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Abstract The Rufous Hummingbird (Selasphorus rufus)
population is declining in some areas of North America,

but not in others. The reasons for the decline are, as yet,

unknown. Understanding the genetic population structure
of this species could be useful in understanding its dis-

persal behaviour and whether particular geographical areas

should be treated as separate conservation units. We tested
16 microsatellite markers designed for other hummingbird

species for amplification in Rufous Hummingbirds. Using

six polymorphic markers, we found that the Rufous
Hummingbird population was weakly structured such that

birds breeding in central British Columbia could be dis-

tinguished from those breeding on Vancouver Island and
those in Alberta, each several hundred kilometres away.

Whether landscape features such as the Rocky Mountains
and Fraser River Valley significantly affect dispersal pat-

terns requires further investigation.

Keywords Selasphorus rufus ! Genetic structure !
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Zusammenfassung

Genetische Variabilität und Struktur
bei der Rotrücken-Zimtelfe

Die Rotrücken-Zimtelfe (Selasphorus rufus), eine Kolibriart
in Nordamerika, nimmt in manchen Gebieten ab, in anderen

jedoch nicht. Die Ursachen des Bestandsrückgangs sind bisher

jedoch weitgehend unbekannt. Um entsprechende Schutz-
strategien für die einzelnen Populationen gezielt entwickeln zu

können, ist ein besseres Verständnis der genetischen Struktur

und damit der Wanderbewegungen zwischen den einzelnen
Populationen notwendig. Insgesamt wurden in dieser Arbeit

16 Mikrosatellitenmarker anderer Kolibriarten getestet und

auf ihre artspezifische Eignung hin überprüft. Sechs poly-
morphe Marker konnten erfolgreich für die Analysen bei S.
rufus etabliert werden. Die Populationen zeigten nur geringe

genetische Unterschiede, Individuen aus Vancover Island,
British Columbia, und Alberta ließen sich jedoch untersche-

iden. Welche Rolle Bergzüge wie die Rocky Mountains oder

Täler wie das Fraser River Valley für das Dispersal der Art hat,
sollte in zukünftigen Studien genauer analysiert werden.

Introduction

Conservation of species, particularly those with a wide
distribution, can be greatly enhanced through knowledge of
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the genetic structure of their populations. For example,

highly structured populations may need to be managed as a
number of independent populations, whereas more pan-

mictic populations may be considered as a single conser-

vation unit (Esler et al. 2006). Genetic structure is the
outcome of the interplay between local adaptation and the

rate of effective (i.e. breeding) dispersal between natal

sites, with high effective dispersal reducing structure (e.g.
Walters 2000; Clark et al. 2004). While banding and

recapture data provide us with information on the typical
movement and dispersal behaviour of avian species, we

often fail to detect rare movements among the populations

that otherwise appear to be separate (Alcaide et al. 2009).
Such rare movements may result in sufficient genetic

population mixing to make several populations, which

from banding and recapture data appear to be separate, part
of a single, close to panmictic, metapopulation. Observa-

tions of such mismatches between banding and genetic data

are increasingly common (Pearce and Talbot 2006).
The Rufous Hummingbird Selasphorus rufus is one of the

most common and widespread hummingbird species in

western North America. However, it appears that its popu-
lation numbers have been declining by about 3 % a year for

the past 30 years, equivalent to a population decline of over

50 % in that period (Healy and Calder 2006). The reasons for
this decline are unknown. Furthermore, the decline is not

equal across all parts of the species’ breeding range (Sauer

et al. 2008): it is less severe in Alaska and in eastern parts of
the range including eastern Washington, northern Idaho,

Montana and Alberta. As there are no data on Rufous

Hummingbird population structure, it is unclear whether
some areas should be treated as separate conservation units. It

is possible that mountain ranges such as the Coastal and

Rocky Mountains act as barriers to movement between
breeding populations. Alternatively, as in other species,

population differences may have arisen due to geographic

isolation of costal from continental breeding populations and
divergence of their migratory routes during the last glacial

period (Avise and Walker 1998; Milot 2000). Either way, it is

possible that populations on either side of the Rocky Moun-
tains should be considered separately as conservation units.

