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Adkins-Regan E

Hormones and the development of sex differences in
behavior

Cornell  University, Dept. of Psychology and Dept. of
Neurobiology and Behavior, Ithaca, NY 14853-7601, USA,
erl2@cornell.edu

Birds are diverse in their degree of sexual dimorphism in
behavior as well as morphology. Some are quite monomorphic
behaviorally, while others have striking sex-specific behaviors
such as male displays or vocalizations. Much attention has been
paid to the evolutionary origins and selective pressures
responsible for this diversity. A necessary complement to an
understanding of the ultimate causes of dimorphism is the
discovery of the proximate endocrine and other physiological
mechanisms that lead to its development and adult expression.
Experiments with Japanese Quail (Coturnix japonica), a precocial
species with male-specific crowing and strutting, have shown that
some of the sex differences are produced by hormonal
dimorphism in adulthood (activational effects), whereas others
are produced by permanent actions of sex steroids early in
development, during the embryonic period (organizational
effects). Experiments with Zebra Finches (Taeniopygia guttata),
an altricial species, have revealed organizational effects on
singing and mating that occur after hatching, during the nestling
period. In both species, organizational effects are due primarily to
estrogens, not androgens. The overall pattern of organization
differs between the two species in interesting ways. Thus, early
treatment with estrogen feminizes crowing in male quail but
masculinizes singing in female Zebra Finches. Dimorphic
behavior also includes mate preferences and choices, where the
behavior itself is not necessarily dimorphic but the targets to
which it is directed are. Experiments with both species suggest
that sex differences motivating birds to mate or pair are produced
by organizational rather than activational hormone actions. Zebra
Finches are socially monogamous and form permanent pair
bonds. Both sexes are motivated to pair, and pairing interest and
success are expressed through monomorphic affiliative behavior
such as clumping, mutual preening, and spending time in a nest
together. Young juveniles direct this behavior toward family
members. As they approach sexual maturity, the targets for the
behavior shift from the family to potential pairing partners. What
is the role of sex steroid hormones, if any, in adult pair bonding?
Is it involved in the developmental shift in the target individuals
for affiliative behavior? Although many species of birds form
pair bonds, little is known about their physiological mechanisms.
Experiments with adult Zebra Finches have shown that
interfering with sex steroid actions has no effect on pairing
interest or success in either males or females. Such a lack of
significant involvement of sex hormones in adult pair formation
may be widespread in other species that pair permanently, even
when not actively breeding. Regulation of adult pairing by sex
hormones is more likely to occur in species that pair seasonally,
but even then indirect evidence suggests that high levels of sex
steroids are not always necessary for continued maintenance of
the pair relationship throughout the breeding season. The concept
of hormonal organization, and the results of the experiments with
Japanese Quail and Zebra Finches, raise a number of interesting

questions, such as: (1) what other hormones and neurochemicals
might be involved in mechanisms for pair bonding in
continuously paired species, (2) what kinds of evolutionary
changes in development have given rise to species differences in
the degree of sexual dimorphism, and (3) what is the phylogeny
of the major patterns of hormonal organization in birds?
Supported by the National Science Foundation, U.S.A.

Bezzel E

Birds in Germany: Some insights after nearly two
centuries of comprehensive bird recording by
birdwatchers and ornithologists

Wettersteinstrafie 40, 82467 Garmisch-Partenkirchen, Germany,
e.bezzel@gaponline.de

The breeding bird fauna of Germany forms a representative
sample of the bird fauna of the temperate zone of the western
palearctic region. According to atlases of breeding birds at the
end of the 20th century, the breeding ranges of species in
Germany match those in surrounding areas. Germany has no
endemic species. Of species found on more grid units than
expected, those of forest and farmland dominate; and those that
are sparser and rarer are birds of oligotrophic open land and
wetlands. The present differences in the ranges of species
between Germany and adjacent parts of Europe seem to be
determined more by available habitat than by zoogeographic
gradients. Population sizes vary similarly. According to data in
the BirdLife/EBCC European Bird Database, those breeding
species that are abundant in Germany are similarly abundant in
adjacent countries as well. Only several very rare species show
different patterns; but there is no species that is rare in continental
Europe yet common in Germany. In the middle of the 19th
century, the well-known German ornithologist Johann Friedrich
Naumann published a detailed review in which he bewails the
decline of birds in central Germany. As a result of fifty years of
birdwatching and experience in professional bird trapping for
food, he saw “modern” practices of increased farming and human
persecution as the main causes for alarming decreases. Thirty
years later, Karl Theodor Liebe published a list, according to
which more species had declined than increased in Thuringia,
particularly the larger non-passerines, due mainly to human
exploitation of forests and open land. So there is a reliable history
of the German bird fauna from before the Industrial Revolution in
the second half of the 19th century, an event that marks the
beginning of the change which has affected so many bird habitats
up to the present. Detailed local and regional bird reports have
existed since that time, giving insight into the dynamics of
species diversity in central Europe. More than a hundred years
ago, the relative number of records indicating negative trends or
extinction in local or regional populations per time unit seem to
have been higher than during the 20th century. In the 20th
century, rather more regional species seem to have increased than
declined. This may be due to prior preoccupation with recording
species that were declining or disappearing locally; but it is surely
also a result of successful efforts in protecting threatened and rare
species nowadays. For some of the larger areas of Germany,
published data and documented birdwatching over periods of
differing socio-economic and technical conditions enable
reconstruction of the number of species breeding annually over a
long period through the 20th century. In Bavaria, the number of
species breeding annually has increased by seven percent over the
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last hundred years, and the number breeding per decade by eightthe onset of breeding for thogepulations that best match the
percent. This small but nevertheless surprising increase is supply/demand ratio of food. Populations that settle in the less
contradictory to the findings of s local studies, and has to be  common oak forest in each landscape and miss the peak of food
interpreted carefully because thieesent situation may be masked  production, however, have much lower breeding success and
by several influences. The increase is unlikely to reflect more produce fewer offspring of poorer quality. This local
bird recording activity in recent decades, but may well result maladaptation was shown by nsatellite markers to result from
from conservation efforts. Though the balance between new and gene swamping from rich toopr habitat patches, producing a
lost breeders is positive over the last hundred years, it has still source-sink population structure. Blue Tits breeding in the
fallen in the last three decad@he number of introduced species  productive deciduous oak habitat patches start to breed earlier,
increased from less than one percent in the first decade of the lay more eggs, and produce moféspring of better quality than
20th century to nearly eight percent in the last. Moreover, the those that settle in evergreen oakwoods. They are also larger and
balance between new and lost species is related to the size of theheavier but cross-fostering xgeriments have shown that
area involved indicating a speciasea relationship. The decline differences in environmental constraints result in adaptive
in common and widespread species within the last decades hasdifferences in nestling growth and hematocrit values leading to
involved populations in smaller rathdran larger areas. Thus in environmentally-induced phenotypptasticity. In evergreen oak
Bavaria, where the overall trend per decade is positive, turnover habitats, various combinations of constraints, such as food
in species in smaller areas tends to be negative: species diversityshortage, parasite loads andghhitemperatures, create more
reacts more sensitively at loddlan regional scales. A hundred  variable and sometimes extremely poor breeding conditions for
years ago, birdwatchers andnibhologists in Germany focused these late breeding birds. Patesiare especially harmful when
on describing the situation rathtbian documenting the dynamics.  food is scarce, and may redutte heritability of size-related

So a huge amount of collectethta was often published in traits, thus limiting evolutionaryesponses to selection. Missing

detailed reports or lists. These placeable histora sources not the peak of food production can be very costly and may have
only provide information on the siribution of species but also severe consequences on figeand survival: doubly-labeled
such seasonal events as thmeval or departure of well-known water experiments hawhown that the metabolic effort of adults

migrants. The first seasonal receraf migrants at the beginning rearing chicks increases steeply as the time difference between
of the 20th century compared with data collected a hundred years breeding date and peak caterpilfroductivity increases, which
later indicate considerable changes in migratory behavior in some forces adults to work far beyond their sustainable limits.

species. Radiotracking showed that parent tits in the poor evergreen
habitats forage at much greatkstances from their nest, but that

Blondel J the amount of food delivered to each chick is similar to that in

The story of Mediterranean Blue Tits: How to cope deciduous oakwoods due to dlea number of chicks and a

greater mean prey size. Foraging distances and searching time are
longer for mismatched adults,ittv severe consequences for
survival prospects. Inter-habitgthenotypic variation in life
history traits is considerably higher on Corsica than on the
mainland, providing a striking example of an adaptive response
of suites of life history traits to habitat-specific selection regimes
that operate on a scale that is much smaller than the scale of
dispersal and potential geneovl. This difference between
mainland and insular patterns is due to reduced dispersal in the
island birds, which is part of ¢hinsular syndrome. Interestingly,
weak genetic differentiation caomsted with large phenotypic
variation in the populations oi€orsica. Despite significant
heritability of and selection for several traits, no significant
change was found over time. Arigty of factors may explain
why traits may have considerable additive genetic variance and
appear to be under directionsglection and yet do not evolve.
The study system illustrates an extreme case of habitat
heterogeneity and divergent setlen regimes at landscape scale
for small passerines in temperdtabitats. The most fascinating

with heterogeneous and rapidly changing environments
Centre National de la Recherche Scientifigue, CEFE, 34293
Montpellier cedex 5, Francdacques.blondel@cefe.cnrs.fr

A basic problem in evolutionaryiology concerns the adaptation

of populations to environmentthat are heterogeneous and
change rapidly. Mediterranean landscapes are highly dynamic
ecological systems with mosaics of habitats that are dominated by
either deciduous or evergreen trees, such as the patches of
oakwoods with variable propootis of deciduous Downy Oak
(Quercus humilis or evergreen Holm oakQ( ileY. The
particular oak habitat type determines the timing of the leafing of
trees in spring and, hencéhe development of leaf-eating
caterpillars which are the preferred prey of the Blue Rtr|s
caeruleuy. The leaves of deciduousaks develop one month
earlier than those of evergreen oaks and, therefore, provide food
for caterpillars one wnth earlier. Because 100% of the foliage of
deciduous oak is renewed each year in contrast to only 30% of
the foliage of evergreen oakshe abundance of caterpillars is
much lower in evergreen than deciduous forests. A large number ) .
of habitat types has been studiedtwo landscapes of southern aspects of the story, with a cascade of consequences for life

France, one of which is on the mainland where deciduous oaks hlstory,_ is the °“e'm°”‘h difience in breeding time between
are more common and the other on the island of Corsica where populations, depending on the morphotype of oakwood chosen

evergreen oaks dominate. Combined with experimental Lor breg‘d'.”g- dStev%ratl expenmer?tfthhm f'EIq etmd n a:/k:a.rlef h?vg
approaches, these study sites provided a wealth of data on :eert1_ ev;]se to determineé w edner varlalltor(lj |r:( eir trai st_ls a
phenological, morphological, getic, behavioral and plastic  pnenotypic response dnas resufted irom genetic

physiological responses of Blug&its to the various habitat- dgferent:jatlon_ tl'n r_esp’)\;l)njf[z tdocz;;mse!?_(t:thl? ;egtlmes.l The
specific features and constrandf the environments. The one- ODSErved varnation in Medrerraneaiiue 11s liustrates a ‘arge

month difference in the phenology of oaks and associated ﬁo\?vyr?]f tgelorc;tlcal wio:r,nan\(lj;ugporrts rths dlt\{srg(iencle;i\/v::h-gine-
invertebrates results in arcesponding one-month difference in 0 odel ot speciation, by reproductive isolation ca
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evolve between populations that are connected by gene flow
whenever divergent selection is strong relative to gene flow.
Wherever habitat heterogeneity is a mixture of very different
habitat patches, the resulting reaction norm includes either local
specialization, phenotypic plasticity, or local maladaptation
depending on the size of the habitat patches relative to the
average dispersal range of the organism.

du Plessis MA

Delayed dispersal and cooperative breeding in birds
DST/NRF, Centre of Excellence at the Percy Fitzpatrick Institute,
University of Cape Town, Rondebosch 7701, South Africa,
morne@botzoo.uct.ac.za

Cooperative breeding, a reproductive system in which more than
a pair of individuals behave parentally towards young in a single
nest or brood, has attracted significant attention over the past four
decades. By the early nineties, signs of agreement among workers
in the field seemed to draw the earlier excitement in the field to a
close. More recently, however, several new lines of argument
have reinvigorated the field, not the least of which have been the
debates centered on the role of its evolution on ecology, life
history and phylogeny. In order to understand the evolutionary
basis of cooperative breeding, a framework involving the
dissociation of two key questions has generally been used. First,
why do birds delay dispersal, and second, given delayed
dispersal, why do the large majority of philopatric birds provide
care to offspring on the territory in which they live? I propose to
focus largely on the first question, but with cursory reference to
some of the current thinking on the second. As reproductive
maturity is reached, an individual is faced with the decision to
breed independently or delay breeding. In the latter case, there are
three options: delay breeding by staying on the natal territory
either as a helper or as a non-helper, or to leave the natal territory
as a "floater". If the cost and likelihood of successful breeding
vary spatially and temporally, individuals may delay dispersal
and/or independent breeding in response to the following: the
quality of the territory, the depressibility of key resources, the
risks associated with dispersal, and/or, in unpredictably variable
environments, the seasonal variation in territory quality. The
dispersal threshold model suggests that delayed reproduction may
in some instances ultimately yield higher lifetime reproductive
success than breeding independently in territories of poor quality.
Various constraints and opportunities affect our attempts to
understand the relative importance of the above factors. First,
measures of territory quality have been fraught with
complications and generally the best that can be done is to control
indirectly for their effects in demographic analyses. Secondly,
when breeders allow offspring to remain on the parental territory,
there is potential for competitive conflict for access to critical
resources on the territory. It is therefore important to consider the
nature of the critical resources in terms of their depressibility.
Thirdly, it is difficult to quantify the risks associated with
dispersal accurately. In this connection, some colonial species
breed in circumstances where most individuals in the colony have
access to nest sites and experience similar environmental
conditions. Thus, colonial birds are not necessarily exposed to the
risks commonly associated with dispersal, which has been
suggested to have a strong influence on the reproductive
decisions that territorial cooperatively breeding birds take.
Fourthly, in unpredictable environments, the severity of

environmental conditions during different breeding seasons vary
greatly. This presents some non-breeders with the opportunity to
base their reproductive strategies on seasonal variation in territory
quality. While it is possible to identify constraints operating on
individual cooperative breeders or to agree on shared life-history
characteristics, it still cannot be predicted when species will adopt
the strategy of staying at home or to float non-territorially as non-
breeders. The absence of strong predictive capacity to explain the
phenomenon of delayed dispersal is of concern, particularly given
that similar ecological and life-history features are shared by a
large majority of species that do not delay dispersal and/or breed
cooperatively. A potentially fruitful approach could lie in the
study of delayed dispersal and cooperative breeding among
irregular cooperative breeders or those species that show
extensive variability in degree of sociality.

Edwards S

Genomics and ornithology

Harvard University, Museum of Comparative Zoology, 26 Oxford
Street, Cambridge, MA 02138, USA, sedwards@fas.harvard.edu
Like many areas in ornithology and ecology, new technological
advances have allowed the avian genome to come into sharper
focus. The recently completed draft chicken genome sequence is
but a start. New initiatives, including complete sequencing of the
Zebra Finch (Taenopygia guttata) genome, will accelerate the
development of a truly comparative genomics of birds. We can
already glimpse this comparative genomics through the few
available multi-kilobase aligned nuclear genome comparisons
among birds, chromosome painting studies, and also through
large-scale bioinformatics analyses of avian and reptilian
genomic DNA. These studies suggest that avian genomes will be
very conserved in terms of their overall organization, synteny
(order) of genes along the chromosome, genome content and rate
of evolution, and may exhibit specific rules, such as a faster rate
of sequence evolution on autosomes and on microchromosomes.
But genomics has much more to offer ornithology than
comparative genomics and phylogenetics. New studies
employing macro-and micro- array analyses of expressed genes
have begun to suggest, in broad outline, networks of ecologically
relevant genes that help birds combat pathogens and whose
regulation may undergo bouts of evolution during epizootic
events. Such micro-array platforms may provide an avenue for
examining gene expression differences in a variety of ecological
contexts - between dominant and subordinate individuals,
breeders and migrants in low- and high- quality habitats, and
between phenotypically plastic behavioral and hormonal
syndromes in social systems such as cooperative breeding. Large-
scale expressed sequence tag (EST) surveys of brain transcripts in
the Zebra Finches promise to provide resource for examining
changes in brain structure and function during ontogeny and in
response to song. Ultimately, with the advent of the first
comparative maps of avian genomes, genomics will shine a bright
light on the process of speciation itself. Avian genomics is still
clearly in its infancy, and the challenge for an integrated
ornithological genomics is to marry the considerable technical
challenges of scaling up in our surveys of genomic variation with
field studies of variation in behavior, ecology and physiology.
Such cross-disciplinary efforts will help pinpoint those regions of
the genome participating in adaptive change, and help predict
phenotypic changes resulting from changes in DNA.
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Greenwood JJID

Citizens, science and bird conservation

British Trust for Ornithology, The Nunnery, Thetford, Norfolk,
IP24 2PU, UK, jeremy.greenwood@bto.org

Collaborative work by amateurs has made substantial
contributions to ornithology and to bird conservation science, at
least in some countries. In those countries, it has expanded the
numbers of citizens who are well-informed and rationally
concerned about environmental issues. Yet there is potentially
much more that could be done, in terms of the topics investigated,
the countries involved, and the numbers of people participating.

Haffer J

The development of ornithology in central Europe
Tommesweg 60, D-45149 Essen, Germany, j.haffer@web.de

The first genuine ornithologist in Europe since Aristotle was the
emperor Friedrich II of Hohenstaufen whose work on falconry,
written before 1248, includes a general account of birds based
largely on his personal observations. Other medieval workers on
birds were Albertus Magnus, Thomas di Cantimpré and Konrad
von Megenberg. Gilbertus Longolius (1544) and William Turner
(1544) reported on some birds of the Rhine region. The
Renaissance encyclopedist, Conrad Gesner (1555), compiled the
total knowledge of European birds at the time, listing 182 species
in alphabetical order. The first local vertebrate fauna was
published by Caspar Schwenckfeld (1603) who included brief
accounts of c¢. 150 species of birds. Several collections of
unpublished bird paintings from the late 16th and the 17th
centuries also represent valuable faunistic records. Two separate
research traditions in Europe originated around 1700 from the
work of John Ray (1627 to 1705) in England: research into the
systematics of birds, and research into the field natural history of
birds. The principal early representatives of the natural history
tradition in Germany were Ferdinand Adam von Pernau and
Johann H. Zorn who published the results of their important field
studies during the first half of the 18th century. They worked
under the concepts of physico-theology employing the
teleological principle, and were the first truly significant
researchers of the biology of European birds. The first German
bird book with excellent folio color plates was that of Johann L.
Frisch which appeared in 1733 to 1763. Around 1800, two
detailed handbooks on the birds of Germany were published by J.
M. Bechstein and by J. A. Naumann, respectively. The text of
Bechstein is more extensive than that of Naumann, but the color
plates in the latter, prepared by his son Johann Friedrich, are
superior. The Golden Age of central European ornithology from
1820 to 1850 saw the appearance of the splendid works of Johann
Friedrich Naumann, Christian Ludwig Brehm, and Friedrich
Faber who established a sound basis for the study of birds in this
region and beyond. During the second half of the 19th century,
many European researchers turned their attention to exotic
ornithology, because large bird collections were arriving in
Europe then from many different parts of the world. During those
decades, the study of central European birds made little progress,
despite a major controversy over instinctive versus purposive
behavior in birds which did not stimulate any field research. The
influence of the Darwinian theory of evolution (1859) had little
impact among central European ornithologists until the end of the
19th century. From the 1920s onward, central European
ornithology changed rapidly, and general biological studies began

to take precedence over earlier systematic-faunistic work: the
Stresemann revolution. This paradigm change had a worldwide
impact, and it was soon recognized that the bird is a well-suited
subject for studies into the problems of functional morphology,
physiology, behavior and orientation in animals.

Merton DV

The Kakapo: some highlights and lessons from five
decades of applied conservation

Department of Conservation, PO Box 10420, Wellington, New
Zealand, dmerton@doc.govt.nz

The Kakapo (Strigops habroptilus) is a giant, flightless, nocturnal
parrot endemic to New Zealand, in the monotypic subfamily
Strigopinae. It is the largest parrot, adults weighing <4.0 kg. The
kakapo has combinations of features not shared by any other bird
and is unique amongst parrots in having a "lek" mating system.
Its origin and relationships with other parrots are obscure and
distant, and it is one of the last surviving members of a unique
avian-herbivore/plant system that disappeared with the extinction
of the moas. The Kakapo was well-adapted to ground mammal-
free conditions in prehistoric New Zealand, but proved
pathetically vulnerable to predation by introduced mammalian
carnivores. By the 1990s it had declined to extinction throughout
its natural range and was critically endangered. It survives today
on three off-shore islands to which it was relocated in 1975 for its
protection. Attempts to avert its extinction were first made in the
late 1890s when the New Zealand government transferred ~375
birds to islands in Dusky Sound, Fiordland. Stoats reached the
islands soon after, and the venture failed. Fifty years were to
elapse before a further conservation attempt was made. In the late
1950s and 1960s, ~10 birds were located within Fiordland's
Milford catchment and an attempt was made to establish a captive
population. All nevertheless proved to be male, and most died
within a few months. A third attempt to save the species was
launched in 1974 and continues to the present time. Using a range
of “close-order management” techniques on free-living birds,
effort is now directed at maximizing survival of naturally
produced eggs and young, increasing breeding frequency and
managing genetic diversity in order to improve low fertility and
hatchability. Techniques include manipulation of the breeding
population to optimize genetic diversity; inter-island transfer of
breeding stock in order to capitalise on locally abundant foods
that trigger breeding because Kakapo breed at two to five yearly
intervals in synchrony with unusually heavy fruiting or seeding of
certain native plants; support of breeding females through
supplementary feeding; manipulation of female pre-breeding
weights to increase the proportion of female young produced,;
artificial insemination to increase fertility and improve genetic
representation; physical protection of nests; and intensive
monitoring of nests throughout breeding coupled with
intervention as necessary. A great deal has been learned during
the course of the program — much of it relevant to other rescue
and recovery programs. Since 1995, Kakapo numbers have
increased by 68%; the global population now stands at 86
individuals.
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Piersma T

Using the power of comparison to explain habitat use
and migration strategies of waders worldwide

Animal Ecology Group, Centre for Ecological and Evolutionary
Studies, University of Groningen, P.O. Box 14, 9750 AA Haren,
and Department of Marine Ecology and Evolution, Royal
Netherlands Institute for Sea Research (NIOZ), P.O. Box 59,
1790 AB Den Burg, Texel, The Netherlands, theunis@nioz.nl
Waders, or shorebirds, form an ecologically homogenous group
of birds that, despite the homogeneity, show clear correlated
contrasts in habitat use and migration distance between closely
related species pairs. Within species, moreover, there is often
distinct variation in breeding and wintering latitudes, that is,
migration distance. I review such contrasts at different taxonomic
levels, and evaluate what can be learnt from them about selective
forces acting on habitat selection and the evolution of migration
strategies in birds. The worldwide migration system of Red Knots
(Calidris canutus) is one example. These sandpipers breed only
on high arctic tundra but move south from their disjunct,
circumpolar breeding areas to nonbreeding sites on the coasts of
all continents except Antarctica, between latitudes 58° N and 53°
S. Due to their specialized sensory capabilities, Red Knots
generally eat hard-shelled prey found on intertidal, mostly soft,
substrates. As a consequence, ecologically suitable coastal sites
are few and far between, so they must routinely undertake flights
of many thousands of kilometres. In contrast to predictions based
on the low costs of living and thus the freedom to allocate
nutrients to fuel storage, Red Knots at tropical intertidal sites
have lower fuelling rates than birds at more southern or northern
latitudes. This leads to more constrained annual schedules in the
south temperate and tropical wintering populations. Whether this
affects overall mortality rates or seasonal mortality patterns, with
concomitant differences in selective regimes, will be discussed on
the basis of new comparative demographic studies on Red Knots
and Bar-tailed Godwits wintering at different latitudes.

Wanless S

Climate change and north-east Atlantic seabirds

Centre for Ecology and Hydrology, Hill of Brathens, Banchory,
Aberdeenshire, AB31 4BW, Scotland, swanl@ceh.ac.uk

The coastal shelf seas around the north-east Atlantic are some of
the most productive regions in the world. They are already at risk
from a range of anthropogenic pressures, such as overfishing,
development of wind and tidal energy schemes, and pollution;
and the situation is currently being exacerbated by marked and
rapid changes due to global warming. Seabirds are charismatic
top predators in these systems, and are being caught increasingly
in the crossfire between human exploitation and climate change.
In conjunction with information on ocean climate, long-term data
on seabird demography, phenology and diet are being used to
predict the consequences of current and future climate change on
seabird populations and to interpret the interspecific and regional
differences that are apparent. These population level data are
being complemented by detailed studies of individuals, using
novel technology, that aim to identify important foraging areas
and quantify foraging performance under a range of
environmental conditions. I provide an overview of the current
situation and highlight the species and regions that are most at
risk.

Wiltschko W

Magnetoreception in birds: Two receptors for two
different tasks

J.W.Goethe-Universitit Frankfurt a.M., FB Biowissenschaften,
Siesmayerstr. 70, D-60054 Frankfurt am Main, Germany,
wiltschko@zoology.uni-frankfurt.de

The geomagnetic field is a reliable, omnipresent source of
information for orientation: its vector provides directional
information and can be used as a compass; and the spatial
distribution of its intensity and/or inclination, with gradients
running from the magnetic poles to the magnetic equator, can
provide information on position as a component of the
navigational "map". Furthermore, special magnetic conditions
can indicate specific locations, where they may act as "triggers",
eliciting specific responses. Behavioral evidence indicates that
birds indeed use the geomagnetic field for all these purposes. For
magneto-reception, two hypotheses are currently under
consideration. The "magnetite-hypothesis" assumes receptors that
are based on magnetic particles, as described from the upper beak
and ectethmoid region in birds. The '"radical-pair model"
proposes magneto-reception based on the modification of
chemical processes in photopigments in the eye, where the
modifications depend on the alignment of pigment molecules in
the ambient magnetic field. Behavioral tests with migratory birds
provide evidence for both hypotheses. For the first, a short, strong
magnetic pulse designed to affect magnetite particles led to a
marked change in the prefered directions, thus indicating the
involvement of magnetite-based receptors. At the same time, tests
showed that birds require light from the blue-to-green part of the
spectrum for migratory orientation, and that this orientation can
be disrupted by HF-fields in the MHz-range, indicating the
involvement of photopigments and a radical-pair mechanism. The
test-design of the various studies and the specific responses of the
birds, as well as electrophysiological studies, suggest that light-
dependent radical-pair processes in the right eye mediate
directional information for compass use, whereas magnetite-
based mechanisms in the beak provide information on magnetic
intensity used in the navigational "map" and for the "trigger"
functions.
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Symposia

Symposium S01: Avian personalities
Conveners: Claudio Carere, Belgium; Irene M.
Pepperberg, USA

Drent PJ

Avian personalities: the Great Tit story

Netherlands Inst. of Ecology (NIOO-KNAW), Postbus 40, 6666
ZG, Heteren, The Netherlands, p.drent@nioo.knaw.nl

Like many vertebrates, including humans, birds frequently cope
with challenges in a changing environment to survive and
reproduce. The best evolutionary solution will be that individuals
are all flexible to be able to react in an optimal way to these
challenges separately. In most species, however, neuro-endocrine
and developmental constrains have resulted in genetically based
variation in neuro-endocrine processes that determine variation in
behavioural reactions towards mild challenges. As a consequence
of structural pleiotropy a lot of behavioral reactions towards
different challenges are correlated showing carry-over affects of
particular traits (such as aggressiveness) into different contexts.
So in an evolutionary context, selection will rather be on different
optimal behavioral compromises, than on the optimality in each
of the different challenges independently. This results in a
variation of packages of behavioral reactions, resulting in lower
plasticity on the individual level, referred to as coping strategies,
behavioural syndromes and personality in humans. Under
selection, these differences in behavior result in fitness
differences in life history traits, which influences the reaction
norms and cause modification in life-history traits. So selection
on life-history traits is indirectly also selection on behavioural
syndromes or personalities. Therefore variable environments and
frequency dependent selection could not only cause coexistence
of variation in life-history traits, but might also maintain variation
in personalities.The Great Tit (Parus major) is the only wild
animal species for which laboratory- and field- work is brought
together, thereby integrating genetic, mechanistic and
evolutionary aspects of personality. Here I show animal
personality in this species, its ontogenetic background, and fitness
differences under different circumstances which might contribute
to the maintenance of personality-types in the wild.

Pepperberg 1

Behavioral differences in Grey Parrots: Studies on
cognition and communication

Department of Psychology, Brandeis University, Waltham, MA
02454, USA, impepper@media.mit.edu

Grey Parrots (Psittacus erithacus) have been shown to exhibit
many complex cognitive and communicative abilities in a
laboratory setting. Their successes evidently rely on two factors:
an underlying neurological architecture that supports complex
information processing, and training that enables them to express
their capacities in ways measurable by human researchers.
Individual differences can affect both factors; but the quality of
the latter can be controled experimentally. Although training my
parrots to communicate in English speech generally enables me
to demonstrate their advanced cognitive capacities, occasionally
such training has interfered with success in tasks requiring a

specific type of complex information processing. For the same
two parrots, I describe results for two different tasks. In one task,
involving the ability to segment English speech sounds and
demonstrate phonological awareness, communication training, as
expected, enhanced success. In the other task, retrieval of an item
suspended from a long string in order to demonstrate means-ends
understanding, communication training unexpectedly inhibited
success. Individual differences can therefore be expressed in
ways that are not necessarily predictable and which encourage
further experimentation.

Cockrem J

Corticosterone stress responses and avian personalities
Massey University, Institute of Veterinary, Animal and
Biomedical Sciences, Massey University, Palmerston North, New
Zealand, J.F.Cockrem@massey.ac.nz

Stress responses are natural responses that help birds adjust to
changes in their external or internal environment. They are
characterized by activation of the adrenal axis and secretion of
corticosterone.  Corticosterone  increases blood  glucose
concentrations, promotes changes in behavior and has a variety of
other physiological actions. A feature of corticosterone responses
is that they can vary markedly among individual birds. We have
quantified individual variation in corticosterone responses in
Adelie Penguins (Pygoscelis adeliae) in Antarctica, and Great
Tits (Parus major), Japanese Quail (Coturnix japonica) and
chickens (Gallus gallus), and have found that the responses of
individual birds are generally repeatable. It is thus likely that
there is a genetic basis for this variation, although this has so far
been demonstrated only in the Japanese Quail. Behavioral
measures of fear in quail but not in penguins were related to
corticosterone responses, with quail selected for low or high
corticosterone responses showing differences in a range of
behavioral and physiological characteristics. These differences
are similar to those in Great Tits considered to have different
coping styles or personalities. Birds with proactive coping styles
are likely to be more successful in a relatively constant
environment whereas the more cautious style of reactive animals
may be more successful in a changing environment. There is no
optimal coping style or corticosterone response for all situations.
The relative proportions of individuals with each coping style
will differ between populations of the same species and between
species of birds. This could in turn have ramifications for species
that experience habitat changes as consequences of global
warming, where the ability of populations and species to adapt to
such changes is influenced by the proportions of individuals with
each coping style.

Stowe M, Kotrschal K

Personality determines whether social context
facilitates or delays exploration in Common Ravens
Konrad Lorenz Research Station, A-4645 Griinau 11, Austria,
m_stoewe@hotmail.com, kif.gruenau@telecon.at

The presence of conspecifics tends to encourage object
exploration and learning. Factors such as individual personality
and social relationships, however, may also modulate approaches
to novel objects in such circumstances. We examined individual
consistency in exploratory behavior over development in
Common Ravens (Corvus corax), as well as the effects of social
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context on it. We confronted 11 hand-raised ravens individually
at three and six months of age with novel objects, and also tested
them in different dyadic combinations at six months. Individuals
were consistent over development and contexts, alone and social,
in their response to a variety of novel objects. We defined
individuals as “fast” and “slow” explorers on the basis of their
latency of approach when tested alone. Whether social context
hastened or delayed approach to novel objects depended on the
coping style of an individual. In “fast” birds, the presence of a
conspecific delayed the approach to novel objects. In “slow”
birds, in contrast, approach was hastened in dyads. The more
socio-positive (sitting in close proximity) the behavior in a dyad,
the faster the second bird followed the first in approaching novel
objects. Even so, individual personality seems to be the main
determinant of exploratory behavior in social contexts.

van Oers K', Drent PJ?, Kempenaers B'

Personality and promiscuity in the Great Tit

(1) Max-Planck Institute for Ornithology, Department of
Behavioral Ecology and Evolutionary Genetics, PO Box 1564, D-
82319 Starnberg (Seewiesen), Germany, oers@orn.mpg.de,
b.kempenaers@orn.mpg.de (2) Netherlands Institute of Ecology
(NIOO-KNAW), Department of Animal Population Biology, PO
Box 40, 6666 ZG, Heteren, The  Netherlands,
p.drent@nioo.knaw.nl

Why females engage in extra-pair matings is a central issue in a
dynamic debate. It is generally assumed that in doing so, they
obtain genetic benefits for their offspring. Two types of
mechanisms have been proposed in explanation: the ‘good genes’
and the ‘compatible genes’ hypotheses. In both cases, personality
may play a role, as female Great Tits (Parus major) of a given
personality vary in fitness benefits according to male mate. Since
advantages of personality type are dependent on environmental
circumstances, females, independently of their own personality,
need to choose those genes which give their offspring the best
chances of recruitment in good and bad conditions. In this study,
we examined the relationship between extra-pair paternity and
personality. Blood samples of adult birds were collected between
autumn 2002 and summer 2005, and samples of 478 juveniles
from 58 nests, and 331 from 43 nests were collected during the
breeding seasons of 2003 and 2004 respectively. Parentage was
assessed by genetic screening of microsatellite markers specific
to Great Tits. In our study, we found no evidence for the ‘good
genes’ hypothesis. Males that had extra-pair young were not
heavier or larger than the males they cuckolded; and extra-pair
young were not heavier than within-pair young. However, we
found that extra-pair offspring were more frequent in the broods
of some pair combinations than others. In other words, broods of
assortative pair combinations had a higher chances of including
extra-pair offspring than dissassortative pairs. These extra-pair
offspring were of males that had personalities different from
those of the mated males. Such results suggest that pairs which
are more alike in behavior seem to be less compatible, perhaps
meaning that Great Tit females which engage in extra-pair
copulations choose males with genes that are better matched than
those of their own partners to improve the fitness of offspring.

