 146-166.

Pearse, T. 1946. Nesting of the Western Gull off the coast of Vancouver
Island, British Columbia, and possible hybridization with the
Glaucous-winged Gull. Murrelet 27: 38-40.

181




Pleske, T. 1928. Birds of the Eurasian Tundra. Mem. Boston Soc. of
Nat. Hist., Vol. 6, No. 3.

Portenko, L.A. 1939. On some new forms of arctic gulis. Ibis 14:
26-269.

. .1963. The taxonomic value and systematic status of the
STaty-backed Gull (Larus argentatus schistisagus Stejn.). Acad.
Sci. USSR, Moscow. pp. 61-64.

Rand, A.L. 1942. Larus kumlieni and its allies. Can. Field-Nat. 56:
123-126.

1948. Glaciation, an isolating factor in speciation.

—TvoTution 2: 314-321.

Remington, C.L. 1968. Suture-zones of hybrid interaction between recently’
joined biotas. In T. Dobzhansky, M.K. Hecht, and W.C. Steere (eds.)
Evolutionary Biology. Appleton-Century~Crofts. New York. Vol. 2,

p. 321-428.

Ridgway, R. 1886. On the Glaucous Gull of Bering's Sea and contiguous
waters. Auk 3: 330-331.

Salomansen, F. 1950-51. The birds of Greenland. Copen: 3 vols. 607 pp.

Sanger, G.A. 1973. Pelagic records of Glaucous-winged and Herring Gulls
in the North Pacific Ocean. Auk 90: 384-393.

Scheierl, R., and M. Meyer. 1976. Evaluation and inventory of water-
fowl habitats of the Copper River Delta, Alaska, by remote sens-
ing. Col. For. & Ag. Expt. Sta. Univ. Minn., St. Paul. Final
Report IAFHE. RSL. Res. Rep. 76-3: 1-46,

Schreiber, R.W. 1970. Breeding biology of HWestern Gulls Larus occi-
dentalis on San Nicholas Island, California, 1968. Condor 72:

133-T40.

- Schultz, Z.M. 1951. Growth in the Glaucous-winged Gull. Murrelet 32:
35-42; 33: 2-8.

. Unpublished manuscript. Plumage development and pterylosis
in the Glaucous-winged Gull. Seattle. 116 pp. & appendices.

Scott, J.M. 1971. Interbreeding of the Glaucous-winged Gull and Western
Gull in the Pacific Northwest. Calif. Birds 2: 129-133.

Searing, G.F. 1977. Some aspects of the ecology of cliff-nesting sea-
birds at Kongkok Bay, St. Lawrence Island, Alaska, during 1976.
NOAA. ERL. EAACS. -Annual Report. April PI Reports, Vol. 5.
pp. 263-412. ’

182




Short, L.L. 1965. Hybridization in the flickers (Colaptes) of North
America. Bul. Amer. Mus. Nat. Hist. 129: 307-428.

1969. Taxonomic aspects of avian hybridization. Auk 86:

BSOS,

.. 1970. A reply to Uzzell and Ashmole. Syst. Zool. 19:
-202. ' .

. 1972. Hybridization, taxonomy and avian evolution. Ann,
Missouri Bot. Gard. 59: 447-453.

Shortt, T.M. 1939. The summer birds of Yakutat Bay, Alaska. Cont.
‘Roy. Ont. Mus. Zool. 17: 1-30.

'Sibley, C.G. 1950. Species formation in the Red-eyed Towhees of Mexico.
Univ. Cal. Publ. Zool. 50: 109-194. ' '

. 1954, Hybridization in the Red-eyed Towhees of Mexico.
Evolution 8: 252-290. _

1957. The evolutionary and taxonomic significance of
sexual selection and hybridization in birds. Condor 59: 166-191,
. 1959, Hybridization in birds: taxonomic and evolutionary
— impTications. Bul. Brit. Ornithol. Club 79: 154-158.

. 1961. Hybridization and isolating mechanisms. In Verte-
brate Speciation (W.F. Blair, Ed.). Austin, Univ. Tex. In press.

,- and F. C. Sibley, k864, Hybridization in the Red-eyed
“Towhees of Mexico: populations of the southeastern plateau
region. Auk 81: 479-504.

_ , and D.A. West. 1658. Hybridization in the Red-eyed
Towhees of Mexico: the eastern plateau populations. Condor 60:
85-104.

Sladen, W.J.L., R.C. Hood, and E.P. Monaghan. 1968. The USARP Bird
Banding Program 1958-65. In Antarctic Birds Studies (0.L. Austin, Jr.
Ed.). Antarct. Res. Ser. TZ2A, Geoph. Un, 213-262.

Smith, N.G. 1966a. Adaptations to cliff-nesting in some arctic gulls
(Larus). Ibis 108: 68-83. _

. 1966b. Evolution in some arctic gulls (Larus): an experi-
mental study of isolating mechanisms. A.0.U. Ornithological Mono-
graphs No. 4. 99 pp.

1967. Visual isolation in gulls. Sci. Am., 217: 94-102,

Steel, R., and J. Torrie. '1960. Principals and procedures of statistics.
McGraw-Hi11 Book Co., Inc. New York. 481 pp.

183




Stegmann, B. 1934. Ueber die Formen der grossen M8wen ("subgenus
Larus") und ihre gegenseitigen Beziehungen. J. Ornith, 82: 340-
380. : '

1960. Zur Systematik des Rassenkreises Larus argentatus.

—J"Urnith. 101: 498-499,

Strang, C. 1972a. The Glaucous Gulls of Kokechik Bay and gull-goose
relationships. Dep. For. and Cons., Purdue Univ,, West Lafayette,
In. (mimeo.). 20 pp.
. 1972b. The behavior of the Glaucous Gull Larus hyper-
_ boreus Gunn. Dept. For. and Cons., Purdue Univ., West Lafayette,

Inc. (mimeo.). 57 pp.

. 1973. The Alaskan Glaucous Gull (Larus hyperboreus barro-
vianus Ridgway): Autecology, taxonomy, behavior. 1973 Progress
Report. Dept. For, and Cons., Purdue Univ., West Lafayette, Ind.
(mimeo.). 60 pp. :

1974. The Alaskan Glaucous Gull (Larus hyperboreus barro-
vianus Ridgway): Autecology, taxonomy, behavior. 1974 Progress
Report. Dept. For. and Cons., Purdue Univ., West Lafayette, Ind.
(mimeo.). 39 pp.

. '1977. Yariation and distribution of Glaucous Gulls in
western Alaska. Condor 79: 170-175.

Stresemann, E., and N.W. Timofeeff-Ressovsky. 1947. Artentstehungen
in Geographischen Formenkreisen. 1. Der Formenkreis Larus
argentatus-cachinnans-fuscus. Biol. Zentralbl. 66: 57-76.

Streveler, G., and B. Paige. 1971. The natural history of Glacier
Bay National Monument. U.S. Dept. Int., Nat. Park Serv. Juneau.
89 pp.

Swarth, H.S. 1934, Birds of Nunivak Island. Pacific Coast Avifauna 22:
1-64,

Tinbergen, N. 1953. The Herring Gull's World. Collins, London. 255 pp.

1959. Comparative studies of the behavior of guils
(Taridae): a progress report. Behavior 15: 1-70.

1960. The evolution of behavior in gulls. Sci. Am.

— 703" 118-130.

U.S.D.C. 1963. Cordova, Alaska, local climatological data. Weather
Bureau, Dept. Comm., Asheville, N.C. mimeo. 4 pp.

U.S.F.S. 1975.» The Copper River Delta, land at river's end. Chugach
National Forest. U.S. Dept. Agr. Anchorage. 10 pp.

184




Verbeek, N.A. 1977. Interactions between Herring and Lesser Black-
backed Gulls feeding on refuse. Auk 94: 726-735.

Vermeer, K. 1963. The bréeding ecology of the Glaucous-winged Gull
on Mandarte Island, B.C. Occ. Pap. B.C. Prov. Mus. 13: 1-104.

. 1970. Breeding biology of California and Ring-billed
GulTs: a study of ecological adaptation to the inland habitat.
Can. Wild. Ser. Report Ser. 12: 1-52.

Voipio, P. 1954. Ueber die gelbflissigen Silbermowen Hordwesteuropas.
Acta Soc. Fauna Flora Fennica 71: 1-56. '

Voous, K.H. 1959, Geographical variation of the Herring-Gull, Larus
argentatus, in Europe and North America. Ardea 47: 176-187.

1961. Micro-geographical var1at1on in Nether]ands Herring

TTTTTATTS.  Ardea 49:  69-72,

. 1962. Another presumed hybrid of Lesser Black-backed Gull
and Herring Gull in the Netherlands. Ardea 50: 171-172.

1963. Geographic variation of Larus fuscus in northwestern

_ Europé. Ardea 51: 16-24,

Ward, J.D. 1973. Reproductive success, food supply, and the evolution
of clutch size in the Glaucous-winged Gull. Unpub. Ph.D. thesis,
Univ. B.C., Vancouver. 119 pp.

Williamson, F.S.L. 1967. Evolution in the Herring Gull, Larus argen-
tatus, in the north Pacific Ocean and Bering Sea. Proc. XIV

Int. Orn. Congr. 119-120. (1966).

Williamson, F.S.L., and L.J. Peyton 1963. Interbreedwng of Glaucous-
w1nged and Herr1ng Gulls in the Cook Inlet Region of Alaska.
- Condor 65: 24-38. .

Wilson, E.0. 1965. The challenge from related species. In H.G. Baker
and G.L. Stebbins (eds.), The genetics of colonizing species.
Academic Press, New York. pp. 7-25.

Witherby, H.F., F.C.R. Jourdain, N.F. Ticehurst, and B.W. Tucker. 1949;
1958. The handbook of British Birds. Vol. 5. London: Witherby
& Co.

185




186




FPART II

Breeding Ecology

" Table gﬁ'Contents

Introduction

Scope and Significance of the Study
Current State of Knowledge

Nest Site Selection: Slope, Substrate, and Cover
Territory Size |

Egg-Laying

Clutch Size

Hatching Failure

Incubation Period

Chick Hatching

Chick Mortality

Fledéing Success

Summary of Fledging Rates

Banding Results

Gull Food Habits
Discussion

Significance

Literature Cited

PAGE
192
195
196
199
203
207
208

222

AV
pUS)
48]

234
246
249
250
263
269
272
279
283

286



Lisy of Tani. .

Tatle naqgn
1 Gull reproductive oarameters, Drv av, 1977 QU4
2 Clutch size, dumler of fledaline , and 209

Torritory ~ize in soutnern Mltaskan
Lull Colonies, 1972-1477

s of "Lost", "Infertile"” and '"Pipped' 232
Egce Vedich Did Mot Matchiin the Study
Areass fEgo I.land (1975-76); Nerth

Martle (1972-73); Dryv Bay and Lake

Lecuise (1277).

4 Percent Chicl Vortalit., Eqq Island 1975- 248
19765 dorth Marble Island 1972-1973;
Drv Ba - 14775 Lake Louice, 1977

5 lLiatciince Success, Mortality, and Revvcductive 248
Succes . Eve voland, 1275-7€6; Morth
“artle lsland, 1972-73; Dre La-, 1977;
Lake Louise, 1977

€ Com.arat:ve Index of Cull Renroductive Success 261
in Chicks Fer Hest (Froductivity,

7 Landing Recoveries of Juvenile Culls from 264
Egg Tolend

8 Banding Recoveries ot Juvenile Gulls from 265
stravberry Reef, Copper River Delta

9 Ovbservations of Color-dyed Gulls (Adults) 267
1U Large Gulls uvuserved on Transects in the 270
Northeast Gulf of Alaska
11 Known Gull Food [tems | 277-
‘ 278

188




Fi

10
11

12

13

14

15

16

17

re

List of Figures

Clutch size plotted against percentage of
North Marble Island, 1972

Clutch size plotted against percentage of
North Marble Island, 1973

Clutch size plotted against percentage of

Egg Island 1975 - 1976

Clutch size plotted against percentage of

Dry Bay, 1977

Clutch size plotted against

size, North Marble, 1972

Clutch size plotted against.