The predictions for genetic population structure from

banding records at Rufous Hummingbird breeding sites are
equivocal. Although natal dispersal is generally more

common in birds than is breeding dispersal (Newton 2008),

there are few data from Rufous Hummingbirds banded as
juveniles and, thus, no real indication of levels of natal

dispersal. From banding and recapture data of the adults,

although both sexes are often faithful to their breeding sites
from year to year (Finlay 2007), there are records of adults

travelling fairly long distances (e.g., 87 km) within the

breeding season. This indicates that at least some breeding
dispersal may be occurring (Finlay 2007).

Such long-distance movements within the breeding

season may partially be due to the migratory behaviour of
Rufous Hummingbirds. Rufous Hummingbirds breed in

western North America and Canada but migrate to Mexico

and the southeast United States for the winter. Birds arrive
on Vancouver Island in March and leave between May and

June, whereas in Alberta they do not arrive until about this

time, leaving in July and August, while central British
Columbia (B.C.) birds arrive later than those from Van-

couver Island but earlier than those from Alberta (Wil-
liamson 2001). Given the timing of their arrivals and

departures, it seems possible that some birds from Van-

couver Island may cross the Rockies into Alberta and breed
again within one season but this is less likely for individ-

uals from central B.C. population that arrive slightly later.

In addition, some birds that migrate north along the coast,
or some of those that follow the more inland route north,

may occasionally take the alternative route and breed in a

different location from the year before, adding yet another
source of gene flow between populations. Given the limited

data on the birds’ movements, banding and recapture data

alone are insufficient to infer whether or not the Rufous
Hummingbird population is likely to be highly structured.

Genetic population structure due to isolation by distance

or barriers to gene flow such as mountain ranges is best
inferred using highly variable markers such as microsat-

ellites (Guillot et al. 2005). Microsatellite markers are

particularly useful due to their high variability (up to 50
alleles at a single locus) (Parker et al. 1998) and they are

now one of the most common markers used in studies of

population structure and landscape genetics (Selkoe 2006).
In this study, we used six microsatellite markers to

investigate genetic structure among four breeding popula-

tions of Rufous Hummingbirds within Canada. We expec-
ted to find population differentiation between breeding

populations separated by mountain ranges, e.g. birds

breeding in British Columbia and those breeding in Alberta.

Methods

Markers

We tested 16 microsatellite markers developed for other

hummingbird species for amplification and polymorphism in

Rufous Hummingbirds. Six loci were developed for Ame-
thyst–throated Hummingbird Lampornis amethystinus by one

of us (G.S.). These markers were isolated via an enrichment

protocol (Glenn 2005). The remaining ten hummingbird
markers were developed from a genomic library constructed

for the Broad-tailed Hummingbird Selasphorus platycercus
and were known to at least amplify in S. rufus (Oyler-
McCance and St. John, personal communication). Primer
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sequences were obtained from S. Oyler-McCance and J. St

John (University of Denver). Some of these sequences are now
published (see Oyler-McCance et al. 2011).

Samples

DNA was extracted from both tail feathers and tissue

samples. In total, muscle tissue came from seven individ-
uals, five from British Columbia and two from Alberta.

Tissue samples were of breast muscle collected opportu-
nistically from birds found dead throughout the project.

Causes of death were not known for all individuals but

included flying into windows of buildings and collisions
with traffic. Muscle tissue was stored in 100 % ethanol.

