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ABSTRACT. Australiais separated from the Asian faunal realm by Wallace' s Line, across which thereis
relatively little avian migration. Although this does diminish therisk of high pathogenicity avian influenza
of Asian origin arriving with migratory birds, the barrier is not complete. Migratory shorebirds, aswell as
afew landbirds, move through the region on annual migrationsto and from Southeast A siaand destinations
further north, although the frequency of infection of avian influenzain these groups is low. Nonetheless,
high pathogenicity HSN 1 hasrecently beenrecorded ontheisland of New GuineainWest Papuain domestic
poultry. This event increases interest in the movements of birds between Wallacea in eastern Indonesia,
New Guinea, and Australia, particularly by waterbirds. There are frequent but irregular movements of
ducks, geese, and other waterbirds across Torres Strait between New Guinea and Australia, including
movements to regions in which H5N1 has occurred in the recent past. Although the likelihood of avian
influenza entering Australia via an avian vector is presumed to be low, the nature and extent of bird
movementsin thisregion is poorly known. There have been five recorded outbreaks of high pathogenicity
avianinfluenzain Australian poultry flocks, al of the H7 subtype. To date, Australiaisthe only inhabited
continent not to have recorded high pathogenicity avian influenza since 1997, and H5N1 has never been
recorded. The ability to map risk from high pathogenicity avian influenzato Australiais hampered by the
lack of quantitative data on the extent of bird movements between Australia and its northern neighbors.
Recently developed techniques offer the promise to fill this knowledge gap.
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INTRODUCTION which only two swifts, Fork-tailed Swift (Apus
pacificus) and White-throated Needletail (Hirunapus

The isolation of the Australian biota from the caudacutus), penetratefarintocontinental Australia

remainder of the world is well known to every
beginning student of biogeography. Wallace' sLine,
passing through the Indonesian archipelago
between Bali and Lombok, forms a distinct
boundary betweenthe Asiaticand Australian faunal
realms (Fig. 1). Although the separation between
faunal realms is not absolute, there is remarkably
little avian migration acrossthe line (Dingle 2004).
Some 34 species of shorebirds (Scolopacidae and
Charadriidae) regularly migrate from the northern
hemisphereto spendthenorthernwinterin Australia
aong with 19 others, of which there are less than
10recorded asvagrants(Christidisand Boles2008),
asdo several shearwater species, notably the Short-
talled Shearwater (Puffinus tenuirostris) (see Fig.
1). Only 10 species of land birds from Eurasia
regularly migrate to the Austral o-Papuan region, of

on aregular basis (Dingle 2004).

The longevity and geographic extent of highly
pathogenic avian influenza (HPAI) epizootics, in
particular HSN1, in poultry since 1997 continue to
have serious socioeconomic consequences at a
global level. Whether wild birds are implicated in
the dissemination of H5N1 is debatable. It is
sometimes argued that migratory birdsare unlikely
to be responsible for large-scale movements of
HPAI, on the basis that “dead birds don’'t fly”
(Williams 2005). However, Type A influenza
occurs at high prevalence in many ducks and geese
worldwide (Olsen et a. 2006), and recent
experimental work suggests that mallard (Anas
platyrhynchos) are capable of excreting high titres
of H5N1 without showing clinical signs of disease
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Fig. 1. Epizootics (red dots) and human cases (+) of highly pathogenic avian influenza (HPALI) in the
East Asian-Australasian Flyway (dashed line) 2003—2008. Wallace' s Line (solid line). Source: OIE
2006, Wetlands International 2006, FAO 2007, WHO 2008a,b.
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(Keawcharoen et al. 2008). Although migratory
birds may not be likely to regularly transfer HPAI
over large distances, it is a possibility that can not
be dismissed.