S02: New insights into the sense of smell in
birds: from foraging behavior to individual
recognition

Conveners: Francesco Bonadonna, France; Gabrielle
Nevitt, USA

Wenzel BM

Avian olfaction: then and now

David Geffen School of Medicine, Dept. of Physiology, University
of California, Los Angeles, CA, USA, bwenzel@ucla.edu

Avian olfaction has been a small but persistent research topic for
the last half century. For an entire symposium to be devoted to it
testifies to growing understanding of its importance in avian
behavior, physiology and ecology. Without Bang's early papers
describing the anatomy of the olfactory cavity along with the
development of olfactory mucosa in several avian species, or his
and Cobb's measurements of the olfactory bulb in over 100
species, avian olfaction as a serious research topic might have
had little appeal. It seems appropriate, therefore, to dedicate this
symposium to the late Betsy G. Bang. Beginning in the early
1960s, my laboratory studied the neuroanatomy and
neurophysiology of the avian olfactory system as well as
behavioral effects of olfactory stimuli. Over the years, other
laboratories have taken up these topics, and by now a good body
of research has been produced, most on behavioral aspects of
olfaction. This emphasis is an essential contribution to avian
biology because the ultimate question for avian olfaction is how
birds use their olfactory systems.

Nevitt G

The odor world of sub-Antarctic Procellariiform
seabirds

University of California-Davis, NPB, 1 Shields Ave, Davis CA
95616, USA, ganevitt@ucdavis.edu

Procellariiform seabirds (the petrels, albatrosses and shearwaters)
have among the largest olfactory bulbs of any bird. Though often
overlooked by seabird ecologists, this observation suggests that
variation in the ability to smell is relevant to understanding how
members of this group interact with the environment in a variety
of ways. Procellariifom seabirds are unique in that they spend
nearly all their lives at sea foraging for patchily-distributed prey
resources; they are tied to land only to breed and rear offspring.
My presentation will explore how different procellariiform
seabirds use olfaction to forage and to relocate their nest sites in
the colony. Our approach has been to integrate sensory data
collected from empirical studies with detailed knowledge of diet,
foraging ecology, and atmospheric chemistry to build a
conceptual model for how birds use odors to locate prey and
navigate back to colony sites. This work has focused on Southern
ocean species assemblages. Our results suggest that (1)
procellariiform seabirds use odor landscapes at different spatial
scales, and that (2) different species can utilize distinct sensory
strategies for locating prey patches and nest sites. In parallel, we
are beginning to investigate how olfactory behaviors develop
even before fledglings leave the nest. These and other studies
have opened the door to an intriguing new area of sensory
ecology with respect to the use of personal odors in individual
recognition.
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Gagliardo A', Odetti F', Savini M', Ioalé¢ P', Pecchia T?
Vallortigara G*

Olfactory lateralization in homing Rock Doves

(1) Dipartimento di Biologia, Universita di Pisa, Italy,
agagliardo@biologia.unipi.it (2) Dipartimento di Psicologia,
Universita di Trieste, Italy

It has been shown that homing pigeons (Rock Doves, Columba
livia) rely on olfactory cues to navigate from unfamiliar locations.
The integrity of the olfactory system, from the olfactory mucosa
to the piriform cortex in the brain, is in fact a necessary condition
for navigation over unfamiliar areas. Recent studies show that
there is also a functional asymmetry in the piriform cortex in its
involvement in the use of the olfactory navigational map, the left
piriform cortex being dominant. To further investigate
lateralization of the olfactory system in relation to navigation, we
performed an experiment comparing performance in pigeons
released with either the left or the right nostril plugged. Contrary
to expectations, orientation was impaired initially in those birds
with the right nostril plugged, evidently resulting from the
projection of olfactory bulbs ipsilaterally to the piriform cortex.
Even so, both groups with plugged nostrils performed more
poorly than control pigeons in their homing. The observed
asymmetry favoring the right nostril could be due to contralateral
projections from the olfactory bulbs to the globus pallidum in the
brain, a structure involved in motor responses.

Hagelin JC

Social behavior and odor function of a tangerine-
scented seabird

Swarthmore College, Dept. of Biology, 500 College Ave,
Swarthmore, PA 19081, USA, jhagelil @swarthmore.edu

The Crested Auklet (dethia cristatella), a monogamous seabird,
exhibits a seasonally eclevated, tangerine-like scent that is
associated with a striking courtship display. During the “ruff-
sniff,” birds rub their beaks repeatedly in the scented nape of a
display partner, in a manner that provides a conspicuous
behavioral mechanism for odor transmission and the potential for
scent assessment during intra- or intersexual selection. Over three
years of field and captive experiments, we have examined how
Crested Auklets respond to their unusual scent, and how odor
relates to social behavior. Wild birds placed in a T-maze
preferentially oriented toward the scent of conspecific plumage
and toward a synthetic mixture of the seasonally-elevated
chemical components. Both sexes also approached artificially
scented models (round skins) of male auklets more closely than
unscented controls of either sex. Scent alone did not, however,
elevate the display frequency of approaching birds. In the field it
is difficult to follow the social behavior of specific individuals in
a colony of 100,000+ birds. However, in captivity, we can more
easily follow odor profiles of individuals over time and relate
odor concentration to social status. In a captive population (n=11)
two key components of feather scent (cis-4-decenal and decanal)
and a plumage ornament (crest length) were significant predictors
of social rank. Both chemical compounds showed a positive
relationship with male social status, and are consistent with field
data indicating that odor may be more emphasized in males. Odor
within the population also exhibited a significant decline in
concentration over the course of the breeding season. The pattern
of scent loss suggests that odor behaves similarly to other

secondary sexual traits (crests, orange beak plates, auricular
plumes) and may serve as an olfactory ornament.

VanBuskirk R, Nevitt G2

The developmental environment of tube-nosed seabirds
and the evolution of their foraging behavior

(1) California State University, Long Beach, Department of
Biology, Long Beach, CA, 90840, US4, rvanbusk@csulb.edu (2)
University of California, Davis, Section of Neurobiology,
Physiology and  Behavior, Davis, CA, 95616, USA,
ganevitt@ucdavis.edu

The evolutionary origins of foraging behavior in tube-nosed
seabirds (Procellariiformes) are poorly understood. Moreover,
proximate factors affecting their foraging ecology, such as the
influence of developmental environment on sensory systems,
have yet to be addressed. Here we apply comparative methods
based on current procellariiform phylogenies to identify
associations between sensory modalities and the developmental
environment that may underlie the evolution of complex foraging
behavior. We postulate that, for burrow-nesting species, smell is
likely to dominate the sensory world of the developing chick. For
on-ground-nesting species, in contrast, chicks receive exposure to
a range of visual, auditory and olfactory cues. We employ
maximum likelihood algorithms to test models of correlated trait
evolution between nesting habit and olfactory foraging style, and
to reconstruct the ancestral states of these characters when coded
as binary states. Our results suggest that nesting behavior has
evolved in conjunction with foraging style. Based on this
analysis, we propose that nesting on the surface was a life history
innovation that opened up a new developmental environment
with profound effects on the foraging ecology of tube-nosed
seabirds.

S03: Emerging issues in cooperative breeding

research
Conveners: Jeff Walters, USA; Jan Komdeur, The
Netherlands

Hatchwell BJ, Sharp SP

Kin selection and recognition mechanisms in avian
societies

University of Sheffield, Department of Animal & Plant Sciences,
Sheffield, S10  2TN, UK,  b.hatchwell@sheffield.ac.uk,
s.sharp@sheffield.ac.uk

Helpers in cooperative breeding systems are generally considered
to be making the best of a bad job when constrained from
independent breeding. The fitness benefits of helping that
outweigh the costs of caring for non-descendant offspring can be
described as direct (enhanced current or future reproduction by
the helper) or indirect (the kin-selected benefit of increasing the
productivity of relatives); the relative importance of these sources
of fitness has been the subject of extensive debate since the
inception of long-term studies on cooperative breeders. The aims
of this paper are to quantify the fitness consequences of
cooperation in the Long-tailed Tit (degithalos caudatus) and to
determine the mechanism through which kin-directed cooperative
behavior is achieved. First, we show that kin-selected fitness
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benefits represent a substantial component of inclusive fitness in
this species, and the sole source of fitness for many individuals;
we also consider the conditions necessary for kin-directed
behavior to evolve and the life history and demographic traits that
create the potential for kin selection to operate. Second, we show
by observation and experiment that learned vocal recognition
cues and a simple rule of thumb provide the basis for kin
discrimination in this species. However, this recognition rule may
not permit fine discrimination among kin of varying relatedness.
Finally, we discuss the implications of kin selection and
recognition mechanisms for variation in the contribution of
helpers to brood care among cooperative breeding systems.

Ekman J

The group living route to cooperative breeding
Population Biology, Evolutionary Biology Centre, Uppsala
University, Norbyvigen 18D, SE-752 36 Uppsala, Sweden,
Jan.Ekman@ebc.uu.su

Cooperative breeding is defined by three or birds attending a nest.
In breeding families, retained offspring usually act as the extra
birds. Group-living in cooperatively breeding families has been
ascribed to a unique process where the offspring should forego
dispersal for constraints on opportunities for independent
breeding and where group cohesion is maintained by retained
offspring providing alloparental care. Yet, the route to
cooperative breeding families is a sequential process. Philopatric
offspring remain with their parents, and in this respect
cooperatively breeding families form no exception to general
group living. A growing body of data shows that the offspring
can stay without providing help-at-the-nest suggesting that
alloparental care may be an emergent property of group living.
Group living can be decoupled from constraints on independent
breeding and being non-breeding either as 'floater' or in a group
outside the natal territory is the alternative to philopatry. To
remain in the family and be able to act as an alloparenting extra-
bird the offspring must resist the temptation to leave. Then
parental tolerance providing the offspring with access to
resources that they will be denied elsewhere is likely to be a
cornerstone of a kin association selecting for delayed dispersal in
cooperative breeders. It is only after that dispersal has been
delayed that there is a potential for inclusive fitness gains from
kin cooperation providing the evolutionary impetus for evolution
of alloparental care. Selection for delayed dispersal seems
required to maintain alloparental care in species where
cooperative breeding is an inherited ancestral trait. Behavioral
plasticity in species from lineages where delayed dispersal and
cooperative breeding has deep historical roots suggests that the
phylogenetic bias may reflect a design-driven response to current
selection rather than evolutionary inertia.

Eguchi K', Yamaguchi N?, Ueda K? Takagi M’, Nagata
H* Noske R’

Social structure and helping behavior in the Grey-
crowned Babbler

(1) Dept. of Biology, Faculty of Science, Kyushu University,
Fukuoka 812-8581, Japan, kegucscb@mbox.nc.kyushu-u.ac.jp
(2) Dept. of Life Science, Rikkyo University, Nishi-lIkebukuro,
Tokyo 171-8501, Japan (3) Dept. of Biology, Osaka City
University, Sugimoto, Osaka 558-8585, Japan (4) National
Institute for Environmental Studies, Tsukuba 305-8506, Japan (5)

School of Science and Primary Industry, Charles Darwin
University, Darwin, NT0909, Australia

A study of cooperative breeding in the Grey-crowned Babbler
(Pomatostomus  temporalis) was conducted near Darwin,
Australia, during 2002 - 2004. The mean size of 14-22 territorial
groups over three years was 4.21, 3.85 and 4.59 respectively,
most groups comprising single monogamous pairs with 1 - 7
auxiliary birds. We found no floaters. Sex ratio was almost unity
in each of the 3 years. Auxiliaries included philopatric offspring,
immigrating juveniles and immigrating sexually mature birds.
Adult females moved more frequently between groups than males
and often obtained breeding status in forwarding territories.
Clutch size was 1-4 eggs (mode 2), and joint-nesting was
observed. Pairs without helpers never produced fledglings, and
members were often doomed to separate, suggesting that this
species is an obligate cooperative breeder. However, for groups
with helpers, there was no significant correlation between the
number of fledglings and that of helpers. Breeding females
incubated exclusively. Although most members of groups
provisioned chicks, there was high variance in the contributions
of members, some birds giving no help at all. Total provisioning
rate was higher in larger than smaller groups, but the difference
was not significant. All members of each group slept in a
communal roost at night and foraged together by day. Because
solitary birds may suffer low temperatures at night, food
shortage, and harassment from groups, selection in this species
should favour individuals joining established groups. Small
groups need to recruit helpers for self-maintenance and to
enhance reproductive success. Under such situations, breeding
groups comprise both kin and non-kin helpers, and, therefore,
fitness benefits and the reasons for joining groups must vary
among auxiliaries.

McDonald PGI, Kazem AJN2, Clarke MF? , Wright 7
Altruistic acts as indicators of quality in a cooperative
breeder: Are helpers-at-the-nest ‘showing off’?

(1) University of Wales Bangor, School of Biological Sciences,
Bangor, Gwynedd LL57 2UW, UK, and Department of Zoology,
La Trobe University, Bundoora, Victoria 3086, Australia,
paul.mcdonald@bangor.ac.uk (2) Norwegian Univ. of Science &
Technology (NTNU), Institute of Biology, NTNU, Trondheim, N-
7491, Norway,anahita.kazem@bio.ntnu.no,
Jjonathan.wright@bio.ntnu.no (3) Department of Zoology, La
Trobe University, Bundoora, Victoria 3086, Australia, Australia,
m.clarke@latrobe.edu.au

Explanations of why helpers incur the costs of altruistic acts have
typically centered upon fitness benefits associated with kin
selection. However, an alternative explanation is that altruistic
acts may be signals used to impress third parties, from which
benefits are derived. The propositions of the two main ‘signaling’
hypotheses are that helping may act as (1) an indicator of quality
and improve breeding opportunities (‘social-prestige’), and/or as
(2) a means of securing group membership and associated
benefits (‘pay-to-stay’). We examined helping behavior in the
light of these expectations in colonies of the cooperatively-
breeding Bell Miner (Manorina melanophrys), for which levels
of relatedness between individuals had been genetically
determined. In this species, the majority of helpers are male,
often assisting concurrently at multiple nests. Helpers are
typically related to the breeding pair that they assist, as predicted
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by kin selection. High turnover of breeders, nevertheless, means
that older attendants tend to be unrelated to the broods they aid,
suggesting alternative functions of helping. During provisioning,
furthermore, individually distinct calls are given by helpers,
potentially allowing conspecifics to monitor individual helping
effort. We recorded provisioning by helpers at nests before,
during and after a potential audience (either breeding male or
female) had been removed for several hours. For a subset of
observations, we also simulated the auditory presence of the
removed bird by playing back its provisioning calls. Preliminary
analyses indicate that playback provoked greater helper feeding
rates than did removal of the breeding female alone, consistent
with a form of ‘prestige’ signaling. Experimental work is ongoing
to provide the first critical test of these ideas outside of humans.

Rubenstein D

Kin selection, extra-pair paternity, and mechanisms of
reproductive suppression in the plural cooperatively-
breeding Superb Starling

Cornell University, Department of Neurobiology and Behavior,
Seeley G. Mudd Hall, Ithaca, NY 14853, US4,
drr24@cornell.edu

To understand why avian cooperative breeding systems have
evolved, both the reasons why subordinates act as helpers and the
mechanisms underlying this reproductive suppression need to be
known. 1 studied the plural-breeding Superb Starling
(Lamprotornis superbus) which lives in groups of 10-35
individuals on a group territory with 2-5 breeding pairs that nest
separately and are supported by helpers of both sexes. I combined
behavioral observations, microsatellite studies of parentage and
relatedness, and analyses of sex and stress hormones to
understand why helping has evolved and how reproductive roles
are governed. Direct reproductive benefits for helpers appeared to
be low. There was no evidence of brood parasitism by females.
Extra-pair fertilizations by males accounted for less than fifteen
percent of all offspring, and only five percent of these were
fathered by helpers. In contrast, the indirect benefits of helping
appeared to be high for both sexes, and kin selection probably
explains helping behavior. Since direct fitness benefits for helpers
are low and helpers often aid non-kin, I examined the
mechanisms underlying reproductive suppression. I tested four
hypotheses involving the developmental, environmental, and
social factors that may govern breeding roles. Although one-year-
old males never bred socially and had lower levels of testosterone
than older birds, they did secure some extra-pair fertilizations,
suggesting that they were physiologically capable of breeding.
Moreover, although some two-year-old males did breed, most did
not, even though unpaired, unrelated females were present.
Contrasting predictions from the reproductive inhibition and
social suppression hypotheses were also tested to determine
which of environmental and social stress influenced reproductive
roles the most. Social factors appeared to play an important part
in governing reproductive roles, particularly in years when
environmental conditions were extreme.

S04: Male and female contributions to

biparental care
Conveners: Keith Hamer, UK; Douglas Mock, USA

Székely T

Sexual conflict over parental care

University of Bath, Bath BA2 74Y, UK, T.Szekely@bath.ac.uk
Should parents cooperate to raise young, or abandon their mate
and seek a new partner? Parental care is costly, so each parent
often does better by shifting the hard work of raising young
entirely to their mate. Surprisingly, however, biparental care is
common among many avian taxa. I explore the fundamental
reasons of parental cooperation: limited mating opportunities and
the demands of the offspring for care. Recent comparative
phylogenetic analyses and field experiments are used to test why
parents cooperate to raise their young in some bird species, but in
others abandon their brood and seek out new mates.

Hamer K

Sex differences in contributions to biparental care: does
size matter?

Institute of Integrative and Comparative Biology, University of
Leeds, LS2 9JT, UK, k.c.hamer@leeds.ac.uk

About 90% of bird species have biparental care, with both sexes
contributing to the provision of food for offspring. Male and
female parents need not, however, contribute equally to food
provisioning, and sexual conflict over how much each individual
contributes is inescapable except under true monogamy. Sexual
differences in foraging behavior and food provisioning rates of
offspring have been recorded in a number of socially
monogamous but sexually size dimorphic species, and these
differences are usually ascribed to the influence of body size on
foraging efficiency and competitive ability. Recent evidence,
however, has indicated that differences between males and
females in foraging and food provisioning behavior can occur in
the absence of sexual size dimorphism, although the reasons for
this occurrence are unclear. Here 1 explore this phenomenon
using data from my research group and research partners for
different species of seabirds, a group in which biparental care is
universal. I examine differences between males and females in
foraging locations, dive depths and behavior at sea, and I
compare the responses of males and females to solicitation for
food by their offspring. Results are then discussed in the context
of parent-parent and parent-offspring conflict and collaboration,
and the evolution of reversed sexual size dimorphism.

McNamara J', Houston A', Barta Z*

When should females prefer to raise young with low
quality males?

University of Bristol, Department of Mathematics, University
Walk, Bristol, BS8 1TW, UK, john.mcnamara@bristol.ac.uk,
a.i.houston@bristol.ac.uk  (2)  University  of  Debrecen,
Department of Evolutionary Zoology, Debrecen, H-4010,
Hungary, zbarta@delfin.unideb.hu

Understanding the interactions between males and females over
parental care is complicated because of various feedbacks. We
present a model in which males vary in quality. The value of
offspring depends on both the quality of a male and its level of
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care. Level of care will depend on its opportunity for further
matings, which depends, in turn, on its attractiveness. The
attractiveness of a male thus depends not only on its quality, but
also on the level of care that it will provide. These components
cannot be considered in isolation. In the absence of extra pair
copulations (EPCs), we analyse circumstances in which a female
should prefer to raise young with a low quality male because of
its capacity to provide better care than a high quality male. When
EPCs are possible, there is the extra complication that parental
input from the social partner will be affected by paternity. We
identify circumstances in which a female should prefer to raise
young with a low quality male while giving EPCs to high quality
males, despite potential constraints on the level of care from the
social partner.

Laaksonen T', Lessells K*

Maternal effects as mediators of sexual conflict over
parental care

(1) University of Turku, Section of Ecology, Dpt. of Biology, FI-
20014, Finland, toni.laaksonen@utu.fi (2) Netherlands Institute
of Ecology

Evolutionary theory predicts that male and female parents have
different optima in the investment they make in their offspring, as
it would advantage one parent if the other were to bear a greater
share of total parental investment. This sexual conflict arises from
a trade-off between parental investment and future reproductive
success, and the fact that the parents do not share the same
genetic interests because they are not related. Very little is known
about the ways in which one parent can make the other to work
relatively more. For the female, one such way could lie in
manipulating the behavior of offspring. Recent research indicates
that hormone levels in developing eggs affect the subsequent
begging behavior of chicks, which in turn affects parental feeding
response. This offers females a chance to manipulate the parental
investment of male partners by altering the level of hormones in
the eggs. We present results of an experimental test of this novel
idea in a wild Pied Flycatcher (Ficedula hypoleuca) population.
We broke the environmental and genotypic links between
offspring and parents experimentally through cross-fostering the
eggs. One egg per brood was sampled for hormones. Data will be
presented showing how much of the variation in relative parental
investment by each sex is explained by pre-hatching hormonal
levels in the young. These results add to our understanding of the
ways in which birds may manipulate the parental investement of
their partner.

Kabat A', Phillips R?, Croxall J?, Woakes A', Butler P'
Parental foraging proficiency: The key to successful
fledging in the Black-browed Albatross?

(1) Behavioral and Ecological Physiology Research Group,
School of Biosciences, University of Birmingham Edgbaston,
Birmingham, BIS 21T, UK, a.p.kabat@bham.ac.uk,
A.J. Woakes@bham.ac.uk, P.JBUTLER@bham.ac.uk 2)
Biological Sciences Division, British Antarctic Survey, Natural
Environment Research Council, High Cross, Madingley Road,
Cambridge, UK, raphil@bas.ac.uk, JPCR@bas.ac.uk

Rates of successful fledging vary greatly within species despite
similar environmental constraints. Some long-lived species of
seabirds improve breeding ability with increasing age and effort,
or with differences in body size, fat or protein reserves. Even

then, some pairs consistently fledge chicks more successfully
than others. The underlying reasons for this disparity, as well as
the extent to which phenotypic or genotypic influences affect
fledging success, remain unclear. Much of this variation may
nevertheless be determined by parental capacity to provide
adequate food for nestling growth, a capacity reflective of
foraging proficiency as only females above a minimum threshold
in condition attempt to breed. The present investigation uses heart
rate loggers on free-ranging Black-browed Albatrosses
(Thalassarche melanophrys) to estimate field metabolic rate for
determining why some breeding pairs are more successful than
others. By careful selection of 24 breeding pairs of similar age
and with known reproductive histories (12 successful, 12
unsuccessful), this study examines how energetic constraints and
parental investment affect fledging success. Metabolic and effort
data were used to calculate indices of foraging proficiency for
assessing the variation in parental provisioning to chicks, as well
as the partitioning of paternal and maternal investment. The study
also examines the extent to which foraging proficiency underpins
variation in long-term breeding performance and variability in
chick growth rates. This is contrasted with growth and overall
condition at fledging, as presumably those chicks in better
condition will have greater survival prospects, thereby providing
an overall estimate of fitness of both breeding pairs and their
offspring.

S05: Flexibility in mating signals and mate

choice: ultimate and proximate bases
Conveners: Keith Sockman, USA; Elizabeth MacDougall-
Shackleton, Canada

MacDougall-Shackleton E', Clinchy M?, Zanette L', Neff
B!, Wingfield JC3, Boonstra R*

Environmental quality, physiological stress and female
mating strategies in Song Sparrows

(1) University of Western Ontario, Dept. of Biology, London, ON
N6A 5B7, Canada, emacdoug@uwo.ca, Ilzanette@uwo.ca,
bneff@uwo.ca (2) University of Victoria, Dept. of Biology,
Victoria, BC V85 3N5, Canada, mclinchy@uwo.ca (3) University
of Washington, Department of Zoology, Box 351800, Seattle, WA
98195-1800, USA, jwingfie@u.washington.edu (4) University of
Toronto, Centre for the Neurobiology of Stress, Toronto, ON
MIC 144, Canada, boonstra@utsc.utoronto.ca

Ecological factors such as food availability and predator pressure
that affect reproduction and survival likely also affect life-history
traits such as mating strategies. We conducted a 2 x 2,
manipulative food addition plus natural predator reduction
experiment on Song Sparrows (Melospiza melodia) that
demonstrated: interactive food and predator effects on egg
production, nest survival and annual reproductive success, as well
as food and predator effects on the stress physiology of parents.
Here we report the effects on extrapair paternity. Extrapair
paternity was more frequent the more challenging the
environment. Correspondingly, females producing extrapair
offspring appeared more stressed since they had -elevated
corticosterone, significantly higher plasma glucose and elevated
free fatty acid levels, and were significantly more anaemic, than
females producing only within-pair young. There were no
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significant physiological differences between males with full
paternity and cuckolded males, nor were there significant
differences in size or symmetry between extrapair and within-pair
nestling brood-mates. Conceivably, females may be using
extrapair mating to diversify their offspring and so hedge their
bets in challenging circumstances. We suggest our results
highlight the importance of understanding both the ecological and
physiological context in which extrapair paternity occurs.

Sockman K

Neural orchestration of mate-choice plasticity

University of North Carolina, Department of Biology, Chapel
Hill, NC 27599, USA, kws@unc.edu

Females choose among prospective mates based on signals that
may reflect male quality. In several songbird species, females
prefer males with longer or more complex songs over those with
shorter or simpler songs. Because constraints on the male can
compromise his song quality, this female preference may
ultimately be based on information that song contains about
environmental hardship experienced by the male. Females can
adjust their choice behavior according to the prevalence of
preferred song, presumably because environmental variation is
likely to influence the availability of preferred phenotypes. But
how this choice-plasticity is orchestrated by the brain is just
beginning to be unraveled. Studies using induction of the
immediate early gene ZENK as an indicator of neuronal activity
have revealed that the caudomedial mesopallium (CMM) and
caudomedial nidopallium (NCM) of the female auditory forebrain
are sensitive to song quality and respond proportionally to the
strength of the female's mate-choice behavior. In European
Starlings (Sturnus vulgaris), long songs are preferred by females
and induce higher ZENK induction in the CMM and NCM
compared to short songs. Experimentally reducing the prevalence
of long songs reduces this forebrain sensitivity to song length,
raising the possibility that the songbird auditory telencephalon
integrates social information that enables the female to adjust her
mate-choice threshold according to the availability of the
preferred phenotype. In some songbird species, the noradrenergic
system modulates song-induced auditory forebrain activity and
mate-choice behavior, suggesting a possible role for this system
in mediating the effects of social information on forebrain and
behavioral sensitivity to song quality. The presence of such a
system that can adjust its sensitivity to preferred traits based on
the prevalence of those traits would seem beneficial when the
availability of preferred mates varies.

Patricelli GL', Uy JAC?, Borgia G

Interactive signaling during mate choice in the Satin
Bowerbird: an experimental test using robotic females
(1) University of California, Section of Evolution and Ecology,
One Shields Avenue, Davis CA4 95616, USA,
GPatricelli@ucdavis.edu (2) Syracuse University, Department of
Biology, 108 College Place, Syracuse NY 13244, USA,
Jauy@syr.edu (3) University of Maryland, Department of
Biology, Biology-Psychology Bldg., College Park MD 20742-
4415, USA, borgia@umd.edu

Sexual selection in many species involves communication during
mate choice, as males display secondary sex traits to assessing
females. Male display traits are generally assumed to remain
constant throughout the mate choice process, but this may not be

so. Male success may rely on not only the production of attractive
traits but also on the ability to modify them in response to female
signals. In a field experiment using robotic females, we show that
such interactive signaling occurs during mate choice in the Satin
Bowerbird (Ptilonorhynchus violaceus). Males with higher-
intensity displays are preferred as mates, but intense displays can
frighten females early in the mate choice process. As females
assess potential mates, they signal the intensity of display that
they will accept, which increases as the process of choice
progresses. Males that modulate display intensity effectively in
response to female signals and startle females less often improve
their courtship success. Sexual selection for intense displays in
males, which can threaten females in one context and attract them
in another, may facilitate the evolution of interactive signaling
between the sexes, favoring females that signal acceptable levels
of display intensity and males that modify their displays in
response. Our results suggest that interactive signaling is
important for effective courtship in Satin Bowerbirds and may
have a more significant role in shaping the outcome of sexual
selection than has been recognized.

Hauber ME!, Woolley SMN?, Theunissen FE*

Learning, memory, and mate choice: Early experience
and neuronal discrimination of songs by female Zebra
Finches

(1) University of Auckland, School of Biological Sciences, 3
Symonds ~ Street, PB 92019, Auckland, New Zealand,
m.hauber@auckland.ac.nz (2) Columbia University, Department
of Psychology, New York City, NY, USA (3) University of
California, Department of Psychology, Berkeley, CA, USA
Songbirds, unlike most other vertebrates, show a remarkable
ability to recognise and imitate sounds and are ideal for the study
of the neuronal bases of vocal communication. Despite the role
that female choice plays in shaping the evolution of male sexual
displays, little is known about the auditory processing of acoustic
cues by female songbirds, especially in those species where
females do not sing. In female Zebra Finches (Taeniopygia
guttata), behavioral preferences for conspecific song develop in
the absence of tutoring, but discrimination between songs can
also be altered in females raised by heterospecific Bengalese
Finches (Lonchura striata). Here we demonstrate the same
duality of the ontogenetic paths of neuronal response selectivity
in the auditory forebrain areas of female Zebra Finches. Single
unit neurophysiological recordings showed consistently higher
mean spike rates for Zebra Finch songs compared to rates for
Bengalese Finch and Black-throated Finch (Poephilia cincta)
songs in control females reared by Zebra Finches. In contrast,
spike rates for Bengalese Finch songs were similar to rates for
Zebra Finch songs and higher than for Parson Finch songs in
females reared by Bengalese Finches. These results set the stage
for future work concerning the mechanism of neuronal
discrimination of song and the limited plasticity of auditory filters
and perceptual templates in female songbirds.
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Catchpole c', Spencer K?, Buchanan K°, Leitner S',
Goldsmith A

The developmental stress hypothesis, song, neural
development and mate choice in birds

(1) Royal Holloway, University of London, Egham, Surry, TW20
OEX, UK, c.catchpole@rhul.ac.uk (2) University of Bristol, UK
(3) Cardiff University, UK

Although there is now general agreement that the complex songs
of male birds have evolved through sexual selection, there
remains the question of how song complexity has become an
honest indicator of male quality in female choice. The
developmental stress hypothesis has recently been proposed as
one possible answer. Birds learn their songs in their first year
when the song control pathway in the brain is still developing. If
young males are subjected to some form of stress, such as food
shortage or disease, then individuals of lower quality may have to
divert resources away from systems such as the developing brain.
Only superior quality males can afford to pay the additional costs
of developing the song control pathway, and thus adult song
complexity may become an honest indicator of male quality. In
the Zebra Finch (Taeniopygia guttata), we found that nestlings
subjected to both nutritional stress and direct administration of
the stress hormone, corticosterone, developed less complex songs
as adults than controls. We also found that in both experimental
groups the main song control nucleus in the brain (HVC) was
smaller. Tested female Zebra Finches were able to discriminate
between stressed and non-stressed songs as well, showing
significant preferences for the latter. Recently we have infected
juvenile canaries with the malaria parasite and also followed their
song and brain development. We found that infected males
developed simpler songs as adults, and also developed a smaller
HVC in the brain. This last experiment not only supports the
developmental stress hypothesis, but also has implications for the
Hamilton-Zuk hypothesis of parasite-mediated sexual selection,
mate choice and the development of bird songs.

S06: Information and power: how are

conflicts at the nest resolved?
Conveners: Rebecca Kilner, UK; Hugh Drummond,
Mexico

Kilner R

The use and abuse of information in conflict resolution
at the nest

University of Cambridge, Dept. of Zoology, Downing Street,
Cambridge CB2 3EJ, UK, rmkl1002@hermes.cam.ac.uk
Evolutionary conflicts of interest within the family arise when
family members disagree over the optimal division of parental
investment. In theory, conflicts should be commonplace, yet
evidence of their existence in nature is scarce. One theoretical
explanation is that the conflicts have long since been resolved,
and this conceals the original disparity in parental investment
optima between the different parties. Here I will consider the
significance of information control in resolving conflicts of
interest at the nest. Recent work on passerine species suggests
that parents and offspring can both control information about the
costs and benefits associated with parental care. For example,

offspring might choose to advertize information about the
benefits they stand to gain from parental investment with their
begging display. Parents may signal the quality of care on offer
after hatching to their young, through differential hormonal
deposition in each egg.

Drummond H

Aggression in avian broods: from lethal violence to
rotating roles

Universidad Nacional Autonoma de Meéxico, Instituto de
Ecologia, AP 70-275, 04510 D.F., Meéxico,
hugh@servidor.unam.mx

While avian brood-mates generally compete for resources by
begging and scrambling for food, in some avian species it is
feasible and economically advantageous for brood-mates to use
physical violence and other forms of agonism. Self-feeding
precocial chicks scramble for food that is dispersed and use
aggressive exclusion and pursuit for food that is concentrated in
space. Parentally fed altricial and semiprecocial chicks establish
relationships of aggressive dominance to compete for food that is
concentrated at or near the outlet — the parental mouth.
Relationships of aggressive dominance vary from ritualized
“aggression-submission” in the Blue-footed Booby (Sula
nebouxii), with distinct aggressive and submissive roles for each
individual, to “aggression-aggression” in the Brown Booby (S.
leucogaster), in which the subordinate individual does not
assume a submissive role, and culminate in the extraordinary
“rotating dominance” of the Crested Ibis (Niponia nippon), in
which brood-mates take turns as attacker and submissive victim.
The nature of the aggressive dominance relationship seems to
depend on two ultimate factors: the cost of subordination, and the
degree to which brood-mates are confined together. Brood
hierarchies develop in precocial chicks mostly on the basis of
ranking fights, individual recognition and learned pairwise
relationships; those in altricial chicks develop mostly through
conditioning of general agonistic tendencies, assessment and
ongoing age-based inequalities. Rank in broods of altricial chicks
secures enhanced access to limited resources and improved
survival during the nestling period, but may be of limited
importance after fledging; rank in broods of precocial chicks
probably confers benefits in feeding competition and may also
boost rank and competitiveness in adult life.