size, North Marble, 1973

Clutch size plotted against

Egg Island 1975 - 1976

Clutch size plotted against

nest, Dry Bay 1977

nests,

nests,

negts,

nests,

average territory
average territory
average territory size,

mean distance to nearest

page

211

215
216
217

218

Egg laying synchrony, North Marble Island 1972 - 1973 219

Egg laying synchrony, Egg

Egg laying synchrony, Dry

Eggs lost plotted against

" North Marble, 1972

Eggs lost plotted against

North Marble, 1973

Eggs lost plotted against

Egg Island, 1975~1976

Eggs lost plotted against

Dry Bay, 1977

Eggs lost plotted against

North Marble, 1972

Eggs lost plotted against

North Marble, 1973

189

Island, 1976

\

Bay, 1977

percentage of nests,

percentage of nests,

percentage of nests,

percentage of nests,

average territory size,

average territory size,

225

226

227

228




Figure
18

19

20

21

22
23

24

25

26

27

28

29

30

33

34

35

Eggs lost plotted against average territory size,

Egg Island, 1975 - 1976

Eggs lost plotted against mean distance to nearest

neighboring nest, Dry Bay, 1977

Incubation periods by colony

Chick hatching synchrony North Marble Island 1972 -

1973

Chick hatching synchrony, Dry Bay, 1977

Chick hatching synchrony, Egg Island, 1976

Chicks hatching plotted against
North Marble, 1972

Chicks hatching plotted against
North Marble, 1973

Chicks hatching plotted against
Egg Island, 1975 - 1976

Chickg hatching plotted against
Dry Bay 1977

Chicks hatching plotted against
size, North Marble, 1972

Chicks hatching plotted against

" size, North Marble, 1973

Chicks hatching plotted against
size, Egg Island, 1975 - 1976

Chicks hatching plotted against
nearest nest, Dry Bay, 1977

Chicks tledging plotted against
North Marble, 1972

Chicks fledging plotted against
North Marble, 1973

Chicks [ledging plotted against
Egg Tsland, 1975 - 1976

Chicks fledging plotted against
Dry Bay, 1977

percentage

percentage

percentage

percentage

of nests,
of nests,
of nests,

of nests,

average territory

average territory

average territory

mean distance to

percentage

percentage

percentage

percentage

of nests,

of nests,

of nests,

of nests,

page

2730

233

235




Figure
36

37
38
39

40

41

42

Chicks fledging plotted against average territory
size, North Marble, 1972

Chicks fledging plotted against average territory
size, North Marble, 1973

Chicks fledging plotted against average territory
size, Egg Island, 1975 - 1976

Chicks fledging plotted against mean distance to
nearest nest, Dry Bay, 1977

Mean clutch size and fledging success

Banding recoveries of juvenile gulls from Egg
Island and Strawberry Reef

Observations of color-dyed gulls 1975 -~ 1976

191. -

vage

e

&)

256

257




Ex

INTRODUCTION

The Larinae (gulls) have a world-wide distribution with 42 species.

Gulls as a group may have evolved in the North Pacific and North Atlantic

(Fisher & Lockley, 1954). Sixteen species of gulls are found in the

North Pacific (Vérmeer, 1970). Birds of this family have been considered
éhiefly inshore feeders, and most coasts support a smaller scavenging species
and a larger more piratical type (Cody, 1973). Recent evidence indicates
that large white~headed gulls can behava as essentially marine species,
feeding far out at sea and coming to land only occasionally or to breed
(Sanger, 1973; Isleib & Kessel, 1973; Barrington, 1975; Lensink, pers. coym.);
Most gulls live in flocks; they forage together in characteristic patterns
the year around and nest in colonies during the breeding seasoa (Tinbergen,
1960) . These gregarious birds nest in a wide variety of habitats ranging

from vertical cliffs to open marshes (Smith, 1966a). Culls lend themsel&és
to population analysis, especially productivity, because of their colonial
breeding tendency (Kadlec & Drury, 1968).

An iwmportant reason for studying gulls is their use as indicators of

the health of the environment (Vermeer, 1970}. Chemical pollution of the

environment poses an increasing and immediate threat to all organisms,
Including man. A recent surVe& conducted by the U.S. ¥ish & Wildlife Service
of chemical residues in nmarine avifauna showed gulls to be among the most
contaminated birds examined, probably dva to their feeding habits
(Ohlendorf, pers. comm.), Since gulls nest in colonies, changes in breeding
vosulations cen b woitored and relatedl to coaviroazantal conditions, wmonz
which are industrial development and the concurrent chaanges in food supply.
An additional ycason for studyiong eulls is that the age structure,
mortality ratc; life expectancy and survival riates of pull populations aid

in the general understunding of population mechanisms.  The mere Tnowledge
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of the size of a population from year to year indicates little about
population problems without such data (Paynter; 1949).

The size, age structure, growth or decline of a population are a result
of fluctuations in time and space of natality and mortality, in additiom to
movement Into or out of a population of a species. Breeding adults form
the base of the population structure structure, because oﬁly by successful
production of young can a pépulation grow or maintain itself (Kadlec &

Drury, 1968).

Reproductive rate has an important effect.on‘age structure and growth
of the population. The average number of young which a breeding pair caam
raise to fledging is a good measure of gull reproductive success. Meadow-
nesting gulls afe excellent subjects for a study of reproductive success
because eggs and young are readily accessible. Information is available on
breeding biology and dymamics of gulls near large urban centers or in recent
post-glacial environménts, but comparative base-line data on gulls along the
southern coastline of Alaska prior to the development of oil resources is
completely lacking.

This réport presents results of a study of meadow-nesting gulls in
widély—spaced colonies in the northeast Gulf of Alaska. These sites have been
selected for research because of the incipient development of oil resouxrces
in the vicinity';n; the necessity to provide base-~line information on marine
birds along this rélativeiy wild stretch of Alaskan coastline.

The overall objective of this étudy has been ah investigation of the
reproductive biology of the "brown rat with wings" to answer the key question
of reproductive rate and the factors which influence it prior to the development
of 0il resources. Reproductive rate in gulls can b measured in chicks
ﬁroduccd per nest per year,  We have studied coleny sites, bhehavior of adults
and young, and feeding areas., We pgathered supporting information on

distribution and pathologies which will become increasingly iwportant and
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compared the data to our knowledge of other Alaskan gull populations,
We banded a large number of gulls, and color-marked, collected and removed
biood samples from others. We carried out a concentrated investigation of

the bregeding biology of Larus glaucescens on Egg Island near the mouth of

the Copper River, in Chugach National Forest, near Cordova, Alaska, aad
surveyed other gull colonies on barrier islands off the Copper River Delta.
We examined a mixed colony of Larus argentatus and Larus glaucescens at Dry Bay,

.

mouth of the Alsek River, in Tongass National Forest near Yakutat, Alaska.

Inciuded in this report is information previously gathered on a L. glaucescens
colony on Haenke Island at Disenchantment Bay (near Yakutat) and data from
"North Marblé Island in Glacier Bay National Monument (Fig. 1).

The Glaucous-winged Gull (&._g&aucescans), which breeds along the cocast from
Washington State to the Aleutians, is quite closely related to the Herring Gull
(L. argentatu§),'a common and(widely distributed species. Herring Gulls
make up a low proportioﬁ of the breeding gulls in the northeast Gulf of Alaska,
but occur more commonly in winter and offshore.” The Herring Gull replaces
the Glaucous-winged Gull in interior Alaska, British Columbia, aud the Yukon.

The Glaucous;winged Gull is morphologicdlly similar to the Herring Gull

except that the black pigmeat on the tips of the primaries is replaced by

a light grey usually nmatching the rest of the mantle. Conversely, the .eye of the
Glaucous—&inged Gull is darker than that of the Herring Gull. These two

gulls are considered separate spacles in the A.0.U. Checklist of Nocth American

. Birds (1957), but the taxonomic and ecological relationships between the two

have not been clearly defined. 1In some aréas hybrids are‘common.(FiO. Za,b).

We gathered information on other species of plants and énimals inhabiting
coastal areas of the northedét Gulf of Alaska to support the main objectives
of our study, This final report presents the results and analysis of data

collected in 1975-1978 in addition to material from previous ycars of research.
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SCOPE AND SIGNIFICANCE OF THE STUDY

The nature of this study has been to examine reproductive biology
in colonies of Herring and Glaucous-winged Gulls in the northeast Gulf of
Alaska., This report covers information from.Tg7§33nd earlier field seasons.
We have studied several.aSpects of gull breeding biology for comparative
purposes, Such information is available in the literature for gull populations
outside of Alaska and from Glacier Bay to the southeast of the curreant study
area.(see Lit. Cited section). The comparison serves as a basis from which
to dfaw conciusions. |

An important aspect of this report is the data on fledging success.
Aé can be seen from the literature review, fledging success can serve as
an index to the dynamics of an avian population. If fledging success is poor
over a number of seasons, a populationvwill decline through adult mortality
and low recruitment of breeding adults. If fledging success isvhigh, one can
expect a stable or expanding population. We present here 1975and 197¢
. fledging success from the largest gull colony in the northeast Gulf of Alaska.
We offer supporting data from other colonies in the NEGOA (1972-1978).

Results from tﬁis study provide the National Oceanic and Atmospheric
Administration and the Bureau of Land Management with specific information
concerning, the status of a marine-oriented animal popﬁlation during
successive breeding seasons prior to the development of oil resources.
More broadly, this report indicates additional areas to be investigated
for a better understaﬁding of an’Alaskan marine bird species under

= [

environmantal conditions certain to changz with incraasing human activity.
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Task A ~ &
CURRENT STATE OF KNOWLEDGE
The breeding biology of gulls, especially the Herring Gull,‘has been

studied in detail by Coethe (1937), Paludan (1951), Tinbergen {1960),
Harris (1964) and Ludwig (1966). Their results consistently indicate that
Herring Gulls raise an a&erage of one youag per pair per year to fledging.
Extremes of variation are shawn to be 0.5 by Paludan (1951) and 1.5 by
Ludwig (1966) (in Kgdlec and Drury, f968). The population dynamicé of the
ngring Gull in eastern United States and Canada have been reasonably well
investigated by Kadlec and Drury (1968). Kadlec and Drury (loc. cit.)
found the usual produétivity is apparently 0.8 té 1.4vyoung per nest in the
New England Herring Gull, averaging about 50 percent fledging success.
Théy.showed this to be a major factor in the structure of the New England
Herring Gull population, which has been rapidly increasing since the turn
of the century. In a later paper (Kadlec et al., 1969) they examined the
critical period between hatching and fledging for mortality factors.

Their results indicate the average clutch size in the Herring Gull
is nearly always three, and variations are small (Keith, 1966; Brown, 1967b;
Paynter, 1949; Kadlec and Drury, 1968). Hatching success is usually 60 to
80 perceu;. Keith (1966) has discussed in detail the problems of accurately
measuring success, which are due to predation or cannibalism of eggs and
chicks before they can be counted. Critical factors effecting hatching and
fledzing rate are chick and egg 1533 through cannibalisn, chick mortality
due to aggressive behavior of aduits, and weather conditions during the
hreading season (Paynter, 1949; Paludan, 1951; Tinbergen, 1960; Brown, 1967b).

In contrast to the intcnsive investigations of Herring Gulls in Europe
and eastern North America, few workers héve studied gulls along the Pacific
Coast of North. America. bBreeding biology of the Vestern Gull (Eﬁﬁﬂi Qggiﬂ—
entalis) has been studied by Coulter (1969), Schreiber (1970), Harpur (1971)

and Coulter, et. al. (1971). Aspects of the breeding biology ave similax
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to those of the closely related Herring Gull, but nesting habitat selectioq:
and nest materials differ because of the drier conditioms on California
islands. Receuntly Hunt and Hunt (1973) and Hunt and McLoon (1975) have
' investigated supernormal clutches, aberrant pairing, and chick mortality
in Western Gulls.

Vermeer (1963) published a major work on the breéding biology of
the Glaucous-winged Gull, although Schultz (1951) reported on growth
in this species.. In most aspects the Glaucous-winged Gull‘is similar
to the lerring Gull, including plumage éequences (Schultz, ms).