Incidents of HPAI continue to occur regularly in
close proximity to the northern part of Australiain
Indonesia. More human deaths from H5N1 have
been reportedin Indonesiathan in any other country
(WHO 2008b), with casesal sorecorded in domestic
poultry from much of Indonesia (WHO 2008a).
These Indonesian outbreaks were first documented
by the WHO in poultry in February 2004 and
humansin July 2005 (WHO 2008c), although there

- Black Sea | Meditarranean flyway
-

_—— East Africa / Wast Asea flyway

are reports of a possible earlier Indonesian record
in poultry in 2003 (Algers et a. 2008). More
recently, HSN1 caused at | east 93 deathsin chickens
inthreevillagesin West Papuaon theisland of New
Guinea, whichisonthe Australian sideof Wallace's
Line, in July 2006 (OIE 2006; Fig. 2). No human
cases were reported. Despite the close proximity of
New Guinea, Australiaremains the only continent,
with the exception of Antarctica, that has not had a
reported occurrence of HPAI of any typesince 1997
(Sims and Turner 2008). In this paper we discuss
why this might be the case and identify knowledge
gaps that must be filled to adequately map avian
influenzarisk in Australia.
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AVIAN INFLUENZA IN AUSTRALIAN
WILD BIRDS

A wide range of low pathogenicity strains of avian
influenza (LPAI) have been reported in wild bird
species within Australia, including al H types
exceptH10,H14,andH16 (Downieand Laver 1973,
Downie et al. 1977, Mackenzie et a. 1984,
Mackenzie et al. 1985, Nestorowicz et al. 1987,
Rohmetal. 1996, Peroulisand O'Riley 2004, Tracey
et al. 2004, Turner 2004, Hurt et al. 2006). Tracey
et a (2004) and Simsand Turner (2008) provide an
overview of thesereports. Recent evidence supports
the belief that the prevalence of avian influenzain
wild birds in Australia is much lower than found
elsawhere (Olsen et al. 2006). Since 2004, over
16,000 wild birds have been sampled for avian
influenza in Australia, primarily ducks and
shorebirds (Animal Health Australia 2006, 20073,
Haynesetal., inpress). Only 1% of thesehavetested
positive for avian influenza using real-time
polymerase chain reaction (PCR), and subtypes
were only identified from 0.3%; al of low
pathogenicity (Haynes et a., in press). With the
exception of H7 from a starling, which was likely
to have been infected from poultry during the 1985
epizootic (Nestorowicz et al. 1987), HPAI hasnever
been detected in wild birdsin Australia, and H5SN1
(LPAI or HPAI) has aso not yet been detected.

Anseriformes and Charadriiformes are consistently
identified as the primary reservoir of LPAI
(Stallknecht and Shane 1988, Hanson 2003,
Stallknecht and Brown 2008), which is consistent
with detections from Australia’'s wild birds. Of
importance, both LPAI H5 and LPAI H7 have been
detected fromwild anatidsacrossNew SouthWales,
Victoria, and Tasmania (Haynes et a., in press),
which are potential sources of endemic strains of
HPAI in poultry. Other subtypes detected have
included H3N2 and H4N2 from ducks in Victoria,
H4N8 from Rednecked Stints (Calidris ruficollis)
on the central coast of New South Wales, H11N9
from Sharp-tailed Sandpipers(C. acuminata) onthe
central coast of New South Wales, and HL13N6 from
a 3-4-wk-old Silver Gull (Larus novaehollandiae)
in Tasmania (Animal Health Australia 2006).

PREVIOUS OUTBREAKSOF HIGH
PATHOGENICITY AVIAN INFLUENZA IN
AUSTRALIA

Five outbreaks of high pathogenicity avian
influenza have been recorded in commercial bird
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flocks in Australia (Tracey et al. 2004, Sims and
Turner 2008), the earliest in 1976 and the most
recent in 1997 (see Fig. 2). All of these were of the
H7 subtype. Thesourceof theearlier epizooticswas
not clearly identified, although domestic duckswere
implicated in outbreaks in 1976 and 1992 because
low virulence H7N7 was identified in ducks on
farms adjacent to those on which the high
pathogenicity strains were discovered. The 1997
outbreak wasthe most serious, affecting threefarms
in New South Wales, causing large-scale mortality
amongst domestic chickens (Selleck et al. 2003).
The role of wild birds in these outbreaks is
controversial. In at least four of the five outbreaks,
there was close association of the flocks in which
the outbreaks occurred with wild waterfowl (Bunn
2004). However, the H7 subtype identified in the
poultry flock wasnot recovered from any wild birds
in the vicinity (Arzey 2004a,b). Bunn (2004) notes
that this has also been the case in numerous
outbreaks internationally, and this fact does not
necessarily infer that wild birds are not implicated
in the origin of the outbreaks.