Hillstrom L', Gieg J?, Lyon R*

Siblicidal behavior in relation to food availability in the
Cattle Egret: An experimental test of the food amount
hypothesis

(1) Institute of Math, Natural and Computer Science, University
of Gefle, S-801 76 Gefle, Sweden, Ihm@hig.se (2) Department of
Zoology, Univ of Oklahoma, Norman, OK, USA

By starting incubation before clutch completion, parents in
altricial species often induce a sibling hierarchy to facilitate
brood reduction. In species that practice siblicide, this is termed
siblicidal brood reduction. Parental investment theory predicts
that siblicide manifests conflict behavior. The food amount
hypothesis (FAH) maintains that sibling aggression should be
related to the amount of food that parents deliver to the nest.
Although there have been some observational studies supporting
this hypothesis, very few experimental studies have yet tested the
FAH under field conditions. Field work was carried out at a
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colony of Cattle Egrets (Bubulcus ibis) in Oklahoma, USA. Nests
were monitored from a blind during incubation and hatching until
days 20-25 post-hatch. Nests with 3 eggs and 3 (a, b and ¢) chicks
hatched were randomized in a triplet, so that each was subject to
one of the following three treatments: (1) b-chick fed every
second day starting from day 5 after hatching of a-chick, (2) c-
chick fed every second day as for b-chick, and (3) chicks in a
control nest shamfed. The feeding of chicks started on day 5 and
ended on day 15 post-hatch. Chicks were fed at the nest with
small pieces of mice, representing the average value of daily
metabolizable energy (DME) for a chick per day. In support of
the FAH, there was a significant negative correlation between
parental feeding rate and fighting rate between siblings (p<0.05).
In most cases, it was the last-hatched c-chick that was killed.
There was also individual variation in feeding behavior, some
parents allocating food differentially to c-chicks. When senior
chicks were sleeping, the parent would reurgitate (spared) food to
the still hungry c-chick, perhaps indicating that parent-offspring
conflict is solved by feeding junior offspring when sibling
fighting is quiescent.

Nager R

Chicks are not equal competitors: The influence of egg
quality on sibling rivalry

Division of Environmental & Evolutionary Biology, University of
Glasgow, Glasgow G12 8QQ, UK, r.nager@bio.gla.ac.uk
Families are characterized by distinct competitive asymmetries.
Usually they are thought to result from asynchronous hatching,
where the oldest sibling is also the largest and has a clear power
advantage. Hatching asynchrony results mainly from the
commencing of incubation before clutch completion, which is
under parental control. However, parents also produce offspring
that may differ in their inherent quality through differential
resource deposition in the eggs with respect to laying order.
Differential resource deposition is related to environmental
conditions during laying, and has well-documented effects on
offspring phenotype. Parents can then use information on the
expected future quality of their young to manage rivalry among
them so as to maximise reproductive success. The functional
significance of competitive asymmetries among siblings with
respect to egg quality is still poorly understood. Here I focus on
competitive asymmetries due to inherent differences between
siblings, and the consequences of direct manipulation of these
asymmetries on parental provisioning. Competitive asymmetries
are manipulated by hatching eggs in an order different from their
laying. In Lesser Black-backed Gulls (Larus fuscus), last-laid
eggs were made to hatch first and vice versa through swapping
eggs between clutches. Chick begging and agonistic behavior was
not only influenced by hatching order but also laying order.
Changes in interactions among siblings had a significant effect on
parental provisioning effort. Similar experiments in Black-legged
Kittiwakes (Rissa tridactyla) also reveal influences from laying
order on among-sibling behavior and had a significant effect on
fledging success. Both species thus provide evidence that parental
control of competitive asymmetries at the egg production stage
may fine-tune sibling scramble competition during the nestling
stage, with consequences for subsequent parental effort and
reproductive success.

Quillfeldt P, Masello JF

Sex-differences in growth and begging, and their
physiological basis

Max-Planck Institut fiir Ornithologie, Vogelwarte Radolfzell,
Schlossgasse 2, 78315 Radolfzell, Germany,
petra.quillfeldt@gmx.de

Mass differences between the sexes of dimorphic bird species
often appear early in nestling development. But how do parents in
sexually dimorphic species gauge how much to feed a chick? Do
chicks of the heavier sex beg more? We summarize available
information, and compare data from two species of
procellariiform  seabirds: Cory's Shearwater (Calonectris
diomedea), a species in which adult and nestling males are
heavier than respective females, and Thin-billed Prion
(Pachyptila belcheri), a sexually monomorphic species. Petrels
are especially suitable for studies of signaling at the nest, because
they have an obligate brood size of one, and thus the potentially
confounding effects of sibling competition are excluded. In order
to understand the physiological basis of sex differences in
behavior and growth, we further present and review data of sex-
specific differences in nestling hormones, and propose future
directions for study.

S07: Responses of birds to (over)fishing

Conveners: Bruno Ens, The Netherlands; Bob Furness, UK

Furness R

Responses of seabirds to prey depletion

Glasgow University, Institute of Biomedical and Life Sciences,
Graham  Kerr  Building, Glasgow GI2 80Q, UK,
r.furness@bio.gla.ac.uk

Harvesting reduces fish stocks, though it may increase production
so that the age/size structure of a fish population may shift in a
way that influences its quality as food for dependent predators
such as seabirds. Life history theory predicts that seabirds will
respond first to reduction in food abundance by changes in
behavior or breeding effort, buffering adult survival. Empirical
data show some support for this but also sometimes indicate a
trade-off in which survival of breeding seabirds may be reduced
by food shortage. The sensitivity of adult seabird survival rates
may be a feature of the detailed ecology of particular species, and
may be affected by ecological conditions such as the possibilities
for switching prey. Fishery managers may set a lower limit
biomass to protect fish stock recruitment, often at about 20% of
predicted unfished stock biomass. In some cases, this may be too
low a threshold to protect seabirds dependent on the fish stock.
Seabirds show correlations in breeding success with fish stock
biomass that indicate minimum densities of food required. These
are orders of magnitude more than the consumption by seabird
populations, so that a simple bioenergetics estimate of food
requirement fails to account for seabird food needs. Threshold
prey density also varies tremendously among seabird species, and
is clearly a function of the detailed ecology of each species. It is
possible to predict which species will be most sensitive to
declines in food supply. Sensitive species may be sentinels of the
'health’ of the marine ecosystem. For example, in the North Sea,
breeding success of the Black-legged Kittiwake (Rissa tridactyla)
is particularly sensitive to abundance and quality of sandeels.
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Seabird communities may nevertheless be affected by a variety of
interactions prompted by changes in fisheries; maintaining food
fish levels may not alone be sufficient where communities have
altered in composition over decades of fishing, as in the North
Sea.

Ens BJ', Rappoldt K*

Modeling the response of birds to (over)fishing

(1) Alterra-Texel, P.O. Box 167, NL-1790 AD Den Burg, The
Netherlands, Bruno.Ens@wur.nl 2) Ecocurves,
Kamperfoelieweg 17, NL-9753 ER Haren, The Netherlands

The immobility of shellfish, and their occurrence in intertidal
areas that are relatively easy to sample, has proven a major
advantage in the study of the impact of fisheries on top seabird
predators that depend on the same prey targeted by fishermen. It
has allowed for the development, the calibration and the
validation of models describing (1) how the size and the
distribution of the shellfish stock determine the distribution and
the number of shellfish-eating birds that can survive, (2) the
impact of the fishery and predation by the birds on the
distribution and the stock of shellfish. Fishery managers are
inclined to think that fishery will not harm the birds wintering in
an estuary, if they leave a shellfish stock that is roughly equal to
the total food consumption of the birds present at the start of the
winter. The modeling studies make clear that this physiological
food requirement does not suffice for the birds. A proper policy
of food reservation is based on the ecological food requirement,
which is several times higher than the physiological food
requirement. It takes account of the fact that for a variety of
reasons, the birds can only harvest a fraction of the total food
supply. Shellfish lose mass during winter and die of other reasons
than bird predation or fishery. Furthermore, the birds cannot feed
profitably on shellfish that are too small or occur in densities that
are too low. Birds nevertheless interfere at high bird densities and
this puts a limit to the exploitation of the best feeding areas. It
will be investigated whether these conclusions may also apply to
systems that are less easily studied empirically.

Lorentsen S-H', Grémillet D, Sjetun K3

Great Cormorant foraging activity concomitant with
kelp harvesting

(1) Norwegian Institute for Nature Research, Tungasletta 2, 7485
Trondheim, Norway,shl@nina.no (2) Centre d’Ecologie et
Physiologie Energétiques, 23 rue Becquerel, 67087 Strasbourg
Cedex 02, France (3) Institute for Marine Research, P.O. Box
1870 Nordnes, 5817 Bergen, Norway

Kelps (Laminaria spp.) form large underwater forests extending
from just below low tide to depths of 30 m in coastal temperate
seas. These forests are important as nursery grounds for juvenile
fish, and important habitats for top marine food-chain consumers
such as fish and seabirds whose distribution is often tightly linked
to them. Kelps are harvested in a number of parts of the world,
yet little is known of the effects that this harvesting has on fish
and seabird populations. Accordingly, the foraging activity of
Great Cormorants (Phalacrocorax carbo carbo) was investigated
in kelp beds outside central Norway during 2001-2003, in un-
harvested and harvested areas of different age. The occurrence of
juvenile fish was also counted in the same areas at the same time.
Cormorants equipped with radio transmitters revealed that the
birds foraged more often in kelp-forested areas than would be

expected from the extent of such areas. 85% of diet consisted of
gadid (Gadidae spp.) fish, which are often found in hard-bottom,
kelp-forested areas; the mean length of fish caught was 16.5 cm
(range 2-55 cm). Kelp harvesting reduced the abundance of
juvenile gadid fish (<15 cm) by 75-80%, an effect that persisted
for at least one year. In response, the cormorants altered their
foraging behavior to compensate.

Crawford RIM', Dundee BL?

Managing the responses of four seabirds to large
changes in the abundance of sardine and anchovy in the
Benguela upwelling system

(1) Department of Environmental Affairs and Tourism, Marine
and Coastal Management, Private Bag X2, Rogge Bay, 8012,
South Africa, crawford@deat.gov.za (2) Ministry of Fisheries
and Marine Resources, PO Box 394, Luderitzy, Namibia,
bdundee@mfmr.gov.na

The Benguela upwelling system off south-western Africa
supports large populations of sardine (Sardinops sagax) and
anchovy (Engraulis encrasicolus) that are harvested intensively
by purse-seine fisheries and which are also the main prey of four
endemic seabirds: African Penguin (Spheniscus demersus), Cape
Gannet (Morus capensis), Cape Cormorant (Phalacrocorax
capensis) and the nominate race of the Swift Tern (Sterna b.
bergii). Over the period of operation of the fisheries, there have
been large, long-term changes in fish abundance that have had
massive impacts on the seabird populations. Following the
collapse of the northern Benguela stock of sardine, for example,
the populations of penguins and gannets in that region declined
by 85% and 93%, respectively. Although natural, regime-scale
variability in fish populations is an on-going hazard, fishing has
the potential to alter this variability further, for example by
prolonging and deepening troughs in fish abundance.
International agreements and national legislation expect fishing
policy to take cognisance of the needs of dependent species. In
the Benguela system, efforts take account of the food
requirements of seabirds have included consideration of target
populations for seabirds and long-term (15-25 years) monitoring
of seabird parameters, with a view to developing an empirical
relationships between seabirds and their prey that would enable
the linking of sustainable management models for both. This
contribution will describe responses of the four seabirds to the
observed shifts in the abundance, distribution and species
composition of their prey resources. It will also canvass the use
such information towards achieving target populations for
seabirds.

Frederiksen M

Causes of seabird declines are complex: Kittiwakes,
climate and fisheries in the North Sea

Centre for Ecology and Hydrology, Hill of Brathens, Banchory
AB31 4BW, UK, mfr@ceh.ac.uk

Predatory seabirds can be adversely affected by human activities
in several potentially interacting ways. Thus impacts from
industrial fisheries competing for shared prey and marine
environmental change can together exacerbate population
declines. In the North Sea, Black-legged Kittiwakes (Rissa
tridactyla) have declined by >50% since 1990, a period during
which a Lesser Sandeel (dmmodytes marinus) fishery was active
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and profound oceanographic changes occurred. I collected
demographic data on the Isle of May, southeast Scotland, from
1986 to 2002, examined changes over time and correlations
between population parameters, the local sandeel fishery and
environmental factors, and incorporated the results in a
population model. Breeding success and adult survival were low
when the sandeel fishery was active between 1991-1998, and
both also correlated negatively with winter sea temperature, with
a one-year lag for breeding success. Modeling showed that the
observed changes in population parameters could explain the
change in population growth rate from +8% year-1 in the late
1980s to -11% year-1 in the late 1990s. Stochastic modeling
indicated that the population was unlikely to increase while the
fishery was active or sea temperature rose, and that population
decline would continue if both occurred. Sandeel recruitment is
reduced in warm winters, which probably explains the
temperature effects on kittiwake survival and breeding success.
The fishery also had a strong negative effect on demographic
performance, although the mechanism is unclear as kittiwakes
and fishermen target sandeels of different ages. This study shows
that adequate monitoring of the effects of fisheries and
environmental change on seabird populations needs to include
survival as well as breeding success, and that multiple factors
may act simultaneously. None should be assessed in isolation.

S08: Birds as Indicators of Environmental

Change
Conveners: David Noble, UK; Michel Louette, Belgium

Gregory RD', van Strien A%, Vorisek P’

Using birds as indicators of environmental change in
Europe

(1) Royal Society for the Protection of Birds, The Lodge, Sandy,
Bedfordshire SG19 2DL, UK, richard.gregory@rspb.org.uk (2)
Statistics Netherlands, PO Box 4000, 2270 FM Voorburg, The
Netherlands, asin@cbs.nl (3) Czech Society for Ornithology, V
Olsinach 449/41, CZ-100 00 Prague 10, Czech Republic,
EuroMonitoring@birdlife.cz

In 2002 world leaders pledged ‘a significant reduction in the rate
of biodiversity loss by 2010” and these commitments have been
echoed at regional and national levels. Meeting such
commitments requires a way of measuring progress towards the
targets and concerted conservation action to improve the status of
species and their habitats. Measurement alone poses a
considerable challenge because biodiversity trend information is
often sparse and patchy in its coverage of species and
ecosystems, and synthesis is rare. Delivering conservation action
on a sufficient scale and with sufficient intensity to bring about
change is a massive challenge. Here we use European birds as an
example to show how workable environmental indicators can be
constructed at national and continental scales, and show how they
can then be interpreted. We have developed statistical methods to
create national and supranational multi-species indices and
indicators based on data from national annual land bird surveys in
Europe. The resulting indicators show, for example, that common
farmland birds have declined steeply across Europe over the last
three decades. Evidence from elsewhere suggests that agricultural
intensification is the prime driver of biodiversity decline on

farmed land. We argue that, with some care, wild bird indicators
of this kind can often provide a useful proxy for ecosystem health
and trends in other elements of biodiversity. The purpose of such
indices is to communicate with and aid decision makers in
reviewing and formulating environmental policies. The indicators
we describe have been adopted by national governments in
Europe and by the European Union. Our work provides a
template for other taxa, habitats and regions, and provides a step
towards fully representative biodiversity indicators.

Sontag W', Louette M?

The potential of particular starlings (Sturnidae) as
indicators of habitat change

(1) Museum of Natural History, Ornithology, Burgring 7, 1010
Vienna, Austria, Walter.Sontag@nhm-wien.ac.at (2) Royal
Museum  for Central Africa, 3080 Tervuren, Belgium,
michel.louette@africamuseum.be

The some 110 species of starlings and mynas, Sturnidae, are a
highly successful group. Although many depend on trees, many
also adapt well to open habitats. Several predominantly open
country species have been introduced successfully; and some
have been brisk intruders, affecting native birds. Their success in
extending range seems to be connected to an ability to accept
habitats modified by humans. Thus habitat use in a typical open
country myna (Acridotheres tristis) and a forest myna (Gracula
religiosa) were investigated in primary and secondary habitats in
the Comoro Islands, where Acridotheres tristis is introduced, and
in Thailand where both species are native. The landscape of the
four Comoro Islands has been affected by man to a variable
extent. A. tristis was found not only in such open environments as
degraded mosaic habitat and tree plantations, but in isolated and
main forests as well. Secondary habitats were preferred, and the
myna is a good indicator of degradation here, forest habitat types
that it never entered in its native Thailand. In contrast, Gracula
religiosa was readily found in primary forests in Thailand, but its
distribution was heterogeneous. It tended to prefer sites
characterized by large trees, open forest and with open areas
nearby. Though clearly dependent on trees, G. religiosa may use
a much wider spectrum of forest types than other forest-living
birds. Additional observations of other starlings in Thailand also
suggest that they have potential to use a wide ecological niche,
and that there is marked plasticity in habitat use by particular
species, making them good indicators of rapid habitat change.

Fuentes EE, Olsen J

The ecology of raptor communities as an indicator of
habitat quality

Applied Ecology Research Group, University of Canberra, ACT,
2601, Australia, fuentes@aerg.canberra.edu.au

Indicator species of habitat quality are a useful tool for
biodiversity managers nowadays. Studies using such indicators,
however, are often limited to presence/absence or abundance data
of a few species, and rarely include more complex ecological
information. Here we argue that ecological studies of raptor
assemblages are good indicators of habitat quality, with wider
applications than studies incorporating only presence or
abundance data. Since 2002, we have been carrying out a long-
term study on the ecology of the raptor assemblage in the
Canberra region, southeast Australia. We found 11 of the 12
regional raptors breeding inside the city limits, something



J Ornithol 147 suppl (2006)

17

24th International Ornithological Congress, Hamburg, Germany, 13-19 August 2006

unusual in large urban centres that are commonly inhabited by
few species. As a whole, the assemblage showed high
reproductive success in comparison with other areas and years,
though this was not true for all species. Our study of hunting
behavior revealed little dietary overlap and use of a broad prey
base. Nor was diet dominated by one or two superabundant prey
species, indicating the availability of a complex animal
community ranging from macropodids to parrots and from turtles
to insects; such a community constitutes what could be called a
resource "umbrella" for the raptors. Concerning nesting
substrates, trees of native Eucalyptus were the main sites used,
but cliffs and exotic conifers, mostly Pinus radiata, were also
important. The species nested in a wide range of habitat types,
segregating themselves evenly through the landscape. Changes in
raptor density, breeding success, habitat use and hunting behavior
could thus be used to detect and monitor fluctuations in habitat
quality.

Ronkda MTH!, Saari L% Lehikoinen EA', Suomela J?
Environmental changes and population trends in
breeding waterfowl in the northern Baltic Sea

(1) University of Turku, Department of Biology, FI-20014 Turku,
Finland, mia.ronka@utu.fi, esa.lehikoinen@utu.fi (2) University
of Helsinki, Department of Applied Biology, P.O. Box 27, FI-
00014 Helsinki, Finland, lennart.saari@pp.inet.fi (3) Southwest
Finland Regional Environment Centre, P.O. Box 47, FI-20801
Turku, Finland, janne.suomela@ymparisto.fi

Seabirds are an important component of marine ecosystems,
usually as predators at the top of the food chain. They are
regarded as good indicators of environmental changes, and may
help to fill gaps in our knowledge of marine ecosystems under
stress. Most studies until now, however, have only documented
changes in seabird populations without going on to connect them
with environmental circumstances. We modeled the impact of
cutrophication, winter severity, weather conditions during
breeding and water salinity on breeding populations of ten
species of waterfowl in the Archipelago Sea off southwestern
Finland, using generalized linear models and the program TRIM
(TRends and Indices in Monitoring data). This is the first attempt
to show quantitatively the connection between changes in
waterfowl populations and several simultaneous environmental
events. The Goldeneye (Bucephala clangula), Eurasian Coot
Fulica atra) and Velvet Scoter (Melanitta fusca) declined with
increasing eutrophication. The Goldeneye, coot, Mallard (4nas
platyrhynchos), Mute Swan (Cygnus olor) and Common Eider
(Somateria mollissima) were most vulnerable to winter severity.
We did not find evidence for impacts of weather on breeding, or
of water salinity on population trends. Our results suggest that
eutrophication and severe winters, in particular, impact
negatively on waterfowl populations in north temperate seas. In
order to understand changes in seabird populations, there is a
need for long-term environmental data, as well as data on
population dynamics, such as breeding success and recruitment.
More also needs to be learnt about the dynamics of marine
ecosystems and the interactions between seabirds, their food
resources and the environment.

Burfield I', Butchart S2, Nagy S! van Bommel F!
Developing indicators for monitoring trends in the
status of threatened birds in Europe

(1) BirdLife International, —European Division Office,
Droevendaalsesteeg 3, P.O. Box 127, 6700 AC Wageningen, The
Netherlands,ian.burfield@birdlife-europe.nl,
szabolcs.nagy@birdlife-europe.nl,  frans.vanbommel@birdlife-
europe.nl (2) BirdLife International, Global Secretariat,
Wellbrook Court, Girton Road, Cambridge CB3 ONA, UK,
stuart.butchart@birdlife.org

In 2002, world leaders pledged to significantly reduce the rate of
biodiversity loss by 2010. Across Europe and the EU25,
governments set an even more ambitious target to halt
biodiversity loss altogether by 2010. To measure progress
towards these goals, the Convention on Biological Diversity
proposed a number of indicators for immediate testing. One of
these involves monitoring trends in the status of threatened
species. At a global level, BirdLife International, as part of the
Red List Consortium, has led the development of Red List
Indices (RLIs) to meet this need. Using data from the /UCN Red
List of Threatened Species, RLIs show overall changes in the
threat status or relative extinction risk of representative sets of
species over time. RLIs can be calculated for any complete set of
species for which Red List assessments have been carried out at
least twice. To date, global RLIs have been developed for birds
for 1988-2004 and for amphibians for 1980-2004. RLIs are a
very useful indicator of biodiversity loss at global scale, because
their high geographical representativeness compensates for
relatively coarse temporal resolution. At the scale of Europe or
the EU25, however, considerably more information is available
on population trends in a higher proportion of threatened birds.
There are also relatively few globally threatened birds in Europe,
so RLI trends are driven by fewer species and thus less robust.
Consequently, BirdLife International has been exploring other
potential indicators of trends in threatened birds in Europe, using
data from Birds in Europe. These include RLIs based on
assessments of regional extinction risk, and indices based on
population trends in threatened species. This paper evaluates the
relative strengths of such approaches, and describes the
improvements in monitoring schemes needed to support them.

S09: New tools and concepts in avian

conservation genetics
Conveners: Gernot Segelbacher, Germany; Jacob Hoglund,
Sweden

Piertney S

Avian conservation genetics in the era of genomics
University of Aberdeen, School of Biological Sciences, Zoology
Building, Tillydrone Avenue, Aberdeen AB24 2TZ, UK,
s.piertney@abdn.ac.uk

The central tenet of conservation genetics is the maintenance of
genetic diversity. High levels of genetic diversity minimise levels
of inbreeding depression in individuals, and maximise the
evolutionary potential of populations. Traditionally, levels of
genetic diversity in natural populations have been surveyed from
neutral markers, such as microsatellite length polymorphisms,
that have minimal adaptive or functional value. It is unclear to
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what extent neutral proxies accurately reflect levels of
ecologically meaningful genetic variation at functional genes that
will have direct impact on individual fitness and adaptive
potential in a changing environment. Conservation effort aimed at
maintaining adaptively important genetic diversity in natural
populations must be underpinned both by an understanding of the
molecular mechanisms that determine fitness-related traits, and
also how such diversity will vary in response to the changing
demographic structure and diverse selection pressures inherent in
natural populations. The advent of genomics has yielded
powerful new approaches for elucidating the genetic basis of
adaptation and fitness in non-model species, and determining the
spatio-temporal dynamics of fitness-related genes in natural
populations. Here I highlight some of the genomics tools that
have been used to define adaptive genetic diversity in avian
species, ranging from the isolation and characterisation of
candidate gene regions likely to directly impact individual fitness,
to genome-wide scans directed to determine multi-locus
responses to specific selection regimes. Specific examples,
primarily from my own work on grouse, are used to illustrate the
utility of the various approaches in a conservation context.

Keller L

Genetic consequences of small population size in birds
Zoological Museum, University of Zurich, Winterthurerstrasse
190, 8057 Zurich, Switzerland, lukas.keller@zoolmus.unizh.ch
The insight that genetic processes can lead to unusual patterns in
small populations is at least 240 years old. But to what extent
these genetic processes affect naturally small populations of birds
has only been the subject of close attention in the past 30 or so
years. | will first summarize what we know about one particular
genetic process, inbreeding depression. Data from birds make it
clear that severe inbreeding depression can occur in nature even
in isolated island populations. Furthermore, I will present data
that show that the degree of inbreeding depression can be
strongly affected by the environmental conditions to which the
birds are exposed. However, while evidence is accumulating that
the magnitude of inbreeding depression in natural animal
populations can be substantially modified by environmental
conditions, I will argue that inbreeding depression is not
necessarily always most pronounced when environmental
conditions are poorest. I will put the results obtained form birds
into a larger context and ask what we really know about
inbreeding depression in the wild and what we currently fail to
understand. Finally, I will touch on some of the other genetic
processes and ask how they affect small populations.

Segelbacher G

Genetic diversity in bird populations - what do we learn
for conservation?

Dept. Wildlife Ecology and Management, University Freiburg,
Tennenbacher — Str 4, 79106  Freiburg, Germany,
gernot.segelbacher@wildlife.uni-freiburg.de

Population fragmentation and isolation have extremely
detrimental effects both on the fitness and viability of extant
populations, and also on the evolutionary potential of species.
Population genetic structure is predicted to impact on population
persistence and long-term survival wherever small and isolated
populations run the risk of extinction. Most studies that have
attempted to monitor genetic diversity within and among

threatened populations have used so-called neutral genetic
markers to quantify variation. These markers are excellent for
estimating effective population size, migration rates and other
population genetic processes because, on the whole, they are not
affected by selection and hence genetic variation in them is
determined mainly by genetic drift. It is questionable, however,
whether neutral genetic variation is a suitable proxy for the
ecologically meaningful genetic variation required to maintain
populations as viable entities capable of adapting to habitat and
environmental change. I use Hazel Grouse (Bonasa bonasia) as a
model system to investigate how lowered genetic variability in
populations is affected by both population size and isolation, and
to estimate the potential impact of both of these factors. I
compare populations from within a continuous distribution (e.g.
boreal landscape) with contiguous populations (e.g. Alps) and
recently isolated populations to infer the effect of habitat
fragmentation on genetic diversity. I also discuss whether
heterozygosity is a useful indicator of population decline and will
contrast these findings with results from markers under selection.

Robertson B, Meathrel C

Do sampling rigor and methodology affect the genetic
differentiation of threatened populations and resultant
conservation strategies? A case study using Australia's
Pacific Gull

La Trobe University, Dept. of Environmental Management and
Ecology, Wodonga, VIC, 3747, Australia, brobson@dcsi.net.au,
c.meathrel@latrobe.edu.au

When assessing the degree of genetic differentiation between
separate species, geneticists, including those working on
Northern Hemisphere gulls, are faced with such issues as degree
of geographic separation and the potential for gene flow,
especially in ring species complexes. As a consequence, few, if
any, studies have examined the roles of sampling rigor (the
number of samples per site) and technique (nuclear versus
mitochondrial DNA sequencing, or a combination thereof) in
evaluating differentiation among species and populations within
species. Yet rigor and technique have potential to confound
research outcomes and resultant conservation strategies.
Australia’s only large endemic gull, the Pacific Gull (Larus
pacificus), has a total population of only about 9000 birds which
occur in five distinct, geographically isolated populations. As
such, they are an ideal model with which to test statistical and
methodological issues of within/between population variation in
avian conservation genetics.

Jamieson IG, Grueber CE

Neutral DNA markers and their limitations in inferring
inbreeding and kinship in endangered species with low
genetic variation

University of Otago, Dept of Zoology, Dunedin, New Zealand,
ian.jamieson@stonebow.otago.ac.nz, ¢_grueber@yahoo.co.nz
There has been an upsurge in the use of neutral molecular
markers to infer levels of inbreeding and relatedness in wild
populations of birds, and much has been made of their apparent
usefulness for conservation research. However, few of these
techniques have been tested on endangered species and fewer still
on species with relatively low genetic variation. We tested for
correlations between pedigree-based inbreeding coefficients (f)
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and marker-based heterozygosity in the highly endangered New
Zealand Takahe (Porphyrio hochstetteri), and examined different
approaches for comparing pedigree versus marker-based
estimates of pair-wise relatedness. Although the pedigree data
goes back seven generations and there is high variance in f,
Takahe have relatively low levels of heterozygosity (0.33) and a
low number of alleles per locus (2.1, n=9), both indicative of a
severe bottleneck. We found no significant relationship between
pedigree f and heterozygosity. The relationship between pedigree
vs. marker-based estimates of kinship was weak and varied
significantly depending on the software package used, with the
best results obtained from an allele-sharing approach. The use of
marker-based metrics to infer levels of inbreeding or kinship is
not straight-forward, and will work well only when many, highly
polymorphic markers are used. We therefore conclude that their
use in conservation research, especially in endangered species
with low genetic variation, will be relatively expensive and of
potentially limited value.

S10: The status of the House Sparrow in the

urban environment
Conveners: Jenny De Laet, Belgium; J. Denis Summers-
Smith, UK

Summers-Smith D', De Laet J*

The status of the urban House Sparrow in the world

(1) Thames Avenue 79, Guisborough TS 14 8A4J, UK,
Jjdss@tribology.co.uk (2) University of Ghent, Terrestrial Ecology
Unit,  Ledeganckstraat 35, B-9000  Ghent, Belgium,
famtrapp@scarlet.be

The House Sparrow (Passer domesticus) is unique among wild
birds in its close association with, indeed virtual dependence on,
man, not only in the agricultural environment, where presumably
this association first evolved, but also in built-up areas. It would
be expected that, with man’s dominance of the world, the future
would be bright for the bird, but it is now becoming evident that
this is not the case, particularly in the highly developed region of
western Europe. The urban decline has been the subject of much
speculation, but the reasons are not yet properly understood. This
is an interesting ornithological question. This presentation aims to
provide a summary of the present status of the House Sparrow in
urban areas and identify those areas of research that will provide
the necessary evidence to understand what is going on. Any
significant change in the population of a species, particularly a
dramatic decrease such as has occurred recently in urban House
Sparrows in western Europe, is clearly worthy of scientific study.
Application of the precautionary principle demands that we
identify the reason(s) for the decline in built-up areas, the prime
habitat for man, with the possibility that what is affecting House
Sparrows now could have an impact on us in the future.

Pfgach W', Vincent K* Ockendon N', Orsman C', Noble
D

Environmental causes of the decline of urban House
Sparrows: a review of the evidence

(1) Royal Society for the Protection of Birds, The Lodge, Sandy,
Bedfordshire SGI19 2DL, UK, willpeach@rspb.org.uk,
nancy.ockendon2@rspb.org.uk, chris.orsman@rspb.org.uk (2)
De Montfort University, Department of Biological Sciences,
Hawthorn Building, Leicester, UK (3) British Trust for
Ornithology, The Nunnery, Thetford, Norfolk IP24 2PU, UK,
david.noble@bto.org

There is good evidence that House Sparrow numbers have
declined markedly in many urban-suburban areas across Europe
during the past 20 years. London has experienced the largest
sparrow decline of any UK city, counts falling by 66% in just six
years (1995-2001). Despite much speculation there has until
recently been little evidence relating to the potential
environmental causes of these declines. Detailed studies of
reproductive success in suburban Leicester indicate that high
rates of chick starvation combined with low fledgling body mass
(a good predictor of post-fledging survival) provide a plausible
demographic mechanism for the large declines in local sparrow
numbers. Chicks were more likely to starve if their diet included
a relatively high proportion of vegetable material or a high
proportion of ants, and were less likely to starve if their breeding
localities contained relatively large areas of deciduous vegetation
and grass, and relatively high densities of aphids. Fledgling body
mass was lower in broods raised in highly urbanised localities
(i.e. in areas having high levels of air pollution and lacking
deciduous vegetation and grass). Thus, House Sparrow
productivity in suburban Leicester appears to be limited by the
effects of urbanisation on the availability of key chick
invertebrate prey. In London we are testing the hypothesis that
annual productivity and breeding densities of suburban House
Sparrows are limited by the availability of invertebrate prey for
chicks. Twenty-six breeding colonies are being provided with
supplementary protein (mealworms) throughout the breeding
season while paired control colonies remain unfed. Fledgling
sparrows were significantly more abundant at fed colonies than
un-fed colonies in 2005, but we will not know whether breeding
densities have responded to supplementary feeding until April
2006. The experiment is planned to continue for two further
breeding seasons.