Other important papers on gulls are those of Coulson and White

(1956, 1958, 1959, 1960) on the Kittiwake (Rissa tridactyla), in which

they attempt to refute Darling's (1938) contention that egg-laying synchrony
in the Herriﬁg Gull ard the Lessér Black-backed Gull was felated to social
facilitation. Darling's (1938) hypothesis of social stimulation suggests
that stimulation received from other birds in a colony produced greater
synchrony of egg-laying within the colony. This in turn resulted in earlier
egg-dates and a shorter spread of egg-laying in large colonies. Coulson

and White (1956), however, showed that the difference in breeding times
between colonies of the Kittiwake was ndt significant and that the spread

of egg-dates increased with the size of the colony. Coulson énd White (1960)
observed that the greater part of the differences in time of breeding were
correlated with density. They found that the spread of breeding was greatest
in dense colonies of Kittiwakes, which does not support Darling's contention.
Moreover, bresding occurred earlier Lo the more devtse colonies, Hunt and
Hunt (1975) hdve found in the Western Gull, which tends to nest on level

ground, that territory size expands and agonistic interactions increase

with the hatching of chicks. -
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Cullen (1957) réported on adaptations of the Kittiwake to cliff-

_ nesting, which was followed by N.G, Smith's (1966a) work on adaptation to
cliff—neStiné in arctic gulls (Larus), and his moxe éxtensive.study (1966b)
on evolution in arctic gulls. Smith found four sympatric species on Baffin
Island to be reproductively isclated due to such mechanisms as species
recognition and nesting habitat selection. Ingolfsson (1970) noted rapid

evolution in Icelandic gulls (Larus argentatus and Larus hyperboreus)since

‘1925, probably due to a secondary contact between these species associated
with the development of large-scale Atiantic fisheries and the concurrent
spread of the Herring Gull to Icelan@. |

In summary, one finds that the Herring Gull and relatives in North
America lay a clutch of three from which they normally fledge one young
per nest per year. Predation and attacks by members of the same species
are the primary factors Tesponsible for egg and chick loss. Gulls have
increased rapidly in Europe and eastern North America within the last
seventy years. The increase in gull population is associated with
envirommantal deterioration, due to increases in refuse, fish scraps, and

similax garbage (Fig. 6).
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Breeding Ecology

Nest Site Selection: Slope, Substrate and Cover

Southern Alaskan argentatus and glaucescens nest om a variety of
substrates ranging from bare cliff ledges in fjords im Glacier Bay to flat
gravel bars at Dry Bay to sloping grassy meadows at Egg Island, North Marble

and Lake Louise. .
Glacier Bay is rather interesfing in this context . It is recently
deglaciated; while not in the arctic, it approximates high arctic conditions
in some areas. OSmith (1966b) reported that argentatus are present in small
numbers at the heads of fjords around Baffin Island in the eastern Canadian
arctic. We also found argentatus in Glacier Bay in fjords élosa to_glacier
fronts; glaucescens tend to concentrate in lower regions,‘more marine, in .
Glacier Bay, around the Marble Islands and the Beardslee Narrows. But argen-
tatus and glaucescens also nest together on cliff faces near the glaciers.
There are apparently insufficient isolating mechanisms in both nesting habitat
selection and species recognition because they hybridize. From field

notes of 24 July 1971, at William Field Cairm #3, 4 km from the front of

Johns Hopkins Glacier, on the north side of Johns Hopkins Inlet, facing the

glacier:

"Sea cliffs. Cliffs several hundred meters long and several
hundred meters high in near vertical slope. Sat for several hours--
in fact all morning--observing birds from cairn #3. Noted Herring
Gulls, Glaucous-winged Gulls, and some intergrades between them in
the amount of black on the primaries. Herring Gulls have cat-yellow
itis. Glaucous-winged have dark iris. All different amounts of
black on wing-tips seen--some just very tips of primaries black, some
with just ends and tips of primaries black, and some typical of usual
Herring Gulls." '

We also observed partially fledged chicks on ledges on the cliff face.

In subsequent field seasonswe found glaucescens and argentatus nesting

together in Glacier Bay on low rocky islets, flat gravelly islets, and sloping

grassy hillsides (Part I, Table 23).
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Dry Bay, at the mouth of the Alsek River, south of Yakutat and
northwest of Glacier Bay, provides different conditioms. About 500 pairs
of gulls nest on flat gravel bars near the river mouth. The low alluvial
islands are washed by high waters foilcwing suﬁmer storms and snow-melt
in the moﬁntains. Vegetation as a consequence of unstabilized substrate
plus periodic flooding is sparse and iﬁdicates a combined maritime and
fresh-water influence. Japanese glass floats found on the gravel bars
indicate winter storm tidés flood Dry Bay with salt-water. The gull popu~
lation, hybrids between argentatus and glgucescens, reflects these mixed
coastal and interior conditions. Vegetation cover is important for nest
‘site selection, since nests are clumped near drift logs, willow bushes and
grass patchés. Gravel beds where gulls do not nest divide parts of the
island colony at Dry Bay (Pt. I, Figi;? 6&ﬂen melt-waters combine with
heavy rainfall (as a summer storm follows days of sunshine), the river
rises.and fills the gravel beds. If gulls nested on these gravel beds or
too close to the periphery of the island, their nests would be washed away under
these éonditions. Physical conditions subject to rapid changes influence nest
site selection at Dry Bay and in colonies off the Copper River Delta (see
Egg Island study area, in Methods), but less so at North Marble and Lake
Louise.

L. glaucescens and L. argentatus and hybrids must be flexible in

nesting habitat selection due to the dynamic conditions in which they nest,

L. glaucescens and L. occidentalis also nest in a variety of habitats when

sympatric (Scott, 1971; Hoffman, 1976; see also Vermeer, 1963; Coulter et al,,
1971).
Thousands of glaucescens at Egg Island nest on stabilized meadow-

covered dunes, usually in proximity to old drift logs or Sambucus bushes
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Slope of the dunes is shallow, averaging less than 3%.
The highest dunes are only ten meters above sea level., Egg Island, as
North Marble, has highest densities of neéting gulls on completely open
meadows. %Fﬁﬁlsiifs on North Marble are precipitous, however, approaching 50%
slope (Partélzi. Gulls in both colonies tend to select breeding habitat
where approaching predators can be easily detected. Few gulls nest in brush
fringes on North Marble, but some glaucescens nest directly beneath bushes
on Egg Island. Brush-nesting glgucescens are previously.reported by Vermeer
(1963) and Manuwal (pers. comm.) in Puget Sound. Tinbergea (1960) noted
nesting argentgtus react positively to bushes. Haycock and Threlfall (1975)
obse:ved argentatus in Newfoundland nesting in proximity to p:omineanS'éuch
as boulders, trees or stumps. This form of nest site attraction may repre~
sent previous affinity for cliff-nesting. ‘L..argentatus at Lake Louise nest
on a grassy islet with similar slope and substrate to North Marble glaucesceng,
argentatus, and hybrids (Part I, Table 23).

According to Smith (1966 ), the Larus gulls around Baffin Island
freely intérmixed only during the few days after arrival in the Arctic, when
they occurred together in flocksvalong the edge of the land-fast ice, and
when they moved onto the cliff faces. Habitat separation may reduce the poten-
tiality for mixed matings among gulls in the eastern Capadian Arctic. Knudsen
(pers. comm,) is further investigating this topic in Baffin Island and New
Brunswick, L. argentatus in the eastern Canadian Arctic tends to select a
nesting place on small islets in flat marshy areas (Smith 1966 ). Despite
selective pressure exerted by ground predators, argentatus has ﬁot colonized

cliff faces. The isolating effect was apparently greatest in Smith's ared

between argentatus, and the cliff-nesting hyperboreus, thayeri and glaucoides

Xumlieni. In other areas, such as New Drunswick, Niagara Falls, N.Y., and




the Lake Superior shoreline in Wisconsin, argentatus nest on cliffs (Emlen,

1963; Harris and Matcéson, 1975; Andrle, 1976), and are otherwise plastic
in nest site selection. Drury and Nisbet (1972) find argentgtug in New
England highly adaptable to changing circumstances, since the seashﬁre

ig subject to continuous changes in detail.
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Territory Size

The definition of territory, as Hinde (1956) states, is '"any defended
area.”" This definition does not necessarily imply the defended area is
sharply delimited, but in practice many workers on territory (referemnces in
Hinde, 1956) imply the existence of such borders by measuring territory
size. Using ﬁhe measure of territory for gulls defined by Harpur (1971),
we calculated the area of each nesting territory as a circle with a radius
half the distance to the nearest active nest. In reality, gulls do not
defend neat circles. Actual territory size depends upon the stage of the
reproductive cycle, expanding with hatching of chicks, and declining as
chicks grow older (Hunt & Hunt, 1975)., Nevertheless we have elected to
use Harpur's measure because it is standardized and can be compared to
other studies. The distance to nearest neighbor, upon which we calculate
territory size, may be an important factor in determining gull chick survival
(Hunt & Hunt, 1975).

Patten (1974) preViouély reported a mean territory size of 18 m?
for the colony at North Marble, but territory size Varied from sub-colony
to sub-colony and from year to yeér (Table .2). At Dry Bay ‘A’ colony in
1975 ﬁean territdry size was 29.8\m2, suggesting room for more breeding

2y.

pairs (mean distance to nearest neighbor was 6.16 m Mean territory size

at Dry Bay 'A' colony in 1977 was quite similar, 30.9 m2, with virtually the
same number of pairs inhabiting the identical surQey area;_ Dry Bay 'B' colony
in 1977, which had not been previously surveyed, was less densely utilized,
‘with a mean territory size of 48.51 m2 and'a relativelyslarge internast

distance of 7.86 m. Both 'A' and 'B' colomies produéed well over one chick

per nest to fledging (Table 1),
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Table 1

Gull Reproductive Parameters, Dry Bay 1977

‘Colony 'A' - 300 m x 50 m

Colony 'B' - 30 m in @

Clutch Size 2.94
(90 nests - 265 eggs)
Egg Loss 10 (3.8%)
Infertile Eggs 8 (3%)
'Pipped' but failed
to hatch 2 (.8%)

Hatching Success
Chick Loss
Chicks Fledged
Fledging Success

or

or

245/265 (92.4%)

'111/245 (45.3%)

134
1.49 chicks/nest

50.5% chicks fledged/
eggs laid

54%  chicks fledged/

chicks hatched

2.86
(22 nests - 63 eggs)

7 (11.1%)

0

0
59/63 (93.6%)
31/59 (52.5%)
28
1.27 chicks/nest

44 .47 chicks fledged/
eggs laid

47.5% chicks fledged/
chicks hatched

NOTES:

(1/90 = 1.1%)

B

1 replacement clutch of 3 eggs in 'A' colony.

1 supermormal clutch of 4 eggs in 'A' colony, which hatched.

(1/90 = 1.1%)

Chick loss was due mostly to sustained, heavy eagle predation
(eagle nest within 2 km of the gull colomy). :

Chick loss was clearly the major factor influencing fledging suc-
cess at Dry Bay in 1977. )




Mean territory size on Egg Island in 1975 was 28.9 mz. (mean dis-

tance to nearest neighbor was 6.06 m) (Table 2). Territory size, as at

Dry Bay, remained practically identical the next season surveyed, but there

were 20% more nests in the study area (30.2 mz; mean distance to nearest
neighbor 6.2 m?). This suggests gull pairs distribute themselves due to
social attraction at this demsity but ;1ea:1y do not use all available spaca
(welghed mean territory size for 1975 and 1976 was 29.6 mz).

The migratory population of argentatus, breeding at the interior Lake
Louise in 1977, showed a mean territory size of 13.5 mz.and a mean inter-~
nest distance of 4.3 m, 77 pairs bred in a relatively confined ‘area of
0.36 hectare on a lake islet (Part I, Fig. 13; Part 1T, Table 2).

We found large differences in internest spacing and territoxy size
for glaucescens breeding on grassy meadows on Egg Island and the mixed
colony ﬁominated’by glaucescens at North Marble, also nesting on grassy
meadows. Hybrid gulls nesting on gravel bars at Dry Bay and glaucescens
o meadow-covered dunes on Egg Island had similar territory sizes (Table .2).
Notable is the large territory size at both Egg Island and Dry Bay. The
stﬁdy area at Egg Island showed an increased number of paifs the second
field season, while the Dry Bay colony did not. The argentatus nesting on
the sloping grassy meadows at Bird Island at Lake Louise had small territory
sizes, in sharﬁ contrast to large portions of the meadows on Egg Island,
not even colonized due to recent ('64) earthquake activity doubling fhe
island surface area. This suggests interior argentatus are close to using
all available nesting space, but other argentatus-group populations are
flexible in internest distances and are not limitzed by available nesting
space in thelr northeast Gulf of Alaska breedinz sites. It is not unreasonable
to expect Increasing gull populations in coastal districts, with an increasing

food supply due to human activities. This is especially true off the Cooper

River Delta.




Since territory, as expressed as a multiple of the distance to
nearest neighbor, may be important in determining gull reprpductive guccess,
we have explored the influence of territory size by plotting various para-
meters against it. We have plotted mean clutch size, egg loss, chicks hatch-
ing, and chicks fledging against mean territory size by colony and by vear.
The results are presented in the following Figures: clutch size against
territory size (Figs. 5, 6, 7, and 3); egg logs against territory siza
(Figs. 106, 17, 138, 19} chicks hatching against territory size (Figs. 28

£9,30,& 31) and chicks fledging against territery size (Figs. 36,37,38 and

39,
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Egg~-Laving

Gulls at North Marble, Dry Bay, Egg Island, and Lake Louise began
to lay eggs in mid- to late May without regard to taxomomy. A remarkable
degree of synchroﬁization was apparent when comparing percentages of eggs
found in sequential dates of observation through the nesting period (Figs.
9, 10 and 11). There was a strong tendency in these coloniea for the
majority of-eggs to be laid in just over one week. |

Egg-laying on North Marble was closely synchronizéd in all sub-
colonies, although most eggs were laid two weeks earlier in 1973 than
in 1972. In 1972, 50% of eggs were laid in a seven day period in late
May (Fig. 9). 1In 1973, 60% of eggs were laid between June 5th and June
7th, The evidence from North Marble indicated not only a colony-wide
synchrony, but a synchronous egg-laying in four partially contingent
colonies, suggesting the gulls on North Marble were acting as one large
colony.

The Dry Bay colony demonstrated flexibility in timing of breeding
from year to year, as at North Marble (see pp41-43) but syﬁchrony once the
process bégaﬁ (Fig. I'I). Gulls at Dry Bay laid 50% of eggs in an eight day
period between May 15th and May 23rd, a pattern quite similar té North
Marble. |

The colony at Egg Isiand had 507% of eggs laid in just over one week,
. between May 30th and June 7th, similar to Dry Bay and Yorth larble (Fig. 10).