Feather samples were collected from Rufous Humming-

birds between 2007 and 2008 in Alberta (east of the
Rockies) and with the help of the hummingbird-banding

network, in British Columbia (west of the Rockies). To

investigate the species’ population structure, we genotyped
feather samples from 200 individuals. Reference samples

that were used during primer testing were re-run alongside

these new samples to check for consistency of genotyping.
Feather samples were categorised as coming from four

broad geographical areas assumed to be different local

populations: Alberta, the Westcastle River valley (40 males
and 19 females), Central B.C. (21 females), Eastern Van-

couver Island (17 males and 42 females) and western

Vancouver Island (24 males and 30 females; Fig. 1).
Feathers were stored dry in paper envelopes for up to

18 months before DNA extraction.

Extractions and amplification

Extractions from tissue samples were done using the Qia-
gen DNeasy tissue extraction kit and protocol with the

following variations: muscle samples were lysed with

proteinase K for 3 h and only one final elution step was
used (200 ll), to maximise the concentration of the final

DNA. For feather extractions, only the lower 1 cm of the

feather shaft was used, it was lysed for over 12 h and again
only one final elution step (200 ll) was used.

Microsatellite loci were amplified using a standard PCR

protocol and DYAD peltier thermal cyclers (Genetic
Research Instrumentation). Each 10-ll polymerase chain

reaction contained 1 ll of DNA (at extraction concentra-
tion), 1 ll of each forward and backward primer (10 pmol

concentration), 3.94 ll of water, 1 ll of Bioline 109 NH4

reaction buffer, 1 ll of dNTP (concentration 2 mM), 0.5 ll
of MgCl2 (concentration 50 mM), and 0.06 ll Bioline

TAQ DNA polymerase (concentration 5u/ll). The PCR

program used was of the form: 94 "C for 3 min, then 35
cycles of: 94 "C for 30 s, annealing temperature for 30 s,

72 "C for 30 s, and finally: 72 "C for 10 min followed by

8 "C until removed from the machine.

Marker testing

For the six L. amethystinus loci, we first used unlabelled

primers and identified appropriate annealing temperatures

by using the same reaction mixture as above and an
annealing temperature gradient PCR program: 95 "C for

5 min, then 30 cycles of 94 "C for 30 s, gradient within

thermal cycler from 48 "C in row one to 60 "C in row 12
for 1 min 30 s, 72 "C for 1 min 30 s, and finally 60 "C for

30 min followed by 4 "C until removed from the machine.

Visualisation of PCR products of these six markers was
carried out on 4 % agarose gels stained with ethidium

bromide. Only four of these six markers (Lamp1, Lamp2,

Lamp4 and Lamp5) amplified and for these we obtained
fluoro-labelled forward primers.

Fig. 1 The four Canadian geographical areas from which feather samples were collected to investigate the population structure of Rufous
Hummingbirds Selasphorus rufus. Map from Google Maps with site information and scale superimposed
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For S. platycercus markers, we obtained primer pairs

with a fluorescently-labelled forward primer and used
annealing temperatures suggested by their originators (S.

Oyler-McCance and J. St John, University of Denver,

personal communication).
All markers successfully amplifying for S. rufus were

tested for polymorphism using 8–12 samples from S. rufus
from diverse locations. Amplified products were run on an
ABI3730 capillary sequencer (Applied Biosystems) toge-

ther with internal size standard Genescan LIZ 500 (Applied
Biosystems). PCR products were diluted 1 part reaction to

100 parts water (tissue samples) and 1 part reaction to 10

parts water (feather samples). Each 10-ll GeneMapper
plate well contained 1 ll of diluted PCR product and 9 ll

of HiDi LIZ 500 size standard mix (1 ll size standard in

1 ml HiDi formamide). Analysis of the fragments was
carried out using the software Genemapper v.4.0 (Applied

Biosystems).

Markers used to investigate population structure

Six markers were chosen to investigate population struc-
ture in S. rufus (Lamp4, HumB1, HumB3, HumB8, HumB9

and HumB10). These loci were chosen because they

showed the highest peak heights, were easy to score and
showed appreciable polymorphism. The same extraction,

PCR and analysis protocols as described above were used,

with the annealing temperatures indicated in Table 1.

