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ABSTRACT
The genetic structure of animal populations determines their potential for local
adaptation and speciation. Most birds are highly mobile and accordingly have litle genetic

structuring, but some are strongly phil ic and exhibit ial diffe iation. In the

present study, population differentiation and evolution were examined within two strongly
philopatric seabird species, thick-billed (Uria lomvia) and common (U. aalge) murres,

using morphi

protein is and leotide sequence analysis of

amplified mitochondrial DNA (mtDNA).

Four of five mor i differed signi y both among three
western Atlantic colonies of thick-billed murres, and between eastern and western Atlantic
colonies. Electrophoretic analysis of 18 nuclear-encoded proteins indicated liule genetic
differentiation either among western Atlantic colonies, or across the Atlantic. Eighteen
genotypes, defined by 16 variable nucleotide sites, were found within 253 base pairs (bp)
of cytochrome b among 239 thick-billed murres from five Atlantic and 1wo Pacific

colonies. Significant genetic differentiation was found between Atlantic and Pacific thick-

billed murres, with i ion of the i Linde genetic
differentiation was found either among western Atlantic colonies, or across the Atlantic.

The apparent genetic homogeneity of Atlantic colonie: inconsistent with evidence of

strong natal philopatry and phenotypic differentiation of colonies, and may result from

gene flow and/or recent colonizations by large founder populations.
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Common murres from Horngya, Norway were significantly larger than those from

[funk Island, Newfoundland in all of five dimensions. Ten genotypes, defined by 13
variable nucleotide sites, were found within 204 bp of cytochrome b among 142 common
murres from feur Atlantic and three Pacific colonies. Significant genetic differences were
found between Atlantic and Pacific common murres, in accordance with their geographic

separation. Genotype frequencies also varied clinally within the Aantic. This cline is

similar to a reported cline in the incidence of ‘bridling’ (a white sye ring and auricular
grove) in common murres, and may have resulted from colonization of the Atlantic from
wo or more refugial centers following the Pleistocene glaciations.

Litte d

rentiation was found using P ics or protein

among thick-billed murres breeding at different sites within each of three colonies.

However, b genotype ies differed signi both between two
ledges in one area and among four areas at Horngya, Norway. Differentiation in mtDNA

within Horngya is consistent both with band returns, which indicate that murres often

breed on their natal ledges, and with morphological evidence, which indicates that
phenotypic differentiation exists within some colonies.

Ana

ses of cytochrome b nucleotide sequences of six Atlantic alcid species, two
gull species, two shorebird species and a dove revealed a preponderance of transitions

over transversions, and of third position over first or second position substitutions.

of iti prevented ic analyses above the family level.

Nonethels

cladistic analysis of the alcid

phylogenies in 1) grouping murre, razorbill (Alca torda) and dovekie (Alle alle)
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sequences, 2) clustering the black guillemot sequence with the murres, razorbill and
dovekie, and 3) placing the Atlantic puffin (Fratercula arctica) owtside the other aleid
sequences. The phylogenetic positions of the razorbill and dovekie relative to the murres
could not be resolved.

A review of mtDNA analyses indicated that genctic differentiation of populations
and species is greater in freshwater and terrestrial species than in aerial or marine
animals. This agrees with general disprsal capabilitics, and probably relates 10 long-term

effective population sizes.

Key words: Alcidae. cytochrome b. morphometrics. murre, protein clectrophore

polymerase chain reaction, review, Uria
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CHAPTER [
GENERAL INTRODUCTION
POPULATION DIFFERENTIATION AND SPECIATION
The genetic structure of animal populations determines their potential for local
adaptation and speciation (Mayr 1970). Genetic structure is affected by many factors,

including evolutionary history, gene flow, effective population size, mutation, selection,

age, and breeding biology. One of the most
important of these influences is gene flow, and population genetic differentation appears
to be negatively correlated with dispersal capabilities (reviewed in Avise et al. 1987a).
Many mammals, reptiles and fishes, especially those with low mobilities or extrinsic
barriers to dispersal, exhibit pronounced genetic structuring (e.g. bluegill sunfish Lepomis
macrochirus, Avise et al. 1984a; salamanders, Larson et al. 1984; deer mice Peromyscus
maniculatus, Ashley and Wills 1987), whereas those with greater dispersal capabilities are
generally more homogeneous (e.g. American eels Anguilla rostrata, Avise et al. 1986;
domestic mice Mus domesticus, Ferris et al. 1983; reviewed in Avise er al. 1987a).

Most birds are highly mobile and so have potential for extensive gene flow.

Ce i most avian ions exhibit little if any genetic structuring (reviewed
in Barrowclough 1983, Evans 1987, Barrowclough and Johnson 1988; e.g. red-winged
blackbirds Agelaius phoeniceus, Ball er al. 1988). However, many birds exhibit natal
philopatry (i.e. they return to natal areas to breed), and strong natal philopatry, especially

if coupled with local variation in selection pressures, may result in genetic differentiation
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of demes despite high dispersal abilities. Accordingly, genetic structuring is substantial
within some avian species. For example, many waterfowl and scabirds are strongly
philopatric, and significant genetic structuring has been found among Canada geese
(Branta canadensis; Van Wagner and Baker 1990, Shields and Wilson 1987a), black brant
(B. bernicla; Shields 1990), Cory's shearwaters (Calonectris diomedea, Randi et al. 1989)
and fairy prions (Pachyptila turtur, Ovenden ez al. 1991).