The particular H7 lineage responsible for all the
Australian outbreaks is described by Turner (2004)
as a distinct subset of the Eurasian lineage,
suggesting to him that it may have been imported
viathe East Asian-Australasian Flyway. However,
Arzey (2005) emphasizes the unique nature of the
lineage, suggesting that continual interchange with
the Eurasian flyways does not occur. Interestingly,
the same virus strain was a so isolated from farmed
emu chicks from one of the farms involved in the
1997 outbreak (Selleck et al. 2003), although it did
not produce signs of clinical disease in these
animals. Because the emus were housed in open
pens, they had the opportunity for contact with wild
birds and may have been the source of the entire
outbreak.

MIGRATORY PATHWAYSBETWEEN ASIA
AND AUSTRALIA

There are large-scde annual migrations of
shorebirds along the East Asian-Australasian
Flyway (Fig. 1). Many of these birds come from
areas in which highly pathogenic avian influenza
cases have been confirmed in the recent past.
Further, their migration routes bring them down the
heavily populated east coast of Australiain which
there are large flocks of commercia poultry (Fig.
2). However, despite the fact that avian influenza
has been recorded from shorebirds, no cases of
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Fig. 2. Previous epizootics of HPAI in Australia (open circles) in relation to Wallace' s Line (solid line),
poultry density (heads km: squares, color gradation from fawn to black in steps 17—-10, 10-50, 50-100,
100-200, 200-500, 500-1000, 1000-2500), and important wetlands for Charadriiformes (solid
triangles). Source: Poultry density modified from Wetlands International (2006) and FAO (2007).
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HPAI havebeenrecorded fromany of theshorebirds
that migrate down the Australian coast. Similarly,
although Al has been found in numerous species of
shorebirds in North America, highly pathogenic
strains have not been found (Krauss et al. 2007).
Therisk of introduction of HPAI from thisrouteis
therefore probably very low. The primary role of
wild birds in avian influenza in Australia is in
maintaining low pathogenicity strains. These
include H5 and H7 subtypes, which may mutateinto
high pathogenicity strains when introduced into
poultry. It is this process that is thought to have
occurred in the five high pathogenicity H7 subtype
outbreaks described in Fig. 2.
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Given the potentia for ducks and geese to be
responsible for long distance movements of H5N1
andthepresenceof thevirusstraininthelndonesian
archipelago, the possibility of H5N1 introduction
by Anseriformes is of concern. Several speciesin
this order are found both in northern Australia and
in the southern parts of Indonesiaand New Guinea
(see Fig. 3) and may move between Australia and
its northern neighbors. These include Wandering
Whistling-Duck (Dendrocygna arcuata), Pacific
Black Duck (Anas superciliosa), Grey Tea (Anas
gracilis), Green Pigmy Goose (Nettapus pulchellus),
and Magpie Goose (Anseranas semipalmata)
(Beehler et al. 1986, Marchant and Higgins 1990).


http://www.ecologyandsociety.org/vol13/iss2/art41/

In addition, the Plumed Whistling-Duck (Dendrocygna
eytoni), which iswidely distributed across northern
Australia, occursin small numbersin the Trans-Fly
region of New Guinea, and the Spotted Whistling-
Duck (Dendrocygna guttata), which is primarily
occurs in New Guineg, is a vagrant to Cape Y ork
(Barrett et al. 2003). Movements of these species
between Australia, the southern parts of New
Guinea, and the Indonesian archipelago are poorly
understood. Noneof themareknownto haveregular
migrations from Australia to beyond the southern
parts of New Guinea into Indonesia, but they are
highly dispersive.