Analysis

Deviations from Hardy–Weinberg equilibrium for each

locus and population were estimated in the program AR-

LEQUIN using exact tests with Bonferroni corrections
made for multiple comparisons (Guo and Thompson 1992).

Null allele frequencies were estimated for each locus using

CERVUS 3.0 (Marshall et al. 1998). Molecular variance
within and among populations and an estimate of genetic

divergence among populations were calculated via FST

AMOVA in the program ARLEQUIN (Weir and Cocker-
ham 1984; Excoffier et al. 1992; Schneider 2000). Analysis

of molecular variance was done using 100,000 permuta-

tions. Pairwise FST values between populations were cal-
culated using 100,000 permutations for significance and

1,000 permutations for Mantel tests. Exact tests of popu-

lation differentiation used 100,000 Markov chain steps and
10,000 Dememorisation Steps.

Further analysis of population structure was carried out

using two Bayesian methods. Firstly, we analysed the data
with the program STRUCTURE 2.3 using a Bayesian

clustering algorithm (Falush et al. 2007). This program

assumes there are K populations each with a characteristic
set of allele frequencies at each locus. Hardy–Weinberg

and linkage equilibriums of loci is assumed within popu-

lations. Individuals are assigned probabilistically to a
population, or populations (in the case of an admixed

individual), resulting in a number of clusters of individuals

as close as possible to Hardy–Weinberg and linkage
equilibriums (Pritchard et al. 2000). The most likely

number of populations (K) in the dataset was estimated

independently in five replicates of K = 1–6 to allow
detection of any populations structuring between sites

within the four sampling areas. The model was run using a
burn-in period of 2 9 104 and a run of 5 9 105 Markov

chain Monte Carlo steps, under the standard model of

admixed ancestry and the model of correlated allele fre-
quency (k = 1). The occurrence of null alleles was esti-

mated simultaneously, using the recessive alleles model.

We also used the function LOCPRIOR. LOCPRIOR uses
sampling location information as prior information to aid

clustering and is designed for use on datasets where pop-

ulation structure is too weak to be found using standard
STRUCTURE models (Hubisz et al. 2009).

At values of FST \ 0.03, such as over half the FST

values calculated between populations in this study,
STRUCTURE tends to underestimate the probable number

of clusters of individuals (Latch et al. 2006). Therefore, we

used an additional clustering program BAPs (BAPs 3.1;
Corander et al. 2004), as, in contrast to STRUCTURE,

BAPs is more likely to identify population structure when

FST\0.03. BAPs works in a similar way to STRUCTURE
but uses a stochastic optimization algorithm in place of a

Markov chain Monte Carlo randomisations to infer the best

model and runs much faster than STRUCTURE (Corander
et al. 2006). We used the ‘groups of individuals’ model.

This model uses both individual genotypes and the a priori

information about the allele frequencies of sample groups
(in this case the sampling region) to infer population

clusters (Corander et al. 2006). We modelled the data in

this way using both mixture models where individuals are
assigned completely to one of the identified clusters and

admixture models where an individual can be assigned

entirely to one group or partially to several groups (Cor-
ander and Marttinen 2006; Corander et al. 2006).

Results

Marker testing: levels of amplification
and polymorphism

Of the 16 markers initially tested, the 10 developed for S.
platycercus all (100 %) amplified, while 4 of the 6 markers

(66 %) developed for L. amethystinus amplified in S. rufus
(Table 1). Nine (90 %) of the S. platycercus markers
(HumB1, HumB2, HumB3, HumB6, HumB7, HumB8,
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HumB9, HumB10, HumB15) and three (50 %) of the L.
amethystinus markers (Lamp1, Lamp2 and Lamp4) were
polymorphic in S. rufus (Table 1). Of the markers that

amplified, the number of alleles (in a sample of 8–12

individuals) ranged from 1 to 10 [mean = 4.43 ± 0.77
(SE); of those that were polymorphic the number of alleles

ranged from 2 to 10 mean = 5.00 ± 0.78 (SE)]. Following

further testing, data for six markers were taken forward for
numerical analysis (for identities see Table 2).