Understanding of population genetic structure is theoretically important since the
cvolution of species and higher taxa was considered classically to involve a temporal
extension of processes of population differentiation (Mayr 1970). However, these
processes do not satisfactorally explain all cases of speciation, and raodern rescarchers

sometimes invoke other explanations. For example, most avian populations studied to date

exhibit little genetic structure, but rates of ical evolution and iation appear
to be higher in birds than in most vertebrates (Wyles ef al. 1983). Wyles et al. (1983)

therefore suggested that culturally transmitted behaviour can provide a driving force

( i drive’) for i ialization and iation (see also Hafner et
al. 1984, Wilson et al. 1984). As another example, Carson and Templeton (1984)
proposed founder induced genetic revolutions to account for the plethora of Huwaiian
Drosophila species.

Population genetic structure also is a focal concern for conservation biology. If

differ i then loss or decimation of a deme can reduce a species”
genetic resources, and thus its longterm viability (Allendorf and Leary 1986, Gilpin and

Soulé 1986). Genetic differentiation is also inversely corrclated with gene flow, and



3

of areas by i i i species may be slow
or nil. Such species may require protection over most of their range. Conversely, animals

with little or no population genetic differentiation may be more resilient to local

or imati and ion of large parts of their range may be less

critical.

THE MURRES

Thick-billed and common murres (Uria lomvia and U. aalge, respectively) are
cold-water ceabirds that may migrate hundreds to thousands of miles annually between
breeding colonies and wintering grounds (Gaston 1980, Brown 1985a, Kampp 1988), and
may travel hundreds of miles daily between nesting and feeding sites (e.g. Gaston 1985a,
Caims et al. 1987). Nonetheless, band returns indicate that murres are strongly philopatric
(Birkhead 1977, Kampp 1988, Noble er al. 1991), and morphometric differences among
colonies suggest that colonies may differ genetically (Storer 1952, Mayr 1970, Birkhead
and Nettleship 1981, Gaston er al. 1984, Boag and van Noordwijk 1987).

The two species of murres are very similar in most biological aspects, and are
virtually identical in biological parameters that affect population genetic structure (Tuck
1960, Nettleship and Birkhead 1985). Both have circumpolar distributions and their world
populations are similar in size (4.9—7.5 million pairs of thick-billed murres vs. 3.0—4.5
million pairs of common murres in the Atlantic, Nettleship and Evans 1985; ~5 million
pairs each in the Pacific, J.F. Piatt, pers. comm.). Both breed in large colonies (tens to

hundreds of thousands of pairs), although colonies of common murres tend to be smaller.



4

Adults are monogamous and will retain mates for many years, and breeding success
(fledglings/egg, ~70% in both species), survival to first reproduction (17—41% in
common murres, 19—53% in thick-billed murres), age of first breeding (4—S5 years each)
and adult survivorship (87—90% in common murres, 91% in thick-billed murres) are
similar (reviewed in Harris and Birkhead 1985, Hudson 1985). Nonctheless, sufficient

morphological differences exist among Atlantic colonies of common murres to result in

of this ion into between two and five subspecics, whereas
Atlantic thick-billed murres are regarded as a single monotypic subspecies (lomvia;

reviewed in Tuck 1960, Bédard 1985). The ing pattems of

differentiation between the species suggest that their population genctic structures may
also differ.

Population genetic information is also required for conservation policies for
murres. The Atlantic populations of both species are presently declining (e.g. Nettleship
and Evans 1985, Evans and Kampp 1991). Murres of both species wintering off
Newfoundland, Labrador and Greenland are the object of an annual hunt, which is both
culturally and economically important to coastal communities (Tuck 1960, Evans and
‘Waterston 1976, Montevecchi and Tuck 1987). An estimated 30),000—725,000 murres,
mostly thick-billed, are shot annually during winter off Newfoundland (Elliot et al. 1991).
Large numbers of murres are also shot near breeding colonies during summer in Arctic
Canada and Greenland (Evans and Waterston 1976, Gaston et al. 1985, Kampp 1991).
Due o their aquatic habits and marine diets, murres are also highly vulnerable to oil

contamination, and many are killed each year by oil spills and chronic low-level releases



5

from commercial ships (Piatt et al. 1985). In addition, many murres drown in gill nets in
castern Canada and Greenland (Evans and Waterston 1976, Nettleship and Evans 1985,
Falk and Durinck 1991; see also DeGange and Day 1991), and large numbers of eggs are
taken from some breeding colonies each year (Nettleship and Evans 1985, V.L.F. pers.
obs.). The combined annual mortality of murres, especially thick-billed, from hunting, oil,
cgging and gill nets in eastern Canada and Greenland appears to exceed the annual
production of young, and many colonies in the westem Atlantic have declined by at least
20—30% since the 1950s (Nettleship and Evans 1985, Evans and Kampp 1991). The
development of oil fields in the Canadian Arctic and on the Grand Bank of Newfoundland
pose an additional, direct threat. If colonies differ genetically, then protection of

representative colonies from throughout the Atlantic will be crucial.