A largenumber of waterbirds, including egrets, ibis,
pelicans, and ducks move between the Trans-Fly
region of New Guineaand northern Australia(Halse
etal. 1996, Dingle2004). Thisregion haslargeareas
of savannah very similar to those in northern
Australia and is described as a small piece of
Australia isolated in southern New Guinea by
Beehler et al. (1986). Thisregion isthe most likely
point of exchange between Australian birds and
potentially infected individuals from elsewhere in
thelndonesianarchipelago. Herewaterbirdsthat are
predominantly Asian or New Guinean in origin mix
with speciesthat are predominantly Australian. The
Trans-Fly region is ailmost 1000 km from the most
recent outbreak of HSN1 in West Papuareported in
2006 (see Fig. 2). However, the number of birds
moving, and the frequency with which they move
between the Trans-Fly and Australiaor through the
region to elsewhere in New Guinea and the
Indonesian archipelago is poorly known (Dingle
2004, Tracey et a. 2004). Further, whether HS5N 1
is now endemic in a wild bird reservoir in West
Papua is unknown. If awild bird were to act as a
vector for Al into Australia, the little evidence that
existssuggeststhat thisregionisapossi ble pathway
for movement of the virus.

Geering et a. (1998) report the recovery in Dasa
Majur, West Papua, quiteclosetothevillageswhere
H5N1 has been reported (see Fig. 4), of an
Intermediate Egret Ardea intermedia that had been
banded at Campbell’s Island on the Murray River
in southern Australia. Recent mortalities of Little
(Egretta garzetta) and Great (Ardea alba) Egrets
from HPAI H5N1 in Hong Kong (Hong Kong
Information Services Department 2007, 2008)
demonstratethat egretsare susceptibleto HSN1 and
may well be capable of carrying HS5N1. What is
entirely unknown is whether movements of egrets
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inthereversedirectionfromWest Papuato southern
Australia occur and whether these movements are
at all common.

MOVEMENTSAND MAINTENANCE OF
AVIAN INFLUENZA WITHIN AUSTRALIA

Even if HPAI wereto arrive in Northern Australia
in migrating waterbirds, population density of
humans, and thus of domestic poultry, is very low
in this region. Whether it would be able to spread
into areas where it was capabl e of affecting poultry
flocks and hence humans is unclear. Most
movements of waterbirds across inland Australia
are driven by irregular rainfall events (Kingsford
and Norman 2002), and changesin distribution and
abundance of waterbirds may occur at regional and
subcontinental scales during these events (Roshier
et a. 2001, 2002). During these events, dense
mixed-species flocks gather on ephemeral water
bodies (up to 20 species at densitiesin excess of 35
hal, Kingsford and Norman 2002), with the
potential for cross-species transmission. Many of
the species listed above as moving between the
Trans-Fly area of New Guinea and northern
Australiaare essentially tropical in distribution, for
example the Green Pigmy Goose, the Wandering
Whistling-Duck, and the Magpie Goose (see Fig. 3)
and, with the exception of the poultry production
areas in Mareeba in northern Queensland and
around Brisbane (see Fig. 2), mostly do not overlap
in distribution with major poultry production
regions. However, some species occasionally move
in small numbersinto southern regions of Australia
in response to rainfal and flooding events, as
occurred in 2007 when Magpie Geese bred in the
Riverina for the first time in many decades (Mike
Schultz, personal communication). Wandering
Whistling-Ducks have also been recorded as far
south as Victoria and south western, Western
Australia (Barrett et a. 2003). Numerous other
species of waterbirds are known to be highly
dispersive within Australia and could form links
between the northern wetlands and southern
wetlands close to magjor poultry production areas.
Another potential concern is that avian influenza,
although only low pathogenicity strainsto date, has
beenfoundinWhitelbis(Epsteinetal. 2006), which
have increased dramatically in the last few years,
particularly in association with humans. These
might form apotential direct transfer route between
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Fig. 3. Distribution of (a) Magpie Goose (Anseranas semipalmata), (b) Wandering Whistling-Duck
(Dendrocygna arcuata), (¢) Cotton Pygmy Goose (Nettapus coromandelianus),(d) Pacific Black Duck
(Anas superciliosa), (e) Grey Teal (Anas gracilis), and (f) Radjah Shelduck (Tadornis radjah) in
Southeast Asiaand Australasia. Source: Frith 1982, Wetlands International 2006. Wallace's Line (solid
line). Sources differ on the distribution and degree of range overlap in Wallacea of Grey Teal and the
closely related Indonesian Teal (Anas gibberifrons) (cf., Kear and Hulme 2005).
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Fig. 4. Movements of banded Great (Ardea alba) (orange arrows), Intermediate (Ardea intermedia)
(green arrows), and Little (Egretta garzetta) (blue arrows) Egret in Australasiain relation to epizootics
(red dots) and human cases (+) of HPAI. Wallace' s Line (solid line). Source: Geering et al. 1998, OIE
2006, Wetlands International 2006, FAO 2007, WHO 2008a,b.