Incubation in Alaskan glaucescens did not beginm until after the
clutch of threelwas completéd, usually about a week after the first egg
was laid. Mean intérval between egzs was two days (?atcen, 1974). ‘“the
onget of incubation at North'Marble, Dry Bay, and in the Egg Island study

areas was quite synchronized, and began immediately after the week in which

most eggs were laid.




a4,

Clutch Size

Clutch size is one of the important parameters determining the repro-

DRPe

ductive success of gulls. 7The seriousness of hatching failure, or chick

loss, is partially determined by the clutch size. Reproduction can be main-

tained if the mean ciutch size is sufticiently high before predation or
other egg loss. A gull population with a higher wean clutch size can support

a greater rafe of hatching failure or chick loss than a population with a

lower mean clutch size.

Clutch size in southern Alaskan gull colonies ranged from 3.0 to
2.1, both in North Marble Island colonies (Table 2). The weighted mean
clutch size for the North Marble>popglation, however, was quite high (2.80
in 1972; 2.96 in 1973). Only the Top Colony had a signifiqantly lower clutch
size compared to other sites in 1972 (2.1; p < .05, Duncan Multiﬁle Range
Test). This was correlated with significantly larger territory size (Table 2;
Fig. 34). There were no significant differences between colony sites in‘1973
in either clutch or territory sizes (Table .2 Fig. 35).

Dry Bay 'A' and 'B' colonies were not significantly different from
each other in ciutch size in 1977, nor were they sigrificantly different
from North Marble (1972-73), cnce again with the exception of the Top Colony
in 1972 (p< .05, Duncan Multiple Range Test).

‘fhe interior argentatus population at Lake Louise had an intermediate
mean clutch size of 2.7 and the smallest territories of any colony due to
restricted nesting space (Tuble 2 ). The colony with the lowest mean clutch
size, after the small, marginal Top Colony at North Marble in 1972, was Egg
Teland (Table 2). The plot of clutch size against average territory size
on Egg Tseland (1975-76), compared to North Marble Island (Figs. 3‘1, 32,

showed territory sizes were larger on Egg Island but clutch slzes were smaller.
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Table 2. - Clutch Size, Number of Fledgl: and Territory Size in Southern Alaskan

Gull o._onies, 1972-1977

Number - Mean Mean Mean Terri-
of YHests : Clutch Number of tory Size
Colonv/Year - . __Examined Size Fledglings (mQ)
North Marble 1972
East ’ 94 2.8 1.8 14.3
Hest ' 36 2.9 2.2 18.3
North 20 . 2.8 1.5 32.7
Top 12 2.1 0.4 52.1
Total 162 2.8% 1,75% 20.2%
North Marble 1973
East ' 104 3.0 1.6 14.0
West 60 2.9 2.2 12.5
Yorth : 15 3.0 1.7 36.1
Top 12 2.9 1.6 36.9
Totzal 191 2.96% 1.80% 16.7%
Dry Bay
'A' Colony 1975 100 - S 29.8
1977 ' : 90 2.9 1.5 30.9
'3' Colomy - 1977 22 2.9 1.3 48.5
tpg Island 1975 ’ 153 2.4 1.0 28.3
Ege Island 1976 - 186 2.4 1.1 30.2
Lake Louise 1977 77 2.7 0.9 13.5

* ;eighted means




The conspicuous exception was the Top Colony on North Marble in 1972, which
resembled Egg Island.

We suggest age of the female‘as the most important factor iunfluenciag
clutch size in southern Alaskan gull colonies. Clutch size increased in
the North Marble Island Top Colony as the females became older and more
experienced. This influenced reproductive success as measured in chicks
fledged, Terri:ory size was inversely related to clutch size because of the
tendency of young, inexperienced pairs to nest on the periphery of the colony,
in marginal sites, or in newly qolonize§ areas, where intermest distances
(upon which we calculate territory sizej were larger. This has important
implications for the growth 6f the Copper River Delta gull populations in
that clutch size and fledging success of these populations may increase over

time, given sufficient sources of artificial food (see below).
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90 4

PERCENTAGE GF NESTS

CLUTCH SIZE EGGS

Figure 1. Clutch size plotted against percentage of
: nests, North Marhle Island, 1972. ,
E = Zast Colony, W = West Colony, ¥ = Norta
Colony, T = Top Colony. '
The Top Colony is different in clutch slze;
East, West, and North are similar.

The most likely explanation for the difference
is young feirales layirxz for the first time
oroduce smaller clutches.
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. Quteh size plotted agalast pexcentaze of

nests, North Marble Island, 1973.

E = East Colony, W = West Colony, N = North

Colony, T = Top Colony.

All colonies show similar tendencies,
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Flgure 3.  Clutch siza plotted azainst parcentags of
: nests, Bgg Island 1975 - 1976. '
5 = 1975 survey, 6 = 1976 survey.

Clutch size is smaller on Egg Island than

on North Marble, probahbly due to the expanding
vopulation on Egg Island, with a higher
percentage of young females producing smaller
clutches. Egg Island most resembles the Top
Colony on North Marble in 1972.
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Clutch size plotted azainst percentage of
nests, Dry Bay, 1977. .-
A = 'A' Colony, B = 'B' Colony

3oth colonies are similar in clutch size
and resen>le clutch sizes on North larhle
in 1973,

214




- ) so

AVE TERRITORY SIZE (Mux2)

/

;/ — —

2 3 ‘ )
CLUTCH SIZE €£cGS

a 1

Figure 5. Qlutch sizas plotted agalns: avarags territory
size, North Marble, 1972.
E = East Colony, W = West Colony, N = North
Colony, T = Top Colony.

East, West, and North Colontas show ra‘her
sinilar tendencles. Top Colony is strikingly
different, with a large mean territory size
and concurrent 1-egg clutches.
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Cluteh size plotted against averags tarritory
size, North Marble, 1973.

E = East Colony, W = West Colony, N = North
Colony, T = Top Colony.

Tast and West Colonies are close in averags
territory size, as are Top and North Colcnies.
However all colonies exhibit a high proportion
of three-egg clutches.
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‘Clutch size plotted against éverage territory

Figure 7.

size, Egg Island 1975 - 1976,

5= 1975 survey, 6 = 1975 survey.

Texritory size is significantly larger om

Egg Island compared to North Marble, ’

Wwith a smaller percentage of three-egg clutches
and a greatar mroportion of cna-2gz and two-—egg
clutches. The conspicious exception 1s the

Top Colony in 1972 (Figure 6), with large territ-
ory size and high percentage of one-egg clutches,

217



RVE DISTANCE TO NERREST NEST

161

144

12+

5
/
5- /A
4 -
2 o
/
,,_n~_---—~———3///
C 1‘—”"""’,’- S, =%
e 1 2 3 4

CLUTCH STZZ SGGS

<

Flgure 8. Clutch size ploited against mean distance

to nearest nest, Dry Bay 1977.
A = 'A' Colony, B = 'B* Colony.

'A' and "B' Colonies exhibit similar
relationships in clutch sizes and distance
to nearest neighbor.

218




EGG LAYING SYNCHRO_NY, NORTH MARBLE ISLAND
| 1972 - 1973 |

100 NP

PERCENTAGE OF TOTAL EGGS OBSERVED

20 23 .30 3 5 € 7 8 9 0
DAYS IN MAY - JUNE

1972 &——8 N=455
1973 ©-—--o N=566

Figure 9
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EGG LAYING SYNCHRONY, EGG ISLAND, 1976

B
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Figure 10
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EGG LAYING SYNCHRONY, DRY BAY, 1977
100 |

PERCENTAGE OF TOTAL EGGS OBSERVED
3 4 8 883 8 ¢
I 1 1. ] i [ |

S

I 13 15 I7 19 21 23 25 27 29 3i
'- DAYS  (in ¥ay)

_COLONY "A" e——a
COLONY "B" e~——-®

Figure 11
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Hatching Failure

We attribute hatching failure in southernm Alaskan gull colonies to
three factors, using Paynter's (1949) formulation: (1) eggs disappearing
(loat) from the nest during incubatién; (2) eggs remaining in nests but
not hatching (dying); and (3) eggs which pip but the chick dies before emerg-
ing. We consider lost eggs to be hatching failures because almost all egg

loss was due to predation in which eggs were destroyed.

Lbss of eggsvthrough predation was the principle factof influehcing
hatching rate on North Marble (1972-73) and at Egg Island (1975-76) (Table 3 ).
Results of the 1972-73 North Marble investigation indicated a 26-277% egg

" loss within a colony of 500 pairs (Table 3). Proportionate egg loss was
similar from colonyAto colony at North Marble in 1972-73. Egg ioss plotﬁed
Against average territory size (Fig..l6) ) - showed the following var-
iations. The East and West colonies in 1972 were quite similar in percentage
egg loss, while the Top colony had a high percentage loss of two eggs per nest.
The North colony had a 20% complete clutch loss (3 eggs per nest). All colo-

" nies showed similar patterns of egg loss plotted against territory size in
1973 (Fig. 17).

The plot of egg loss against average territory size for Egg Island
showed A corfelation between large territory size and loss of one or two
eggs in 1976; egg loss in 1975 resembled the pattern on North Marble (1972-73).

Total egg loss in the Egg Island study area (1975-76) was 2€], (Table
3). These figures suggest a 125% egg loss frequently occurs inm gull colo-
nies in the Northeast Gulf of Alaska. Natural predation is due to other
gulls, ravens, crows and jaegers. Subsistence egging by fishermen and natives

causes much higher rates of egg loss in certain areas, notably on Egg Island

near Cordova.




Egg loss was significantly lower (p < .05) at.Dry Bay iﬁ 1977, com=
pared to either North Marble or Egg Island. The low rate of egg loss (3%
to 11%), was due to few ravens and orows on the Alsek Delta (Table 3)..
Minor egg loss was due to jaegers and other gulls. Colonies 'A' and 'B'
at Dry Bay showed quite similar percertage egg 1933 suggesﬁing little
relationship to distance to nearest nest (Fig.48 ; Table 3. Dry Bay most
iresembled North Marble in 1973 in egg loss to predation (Figs. i5,l3 ).
‘A minor cause of non-productivity on Egg Island, North Marble, Dry
Bay, and Lake Loulse was eggs remainingAin the nests but not hatching (dying).
Study of the few décayed eggs did not reveal deﬁeloped'embryos or specific
reasons for mortality (as in Paynter, 1949). We tentatively concluded the
eggs were infertile since the relative percentage of unhaéched eggs was low
(Table 3) and eggshells showed no signs of»fragility or pesticide contamina-
tion. |
The last cause of failure‘to hatch occurred when the chick piéped
the shell but failed to emerge and died. There were only two cases in the
Egg Island study area (1975-76); two each at Dry Bay and Lake Louise in 1977;
and three cases on North Marble (1972-73). The rate at every colony‘was
well beloﬁ one percent of total eggs laid in the study areas (Table 3).

These are not significant rates.
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rggs lost plotted against percentage of
nests, North Marble, 1972.

B = East Colony, W = West Colony, N = North
Colony, T = Top Colony.

East and West Colonles are quite similar in
percentage egg loss. Top Colony had a higher
percentage 2-egg loss, and North Colony had
203 complete clutch loss.
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Eggs lost plotted against ‘perce.ntage of
nests, Noxrth Marble, 1973. -

All colonies show highly similar tendencies

in eggs lost to predation. Predators are
mostly conspecific adults,
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Figure 14, BEggs lost plotted against percentage of

nests, Fgg Island, 1975 - 1976..
5 = 1975 survey, 6 = 1976 survey.

Egg Island is similar to North Marhle
in egg loss to predation.
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Mgure 15. Eggs lost plotted against percentage of

nests, Dry Bay, 1977.
A = 'A' Colony, B = *B' Colony.
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Eggs lost to predation at Dry Bay show
a rate most similar to North Marble in 1973.
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3
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Figure 16. Eggs lost plotted against average terxitory
size, North Marble, 1972.
E = East Colony, W = West Colony, N = North
"Colony, T = Top Colony. v

Although Top Colony is significantly larger
in average territory size, proportionate egg
loss is similar to other colonies.
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Flgure 17. FEggs lost plotted against average territory
size, North Marble, 1973. '
E = East Colony, W = West Colony, N = North
Colony, T = Top Colony.
All colonies show similar trends in eggs lost.
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Flgure 13. Eggs lost plotted agalnst average territory
size Egg Island, 1975 - 1976.
5 = 1975 survey, 6 = 1976 survey.

Gulls with larger terxritory sizes tended
to loose one or two eggs in 1976.

Egg loss in 1975 resembled that of 1972
and 1973 on North Marble.
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Figure 19. Eggs lost plotted againsi mean distance to
nearest neighboring nest, Dry Bay, 1977.
A = 'A' Colony, B = *B' Colony.