MOLECULAR ANALYSIS OF POPULATION STRUCTURE

Although protein electrophoresis provides genetic information for many nuclear
loci, it detects only those differences that produce electrophoretic changes; silent
nucleotide substitutions, and amino acid substitutions that do not alter a protein’s
electrophoretic mobility are not detected by conventional methods. The method seldom
uncovers  significant genetic  differentiation among local populations of birds
(Barrowclough 1983, Evans 1987, Barrowclough and Johnson 1988). Murre colonies
generally occur within areas that were glaciated during the Pleistocene, so are probably
less than 10,000 years old (although refugial colonies may have existed near polynyas,

or ice-free areas within the Arctic). Genetic subdivision may therefore be too recent to
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be detected using iti protein

Because mitochondrial DNA (mtDNA) is haploid, non-recombining and maternatly
inherited, its effective population size is expected to be 1/4 that of nuclear genes. MIDNA
therefore is affected by founder effects, population bottlenecks and genetic isolation much
more than are nuclear genes (Birky er al. 1983, Wilson er al. 1985a). Furthermore,
miDNA evolves 5--10 times more quickly on average than do single-copy nuclear genes
(Brown er al. 1979, Wilson et al. 1985a), so restriction endonuclease (RFLP) analysis of

mDNA has often proven useful for detecting population subdivision in many anim

particularly birds (e.g. Zink 1991; see also Quinn and White 1987). However, restriction
analyses miss many mutations, such as restriction sites that are close together or multiple
substitutions within single sites (Aquadro and Greenberg 1983, Carr and Marshall 1991,
T.P. Birt unpubl. data).

The polymerase chain reaction (PCR), or DNA amplification, provides a powerful
new tool with potential applications that span fields from forensic scicnce through
medicine to theoretical biology (Saiki er al. 1988; c.g. Kocher et al. 1989, Piiibo 1989,
Bartlett and Davidson 1991). PCR involves synthesis of millions of copies of a chosen
DNA segme from as few as one template copy. Basically, short picces of single-
stranded DNA (‘primers’ typically 20—30 base pairs {bp] long), complementary to
sequences flanking a segment of interest, are combined with a tiny amount of template

DNA. A DNA and the four ide tri L are added.

The mixture is heated to denature the template DNA, cooled to allow anncalling of

primers to template strands, then heated slightly to promote replication of the target
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segment by primer extension. This temperature cycle produces two copies of the chosen
segment from each template copy. If the cycle is repeated, the number of copies is again
doubled (although the reaction is not 100% efficient du: to such factors as reannealing
between DNA strands and enzyme kinetics). Repetition of the cycle 30 to 40 times
produces up to a billion copies of the target segment. The DNA product is sufficiently
pure for applications such as cloning, RFLP analysis and nucleotide sequencing.

Because nucleotide sequence analysis of amplified DNA enables the primary

nucleotide sequences of specific genes to be among indivi it or
species, it has great potential for ion genetics and ics. It has several
ds ges over i genetics i All ide sequence

differences within a given region are detected; this circumvents many assumptions

necessary for calculations of genetic divergence using RFLP or protein data, and increases

analytical power over i tools. The i itivity can be adjusted by
changing the target segment: regions with high evolutionary rates, such as the
mitochondrial D-loop, may be compared among reczntly diverged populations (e.g.
Vigilant et al. 1989), whereas highly conserved segments, such as genes for nuclear-
encoded proteins or ribosomal RNAs, may be used for higher level phylogenetics (e.g.
Birt et al. 1992). Sequence analyses provide direct insight into the evolution not only of
populations and species, but also of the genetic material. Finally, field protocols are
simpler than for either protein electrophoresis or RFLP analyses, and laboratory

procedures are simpler than for RFLP analyses.



OBJECTIVES

In the present study, ics, protein is and direet sequence

analysis of amplified mtDNA were used to investigate population differentiation and
evolution within the Holarctic populations of thick-billed and common murres. Three
levels of analysis were involved: 1) phenotypic and genetic differentiation within color ics
of thick-billed murres (Chapter IV), 2) phenotypic and genetic structuring among colonies
of thick-billed (Chapter 1I) and common murres (Chapter 1), and 3) phylogenetic
relationships among Atlantic alcids (Chapter V). Because the presemt study measures

population genetic differentiation within two closely related specic

. it provides insight

into i of avian ion dif iation and fation. It also provides

genetic i ion critical to cons ion policies for two declining scabird

populations.



CHAPTER I

GENETIC STRUCTURE OF THICK-BILLED MURRES

INTRODUCTION

Thick-billed murres (Uria lomvia) are distributed continuously throughout the
Arctic, with one subspecies (U. I. arra) described from the Pacific, two from the Arctic
(U. {. eleonorae from Siberia and U. I. heckeri from the Chukchi Sea) and one from the
Atlantic (U. L. lomvia, reviewed in Tuck 1960, Bédard 1985). Although thick-billed
murres may migrate thousands of kilometers annually between nesting colonies and
wintering grounds (Gaston 1780, Brown 1985a, Kampp 1988), all of more than 600
murres that were banded as chicks and subsequently sighted as adults during the breeding
season were recorded in or near their natal colonies (Nobie er al. 1991, A.J. Gaston
unpubl. data; see also Kampp 1988). In addition, Storer (1952) reported a north-south
cline in wing length, bill length and bill depth among western Atlantic colotites, and
Birkhead and Nettleship (1981) and Gaston er al. (1984) reported significant differences
in mass, wing length and bill dimensions among thick-billed murres from neighbouring
Canadian colonies. These data suggest that colonies may be genetically isolated.

In the present chapter, mor ics, protein is and direct sequence

analysis of part of the mitochondrial cytochrome b gene were used to examine phenotypic
and genetic relationships among thick-billed murres from five Atlantic and two Pacific

colonies. Genetic isolation was predicted to produce genetic differences 1) between
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Atlantic and Pacific subspecies of thick-billed murres, 2) between ecastern and western

Atlantic populations, and 3) among western Atlantic colonies.