Population structure

The six loci chosen for investigation of population struc-
ture amplified in 139–185 of the 190 samples used and the

number of alleles ranged from 6 to 25 (Table 2). However,

this still left 1.2–18.0 % missing data for each locus. Null
allele frequency estimates ranged from 0.083 to 0.249.

Across the 190 samples tested, 165 gave a clear geno-

type at three or more of the six markers. These 165 samples
were split among the four geographical regions as follows:

Alberta (45 individuals), Central B.C. (17 individuals),

Eastern Vancouver island (53 individuals) and Western
Vancouver Island (50 individuals). Only data from these

165 individuals were used in the analysis of within-popu-

lation Hardy–Weinberg equilibrium and analysis of popu-
lation structure in ARLEQUN.

In all populations, locus HumB10 deviated significantly

from Hardy–Weinberg equilibrium (Table 2). Loci Lamp4,
HumB3, HumB8 and HumB9 deviated from Hardy–

Weinberg equilibrium in at least one population, in all

cases due to fewer than expected heterozygotes. Locus
HumB1 was in Hardy–Weinberg equilibrium in all popu-

lations except in Central B.C. where it was monomorphic.

Analysis in ARLEQUIN revealed that most genetic
variation was found within populations, but there was a

small, significant amount of variation among populations

(Table 3).
There was a slight but significant differentiation

between birds breeding on Vancouver Island and those

breeding on the mainland (FST = 0.081–0.015,
p \ 0.001–0.006; alpha = 0.008 following Bonferroni

correction for multiple comparisons; Table 4). There was

no difference between birds breeding on the east and west
of Vancouver Island (FST = 0.003, p = 0.369). While the

birds breeding in Central B.C. tended to differ from those
breeding in Alberta, this was not significant (FST = 0.025,

p = 0.013).

The most likely number of population clusters of indi-
viduals (populations) identified by STRUCTURE 2.2 was

K = 1 [average lnP(X|K) = -2762.28]. For values of

K [ 1, the lnP(X|K) values decreased and the variation
among the independent runs increased (adjusted

R2 = 0.82, t = 11.35, p \ 0.01; Fig. 2). It therefore seems

unlikely that the birds sampled came from more than one
population. There was no clear genetic distinction among

any of the sampling sites with all individuals being par-

tially assigned to all populations. Removing the locus that
deviated most severely from Hardy–Weinberg equilibrium

(HumB10) from the analysis did not affect the most likely

number of population clusters of individuals identified. The
LOCPRIOR model from STRUCTURE 2.3 also identified

K = 1 as the most likely number of clusters.

The same data were analysed using BAPs 3.1. The
model was run both with and without admixture for ten

iterations and the same number of K (K = 1–6). Both of

these models predicted two populations, with all the birds
from Vancouver Island and the birds from Alberta in one

population and the birds from Central B.C. forming the

second population. The mixture model predicted two
populations [Log(marginal likelihood) of optimal

Table 2 Summary of information for six loci across 190 samples and from the 165 individuals from four sampling sites with more complete
data

Locus Lamp4 HumB1 HumB3 HumB8 HumB9 HumB10

Summary across whole population (190 samples)

N alleles 7 6 10 16 11 25

N individuals amplified 155 185 148 161 139 171

Null allele frequency estimate (from CERVUS) 0.134 0.145 0.123 0.065 0.083 0.249

% missing data 14.4 1.2 12.0 9.0 18.0 6.0

Area Hardy–Weinberg test p values from ARLEQUIN

Summary within populations (165 samples)

West VCI (N = 50) <0.01 0.06 0.86 0.28 0.01 <0.01

East VCI (N = 53) 0.12 1.00 0.01 0.03 0.06 <0.01

Central B.C. (N = 17) 1.00 Mono <0.01 0.44 0.24 <0.01

Alberta (N = 45) 0.05 1.00 0.01 0.11 0.04 <0.01

Significant (after Bonferroni correction) within-population HWE p values are highlighted in bold and are all due to an excess of homozygotes
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partition = -2882.08, probability of two clusters = 1;

Fig. 3a]. The admixture model assigned all but 2 of the 165
individuals to one of two populations with a probability of

1, and the remaining 2 individuals to both populations with

probabilities of 0.10 and 0.12 (Fig. 3b). Excluding locus
HumB10 did not qualitatively change the results.