'A' and 'B' Colonies show quite similar
tendencies indicating egg loss is little
influenced by distance to nearest nest.
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Table 3

Numbers of 'Lost," "Infertile" and 'Pipped" Eggs Which Did Not
Hatch in the Study Areas: Egg Island (1975-1976);
North Marble (1972-73); Dry Bay and Lake Louise (1977)

s

" Total Eggs Pipped, but

in Study Infertile did not
Colony & Year Areg Lost Egas Eggs Hatch
Egg Island (1975) 386 114 (29.5%) 8 (2.0%) 1 K1%)
Egg Island (1976) 447 104 (23.3%) 9 (2.0%) 1 €17%)
North Marble (1972) 453 125 (27.5%) 22 (4.87) 2 K17)
North Marble (1973) 566 150 (26.5%) 26 (4.6%) 1 K17%)
Dry Bay (1977) 'A' 265 10 ( 3.7%) 8 (3.0%) 2 K1)
Dry Bay (1977) 'B' 63 7 (11.1%) 0 ¢]
Lake Louise (1977) 211 N.A. 13 (6.2%) 2 K1%)

Incubation Period

An incubation period is defined as the time span between the begin-
ing of incubation of an egg and the date of hatching. Gulls lay eggs
spéced several days apart, but do not begin incubation until the clutch
(usually three) is completed. Thus all the eggs in a clutéh tend to
hatch within a very short time of each other (1-2 days). Not only'do eggs
within the same clutch tend to hatch within a few days of each other, most
of the chicks within a colony tend to hatch within a week of each other,
under undisturbed conditions.

‘Onget of incubation varies by seve?al weeks at an individual colony
between years (Fig.20 ). The onset of incubation on North Marble ranged
from 29 May 1973 to 10 June 1972. The beginning of incubation in colonies

at Egg Island and Lake Louise fell within this time range, despite nearly
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INCUBATION PERIODS BY COLONY

No lat.
Q
- P-”‘“M 62" 20" -
Lake Louise, 1977
| k‘—wn"-—'/l.-q 60° 23' -
Egg Island, 1976
o
| P”“——"‘c“——m—a{ 60" 23" -
Egg Island, 1975
- k”””‘—i 590 58° -]
Haenke Island, 1974
0
- > "‘4 59 08* ]
Dry Bay, 1977
¢ o08*
Dry Bay, 1975
o
- ’,4———7”‘--‘ 59~ 08° u
' Dry Bay, 1974
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North Marble, 1973 C
= WIM’A 580 Lo ]
' North Marble, 1972
{ \ 1 1 » ] { i 1
15 30 14 7 15 30 1 7 15 30
MAY JUNE : JULY
Figure 20
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4° change in latitude. This suggests that gulls along this entire stretch
of coastline and interior breed at the same time (Fig. 20y,

The beginning of incubation was synchronized at North Marble, de- -
spite the somewhat larger spread of egg-dates from colony to colony. The
abrupt synchrony of chick hatching both years of the North Marble study
reflected the synchronized onset of incubation (Fig. 21). Median dates
from onset of incubation to hatching established an incubation period of
24 to 27 days on North Marble. ‘ |

The wider spread of chick ages on Egg Island reflécted 1ess synchrony
in onset of incubation as well as greater spread of egglaying following
egg~collecting by humans (Figs. 30, 23). 'However, in the study site at
Egg Island, 507 of eggs were laid by June S5th, and 507 of eggs hatched by
June 30th, demoustrating a median incubation pefiod of.25 days.

At Dry Bay, 50% of eggs were laid by 24 May, and 507, of eggs hatched
by 19 June,\demonstrating a median incubation period of 26 days. Similar
incubation periods have been reported by Tinbergen (1960), Keith (1966),

Schreiber (1970), Harpur (1971), and Vermeer (1963) for argentatus, occi-

dentalis and glaucescens.

Chick Hatching

Synchrony is the tendency of a population of colonial birds to
reproduce ﬁithin a short period of time of each other. Synchrony is an
adaptative anti-predator strategy.

‘Chick hatching was quite synchronéus both vears of the North Marble

Island study. In 1972, 70% of the gull chicks hatched between 4 and 9

July; in 1973, 87% of the chicks hatched between 23 and 25 June. Chick

hatching in 1973 at North Marble was two weeks earlier than 1972, a result




PERCENTAGE OF TOTAL CHICKS OBSERVED

CHICK HATCHING SYNCHRONY NORTH MARBLE ISLAND
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CHICK HATCHING SYNCHRONY, DRY BAY, 1977
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PERCENTAGE OF TOTAL CHICKS OBSERVED

CHICK HATCHING SYNCHRONY,*E GG . ISLAND, 1976
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N=343

Figure 23

* The slope is nearly directly proportional to time.
Therefore synchrony is technically not correct.
"Phenology" would be correct. (See text for explanation.)
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-

Chicks hatching plotted agalnst percentage
cf nests, North Marble, 1972.

E = Bast Colony, W = West Colony, N = Noxrth
Colony, T = Top Colony.

East, West and Noxrth Colonles are quite
similar in number of chicks hatching per
nest. The Top Colony, due to smaller mean
clutch size, produced fewer chicks hatching
in proportion.
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- Flgure 25 Chicks hatching plotted agalnst percentage
of nests, North Marble, 1973.
E = Bast Colony, W = West Colony, N = North
Colony, T = Top Colony.

All colonles show quite similar tendencles in
proportion of chicks hatching due to similar

mean clutch sizes and rate of predatioen.

239
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Chicks hatching plotted against percentage
of nests, Egg Island, 1975 - 1976.
5 = 1975 survey, 6 = 1976 survey.

Egg Island, due to smaller mean clutch size,
shovws a reverse tendency in proportion of
chicks hatching when compared to North Marble
in 1973, but resembles the Top Colony on
North Marble in 1972 (Figure 15), although
not as extreme,
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Flgure 27. Chicks hatching plotted against percentage

of nests, Dry Bay 1977.
A = 'A' Colony, B = *B' Colony.

Dry Bay had the greatest percentage of chicks
hatching in this study, due to largest clutch
size and lowest rate of egg predation.
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Figure 28. Chicks hatching plotted against average

territory size, North Marble, 1972.
E = East Colony, W = West Colony, N = North
Colony, T = Top Colony. '

East, West and North Colonies are quite
similar in number of chlcks hatching in
relation to average territoxry size.

Top Colony 1s significantly different, with
large territory size, smaller mean clutch
size, and fewer chicks produced.
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Figure 29. Chicks hatching plotted agalnst average
' . territory size, North Marble, 1973.
E = East Colony, W = West Colony, N = North
Colony, T = Top Colony.

Top and North Colonles are siailar in
average territory slizes, as are Last and
West Colonies, but the two groups arxe
different from each other, probably due
to colony sizes. However, all colonies
show similar tendencies in number of
chicks hatched.
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Fgure 30. Chicks hatching plotted agalnst average

territory size, Fgg Island, 1975 - 1976.
5 = 1975 survey, 6 = 1976 survey.

Average territory size on Fgg Island in
1976 was larger than in 1975. Both years
show a reverse trend from North Marble in
1973 due to smaller mean clutch size,
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Figure 31. Chicks hatching plotted against mean dlstance

to nearest nest, Dry Bay, 1977.
A = 'A' Colony, B = 'B' Colony.

Mean distance to nearest nest influenced
number of chicks hatching per nest only
slightly.
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of a generally earlier breeding season, related to milder weather. Chick
hatching was also more synchronous in 1973 (Figs. 20, 21).

Chick hatching was not synchronous at Egg Island in 1976. The
increase in chick numbers was nearly directly proportional to time elapsed.
Hatching for 50% of the eggs extended“over 20 days, in contrast to the
two to five day hatching period on North Marble. (Fifty percent of the
eggs in the 1976 Egg Island study area were laid in one week.) Re-nesting
"and clutch replacement following subsis;ence egging by fishermen in early
June was the most likely explanation for this spread of hatching (Figs. 20,

23).

Dry Bay in 1977 was intermediate between Egg Island and North Marble
in rate of chicks hatching over time. Chick hatching was more synchronous
than egg-laying (Fig. 11, 22) at Dry Bay; 50% of the eggs were laid in an
eight-day period in late May, but 507% of the chicks hatched in a three-day
period between 17 and 21 June. This suggests a more synchronized onset of
incubation than synchronized egg-laying.

North Marble and Dry Bay colonies contained roughly the same number
of pairs (about 500) and both were relatively undisturbed areas. Egg
Island was a huge colony with disturbance. There was a tendency for
groups of birds to breed at the same time, but the synchrony was disrupted

by human intervention (egging).

Chick Mortality

Chick mortality in southern Alaskan gull colonies was divided into
two classifications: chicks which were observed dead, and chicks which dis-
appeared, were not counted as fledged, and which were presumed dead.

Observed chick mortality in southern Alaskan colonies was low,
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ranging from 3 to 12% (Table 4). North Marble Island had the highest
rate of hatching failure, which was due to egg predation, but the rates of
observed chick‘mortality and disappearance were the lowest of colonies
examined, except for Lake Louise, where we have limited data due to
restricted time available for investigation (Table 3, Part I)‘,.

Chicks which disappeared accounted for a high percentage of the
chick loss at both Egg Island and Dry Bay. The figures ranged from 267 to
49% (Table 14). Egg Island, however, had the highest combined egg and chick
mprtality of coastal colonies studied (Table. 5. High egg and chick mor-~
tality, added to low clutch size, meant Egg Island had the lowest total
reproductive success (in chicks fledged per nest) of the three major
coastal colonies examined. Total chick mortality on Egg Island (mean of
| both seasons) was 381. The Egg Island situation represented disturbed
cbnditions,_with access by boatmen, picnickers, and dogs, which may have
accounted for the large number of chicks which disappeared.

Hatching successes gt Egg Island and North Marble were within 8% of
each other (Table '4). Dry Bay had a much higher rate of hatching, due
to a low rate of egg loss, and larger clutch size. Thus ny Bay héd more
chicks hatching in proportion to other colonies (Table 4). However,
chick.disappearance was the main factor iﬁfluencing chick mortality at
Dry Bay in 1977 (Table 4).

The few chicks found dead on the sparsely vegetated gravel bars at
'Dry Bay in 1977 showed injury due to attacks by adult gulls defending terri-
fory. We believe eagle predation (obser;ed on an hourly basis in late June

and July) was the main reason for chick disaopearahce,and thus was the major

factor influencing reproductive success in the gullery at Dry Bay. When the.
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Table 4

Percent Chick Mortality, Egg Island 1975-76;
North Marble Island 1972-73; Dry Bay, 1977

.

% Fledged
% Observed % as %
Study Area Hatching Mortality Disappeared hatchead
Egg Island 1975 69 12 26 62
(153 nests)
Egg Island 1976 77 8 31 ' 61
(186 neasts)
North Marble 1972 67 5 2 93
(162 nests) :
North Marble 1973 69 8 4 88
(191 nests)
Dry Bay "A" 1977 92 6.5 39% 54
(90 nests)
Dry Bay "'B" 1977 93 3 49% 47.5
(22 nesta)

* heavy eagle predatiom noted.

Table 5

Hatching Success, Mortality, Reproductive Success Egg Island, 1975-76;
North Marble Island, 1972-73; Dry Bay, 1977; Lake Louise 1977

Egg and Chick

: Hatching Combined . Total Reprod.
Colony Success (%) Mortality (%) Success (%)
Egg Island 73 65 44
(153-186 nests)
Dry Bay (22-90 nests) 93 51 49
‘North Marble (161-192 nests) 68 . 34 , 61
Lake Louise (77 nests) N.A. N.A. 35
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low rate of egg loss, and the high rate of chick loss were combined, Dry
Bay had an intermediate rate of mortality compared to other coastal colo-
nies. Total reproductive success at Dry Bay was better than Egg Island,

but less than North Marble (Table .5).

*

Fledging Succesg
We determined the median length of the fledging period to be 40-43

days on North Marble, similar to Dry Bay, Egg Island, and Lake Louisa. Other
inveatigatofs have reported similar fledging period for argentatus in Michi-
gan (Keith, 1966), occidentalis in California (Schreiber, 1970; Harpur, 1971)
and glaucescens in British Columbia (Vermeer, 1963).
At the end of the fledging period at each major colony in thils study,
" we made counts to determine fledging success. TFledging success, while a
difficult measurement (Keith, 1966; Schreiber, pers. comm,), is crucial in
understanding the reproductive biology of these gulls.
When the number of chicks_fledged in 1972 at North Marble was plotted
against percentage of nests for four colonies, the East, West, and North
Colonies formed a éattern (Fig. 32). The Top Colony was aberrant, with
- larger territory size (Table 2, Fig. 5), fewer chicks hatching

Fig. 24), and fewer chicks fledging (Fig. 32). Territory size
was not directly related to number of chicks fledging in the other colonies,
since they were all within the game range (Fig. 32).