METHODS

SAMPLING

Thick-billed murres were sampled from four colonies in the northwestern Atlantic
(Coats, Akpatok and Coburg Islands in northeastern Canada, and Kipako in western
Greenland), one in the northeastern Atlantic (Horngya in northern Norway) and two in
the north Pacific (Semidi and Buldir Islands, Alaska; Table 2.1; Fig. 2.1). Avall Ataniic
colonies except Coburg Island, adult murres were noosed on breeding ledges, several
morphological measurements were made (see below) and ~1 mL blood was taken from
a brachial vein. Because band returns indicate that murres often retum to natal cliff ledges
to breed (Noble er al. 1991; Chapter 1V), adults were collected from several sites within
each colony to obtain a broad representation of intra-colony variation (Table 2.1). At
Coburg Island, blood was taken from nestlings caught by hand in one area only. Blood

collected at Kipako was added to 14 mL of lysis buffer containing 100mM

o]
(pH=8.0), 100mM EDTA, 10mM NaCl and 0.5% SDS (Longmire e al. 1988), and stored

at ambient temperatures. All other samples were collected into Vacutainers® and stored

at —70°C after return to the laboratory. Muscle samples were also obtiined from murres
that were banded as adults or chicks at colonies and subsequently shot off Newfoundland
during the winter murre hunt. Samples from the Pacific consisted of liver from murres

shot near breeding colonies.



TABLE 2.1: Colony locations and sizes, and dates and sites of sample collections for

thick-billed murres.

Colony Colony
(Location) Size
(pairs)

Sampling

Dates

Sites

Sample
Size

Coats }land 24,000'

(62°57"W, 82°00'W)

Coburg Island 160,000

(75"48°N, 79°25'W)

Akpatok [sland
(North Colony)
(60°32'N, 68°30'W)

400,000

Kipako
(73°42°N, 56°35'W)

18,000°

07.87

08.90

87789

07.87

87—89

07.87

07.89

Site S
Site D
Site L
Other breeding adults
Site T
Site Z
Ledge 1
Ledge 2
Ledge 3
Winter murre hunt
Total

Fledglings
Breeding adult
Winter murre hunt
Total

Breeding adults

Southeast corner
Top ledge
Bottom ledge

Northeast corner

North end

West end

Other breeding adults

Total

(L= NSNS

SBoow

Rlw — 8

ls oo uwa

w

11



Table 2.1, Cont'd.

Colony Colony Sampling
(Location) Size Dates ites
(pairs)
Homgya 430* 07.89 Area | 6
(72°22°N, 31°10’E) and Area 2
07.90 Ledge U, Ei 16
Ledge U, 16
Ledge B 15
Area 3 16
Area 4 16
Total RS
Semidi Islands 100,000° 05.90 Offshore &
(56°00°N,156°45*W) 07.90
Buldir Island 23,000° 05.90 Offshore 2
(52°20°N,175°55°E) 06.90

1) Gaston er al. (1987).

2) G. Chapdelaine (Canadian Wildlife Service, Ste-Foy, pers. comm.).
3) J. Durinck (Omis Consult, Copenhagen, pers. comm.).

4) R.T. Barrett (University of Tromsg, pers. comm.).

5) Individuals counted on cliffs; Hatch and Hatch (1990).

6) Individuals counted on cliffs; Sowls e al. (1978).



FIG. 2.1: Thick-billed murre breeding ran,

Island, B = Buldir Island, CB = Coburg Island, CT = Coats Island, H = Horngya,
K = Kipako and S = Semidi Islands, Redrawn from Tuck (1960).

ge. Dots represent colonies. A = Akpatok



MORPHOMETRICS

Morphological measurements were made on murres captured for blood sampling
at most colonies (Table 2.2). Measurements included mass, wing length (flattened chord),
culmen length (culmen to bill tip), bill depth (depth &t gonys perpendicular to cutting
edge), nostril (distal end of nostril to bill tip) and head+bill length (back of skull to bill
tip). Masses were measured to the nearest 10g using spring balances; wings were
measured to the nearest Imm using a stopped wing-rule; bill measurements were made
to the nearest 0.1mm with vernier calipers; and head+bill lengths were measured to the
nearest imm using ‘head calipers’ (Coulson er al. 1983).

Because consistent measurement biases often exist among researchers (c.g. Barrett
et al. 1989, V.L.F. unpubl. data), and because several researchers were involved in the
present collections (Table 2.2), each researcher also measured 10 thick-billed murre skins
obtained from the Royal Ontario Museum (Toronto, Ontario) to derive correction factors
(Table 2.3). AJ. Gaston’s bill depth measurements were slightly smaller than R.T.

Barrett’s (subject x treatment ANOVA, unbalanced design, F,, = 5.76, P = 0.04); bill

depth :neasurements from Coats Island were therefore increased by the mean difference
between AJ. Gaston’s and R.T. Barrett’s skins measurements (+0.11mm). No other
differences were found among these researchers (P > 0.10). J. Durinck’s measurements
at Kipako were adjusted by the mean difference between his and R.T. Barrewt’s
measurements on eight dead and eight live auks (wing length, —2mm; culmen length,
—0.2mm; head+bill length +0.1mm; Barrett er al. 1989). Measurements made by G.

Chapdelaine at Akpatok were corrected by the mean differences between his and AJ.
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TABLE 2.2: Morphological measurements made on thick-billed murres at four Atlantic
colonies. See text for measurement definitions.