Discussion

We identified six markers that are useful for genotyping S.
rufus. No genetic structure was detected using the com-

monly-used Bayesian approach implemented in STRUC-
TURE, but some structure was found using both a

traditional method (FST) and a sensitive Bayesian approach

(BAPs). First, the genotypes of Rufous Hummingbirds
breeding on Western and Eastern Vancouver Island could

not be distinguished and the Vancouver Island (VI) popu-

lation can tentatively be treated as a single population.
Both the sensitive methods found that the VI birds were

genetically different to the birds breeding in central British

Columbia (B.C.). Alberta birds were distinguishable from
central B.C. birds using BAPs, but the FST between these

groups was not significant after Bonferroni correction,

while Alberta birds and VI birds were indistinguishable by
both methods. This lack of clarity is probably due to the

very high level of within-population variation compared to

among-population variation. In addition, it is important to
note that, with such low FST values, both clustering algo-

rithms used in the software packages BAPs and STRUC-

TURE may have difficulties in identifying the number of
clusters correctly (Latch et al. 2006). BAPs is more likely

to overestimate the number of clusters and STRUCTURE

to underestimate them (Latch et al. 2006). However, taking
results of both Bayesian clustering methods and the FST

analysis together, it seems probable that there are at least

two genetically distinguishable sub-populations. Clarifying
the situation with such weak population structure would

require analysis of the samples with more markers than

were available to this study. When FST is 0.05 or more, a
sample size of 20 individuals per population is sufficient,

but when FST is around 0.01, as in this study, closer to 100
individuals per population is advised (Kalinowski 2005).

It seems probable, as is generally accepted for many other

North American migrant bird species, that Rufous Hum-
mingbird population differentiation occurred due to geo-

graphic isolation during the Pleistocene glaciation (Avise and

Walker 1998). Postglacial range expansion may then have led
to secondary contact and increased gene flow among popu-

lations (e.g., Swainson’s Thrush Catharus ustulatus; Ruegg

2007). The apparent weak but significant population structure
that still exists among regions suggests that the adult breeding

site fidelity, recorded in the banding data at around 12 %

(Finlay 2007) and levels of natal dispersal (unknown) are
sufficiently low to maintain population structure among the

geographically more distant populations. However, enough

individuals must be moving between populations at smaller
geographic scales, e.g., on Vancouver Island, to maintain gene

flow and a panmictic population. This movement may be due

to the dispersal of juveniles, the movement of non-territorial
males throughout the season, or to females re-locating within

and between seasons.

Large-scale gene flow among S. rufus populations may
also be due to migration patterns. It is possible that some

Table 3 Sources of variation in microsatellite molecular data based on analysis in ARLEQUIN

Source of variation df Sum of squares Variance components Percentage of variation

Among populations 3 13.225 0.036 2.41

Within populations 330 488.913 1.482 97.59

Total 333 502.138 1.518

FST among populations = 0.0241, p \ 0.001

Table 4 Pairwise differentiation among populations (FST, below diagonal) and probability tests for allele frequency differences (p value above
diagonal)

Population Western VCI Eastern VCI Central B.C. Alberta

Western VCI – 0.369 ± 0.001 \0.001 ± 0.000 0.004 ± 0.000

Eastern VCI 0.003 – \0.001 ± 0.000 0.006 ± 0.000

Central B.C. 0.081 0.068 – 0.013 ± 0.000

Alberta 0.018 0.015 0.025 –

Bonferroni correction for six tests (alpha = 0.008). FST values significantly different from zero after Bonferroni correction are in bold