Vincent K', Peach W2, Fowler J'

The breeding biology and nestling diet of the House
Sparrow in urban Britain

(1) De Montfort University, Faculty of Health and Life Sciences,
Leicester, LEI 9BH, UK, kate-vincent@hotmail.co.uk,
Jjafowler@dmu.ac.uk (2) RSPB, The Lodge, Sandy, Bedfordshire,
UK, will.peach@rspb.org.uk

We present findings of an investigation into the causes of
population decline in House Sparrows (Passer domesticus) in
urban Britain. New data are presented describing breeding
biology and chick diet across an urban-rural gradient in
Leicestershire. We found pronounced seasonal variation in
nesting success, with low egg and chick failure rates early in the
season but high rates of chick starvation during June and July.
More young fledged from home ranges that included extensive
areas of grass, deciduous shrubs and trees. Araneae, Homoptera,
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results suggest that agri-environment schemes provide moderate
benefits to farmland birds in most of the countries. With the
exception of Spain, however, they failed to enhance the species
most threatened by modern agriculture. The response of
individual species or functional groups is analyzed in a number of
countries to gain more insight in the mechanisms behind the
observed responses, and to produce recommendations to improve
the effectiveness of agri-environment schemes.

Evans A', Green R’

An example of a two-tiered agri-environment scheme
designed to deliver effectively the ecological
requirements of both localised and widespread bird
species

(1) RSPB, The Lodge, Sandy, Bedfordshire, SGI19 2DL, UK,
andy.evans@rspb.org.uk (2) Department of Zoology, University
of Cambridge, Downing Street, Cambridge, CB2 3EJ, UK,
reg29@hermes.cam.ac.uk

Intensification of agricultural practices over the last 50 years has
resulted in the impoverishment of the wildlife resource associated
with lowland farmland across much of Western Europe. This is
perhaps best documented in birds. In England, populations of 15
species associated with lowland farmland have fallen by between
50% and 100%. Several species have become rare and localised.
Others, formerly abundant and ubiquitous remain relatively
common and widespread, but nonetheless in need of conservation
action. Agri-environment schemes are widely held as a solution
to this generic problem. The efficacy of any scheme in recovering
the population of a given species will depend upon deployment of
effective prescriptive management in the right place. We argued
that a two-tiered approach is required in the design of any
scheme, to cope with the requirements of both localised and
widespread species. We illustrate this by using case studies of
two ground-nesting bird species, Stone-curlew (Burhinus
oedicnemus) and Skylark (Alauda arvensis), which share a
common cause of decline but for which the prescriptive
management and the means of deployment differ radically.

Kahlert J, Clausen P, Hounisen JP, Petersen IK

Response of breeding waders to agri-environmental
schemes may be obscured by effects of predation,
existing hydrology, and previous cultivation

National Environmental Research Institute, Dept. of Wildlife
Biology and Biodiversity, Grenaavej 12, DK-8410 Roende,
Denmark, jok@dmu.dk, pc@dmu.dk, jph@dmu.dk, ikp@dmu.dk
The initiation of agri-environmental schemes (AES) to create
more bird-friendly habitats for breeding waders may not show
expected benefits in all situations. We show this with results from
a long-term study of breeding waders on 469 permanent grass
fields in the Danish Wadden Sea, where an AES scheme has been
developed gradually since 2002. We had expected that more
waders would be attracted by improved retention of water during
the breeding period. Nevertheless, overall numbers of breeding
pairs did not change, even though Northern Lapwings (Vanellus
vanellus), Black-tailed Godwits (Limosa limosa), and Common
Redshanks (7ringa totanus) were brought to water in fields. From
2004, research was widened to identify factors constraining the
positive effects that had been anticipated. We found that many of
the fields in the core breeding area were already prone to high

water retention, even before AES initiation. Furthermore, some
AES fields had been cultivated previously, attracting fewer birds
than both AES and non-AES fields which had never been
cultivated. The results suggest that the interplay between ground
water retention and previous farming history are important
determinants of habitat choice for breeding waders in developed
landscapes. These factors are likely to vary significantly, even at
fine-grained, local scales. In addition, we found that wader-
friendly habitat management could be affected by predators,
especially foxes, living in the same landscape. This emphasises
the need for thorough analysis of local population processes and
the nature of the habitat before initiation of an AES, so that the
goals defined are realistic and the benefits expected achieved.

Diaz M, Concepciéon ED, Baquero R

Influence of landscape structure on the effectiveness of
agri-environment schemes

Dept. Ciencias Ambientales, Universidad de Castilla-La Mancha,
E-45071 Toledo, Spain, Mario.Diaz@uclm.es,
Elena.Daniela@uclm.es, rbaquero@amb-to.uclm.es

Recent work has suggested that loss of biodiversity in European
farmed landscapes could be attributed to landscape simplification
rather than impoverishment of environmental conditions within
fields. Moreover, the failure of agri-environment (AG) schemes
to recover diversity could partially be due to reduced
recolonisation rates and/or lack of source populations in simpler
landscapes. We analyse whether species richness and the
effectiveness of AG schemes (i.e., increase in species richness
between paired fields with and without schemes) are influenced
by landscape traits at the scales of (1) fields and (2) the
surrounding landscape. Selected landscape metrics were
measured at the two scales: size and shape of focal fields and
types of boundaries (field scale), and land cover type, length of
three types of boundaries and measures of landscape structure in
500 m circular buffers around field centres (landscape scale).
Landscape metrics were summarized by means of three Principal
Component Analyses (PCAs), one for field-scale metrics and two
for landscape-scale metrics; of the latter, one PCA estimated
landscape connectivity and the other the diversity and types of
land use. Preliminary results, with detailed measurement of three
study areas in Spain differing in landscape complexity (amount of
natural vegetation interspersed within fields), led us to propose a
non-linear model for the effects of landscape, including threshold
values of landscape complexity and saturation effects on both
species richness and effectiveness of AG schemes. We here test
the generality of this model at a European scale, using data from
comparable study areas located in other European countries.
Comparability between countries was ensured by common
sampling designs within the V Framework project: ‘Evaluating
current European agri-environment schemes to quantify and
improve nature conservation efforts in agricultural landscapes’
(EASY).
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Birrer S', Spaar R', Kohli L', Spiess M, Herzog F*

Why has the Swiss agri-environmental scheme such a
low impact on farmland specialist birds?

(1) Swiss Ornithological Institute, CH-6204 Sempach,
Switzerland, simon.birrer@vogelwarte.ch,
reto.spaar@vogelwarte.ch, —martin.spiess@vogelwarte.ch  (2)
Agroscope FAL, Reckenholzstrasse 191, 8046  Ziirich,
Switzerland, felix.herzog@fal.adm

Agricultural production is intensive in the Swiss lowlands, where
about half of farmland bird species are on the Red List. A nation-
wide agri-environmental scheme was launched in 1993 to
improve biodiversity on farmland. To qualify for subsidies,
farmers had to set aside at least 7% of their farmland as
“ecological compensation areas” (ECA); these areas are managed
for conservation purposes. The Swiss Ornithological Institute
evaluated the effects of the scheme - and ECA was increased on a
national scale to 8.8% of farmland in 2004. Despite the increase,
there is still no positive impact on specialized farmland birds: the
national Swiss Bird Index, 1990-2004, shows a continuing
decline. Common and widely distributed farmland species,
however, are now stable or even increasing. On a local scale,
Yellowhammer (Emberiza citrinella), Common Redstart
(Phoenicurus phoenicurus) and Linnet (Carduelis cannabina)
include ECAs preferentially in their territories. We attribute the
meager impact of the scheme to the poor quality of three quarters
of ECAs. Quality is considered as “adequate” for farmland birds,
if, for example, grassland in or near orchards is cultivated at low
intensity, providing a good supply of invertebrates. Merely 27%
of orchards fulfill this criterion. In various test-regions, we
demonstrated a clear positive effect of high quality ECA on
regional farmland bird populations. To achieve high quality in
ECAs it is essential to provide a competent advisory service to
farmers and to obtain close co-operation from nature
conservationists, governmental agencies and farmers. A new
Swiss scheme was launched in 2000 with the aim of improving
the quality of ECAs and of connecting them in networks. Farmers
gain additional subsidies if they take part in regional programs to
improve ecological conditions for specified target species. The
new scheme allows for implementation of specific conservation
measures for threatened farmland species. Examples will be
presented.

S12: Avian conservation in the tropics: a

global perspective
Conveners: Kimberly Smith, USA; Navjot Sodhi,
Singapore

Sodhi N', Smith K*

Conservation of tropical birds: mission possible

(1) National University of Sinapore, Dept. of Biological Sciences,
Singapore, dbsns@nus.edu.sg (2) University of Arkansas, Dept.
of Biological Sciences, Fayetteville AR 72701, USA,
kgsmith@uark.edu

Worldwide habitat loss, fragmentation and degradation are
operating on a massive scale, and are accelerating. Many
scientific studies have shown or predicted that such habitat
destruction will have dire consequences for the future of global
biodiversity. Habitat loss in the tropics especially is

unprecedented, which is of particular concern because it is in the
tropics that the greatest diversity and centres of endemism are to
be found. We first report on the local extinctions of tropical birds,
and then review the current state of tropical birds and highlight
the areas and countries with high numbers of threatened bird
species. To conclude, we discuss the options for tangible
conservation of tropical birds.

Garnett S', Brook BW?, Crowley G

Extinction risks for tropical forest birds

(1) Institute of Advanced Studies, Charles Darwin University,
Casuarina, Northern Territory 0909, Australia,
stephen.garnett@cdu.edu.au (2) Charles Darwin University,
School for Environmental Research, Australia,
barry.brook@cdu.edu.au (3) Cooperative Research Centre for
Tropical Savanna Management Department of Natural
Resources, Environment and the Arts, P.O.Box 496, Palmerston,
Northern Territory 0831, Australia

Tropical forests support some of the world’s richest centres of
species diversity and endemism, yet these biomes are now
dangerously imperilled by anthropogenic change, including
deforestation and habitat degradation, overexploitation, global
climate change, and the invasion of alien predators and
competitors. If we are to avert or at least mitigate catastrophic
loss of species in these areas, it is vital to understand the direct
and indirect effects of these agents of threat. Moreover, provision
of a robust theoretical and empirical underpinning for the
relationship between evolved characteristics (life-history traits
and ecological preferences) and extinction risk may provide a
general theory of the extinction process useful for conservation
management. Forest birds provide some of the best quantitative
data on the rate and selectivity of the extinctions in tropical
regions, and their autecology is better known than most other
taxonomic groups, making them ideal candidates for the tropical
application and testing of extinction theory and viability models. I
show how direct population, habitat and threat data, in
combination various lines of surrogate information, can be used
to develop a broad predictive framework for extinction
vulnerability of tropical birds using generalized linear mixed
modelling and multi-model inference from an a priori set of
population dynamics simulations. Case studies, including the
Sulewesi maleo, are provided. The results emphasise an
important disconnection between the proximate processes that
dominate the fate of small bird populations on the edge of
extinction and the ultimate and often broad-scale anthropogenic
drivers that are causing once abundant tropical species to decline.

Collar N

An overview of bird conservation in Asia

BirdLife International, Wellbrook Court, Girton Rd., Cambridge
CB3 ONA, UK, nigel.collar@birdlife.org

Astonishing levels of pressure, unlike anywhere else on earth, are
being placed on natural habitats in Asia, most notably forests and
wetlands, through the exceptionally high levels of human
population region-wide, and the strong drive of competing
nations for economic growth. Yet levels of investment in
conservation, sustainable use of resources and Dbiological
understanding are lower than in many other regions.
Consequently, the situation in Asia is relatively bleak. More bird
species are threatened with extinction compared with other
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regions, while in many parts of Asia, agricultural landscapes have
been reduced to birdless deserts through the intensification of
farming (including widespread use of strong pesticides) and the
heavy exploitation of birds (both for food and pets), so that
relatively widespread, common species have become rare and
isolated in reserves (which are themselves often compromised by
lack of funds and staff). Asian ornithology is rather weakly and
patchily developed, with some generally very small birdwatching
clubs and few more serious scientific bodies. Responsibility for
initiating and funding conservation work lies in the hands of
“BINGOs” (big international non-governmental organisations).

Githiru M', Ndanganga PK? Thompson H?

Some challenges facing bird conservation in Africa

(1) University of Antwerp & National Museums of Kenya, Lab of
Animal Ecology, Dept of Biology, Universiteitsplein 1, B-2610,
Wilrijk,  Belgium, mwangi.githiru@ua.ac.be (2) BirdLife
International, ICIPE Campus, Kasarani Road, P.O. Box 3502-
00100, Nairobi, Kenya, hazell.thompson@birdlife.or.ke

Bird conservation remains low on the agenda in Sub-Saharan
Africa whereas, overall, things are getting worse. Why is this the
case when interest, reflected for example in the number of young
ornithologists, seems to be growing? For some sites and species,
there is a genuine lack of data required to back calls for
conservation action. BirdLife International (BI) has collated and
synthesized the data available for effective conservation planning,
leading to the production of Action Plans for globally threatened
birds and the regional Important Bird Areas (IBA) directory. Yet,
even when the data exist, there is often a failure to provide
pragmatic solutions. BI endeavours to surmount this in their
African Partnership for Sustainable Biodiversity Action initiative
that involves formulation of National IBA Conservation
Strategies and formation of Site Support Groups. Additional
problems include: (i) the deeply entrenched short-term ‘project
approach’ that lacks the continuity for building-up into some
form of policy; (ii) habitual absence of conservationists in public
arenas where ideas and policies are formed; and (iii) (erroneous)
negative attitudes towards locals for their perceived role in
conservation problems. They present three key challenges: (i)
while short-term projects are valuable for building scientific
evidence, triggering initial interest and conservation actions, they
should have an in-built mechanism enabling them to develop into
policy-influencing instruments at local and national scales; (ii)
with sound alternatives, conservationists must vigorously infuse
their agenda into other sectors of society; (iii) conservation
messages should be linked directly to everyday living and human
wellbeing. The few places in Africa where some of these
challenges are being tackled in some form require development
and replication. Lastly, besides integrated research, conservation
education and advocacy, emphasis needs to be placed on
Protected Areas as the cornerstones for fostering conservation
actions.

Garcia-Moreno J', Clay R

Developments in bird conservation in the neotropical
region

(1) Conservation International, P.O. Box 2365-2050, San Pedro,
Costa Rica, j.garciamoreno@conservation.org (2) BirdLife
International, P.O. Box 17-17-717, Quito, Ecuador,
rob.clay@birdlife.org.ec

Habitat loss remains the major cause of threat to birds in the
neotropics, over and above such other impacts as the live bird
trade, nest robbing, invasive species, and, in the case of seabirds,
fishery bycatch. Nevertheless, the region has benefited from a
surge in avian research over the last decade, many of the studies
using modern techniques to analyze a variety of data, ecological,
molecular and physiological. These studies have improved
general understanding of the taxonomic status of many forms,
their ecology and conservation needs. Using this information, the
bird watching community can contribute further to the gathering
of information in support of conservation efforts, but needs
mobilizing. So capacity building has become a key issue. The
Important Bird Areas (IBAs) approach promoted by BirdLife
International is a core component in our strategy for defining Key
Biodiversity Areas, through which Conservation International is
attempting to broaden the definition of the IBA concept. As part
of the strategy for identifying such areas, account is now being
taken of migratory and large-range birds and their need for large-
scale biodiversity corridors.

S13: Detecting ecological traps: avian and

human perspectives
Conveners: Marc-André Villard, Canada; Tomas Pirt,
Sweden

Pirt T', Villard M-A”

Ecological traps: Avian and human perspectives

(1) The Swedish University of Agricultural Sciences, Dept. of
Conservation Biology, Box 7002, SE-75007 Uppsala, Sweden,
tomas.part@nvb.slu.se (2) Université de Moncton, Landscape
Conservation, Moncton, NB E1A 3E9, Canada

Ecological traps are poor quality habitats that are preferred by
individuals. From a human perspective, ecological traps mislead
standard indicators of habitat quality. From an avian perspective,
such a non-adaptive and non-ideal choice of habitat may have
detrimental effects on individual fitness and long-term population
persistence. For conservation purposes, it is therefore critical to
identify, or at least determine the probability of detecting
ecological trap habitats. First, we briefly review the standard
methods of identifying high quality habitats and their reliability
in terms of habitat-specific reproduction and productivity.
Secondly, we review studies of ecological traps and their
potential causes. We find only a minority of cases showing true
ecological traps, whereas many studies suggest non-ideal habitat
selection, such as a poorer choice than expected from ideal
habitat selection decision rules. Third, we show long-term
demographic data on breeding habitat selection in northern
wheatears (Oenanthe oenanthe) in Swedish farmland to illustrate
the complexity of habitat selection decisions causing ecological
traps. Specifically, we show that the degree of non-ideal habitat
selection depends on a partly stochastic determinant of
reproductive success and on the cues used by individuals when
assessing habitats. We conclude that there is an urgent need to
elucidate the ecological contexts producing ecological traps and
non-ideal habitat selection.
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Lens L

New unconventional methods of estimating habitat
quality: strengths and weaknesses

Ghent University, Terrestrial Ecology Unit, Dept. of Biology,
Ledeganckstraat 35, B-9000 Ghent, Belgium,
Luc.Lens@UGent.be

Given the worldwide loss, deterioration and fragmentation of
natural habitats due to anthropogenic activity, ecologists are
increasingly challenged to identify populations under threat
before their demographic and/or genetic properties are
irreversibly affected. Traditional indicators of habitat quality,
such as density and age structure, or individual quality, such as
survival and reproductive success, are often cumbersome to
measure, and populations may go extinct before appropriate
datasets can be collected. More recently, ecologists have started
to explore the suitability of presumed phenotypic markers of
environmental quality and stress that do not require repeated
captures and are easy to measure. I discuss two such markers:
growth bar dimension in feathers and left-right asymmetry in
bilateral symmetrical traits. Both methods are first described from
a conceptual perspective. Their potential strenghts and
weaknesses for the study of ecological traps are then illustrated
with examples from ongoing case studies on a temperate zone
species, the House Sparrow (Passer domesticus) and a suite of
Afrotropical bird species that inhabit a critically-endangered
biodiversity hotspot in south-east Kenya.

Roos S

Habitat quality and ecological traps when prey species
avoid predators

Department of Conservation Biology, Swedish University of
Agricultural Sciences (SLU), Box 7002, SE - 750 07 Uppsala,
Sweden, Sweden, Staffan.Roos@nvb.slu.se

Increased predation risk has often been identified as a cause of
ecological traps, partly because many generalist predators gather
opportunistically in increased numbers near human settlement or
in recently modified habitats. Studies suggest that although
songbirds may prefer some modified habitats, the density of
generalist predators, especially of egg- and nestling- preying
corvids, can transform them into ecological traps. I investigated
habitat preference and reproduction in one such songbird, the
Red-backed Shrike (Lanius collurio), in relation to corvid density
over nine years. In this period, corvid abundance increased
dramatically, especially close to human settlement. Results show
that Red-backed Shrike nests were often depredated and that the
risk of predation was positively related to corvid abundance. As
Red-backed Shrikes have a strong preference for breeding in
shrub-rich grasslands, and many grasslands in the study area were
located close to human settlement, it might be expected that some
Red-backed Shrikes bred close to a corvid territory. This,
however, is not the case because Red-backed Shrikes
intentionally avoid nesting close to the corvid territories. Thus,
the between-year variation in spatial distribution of corvids in
conjunction with the avoidance behavior of shrikes effected a
strong between-year variation in abundance and spatial
distribution in the shrikes. The results suggest that ecological
traps created by elevated levels of predation are less likely to
happen in species with an evolutionary history of predator
avoidance. It therefore seems likely that site-specific density and

reproductive success in such species in one year may be poor
indicators of habitat quality over a longer time frame.

Rodenhouse NL', Sillett TS, Holmes RT*

Multiple interacting anthropogenic factors create
ecological traps in space and time

(1) Department of Biological Sciences, Wellesley College,
Wellesley, MA01770, USA, nrodenho@wellesley.edu (2)
Smithsonian Migratory Bird Center, National Zoological Park,
3001 Connecticut Avenue NW Washington, D.C. 20008, USA (3)
Department of Biological Sciences, Dartmouth College, Hanover,
NH, 03755, USA

The ecological trap concept developed from the simple
observation that humans were changing avian habitats in ways
that could not have occurred during the evolutionary history of
the organisms affected. Often the trap is created by a single
strong driving factor, such as the destruction of nests by
agricultural operations. Most avian habitats today, however, are
being affected by humans in multiple ways. As a consequence, it
may be necessary, in some settings, to consider combinations of
interacting anthropogenic changes affecting habitat quality as
ecological traps. As an example, we use our long-term studies of
Black-throated Blue Warblers (Dendroica caerulescens) and
simple population models to examine how climate warming and
beech bark disease within the Hubbard Brook Experimental
Forest are generating two types of ecological traps: a habitat trap
and a density trap. The habitat trap is created as climate warming
reduces food availability in an otherwise suitable habitat at low
and mid elevations in northern hardwood forest. Beech bark
disease then exacerbates the trap by reducing the amount of
suitable habitat available for breeding. The density trap results
because first-year breeders recruit to the highest elevation
allowed by spring weather, but are limited in moving upslope by
the fixed transition zone to spruce-fir forest. Consequently, there
is a concentration of breeding pairs at high elevation below the
transition zone in warm springs; and reduced annual fecundity is
associated with high population density. These findings lead us to
conclude that it will be necessary to understand the potentially
multiple interacting anthropogenic drivers creating ecological
traps in order to assess and mitigate their effects.

Maind R, Tilgar V, Lohmus A, Leivits A

Providing nest boxes for birds: Does habitat matter?
University of Tartu, Institute of Zoology and Hydrobiology,
Vanemuise 46, 51014 Tartu, Estonia, raivo.mand@ut.ee,
vallo.tilgar@ut.ee, asko.lohmus@ut.ee, agu.leivits@nigula.ee
Nest boxes are a popular management tool to increase nest site
availability for hole-nesting birds, but the biological
consequences of their provision in different habitats have been
studied little. In our study area, nest boxes for small passerines
were set up in deciduous and coniferous woods. Great Tits (Parus
major) preferred deciduous habitat for breeding, as judged by
higher nest box occupation, earlier egg-laying and larger clutches
and eggs. In coniferous habitat, however, more and heavier young
fledged per nest, and the return rate of both fledglings and adults
was higher. We propose two mutually non-exclusive
explanations, both related to the maladaptive outcome of the
provision of nest boxes: (1) in preferred habitat, nest boxes
caused a supra-optimal breeding density leading to an ecological
trap, and (2) boxes drastically improved the non-preferred habitat,
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but birds were unable to exploit it fully. Not only should the
provision of high numbers of artificial nest sites in preferred
habitat be undertaken with care, but improvement of less
favourable habitat by removing critical constraints may
sometimes be preferable.

S14: The effect of climate change on avian

population dynamics
Conveners: Marcel E.Visser, The Netherlands ; Marcel M.
Lambrechts, France

Sether B-E
Climatic impacts on avian population dynamics:
processes and some general patterns

Norwegian  University — of  Science and  Technology,
Realfagsbygget, NO-7491  Trondheim,  Norway,  Bernt-
Erik.Sather@bio.ntnu.no

A large number of studies over recent years have now
demonstrated convincingly that expected changes in climate will
affect avian population dynamics strongly. Here I review some
studies in which intraspecific differences in the quantitative
contribution of climate variation to temporal changes in the size
of bird populations has been estimated. A general pattern that
seems to emerge is that regional variation in the effects of large
scale climate phenomena, such as the North-Atlantic Oscillation,
and in local climate, is often large. Based on a generalization of
the Moran effect for the influence of environmental covariation
on population synchrony, I argue further that the spatial scaling
of local climatic effects on population dynamics strongly
influences the spatial synchrony in population fluctuations over
larger distances. An important pattern to emerge is that such
climatically-induced synchronic fluctuations in climate have a
spatial scaling that is far less than the spatial scaling of climate
variables that affect local dynamics. This suggests that the
expected large-scale changes in climate may have much larger
impacts on avian population dynamics than previously realized.

Grosbois V', Gaillard J-M?, Barbraud C*, Lambrechts M',
Clobert J*, Moller AP?, Lebreton J-D'

Selecting the most relevant climate indices to identify
and predict climate impacts on bird population

(1) CNRS, 1919 route de Mende, F-34293 Montpellier cedex 5,
France,vladimirgrosbois@hotmail.com,
marcel.lambrechts@cefe.cnrs.fr,jean-
dominique.lebreton@cefe.cnrs.fr (2) CNRS, Université Claude
Bernard Lyon 1, Bat. 71143, boulevard du 11 novembre 1918, F-
69622 Villeurbanne Cedex, France, gaillard@biomserv.univ-
lyonl.fr (3) CNRS, CEB Chizé, F-79360 Villiers en Bois, France,
barbraud@cebc.cnrs.fr (4) CNRS, Universite Pierre et Marie
Curie, 7 quai Saint Bernard - Case 237, F-75252 Paris Cedex 05,
France, jclobert@snv. jussieu.fr (5) CNRS, Université Pierre et
Marie Curie, Batiment A, 7éme étage, 7 quai St. Bernard, Case
237, F-75252 Paris Cedex 05, France, amoller@snv.jussieu.fr
There is now wide agreement within the scientific community
that global change in climate is ongoing. A major challenge for
ecologists now is the development of models to predict future
changes in species ranges and extinction risks under various

climate scenarios. An important step is the identification of the
climatic factors that drive the variation of vital rates in natural
populations, and which could be used as indices of climate
forcing in models designed to predict the future ranges of species.
Individuals in natural populations are directly exposed to
variation in local climate, and such variation depends to a large
extent on atmospheric and oceanic circulation at the global scale.
The resulting large-scale patterns are captured by teleconnection
indices such as the North Atlantic Oscillation and El Nifio
Southern Oscillation. These indices are increasingly used in
ecological studies as integrative proxies of climate. In our
contribution, we ask which type of climate indices (local- vs.
large- scale) is the most relevant to address the ecological impacts
of climate change on birds. We first address potential advantages
and drawbacks of both types of indices with case studies of
seabird and landbird populations. We then present a meta-
analysis that synthesizes findings from studies where influences
of climate on demographic parameters of birds have been
addressed. To conclude, we explain differences among study
cases in the fraction of variation in demographic parameters
accounted for by climate indices. We relate the fraction of
variation explained to the type of climate index applied to the
demographic parameter under study, the type of habitat occupied
and life-history strategy.

Nevoux M, Barbraud C

Do demographic responses to climate change depend on
life history strategies?

CEBC - CNRS, Centre d Etudes Biologiques de Chize, Foret de
Chize, 79360 Villiers en Bois, France, stagbarb@cebc.cnrs.fr,
barbraud@cebc.cnrs.fr

Life history theory postulates that individuals face a major trade-
off in the allocation of resources between reproduction and
survival. It is also thought that many trade-offs appear only under
restricting conditions. In the context of global climate change, a
growing number of ecological consequences are now being
reported for a huge range of species and habitats. Thus, if
climatic change is a potential source of perturbation affecting the
nature of trade-offs, assessment of the response of different
demographic strategies should help in understanding better both
the populational and evolutionary consequences of future climatic
change. From that aspect, we compared two distinct avian
populations. On a “slow-fast” gradient of life histories, the White
Stork  (Ciconia  ciconia) and Black-browed Albatross
(Thalassarche melanophrys) are both long-lived species that
nevertheless use contrasting demographic tactics. Although they
live in very different habitats, both are also known to be sensitive
to fluctuations in climate. We used long-term demographic data
sets based on individual birds to try to link local as well as global
climatic fluctuations to inter-annual fluctuations of such
demographic parameters as survival rate, breeding performance
and recruitment rate. The strong relation found between
demography and climate in both species demonstrates that
present climate change seems to be having a very significant
impact on avian population dynamics. As predicted, responses to
climatic variation appear to depend on the life-history strategy
adopted by individuals, affecting stork and albatross in different
ways.
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Maclean IMD, Austin GE, Rehfisch MM

Are responses to climate change temperature
dependent? Population changes in over-wintering
migratory shorebirds.

British Trust for Ornithology, The Nunnery, Thetford, IP24 2PU,
UK, ilya.maclean@bto.org, graham.austin@bto.org,
mark.rehfisch@bto.org

Europe hosts internationally important numbers of over-wintering
migratory birds such as waders. Given the degree to which
waterbird numbers are used as criteria for designating sites for
conservation, and current concerns about global warming, it is
important to establish whether changes in the sizes of local
populations of these species are driven by climate change. Using
data collected from over 3,000 sites and spanning more than 30
years, we present the first pan-European study to examine this
link. Our results demonstrate that even small-scale site-level
changes in population size have been correlated with changes in
temperature. The relationship is most marked in colder areas,
suggesting that responses to climate change are temperature
dependent and thus may not be uniform in time and space. The
underlying mechanisms causing such changes are discussed with
particular reference to the relative importance of population shifts
versus demographic processes.

Ludwig GX', Alatalo R', Helle P, Lindstrém J*, Siitari H'
Population level consequences of temporally variable
climate change in Black Grouse

(1) University of Jyviskyld, Department of Biological &
Environmental Science, PO Box 35, 40014 Jyvdskyld, Finland,
gilludw@cc.jyu.fi, alatalo@bytljyu.fi, hesasi@bytljyu.fi (2)
Finnish Game and Fisheries Research Institute, Tutkijantie 24,
90570 Oulu, Finland, pekka.helle@rktlfi (3) University of
Glasgow, Division of Environmental & Evolutionary Biology,
Institute of Biomedical and Life Sciences, Glasgow, Scotland,
lindstrom@bio.gla.ac.uk

Changes in patterns of large-scale climate may disrupt the match
between the proximate cues and ultimate selection factors in the
timing of breeding in numerous ways. The consequences thereof
on the dynamics and size of natural populations, as well as the
underlying mechanisms, nevertheless often remain unidentified.
Here we present a novel scenario, where temporal differences in
patterns of regional climate change have disrupted the breeding
phenology of the Black Grouse (7etrao tetrix). Due to increased
spring temperatures, both onset of egg-laying and hatching have
advanced over the past 40 years. Because early summer
conditions have not changed, however, post hatching weather
conditions have become more adverse. As a consequence, bad
years have got worse and more frequent, while good years have
not got any better. Providing evidence that conditions in early life
are critical to chick survival, we argue that chicks are increasingly
hatching too early and consequently suffer higher mortality. This
may well explain the severe long-term decline in reproductive
success, and ultimately the decline in population size, in Black
Grouse. We further modeled the impact of asymmetric climate
change on population dynamics, and show that this mismatch
may also account for the observed qualitative changes in the
long-term dynamics, such as the loss of cyclicity, of Finnish
Black Grouse populations.

S15: Birds and their use of varied landscapes:

insights for integrated conservation planning
Conveners: Richard Loyn, Australia; Lucia Severinghaus,
Taiwan

Bennett A, Radford J

Landscape planning for conservation: how do birds
respond landscape pattern?

Deakin University, School of Ecology & Environment, Burwood,
VIC, Australia, andrew.bennett@deakin.edu.au,
Jjim.radford@deakin.edu.au

Research on the status of birds in modified landscapes has been
dominated by studies of individual landscape elements,
particularly wooded patches. Attributes of patches (size, shape,
vegetation, condition, temporal isolation) frequently influence
species assemblages within the focal patch. Landscape context,
including connectivity with other habitats and the types of
adjacent and regional land-uses, also influence species either by
affecting within-patch processes or the capacity of birds to move
through the landscape. Such research has informed land
management in many useful ways. However, for managers to
plan at the scale of landscapes or regions, they also require
understanding of how emergent properties of landscapes affect
biota. By changing the grain of investigation, from patch to land
mosaic, new insights can be gained into the importance of
landscape-level properties such as total extent of habitat, diversity
of land-uses, and spatial configuration of landscape elements. We
use a case study from Victoria, Australia, to highlight responses
of woodland birds to the properties of 100 km2 land mosaics in
an agricultural region. For most species, incidence was most
strongly influenced by total extent of wooded cover; measures of
spatial configuration, physical environment and land use were
also significant for some species. Univariate analyses of species’
incidence in relation to the extent of wooded cover showed that
incidence generally declined with decreasing cover, but that
different forms of response (e.g. linear, curvilinear, asymptotic,
and threshold responses) were shown by different species. These
results highlight the complex ways in which birds respond to
landscape patterns and the challenge for integrated conservation
planning.

Mac Nally R

It won"t happen overnight! Time-lags in rebuilding
variegated landscapes

Monash  University, Australian Centre for Biodiversity,
Melbourne, Australia, ralph.macnally@sci.monash.edu.au

Many native bird species in production landscapes of south-
eastern Australia are demonstrably declining, and loss of native
vegetation is the major cause. Our biodiversity management
objectives must be to increase the probabilities of persistence of
species that should occur in the landscape. To do so, there needs
to be extensive amounts of new plantings. However, we are
conscious that: (1) new plantings in the impoverished soils of
southern Australia will take many decades to mature, but will
offer suitable habitats for different species over the course of that
maturation process; and (2) much existing vegetation is senescent
or will be in a few decades” time. Recent landscape rebuilding
models do not explicitly consider maturation time-lags. However,
these lags in habitat maturation may create "“bottlenecks"” at
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future times (e.g. in 50 years) that might prevent some species
from persisting in whole landscapes, even though such
landscapes may be much more suitable in 100 years’ time than
now. There are several critical issues: (1) species differ in habitat
needs and even one species may require different kinds of
habitats for foraging and for breeding; (2) landscapes must be
conceived, and managed, as spatial and temporal mosaics to
allow for persistence of the full set of species that should occupy
them, meaning that senescing and replanted habitats may need to
be juxtaposed; and (3) in some particularly problematic
landscapes, some highly productive agricultural lands may need
to be dedicated to habitat provision because maturation can be
fast-tracked in fertile, well-watered locations. The problem is a
complex one of scheduling and placement, and its optimization
presents major theoretical and analytical challenges.