Colony Year Measurements Measurer'
Coats Island 1987 Mass, Wing PDE
1990 Mass, Wing, Culmen, Depth, Nostril AJG
Akpatok Istand 1987 Mass, Wing, Culmen, Nostril GC
Kipako 1989 Mass, Wing, Culmen, Depth, Head D
Horngya 1989 &
1990 Mass, Wing, Culmen, Depth, Head RTB

1) RDE = R.D. Elliot, AJG = A.J. Gaston, GC = G. Chapdelaine, JD = J. Durinck, RTB
.T. Barrett.

TABLE 2.3: Mean (+SD) measurements made by three researchers on 10 thick-billed
murre skins. All measurements are in mm,

Measurer' Wing Culmen Depth
AJG 209+6.2 13.9+0.45 33.441.65
RDE 209+6.9

RTB 21045.6 14.040.55 33.2+1.78

1) AJG = A.J. Gaston; RDE = R.D. Elliot; RTB = R.T. Barrett.
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Gaston’s measurements on 40 dead thick-billed murres (wing length, +J4mm: nostril +0.4
mm; Gaston et al. 1984). Although corrections obtained on skins and freshly killed birds
may not be identical to those for live birds, Barrett er al. (1989) reported no consistent
differences in measurements made by 4 researchers on live vs. recently killed auks. No
effort was made to correct for morphological differences between sexes.

Adjusted measurements were compared among colonies by analysis of variance

( design) using i ions for number of isons. The among-

of logical variation (a Jui to Wright's
[1965, 1978] among-population component of genetic variation, Fgr) was calculated from
the ratio of the sum of squares for treatments (populations) to the total sum of squares,
averaged across measurements:

Fg=1/n ?: (SSP;/ SST)
where n is the number of measurements, SSP; is the sum of squares for populations for
measurement { and SST; is the total sum of squares for measurement i (Barrowclough
1991).
PROTEIN ELECTROPHORESIS

Procin products corresponding to 20 presumptive nuclear loci could be reliably
resolved from blood samples on cellulose acetate (Richardson et al. 1986; Tablc 2.4).
Electromorphs for a given protein were assumed to represent alleles for the corresponding
locus. Samples collected at Horngya in 1989 were scored for all 20 protcins (Table 2.4);
those from Coats, Coburg and Akpatok Islands were not scored for ALD or G6PD due

to sample degradation. Samples collected at Horngya in 1990 were scored for two



TABLE 2.4: Nuclear proteins resolved in
conditions employed. E.C. No. = enzyme commission numbers.

hick-billed murres, and

Protein E.C. No. Abbrev. Running Running
Buffer' Time
(min)

Adenosine

Deaminase 3.54.4 ADA T4 20

Adenylate

Kinase 2743 AK T 74 20

Albumin - ALB TG 8.5 35*

Aldolase 4.1.2.13 ALD CT17s5 20

Erythrocyte Acid

Phosphatase 3.13.2 EAP TBE 8.8 30

Esterase 3.1.L1 EST TBE 9.1 15

Esterase D 3111 ESTD TBE 9.1 10°

Glucose-6-Phosphate

Dehydrogenase 1.1.1.49 G6PD TBE 8.8 30*

Glucose-Phosphate

Isomerase 5.3.1.9 GPI CT 15 40

Haemoglobin » HB TBE 9.1 40

Isocitrate

Dehydrogenase 1.1.1.42 IDH Cr1s 40

Lactue

Dchydrogenase 13027 LDH1 T74 20

Malate

Dehydrogenase 1.1.1.37 MDH1 CT75 40
MDH2 CT75 40

Mannose-Phosphate

Dehydrogenase 5.3.1.8 MPI CT 75 40

Peptidase A 3.4.11/13 PEPA TBE 8.8 10

Peptidase B 341113 PEPB CT75 40*

6-Phosphogulconate

Dehydrogenase 1.1.1.44 6PGD TBE 9.1 40

Phosphoglucomutase 2751 PGM TBE 8.8 30

Transferrin - TF TG 85 38




TABLE 2.4, Cont’d.

1) T 7.4 = 100mM Tris, 100mM NaH,PO,, pH=7.4 (Harris and Hopkinson 1976);
TG 8.5 = 25mM Tris, 192mM glycine pl 5 (Richardson er al. 1986);
CT 7.5 = 40mM citric acid, titrated to pH=6.0 with N-(3-aminopropyl)-morpholine and
to pH=7.5 with 1,3-bis-dimethylamino-2-propanol (Clayton and Tretiak 1972);
TBE 8.8 = 130mM Tris, 2.2mM Na,EDTA, 6mM NaOH, 71.3mM boric acid, pH=8.8
(Richardson et al. 1986);
TBE 9.1 = 130mM Tris, 2.2mM Na,EDTA, 6mM NaOH, 71.3mM boric acid, pH=9.1
(Richardson et al. 1986).
2) Blood diluted 1:10 with water.
3) SpL sample loaded.
4) 0.5pL blood incubated 10—15min at 37°C with 0.5pL freshly prepared buffer
containing 100mM Tris, 10mM dithiothreitol, pH=6.0.
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variable proteins only (ALB and 6PGD). Protein electrophoresis was not conducted on
samples collected at Kipako due to the collection buffer.