VCI Vancouver Island
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birds from the west, particularly those that fail to breed

early in the season and those males who typically leave the

breeding grounds earlier than females, move on and make a
second attempt further along the migration route (see

Aebischer and Potts 1994; Rohwer et al. 2009, for exam-

ples of double breeding in Quail Coturnix coturnix, Yel-
low-billed Cuckoo Coccyzus americanus, Cassin’s Vireo

Vireo cassinii, Yellow-breasted Chat Icteria virens, Hoo-

ded Oriole Icterus cucullatus and Orchard Oriole Icterus
spurius). Migration by western individuals along a more

easterly route in some years or vice versa cannot be ruled

out, but, given the banding evidence that the majority of
birds move along the west coast, this seems less likely.

Migration behaviour and the timing of breeding may
also explain the rather odd result that, while the central

population is distinct from the Vancouver and Alberta

populations, the latter two do not clearly differ. The timing
of the departure from Vancouver Island could mean that

these birds move to more easterly breeding grounds in

Alberta to breed again, while the central B.C. birds, which
start their first breeding attempt slightly later, would not

have time to do so. Alternatively, birds breeding in Central

B.C. may belong to the small percentage of birds that take
a more inland migration route than the general population

(Healy and Calder 2006). It is not clear whether such

movements are age- or sex-specific as the banding and
recapture data analysed thus far contain too few examples

of individual bird movements for useful comment. To

clarify the degree of differentiation among populations and
their extent, a study including samples from more geo-

graphical locations would be necessary.

Among the loci screened in up to 165 hummingbirds,
several loci deviated significantly from Hardy–Weinberg

equilibrium due to a deficit of heterozygotes. However, the

exclusion of the locus most severely affected by this (H10)
from analyses of population structure did not significantly

affect the results. The deficit of heterozygotes is most

probably due to the presence of null alleles or to poorly
amplifying alleles, which can be a problem when ampli-

fying DNA from samples containing low quantities of

DNA, such as feather extractions. Further genotyping
errors can arise due to the generation of false alleles during

PCR (Navidi et al. 1992; Gerloff et al. 1995; Taberlet et al.

1996; Gagneux et al. 1997; Segelbacher 2002).
In conclusion, we found six markers that could be useful

for genotyping S. rufous. Using these, we found that the

breeding population of Rufous Hummingbirds in Canada has
very weak genetic structure that is not clearly related to

geographical barriers such as the Rocky Mountains and more

probably arose due to population isolation during the last
glaciation. These genetic data add usefully to the banding

data, which allowed us to determine which locations the

birds move between, as it now appears that at least some of
those movements result in gene flow among populations.

More work is necessary using improved protocols, more

samples and more markers before we can say if these
movements are in any way influenced by landscape structure.

Fig. 2 The likelihood of each value of LnPr(X|K) for five
independent runs of K = 1–6. Analysis was conducted using a
burn-in period of 2 9 104 and a run of 5 9 105 Markov chain Monte
Carlo steps, under the standard model of admixed ancestry, correlated
allele frequency (k = 1) and no prior population information in the
program STRUCTURE 2.2

Fig. 3 a The assignment of each individual from each geographic
location (n = 4) to one of each simulated cluster of genotypes
(K = 2), using a mixture model in BAPs. b The estimated probability,
of each individual (n = 165), belonging completely or partially to
each cluster of genotypes (K) using an admixture model (with K = 2)
in BAPs. The vertical lines each represent an individual. In each case,
the vertical lines are either black, grey or both representing the
proportion of that individual assigned to each cluster (genotype
cluster one = black, and genotype cluster two = grey). Partial
assignment to both clusters is only possible in the admixture model.
Individuals are grouped by location. VCI Vancouver Island
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