Monkkénen M', Rajasirkka A’

Forest landscape structure and bird communities in
northern Finnish reserves vs adjacent areas in Russia
(1) University of Jyviskyld, Dept. Biol. Environ. Sci., POB 35,
40014 Jyvdskyld, Finland, mikko.monkkonen@bytljyu.fi (2)
University of Oulu, Department of Biology, POB 3000, 90014
Oulu, Finland, ari.rajasarkka@oulu.fi

Populations of forest birds have changed drastically in northern
Finland over the past few decades. These changes have been
attributed to intensive, large-scale forest management and
harvesting since the late 1940s, which have embedded patches of
remnant old-growth forest in a matrix of young regenerating
stands. In adjacent areas of the Russian Karelia, old-growth
forests still dominate forest landscapes, thus providing a
comparative testing ground for assessing the effect and role of
forest landscape structure on bird assemblages in northern
Europe. Accordingly, we carried out comparative censuses of
breeding birds in 103 old-growth forest reserves in Finland, and
in the Kostamuksha, Viena and Paanajérvi reserves of Russian
Karelia to address the question of how assemblages of breeding
birds are affected by forest landscape structure within and around
forest reserves. The results indicate that forest reserves close to
Russian source areas contained more species and individuals of
old forest-associated birds than areas further west. Different
species showed different responses to forest landscape structure
but, by and large, our results emphasized the importance of the
Russian Karelian forests in maintaining bird species diversity and
abundance in the fragmented forest landscapes of Finland. The
results have clear implications for the planning of forest reserve
networks, and their surroundings, at the landscape level.

Strewe R

The importance of altitudinal migration in frugivorous
birds on the Pacific slope of the Colombian Andes
Alianza para Ecosistemas Criticos, Calle 16 No. 24 - 68, Santa
Marta, Colombia, rstrewe@alpec.org

Biogeographic studies on the geographic distribution and area
dynamics of tanagers (Thraupidae) were conducted over two
years within the Endemic Bird Area Chocé on the Pacific slope
of the Andes in Colombia. Tanagers were selected as the target
study group because they comprise a characteristic element of the
avifauna of the Chocd, occur across all altitudinal zones on the
west Andes and include a high proportion of endemics. The
studies were carried out across a wide altitudinal range between

400-3200 m asl, thereby covering humid lowland, submontane
and montane forest, and extended over two years, including an El
Nifio event. Results revealed that a considerable proportion of the
submontane and montane forest tanager fauna migrates
altitudinally. Most of the migrants are frugivores or nectarivores,
and therefore important for maintenance of the vegetation
ecosystems across altitudes through pollination and seed
dispersal. Analysis of geographical distribution and altitudinal
movements in the tanagers enabled identification of conservation
priorities, stressing the importance of conserving a full altitudinal
range of habitat types which are needed by different species at
different times, and pinpointing the 600-1800 m asl submontane
zone as a crucial center of avian diversity. Present conservation
strategies and nature reserves, regrettably, are inadequate for the
sustainable protection of the regional bird fauna, particularly its
endemic species.

Chan S-F, Severinghaus L, Lee C-K

The effect of rice field fragmentation on wintering
waterbirds at landscape level

Research Center for Biodiversity, Academia Sinica, Nankang,
Taipei, Taiwan 115, Taiwan, r92b44003@ntu.edu.tw,
zobbowl(@gate.sinica.edu.tw, cklee@sinica.edu.tw

Rice fields are a common feature of landscapes in Asia. In Yilan
County, northeast Taiwan, rice fields are cultivated in spring and
summer and then left to fallow through autumn and winter, when
they serve as important wetland habitat for wintering waterbirds.
With increasing urbanization, the area under rice has been
declining and that which remains has become dissected
increasingly by roads. Our study investigated the relationship
between changes in the wintering waterbird community on the
rice fields and the pattern of urbanization and other changes in
the landscape. Wintering waterbirds were censused on sample
plots in rice fields averaging 15 ha. From their geometric centers,
we quantified land use within three radii of 0.5km, 1km, and Skm
using satellite imagery or aerial photographs, to examine the
relationships between relative proportions of different types of
land use and the species richness, abundance, and community
structure of waterbirds. At the lkm scale, both species richness
and bird numbers were correlated negatively with the area under
buildings and rank grass, but positively with that under fish
ponds. The distribution of egrets was not affected by land use.
Ducks were associated mostly with fish ponds. Population sizes
of waders, especially the most abundant - Pacific Golden Plover
(Pluvialis fulva), Kentish Plover (Charadrius alexandrinus), and
Dunlin (Calidris alpina) - varied with the proportion of rice field
in each 1 km circle. Results from the different scales of analysis
will be compared to elucidate the response of waterbirds to
mosaic patterns in the landscape.
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S16: Demographic mechanisms of population

changes at large spatial scales
Conveners: Fernando Spina, Italy; Stephen Baillie, UK

Nichols JD', Runge MC', Johnson FA?, Williams BK®
Adaptive harvest management of North American
waterfowl populations — recent successes and future
prospects

(1) U.S. Geological Survey, Patuxent Wildlife Research Center,
Laurel, MD 20708, USA, jim_nichols@usgs.gov (2) U.S. Fish
and Wildlife Service, University of Florida, Gainesville, FL
32611, USA (3) U.S. Geological Survey, Cooperative Research
Units, 12202 Sunrise Valley Drive, Reston, VA 22092, USA

The history of North American waterfow] harvest management
has been characterized by attempts to use population monitoring
data to make informed harvest management decisions. Early
attempts can be characterized as intuitive decision processes, and
later efforts were guided increasingly by population models and
associated predictions. In 1995, a formal adaptive management
process was implemented, and annual decisions about duck
harvest regulations in the United States are still based on this
process. This formal decision process is designed to deal
appropriately with the various forms of uncertainty that
characterize management decisions, environmental uncertainty,
structural uncertainty, partial controllability and partial
observability. The key components of the process are (1)
objectives, (2) potential management actions, (3) model(s) of
population response to management actions, (4) credibility
measures for these models, and (5) a monitoring program. The
operation of this iterative process is described, and a brief history
of a decade of its use is presented. Future challenges range from
social and political issues such as appropriate objectives and
management actions, to technical issues such as multispecies
management, geographic allocation of harvest, and incorporation
of actions that include habitat acquisition and management.

Baillie SR

Studying population processes at different spatial scales
using standardized mist-netting

British Trust for Ornithology, The Nunnery, Nunnery Place,
Thetford, Norfolk IP24 2PU, UK, stephen.baillie@bto.org

Since the launch of the Constant Effort Ringing programme in the
United Kingdom in 1981, similar projects have developed rapidly
in other countries. Some 14 Constant Effort Ringing schemes are
now operating in Europe while the Monitoring Avian
Productivity and Survival Programme cover much of North
America. Fortunately nearly all of these programmes follow very
similar protocols and thus provide comparable data on trends in
population size, productivity and survival. Such data can be used
to develop integrated models of population dynamics, either
alone or in combination with data from other sources.
Furthermore, the rapidly developing availability of Bayesian
techniques for integrated analyses of population dynamics offers
the prospect of gaining more robust conclusions by combining
data on different demographic processes within a single statistical
analysis. This paper will review how data from these programmes
can be used to examine population processes operating at scales
ranging from sites to continents. Understanding how avian
population processes operate at different spatial scales is of

considerable applied importance for addressing the impacts of
large-scale environmental change on bird populations.

Schaub M', Ullrich B, Knétzsch G*, Albrecht P*, Meisser
C5

Spatial extent and the dynamics of four local little owl
populations

(1) Schweizerische Vogelwarte, 6204 Sempach, Switzerland,
michael schaub@vogelwarte.ch (2) 73110 Hattenhofen,
Germany (3) 88045 Friedrichshafen, Germany (4) 1200 Genéve,
Switzerland (5) 1200 Geneve, Switzerland

Because individuals disperse between local populations, the
demographic mechanisms underpinning local population growth
depend on the size of the spatial range of such populations. As
spatial range becomes larger, the importance of mortality and
recruitment to population growth is enhanced and of immigration
and emigration reduced. Emigration and immigration can be
considered as edge effects, the importance of which is scale-
dependent. If inferences about the demographic causes
underlying population change are to be obtained, the spatial range
of the focus population has to be taken into account. However,
often only a single population is studied, and the effect of the
spatial scale is difficult to assess. Here we present a demographic
analysis of four different populations of the Little Owl (Athene
noctua) that differ in their spatial ranges. We estimated local
survival, recruitment and immigration in each population and
assessed the contribution of different demographic parameters to
population growth by life table response experiments. We show
that the impact of immigration and local recruitment to local
population growth depends very much on the spatial range of the
population. The relationship between the sizes of the study areas
and demographic rates allowed us to obtain a rough estimate of
the spatial range needed by a population without immigration,
that is, the minimal size for self-sustainability.

Nagata H

Estimating species occurrence from a national survey
of the natural environment in Japan

National Institute for Environmental Studies, Lab. of Wildlife
Conserv., Onogawa 16-2, Tsukuba, Ibaraki 305-8506, Japan,
hnagata@nies.go.jp

National surveys of the natural environment (NSNE) have been
conducted in Japan since 1973 by the Environment Agency
(1973-2000) and Ministry of Environment (2001-). Breeding bird
censuses, however, have been completed only twice, in 1978 and
1998-2002. These censuses cover less than 5% of the total area of
Japan. In order to document distributional changes, I developed
species occurrence models, using as my base habitat,
meteorological and topographical data provided by the
Biodiversity Center and Geographical Survey Institute of Japan.
All parameters have a resolution of about 1 km? I developed
suitable habitat models for breeding birds at different spatial
scales from GIS data sets, such as the 50 m DEM and 1:50,000
vegetation map. Two different types of parameters - climate and
topography, and land-cover types - were used for the habitat
model. I also used presence/absence data to develop models of
bird species occurrence from recent breeding bird censuses
compiled by the National Survey on the Natural Environment,
Japan. Occurrence models were developed for 77 species of land
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birds within the Kanto district. The accuracy of each model was
highly variable, though given models were statistically
significant. Occurrences of summer visitors and forest species
were better explained by elevation and vegetation type within a 1
km? mesh than resident/nomadic species and those occurring in
open habitat. Accuracy of the models was negatively correlated
with body mass, because home range size increases with mass.

Brotons L', Sierdsema H2, Newson S3, Jiguet F4, Gregory
RS

Spatial modeling of large-scale bird monitoring data:
Towards pan-european quantitative distribution maps
(1) Centre Tecnologic Forestal de Catalunya, Area de
Biodiversitat, Pujada del Seminari s/m, 25280 Solsona,
Catalunya, Spain, lluis.brotons@ctfc.es (2) SOVON & IBED-
University of Amsterdam, Dutch Centre for Field Ornithology,
Rijksstraatweg 178, NL-6573 DG, Beek-Ubbergen, The
Netherlands, henk.sierdsema@sovon.nl (3) British Trust for
Ornithology, The Nunnery, Thetford,Norfolk, IP24 2PU, UK,
stuart.newson@bto.org (4) Museum National d Histoire
Naturelle, 55 Rue Buffon, 75005, Paris, France, fjiguet@mnhn.fr
(5) RSPB, The Lodge, Sandy, Bedfordshire, SG19 2DL, UK,
richard.gregory@rspb

Regional and national long-term monitoring programs currently
provide cost-effective information for identifying population
change at large spatial scales. These have been implemented now
for birds in most European countries using representative and
well-designed sampling strategies. Bird monitoring programs
provide us with convenient spatial data that have the potential to
feed habitat suitability and geo-statistical models to create maps
showing spatial and temporal patterns in species distribution and
abundance. These approaches lead to a convergence between
strict mapping attempts (i.e. bird atlases), and the results obtained
from monitoring programs. A recent initiative has been launched
by the European Bird Census Council (EBCC) with the objective
of using large-scale bird data from established long-term
monitoring programs to generate pan-European bird maps. Two
main types of maps may be produced at first from this initiative:
(1) distribution maps showing spatial variability in species
abundance, and (2) trend maps showing spatial variability in
changes of species abundance. Both pathways appear promising
and we present preliminary tests aimed at dealing with
homogenization of abundance data between countries, evaluation
of habitat modeling across regions, and the suitability of
environmental data available. A pilot study conducted on a
number of different European monitoring schemes produced the
first tentative, pan-European abundance maps for indicator
farmland bird species. The results show potential for producing
large scale abundance and trend maps at a pan-European scale,
and help to identify the main constraints expected in the road
ahead. Maps are easy to produce, intuitive and appealing. As the
maps are expected to be used extensively in policy making,
special effort should be allocated to justifying the methodologies
used in different applications, including limitations and
orientation for data interpretation.

S17: From trend analysis to population alert
Conveners: Mark Rehfisch, UK; Ruud Foppen, The
Netherlands

Underhill L

Developments in trend analysis for waterbirds

Avian Demography Unit, Department of Statistical Sciences,
University of Cape Town, Rondebosch 7701, South Africa,
lgu@adu.uct.ac.za

Econometricians have developed a variety of approaches to
economic time series data. The "Market Model" provides an
approach used to analyse the relationship between the index for a
stock market as a whole and the individual shares that compose
that index. These methods decompose the "risk" of a share into
"market" and "unique" risk. The same approach can be applied to
waterbirds; the counts of waterbirds of a species at sites are
analogous to the "share prices", and the trend index for the
species derived from these counts is analogous to the "market
index". The outputs from this analysis then provide a measure of
the extent to which fluctuations of a species at a site relate to
factors unique to the site rather than to changes in the overall
trend index. The "unique" factors can be used to set "alerts" for
sites. One important difference between an enonomic time series,
such as share prices, and ecological time series, such as counts of
waterbirds at wetlands, is that the amount of "error" in the latter is
much larger, and the data analysis methods need to be adapted to
take this difference into account. Econometricians have also
developed concepts of "portfolio theory", which consider
approaches to constructing a portfolio of shares which has a level
of risk acceptable to the investor. I explore the extent to which
these ideas are transferable to the development of sets of sites at
which the risk, defined in terms of variability of total numbers of
birds present, is at an appropriate level. The paper will be
illustrated using wader count data for British estuaries.

Austin G, Rehfisch M

Waterbird alerts in the UK

British Trust for Ornithology, The Nunnery, Thetford, Norfolk,
1IP24 2PU, UK, graham.austin@bto.org, mark.rehfisch@bto.org
The Wetland Birds Survey has been monitoring wintering
waterbirds in the UK for over four decades. In recent years our
Waterbirds Alerts System has been developed to provide a
standardised method of identifying the direction and magnitude
of changes in numbers at a variety of spatial and temporal scales.
Thus changes in numbers, derived from a smoothed trend
generated by fitting a generalized additive model to the count
data, are assessed over short, medium and long time-frames (5,10
and 25 years), and categorised according to their magnitude and
direction. Major changes in the numbers of a species (declines
equal to 25% or more over the time-frame being considered)
trigger the issuing of an Alert. Species trends are considered
nationally (Great Britain, England, Scotland, Wales and Northern
Ireland) and for sites for which waterbirds are designated features
(e.g. Special Protection Areas, Sites of Special Scientific
Interest). For designated sites, generalized linear models are then
used to determine whether site trends follow wider scale patterns
in order to assess whether they are most likely being driven by
wide scale or local factors and so help to focus attention on where
to seek possible explanations for changes in bird numbers. Alerts
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are advisory and must be subject to interpretation. They are
intended as a means to trigger and direct research and inform
subsequent conservation efforts if required.

Noble DG, Baillie SR, Joys A

Raising alerts for terrestrial breeding birds in the
United Kingdom

British ~ Trust  for  Ornithology,The = Nunnery,  Nunnery
Place, Thetford, Norfolk, IP24 2PU, UK, david.noble@bto.org,
stephen.baillie@bto.org, andrew.joys@bto.org

Conservation policy makers need clear and up-to-date
information on which populations are declining and on the
magnitude of declines. We describe the system that we have
developed to raise such alerts for terrestrial breeding birds in the
UK. This incorporates rigorous analyses of population trends,
assessment of statistical error, simple change thresholds and
methods for flagging information that may be unreliable.
Estimates of long-term trends from bird population monitoring
schemes are often difficult to interpret due to short-term
population fluctuations and statistical error. Our preferred method
is to fit generalized additive models, incorporating site effects and
a non-parametric trend, directly to the census data. Bootstrapped
confidence intervals show the precision of trends and change
measures. Changes over specified time intervals are then
compared with 25% and 50% decline thresholds. Warnings are
given if change measures may be unreliable due to
unrepresentative data or small samples. We discuss ways in
which these methods might be developed further, noting that
there is a trade-off between the desirability of retaining
comparability with past alerts and the benefits of using the most
up-to-date analytical methods. More parsimonious trend analysis
methods might be developed if site effects could be replaced by
spatially explicit models with fewer parameters. A Bayesian
approach, yielding the probability that a long-term change is
below or above some threshold, might be more useful than a
traditional frequentist estimate of the change and its confidence
limits.

Soldaat L

Statistics Netherlands, P.O. Box 4000, NL-2270 JM Voorburg,
The Netherlands, Islt@cbs.nl

Detecting flexible trends in bird populations

The longer the time-series is, the lower the relevance of linear
trend analysis. Therefore, flexible trend analysis is being used in
an increasing number of (bird) monitoring programmes, varying
from simple moving averages to complex smoothing techniques
like generalized linear modelling (GAM). An easy to apply
alternative are structural time-series models as computerized in
the TrendSpotter software. The main advantage of this
programme is that it does not only calculate confidence limits to
trend estimates but also to the differences between the trend
estimate of the last year in the time-series and each previous year.
In the Dutch Waterbird Survey the programme enables us to test
the significance of population changes since each year in the
time-series, which facilitates the calculation of population alerts
considerably. The confidence limits of trend estimates permit the
easy testing of deviations from population thresholds like the
favourable conservation status of the EU Bird Directive. Other
applications are the analysis of population dynamics of birds

affected by climatic change and trend analysis of species
aggregates.

Sierdsema H', Brotons L%, Newson S°, Jiguet F*, Gregory
R’

The next step in population alerts: Assessing changes in
distribution and abundance from count survey data

(1) SOVON & IBED-University of Amsterdam, Dutch Centre for
Field Ornithology, Rijksstraatweg 178, NL-6573 DG, Beek-
Ubbergen, The Netherlands, henk.sierdsema@sovon.nl (2)
Centre Tecnologic Forestal de Catalunya, Area de Biodiversitat,
Pujada del Seminari s/n, 25280 Solsona, Catalunya, Spain,
lluis.brotons@ctfc.es (3) British Trust for Ornithology, The
Nunnery, Thetford ,Norfolk, P24 2PU, UK,
stuart.newson@bto.org (4) Museum National d Histoire
Naturelle, 55 Rue Buffon, 75005 Paris, France, fjiguet@mnhn.fr
(5) RSBP, The Lodge, Sandy, Bedfordshire, SG19 2DL, UK,
richard.gregory@rsp

Population alerts are based mostly on numerical changes
observed in population numbers. Over the last decade, Europe
has become increasingly covered by modern monitoring schemes,
making it possible to assess trends over wide regions and raise
population alerts from local to continental scales. The calculated
indices, however, give limited information about changes in
distribution, let alone changes in patterns of abundance. Although
repeated bird atlases do provide information about changes in
distribution, they are generally uninformative on changes in
abundance. Another problem associated with atlases is the
considerable time-span between successive compilations, often
ranging from 20-30 years. As monitoring projects often cover
representative portions of countries and typically collect count
data on a continuous basis, they are the most likely source of
information for documenting continual shifts in distribution. In
this paper we show how monitoring data can help in gaining
insight into changes in distribution and abundance. We
demonstrate how European abundance maps created from
monitoring farmland birds, a group of species that show long-
term continent-wide declines, can be used in population alerts.
The combination of these maps with indices of population change
and changes in distribution and abundance may offer a
convenient tool to better understand large-scale population
dynamics and for preserving bird populations.

S18: Integrated ecological studies of diseases

and parasites in birds
Conveners: André Dhondt, USA; Heinz Richner,
Switzerland

Richner H

Ecological studies of ectoparasites

University of Bern, Dept of Biology, Baltzerstr. 6, 3012 Bern,
Switzerland, richner@esh.unibe.ch

Ectoparasites are common in most bird species and have been a
major force in the shaping of avian life histories. Bird-
ectoparasite interactions are the result of a long-standing co-
evolutionary history where both the hosts and the parasites have
developed sophisticated strategies and counterstrategies. As a
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consequence, both the harm that may arise from parasites and the
hosts' responses are not readily apparent purely from
observations. It requires experimentation at ecological and
temporal scales that are relevant for the studied species. This will
be first illustrated by a brief review of relevant studies, and by a
case study analysis of long-term experiments on the Great Tit.
Second, many  ectoparasite  species are  nest-based
hematophageous arthropods and thus directly affect the nestlings,
but indirectly also the parents via their responses to the parasite-
modulated conditions. Maternal responses transferred via the egg
to the offspring include modulation of immunoglobulins,
hormones, and potentially also carotenoids. Experiments show
that the maternal responses greatly enhance offspring survival
and reproductive performance, but also point to the trade-offs
involved in strategic parasite control.

Dhondt A, Hochachka WM

Integrated ecological studies of diseases in birds: some
examples

Cornell University, Laboratory of Ornithology, Ithaca NY 14850,
USA, aad4@cornell.edu, wmh6@cornell.edu

In the last 20 years a large number of new or (re)emerging
diseases have appeared around the world, also in bird
populations. Examples include avian influenza, West Nile virus,
and mycoplasmal conjunctivitis. These diseases have had major
effects on bird populations, and in some cases on humans too.
Thus ornithologists are being faced with the need to provide
knowledge and guidance in preventing or managing outbreaks of
these diseases. However, in most cases there is a lack of basic but
fundamentally important ecological and behavioral knowledge
about the host, the pathogen, the disease, pathogen transmission,
causes of variation in disease expression among infected
individuals, or vector competence and dynamics. In this talk, we
will give examples of how an integrated, multidisciplinary
approach is essential for generation of a detailed understanding of
the host(s)-pathogen system. In our experience, veterinarians,
epidemiologists, and ecologists have very different perceptions of
and ask very different questions from the same system. Using the
knowledge and perspective of researchers from multiple fields is
the most efficient route to generating a detailed mechanistic
understanding of host-disease dynamics, which is necessary to
generate models of these dynamics.

Perez-Tris J

Implications of cryptic diversity in avian malaria
parasites

Lund University, Dept. of Animal Ecology, Ecology Building, SE-
22362 Lund, Sweden, javier.perez-tris@zooekol.lu.se

Malaria parasites, protozoans of the genera Plasmodium and
Haemoproteus, have long been used as models in studies of bird-
parasite interactions. So far, some 200 morphologically distinct
species of avian malaria parasites have been described. These
organisms, nevertheless, seem to be much more diverse, as
suggested by recent genetic studies which raise the number of
parasite lineages to the order of thousands. Suddenly, we are
faced with the problem of birds being infected by complex
communities of blood parasites, which probably include members
with, inter alia, different host specificity, transmission rates, and
virulence. Identifying ecologically diverse parasites will help to
understand the interactions between such parasites and their bird

hosts. Here [ summarize an ongoing research program
investigating the implications of genetic diversity in avian
malaria parasites, showing that elucidation of cryptic parasite
diversity is important in ecology, evolution and conservation of
birds. Avian parasites that are morphologically identical can
differ greatly in the use they make of their hosts. As examples,
some parasites are host specialists and some are generalists, and
there are parasites that take advantage of bird migratory
movements to disperse among host populations while others are
adapted to seasonal transmission and geographical restriction.
Cryptic parasite diversity is crucial for understanding the role of
immune mechanisms such as the MHC in parasite resistance.
Moreover, conservation programs involved in habitat
management and re-introductions can only benefit from a detailed
knowledge of actual parasite diversity in different habitats or in
different host populations. In summary, the analysis of genetic
diversity of blood parasites is a growing field in ornithology, and
can be expected to contribute greatly to our understanding of
bird-parasite interactions.

Barta Z', Fer6 O', Houston AI’, McNamara JM?

Optimal immunity over the annual cycle in non-
migratory birds

(1) University of Debrecen, Behavioral Ecology Research Group,
Dept. of Evolutionary Zoology, Debrecen, 4010, Hungary,
zbarta@delfin.unideb.hu, feroo@kornel.zool.kite.hu 2)
University of Bristol, School of Biological Sciences, Woodland
Road, Bristol, BS8 1UG, UK, A.IHouston@bristol.ac.uk,
John.McNamara@bristol.ac.uk

Having an efficient immune system is highly beneficial in a
world teeming with parasites. The maintenance of such a system
is, however, costly because it requires resources that could be
used for other purposes. Investing resources in reproduction or
molt could lower the optimal level of immune defence. On the
other hand, a high level of defence might be a prerequisite for
successful breeding and molting. So it is not obvious how the
optimal level of immunity should vary over the year. Here we use
an optimal annual routine model of the behavior of non-migratory
birds to investigate the optimal level of immune defence over the
annual cycle. In our model, decisions depend on the time of year
and a set of state variables that include energy reserves, breeding
status, experience, quality of the primary flight feathers and
condition of the immune system; explicit density dependence in
the food supply is also incorporated. We use the model to
investigate how the optimal level of immune defence should
change over the year, and how seasonality in the chance of
parasite infection influences the optimal level and annual
behavior.

Bouliner T', McCoy KD?, Staszewski V!, Tveraa T*

The seabirds-tick-Borrelia system as a model for
addressing ecological questions of epidemiological
relevance: Host specialization, maternal transfer of
antibodies and the dynamics of vector borne diseases

(1) CNRS/CEFE, Centre Ecologie Fonctionnelle et Evolutive,
CNRS UMR 5175, 1919 route de Mende, 34293 Montpellier,
France, Thierry.Boulinier@cefe.cnrs.fr ~ (2)  CNRS/IRD,
Génétique et Evolution des Maladies Infectieuses, UMR
IRD/CNRS 2724, Centre IRD de Montpellier, 911 Avenue
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Agropolis, B.P. 64501, 34394  Montpellier, France,
meccoy@mpl.irdfr  (3) CNRS/CEFE, Centre  Ecologie
Fonctionnelle et Evolutive, CNRS UMR 5175, 1919 route de
Mende, 34293 Montpellier, France,
Vincent.Staszewski@snv.jussieu.fr (4) NINA, Polar
Environmental Centre, NO-9296 Tromsa, Norway,
torkild.tveraa@nina.no

Most seabirds are long-lived and breed in colonies where large
populations of ectoparasites can accumulate. We illustrate how
these characteristics make them useful models for addressing
evolutionary and ecological questions of strong epidemiological
relevance. Using a population genetic approach, we found that
the seabird tick Ixodes uriae, known to parasitize more than 50
seabird species in both hemispheres and vector of Lyme disease
bacteria (Borrelia burgdoferi sensu lato), actually comprises
several host races with race-specific levels of gene flow. This
could directly affect the dynamics of the Lyme disease bacteria at
large geographic scales. Using an immunological approach, we
moreover showed that females of the Black-legged Kittiwake
(Rissa tridactyla) can transmit antibodies against Lyme disease
bacteria to their young via egg yolk as a function of the local
prevalence of the tick vector. This maternally-induced response
could be adaptive, and could affect the transmission dynamics of
the bacterium. Ongoing field and laboratory studies are
addressing the functional role of maternally transferred antibodies
and the factors affecting the dynamics of immunity against Lyme
disease bacteria strains. The findings obtained here are of direct
relevance not only for the epidemiology of vector born diseases,
but also for basic understanding of the evolutionary ecology of
host-parasite interactions.

S19: Macroecology
Conveners: Carsten Rahbek, Denmark; Katrin Béhning-
Gaese, Germany

Ricklefs R

Time, space, and the origin of macroecological patterns
University of Missouri-St. Louis, Department of Biology, 8001
Natural  Bridge Road, St. Louis 63121-4499, USA,
ricklefs@umsl.edu

Although the contemporary ecological template exerts a strong
influence on local patterns of population abundance and species
diversity, a variety of processes, including the movement of
individuals, coevolutionary relationships, and the production of
new species, produce regional patterns at a variety of scales. This
talk will focus on patterns of population density, species
abundance/distribution relationships, and species diversity.
Emphasis will be placed on matching the scales of patterns and
processes, and on analytical approaches to understanding the
origin of macroecological patterns.

Bohning-Gaese K, Griebeler EM, Schaefer H-C
Extending macroecology beyond patterns in
abundance, distribution and species richness
Johannes Gutenberg-Universitidt Mainz, Institut fiir Zoologie,
Abt. V, Becherweg 13, 55099 Mainz, Germany, boehning@uni-
mainz.de, griebel@mail uni-mainz.de, hcschaefer@uni-mainz.de

In its widest definition, macroecology seeks to understand
patterns in and determinants of the broad-scale distribution of life
across the planet. In the past, much macroecological research has
focused simply on describing macroecological patterns; and the
factors explored most frequently were abundance, distribution
and species richness. A drawback from this approach has been
that the understanding of underlying processes has lagged behind
the description of patterns. One reason for this is that abundance,
distribution and species richness are shaped by a particularly
wide variety of factors, both intrinsic to the organisms as well as
extrinsic, and contemporary as well as historical. A solution
might be to broaden research to cover a wider variety of factors,
such as life-history traits, habitat choice or behavioral traits.
Macroecological patterns can be found, for example, in the clutch
size of birds, in the habitat distribution of species and in the
percentage of migrants in bird communities. By including them in
research, many of the factors and processes driving the patterns
might then be more easily understood. That this approach is
fruitful is demonstrated in a study of latitudinal gradients in
clutch size. By using a combination of individual-based
evolutionary simulation models and empirical tests, the
determinants and processes shaping spatial patterns in clutch size
have become rather clear. A central result of this study is its
demonstration that contemporary, ecological factors (climatic
variability) have to act in combination with evolutionary factors
(selection of life-history traits in the face of trade-offs) to produce
the observed patterns. The corollary is that analyses focusing
solely on environmental factors or only on evolutionary processes
can be expected to yield misleading results.

Fjeldsa J', Bowie RCK?

Diversification of African sunbirds (Nectariniidae) in
space and time: Linking ecological and historical
processes

(1)  Zoological ~Museum,  University of Copenhagen,
Universitetsparken 15, DK-2100 Copenhagen, Denmark,
Jfieldsaa@snm.ku.dk (2) Department of Biology, Stellenbosch
University, Private Bag XI, Matieland 7602, South Africa,
bowie@sun.ac.za

Pattern and process of diversification since the upper Tertiary
was investigated by linking together a well-resolved phylogeny
and species distributions for the more than 80 species of African
sunbirds, Nectariniidae. Species richness patterns show very high
numbers of species in montane areas and upland savannas.
Phylogenetically old species occur mainly in the Guineo-
Congolean rainforest, but some are very widespread. In contrast,
the highlands have been the principal centers of radiation in the
more recent past. Contemporary environmental factors explain
well the richness patterns in widespread species, but not the
aggregations of endemic species in certain highlands. The
presence of several old relict species in areas with aggregates of
recently evolved species suggest that a major factor driving the
speciation process has been population persistence in sites of
stable and predictable conditions in a continent characterized by
high climatic instability.
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Storch D

Linking biodiversity patterns to spatial distributions of
species: Scaling patterns in continental avifaunas
derived from the structure and dynamics of species
distribution

Center for Theoretical Study, Charles University, Jilska 1, 110 00
Praha 1, Czech Republic, storch@cts.cuni.cz

Patterns in species richness are inevitably linked to patterns in the
spatial distribution of species, as the number of coexisting species
is given by the number of overlapping geographic ranges.
Attempts to relate both classes of macroecological patterns are
nevertheless rare. Using bird distribution data from several
continents and several spatial scales, I show that two major
biodiversity patterns, the species-area relationship and species-
energy relationship, can be derived using simple assumptions
concerning relationships of probability of occurrence to area and
energy availability. The shape and slope of the species-area curve
can predicted using only the information of species range size
distribution and the assumption that species distributions are
aggregated on all spatial scales. The species-energy relationship
can be accurately predicted using a simple dynamic model
assuming that probability of occurrence increases proportionally
with energy availability. These simple assumptions are sufficient
also for the prediction of the interactive effect of area and
available energy on species richness. The emergence of
biodiversity patterns in birds can be thus modeled without
assumptions concerning interspecific interactions or any sort of
biotic saturation which is assumed in neutral models of
biodiversity based on zero-sum dynamics, and can be therefore
attributed to the spatial dynamics of mutually independent species
ranges, i.e., to the autecology of individual species. These
models, however, do not provide any mechanism that generates
observed range size distribution, and it is possible that
interspecific interactions can play a role here. Moreover, it is not
clear why probability of occurrence for species increases with
available energy. It seems that instead of increasing total
abundances, environmental energy elevates habitat heterogeneity,
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(climatic and microclimatic differences) or active (feather waxes,
free fatty acids on the brood patch or microbial inocula) processes
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because there is invariably more than one possible partner
available on the day that a mate-secker arrives. For the Common
Tern (Sterna hirundo), a long-lived and long-distance migrant
with a brief window of time for annual reproduction in northern
Europe, I attempt to shed light on the ways how first-time-
breeders start reproduction and with which mates. Arrival dates
within a season may be scattered over a period of several weeks
or even months. From 1994-2003, pairings of several hundred
individually known recruits were analyzed by means of
transponder-based identification and compared with those of
experienced colony members. First-time breeders are
inexperienced and young compared to established breeders. They
are late in arrival and in egg laying, and so under greater time
constraints than older conspecifics. Their lack of breeding
experience and/or age itself are key components in explaining
why they reproduce more poorly than older, experienced
individuals. As expected, the degree of experience in the mate of
a first-time breeder played a major role in individual reproductive
output, and was found an important factor in influencing how
natal recruits start breeding. The paper will show how recruits
manage to obtain experienced mates, how such first-time
breeders are characterized, and what the causes of frequent
divorce are after the year of recruitment.

S23: Natural holes: the missing dimension in

understanding hole-nester ecology
Conveners: Tomasz Wesolowski, Poland; Kathy Martin,
Canada

Wesolowski T

Lessons from long-term hole nester studies in a
primeval temperate forest

Department of Avian Ecology, Wroclaw University, Wroclaw
University, Sienkiewicza 21, PL 50 335 Wroclaw, Poland,
tomwes@biol.uni.wroc.pl

Secondary hole nesters (SHN) are birds that are critically
dependent on holes for nesting and roosting. The absence of holes
renders habitat uninhabitable for them; and in man managed
woods, their populations are known to increase with the provision
of nest boxes, suggesting that SHNs are limited by shortage of
holes and must compete for them. Thirty years of observations in
the last fragments of primeval temperate forest in lowland
Europe, in the Bialowieza National Park in east Poland, are used
to test this assumption. They show, that in these conditions: (1)
SHNs do not face a shortage of holes,(2) competition for nest
sites is of minor importance, (3) woodpeckers are not keystone
species for the SHN assemblage - most SHN species rely on
holes of other origin, and (4) the SHNs hole requirements appear
to be shaped by the necessity to simultancously avoid nest
predation and nest flooding - the two most important nest
mortality factors. The Bialowieza situation seems to be
characteristic of primeval forest conditions in general.