The situation on North Marble in 1973 was different. The East,

West, and Top Colonies formed a pattern.. Productivity was greater in the
Top Colony; more chicks fledged. The increase in productiv;ty was corre-~
lated with smaller internest distances, larger clutch sizes, and fewer eggs

and chicks lost (Figs. o6, 12, 17 33). The North Colony in 1973 exhibited
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the unusual, possibly artifactual, pattern. Disturbance associated with
boat mooring may have caused nearly fledged chicks‘to emigrate earlier
from the North Colony and not be counted as fledged.

| At Dry Bay in 1977, both 'A'.and 'B{ Colonies fledged si;ilér per-
ﬁentages of ona chick per nest, but 'é' Colony had a greater reproductive
butput of two and three chicks per nest, which accounted for the better
fledging suécess in Colony 'A' (Fig. 35). Mean distance to nearest nest
showed little direct relationship to chicks fledging at Dry Bay.in 1977
(Fig. 39).

Reproductive success (in chicks fledged per nest) was lower at Egg

Island, compared to North Marble or Dry Bay, and was slightly higher than

Lake Louise (Table 2). Egg Island exhibited a pattern similar to North

Marble in 1972 when number of chicks fledged was plotted against percentage
of nests (Fig. 34%). On Egg Island, mean territory size was slightly, but
not significantly, larger in 1976; productivity was also slightly, but not
significantly, better than 1975. When territory size at Egg Island was
plotted against number of chicks fledging per nest, the relationship was
virtually the same for both study years (1975-76). Most nests fledged one

chick (Fig. 38).

Summary of Fledging Rates

The fledging rate of 1.03 - 1.12 glaucescens chicks per nest on Egg
Island is normal compared to other gull species (Table 6) but lower com-

pared to a partially mixed argeuntatus - glaucescens colony at North Marble

in post-glacial surroundings (1.77), due to the abundant natural food
supply in the "unfilled" niche at Glacier Bay. The fledging rate of 0,95
argentatus chicks per nest at Lake Louise 1s sufficient.to maintain a

stable population, but also much lower than the highly mixed argentatus x
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Chicks fledging plotted against percentage
of nests, North Marble, 1972.

E = Bast Colony, W = West Colony, N = North
Colony, T = Top Colony.

Once again the East, West and North Colonies
form a similar pattern and the Top Colony

is aberrant, with large territory sizes,
smaller clutches, fewer chicks haiching,
greater chick loss, and fewer chicks fledging.
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PERCENTAGE OF NESTS

Flgure 33.

2
CHICKS FLEDGED

Chicks fledging plotted against percentage
of nests, North Marble, 1973.

E = East Colony, W = West Colony, N = North
Colony, T = Top Colony.

The North Colony here presents an exception
to the usual trend. The East, West and Top
Colonies closely fluctuate around a nean,
while the North Colony breaks the pattern,
with many fewer chicks apparently fledged.
This may be due to disturbance due to boat
mooring near the colony, causing chicks to
emigrate early.
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Figure 34, Chicks fledging plotted against percentage
of nests, Egg Island, 1975 - 1976.
5 = 1975 survey, 6 = 1976 survey.

Egg Island gulls produce fewer chicks than
those on North Marble, in proportion, but
Egg Island resembles North Marble in 1972
v in chicks fledged. The productivity on

\ Egg Island is expected to increase as the

: . proportion of experienced female breeders

- ' expands, given continued access to artificial
food from human sources,
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Flgure 35. Chicks fledging plotted against percentage

of nests, Dry Bay, 1977.
A = 'A' Colony, B = 'B* Colony.

Both 'A' and 'B® Colonies fledged similar
percentages of one chick per nest, but
'A' colony fledged more two and three chicks

per nest.
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Chicks fledging plotted agalnst average
territory size, North Marble, 1972.

E = East Colony, W = West Colony, N = North
Colony, T = Top Colony. :

Gulls with large territory sizes and samall
clutch sizes in the Top Colony fledged no
chicks. Only a few chicks survived fron
this colony this season. Territory size
played only a moderate influence in chicks
fledging in the other colonies, since they
were all within the same general range.
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Chicks fledging plotted against average
territory size, North Marble, 1973.

E = East Colony, W = West Colony, N = North
Coleny, T = Top Colony.

Productivlty was much greater in the Top
Colony in 1973, with smaller average territory
size, compared to 1972. "The North Colony
exhibits the unusual trend here, probably due
to disturvance,
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Figure 33, Chicks fledging plotted againsi average

territory size, Egg Island, 1975 - 1976.
5= 1975, 6 = 1976,

Territory size 'was slightly larger on the
average in 1976, but productivity was also
slightly better. However, both years the
survey area shows a similar tendency,
fledging mostly one chick per territory.
Note larger territory size on Zgg Island
compared to North Marble (Figures 24, 25).
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Flgure 39. Chicks fledging plotted against mean distance

to nearest nest, Dry Bay, 1977.
A = 'A' Colony, B = 'B' Colony.

Mean distance to nearest nest had little effect
on chicks fledging per nest at Dry Bay in 1977.
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glaucescens colony at Dry Bay (1.44) (Table 6; Fig. 40).

| The expanding coastal populations of glaucescens and argentatus x
glaucescens hybrids encounter relaxéd selection pressures due to unlimited
nesting space and abundant natural food in recent-~post glacial and river
delta environments. L. argentatus genes are entering coastal populations
at Glacier Bay, Dry Bay, and the Susitna Flats near Anchorage at the mouth
of the Susitna River. | ‘

| Paynter (1949) reported a production of 0.92 chicks per nest suffi-
cient to maintain a stable population of argentatug on Kent Island,‘New

Brunswick, very close to that we discovered at Lake Louise., Ludwig (1966)

found a recruitment rate of 0.63 maintained a stable population of delawarensig

on the Great Lakes. L. argentatus studied by Ludwig increased on the Great
Lakes between 1960 and 1965 at an annual rate of 13% with a mean fledging
rate of 1,47, quite close to the production at Dry Bay (argentatus x
glaucegcens). The population growth of argentatus on. the Great Lakes was

due to the abundance of the alewife (Alosa pseudohargenus), a major food

source. Populations of delawarensis on the Great Lakes increased during

the same period at 30% per year with a mean fledging rate of 1.74 (Ludwig,
1966), practically identical to North Marble. L. glaucescens studied by
Vermeer (1963) produced 1.35 chicks per nest per year. Harpur (1971) pub-

lished fledging rates of 1.33 and 0.96 per pair of occidentallis. The high-

est mean fledging success in the literature is 2,00 chicks per nest reported

by Coulter et al. (1971) for occidentalis on the Farallons. Other fledging

-

successes, summarized by Keith (1966) ranged from 0.3 to 1.17.
The above comparisons indicate the coastal populations of glaucescens
and argentatus are reproducing well. North Marble has a very high reproduc-

tive rate, indicatiﬁg a population expanding at 307 per year. Dry Bay has
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a high reproductive rate, suggesting expansion of 127Z per year. The iarge
glguceséens population at Egg Island, partially dependent upon artificial
food in Cordova, is expanding at a rate of 4% per year, a 'mormal" pattern
for gulla. For example, at this rate, in five years the 20,000 gulls
breeding on Egg Island would number 24,333. This is over a 20% increase
in five years, similar to conditioms replicated in recent past in the
eastern United States, due to the same reason, an increasing food supply
~due to man's activities. The Lake Louise population of argentatus, with

limited nesting space and restricted food availability, is maintaining

itself.




Table 6

Comparative Index of Gull Reproductive Success
in Chicks Per Nest (Productivity)

Colony ' ” Chicks/v'

Location , Species Nest Reference
California L. occidentalis ., 2.00 (Coulter et al., '71)
North Marble mixed glaucescens/ 1.77 (Patten, 1974)

(1972-73) argentatus '
Great Lakes L. delawarensis 1.74 (Ludwig, 1966)
Great Lakes L. argentatus 4 1.47 (Ludwig, 1966)
Dry Bay (1977) mixed glaucescens/ 1.44 (this paper)
argentatus
British Col. L. glaucescens 1.35 (Vermeer, 1963)
California L. occidentalis 1.14 (Harpur, 1971)
Egg Island L. glaucescens 1.08 (Patten & Patten,
(1975-76) . 1977)
Lake Louise L. argentatus 0.95 (this paper)
(1977)
New Brunswick L. argentatus 0.92  (Paynter, 1949)
Michigan L. argentatus* 0.35* (Keith, 1966)

* Population contaminated by DDT
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Banding Results

The temporal sequence of band recoveries from Egg Island
juvenile gulls first suggested strongly migratory tendencies.
Additional fecoveries now support the emerging migratory pat-
tern of juvenile gulls originating on sandbar barrier islands
off the Copper River Delta. Indications are that recently
fledged juvenile gulls from Egg Island disperse explosively to
‘Prince William Sound salmon streams within a month of fledging
(cf£. Moyle, 1966), and reach as far as Anchorage and Valdez
before beginning migration south along the Pacific Coastline
(Table 7; Fig. 41; Pearse, 1963). Band recoveries in January,
from young gulls originating off the Copper River Delta,
'extend from Ketchikan, AK, to Puget Sound, WA. Several Egg
Island juveniles, just over one year old, have been found in
their second summer at Valdgz. A color-dyed three-year old
gull demonstrated lateral movement in July between Egg Island,
off the Copper River Delta, and Middleton Island in the Gulf
of Alaska (Fig. 42). More band recoveries of young gulls
banded at Egg Island are from Valdez (25%) than any other
location. Whether this represents environmental disturbances
capitalized by gulls or simply concentration of human observers

remains to be determined.

263




Table 7

Banding Recoveries of Juvenile Gulls from Egg Island

Loeation. . Date Reason
1. Valdez AK 22 Aug 75 aircraft strike
2. Valdez AK 22 Aug 75 aircraft strike
3. Valdez AK 29 Aug 75 dead on road
4. Anchorage AK 30 Aug 75 found dead
5. Copper Delta AK 1 Sept 75 eaten by eégle
6. vYakutat AK - Oct 75 found dead
7. Jﬁneau AK 4 Oct 75 shot by boy
8. Ketchikan AK 20 Jan 76 oiling
9. vVancouver BC - Jan 76 found dead‘
10. valdez AK 19 Jul 76 injury
11. Valdez AK 19 Jul 76 found dead
l2. Cape Hinchinbrook AK 28 Jul 76 collected
13. Seward AKX 5 Sept 76 found dead
14. vYakutat AK 8 Oct 76 found dead
15. Juneau AK - 31 Oct 76 entangled
16. Olympia WA 23 Nov 76 no information
17. Petersburg AK : 10 Dec 76 caught by dog
'18; Harris Harbor AK 15 Jan 77 found dead
19. Prince Rupert BC 23 Jan 77 found dead
20. Rivers Inlet BC -~ Feb 77 found dead
21. Lake Tapps WA _ -~ Feb 77 shot
22, Ketchikan AKX "3 Mar 77 ‘ hit by car
23. Valdez Arm AK ' 24 Aug 77 found dead

24. Cordova AK 31 Aug 77 trapped & released




Table 8

Banding Recoveries of Juvenile Gulls From
Strawberry Reef, Copper River Delta

-

Location Date ’ Reason
1. Vancouver BC 3 Feb 77 found dead
2. Bainbridge Island WA 16 Feb 77 found dead

Note: Tables 7 & 8. Radiation to Prince William Sound
’ region after breeding seasons and then strongly migra-
tory tendencies exhibited by N - S chronological
sequence of banding recoveries. ‘




BANDING RECOVERIES OF JUVENILE GULLS
FROM EGG ISLAND A

ond
STRAWBERRY REEF O
. s
ANC HORAGE 7
I'd

rd

coroova 7
COPPER DELTA
Ve

150*

’
KETCMIKAN « 2
/

PRINCE RUPERT

RIVERS IMET
rO*

Q vamcouver
~ .
~
oYmPra ™
“L.ur: T

BAINBRIOSE 1.

o JOO KILOMETERS
| COR—

266




Table 9

Observations of Color-dyed Gulls (Adults)

Location Date Activity
1) Coxrdova docks—éanneries July-Aug 75 feeding
Sept-Oct 75
2) Cordova dump July-Aug 75 feeding
Sept-Oct 75
3) Egg Island July-Aug 75 - breeding
4) Eyak River, Copper Delta Aug 75 resting
5) Hawkins Island, Aug 75 flying
Prince William Sound
6) Juneau ' Sept 75 resting
7) Cordova docks~cannieries March 76 resting
8) . Egg Island June 76 breeding
9) Middleton Island,* July 76 resting
Gulf of Alaska
10) Hartney Bay, Orca Inlet Aug 76 . feeding
11) Cordova City Airport Aug 76 resting
12) Cordova dump July-Aug 76 feeding

Sept-Oct 76

Note artificial food sources, winter absence, suggestion
.of migration pattern.