thedispersiveducksand geesein northern Australia
and high-density human popul ationsin the southern
part of the continent.

TOWARD RISK MAPPING FOR HPAI
WITHIN AUSTRALIA: CRITICAL
INFORMATION GAPS

Before risk mapping can be undertaken, it is
necessary to determine to what the risk applies. A
map of arisk to human health may be quitedifferent
from a map of risk to domestic poultry, which in
turn may bevery different fromamap of risk towild
bird health.

Risk to human health

Human and avian influenza viruses are closely
related and it islikely that some genetic material of
all human influenza viruses originated in birds (e.
g., Gamblin et a. 2004). However, only a small
number of avian influenzaviruses have been known
to infect humans directly, including HS5N1, H7N2,
H7N3,H7N7 and HON2. HPAI H5N1, inparticular,
has caused international public health concern
because of its ability to cause death in humans. To
date, H5N1 primarily causes zoonotic disease in
poultry and unusually has caused mortality in wild
birds (WHO 2008c). The transmission of HPAI
H5N1 from infected poultry to humans is
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inefficient, and serious infections in humans has
typically only been associated with direct contact
with sick or dying poultry. Although transmission
of HPAI to humansviawild birdsis possible (Guan
et a. 2004, Sabirovic et al. 2007, Keawcharoen et
al. 2008), and should not be dismissed (Flint 2007),
the major risk factor for humans is contact with
poultry during an epizootic. Thereforein Australia
the most effective preventative measure from a
human health perspective is to prevent and control
epizootics in poultry, and in the event of an
epizootic, to impose additional health precautions.

Risk to poultry

There are a number of possible explanations as to
why hasAustralianot had anincident of HPAI since
1997, including (1) low prevalence of LPAI H5 or
H7 in wild birds; (2) the absence of regular
migratory movements of ducks and geese from
Asig; (3) the significant decline in major waterbird
breeding events during this period; (4) low poultry
density; (5) enhanced biosecurity of commercial
poultry operators, including limiting the contact
with wild birds and the regular treatment of water;
and (6) enhanced biosecurity of international and
domestic trade of live wild birds, poultry, and
poultry products.

The low prevalence of LPAI evident in Austraia
relative to other continents warrants consideration
of the abundance, ecology, and movements of its
wild avian hosts. Differencesin preval ence between
species and |locations evident from overseas studies
have been attributed to foraging behavior and
movements (Munster et al. 2007). Prevalence of
avian influenzain anatids of North America peaks
with the concentration of first-year birds prior to
migration (Hinshaw et a. 1985). In Australia
movements and breeding events for waterbirds is
related to surface waters and is considerably less
predictable than for anatids in the northern and
western hemispheres. Major breeding events for
waterbirds have been few in Australia since the
onset of drought in 2001, athough several have
recently occurred in early 2008 following major
rainsineastern Australia. Anobviousand consistent
declinein abundance has been reported for many of
Australias Anseriformes and migratory and
resident Charadriiformes (Nebel et al. 2008).