Martin K, Drever M

Resource flow in secondary hole nester communities in
old mixed forests

Forest Sciences, University of British Columbia, 3041-2424 Main
Mall, Vancouver, BC, ver 174, Canada,
kmartin@interchange.ubc.ca

Hole nester species live in hierarchically-structured communities
termed ‘Nest Webs’ that interact through the creation of and
competition for nesting and roosting holes. Many secondary hole
nester (SHN) populations are considered to be limited by hole
availability, with fierce competition for this scarce critical
resource. However, in older forests in natural conditions, inter-
and intra-specific interactions among SHN species in the
community are complex (competition, facilitation, predation),
multi-factorial (nest sites, cover, foraging, food storage), and
multi-scale (local, regional, continental). Hole supply can vary
with rates of excavation and hole loss, number and abundance of
excavator species, competitor densities, as well as conditions of
nesting trees and forest stands. In old mixed coniferous-
deciduous forests of western Canada, Colaptes auratus, the
keystone excavator, and 8 other excavating species provided a
range of sizes and quality of holes for SHNs, whereas 12% of
1252 SHN nesting attempts were in natural holes. Hole supply
may be reduced if some excavators reuse holes, and when
densities of competitors increase. Hole quality may vary when
SHNSs nest near hole-nesting competitors (squirrels, raptors) and
excavators that may potentially prey on SHN adults and young.
Continental or regional level processes alter relative hole
availability by influencing the density of competitors (e.g.,
Sturnus vulgaris) or excavators. Outbreaks of forest insects or
warm winters may allow increased densities of resident or
migrant SHNs, with resultant increased demand for holes. SHNs
must also compete with non-hole nesting resident species for
food and predator avoidance. Thus, hole supply is only one of
several critical ecological and environmental factors that
influence SHN populations. In old forest systems, food supply,
predation and environmental conditions may limit SHN densities
such that hole availability is not the dominant resource constraint.

Bai M-L, Miihlenberg M

Nest site use of hole-nesting birds in a natural boreal
forest in Mongolia

Centre for Nature Conservation, Gottingen University, Von-
Siebold Str. 2, 37075 Géttingen, Germany, mbai@gwdg.de,
mmuehle@gwdg.de

Tree holes and the nests of hole-nesting birds were surveyed in a
natural boreal forest in West Khentey, Mongolia. We investigated
(1) hole abundance in natural forests, (2) the importance of
different tree species and different types of holes for hole-nesting
birds, and (3) interactive relationships among hole-nesting birds.
Nest-web analysis was applied to link the three main components
of the study: bird species, nest holes and hole trees. Hole density
in the study area averaged 30/ha. Most holes were located in
birch (Betula platyphylla), but poplar (Populus laurifolia) was the
most hole-rich tree species relative to abundance. Branch holes
were occupied over-proportionally by secondary hole nesters;
they used woodpecker holes in proportion to their availability,
and holes excavated by the Willow Tit (Parus montanus) less
often. Apart from the probably irreplaceable function of the Black
Woodpecker (Dryocopus martius) in producing large holes,
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woodpeckers do not play a keystone role for the hole-nesting
community. Birch, which often hosted excavating species and
provided most of the branch holes, is nevertheless of fundamental
importance. Were birch to be replaced by hole-poor tree species,
such as spruce (Picea), the numbers of branch holes would fall by
approximately 80%. This, in fact, is a real prospect due to the
current program of converting large tracts of boreal and
hemiboreal forest into conifer plantations in Mongolia.

Severinghaus L

Cavity competition and breeding success in the Elegant
Scops Owl of Lanyu Island

Research Center for Biodiversity, Academia Sinica, 128 Yen-
chiu-yuan Road, Taipei 115, Taiwan, zolls@gate.sinica.edu.tw
The Elegant Scops Owl is the largest predator in the forests of
Lanyu, a subtropical island in the western Pacific. Endemic to the
island, the local breeding form (Otus elegans botelensis) is
severely restricted in its breeding by limited nest sites, due to
high population density and the shortage of suitable cavities.
There are no cavity-making birds or mammals on Lanyu. The
only human disturbance to the forests comes from traditional
aboriginal cultivation and wood harvesting. 1 have studied
reproduction in the scops owls of Lanyu and followed their use of
nest cavities since 1986. Starting in 2000, I selected a 10-hectare
plot and, with the help of a field team, examined the cavity
conditions in 86 trees with a trunk diameter breast height greater
than 38 cm. We found cavities in 67 of the trees. To create a
cavity database for these trees, we measured every cavity with an
entrance wider than 10 cm, recording depth, width, height,
dryness, flatness of the floor, and horizontal and vertical
orientation of the entrance. 317 cavities were so measured. As
well, we recorded the height of the cavity above ground, its
position on the tree, and other tree characteristics. When a cavity
ceased to be used by owls, or when a previously unused cavity
became useful to owls, its characteristics were measured again to
document cavity change. Results showed that owls selected
cavities that were large enough in size, dry, above a certain height
from the ground, and relatively flat bottomed. Similarly
dimensioned nest boxes that I provided were not always
occupied. Analyses are underway to determine the relationship
between cavity quality, intensity of competition for cavities, and
breeding success in the owls.

Blanc LA, Walters JR

Hole-nesting community dynamics of the fire-
maintained longleaf pine ecosystem, southeast USA
Virginia Tech University, Dept. of Biological Sciences 0406,
Blacksburg, VA 24061-0406, USA, Iblanc@yt.edu, jrwalt@vt.edu
Fire-maintained longleaf pine forests in the southeastern United
States are dominated by living pine and are relatively snag-poor;
yet hole-nesting birds comprise a major component of this
ecosystem. The Red-cockaded Woodpecker (Picoides borealis),
endemic to the region, is the only North American excavator of
cavities in living pine and thus has potential to heavily influence
hole-nesting community structure in these forests. The goals of
this study then were to describe the community structure of hole-
nesting birds in longleaf pine forest, determine the critical nesting
resources in the ecosystem, and identify the role played by the
Red-cockaded Woodpecker in their provision. From 2002 to
2005, we measured relative abundance, nest resource availability

and use, and nesting success for 14 species of hole-nesting birds
on the northwestern Florida panhandle. Based on correlated data,
the hole-nesting community was partitioned into two ‘species
webs’, one associated strongly with pine snags and the other with
hardwood snags. Visualizing the hole-nesting community as
‘webs’ enabled us to examine potential interdependencies among
species, identify critical components in the system, and predict
how community structure would shift if or when these
components were removed. For example, in forests where large
pine snags are harvested, we could predict that parts of the ‘pine
web’ would compress, causing a shift in nest-site selection by
some species to existing cavities in living pine. Such web
compression may result in increased usurping of Red-cockaded
Woodpecker cavities and thus growing conflict among hole-
nesting species in the system. A better understanding of how
community webs are structured will improve efforts to manage
forests for the healthy coexistence of many primary and
secondary hole-nesters.

S24: The physiology of life histories:

comparing tropical and temperate zone birds
Conveners: Martin Wikelski, USA; Jeff Brawn, USA

Wikelski M, Hau M

Do physiological traits limit the diversification of avian
life histories?

Princeton University, Dept. of Ecology and Evolutionary Biology,
Princeton, NJ 08544, USA, wikelski@princeton.edu,
hau@princeton.edu

Most of the variance in avian life-history spreads along a slow—
fast continuum, with low reproductive rate, slow development
and long life span at one end and the opposite traits at the other
end. In general, alternative combinations of life history variables
are absent, indicating that the diversification of life history is
constrained. However, the exact mechanisms underlying these
constraints are largely unknown. Here we review what
physiological mechanisms could control avian life history
diversification. We attempt to integrate data on endocrine,
metabolic, immune and behavioral (activity) processes to
understand avian life history diversity along environmental
gradients. We present data from a multi-species comparison of
birds that either live in tropical or temperate-zone habitats where
life histories often differ remarkably. We discuss this
‘physiology-life history’ approach as a top-down analysis for
reaching an understanding of biological organization from genes
to physiology to behavior to life history.

Brawn J

What do we really know about the demography of
tropical birds?

University of Illinois, Shelford Vivarium 606 East Healey St.,
Champaign, IL 61820, USA, jbrawn@uiuc.edu

The avifaunas of tropical latitudes are speciose, ecologically
diverse, and relatively unstudied. As more is discovered, it is
clear that long standing assumptions about the ecology and life
histories of tropical birds are sometimes questionable. For
example, tropical birds may not have life spans that are



40 J Ornithol 147 suppl (2006)

24th International Ornithological Congress, Hamburg, Germany, 13-19 August 2006

systematically longer than their temperate-zone counterparts, but
they do have notably small clutch sizes. Rates of nest loss are
indeed high owing to predation, but they can vary among species
and over time. In this talk I will report some findings of over 30
years research on the population biology and life histories of
lowland forest birds in Panama. Results from Panama and other
studies in the neo- and paleotropics indicate that “tropical birds”
have very diverse life histories that often defy generalization and
complicate  comparative  analyses.  Characterizing  and
understanding this variation is critical for the conservation of
birds at tropical latitudes.

Canoine V

Seasonal endocrine modulation of aggressive behavior:
Comparing temperate and tropical birds
Max-Planck-Institute for Ornithology, Dept. Biological Rhythms
and Behavior, Von-der-Tann-Strasse 7, 82346 Andechs,
Germany, vcanoine@yahoo.com

In birds, sexual and aggressive behaviors are generally regulated
by the androgen testosterone (T) and/or its estrogenic
metabolites. In species that breed in temperate zones, seasonal
variation in aggressive and reproductive behavior is correlated
with large fluctuations in plasma T. In contrast, tropical species
that are aggressive year-round but breed seasonally have low
plasma levels of T throughout the year, with little seasonal
variation. Therefore, tropical species may have evolved
mechanisms for controlling aggressive behavior that differ from
those in temperate species. Here I compare seasonal differences
in the hormonal modulation of aggressive behavior between the
temperate European Stonechat (Saxicola torquata rubicola) and
the tropical Spotted Antbird (Hylophylax n. naevioides). The
Spotted Antbird is a typical tropical species that breeds
seasonally and holds territory year-round. European Stonechats
are exceptional among temperate birds because they defend both
a breeding and wintering territory. Thus, these two species are
aggressive in both reproductive and non-reproductive contexts.
Their aggressive behavior in relation to physiological and
neuroendocrinological parameters will be discussed, and I then
compare the results of my own work with previous studies in a
review of general differences in the regulation of aggression
between temperate and tropical birds.

Lee K, Klasing K?, Wikelski M'

Ecological and phylogenetic correlates of immune
defense indices in tropical birds

(1) Princeton University, Dept. of Ecology & Evolutionary
Biology, Princeton University, Princeton, NJ 08544, USA,
kellylee@princeton.edu, wikelski@princeton.edu (2) University
of California, Dept. of Animal Science, Davis, CA 95616, USA,
keklasing@ucdavis.edu

Immune defense strategies are intricately linked to the ecology,
physiology, life history and evolutionary history of the host. We
measured several indices of standing immune defenses, including
natural antibodies, complement activity, and bacterial killing
ability of whole blood, and the energetic costs of inducing an
inflammatory response, in more than sixty tropical bird species.
From this, we present broad-scale comparative analyses exploring
the major ecological and phylogenetic correlates of variation in
these immune defense measures.

Wingfield JC

Endocrine response to social challenges in northern and
southern hemisphere populations of the crowned
sparrows, Zonotrichia (Emberizidae)

University of Washington, Dept. of Biology, Box 351800, Seattle,
Wa 98195, USA, jwingfie@u.washington.edu

There is now extensive evidence that male-male interactions over
territories and receptive mates can modulate secretion of
testosterone. Furthermore, the pattern of response, or whether an
individual responds at all, has been related to mating system. This
pattern now appears to be found in most vertebrate taxa. How
these patterns vary in relation to diverse habitats, however, is less
well known. Field investigations of several taxa of closely related
emberizines, the crowned sparrows (Zonotrichia), which occur
from the arctic tundra of Alaska to Tierra Del Fuego at the
southern tip of South America, show a tremendous variation in
altitudinal and latitudinal range, particularly in North America. At
high latitudes at the limits of their distribution, breeding seasons
are brief and circulating testosterone levels are not socially
modulated. Far northern males of Zonotrichia actually become
insensitive to the behavioral effects of testosterone, possibly as a
mechanism for maintaining paternal care. At mid-latitudes, most,
but not all, males exhibit social modulation of testosterone
secretion, especially in response to experimental challenges. In
contrast, populations of the Rufous-collared Sparrow
(Zonotrichia capensis) in Central and South America show a
fixed pattern of testosterone secretion that is not socially
modulated. Such variation in pattern and degree of social
modulation appears to be independent of mating system and thus
offers an ideal opportunity for comparing populations to
determine the ecological basis of this variation, evolution of these
patterns and the mechanisms underlying them.

S25: Advances in molecular systematics and
phylogeography of neotropical birds
Conveners: Cristina Miyaki, Brazil; John Bates, USA

Aleixo A

Gene trees, landscape evolution, and geology: towards a
modern  synthesis of Amazonian  historical
biogeography?

Museu Paraense Emilio Goeldi, Dept. of Zoology, Caixa Postal
399, CEP 66040-170, Belém-PA, Brazil, aleixo@museu-goeldi.br
As the number of phylogeographic studies on Amazonian birds
increases, previous interpretations of Amazonian historical
biogeography are being replaced by spatially and temporally
different scenarios. At the same time, recent research has
improved significantly our understanding of Amazonian
geological history during the Tertiary and Quaternary, two
periods critical for the recent diversification of the Amazonian
avifauna. The notion that geologically older and more stable areas
of Amazonia - such as the Brazilian and Guianan shields -
functioned as “species-pumps”, and that geologically recent and
less stable areas - such as the western Amazonian lowlands -
mostly captured part of the diversity generated nearby, has been
supported by a recent phylogeographic study focusing on a
species complex of the genus Xiphorhynchus (Dendrocolaptidae).



J Ornithol 147 suppl (2006)

41

24th International Ornithological Congress, Hamburg, Germany, 13-19 August 2006

Here, I review 13 additional molecular datasets published
between 1999 and 2006 to assess whether this historical scenario
can be extended to other linecages of Amazonian birds. The
reviewed datasets indicated, inter alia, a clear dichotomy in the
diversification histories of species associated with seasonally
flooded and upland forests. Many "core" lineages of upland
species found nowadays in western Amazonia are clearly
associated with more basal lineages from the Brazilian and
Guianan shields, and the Andes, indicating a more recent history
in this geologically dynamic region. On the other hand, lineages
associated with seasonally flooded forests seem to have an
ancient history in western Amazonia, apparently expanding over
the geologically more stable areas only recently. Another
evolutionary process differing between upland and seasonally
flooded forest species is rate of cladogenesis, which is much
slower in the latter group. When interpreted together, all
reviewed studies provide evidence that geology and landscape
evolution are tightly linked with the timing and mode of
differentiation of Amazonian birds.

Bates IM

Understanding and interpreting the comparative
patterns of genetic diversity and the evolution of
Neotropical birds

The Field Museum, Department of Zoology, The Field Museum,
1400 S. Lake Shore Dr., Chicago, IL, 60605-2496, USA,
jbates@fieldmuseum.org

Molecular data offer great opportunities for understanding the
evolutionary history of Amazonia. However, a variety of recent
generalizations about genetic structure in Amazonian birds
misrepresent patterns of avian genetic diversity in the region. I
compare and contrast available data on genetic diversity in
Amazonian birds with birds from adjacent regions, the Cerrado
and the Andes. Several important points can be made from these
data. First, Amazonia is not a museum comprised only of old
lineages. Amazonia has many lineages that demonstrate
comparatively recent evolutionary diversification. Statements
about largely old, non-evolving, Amazonian lineages appear to
result from interpretations of diversity based on the Biological
Species Concept, but they have also resulted from mis-
interpretation of genetic data demonstrating that divergences in
many lineages of Amazonian birds pre-date the Pleistocene. Of
the three regions, the avifauna of the Cerrado appears the most
distinct in that it appears to have comparatively low levels of
structure for the taxa analyzed. Comparative data between regions
are still far from substantial, but the initial patterns appear to
illustrate important differences in the evolutionary history of the
regions.

Ericson PGP', Zuccon D? Ohlson JI', Johansson US',
Alvarenga H’

Major evolutionary patterns and higher-level
systematics in tyrant flycatchers, cotingas, manakins
and their allies (Tyrannida)

(1) Swedish Museum of Natural History, P.O. Box 50007, SE-
10405 Stockholm, Sweden, per.ericson@nrm.se (2) Universita di
Torino, Dipartimento di Biologia Animale e dell Uomo, Via
Accademia Albertina 17, 1012 Torino, Italy (3) Universidade de
Sao Paulo, R. Colombia 99, CEP 12030-520, Taubaté SP, Brazil

The precise taxonomic limits of major groups in the Tyrannida -
cotingas, manakins, tityrines and tyrant flycatchers - as well as
the systematic relationships within these groups, remain unclear
despite the growing understanding of passerine evolution over the
last 15 years. An analysis of DNA sequence data obtained from
two nuclear exons, three introns, and one mitochondrial gene
from these groups has now produced well-supported hypotheses
about the earliest evolution within the Tyrannida. The subfamilies
Cotinginae, Piprinae (excluding Piprites), Tityrinae, Tyranninae
(excluding Platyrinchus), and Pipromorphinae of Sibley and
Monroe (1990) were all found to be reciprocally monophyletic.
Clades corresponding to traditional groups suggests that the
tyrant flycatchers (Tyranninae plus Pipromorphinae of Sibley and
Monroe 1990) are monophyletic. Furthermore, Tityrinae,
Oxyruncus, Piprites, Pipromorphinae and Tyranninae form a
well-supported clade.

Ribas C', Miyaki C?

Patterns of  diversification and comparative
biogeography in five genera of neotropical parrots

(1) American Museum of Natural History, Department of
Ornithology, Central Park West at 79th street, New York, NY,
10024, USA, ribas@amnh.org (2) Universidade de Sdo Paulo,
Departamento de Biologia, Instituto de Biociéncias, Rua do
Matao n. 277, Sdo Paulo, SP, 05508-900, Brazil,
cymiyaki@usp.br

The neotropical region is characterized by high species diversity
and distinctive patterns of endemism. Yet its biogeographical
history, especially the climatic and geological influences on the
diversification of its biota, remains poorly known despite the
abundance of hypotheses explaining patterns of distribution.
Molecular phylogenies of neotropical groups offer direct insight
into the complex biogeographical history of the region. Here
phylogenies for five genera of neotropical parrots were
reconstructed using mitochondrial DNA sequences from the
cytochrome b, ND2, rDNA 128 and rDNA 16S genes, and the
control region. The phylogenies were compared both spatially
and temporally to determine (1) historical relationships among
areas, (2) common historical events effecting cladogenesis, and
(3) the frequency of those events. Well-resolved phylogenetic
reconstructions were recovered for the genera Pyrrhura,
Gypopsitta, Pionopsitta, Pionus and Brotogeris, and for a
monophyletic group of species belonging to Aratinga. With the
exception of Gypopsitta, Amazonian taxa in each genus were not
monophyletic: Atlantic Forest and Central American taxa were
often sister to Amazonian taxa. Divergence times were not
compressed into a particular time period, but did reveal a pattern
of recent diversification between eastern Amazonian and Atlantic
forest taxa. Diversification in all genera occurred mainly during
the last six million years, and seems to have been influenced by
geological and paleoclimatic events such as the uplift of the
Andes and isolation and contact between Amazonian, Atlantic
and Central American forests. Support by FAPESP, CAPES,
CNPq, AMNH.
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Tello JG

Understanding neotropical diversification: Implications
from phylogenetic patterns in four avian lineages
American Museum of Natural History, Dept. of Ornithology, New
York, NY 10024, USA, tello@amnh.org

Neotropical forests harbor the highest biotic diversity on earth.
Although several hypotheses have been proposed to explain the
origin of such diversity, most have been put forward in the
absence of phylogenetic data. Studies of distribution and patterns
of endemism in several organisms have also identified centers of
endemism in the region. Yet the historical patterns of taxon
differentiation, and the spatial and temporal congruence of these
patterns, are just beginning to be investigated. In this study,
phylogenetic analyses using molecular data and species
distributions were used to uncover area relationships for four co-
distributed lineages: the flycatcher genera Platyrinchus and
Tolmomyias (Tyrannidae), and two non-sister clades previously
included in the antbird genus Cercomacra (Thamnophilidae).
These lineages belong to two of the most speciose avian families
in the neotropics; thus their patterns of diversification are
potentially representative of the evolutionary history of much of
the neotropical avifauna. Four mitochondrial genes and one
nuclear intron were used to recover phylogenetic relationships,
information that provided the framework for reconstructing the
biogeographic history of the lineages. The results revealed
lineage origins that were both concordant and discordant spatially
and temporally. Temporal discordance of spatial patterns was not
expected, owing to the overall similarity among the distributions
of the species. Such discordance, however, may be explained by
the origin of distribution patterns under different scenarios,
suggesting that the history of diversification in neotropical birds
is complex and ongoing. Analyses such as this can be expected to
provide insights into the evolutionary history of neotropical areas
of endemism.

S26: New approaches, new data, and new
findings in avian phylogenetics at and above

the ordinal level
Conveners: Shannon Hackett, USA; Gerald Mayr,
Germany

Harshman J 1, Braun EL% Braun MJ°, Hackett SJ*, Han K-
L°, Huddleston CJ?, Kimball RT?, Marks BD>, Miglia KJ°,
Moore WAS, Reddy S!. Sheldon FH®, Steadman D’, Yuri
T3, Witt C°

Early Bird, an international collaboration in deep
molecular phylogenetics of birds: Can four million
bases resolve the tree?

(1) Field Museum of Natural History, 1400 South Lake Shore
Drive, Chicago, IL 60605, USA, jharshman@pacbell.net, (2)
Dept. of Zoology, University of Florida, Gainesville, FL 32611-
8525, USA, (3) Dept. of Vertebrate Zoology, National Museum of
Natural History, Smithsonian Institution, 4210 Silver Hill Rd.,
Suitland, MD 20746, USA, (4) Field Museum of Natural History,
1400 South Lake Shore Drive, Chicago, IL 60605, USA, (5)
University of Maryland, College Park, MD 20742, USA (6)

Museum of Natural Science, Louisiana State University, Baton
Rouge, LA. 70803 (7) Florida Museum of Natural History,
University of Florida Cultural Plaza, SW 34th Street and Hull
Road, Gainesville, FL 32611-2710, USA

Early Bird is a project funded by the ATOL program of the
U.S.A. National Science Foundation. It includes investigators at
five institutions in the U.S.A. and in two extra-American groups.
We have assembled a data set of 23,000 bases of nuclear DNA,
with an emphasis on introns, for 200 species that span avian
diversity. The purpose of the project is to resolve basal
relationships within birds, especially within the Neoaves. We
have been able to resolve many, though not all, interordinal
relationships with high confidence. Both nucleotide and indel
data have been useful.

Mayr G

The renaissance of avian paleontology and its bearing
on the higher-level phylogeny of birds: are there
missing links between modern higher-level taxa?
Forschungsinstitut ~ Senckenberg, Division of Ornithology,
Senckenberganlage 25, 60325  Frankfurt, Germany,
Gerald Mayr@senckenberg.de

Recent phylogenetic analyses of morphological and molecular
data provide strong evidence for some previously undetected
clades of morphologically very divergent modern avian groups.
Within the past decades, moreover, avian paleontology has
experienced a renaissance and the Paleogene fossil record of birds
is approaching that of mammals in the number of recorded
higher-level taxa. Yet there is still little mutual exchange between
students of these different data, as molecular systematists are
often unfamiliar with the fossil record of birds, while avian
paleontologists have only recently started to interpret their fossils
in the light of modern phylogenetic groupings. Here several fossil
groups are presented that are considered missing links between
extant higher avian groups, combining the derived characters of
one taxon with the plesiomorphic traits of its sister group. These
taxa have often been known for a long time, but the mosaic of
character distribution displayed was hitherto interpreted as
convergence and not evidence of relationship. Examples
discussed include the Palaelodidae, an extinct stem group of
flamingos which support the recently proposed sister-group
relationship between flamingos and grebes, and the Plotopteridae
that exhibit the highly derived wing morphology of penguins but
also share derived characters with “pelecaniform” suloids
(gannets, cormorants and allies).

Manegold A

Out of Australia? - The natural history of the oldest
passeriform birds of Europe

Forschungsinstitut ~ Senckenberg, Division of Ornithology,
Senckenberganlage 25, D-60325 Frankfurt/Main, Germany,
albrecht.manegold@senckenberg.de

Recent phylogenetic analyses using molecular markers have led
to the hypothesis that the three major extant lines of passeriform
birds - New Zealand acanthisittids, other suboscines, and oscines
- diverged in the southern hemisphere with the break-up of
Gondwana during the late Cretaceous. The stem species of
acanthisittids and suboscines arose on New Zealand and western
Gondwana (South America), respectively, and the stem species of
the oscines on the Australian continental plate. Passerines do not
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appear in the fossil record of the Northern Hemisphere until the
early Oligocene, and only from the Miocene onwards are they
abundant in certain fossil deposits. Owing to the alleged skeletal
uniformity of these fossils, few attempts have been made to place
them in a phylogenetic framework. The detection of new
phylogenetically informative characters, however, now allows the
assignment of certain skeletal elements of fossil passerines from
Southern Germany to extant passeriform taxa, providing new
insights into the composition of the Neogene avifauna. Most
Northern Hemisphere Miocene passerines are assignable to the
extant oscine infra-order Passerida, consistent with the "Out-of-
Australia" hypothesis. Older fossils from the Oligocene, however,
cannot be identified with any extant oscine taxon and probably
belong outside the Eupasseres, the taxon comprising all extant
oscines and suboscines. It is in that connection that earlier
descriptions of a 'crown-group' of suboscines in the fossil record
of Europe are discussed. A goal of this study is to contribute
towards mutual exchange of phylogenetic hypotheses based on
molecular and comprehensive morphological analyses of extant
and fossil taxa. Whereas recent deep-lineage molecular analysis
of the Passeriformes provides a phylogenetic framework in which
to place passerine fossils, studies of the fossils themselves can
provide a timescale for major evolutionary events in the natural
history of perching birds.

van Tuinen M

Mode and tempo of evolution in aquatic birds inferred
from Bayesian clocks and total evidence phylogenetics
Stanford University, Dept. of Biological Sciences, Stanford, CA,
94305-5020, USA, mvtuinen@stanford.edu

Birds display diverse adaptations to aquatic environments. Most
lineages are distinct morphologically, and, as a result, a number
have long been afforded ordinal status. In contrast, molecular
evidence indicates extensive convergent and divergent evolution
among them. New cladistic analyses of morphology corroborate
some of the unexpected molecular phylogenetic findings. To
compare and improve phylogenetic signal across datasets, I
present a total evidence analysis based on several Bayesian
partitioning and parsimony schemes, and enhance these data with
molecular divergence times based on several clock methods. This
approach continues to support a novel clade comprising the
grebes, flamingos, hamerkop, shoebill and the pelicans, with the
ibises and herons as a sister group to this larger clade. The
analysis also finds strong support for a core pelecaniform clade
comprising cormorants and gannets; but other phylogenetic
relationships remain unclear. Molecular divergence time
estimates indicate relatively young age for the diversification of
nearly all waterbird lineages. These data support a labile
convergent/divergent evolutionary mode in waterbird history.

Houde P', Fain MG?

Evaluation of the putative neoavian dichotomy,
Metaves and Coronaves

(1) New Mexico State University, Department of Biology, Box
30001, MSC 3AF Las Cruces NM 88003, USA,
phoude@nmsu.edu (2) University of New Mexico, Department of
Biology, 255 Castetter Hall Albuquerque NM 87131, USA,

mfain@unm.edu

It has been widely anticipated that a tree of avian evolution would
crystalize from comparative studies of DNA. While recent studies
have clarified the monophyly of the Palacognathae, Galloanserae,
and Neoaves, relationships among the latter remain frustratingly
vexing. Some even suggest that the issue might be intractable.
We studied B-fibrinogen intron 7 in the most taxonomically
inclusive survey of DNA sequences of nonpasserine bird families
and orders to date. These data, both alone and in combination
with eleven other independently assorting loci, suggest that the
Neoaves comprise two sister clades, Metaves and Coronaves. The
two are distinguished by four insertion/deletions. They present
ecological parallelisms comparable to those found between
marsupial and placental mammals. Some members of the two
putative clades, such as respective loons and grebes or respective
swifts and swallows, have long been recognized as examples of
convergent evolution, but it has not been appreciated that they
might be parts of diverse parallel radiations. At least five orders
of birds, including Pelecaniformes, Gruiformes, Charadriiformes,
Ciconiiformes, and Cuculiformes, are suggested by these data to
be polyphyletic, with component families in both radiations.
Evolutionary theory predicts convergent adaptive radiations
between animals of distinct lines of descent due to adaptation to
similar conditions, particularly on different continents.
Parallelism between marsupials and placentals was recognized
early on from conspicuous differences in their reproductive
biology and the largely Austral endemism of marsupials. In
contrast, morphology has left few clues to the relationships of
Metaves and Coronaves that have not been completely
overwritten by convergence, and biogeography is a notoriously
poor guide to avian relationships because of the inherent vagility
of birds. This discovery warrants wholesale re-evaluation of the
avian fossil record and of morphological characters used in avian
classification.

S27: Molecular systematics and evolution
Conveners: Dorit Liebers-Helbig, Germany; Allan J.
Baker, Canada

Baker A, Haddrath O

Rare genomic events as phylogenetic markers to help
resolve the avian tree of life

Royal Ontario Museum, Dept. Natural History, Toronto, ON,
M35S 2C6, Canada, allanb@rom.on.ca, oliverh@rom.on.ca

DNA sequences generated from a range of nuclear and
mitochondrial DNA genes are accumulating rapidly, and have
brought increased resolution to the Avian Tree of Life.
Nevertheless, a huge problem still confronts avian systematists in
deep time because the basal connections among ordinal clades of
birds is proving to be refractory to even large sequence datasets
of multiple genes. Additionally, many of the gene trees do not
appear to recover species trees in some ancient clades. We have
therefore isolated retroposons that insert uniquely in genomes in
an attempt to resolve some of these vexing problems, as over one
hundred thousand of these elements have been discovered in the
chicken genome. In the Galliformes the rare insertion of these
retroposons at major nodes in the phylogeny support the
branching pattern derived with multiple DNA sequences, and
thus completely corroborate the topology. In the Paleognathae,
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the gene trees derived separately from mitochondrial genes and
nuclear genes are discordant, with the latter suggesting that
tinamous are nested with ratites. However, retroposon insertions
recover the same branching pattern as published previously from
the analysis of mitochondrial DNA genome sequences, and
therefore refute the nuclear gene topology. Although the isolation
of retroposons and testing of their usefulness in phylogenetic
inference have initially proved to be time-consuming, recent
advances in detection methods and the increasing availability of
the sequences of genomes of birds will expedite their use in
resolving the Avian Tree of Life.

Saetre G-P

Sex, genes and speciation - the curious case of the
Ficedula flycatchers

CEES, Department of Biology, University of Oslo, P. O. Box
1066 Blindern, N-0316 Oslo, Norway, g.p.satre@bio.uio.no
When hybrids have low fitness, natural selection may reinforce
prezygotic barriers to gene exchange, eventually leading to
reproductive  isolation. The old-world, black-and-white
flycatchers of the genus Ficedula provide a rare but well-
documented avian example of this speciation process. In areas
where the Pied (F. hypoleuca) and Collared (F. albicollis)
Flycatchers co-exist, a character displacement in male plumage
characteristics, mediated by female choice for divergent traits,
has occurred that reduces the frequency of mal-adaptive
hybridization. Here I review ten years of investigations of the
genetic basis for reinforcement in these birds. I present evidence
that genes located on the Z-chromosome play a crucial role in the
speciation process. Characters related to both post-zygotic
isolation (hybrid fertility) and pre-zygotic isolation (male
plumage characteristics and female mate preference rules) appear
to be affected by Z-linked genes; Z-linked genes exhibit reduced
intraspecific variation but increased rate of divergence between
the species compared to autosomal genes, a pattern consistent
with effects of recurrent selective sweeps. Theoretical
investigations show that speciation by reinforcement is
particularly powerful when linked genes on the sex chromosome
control traits associated with pre- and post- zygotic isolation. This
is partly due to reduced rates of recombination between sex-
linked genes and partly because selection can act more effectively
on such genes since recessive alleles are not masked by
dominance in the heterogametic sex. I suggest that selection of
traits associated with sex and reproduction has accentuated the
rate of species divergence in these birds, and that sex-linkage of
the relevant genes has facilitated the reinforcement process in
sympatry. | briefly discuss the generality of these findings for
other avian taxa.