* third-year juvenile
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Wintering Areas of argentatus and glaucescens

A review of recent literature on wintering aréas and
F&WS observations of large gulls in the northeast Gulf of Alaska
(Lensink, pers. comm.) amplifies banding and color-dyeing studies.
Isleib and Kessel (1973).suggest part of the northeast

Gulf of Alaska glaucescens population winters offshore on the

continental shelf. Isleib (pers. comm.) reports argentatus,

glaucescens and other hybrids are common in the winter in the

Cordova area, where argentatus and hybrids are quite uncommon

during the summer. Hoffman (pers. comm.) also finds glaucescens,

argentatus and hybrids offshore between Yakutat and Kodiak in

November. These cbservations, with the results of color4dyeing

studies showing Egg Island-Cordova adult glaucescens departing

the Cordova area and returning in March, indicate major pelagie
population shifts and migratory movements southward in fall and
wi.nter. (Table 9; Fig. 42),

The Fish & Wiidlife Service / NOAA winter cruises (18 Jan
- 13 Feb) find highest densities of seabirds in association
with trawling operations 65 - 200 km east of Kodiak Island in
waters over the continental shelf, or shelf break. Mean density
in birds/km? for outer continental shelf regions is: British
Columbia Shelf: 6.3; Southeast Alaska Shelf: 6.3; Northwest
Gulf of Alaska 47.4: and Kodiak Basip: 35.2 (Lensink, 1977).

Larus glaucescens is among the most abundant specizss on

NOAA/FSWS patrols (14-21 Feb; 7 Feb-4March). High numbers are

consistently correlated with trawling operations of foreign-flag
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factory ships on the continental shelf. Larids occur in low
‘but regular numbers in off-shelf areas. Apparently pure glauce-

scens predominate but a few glaucescens x argentatus hybrids and

a very few typical argentatus are sighted off Canada and in the

Gulf and Kodiak basins (Lensink, 1977).
Sanger (1973) and Harrington (1975) report pelagic

4 argentatus and glaucescens 80 -~ 640 km off southern California

from January to April. L. argentatus increase until mid-February,

and then rapidly decrease from mid-March to mid-April. Gulls
collected in April have enlarged gonads in near breeding condi-
tion. Further north, F&WS ship surveys in the northeast Gulf
of Alaska find marked shifts in relative abundances of gqulls

indicating migration from more southern regions:

Table 10

Large Gulls Observed on Transects in the Northeast
‘ Gulf of Alaska (Lensink, pers. comm.)

Species Number/km2
Feb. Apr. May June
Unidentified Gull 0 .08 .05 .07
Glaucous Gull .02 .23 0 0
Glaucous~winged Gull 3.33 1.69 1.89 .19
Herring Gull .03 - .21 3.23 .41
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The sharp increase and then decline in May of argentatus
per km? represents a migration from more southern regiohs
(e.g., off California) towards' interior breeding localities
in Alaska, B.C., and the Yukon (Table 10). Herring Gulls appear
on intérior lakes across Alaska in May just before spring breék—up.»

Non-breeding argentatus may summer at sea, since inland lakes

are not especially productive. Breeding pairs on inland lakes
are more scattered than colonial and clutch size is smaller
than coastal gull populations (Anderson, viva voce). Post-
breeding adult gulls depart abruptly from interior lakes in
late August or early September. Major rivers (Copper, Alsek,
Taku, Stikine) provide migratory pathways to the sea. .

The more gradual decline in glaucescens per km2 from

Feb. to June represents coastal breeders returning to colonies.

From February to April pelagic glaucescens decrease by 50%.

Gulls from Mandarte Island, B.C., are on site in Fébruary;
gulls are present at North Marble in Glacier Bay ih March
(Streveler, pers. comm.) and appear on territories at Egg
Island in April (Isleib, pers. comm.).

F&WS standing stock estimates of pelégic gulls exceed
known breeding pairs in the ﬁEGOA (Lensink, pers. comm.). Non-
breeders and gulls originatiné from other than coastal NEGOA
colonies comprise a large portion of the pelagic population.
Offshore gull populations utilize éood resources (including

offal from foreign fisheries), reducing cohbetition with

onshore breeding populations.




Gull Food Habits

Continued access to food resulting from human activi-
ties will increase gull numbers in Alaska. This food supply is
not likely to decrease with further industrial development in
Alaska. Gene flow among gull pépulations will follow increasing
‘numbers. Gulls exploit artificial food due to nétural plasticity
of foodYSelection and dichotomy of foraging pathways. Gull popu-
lations in Alaska currently exhibit both food selection under

natural conditions, and response to artificial food supply.

Glacier Bay

Alaskan gulls of the argentatus group under natural con-

ditions show two major foraging pathways: first, gulls scavenge
the intertidal in areas such as Glacier Bay, from the lowermost

to the uppermocst regions. The rise and fall of the strong tides
iﬁ Glacier Bay exposes up to ten meters of a rocky, algae-covered
zbne.‘ Gulls take a wide variety of food items, including cast-up
larger fishes such as Gadidae, Scorpaenidae, Cottidae and Theragra,

and invertebrates such as Mytilus, Thais, Balanus, and Pagurus

(Table 11). Invertebrates are broken, dropped, pried open, or
swallowed whole. Secondly, strong tidal currents in Glacier

Bay cause upwelling of soil nutrients deposited in the waters
by glaciation (Streveler and Paige, 1971). The nutrients sup-
port food chains producing small fishes. Gulls dive for small
fishes, stooping from several meters ﬁo well beneath water sur-
face, in areas of tidal disturbances, at river mouths, near sux-

facing whales (Jurasz, pers. comm.; Divoky, 1976), taking
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oOsmeridae, Clupea harenqus, Thaleichthys pacificus, and small

shrimp (Pandalus). Gulls take other small fishes (Pholidae)
from rocky intertidal pools by stalking. Glacier Bay, repre-
senting the natural environment, a recently deglaciated "unfilled

niche," provides excellent feeding for gulls.

Dry Bay

Gﬁlls feed on outer sandy beaches and at river mouths
between Yakutat and Cape Fairweather (cf. Patten & Patten, 1975,
for similar observations at Dixon River in Glacier Bay National
Monument). Dry Bay is an important feeding area for gulls, cormo-

rants, mergansers, and seals. Eulachon (Thaleichthys pacificus),

fed heavily upon by gulls, normally spawn in clear rivers in
March and April, but a prolonged, late and heavy run continued
until the end of May 1977 south of Yakutat, including Williams
Creek, a tributary of the Alsek. Gulls also feed heavily on

Pacific capelin (Mallotus villosus) spawning in the surf during

summer high tides. Other gull foods include small crabs (Cancer

magister) <4 cm, blackfin poacher (Rathyvagonus nigripinnis),

herring (Clupea hargenqus) spawning on kelp in April and May,

Pacific sandlance (Ammodytes hexapterus) and razor clams (Siliqua

patula). The abundant 1977 eulachon may have accounted for the
high clutch size and resultant good reproductive success in the
gull colony at Dry Bay.

Salmon offal from Dry Bay Fish Co., a small processing

plant, is currently a minor food source for'gulls, bears and

wolves. Dry Bay supported much heavier commercial fishing earlier




" this century and the resulting offal may have then supported more
gulls. A railroad hauled fish from the Akwe River to a cannery
at Dry Bay (Ak. Geo., 1975), The Alsek fishery included both
drift and set gill nets (Brogle ADF&G, pers. comm.). Nothing is
left of the cannery except pilings. An indian village existed at
Dry Bay long before the cannery (Ak. Geo., 1975). Only a dozen
fishermen now live along the lower Alsek from late May to October.

Their impact upon the biota other than salmon is minimal.

Haenke Island

Alaskan gulls also exploit marine mammals under natural
conditions (Diveky, 1976; Tuck, 1960). Seals, for instance, give

birth on pack ice at Haenke Island near Yakutat and in Muir Inlet

in Glacier Bay. Gulls (both argentatus and glaucescens nesting

on nearby fjord cliffs) scavenge seal feces, stillborne pups,
other carcasses, and placentae (Streveler & Paige, pers. comm.).
Remains of seal placentae, lanugo hair, and ordinary seal hair
form the most common item in gull castings and stomach specimens
collected at Haenke Island in June (identification courtesy

Mr. T. Eley, ADF&G).

The affinity of gulls for sewage has been previously dis-
cussed (Patten & Patten, 1977). This behavior may have originated
from following marine mammals. |

A long stretch of exposed, sandy beaches connects the
fjordlands of Glacier and Yakutat Bays with Prince William Sound

on the horth.
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Bgg Island

The gull colohy at Egg Island, at the end of the chain of
sandy beaches between Glacier Bay and Prince William Sound, ex-
hibits parameters of an expanding population as discussed above.
»The population is expanding for two reasons: a result of increase
in nesting space, as plant succession follows earthquake uplift of
island colonies, and availability of artificial food in Cordova in
the form of offal and garbage.

Fish and crab processing plants in Cordova in 1972 dis-

charged 2.6 million pounds of seafood waste into Orca Inlet (USDI,
19767 undérlining mine). EPA regulations requirxe dumping of waste
- where material is not visible but in summers 1975-76-77 the gulls
found the material highly visible, attracting huge foraging flocks
(10,000 individuals per hour), notably during salmon-packing
season (July-August). This is precisely when gulls feed young
on Egg Island 26—30 km away. Color-dyed breeding birds from Egg
Island joiﬁ in these flocks with non-breeding adults and second
and ﬁhird-yéar juvéniles. Gulls constantly interchange from Eyak
Lake, Eyak River, and Orca Inlet to the colonies on sandbar islands
at the mouth of the Copper River (Fig. 72). The gulls feed on
éircling-swarms on the effluent hosed from the floors of the sea-
food processing plants, ground up and dumped from pipes at the
ends of the wharves. Gulls also feed on detritus in the harbor
and on fishing boats.

Newly fledged‘juveniles appear at the seafood plants in
late July and early August. Fewer gulls are found in the area when

the seafood plants are not processing, e.g., when ADF&G closes
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the season or when commercial fishermen strike. The Cordova
municipal dump provides a more limited but more constant food
supply and is used by fewer birds when effluent is available

from seafood plants.

Lake Louise

Lake Louise, across Prince William Sound and 160 km into
%
the interior from Cordova (Fig. 13). supports a small, now rela-

tively stable population of argentatus. Fish, including lake

trout (Salvelinus namaycush), greyling (Thallvmus arcticus),

burbot (Lota lota) and suckers (Catostomidae), form the most
important part of the gull diet at this interior lake, since
invertebrates are few in numbers and species. Gulls also scavenge
fish scraps, refuse from State campgrounds, and garbage from a
dﬁmp three km from the lake. Arxrmed Forces. recreation centers

were located at Lake Louise until the mid~l96Q's, at which time
the lake received heavier fishing pressure than at present. Poe
(viva voce) stated his impression that gull nesting density on
Bird Island is less now than a decade ago, when refuse and fish
scraps were more readily available.

Gulls identified as argentatus are absent from the Cordova

seafood plants during the summers, but Isleib and Kessel (1973)
indicate they are common in the winter around the wharves. Most
certainly these gulls originate from interior lakes such as Lake

Louise, frozen in the winter.

#(Part 1).




Table 11

‘Known Gull Food Items -

Colony/ ’
Foraging Glacier Bay Dry Bay Strawberry Copper Egg Island
Area : . Reef Sands

Food items:

Phylum Mollusca
Class Pelecypoda

Mytilus edulisb Siliqua patula Siliqua patula

Mytilus edulis

Clinocardium i
nuttallii ‘
Gastropoda _
Fugitriton oregonensis
it Neptunea lyrata
~IJ
Cephalopoda ¢

Octopus sp.
Phylum Arthropoda -

Class Thoracica

Balanus glandulg

Decapoda
Pagurus beringanus Cancer magister Pandalus borealis
Hyas lyratus
Chionoetes bairdi

Ingecta

Tipulidae sp.

Phylum Echinodermata
Class Echinoidea

Strongvlocentrotusg
dirobachiensis




Table .11 (cont.)

Known Gull Food Items

81¢

: Strawberry Valdez
Colony/ Reef/ Cordova
Foraging Haenke Copper Egg Yakutat
Area Glacier Bay _ Dry Bay I1sland Sgnds Islagnd Juneau Lake Louisge
Fdod items:
Phylum Chordata
Class Osteichthyes
Gadidae 8p. Ammodytes Clupea Clupea Salvelinus
Theragra hexapterus hgrengus harengus namaycush
chalco- Clupea Oncorhynchus Thallymusg
granma harengus sp. (eggs) ‘arcticus
Cottidae sp. Bathyagonus Sebagtes Lota lota
Hemilepidotus nigripinnis Ep. Catostomidae
Lemilepidotus Thaleichthys Thaleichthys Thaleichthys
pacificus pacificus pacificus
Maliotus Pholidae .
yvyilliosus :
Class Aves
Larus glau- Larus glaucescens
cesceng (eggs (eggs & chicks)
& chicks)
Class Mammalia
Phoca vitulina Phoca vitulina Phoca vitulina
(carcasses, (carcasses, (carcasses)
placentae,feces) placentae)
Food of Human
Origin ' garbage
sewage
galmon &

crab offal




DISCUSSION

The rapid ekpansion of coastal settlements with their associated
production and accumu]atidns of sewage and refuse, the development of
offshore oil fields, the discharge of industrial effluents into the
ocean, the development of commercial fisheries with their attendant
production of fish offal, and the steady increase of coastal recreational
facilities, all have had, and continue to have, an impact on the distri-
bution and number of seabirds (Cramp et al., 1974). Certain species
show marked changes associated with the rapid industrial ekpansion and
resource development occurring around the Northern Hemisphere. The
large gulls (Larus) in particular, are rapidiy reproducing "weedy"
commensal species, highly adaptable to changing circumstances and able
to withstand and often take advantage of changes in the environment.
Commensal species inhabit ecological niches that are directly or indirectly
the result of human interference. The most important artificial niches
for gulls are garbage piles, sewage outfalls, and fish offal. The brown

rat, European Starling (Sturnus vulgaris) in America, and various native

"blackbirds" are examples of dramatic population increases that have had
effects on other ecologic processes. |

Gulls have increased sufficiently on both sides of the North Atlantic
td become a major threat to other seabirds, by direct predation on adults
ahd young, by robbing adults of food destined for young, and by usurping
vital ne%t?ng areas. The rapid iﬁcrease in Arlantic 00 condlations in

recent vears has caused both disquiet to civir authorities and alarm to

conservationists.,




Recently, we have noticed a marked increase in reprcductive rate

of Alaskan populations of Glaucous-winged Gulls (Larus glaucescens) and

similarities in age structure of the arctic Alaskan populations of
Glaucous Gulls (L. hyperboreus) to expanding populations of North Atlantic
species of Larus, principally L. argentatus, the Herring Gull.