Although an outbreak of high pathogenicity avian
influenza in wild birds would certainly trigger

Ecology and Society 13(2): 41
http://www.ecol ogyandsociety.org/vol 13/iss2/art41/

concern, it isan outbreak in domestic poultry which
would produce alarge-scal e management response.
The Australian government veterinary emergency
plan (AusVet plan) proposes a range of actions
Including preemptive slaughter of domestic poultry
and movement controlsif the diseaseis discovered
in Australia (Animal Health Australia 2007b). The
most logical basis for risk mapping is therefore a
threat to domestic poultry populations, rather than
to wild birds or humans.

The risk of HPAI emergence in poultry at any
particular point in Australia will be a function of
disease arrival in Australia, dispersal within
Australia, and the presence of poultry farms. Of
these three components, the distribution of poultry
farms is clearly the best understood and most
amenable to mapping. Large commercial farms are
distributed, as might be expected, close to alarge
population centers, particularly along the eastern
seaboard of Austraia (Fig. 2). Significantly, there
areno large-scale commercial farmsinthefar north
of the continent, particularly in the Northern
Territory and thenorthern part of Western Australia,
in areas that are potentially subject to exposure to
Al from waterbirds dispersing directly from
Indonesiaand other partsof Asia. At atrivial level,
arisk map of risk from HPAI to domestic poultry
in Australia would simply be the distribution of
large poultry rearing areas as shown in Fig. 2, with
those in the north of Australiabeing at a somewhat
higher risk than those further south.

Although anecdotal information and limited band
recovery datadiscussed above show that waterbirds
do move between Australia, New Guinea and parts
of the Indonesian archipelago, there is insufficient
hard data on the frequency of such movements on
which any form of quantitative risk map could be
based. The potential role of Magpie Geesein avian
influenza transmission in northern Australia is a
critical question. The species is the sole
representative of its family, so it should not
necessarily be expected that its susceptibility to Al
would be similar to other members of the
Anseriformes. Magpie Geese do move between
Australia and New Guinea, are present in large
flocksand very high densitiesin northern Australia,
and are widely dispersive. Although the numbers
have decreased since European settlement along the
densely populated eastern seaboard (Nye et al.
2007), they still can be found in this area in small
numbers and therefore represent a potentia route
for Al to come into contact with domestic poultry
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populationsin southern Australia. Several thousand
cloacal swabs and faecal samples have been taken
from Magpie Geese in the northern Australia since
2004 and to date no avian influenza, either of high
or low pathogenicity has been recorded (Animal
Health Australia 2006, 2007a). Similarly, ibis and
egrets are highly dispersive within Australia and
some movements to and from New Guinea occur
(Draffan et a. 1983, Taplin, unpublished report).
The likelihood that ibis and egrets could act as a
vector of high pathogenicity avian influenzain the
Australian region is unknown.

FILLING THE KNOWLEDGE GAPS

Identifying research prioritiesfor avian influenzais
extremely complex and requires a broad range of
expertise in areas of health sciences, diagnostics,
virology, ecology, epidemiology, and disease
control. Overarching research priorities in these
areas have been identified by many others (see for
example Sims 2006, FAO 2007, and Swayne 2008,
other papers this issue). However significant
knowledge gaps are apparent in host ecology that
are essential for understanding and managing avian
influenza in Australia. In assessing the likelihood
of HPAI entering Australia from the north it is
contemporary patterns of bird movement and
popul ations with strong migratory connectivity that
are of greatest interest. Populations and regions are
connected ecologicaly when individuals seeking
resources move between populations, (source and
sink populations, sensu Pulliam and Danielson
1991) or move between breeding and nonbreeding
ranges (migratory connectivity, sensu Webster et al.
2002). Connectivity may be strong or weak
depending on whether all or part of the population
undertakes migration, the nature and strength of
environmental cues promoting movement, whether
individuals are philopatric to sites or regions, and
the existence of physical or climatic barriers to
movement. Differences in connectivity may be
reflected in population dynamics, individual
breeding strategies, individual reproductive
success, and differential selection pressureson parts
of the population (Webster et al. 2002). The degree
of connectivity, such as that found in closed local
populations, partialy connected populations
(metapopulations) or broad-scale homogeneity
(panmixis), results in recognizable patterns of
genetic variation within and among populations.
Highly variable molecular markers and advanced
analytical techniques can be used on field samples
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to infer the underlying connectivity pattern (Pearse
and Crandall 2004). At the core of thisisthe power
of using multiple genetic loci in better estimating
past and present demographic parameters such as
population size and migration rates relative to the
power of estimates based on single loci. Multiple
loci can readily overcome the problems of
stochasticity and sampling inherent in the sue of a
single locus such as mitochondrial DNA (Edwards
and Beerli 2000). One may aso observe abrupt
genetic change at geographic barriers such as a
mountain range or strait, a geographic cline of
differentiation, stepping stone gene flow in which
migration occurs solely between neighboring
popul ations, and sex-biased geneflow (Avise 2000,
Hellberg et al. 2002).