Electrophoretic data were analyzed using the computer package BIOSYS-1
(Swofford and Selander 1981). Genotype frequencies were compared with Hardy-
Weinberg expectations using contingency X* statistics (with and without pooling of cells).
The extent of genetic differentiation among colonies was determined by 1) comparison
of allele frequencies among colonies using X? analysis (with pooling of rare alleles), 2)
caleulation of the amount of genetic variation due to population subdivision (Wright’s F;
Wright 1965, 1978, Kirby 1975), and 3) calculation of Nei’s (1978) and Roger’s (1972)
genetic distances.

ANALYSIS OF THE CYTOCHROME B GENE

DNA was extracted from tissue samples by digesting 10—20pL blood or ~10mg
muscle with 50pg protease K at 50—60°C for at least 6 hr in 750pL of 100mM Tris-HCI
(pH=8.0), 10mM ETDA, 100mM NaCl and 0.1% SDS. Proteinase K was added directly
to the storage buffer for blood collected at Kipako. Digested proteins were extracted twice
with an equal volume of phenol (saturated with 100mM Tris-HCI, pH=8.0) and once with
an equal volume of chloroform:isoamyl alcohol (24:1).

A 307 bp (376 bp including the priming sites) region of the mitochondrial cytochrome
b gene was amplified using the polymerase chain reaction and primers L14841 (5’-
AAAAAGCTTCCATCCAACATCTCAGCATGATGAAA-3") and HI15149 (5'-
AAACTGCAGCCCCTCAGAATGATATTTGTCCTCA-3") from Kocher er al. (1989).

This segment was chosen because the primers had proven useful in a wide variety of
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vertebrates, and because its variability approximates, or slightly exceeds, the mean for the
mitochondrial genome (Ferris er al. 1983, Wayne et al. 1990, Edwards and Wilson 1990,
Irwin er al. 1991, Quinn et al. 1991, T.P. Birt unpubl. data). It had ulso been used
successfully to differentiate populations of deer (Carr and Hughes 1992, Hughes and Carr
1992). Double-stranded product was obtained by amplification of a 1/10—1/100 dilution
of DNA in 25pL of a solution of 67mM Tris-Cl (pH=8.8), 2mM MgCl,, cach dN'TP at
0.2mM, each primer at 0.4pM and 0.5 units AmpliTaq DNA polymerase (Perkin-
Elmer/Cetus). Thirty cycles of PCR were conducted in a Perkin-Elmer/Cetus
thermocycler. Each cycle involved denaturation of DNA at 94°C for 30s, annealling of
primers to template DNA at 55°C for 30s, and extension of primers at 72°C for 60s.
Ten pL of the reaction mixture were subjected .o electrophoresis in 2% NuSiev
(FMC) agarose gels containing 1pg/mL ethidium bromide, 89mM Tris-borate and 2mM
EDTA (pH=8.3). A gel plug containing the double-stranded product was melted in 100pL
water at 70°C for 10min, and 2L were used as template in the generation of single-

stranded DNA. Singl ded i ions were under reaction conditions

similar to those for double-stranded amplifications except that buffer volume totalled
100pL, one primer was diluted 1:100, 1 unit AmpliTaq was used, and 40 cycles of PCR
were conducted. Either of two methods was used to remove buffer salts and

unincorporated primer from sing; ded product and to the DNA: 1) three

cycles of ultrafiltration were conducted in Centricon-30 microconcentrators (Amicon); 2)
DNA was precipitated with 1 volume 4M ammonium acetate and 2 volumes isopropanol,

washed with S00pL 70% ethanol (—20°C), dessicated and resuspended in 15—50pL H,0.
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Seven pL of purified single-stranded product were with the primer that was

limiting in the single-stranded amplification, using o-*S-dATP and the dideoxy chain
termination method (Sanger et al. 1977; Sequenase’.’ United States Biochemical).

For most murres, only the heavy strand was sequenced. However, because

errors may be i during ification (e.g. Dunning er al. 1988,
Tindall and Kunkel 1988), DNA from birds with rare genotypes (N~13) was amplified
and sequenced twice for confirmation. An additional 25 samples were amplified and

twice to

Nucleotide sequences were aligned and translated using the ESEE computer program

(Cabot and 1989). C; b genotype ies were among
colonies using Chi-square (X?) tests. Because many expected cell frequencies were less
than 5, a computerized randomization test was run (Roff and Bentzen 1989). For each
randomization, a X? value was calculated for an artificial data set in which individ 5
were randomly assigned to genotypes and colonies, with totals for each genotype and
colony (column and row totals) kept constant. The probability that the observed value of
X* exceeded the X? values for 1000 randomizations was determined.

Interdeme genetic variation (Gg) was calculated using the equation

Gyr = (Hy — Hy) [ Hr
where /, is mean genetic diversity over all subpopulations, calculated as

Hy=n (1—=20)/(1—1)

n is the number of birds sampled, and x, is the proportion of birds with genotype i. The

total or species diversity, Hy, was calculated as



Hp=1— 3y

where y; is the mean frequency of the ith genotype across all subpopulations (Taka

and Palumbi 1985, Rand and Harrison 1989, Ovenden and White 1990). Because
estimates of Ggr tend to decline as numbers of genotypes and samples increase (Slatkin
and Maddison 1989, Lynch 1991, V.L.F. pers. obs.), population subdivision was also
determined using the equation

Y= 1=Up/ly)
where /, is the mean over all colony pairs of }:.x,x,,, and /y is the mean over all
populations of ):xf (Lauer 1973, Lynch 1991).