Liebers-Helbig D', de Knijff P, Sternkopf V*, Helbig AJ®
Evolution in the Herring Gull species group

(1) German Oceanographic Museum, Katharinenberg 14/20, D-
18439 Stralsund, Germany, dorit.liebers@meeresmuseum.de (2)
Leiden University Medical Center, MGC-Department of Human
and Clinical Genetics, Forensic Laboratory for DNA Research,
PO Box 9503, NL Leiden, Netherlands, P.de Knijff@lumc.nl (3)
University of Greifswald, Vogelwarte Hiddensee, Institute of
Zoology, D-18565 Kloster, Germany, viv.eco@rmx.de,
helbig@uni-greifswald.de

The circumstances under which sexually reproducing animals can
speciate without geographical disjunction remain controversial.
According to the ring species model, a reproductive barrier may
arise through 'isolation-by-distance' when peripheral populations
of a species meet after expanding around some uninhabitable
barrier. The classical example given for such speciation is the
Herring Gull (Larus argentatus-fuscus-cachinnans) complex with
a circumpolar distribution in the northern hemisphere. Analysis
of mtDNA variation among 21 gull taxa now reveals that
members of the complex differentiated largely in allopatry,
following multiple vicariance and long-distance colonization
events, and not primarily through isolation-by-distance. Extant
taxa are the result of a recent (late Pleistocene) radiation within
which two ancestral lineages were originally separated in a North
Atlantic and a continental Eurasian refugium. Contrary to the ring
species model, we found no mitochondrial genetic evidence for a
closure of the circumpolar ring through colonization of Europe by
North American Herring Gulls. We have since included nuclear
markers (AFLP & SNP genotyping, intron sequences) as an
independent (biparentally inherited) source of genetic information
to be compared with the mitochondrial (maternally inherited)
phylogeography. These markers will also serve to test the
apparent biphyletic origin of two species (argentatus,
hyperboreus), as well as the unexpected position of L. marinus
within instead of outside the complex. Concentrating on markers
on the large sex (Z) chromosome, we hope to identify loci linked
to post-zygotic isolation factors which should be the first to
differentiate between incipient species and may bring us closer to
an understanding of the molecular-genetic mechanisms of
speciation.

Hochachka W, Lovette I

Phylogenetic niche conservatism and competition-
structured local species assemblages in North American
wood warblers, Parulidae

Laboratory of Ornithology, Cornell University, Cornell
University, 159 Sapsucker Woods Rd., Ithaca, NY, 14850, US4,
wmh6@cornell.edu, ijI2@cornell.edu

Closely related species are likely to occupy similar niches, with
the consequence that in sympatry they will settle in the same
physical locations even though intense inter-specific competition
may prevent much overlap in distribution. While local species
assemblages today will be affected by processes of niche
conservatism and inter-specific competition, the relative
influences of these opposing processes have rarely been
determined. We investigated this issue using a phylogeny of all
North American wood warblers combined with detailed
information on the local co-occurrence of species drawn from the
North American Breeding Bird Survey (BBS) which provides
information from local regions across much of the United States
and Canada. Using these data, we were able to identify all species
pairs that occurred on each BBS transect, and could thus co-occur
at specific sites. For such potentially co-occurring species pairs,
we calculated actual co-occurrence and looked for variation in co-
occurrence as a function of phylogenetic distance between the
species. Observed relationships between phylogenetic distance
and co-occurrence were compared with null models of local co-
occurrence. We found indications of pervasive niche
conservatism, combined with evidence that local competition was
only relaxed for a few species pairs that were very distantly
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related, to the extent that they used different foraging niches. Our
results suggest that conventional perceptions, that North
American wood-warblers are an adaptive radiation in which
many species evolved substantial behavioral differences quickly
to enable extensive coexistence, is incorrect. Instead,
considerable evolutionary time appears to be required for high
levels of spatial overlap to occur.

Gelang M!, Olsson U?% Prawiradilaga DM, Yao C-T%,
Ericson P

Biogeography and phylogeny of the southeast Asian
Brachypteryx leucophrys - B. montana complex
(Turdidae)

(1) Swedish Museum of Natural History, Dept. of Vertebrate
Zool. and Molecular Systematics Laboratory, Frescativigen 44,
P.O.Box 50007, SE-104 05 Stockholm, Sweden,
magnus.gelang@nrm.se, per.ericson@nrm.se (2) Dept. of
Zoology, University of Géteborg, Box 463, SE-405 30 Géteborg,
Sweden, urban.olsson@zool.gu.se (3) Division of Zoology,
Research Centre for Biology, LIPI, Jl.Raya Bogor Km 46,
Cibinong 16911, Indonesia, d_prawiradilaga@yahoo.com (4)
Division of Zoology, Endemic Species Research Institute, 1 Ming-
Chen E Road, Nantou County, Taiwan 552, China,
yaoct@tesri.gov.tw

A phylogenetic analysis was carried out on the shortwings
Brachypteryx leucophrys and B. montana from the southeast
Asian mainland, Taiwan, Philippines and Indonesia to clarify the
phylogeography of the group. The cytochrome b gene in
mitochondrial DNA and the nuclear introns myoglobin and ODC
were sequenced, and phylogenetic relationships then estimated by
parsimony and Bayesian inference methods. Our study suggests
that leucophrys and montana form a complex of several species
involved in multiple invasions, originating on the southeast Asian
mainland, then dispersing out to the Indonesian and Philippine
archipelagos, only to reinvade the mainland and then disperse to
Indonesia once more. The resulting pattern of dispersal bears
some resemblances to those of "ring" species. The phylogenetic
results also indicate that the shortwings crossed Wallace's Line
between Bali and Lombok twice, both recently and a long time
ago. Competition following secondary contact between early and
late radiations has played an important role in shaping altitudinal
distribution, the biogeographic impacts of which are discussed.

S28: Dispersal and gene flow in populations:
linking molecular methods to direct

observations
Conveners: Arie J. van Noordwijk, The Netherlands;
Judith Rhymer, United States

Rhymer J

How to infer population structure from molecular
data?

University of Maine, Dept. of Wildlife Ecology, Orono, ME,
04469, USA, judith.rhymer@umit.maine.edu

Recent advances in the ability to generate and analyze DNA data
have led to extensive use of population genetic data to illuminate

population structure at scales from breeding pairs to species. At a
larger scale, phylogeography examines overall population genetic
structure in the context of the broad geographic distribution of a
species. Landscape genetics is a newer discipline that explores
how landscape and environmental features influence population
genetic structure and dispersal rates at a finer scale. It is now
possible to distinguish between contemporary and historical gene
flow and dispersal using partial or fully Bayesian assignment
tests, which probabilistically assign individuals to populations
based on their multilocus genotypes. This approach can be used
to determine how many genetically discrete populations occur
without relying on prior definitions of population structure.
Another analysis method uses either a maximum likelihood or
Bayesian approach based on coalescent theory and jointly
estimates varying population sizes and the magnitude and
direction of gene flow among populations. Individual-based
assignment tests can also be used to estimate the extent of natal
and sex-biased dispersal. In addition to dispersal rates, analyses
of genotypic data provide estimates of relatedness among
individuals and the extent of reproductive success of resident
individuals as well as of inter-demic migrants in metapopulations.
DNA-based capture-recapture methods are now available that use
an individual’s DNA profile rather than standard tags to estimate
survival, emigration rates and changes in population size. These
newer, more powerful approaches allow researchers to infer much
more from genetic data than was previously possible from
standard population genetics methods.

van Noordwijk AJ
Measuring natal
recruitment rates
Netherlands Institute of Ecology, Boterhoeksestraat 48, 6666 ZG
Heteren, The Netherlands, a.vannoordwijk@nioo.knaw.nl
Population structure is the final consequence of distances moved
between site of hatching and site of reproduction. However,
direct observations of individuals marked at their sites of
hatching and breeding depend strongly on the distribution of
observers in time and space. These effects have to be eliminated
before the demographic behavior of the species studied can be
established. Analyzing movements towards breeding sites rather
than away from sites of hatching allows us to compare the
number of birds moving a certain distance to the number of
nestlings ringed at that distance. This is a simple and effective
way of measuring the dispersal that actually occurs. Subdividing
the dataset allows replication of estimates, the efficiency of which
is demonstrated by low standard errors in recruitment rate.
Replicate estimates, moreover, allow use of general linear models
for analyzing the data and to test hypotheses about the relative
importance of factors affecting dispersal behavior. So far, this
method has been applied to only a few datasets, bringing,
nevertheless, new insights into dispersal behavior; more
applications will follow.

dispersal as distance-related

Korpiméki E, Thomson RL, Vasko V, Laaksonen T
Breeding dispersal of Eurasian Kestrels in a temporally
varying environment

University of Turku, Section of Ecology, Department of Biology,
FIN-20014 Turku, Finland, ekorpi@utu.fi,
robert.thomson@utu.fi, ville.vasko@utu.fi, toni.laaksonen@utu.fi
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Dispersal is a key life history trait linking individual behavior to
population dynamics. However, studies on dispersal have been
questionable because it is often not known how many individuals
dispersed outside a restricted study area. We trapped Eurasian
Kestrels (Falco tinnunculus) in two large areas (2000 km?, 400
nest-boxes each) 50 km apart during 1985-2005. Annually >80%
of breeding adults were ringed or re-trapped (a total of 2200
females and 1900 males). In addition, parent kestrels were ringed
or re-trapped in six other areas at distances of 30-250 km. The
main prey of kestrels are voles (Microtus spp.), the densities of
which fluctuated in high amplitude (50-200-fold) three-year
cycles. Female parents dispersed longer distances than males, and
yearlings (1-yr-old) of both sexes dispersed longer distances than
adults (+1-yr-old) between breeding attempts. Annual turnover of
female parents was higher (70-100%) than that of males (50-
95%). Annual turnover of males was higher at high than at low
vole densities, when kestrel breeding density was also low (0.1
nest/km?). When vole density in the spring was high, many males
immigrated to the area, and kestrel densities were high (1.0
nest/km?). The proportion of adult kestrels shifting nest-sites >5
km between successive years was higher at low than at high vole
densities in the current spring. Our results indicate that temporal
variation in environmental quality is a main determinant of
kestrel breeding dispersal in Northern Europe.

Dias P

Gene flow, local adaptation and phylogeographic
history in Mediterranean Blue Tits

Centre National de la Recherche Scientifique, CEFE-CNRS,
Route de Mende, 34293 Montpellier, France,
paula.dias@cefe.cnrs.fr

Adaptation in heterogeneous environments depends on the
balance between gene flow and local selection pressures. Several
study populations of Blue Tits (Parus caeruleus) living either on
the island of Corsica or in northeastern Algeria, in two types of
contrasting habitats, show different degrees of habitat-related
differentiation in phenotypic traits, particularly breeding
parameters. These may correlate with genetic differences.
Accordingly, we used neutral molecular markers to test whether
neutral genetic divergence, if any, corresponds with phenotypic
divergence. Using mitochondrial DNA and microsatellite nuclear
DNA loci, we analysed within-population diversity, between-
population differentiation, and regional differentiation in
Algerian vs. Corsican vs. mainland southern France populations.
Based on preliminary analyses of mitochondrial DNA data,
results are discussed in the context of both local adaptation and
glacial history.

Hénaux V, Lebreton J-D

Potential and problems of capture-recapture analyses
CEFE CNRS, 1919 Route de Mende, 34 293 Montpellier cedex 5,
France, viviane.henaux@cefe.cnrs.fr

Since the landmark Cormack-Jolly-Seber model (1965) made it
possible to separately estimate survival and capture probabilities
based on capture-recapture data, capture-recapture methodology
in the broad sense has evolved considerably. In particular,
multistate models, in which individuals move between sites or,
more generally, states (e.g. breeder and non-breeder), appear as a
powerful tool for answering a variety of biological questions.
They provide also a way of analysing mixtures of information

such as live recaptures and dead recoveries. Altogether, multistate
models are a powerful framework for modelling the fate of
individual characterized by categorical attributes changing over
time. In this context, age-dependent multistate models
considering reproductive status (breeder vs. non-breeder) can help
analysing recruitment, modelled as an age-dependent pattern of
accession to reproduction. By combining adequately the various
possibilities offered by multistate capture-recapture models, we
develop here a multi-site recruitment model allowing to model
and estimate separately the rate of accession to reproduction,
natal dispersal, breeding dispersal, and permanent emigration out
of the set of studied sites. We illustrate the potential of the
approach with the example of the Danish Cormorant
(Phalacrocorax carbo) population and discuss foreseeable
developments.

S29: Causes of geographic variation in avian
life-histories

Conveners: Wesley Hochachka, USA; Francisco Pulido,
Germany

Cooper C!, Hochachka W', Voss M?, Dhondt A'

Thermal environment and physiological constraints on
incubation as influences on geographic variation in
clutch size

(1) Cornell Lab of Ornithology, 159 Sapsucker Woods Road,
Ithaca, NY, 14850, USA, cbc25@cornell.edu, aad4@cornell.edu
(2) Penn State Erie, The Behrend College, School of Science,
Erie, PA, 16563, USA, mavl1@psu.edu

Explaining patterns of variation in clutch size is one of the oldest
and most fundamental topics in avian life history research, with
particular emphasis on understanding latitudinal and seasonal
variation in clutch size. Based on our research examining
extrinsic selection pressures shaping latitudinal trends in clutch
size, we used our data to make inferences about intrinsic
constraints on clutch size variation. We study Eastern Bluebirds
(Sialia sialis) across a twenty-degree latitudinal gradient, and
have examined how individuals in different populations
expressed various traits, such as incubation behavior, in response
to environmental temperatures. Our analyses suggest that several
trait-temperature relationships change with latitude. These local
temperature adaptations may constrain how individuals respond
to rapid changes in climate. While the current results are
correlational, and need to be confirmed by manipulative
experiments, we have been able to make some inferences about
whether responses to local temperature variation are or are not
entirely the result of phenotypic plasticity. The data presented in
this talk illustrate the value of using large-scale monitoring data
to create hypotheses concerning the importance of local genetic
adaptations in life histories.
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Coppack T

Using indoor experiments to determine the
photoperiodic basis for variation in the timing of
breeding, molt and migration

Institute of Avian Research “Vogelwarte Helgoland”, An der
Vogelwarte 21, 26386 Wilhelmshaven, Germany,
coppack@vogelwarte-helgoland.de

Geographic variation in the timing of breeding, molt and
migration of birds reflects adjustment of their annual cycle to
regional differences in environmental conditions. Generally
unknown, however, is whether phenotypic plasticity or genetic
adaptation are the cause of observed variation among
populations. Here, I review the underlying causes of latitudinal
variation in the timing of breeding, molt and migration, reflected
in the individual responses of passerine birds to the photoperiodic
environment. Experiments with hand-raised birds from different
populations kept under identical conditions suggest that the
timing of life-cycle events is primarily endogenously controled.
A single common-garden experiment has no neutral testing
ground however. Thus, if birds breeding at high latitudes have
evolved higher photoperiodic response thresholds than southern
conspecifics, testing birds in an intermediate photoperiodic
environment could lead to an exaggeration of phenotypic
differences and so an overestimation of the genetically fixed
endogenous component. While reciprocal transplantation may
control for this problem, such an experimental design is generally
logistically unfeasible. This has led to the study of population-
specific reaction norms in split-brood experiments, in which full
siblings are allocated to a range of different environments. Such
studies have revealed an unexpectedly high degree of plasticity in
response to photoperiodic variation. For example, some
palearctic-African migrants (Sylvia borin, Ficedula hypoleuca)
advance pre-nuptial moult, spring migratory activity and gonadal
growth when kept in environments mimicking higher wintering
latitudes. Thus, geographic variation in the timing of life-cycle
events may well arise from plastic responses to the latitudinal
photoperiodic gradient.

Lloyd P

Variation among reproductive life-history traits as a
function of age-specific survival, and their net
consequences for annual fecundity

Percy FitzPatrick Institute of African Ornithology, DST/NRF,
Centre of Excellence , niversity of Cape Town, Rondebosch,
7701, South Africa, plloyd@botzoo.uct.ac.za

A central prediction of the evolutionary theory of life histories is
that parental investment in reproduction should vary directly with
the fitness value of current offspring, and inversely with the
residual fitness value of adults, or adult survival. Investment in
reproduction incorporates a number of life-history traits,
including clutch size, egg size, re-nesting effort, and parental
effort in offspring care at different stages of development. Past
studies have tended to focus on clutch size as a sole measure of
reproductive investment. Yet, other traits that are important
components of reproductive investment may not covary
positively with clutch size. To better elucidate environmental
influences on life history traits through age-specific mortality
risks, I examine the correspondence between a variety of
reproductive life-history traits and variation in age-specific
survival among a broad array of species from both south-

temperate and north-temperate regions. I test the prediction that
parental investment in individual components of reproductive
effort varies as a complex trade-off between the fitness value of
current offspring at their different stages of development, and the
expectation of further reproduction. I further examine
geographical variation in potential and realized annual fecundity
as a life-history x environment interaction.

Petren K

A landscape genetic view of geographic variation in
Darwin’s Finches

University of Cincinnati, Dept. of Biological Sciences,
Cincinnati, OH 45221-0006, USA, ken.petren@uc.edu
Immigration is an important consideration for interpreting
phenotypic variation among populations. Field studies are
essential for understanding life-history variation and local
adaptation in birds. However field studies are limited spatially
and temporally in their ability to quantify dispersal and
immigration, especially when dispersal is infrequent.
Furthermore, conventional reasoning suggests that even rare
immigration can profoundly influence local population processes.
Recently developed molecular tools and methods of inference
now make it possible to estimate the magnitude and patterns of
even rare immigration. I present several examples of how these
approaches are applied and how inferences about immigration
can fundamentally affect the interpretation of local processes.
Darwin’s finches are an excellent model system because the large
numbers of discrete populations and species allows one to use a
comparative approach. Results provide evidence for several
processes that are assumed to occur rarely, but are difficult to
quantify by other means, such as non-random dispersal, habitat
selection and directionally-biased migration. These results
present a challenge to conventional thinking about the random
nature of dispersal, the constraining influence of gene flow, and
the role of peripheral populations and their contribution toward
future biodiversity.

Caro S', Balthazart J', Lambrechts M

The proximate basis of adaptive micro-geographic
variation in reproductive phenology in male and female
Blue Tits

University of Liege, Center for Cellular and Molecular
Neurobiology, Behavioral Neuroendocrinology, 17 place
Delcour, B-4020 Liege, Belgium, S.Caro@student.ulg.ac.be,
jbalthazart@ulg.ac.be (2) CNRS, CEFE-CNRS, 1919 route de
Mende, F-34293 Montpellier Cedex 5, France,
marcel.lambrechts@cefe.cnrs.fr

The underlying proximate mechanisms involved in the expression
of adaptive micro-geographic variation in reproductive traits
remain  poorly  understood, mainly because neuro-
endocrinological investigations are rarely combined with long-
term field studies. Here we report results of a comparative
multidisciplinary analysis of the reproductive phenology in two
Corsican populations of Blue Tits (Parus caeruleus ogliastrae)
exposed to extreme differences in food abundance. Females of
the two populations differ by one month in their dates of egg
laying in response to local resource-based selection pressures. In
both female populations, recrudescence of the ovaries, reflected
in the seasonal profiles of plasma VLDL (Very Low Density
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Lipoproteins) and VTG (Vitellogenin), is linked closely with
observed egg laying dates. In contrast, neither male population
differs in the seasonal growth of the song control nuclei in the
brain, nor do they differ in onset of gonad development, despite a
one month difference in the peak values of plasma testosterone,
gonadal size and song activity. In addition, quantitative genetics
analyses show significant repeatability and heritability values in
egg-laying dates for the females, whereas values do not differ
significantly from zero in the males. We hypothesize that the
adaptive differentiation in breeding dates in these two Blue Tit
populations is sex-specific, with females under stronger local
resource-based selection pressures than males.

S30: MHC in birds: genomic organization and

evolutionary importance
Conveners: Ralph  Tiedemann,
Westerdahl, Sweden

Germany; Helena

Tiedemann R, Pfautsch S

MHC evolution in ducks and allies

Unit of Evolutionary Biology/Systematic Zoology, University of
Potsdam, Karl-Liebknecht-Strasse 24-25, Haus 26, 14476
Potsdam, Germany, tiedeman@rz.uni-potsdam.de,
pfautsch@rz.uni-potsdam.de

While studies on variation in the Major Histocompatibility
Complex (MHC) in mammals are routine, investigations of these
important genes are still rather scarce in birds. Apart from the
chicken, basic information as to the genomic organization and the
number of loci involved are still mostly lacking, often
comprimizing the distinction between alleles from orthologous
versus paralogous loci. Here we summarize current knowledge on
the genomic organization and evolution of the MHC in birds,
with a particular focus on the MHC2-loci in ducks and allies.
Apart from discussing the evolutionary forces acting on different
regions of these loci, we also hint at the applicability of these loci
as markers in studies on adaptive genetic variation in the wild.

Westerdahl H

Passerine MHC; genetic variation and disease
resistance in the wild

Dept. of Animal and Plant Sciences, University of Sheffield,
Alfred Denny Building, Western Bank, Sheffield, S10 2TN, UK,
Helena. Westerdahl@zooekol.lu.se

As an ecologist interested in natural selection, I consider that it is
critical to investigate genes that are related to survival (or fitness)
when searching for associations between genetic variation and
phenotypic expression. The Major Histocompatibility Complex
(MHC) plays an important role in vertebrates’ specific immune
defence against various pathogens. Compared with other coding
genes the MHC genes exhibit extremely high levels of
polymorphism. Their importance in the immune defence and high
levels of polymorphism, make these genes ideal markers to study
in an ecological perspective. Passerines have been the focal
organism in a large number of long term monitoring studies.
Recently, it has become possible to screen for genetic variation in
the MHC genes of passerines. Earlier avian MHC studies have
been conducted primarily in galliform birds, such as the chicken,
which have a simple MHC structure. Passerines appear to have a

greater number of MHC genes, some of which are non-
functional. In this talk I will describe the general features of
passerine MHC genes based on the DNA sequences published so
far. T will also review the ecological results up to date concerning
(1) an MHC-based female mate choice and (2) associations
between MHC alleles and survival.

Arnaiz-Villena A, Zamora J, Moscoso J, Cachafeiro J-I
The evolution of the major histocompatibility gene
complex in canaries diversifies on islands

Dept Immunology, Universidad Complutense, Madrid, H.12 de
Octubre y Clinico de San, Spain, aarnaiz@med.ucm.es
Phylogenetic relationships among wild canary species (Serinus
spp.), a group of finches widespread in Africa and Eurasia, were
studied using cytocrome b mitochondrial DNA sequences.
Histocompatibility class I (MHC) genes were also sequenced and
examined for mode of evolution across populations, revealing
low variability as found previously in related South American
siskins (Carduelis spp.). However, wild canaries from the
western Canary Islands (Serinus canaria) diverged and varied
much from other canary species in neighbouring Africa in their
MHC genes. The hypothesis that isolation and inbreeding lead to
diversification of polymorphic histocompatibility systems is
supported by these data, which are discussed in the context of
postulated pathogenesis (high variability) of autoimmune diseases
linked to histocompatibility genes.

Viio T

Polymorphism and expression of MHC class II genes in
a lekking bird, the Black Grouse

Dept. of Population Biology, Dept. of Ecology and Evolution,
Evolutionary Biology Centre, Uppsala University, Norbyvigen
18D, SE-Uppsala, Sweden, Tanja.Viio@ebc.uu.se

The maintenance of genetic variation, especially in the MHC
(Major Histocompatibility Complex), is thought to be particularly
important in ensuring long-term survival in rare species.
However, evidence that genetic variation at MHC loci in wild
birds is related to fitness remains scarce, and more studies are
needed. Black Grouse (Zetrao tetrix) is a Red-listed species in
many countries, and is declining across Europe. Its ecology,
moreover, has been studied intensively for over two decades,
particularly in relation to sexual selection. Since males alone
contribute “good” genes to the offspring, the male MHC
genotype may be important in female mate choice. Here I present
the first data on the MHC class II gene organization in the Black
Grouse and its levels of polymorphism. To investigate its
complexity, I used restriction fragment length polymorphism
(RFLP). I also studied transcription using a RT-PCR approach. A
single stranded conformational polymorphism (SSCP) method
was developed as well to screen MHC class II diversity. I found
at least three polymorphic loci in the gene complex, and at least
two of these are expressed in the spleen of Black Grouse. I also
investigated the inheritance of MHC genes from parents through
offspring. In future studies I will explore the fitness consequences
of MHC diversity in Black Grouse populations sampled in central
Finland, and examine MHC diversity in a further four populations
in Europe, two of which are from Fenno-Scandia, and are large
and in contact with other populations. The other two populations
are from the Netherlands and England, both small and isolated.
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Comparison of MHC diversity with variation previously
described in microsatellites is also envisaged.

Lindstrom K

Parasites, immunity and MHC diversity in the Small
Ground Finch of the Galapagos

Dept of Population Biology, Uppsala University, Norbyvigen
18D, Uppsala, Sweden, karin.lindstrom@ebc.uu.se

In isolated island ecosystems, many common parasitic diseases
can be absent. In such absence, potential hosts are unable to
participate in the co-evolutionary arms race that takes place
between parasite and host elsewhere. Thus, accidental
introductions of common diseases can have disastrous
consequences in island ecosystems. In this study I identified and
quantified the number of avian parasites on in four study
populations of Small Ground Finches (Geospiza fuliginosa) on
the Galapagos islands, with the aim of examining how
immunological defense strategies and MHC genotype frequencies
co-varied with parasite abundance. I found that the abundance of
several parasite species co-varied with island- and host-
population size, parasites being generally more abundant in large
host populations. I also found that the magnitude of three types of
immune response co-varied with island size, and that in small,
parasite-poor populations, defense strategy shifted towards larger
investment in cell-mediated components of the immune response,
coupled with reduced investment in specific antibody response
and natural antibody production. This raises another question: do
these immunological differences reflect underlying differences in
the MHC genotype in the four study populations of the Small
Ground Finch? Documented by Denaturing Gradient Gel
Electrophoresis (DGGE), the genetic diversity in MHC class 11
genes within individuals and populations will be presented.

S31: Magnetic

magnetoreception
Conveners: Roswitha Wiltschko, Germany; Susanne
Akesson, Sweden

orientation and

Akesson S
Behavioral evidence of magnetic orientation and
navigation
Department of Animal Ecology, Lund University, Ecology
Building, SE-223 62 Lund, Sweden,

susanne.akesson@zooekol.lu.se

Many birds are adapted to cope with extreme navigation
conditions on the wing during foraging or migration, and are able
to return with very high precision to known sites important for
their survival. Effort to reach these sites in time, and with
sufficient fuel reserves, has led to strong selection for workable
and trustable navigation mechanisms and compass senses. Today
much evidence has accumulated about how birds and other
animals use the global magnetic field for compass orientation and
navigation. Many innovative approaches and different
experimental paradigms have been applied to investigations of
behavioral responses to various manipulations of the magnetic
field in the laboratory and in the wild, resulting in increased
understanding of the function of the inclination compass and of

the navigatory sense using field intensity and compass
information. There are, however, some interesting differences in
the results from alternative experimental paradigms, resulting in
strong support for magnetic compass use and magnetic navigation
from laboratory experiments but less from free-roaming birds in
the wild. In this paper, I discuss the outcome of various
experimental paradigms, and compare the ways in which birds in
different situations rely on magnetic field information for
compass orientation and navigation.

Mora CV

Conditioning birds to magnetic stimuli

University of North Carolina, Department of Biology, CB3280
Coker Hall, Chapel Hill, North Carolina 27599-3280, USA,
cvmora@email.unc.edu

Migratory birds and homing pigeons are able to find their way
over great distances, even in unfamiliar territory. It is now well
established that most birds have a magnetic compass for direction
finding, but it is still unclear how they determine their position
while navigating. Magnetic effects, such as solar storms and local
magnetic anomalies, have provided indirect evidence that their
“map” might utilize spatial information provided by the earth’s
magnetic field. However, numerous past attempts to condition
birds to magnetic field stimuli failed to provide convincing
results and this failure has been repeatedly used as an argument
against the possibility of magnetic navigation in birds. Recent
magnetic conditioning studies with a range of animals revealed
that two experimental conditions, namely the use of a non-
uniform magnetic stimulus and movement by the animal as part
of the behavioral response, have to be fulfilled for magnetic
conditioning to be successful. Based on these findings, four
homing pigeons were trained to discriminate between the
presence and absence of a “wave-shaped” magnetic field anomaly
(peak intensity 189 microTesla) by choosing between two
identical platforms located at opposite ends of an experimental
tunnel. Choice of the correct platform was rewarded with food
whereas incorrect choices were punished with a time penalty. The
pigeons consistently performed above the chance level of 50%.
This magnetic discrimination ability was then impaired by
attachment of a magnet to the cere, local anaesthesia of the upper
beak area, and bilateral section of the ophthalmic branch of the
trigeminal nerve, but not of the olfactory nerve. These results
demonstrate that magnetoreception occurs in the upper beak area
of the pigeon and is most likely magnetite-based, a finding that is
further supported by physiological studies. In addition,
domesticated chickens were recently successfully conditioned to
magnetic compass directions using a social reward.

Stapput K, Wiltschko R

Behavioral evidence for the Radical Pair Model of
magnetoreception

J.W.Goethe-Universitit  Frankfurt,  Zoologisches  Institut,
Siesmayerstrasse 70, D-60054 Frankfurt aM., Germany,
stapput@zoology.uni-frankfurt.de, wiltschko@zoology.uni-
frankfurt.de

The Radical Pair Model assumes that magnetoreception for
compass orientation is based on radical pair processes in the
avian eyes. It predicts that magnetoreception is light-dependent
and is disrupted by high frequency (HF) fields in the MHz range.
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Disruptive effects depend on the alignment of the HF field with
respect to the geomagnetic field. These predictions were tested
with migratory birds, using orientation in a seasonally appropriate
migratory direction as a criterion for whether or not the birds
obtain directional information from the geomagnetic field. HF-
fields disrupted orientation when they were presented at an angle,
but not when they were presented parallel to the magnetic vector.
HF fields of 1.315 MHz, the frequency that matches the energetic
splitting induced by the local geomagnetic field, proved
particularly effective, disrupting orientation at 10 times lower
intensity than HF fields of 2.63 MHz. Tests under
monochromatic light of various wavelengths revealed that
magnetoreception required light from the blue-to-green part of
the spectrum, whereas several species of migrants and homing
pigeons were disoriented at wavelengths of greater than or equal
to 590 nm. Normal migratory orientation was observed under low
intensity monochromatic 424 nm blue, 502 nm turquoise and 565
nm green light. Under higher intensity monochromatic light,
however, birds no longer preferred their migratory direction, but
showed axial tendencies or unimodal preferences for odd
directions. Similar tendencies were observed under bichromatic
light that combined light from the blue-to-green part of the
spectrum with 590 nm yellow light. These tendencies are not
controlled by the inclination compass, nor are based on radical
pair processes, but involve a different mechanism, the nature of
which is still unclear.

Muheim R

Magnetic compass calibration: a single calibration
reference derived from sunset/sunrise polarized light
cues from the region of sky near the horizon?
Department of Biological Sciences, Virginia Tech, Blacksburg,
VA 24061, USA, rmuheim@vt.edu

Migratory birds use multiple sources of compass information for
orientation, including the geomagnetic field, the sun, skylight
polarization patterns and stars. Previous analyses of cue conflict
experiments suggest that during the premigratory season, celestial
information is given the greatest salience and used to recalibrate
the magnetic compass by both juvenile and adult birds. In
contrast, during migration, a majority of experiments suggest that
birds rely on the magnetic field as the primary source of compass
information and use it to calibrate celestial compass cues. [
suggest an alternative pattern, i.e. that birds exposed to the cue
conflict with a view of the entire sunset sky tend to recalibrate the
magnetic compass, regardless of whether the cue conflict
occurred during the premigratory or migratory period. Birds
exposed to the cue conflict in orientation funnels and registration
cages that restricted their view of the region of sky near the
horizon did not recalibrate the magnetic compass, but used the
magnetic compass to calibrate the other celestial compass
systems. This suggests that under natural conditions there may be
a single calibration reference for all of the compass systems of
migratory birds which is derived from sunset (sunrise) polarized
light cues from the region of sky near the horizon. In cue-conflict
experiments carried out during the migratory season, there was an
asymmetry in the birds' response to magnetic fields shifted
clockwise and counter clockwise relative to celestial cues. I
discuss two possible explanations: (1) lateral asymmetry in the
role of the right and left eye in mediating light-dependent
magnetic compass orientation and (2) interference from the

spectral and intensity distribution of skylight at sunset with the
response of the light-dependent magnetic compass. This new
theory is based on a review of existing cue conflict studies and
will be experimentally tested during the coming migration
season(s).

Dennis T

Initial flight alignment to geomagnetic intensity
contours in homing pigeons

Behavioral and Conservation Geography, School of Biological
Sciences, University of Auckland, Private Bag 92019, Auckland,
New Zealand, t.dennis@auckland.ac.nz

Navigation by animals is presumed to require the use of a 'map' to
determine position relative to a goal, and a 'compass' to set and
maintain a course to the goal. Previous studies demonstrate that
magnetic cues are involved in navigation during homing in
pigeons and provide strong evidence for the existence of a
magnetic compass. However, the role of magnetic cues in how
animals determine their positions using their navigational map
remains unclear. Here I show that the flight behavior of pigeons
released at unfamiliar sites is associated significantly with the
spatial structure of the geomagnetic field. I observed that the
initial flight paths of pigeons were often aligned in directions
parallel and/or perpendicular to contours of equal total intensity
of the local geomagnetic field, a phenomenon not previously
reported. Such "alignment" behavior indicates that birds can
determine relative changes in the local value of magnetic total
intensity, information that may be one of several pieces which
pigeons use in their navigational map.

S32: Understanding the causes of recent

changes in migratory behavior
Conveners: Timothy Coppack, Germany; Charles M.
Francis, Canada

Francis CM

Changes in the timing of spring migration in relation to
climate: phenotypic or genetic responses?