Compared to the massive bird banding programs,
observational studiesand useof radar inthenorthern
Hemisphere, Australia has a much shorter and less
successful history of following the movements of
its migrant and nomadic species. The continent is
simply too huge and the number of ornithologists
too small for conventional methodstowork for most
species. In recent years the tools and methods for
detecting contemporary connectivity have developed
rapidly. They include satellite telemetry (Rodgers
2001), stable isotopes and trace elements in tissue
toinfer geographic origins (Rubenstein and Hobson
2004, Hobson 2005), avian parasites as population
markers (Ricklefs et a. 2005), and genetic
techniques that enable assignment of individualsto
populations (e.g., Pritchard et al. 2000). These
techniques can be used in combination to improve
inference of population origins (Clegg et al. 2003).

Satellite telemetry

Tracking the movements of individual birds with
transmitters (e.g., Beekman et al. 2002, Clausen et
al. 2003, Fox et al. 2003, Petrie and Wilcox 2003,
Miller et a. 2005) informs us directly of the
freguency, timing, and extent of their movements.
The only practical way of characterizing the real-
time movements of nomadic waterfowl over large
areasis to use satellite-based tracking systems that
overcome many of the logistic problems associated
with detecting movement from ground-based or
aerial platforms (Roshier et a. 2006, 2008). The
lightest solar-powered platform transmitter terminals
(PTT) are less than 10 g currently and have a
notional operating life of 5 yr or more. The light
weight meansthat PTTs can be deployed on awide
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range of species, including many waterfowl, and
have recently been deployed on 22 Wandering
Whistling-Ducks at Lake Murray (7.22° S, 141.55°
E, in the Western Province of Papua New Guinea
(Roshier et a. unpublished data). Inthe 290 d since
beingreleasedin August 2007, individual birdshave
moved up to 420 km southeast into the coastal areas
of West Papua and south into the Trans-Fly region,
which straddles the border between Papua New
Guinea and West Papua.

Analyses of genetic structurein Australasian
bird populations

Most Australian examples of the application of
genetic methods to understanding population
structure (Joseph and Omland, unpublished data)
arefromterrestrial birds. Rhymer etal. (2004) found
that Pacific Black Duck Anas superciliosa
populations of Australia and New Zealand do not
fall into two discrete groups concordant with
geography and attributed this to gene flow;
aternatives involving current isolation, however,
are nonetheless compatible with their data (Joseph
and Omland, unpublished data), and multilocusdata
are necessary to discriminate between the
alternatives. MtDNA has been favored in many
studies for several reasons. It has a relatively fast
mutation rate, is not subject to recombination, and
it is inherited maternally, which reduces the
effective population size. These criteria make it a
useful population marker because population-
specific variants accumulate relatively rapidly due
to differentiation by the stochastic process of
genetic drift. However, mtDNA may be less useful
when populations have only recently diverged
because even its rapid mutation rate may not have
produced population specific markers (Pearse and
Crandall 2004). In these cases, microsatel litesfrom
nuclear DNA are more effective for identifying the
origin or kinship of individuals asthey mutate more
rapidly. Ultimately, the use of several loci of which
just one would be mtDNA, leads to increased
confidence in inferences about population
differentiation.