Percent sequence divergence within populations was calculated as

T=20p,
where x; is the product of the frequencies of genotypes i and j, and p, is percent sequence
divergence (p) between genotypes i and j (Nei and Li 1979). Genetic distance between
populations was calculated as

D =my — 0.5 'my + 1)
where Ttyy is percent sequence divergence between populations X and ¥, and ny and my are
percent sequence divergence within X and ¥ respectively (Nei and Li 1979).

Slatkin (1989) and Slatkin and Maddison (1989) argued that more information is

d in genotype ies than in q data alone.
relationships among genotypes were therefore aiso compared among populations.
All means are reported +1 standard deviation. A significance level () of 0.05 was

used for all statistical tests.
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RESULTS AND DISCUSSION

MORPHOMETRICS
Analysis of variance revealed significant differences in mass, wing length, culmen
length and head-+bill length between thick-billed murres from eastern and western Atlantic

colonit:s, with those from Horngya being larger (Table 2.5). No differences were found

in nostril. The ion of ical variation distri among
(Barrowclough’s [1991] l?n) averaged 0.18+0.14, (n = 5 measurements; Table 2.5).
Murres from the three western Atlantic colonies also differed significantly in mass,
wing, culmen length and bill width (Table 2.5). Birds from Akpatok were smaller than
those from the other two colonies in mass, wing length and culmen length, and murres
from Kipako were larger than those from Coats Island in bill depth. Fg averaged

0.1820.096 (n =5 Table 2.5). No di occurred in bill depth.

These results should be i i since ions derived from skins

may not adequately control for measurer differences on live birds. Mass is also highly

subject to environmental variation, and often differs within individuals among years and

scasons (e.g. Croll er al. 1991). were not i s0

estimates of Fy may be inflated. Nevertheless, in the present data set, most correction

factors made il lony i more conservative, and i did not lose

their statistical significance if corrections were removed. Also, colony differences in wing
and bill lengths, which are less subject to environmental variation than is mass, were large
and highly significant. These results are similar to those of Gaston ez al. (1984), who

reported that breeding murres from Akpatok Island had smaller masses, shorter wings and
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TABLE 3.5: C; b genotype ies, genetic diversities (H,) and percent
sequence divergence among individuals (m) from four Atlantic colonies and a
Pacific sample of common murres.

Colony Genotype
1 2 3 4 5 6 7 8 9 10 Toddl H, =«

a) Total numbers,

Witless Bay 121 9 0 0 0 0 0 0 0 22 056 129
Funk Island 40 0 13 0 0 0 O 1 0 1 55 042 094
Fair Isle 9 0 4 1.0 0 0 0 0 0 24 036 075
Horngya 26 0 1 0 0 I 1 0 0 0 29 020 024
Atlantic 97 12271 0 1 1 1 0 1 130 040 086
Pacific 0 0 01w 1 0 0 0 1 0 12 033 006
Total 97 127 11 1 1 1 1 | 1 142 050 089
b) Percentage frequencies.

Witless Bay 55 5 41 0 0 0 0 0 0 0O

Funk Island 73 0 24 0 0 0 0 2 C 2

Fair Isle 79 017 4 0 0 0 0 0 O

Horngya 9 0 3 0 0 3 3 0 0 0

Atlantic 75 12110 1 1 1 0 1

Pacific 0 0 08 8 0 0 0 8 0

Total 68 1 19 8 1 1 1 1 1 1



















































































































































































































123

George, M. Jr. and O.A. Ryder. 1986. Mitochondrial DNA evolution in the genus Equus.
Mol. Biol. Evol. 3: 535-546.

Gibbs, H.L., P.T. Boag, B.N. White, P.J. Weatherhead and L.M. Tabak. 1991. Detection
of a hypervariable DNA locus in birds by hybridization with 1 mouse MHC probe.
Mol. Biol. Evol. 8: 433-446.

Gilpin, M.E. and M.E. Soulé. 1986. Minimum viable populations: processes of spe
extinction. pp. 19-34 in M.E. Soul€ (ed.), Conservation biology: the science of
scarcity and diversity. Sinauer, Sunderland.

Glutz von Blotzheim, U.N. and K.M. Bauer (eds.). 1982. Handbuch der Vogel
Mitteleuropas. Band  8: Charadriiformes (1. Teil).  Akademische
Verlagsgeselischaft, Frankfurt am Main.

Gonzilez-Villasefior, L.I. and D.A. Powers. 1990. Mitochondrial-DNA restriction-site
polymorphisms in the teleost Fundulus heteroclinus  support  secondary
intergradation. Evolution 44: 27-37.

Greenwood, P.J. 1980. Mating sy stems, philopatry and dispersal in birds and mammals.
Anim. Behav. 28: 1140-1162.

Grewe, P.M., N. Billington and P.D.N. Hebert. 1990. Phylogenetic relationships nmoug,
members of inus inferred from mi ial DNA divergence. Can. J. i
Aquat. Sci. 47: 984-991.

Gutiérrez, R.J., R.M. Zink and S.Y. Yang. 1983. Genic variation, ematic, and
biogeographic relationships of some galliform birds. Auk 100: 33-47,

Gyllensten, U., and A.C. Wilson. 1987. Mitochondrial DNA of salmonids: inter- and
intra-specific variation detected with restriction enzymes. pp. 301-317 in N.
Ryman and F. Utter (eds.), Population genetics and fisheries managements. Univ.
Washington Press, Seattle.

Hafner, M.S., JL.V. Ramsen, Jr. and S.M. Lanyon. 1984. Bird versus mammal
morphological diversity. Evolution 38: 1154-1156.