Herring Gulls have increased their numbers and expanded their
breeding range since the turn of the century. The New England pobu]atfon
has increased by a factor of 15 to 20 (Kadlec and Drury, 1968; Drury and
Kadlec, 1974). The breeding range has extended south to North Carolina
(Hailman, 1963; Parnell and Soots, 1975). Explanations offered for this
increase include a reduction of direct human depredations (e.g. egging
and shooting) since the turn of the century, and changes in factors such
as availability of food. In recent years, the impact of traditional
subsistence upon seabirds in the Atlantic has been winimal, and there
have been vast increases in availability of artific1a1 food (offal and
garbage).

The expansion in breeding range has been followed by expansion of
nesting habitat into salt-marshes (Parnell and Soots, 1975; Burger, 1977).
Consequently, Herring Gulls now nest in habitats used by other larids

such as Common Terns (Sterna hirundo) and Laughing Gulls (L. atricilla)

and increase in Herring Gull colonies has been associated with a decrease
in populations of Laughing Gulls and Common Terns (Drury, 1965; Nisbet,
1971, 1973). Recently Burger and Shisler (1978) have studied nest site
selection and competitive interactions of Herring and Laughing Gu]]s,inv
New Jersey, and suggest continued displacement of breeding Laughing Gulls

from sites colonized bv Herving Gulls, as terring Gull populations continue
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to expand.

There has been a general tendency for a decrease in numbers of both
Arctic Terns and Common ferns all along the coasts of the Eastern United
States and Canada over the last 30 years as gull pdpu]ations have expanded
(Nettleship and Lock, 1973; Nisbet, 1973; Drury, 1973, 1974). Tern
populations are particularly vulnerable to harassment by gulls. The
cohtinuing increase in gull numbers along the Atlantic seaboard poses a
considerable threat to tern productivity (Nettleship,']977).

vRecent1y the impact of disﬁurbahce by Targe gulls on the breeding
performance and distribution of other birds has become of such magnitude
- that it is now considered to be quite serious (Nettleship, 1977).

The Herring Gulls and the Great Black-backed Gull (L. marinus) have
done so well (increésing in numbers and expanding in range) that they now
cause substantial damage to certain specialized species (terns, Atlantic

Puffin (Fratercula arctica, among others) by taking eggs and young, by

cleptoparasitism (i.e., robbing parents taking food to young) and by
physical displacement from optimal nesting locations (Nettleship, 1972,
1975; Nisbet, 1973; Drury, 1973, 1974).

| Gulls in Britain have assumed their role as the modern urban scavenger
sihce the late 1800's, accepting cities as safe refuges aftér'protection
by law from indiscriminate shooting (Cramp et al., 1974). In urban
areas, gulls have increased enormously in the last 50 years and currently
exhibit a doubling time of 6-15 years. The Herring Gull has shown steady
fncreases on both sifdes nf the Atlantic. In seneral, the Herring Gull

in Britain has increased around developed parts of the mainland wherever
nesting conditions are suitable; even nesting on buildings in populated

areas reflect pressures on normal breeding sites caused by population
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growth. The increasing numbers of Herring Gulls have led to drastic
control measures, which have been only partially successful.

The documentation of early signs of an impending explosive growth
phase in local Larus population in the northeast Gulf of Alaska hés
been part of the results of an OCS project supported by BLM/NOAA over
the past four years. There now is little question that the potential
_for explosive increases in the Alaskan populations of large gulls exists.
In one week in July 1978, Patten with a field crew provided by the
Forest Service, banded over 5,400 gul]‘chipks in one location in southern
Alaska. Over 11,000 guils have been banded in the last four field seasons.

'In stable populations of large gulls on the east‘coast of thé
United States, the annual chick production rate averages 0.5 chicks/nest
and the proportion of subadults in the popu1atipn averages under 12%
(Drury, pers. comm.). Surveys from Juneau, Alaska to Prince William
Sound indicate much higher rates (1.08-1.77 chicks/nest). George
Divoky (pers. comm.) reporting preliminary 1978 census data from the
Beaufort Sea estimated subadult plumaged birds made up 20% of the popula-
tion and near Bafrow, which has a sizeable human population (over 3,000),
and with a dump appealing to Glaucous Gulls, the subadult bopu1ation
made up an astounding 40% of the population.

William Drury (pers. comm.) surveyed 1,500 miles of northwestern
Alaska coast and coné]uded that Glaucous Gulls may be in or entering a period
of rapid growth of their population. The percentage of subadults in the
population are the sane us or above those of Herring Gull populations
which are known to be rapidly expanding on the east coast of North
America, 1.e., above 14%. The figures givenbto us by Drury from 1975

to 1978 are 15, 21, 7, and 23% for populations from Cape Spencer on southern
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Seward Peninsula to Tolstoi Point in Norton Sound. The low figure in

1977 resu1ted from missed age group counts in part of the survey. Com-
paring northwestern Alaska populations to the east coast populations,

the averages are both 18% subadults. The assumption is therefore, that
both populations are expanding. If stable populations consist of 12% or
less subadult birds, an increase of 6% per year in that category is highly

significant.

'SIGNIFICANCE

The ecological hiétory of man's relationship to other species has
only partially been a recitation of direct extirpations - as exemplified
by the Bison, Passenger Pigeon, Carolina Parakeet, Ca]iforhia Condor,
Snail Darter, and the 1ike. The other side of ecological history demon-
strates how man enhances the carrying capacity of the environment for
weedy, or nuisance species, which are adapted to disturbed environments
‘and utilize artificial food. This aspect of population change is at
least as serious as direct extirpations, both in total historic importance,
and in the implications for future impact to man and other speéies of
wildlife. FA series of comparisons will be enlightening. Next tc the
Passenger Pigeon, consider the European Starling. Next to the Bison,
consider the Brown Rat. In Alaska, next to the Sea Otter (a history of.
near extinction) consider the growth of the large gull populations. All
signs point td an explosive increase in 'sea gulls' in Alaska, similar
to the unfortunate pattern of qull pobu]ation explosions alona the Fast
Coast of North America and in the North Atlantic.

There are at least three serious aspects of unnaturally inflated

gull populations in Alaska as elsewhere. Tirst, qulls are a public health
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hazard, since they have been demonstrated as vectors of human pathogens

in an outbreak of Salmonella poisoning at Ketchikan, in which over 100
persons sought medical treatment (Wilson and Baade, 1959). Secondly, gulls
are opportunistic, efficient predators on other seabird and shorebirdv
species, threatening, for example, the population stability of Alaskan marine

bird species such as Horned (Fratercula corniculata) and Tufted Puffins

(Lunda cirrhata), and having a significant effect on nesting by displace-

‘ment of more abundant species such as the Murres (Uria spp.) (Drury, pers.
comm, ). In certain areas of the North Atlantic, as gqull populations have
expanded, the Common Puffin has disappeared from much of its former breed-
ing range. Large guils, which survive winters in unusually high numbers
due to availability of garbage and fish offal, harass puffins during the
breeding season,‘robbing the parent puffins of fish destined for the young,
vand actually by preying upon the starving puffin chicks which come from
their burrows in search of food (Nettleship, 1975).

Geometric population expansion such as observed in Herring Gulls 1in
Britain requires only a total annual increase of about 10%. The total
annual increase is accelerated by slightly enhanced survival among
Jjuvenile oculls. Survivorship in young gulls is aided by availability of
artificial food, such as garbage and commercial fish wastes. A typical
demographic profile of a cull population in an explosive growth phase
shows 18% of the population to be 0-3 years old, juveniles and subadu]ts.
‘This is excellent survivorship at the most vulnerable part of the age
structure. Once adults, past age four, gulls are very long-lived species,
Gulls atvage four typically have a life expectancy of ten more years, all

of which can be reproductively active.
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Domestic and industrial onshore and offshore development activities
generate large volumes of solid comestible waste in unnatural settings,
precisely what may trigger explosive increases in survivorship in juvenile
gulls, The aesthetic sight of large flocks of gulls above garbage barges
is an example of the third aspect of unnaturally inflated gull populations.
Secondary effects of development will without a doubt include sSpreading
onshore garbage dumps, precisely the sort of environment that facilitates
increased qull survivorship. Sufficient knowledge of the situation is
not yet available even to measure the true dimensions of the coming gull
problem. North of the Alaska Peninsula the coastal environment becomes
radically different from the Gulf of Alaska, with winter minimal daylight,
shore-fast ice, small tidal fluctuations, diminishéd intertidal life,
and low temperatures. These factors require different foraging strategies
by qulls. Conditions which may Timit the growth of guil populations
north of the Alaska Peninsuia probably do not come into effect during
the breeding season, but during the winter, about which we have Tittle

or no data.

Alaska could be on the sill of a major ecological disruption.

Coastal towns such as Kodiak, Dutch Harbor, Nome, and Kotzebue represent
an unknown potential for facilitating increases in gull populations like
those witnessed in the North Atlantic. Offshore o011 and gas operations
in frontier areas, as well as fisheries, also have the potential of

widening and extending the basis for commensalism by gulls.
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- A Review -

The Role of Gulls (Larus argentatus & Larus glaucescens) in the

Transmission of Human Parasitic and Foteric Diseases in Alaska

Human Parasitic Diseases and Gulls

The exposure of untreated or poorly treated sewage to gulls in
Alaska may lead to human health hazards from bacterial and helminth in-‘
fections (cf. Coulson and Monaghan, 1978; Crewe and Owen, 1978). One of
the tfaditional safety factors relied upon for prevention of dispersal
of.pathogens which ﬁay be present in sewage has been the dilution of thg
effluent with -an abundance of river or sea-water (Silverman & Griffiths,
1956). Overloading, however, or construction of new sewage plants with
outfalls into already heavily polluted waters, i.e., the Cordova dockfront
area (USDI, 1976), reduces the dilution factor, and certain organisms such
as gulls may .actively concentrate human péthogens through their fofaging
behavior (Crewe & Owen, 1978). For instance, in primary sewage treat-
ment plants there is little evidence that continuous aeration adversely
affects helminth ova, nor is rapid sand filtration an effective means of

removing helminth ova from sewage effluent (Silverman & Griffiths, 1956).

Varying percentages of viable helminth eggs (Ascaris, Trichurus, Enterobius,

Diphyllobothrium and Taenia - all human pathogens) have been found in sludge

of primary sewage treatmeat {Silverman & Griffiths, loc. cit.). Eggs may
pevsist in a viable state in the sludge for years,

The role of birds in the dissemination of helminth ova is diffi-
cult to eveluate, but is highly suggestive (Silverman & Griffiths, loc., cit.;

Crewe & Owen, loc, cit.). Cotzsche (1951) suggested that gulls might be

responsible for dissemingtion of tapeworm eggs from sewage outfalls., Gulls

may come into contact with sewage at every stage of treatment, and it is
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welL-known that gulls frequent canneries, fish-packing houses and garbage
dumps in Alaska in addition to roosting on municipal water supplies, i.e.,
Ketchikan and Cordova (Wilson & Baade, 1959; USDI, 1976). Dumping of raw
sewage from coastal towns in Alaska attracts gulls, which, as natural
scavengers, forage on the fecal matter, e.,g. at Valdez (Bayliss, pers.
comm.) and Juneau (Williams, pers. comm.) and Ketchikan (Wilson & Baade,
1959) (Fig. 43,44). Silverman and Griffiths (1956) found gulls attracted
to sewage outfalls especially in winter (see Ketchikan epidemic below).
fhese authors reported that feeding experiments with Herring Gulls revealed
that tapeworm eggs (Taenia spp.) can pass through the digestive tract of
gulls and still retain infectivity. The eggs appear in the fecés about an
hour after ingestion. Mature eggs may hatch in the gut of the gull, and
the activated hexacanth embryo may be found in the droppings.

Sewage treatment and disposal pro