Analyses of genetic differentiation between
overseas and Australian populations of co-
distributed waterbird species will inform us of
current and historical connections between bird
populations. A problem in interpretation is that if
genetic differentiation is low, then either
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movementsbetween theregionsand thepopul ations
occur on a regular basis, or the populations have
been so recently separated that they have not
assorted into separately defined genetic units.
Recent inferential methods for resolving this
problem (e.g., Hey and Nielsen 2004) used data
from hypervariableloci such asthe mtDNA control
region and microsatellites.

Originsand structure of migrant populations
in northern Australia

There are two man approaches for the
biogeochemical analysis of tissues to infer
geographic origins. analysis of stable isotope, and
trace element composition (Hobson 2005, Hobson
and Norris 2008). Analysis of stable isotope
composition has been used to examine migration,
food webs, diet, resource alocation to various
tissues, and the effect of pollution (Hobson 1995,
Chamberlainet al. 1997, Hobson 1999, Kelly 2000,
Pain et a. 2004, Atkinson et al. 2005). In analyzing
migratory connectivity, stableisotopesare useful in
two ways: identifying geographic origins and/or
population structure. If isotopi c patternsexist within
the range of the study species, then the location of
thebird at thetimevarioustissueswerebiologically
active can be inferred from the analysis of isotope
ratios in tissue samples (see review in Hobson
2005). In Australiathe isotopic landscape for most
elementsis poorly known, and the potential for this
work is untapped. For our purposes, this technique
can tell us whether the geographical provenance of
two or more individuas is the same even if we
cannot directly observe them at their geographic
origin. Tissues that have contrasting isotopic
turnover rates have the potential to provide amore
complete story of individual bird movements. For
example, blood plasma, whole blood, and feathers
provideinsight into origins over the previous 3, 30,
and 300 d, respectively (Hobson 2005). Stable
isotopesof Cand N can beused todistinguishtissues
actively growing in mesic or xeric environments,
and marine or terrestrial environments. Moreover,
it is possible to identify those birds that are not in
isotopic equilibrium with their current environment
and therefore new arrivals (Marraet a. 1998).

Trace element composition in feather and other
tissuesis ultimately determined by diet. It provides
spatial information when the uptake of trace
elementsinto these tissues is influenced by surface
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geol ogy (reviewed by Hobson 2005). The elemental
composition of feather has been shown to differ on
fine geographical scales but may also show greater
intrapopulation variation (Bortolotti et al. 1990).
Although there may be difficultiesin assignment of
individual sto apopulation because of thisvariation,
the technique can distinguish the origins of
individuals and small groups with different
migration or wintering behavior (e.g., Szep et a.
2003, a'so seereview by Hobson 2005). The ability
to differentiate between individuals with differing
migration or wintering behavior adds another level
of explanation in our quest to understand these
migration systems.

CONCLUSIONS

Wallace's Line probably has protected Australia
from the most recent HS5N1 avian influenza
epizootic. The absence of regular migratory
movements of ducksand geesefrom Asialimitsthe
vulnerability of Australia to outbreaks originating
in Asia. Low pathogenicity Al is present in
Australia, but at much lower prevalence than in
many other parts of theworld. Those outbreaks that
have occurred in the past have probably resulted
from mutations of low pathogenicity strainsto high
pathogenicity within Australia, rather than fromthe
arrival of high pathogenicity strainsfromel sawhere.
However, the relative isolation of Australia cannot
be assumed to be a complete barrier against the
arrival of high pathogenicity strains in wild birds.
As well as the regular movements of shorebirds
down the East Asian-Australasian Flyway, thereis
some evidence of irregular movements of ducks,
geese, and other waterbirdsfrom areasin Indonesia,
particularly West Papua, in which H5N1 has been
recently recorded. The difficulty in assessing and
mapping thisrisk isthat movement patterns of birds
between Australia and its northern neighbors are
poorly known. Filling these knowledge gaps is
difficult because of the irregularity and
unpredictability of these movements, together with
enormous spatial scale over which they occur. A
range of recent technol ogical advancesin assessing
the extent of population separation and long-range
migration means that the capacity to fill these
knowledge gapsis now available.
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