Hamilton, W.D. 1964. The genetical evolution of social behavior: I and I1. J. Theor. Biol.

1-5;

Harris, H. and D.A. Hopkinson. 1976. Handbook of enzyme
genetics. North Holland Publ. Co., Oxford.

P is in human













































	0001_Cover.jpg
	0002_Inside Front Cover.jpg
	0003_Blank Page.jpg
	0004_Blank Page.jpg
	0005_Notice.jpg
	0006_Title Page.jpg
	0007_Authorization.jpg
	0009_Abstract.jpg
	0010_Abstract iii.jpg
	0011_Abstract iv.jpg
	0012_Acknowledgements.jpg
	0013_Acknowledgements vi.jpg
	0014_Table of Contents.jpg
	0015_Table of Contents viii.jpg
	0016_List of Tables.jpg
	0017_List of Tables x.jpg
	0018_List of Tables xi.jpg
	0019_List of Figures.jpg
	0020_Chapter 1 - Page 1.jpg
	0021_Page 2.jpg
	0022_Page 3.jpg
	0023_Page 4.jpg
	0024_Page 5.jpg
	0025_Page 6.jpg
	0026_Page 7.jpg
	0027_Page 8.jpg
	0028_Chapter II - Page 9.jpg
	0029_Page 10.jpg
	0030_Page 11.jpg
	0031_Page 12.jpg
	0032_Page 13.jpg
	0033_Page 14.jpg
	0034_Page 15.jpg
	0035_Page 16.jpg
	0036_Page 17.jpg
	0037_Page 18.jpg
	0038_Page 19.jpg
	0039_Page 20.jpg
	0040_Page 21.jpg
	0041_Page 22.jpg
	0042_Page 23.jpg
	0043_Page 24.jpg
	0044_Page 25.jpg
	0045_Page 26.jpg
	0046_Page 27.jpg
	0047_Page 28.jpg
	0048_Page 29.jpg
	0049_Page 30.jpg
	0050_Page 31.jpg
	0051_Page 32.jpg
	0052_Page 33.jpg
	0053_Page 34.jpg
	0054_Page 35.jpg
	0055_Page 36.jpg
	0056_Page 37.jpg
	0057_Page 38.jpg
	0058_Page 39.jpg
	0059_Page 40.jpg
	0060_Page 41.jpg
	0061_Chapter III - Page 42.jpg
	0062_Page 43.jpg
	0063_Page 44.jpg
	0064_Page 45.jpg
	0065_Page 46.jpg
	0066_Page 47.jpg
	0067_Page 48.jpg
	0068_Page 49.jpg
	0069_Page 50.jpg
	0070_Page 51.jpg
	0071_Page 52.jpg
	0072_Page 53.jpg
	0073_Page 54.jpg
	0074_Page 55.jpg
	0075_Page 56.jpg
	0076_Page 57.jpg
	0077_Chapter IV - Page 58.jpg
	0078_Page 59.jpg
	0079_Page 60.jpg
	0080_Page 61.jpg
	0081_Page 62.jpg
	0082_Page 63.jpg
	0083_Page 64.jpg
	0084_Page 65.jpg
	0085_Page 66.jpg
	0086_Page 67.jpg
	0087_Page 68.jpg
	0088_Page 69.jpg
	0089_Page 70.jpg
	0090_Page 71.jpg
	0091_Chapter V - Page 72.jpg
	0092_Page 73.jpg
	0093_Page 74.jpg
	0094_Page 75.jpg
	0095_Page 76.jpg
	0096_Page 77.jpg
	0097_Page 78.jpg
	0098_Page 79.jpg
	0099_Page 80.jpg
	0100_Page 81.jpg
	0101_Page 82.jpg
	0102_Page 83.jpg
	0103_Page 84.jpg
	0104_Page 85.jpg
	0105_Page 86.jpg
	0106_Page 87.jpg
	0107_Page 88.jpg
	0108_Page 89.jpg
	0109_Chapter VI - Page 90.jpg
	0110_Page 91.jpg
	0111_Page 92.jpg
	0112_Page 93.jpg
	0113_Page 94.jpg
	0114_Page 95.jpg
	0115_Page 96.jpg
	0116_Page 97.jpg
	0117_Page 98.jpg
	0118_Page 99.jpg
	0119_Page 100.jpg
	0120_Page 101.jpg
	0121_Page 102.jpg
	0122_Page 103.jpg
	0123_Page 104.jpg
	0124_Page 105.jpg
	0125_Page 106.jpg
	0126_Page 107.jpg
	0127_Page 108.jpg
	0128_Page 109.jpg
	0129_Page 110.jpg
	0130_Page 111.jpg
	0131_Page 112.jpg
	0132_Page 113.jpg
	0133_Page 114.jpg
	0134_Literature Cited.jpg
	0135_Page 116.jpg
	0136_Page 117.jpg
	0137_Page 118.jpg
	0138_Page 119.jpg
	0139_Page 120.jpg
	0140_Page 121.jpg
	0141_Page 122.jpg
	0142_Page 123.jpg
	0143_Page 124.jpg
	0144_Page 125.jpg
	0145_Page 126.jpg
	0146_Page 127.jpg
	0147_Page 128.jpg
	0148_Page 129.jpg
	0149_Page 130.jpg
	0150_Page 131.jpg
	0151_Page 132.jpg
	0152_Page 133.jpg
	0153_Blank Page.jpg
	0155_Blank Page.jpg
	0155_Inside Back Cover.jpg
	0156_Back Cover.jpg