Canadian Wildlife Service, National Wildlife Research Centre,
Environment Canada, Ofttawa, ON, KIA O0H3, Canada,
charles.francis@ec.gc.ca

Many species of birds in both Europe and North America have
been shown to arrive earlier on the breeding grounds and/or to
initiate nesting earlier in recent years, apparently in response to
climate warming patterns. Such changes could be due to
evolutionary shifts in endogenous rhythms, or in the interactions
between annual rhythms and the environment. If individuals that
migrate early have higher reproductive success, natural selection
could lead to rapid evolution of migratory timing. Alternatively,
observed changes could be due largely to phenotypic plasticity in
migration behavior. Two lines of evidence suggest that much of
the observed change in recent decades can be explained by
phenotypic plasticity. First, annual fluctuations in temperature
provide a better explanation of changes in arrival dates than a
long-term trend; the reverse would be expected if responses were
largely genetic, because evolutionary change operates across
generations and hence with a multi-year time lag. Second,



J Ornithol 147 suppl (2006)

51

24th International Ornithological Congress, Hamburg, Germany, 13-19 August 2006

analyses of migration timing from a range of latitudes in eastern
North America show that observed changes in migration timing
can be largely explained by changes in the rate of migration
across the continent. In warmer years, the time between arrival at
southern latitudes and arrival at more northern latitudes is
reduced. This suggests that birds are opportunistically
accelerating their migration in warmer years, rather than
advancing their departure times from the wintering grounds, as
might be expected with a genetic shift. Such phenotypic plasticity
has the benefit that birds can readily cope with the observed large
annual fluctuations in climatic conditions. Nevertheless, if
warming patterns continue, limits may be reached on the ability
of birds to cope with change through flexibility in behavior. In
this case, one might expect to see endogenous rhythms and/or
reaction norms starting to experience evolutionary changes.

Pulido F

The mechanisms underlying recent phenotypic changes
in the timing of bird migration

Netherlands Institute of Ecology (NIOO-KNAW), Centre for
Terrestrial Ecology, P.O. Box 40, 6666 ZG Heteren, The
Netherlands, f.pulido@nioo.knaw.nl

The breeding and migration phenology of birds is one of the best
studied and most sensitive biological indicators of recent climate
change. For many bird species breeding in Europe and North
America an overall trend for earlier breeding and advanced spring
migration has been detected, yet the direction and rate of
response has not been uniform among areas and species. One
potential constraint on the adjustment of breeding times to
temporal shifts in the availability of food is the rate of change in
the timing of spring arrival. In many regions, recent changes in
the timing of spring migration have been smaller in long-distance
than in short-distance migrants, or resident species. This
variability in the rate of phenotypic change among species
differing in migration distance has been attributed to differences
in the availability of environmental cues in winter that may be
used to predict the progression of spring in the breeding areas,
differences in phenotypic plasticity or the levels of genetic
variation, and to differences in the complexity of selection
regimes. Re-adjustment of arrival times to the altered
environmental conditions in a population could be achieved by
three basic mechanisms: microevolution, environmentally
induced phenotypic change, and gene flow from populations
adapted to the novel conditions, such as immigrants from warmer
areas. Although the mechanisms underlying phenotypic changes
need to be understood if the limits of adaptation are to be
predicted, current knowledge is still limited as few studies have
addressed this question in the past. Here I give an overview of
approaches that may help us to identify the proximate causes of
phenotypic change in migratory behavior and review studies that
have investigated the mechanisms of adaptive phenotypic change
in the wild.

Bell CP
Demographic trade-offs govern shifts in migratory
behavior in response to climatic variation

Zoological Society of London, Conservation Programmes,
Regents Park, London NW1 4RY, UK, chris.bell@zsl.org

Prenuptial migration occurs at the point in the annual cycle when
the survival benefits of remaining on wintering grounds are
outweighed by the reproductive benefits of moving to breeding
grounds. Climate change affects both dimensions of this trade-
off, such that timing of pre-nuptial migration cannot be
understood simply in terms of response to changes in optimal
arrival time on breeding grounds. Accordingly, migratory species
should be responsive to climatic trends on both breeding and
wintering areas. Moreover, since timing of migration is critical to
choice and viability of wintering sites, shifts in timing of
migration should be accompanied by changes in breeding and
wintering ranges. In sub-Saharan Africa, many songbirds that
breed in northern Europe pass the winter in equatorial regions
where they benefit from high availability of food just prior to a
relatively late spring migration. Should their optimal arrival time
in northern Europe advance, some species or populations might
be expected to switch migration strategy to that favored by earlier
migrating species from southern Europe, and to shift their
wintering areas north as well, to the southern margin of the
Sahara. On the other hand, if high levels of premigratory food are
critical to migratory success, the birds may be unable to respond
to the changing phenology of their breeding grounds. Wintering
populations of some Arctic-breeding waders occur across a wide
range of latitudes, and at some low latitude sites, improvements
in food availability late in the wintering period appear critical for
gaining sufficient energy reserves for pre-nuptial migration.
Earlier optimal arrival on the breeding grounds could render such
low latitude sites untenable, leading to a northward shift in
wintering latitude. Competition with populations already using
sites at those latitudes could then lead to a global decline in
migratory bird populations.

Tottrup AP', Thorup K, Coppack T°, Rainio K*
Lehikoinen E*, Rahbek C'

Long-term phenological changes in spring migration
through northern Europe: A comparative approach

(1) Center for Macroecology, Biological Institute, University of
Copenhagen, Universitetsparken 15, DK-2100 Copenhagen O,
Denmark, aptottrup@bi.ku.dk, crahbek@bi.ku.dk (2) Zoological
Museum, University of Copenhagen, Universitetsparken 15, DK-
2100 Copenhagen O, Denmark, kthorup@snm.ku.dk (3) Institute
of Avian Research “Vogelwarte Helgoland”, An der Vogelwarte
21, 26386 Wilhelmshaven, Germany (4) Section of Ecology,
Department of Biology, University of Turku, 20014 Turku,
Finland

Migratory songbirds are changing the timing of their spring
migration in response to climate warming. Single-site studies
describe general trends towards earlier spring arrival in numerous
species, yet there has been little focus on the causes and
consequences of inter-specific variation. Most migratory
songbirds in northern Europe share common breeding grounds,
but they use different migration strategies and winter in different
regions. Bird observatories and ringing stations in northern
Europe have accumulated extensive phenological information
throughout the period of recent climatic warming. Here we
present a comparative approach to the study of long-term changes
in spring arrival dates of northern European passerine migrants,
covering data collected from 1976 to 1997 at three locations in
the North Sea and Baltic region. We apply four measures of
population arrival to characterize the arrival of entire populations,



52 1 Omnithol 147 suppl (2006)

24th International Ornithological Congress, Hamburg, Germany, 13-19 August 2006

namely arrival date of the first individual and of the first 5%,
50% and 95% of the total spring passage complement.
Phenological changes are compared inter-specifically, and
variation between sites is related to local and broad-scale climatic
indices. Species-specific differences in phenological response
related to differences in life-history, habitat and feeding ecology
are tested while controling for migration distance, wintering area,
species-specific mean arrival time, density changes over time and
phylogeny. The results improve knowledge of how climate
change may affect migratory birds in the long term.

Barbraud C, Weimerskirch H

Antarctic avian phenology and climate change

CNRS, Centre Etudes Biologiques de Chizé, 79360 Villiers en
Bois, France, barbraud@cebc.cnrs.fr, henriw@cebc.cnrs.fr
Whereas there is compelling evidence for climate-related
advances in migration dates in the northern hemisphere, no such
long-term time series exists for the southern hemisphere,
particularly for Antarctic birds. Yet physical changes observed in
Antarctica are some of the strongest signals of global warming,
and it might be supposed that the phenology of birds should also
be affected by them. Since 1950, the first arrival and laying dates
of the nine seabird species breeding in Antarctica have been
recorded by ornithologists wintering each year at the Dumont
d’Urville station in Terre Adélie, Antarctica, generating the
longest-term phenological data set available for Antarctic species.
We investigated trends in arrival and laying dates from 1950 to
2004. Unexpectedly, we found that Antarctic seabirds now arrive
at their colonies on average 9.1 days later and lay on average 2.1
days later than in the early 1950s. Using a proxy for the extent of
sea ice, our analyses reveal that, following years of reduced sea
ice, species arrived and laid later. A meta-analysis confirmed that
the mean slope of arrival date against sea ice extent departed
significantly from the null model of no change. We also found no
significant relationship between phenological events and average
air temperatures for the month preceding species-specific arrival
and laying dates. Our results contrast with phenological changes
observed in the northern hemisphere. The mechanisms underlying
these differences are discussed with a particular emphasis on
changes in sea ice extent and the duration of the sea ice season.
Changes in migration and phenology could have considerable
consequences for the ecology and conservation of Antarctic
seabirds. Later nesting could be detrimental if juvenal survival is
reduced by a shortened period separating fledging from winter, or
if seabirds lose synchrony with the phenology of their food
supplies.

S33: Migratory connectivity:

significance and modern techniques
Conveners: Frank Moore, USA; Franz Bairlein, Germany

biological

Drent RH', Eichhorn G', Van der Graaf S', Stahl J?
Migratory connectivity in Arctic Geese: Looking for
the weakest link

(1) Animal Ecology Group, University of Groningen, P.O. Box
14, 9750 AA Haren, The Netherlands, r.h.drent@rug.nl,
g.eichhorn@rug.nl, a.j.van.der.graaf@rug.nl (2) Landscape

Ecology Group, University of Oldenburg, 26111 Oldenburg,
Germany, julia.stahl@uni-oldenburg.de

Breeding in the Arctic is a major challenge for a herbivore as the
growing season of local forage suitable for geese is too short to fit
in the entire nesting cycle. Arctic nesting geese thus fly in
adequate provisions (protein and lipid stores in the body) to
stretch the season. Accumulating these subsidies is essential at
least in part not only for egg formation but also to support
incubation which equates to a near-starvation phase for the
female (the sole incubator). Arctic geese thus follow a mixed
strategy of capital and income breeding, as has been confirmed
by recent work with stable isotopes that help to trace origins of
egg components and of the body stores. Our leading question is,
where does this crucial accumulation of nutrients occur, and how
reliable are these source areas from year to year ? An added
complicatioin is that the window of opportunity for spring growth
involves a trade-off between waiting for adequate biomass
accumulation and missing the digestibility peak. The obvious
climatological link between geography and timing of spring
snowmelt and plant growth has given rise to the concept of a
“Green Wave” regulating spring migration in geese. There is also
the tantalizing perspective that repeated heavy grazing year after
year at times critical for plant growth might enhance profitability
for the harvesters (geese in this case) following the “Grazing
Optimisation Syndrome”. It is our aim to enumerate predictions
from these theoretical concepts and test them for the Russian
breeding Barnacle Goose (Branta leucopsis) where the dynamics
of travel have been elucidated using year-round satellite telemetry
with implanted transmitters and can be linked to local site use
along the way. These findings will be related to current modelling
exercises of body stores dynamics during spring migration of
other goose species. Achieving understanding of spring
accumulation of body stores is critical to predictive population
management of Arctic breeding geese.

Hobson K

Establishing migratory connectivity and seasonal
interactions using stable isotopes

Environment Canada, 11 Innovation Blvd., Saskatoon, SK, S7N
3HS5, Canada, Keith.Hobson@ec.gc.ca

Measurements of naturally occurring stable isotopes of several
elements (C,N,H,0,S) in avian tissues have vastly increased our
capabilities to investigate migratory connectivity and seasonal
interactions. This approach is based on three fundamental
principles. First, that we know the nature of the isotopic
landscapes or "isoscapes" that a are used by a migratory
individuals and how these may vary in time. Secondly, we need
to know the temporal window of integration of the isotopic signal
in the avian tissue of choice. Finally, we need to know the way in
which isotopic signals are infleuenced by other processes such as
isotopic discrimination, elemental turnover, exercise including
endurance flight and diet quality. Here, I will present an overview
of these issues and discuss past successes and failures in the
application of this technique in the Nearctic and Palearctic
migratory systems. In particular, isotopic patterns for deuterium
in precipitation will be presented and discussed for several
continents. Other isoscape mapping related to recent
breakthroughs in remote sensing and modelling of the distribution
of C3 and C4 plants will be discussed, especially in relation to the
African continent. Future prospects, especially in terms of other
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tools such as trace element analyses, use of stable isotopes of
heavier elements, and the combinaiton of genetic and isotopic
markers will be considered.

Gunnarsson TG', Gill JA', Newton J, Sutherland WJ'
Demographic and fitness consequences of migratory
connectivity

(1) University of East Anglia, Centre for Ecology, Evolution and
Conservation, Norwich NR4 7TJ, UK, Ilimosa@simnet.is,
j.gill@uea.ac.uk, w.sutherland@uea.ac.uk (2) NERC Life
Sciences Mass Spectrometry Facility, SUERC, Rankine Avenue,
East Kilbride G75 0QF, UK, j.newton@suerc.gla.ac.uk

The habitats that migratory birds use at the opposite ends of their
migratory range vary in quality. Occupation of high quality
habitats at both ends should have considerable fitness benefits,
and the reverse should apply for poor quality habitats, with
important evolutionary implications. The rate of exchange of
individuals between habitats of different quality can also
influence demography and population dynamics. To address these
issues at population scale, we used an intensive tracking study of
color-marked Icelandic Black-tailed Godwits (Limosa limosa)
and stable-isotopes to link habitats throughout the year. Currently
undergoing population increase, these godwits have been
expanding into poorer quality habitats on both wintering and
breeding grounds. We found that the same individuals were likely
to use either high or low quality habitats at both ends of the
range. Such seasonal matching of habitats of parallel quality in
summer and winter can severely affect individual fitness and key
evolutionary processes, leading to considerable alteration of
effective population size. The evolutionary, demographic and
conservational implications of seasonal matching are discussed.

Warnock N, Bishop MA?, Takekawa J°, Williams TD*
Connecting the spots - influences on site use by
migratory Pacific Flyway shorebirds

(1) PRBO, Conservation Science, Wetlands Ecology Division,
4990 Shoreline Highway, Stinson Beach, CA 94970, USA,
nwarnock@prbo.org (2) Prince William Sound Science Center,
PO Box 705, Cordova, AK 99574, USA,
mbishop@pwssc.gen.ak.us (3) U. S. Geological Survey, Western
Ecological Research Center, San Francisco Bay Estuary Field
Station, 505 Azuar Drive, Vallej, USA, john_takekawa@usgs.gov
(4) Simon Fraser University, Center for Wildlife Ecology,
Department of Biological Sciences, Burnaby, BC, Canada,
tdwillia@sfu.ca

Over the past 14 years, the Pacific Flyway Shorebird Migration
Program has used radio telemetry to trace a clear picture of how
Western Sandpipers (Calidris mauri) and other shorebirds
(Dunlin, C. alpina, Long- and Short-billed Dowitchers
Limnodromus scolopaceus, L. griseus) migrate from Mexico
north to their breeding grounds in Alaska. During this period we
tracked over 400 birds, many over distances spanning much of
their spring migration route. Here we report on results from these
studies, including one to be completed in the spring of 2006. We
have found that, while individual birds can travel over 3,000 km
in a single flight, the majority use a system of stopover sites
within hundreds of kilometers of one another. Use of these sites is
influenced by sex, date, origin of migration, and age. In 2004, we
measured triglyceride levels in migrating Western Sandpipers
from Mexico to Alaska as an index of fattening rate. We were

able to show, first, that plasma triglyceride levels increased
between winter and migration at San Francisco Bay. Secondly,
we found that there was a near-linear increase in plasma
triglyceride levels with increasing latitude through the spring
migration period, from low levels in Mexico to progressively
higher levels northwards to the Copper River Delta in Alaska.
This suggests that birds fatten progressively as they move north
and approach breeding grounds. At San Francisco Bay, length of
stay of Western Sandpipers was negatively related to triglyceride
levels (P<0.10). Differences among species in the use of stopover
sites will also be discussed.

Strandberg R', Thorup K?
Autumn migration performance in long-distance
migrating raptors: New insights from satellite

telemetry
(1) Department of Animal Ecology, Lund University,
Ekologihuset, 22362 Lund, Sweden,

Roine.Strandberg@zooekol.lu.se (2) University of Copenhagen,
Zoological Museum, 2100 Copenhagen, Denmark,
KThorup@snm.ku.dk

The advantages and disadvantages of using satellite-based radio-
telemetry compared to ringing data for elucidating migration
performance are evaluated from comparison of ring recoveries in
three long-distance migrating raptors with satellite-tracking
results from the last ten years. Because of the expense involved in
satellite-tracking compared to ringing, it is usual for only a few
individuals from a geographically restricted area to be tracked.
Even so, satellite-tracking can provide detailed information about
the exact timing of migration, migration speed, migration
directions, stopover sites and times, and detours, thereby
overcoming many of the potential biases found in ring recoveries.
Comparison of the results from these two methods revealed
overall agreement in the geographical patterns of migration in
Swedish populations of the three raptors which winter mainly in
tropical West Africa: Osprey (Pandion haliaetus), Honey
Buzzard (Pernis apivorus), and Marsh Harrier (Circus
aeruginosus). Satellite-tracking, nevertheless, provided much
more detailed information in Africa and revealed significant
differences in the estimated timing of migration, which ringing
recoveries had inferred as much later. We also compared
dispersal patterns and estimated survival rates on a more
qualitative scale. The implications of our findings for
interpretation of migratory connectivity and the understanding of
migration are discussed.

S34: Endocrine bases of reproduction:

mechanisms and diversity
Conveners: Pierre Deviche, USA; Alistair Dawson, UK

Tsutsui K', Ubuka T% Yin H'!, Ukena K', Bentley G,
Sharp P?, Wingfield J*

Discovery of gonadotropin-inhibitory hormone in a
domesticated bird, and its mode of action and
functional significance

(1) Lab.of Brain Science, Hiroshima University, Higashi-
Hiroshima  739-8521,  Japan,  tsutsui@hiroshima-u.ac.jp,



54 1 Omithol 147 suppl (2006)

24th International Ornithological Congress, Hamburg, Germany, 13-19 August 2006
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of Integrative Biology, UC Berkeley, Berkeley, California 94720,
USA, ubukat@berkeley.edu , gb7@berkeley.edu (3) Division of
Genetics & Genomics, Roslin Institute, Midlothian, EH25 9PS,
UK, peter.sharp@bbsrc.ac.uk (4) Dept. of Biology, University of
Washington, Seattle, Washington 98195, US4,
Jjwingfie@u.washington.edu

Neuropeptide control of gonadotropin secretion at the level of the
anterior pituitary gland occurs primarily through the stimulatory
action of the hypothalamic decapeptide, gonadotropin-releasing
hormone (GnRH) in vertebrates. Until recently, no neuropeptide
that directly inhibits gonadotropin secretion had been identified.
In 2000, we discovered a novel hypothalamic dodecapeptide that
directly inhibits gonadotropin release in quail and termed it
gonadotropin-inhibitory hormone (GnIH). A gonadotropin
inhibitory system is an intriguing concept and provides an
unprecedented opportunity to study the regulation of avian
reproduction from an entirely novel angle. To elucidate the mode
of action of GnlH, we have identified a novel G protein-coupled
receptor for GnIH in quail. The receptor possessed seven
transmembrane domains and bound specifically to GnIH in a
concentration-dependent manner. The GnIH receptor was found
to be expressed in the pituitary and several brain regions,
including the hypothalamus. These results indicate that GnIH acts
directly on the pituitary via a GnlH receptor to inhibit
gonadotropin release. GnlH may also act on the hypothalamus to
inhibit GnRH release, because GnlH fibers have been observed to
contact GnRH cell bodies. To demonstrate the functional
significance of GnlIH and its potential role as a key neuropeptide
involved in avian reproduction, we investigated GnIH actions on
gonadal development and maintenance in quail. Chronic
treatment with GnlH inhibited photoinduced testicular
development and maintenance by decreasing gonadotropin
synthesis and release. Melatonin is a key factor for involved in
GnlH neural function, because quail GnlH neurons contain a
melatonin receptor, and melatonin stimulates expression of GnlH
mRNA and mature GnIH peptide in a dose-dependent manner.
We conclude that GnIH is capable of transducing photoperiodic
information via changes in the melatonin signal and so influences
the reproductive axis of birds.

Bentley GE', Ubuka T', Huang Y-C', Jiang J', Kim S',
Ukena K?, Osugi T*
Gonadotropin-inhibitory hormone in
breeding songbirds: Form and function
(1) Dept. of Integrative Biology, UC Berkeley, CA 94720, USA,
gb7@berkeley.edu (2) Lab. of Brain Science, Hiroshima
University, Japan

The discovery of GnlH in quail has opened a new perspective on
the neuroendocrine control of reproductive physiology and
behavior. Using highly photoperiodic passerine songbirds as our
model system, we have identified GnlH cDNA and localized its
transcript in two passerines: Gambel's White-crowned Sparrow
(Zonotrichia leucophrys gambelii) and European Starlings
(Sturnus vulgaris). There is a high degree of homology between
galliform and passerine GnlH cDNA sequences and peptides. The
distribution of GnIH peptide is also similar among the galliform
and passerine species studied so far. GnlH precursor polypeptide
is only produced in the paraventricular nucleus, yet GnlH-
immunoreactive (-ir) fibers project to multiple brain areas,

seasonally

suggesting multiple physiological and behavioral functions.
Using peripheral administration of GnlH in vivo we demonstrated
rapid inhibition of LH release in laboratory and field experiments.
Because of the widespread network of GnIH-ir fibers and fiber
terminals throughout the central nervous system, we sought to
determine the effects of central infusions of GnIH. Centrally-
administered GnlH rapidly reduced circulating LH and
significantly reduced the number of copulation solicitations
performed in response to song playback, with no reduction of
locomotor activity. Central infusion of rhodaminated GnlIH
elucidated putative GnlH binding sites in the median eminence
close to GnRH-I fiber terminals, and in the midbrain on or close
to GnRH-II neurons. Furthermore, there are putative GnIH
binding sites in passeriform gonads, implicating GnIH in
regulation of gonadal steroid production. These data demonstrate
direct effects of GnIH upon reproductive physiology and
behavior, possibly at multiple physiological levels and over
different time-frames. Thus, the discovery of GnIH has unearthed
a complex and interesting system for the regulation of avian
reproductive biology.

Maney DL!, Goode CT!, Ball GF*

Transduction of a non-photic cue: From the auditory
system to a neuroendocrine response?

(1) Emory University, Dept. Psychology, Emory University,
Atlanta, GA 30322, US4, dmaney@emory.edu,
cgoode@emory.edu (2) Johns Hopkins University, Dept.
Psychological and Brain Sciences, 3400 North Charles St.,
Baltimore, MD 21218, USA, gball@jhu.edu

Decades of research have shown that exposure to such social
signals as conspecific song enhances reproductive function in
birds. How such social signals are processed by the brain, and
particularly how these signals are transduced into an endocrine
response, is not well understood in songbirds. In this study, we
played recordings of conspecific male song to captive female
White-throated Sparrows and quantified their behavioral
responses. We also quantified immediate early gene (IEG)
induction in regions of the brain that process social information,
and also in regions involved in gonadotropin releasing hormone
(GnRH) synthesis and release. As expected, hearing male song
induced copulation solicitation displays (CSD) and IEG induction
in the auditory forebrain and in brain regions known to constitute
an interconnected social behavior system, such as the lateral
septum and the ventral tegmental area. Interestingly, IEG
expression was tightly correlated across this system in birds
listening to song but not in birds that did not hear song. Although
GnRH neurons did not express IEGs themselves, IEGs were
induced in an area of the brain defined by the distribution of
GnRH cell bodies. IEGs also increased, relative to controls, in
regions of the mediobasal hypothalamus known to be activated
during photo- and NMDA-induced GnRH release. Several of
these responses were correlated with the response in the auditory
forebrain, suggesting that activation of these regions, and perhaps
the GnRH response, may be linked to the behavioral salience of
the song stimulus. Surprisingly, the CSD response to song was
not correlated with IEG response in any brain region that we
screened. This result suggests that activity in these regions may
be involved in song perception, but do not drive the behavioral
response to song. Future experiments will explore the effects of
estradiol on patterns of IEG activation in response to social cues.
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Deviche P, Small T

Non-photic environmental control of post-breeding
reproductive regression and molt in a Sonoran desert
passerine, the Rufous-winged Sparrow

Arizona State University, School of Life Sciences, Tempe, Arizona
85287-4501, USA, deviche@asu.edu

Photoperiod in most passerines studied so far plays an essential
role in the control of reproduction. In such species, exposure to
long days (LD) in spring stimulates the reproductive system.
Subsequent regression of the system over summer, as well as
post-breeding  prebasic  molt, results from  absolute
photorefractoriness, when birds lose sensitivity to the effects of
LD. In contrast, some Sonoran desert species, including the
Rufous-winged Sparrow (RWSP, Aimophila carpalis), are
sensitive to LD year-round and undergo gonadal involution at the
end of summer due to exposure to decreasing photoperiod. RWSP
generally breed during the mid-summer monsoon and the timing
of their post-breeding gonadal involution and prebasic molt
shows substantial interannual variation, demonstrating
involvement of non-photic factors as well. To identify these
factors, captive adult male RWSP receiving ad libitum food and
water were photostimulated (15L:9D) to induce gonadal
development and then exposed to shorter day length (13L:11D)
for five weeks to induce gradual gonadal involution and molt.
During this period males were also exposed either to green
vegetation (n=8) or, for two consecutive hours every evening, to
the sight and sound of artificial rain (n=8). Exposure to
vegetation did not influence the timing or rate of gonadal
involution or of prebasic molt compared to controls (n=8). Rain-
exposed sparrows, however, exhibited delayed molt and delayed
gonadal regression relative to other birds, suggesting that this
factor modulates the timing of breeding cycle termination in the
wild. During gonadal regression, the three experimental groups
had similarly low (< 0.3 ng/ml) plasma testosterone levels.
Therefore, this hormone probably did not mediate the effects of
artificial rain. New research is needed to elucidate the specific
sensory modality and the neuroendocrine mechanism that
mediate these effects. Support: National Geographic Society,
Washington, D.C.

Raess M, Gwinner E

Life-history and reproductive physiology: Gonadal
status and gonadal hormones in long-distance and
short-distance migrating Stonechats

Max Planck Institute for Ornithology, Von-der-Tann-Str. 7,
82346 Andechs, Germany, raess@orn.mpg.de

Long-distance migration is often associated with relatively short
breeding seasons, a start of reproductive activities rapidly after
arrival, and restricted breeding opportunities. This has potential
effects on the expression of reproductive physiology and
behavior. Full activation of the reproductive system from the
regressed state takes several weeks and has to be initiated in
winter quarters or during migration. Thus, long-distance migrants
face a potential conflict between the energetic and temporal
requirements of migration and preparation for reproduction.
Circulating gonadal androgens enhance male courtship and
territorial behaviors in most temperate-breeding species. Because
these hormones can compromise male parental care, the
challenge-hypothesis predicts that the degree of male parental

investment ultimately determines seasonal patterns of androgen
secretion. We studied long-distance migrating single-brooded
Siberian Stonechats (Saxicola torquata maurus) in northern
Kazakhstan and short-distance migrating multi-brooded European
Stonechats (S. ¢ rubicola) in Slovakia. We hypothesized that
migratory distance and gonadal status at the time of arrival are
related, and, furthermore, that circulating androgen levels might
reflect differences in male parental investment in the two
populations. Males of both populations arrived with gonads that
were not fully developed. However, the populations neither
differed in gonadal state at the time of arrival, nor in the rate of
testicular development to the fully active state by the time of egg
laying. The rate of the last stages of gonadal development may be
determined more by physiological constraints than by a trade-off
between migration and reproduction. Circulating androgen levels,
both breeding baseline and maximum levels, were lower in
Siberian Stonechats, and the relative share of non-aromatizable
androgens was higher. This could indicate that different receptor
types predominate in the regulation of reproduction in the two
populations.

S35: Neuroendocrine control of behavior
Conveners: Stefan Leitner, UK; Wolfgang Goymann,
Germany

Gahr M

Hormone dependent song pattern generation and
perception

Max Planck Institute for Ornithology, Department of Behavioral
Neurobiology, 82319 Seewiesen, Germany, gahr@orn.mpg.de
Gonadal steroid hormones, androgens and estrogens are crucial
for the production of and the response to sexual signals such as
songs of songbirds. In this respect steroids alter both the
differentiation of neural circuits during ontogeny and the
morphological and electrophysiological fine-tuning of these
circuits in adulthood. The neural song control circuit of songbirds
consists of anatomically discrete interconnected areas in the fore-,
mid-, and hindbrain. Two such areas, the forebrain sensory-motor
areas HVC and RA appear to be crucial for the control of the
temporal organization of the song and the frequency modulation
of song motor units such as syllables. The development of the
forebrain song areas depends both on brain-intrinsic, genetic
mechanisms and on epigenetic actions of the androgen
testosterone and the estrogen 17b-estradiol. The receptors of
these hormones are expressed during early ontogeny of song
areas while the onset of receptor expression does not require the
hormones per se. In adulthood, the vocal areas contain receptors
for a number of hormones including gonadal steroids, adrenal
steroids, and the pineal hormone melatonin. The physical and
socio-sexual environment might, thus, modulate vocal pattern and
perception via a number of different endocrine pathways
interacting ~ with  brain-intrinsic ~ determinants. ~ These
neuroendocrine mechanisms affect neuroanatomical and
neurophysiological entities of the song areas in correlation with
hormone-dependent modulation of the song pattern and of
auditory properties.
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Neuroendocrine control of song plasticity in songbirds
School of Biological Sciences, Royal Holloway, University of
London, Egham, Surrey, UK, and Max Planck Institute for
Ornithology, —D-82319  Seewiesen, — Germany,  Germany,
leitner@orn.mpg.de

In songbirds, the differentiation of song and the song control
system in the brain is mediated by the action of gonadal steroid
hormones that depend on environmental factors such as day
length, food availability, and social relationships. Thereby, the
evolution of complex male song is thought to have evolved
through sexual selection. Male canaries (Serinus canaria)
produce elaborate songs and some contain syllables with a more
complex structure (sexy syllables) that induce females to perform
copulation solicitation display as an invitation to mate. Using
playback of synthetic songs, we could demonstrate that females
show differential expression of immediate early genes and an
androgen receptor (AR) mRNA in the auditory forebrain in
response to male song quality. In males, we found that syllable
repertoire size, number of sexy syllables and the size of song
control areas such as HVC and RA in the brain did not differ
between one and two year old birds. A significant correlation,
however, persisted in a positive relationship between the volume
of HVC as delineated by AR mRNA expression and the
proportion of sexy syllables within the song repertoire of two-
year birds. Therefore, experienced males are likely to modulate
vocal performance by modifying the control of particular
syllables rather than by just increasing repertoire size or neural
space, which is in accord with previous findings on wild canaries.
Further, we found a more diverse modulation of song behavior in
two-year birds when they were kept under restricted acoustic and
social environments during their first year. The adaptive
significance of these results is discussed with respect to the
developmental stress hypothesis by comparing previous studies
on songbirds.

Balthazart J

Rapid effects of estrogens on sexual appetite and
consummation in quail

University of Liege, Center for Cellular and Molecular
Neurobiology, B-4000 Liege 1, Belgium, jbalthazart@ulg.ac.be

It is widely accepted that androgens and estrogens derived from
their aromatization in the brain activate male sexual behavior in
birds and other vertebrates through their action in the preoptic
area. Testosterone and estradiol bind to intracellular receptors,
which then act as transcription factors to activate sexual behavior
with latencies ranging from hours to days. We recently
demonstrated that testosterone aromatization in the quail brain is
affected within minutes by calcium-dependent phosphorylations
and by changes in glutamatergic activity. We test here whether
these fast changes in brain estrogen production have an impact on
male sexual behavior. A single injection of estradiol rapidly and
transiently activated copulatory behavior in castrated male
Common Quail (Coturnix coturnix) that had been pre-treated with
a dose of testosterone behaviorally ineffective by itself. Maximal
behavioral effect was observed after 15 minutes. Conversely, a
single intraperitoneal injection of the aromatase inhibitor,
vorozole, inhibited expression of copulatory behavior as well as
appetitive sexual behavior measured by the expression of the
social proximity response or by rhythmic cloacal sphincter

movements produced by the male in response to visual
presentation of a female. Behavioral inhibitions reached a
maximum at 30 minutes after injection and began to vanish at 60
minutes. Behavior returned to normal levels within 24 hours.
Another aromatase inhibitor, androstatrienedione, induced a
similar rapid inhibition of female-induced cloacal sphincter
movements. Together, these data demonstrate that rapid changes
in estrogen production in the brain significantly affect the
expression of both consummatory and appetitive aspects of male
sexual behavior and identify an additional and novel way by
which hormones regulate behavior. These rapid effects
presumably contribute to temporal regulation of the bouts of
sexual activity and inactivity that are displayed by birds during
the reproductive season.

Meddle S', Wingfield J?

Neuroendocrine and behavioral adaptations to environmental
constraints in the Arctic

(1) University of Edinburgh, Centre for Integrative Physiology,
Royal School of Veterinary Studies, University of Edinburgh,
EH8 9XD, UK, s.lmeddle@edacuk (2) University of
Washington, Dept. of Biology, Seattle, WA 98 195, USA,
Jjwingfie@u.washington.edu

Arctic-breeding birds adapt their behavior to optimize
reproductive success in a very short breeding season. There are
rapid transitions from territorial and sexual behavior to parental
behavior. In male breeding birds, the relationship between plasma
testosterone and territorial behavior varies according to species.
In the Lapland Longspur (Calcarius lapponicus), an unusually
brief and high testosterone peak is associated with territorial
aggression. Yet as soon as males are established with a mate, they
become refractory to the behavioral effects of experimentally
elevated testosterone. In  Arctic-breeding White-crowned
Sparrows (Zonotrichia leucophrys gambelli), the peak in
testosterone lasts longer, but they too become behaviorally
insensitive to experimentally elevated testosterone. Such
insensitivity must require rapid and dynamic changes in the
neuroendocrine system. At present, the neural mechanisms by
which testosterone and oestrogen regulate aggressive behavior in
Arctic-breeding birds are unknown. Testosterone may act directly
within the brain to drive behavior via androgen receptors (AR), or
it may be aromatized by aromatase within the brain itself to act
on oestrogen receptor alpha (ER-alpha) and beta (ER-beta). In
Arctic-breeding passerines, dense AR, ER-alpha and ER-beta
mRNA expression is observed in brain regions implicated in
aggressive behavior, memory and song. Quantitative analysis
shows dynamic modifications in aromatase, AR and ER mRNA
expression in these particular regions through the short breeding
season. Such changes may be responsible for the rapid transition
from aggressive to non-aggressive behavior and the observed
behavioral insensitivity to experimentally elevated testosterone.
Collectively, these finding