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The apparent nomadism of Palearctic migrant birds during the wintering
period in Afrotropical savannah resulted in their characterisation as wan-
dering interlopers, subordinate to Tropical residents, forced to subsist on
temporary resource concentrationsin marginal habitats. These ideas persist,
and, indeed, provide the theoretical basis for many modern studies of
migrant evolution. However, recent studies have established that migrant
ecology is more complex, with many migrants using stable resources and
demonstrating site fidelity to a broad range of Tropical habitats, both with-
in and between wintering seasons. Furthermore, intra-Tropical movements
are now known to occur in a number of Tropical resident species as well as
migrants, and appear related to resource and habitat seasonality. These find-
ings, plus extensive taxonomic evidence, indicate that most long-distance
migrants to temperate and boreal breeding sites are derived from Tropical-
breeding resident birds, emphasising the critical importance of taking into
account selective factors and evolution occurring during the non-breeding
portion of the life cycle. The three principal Holarctic migration systems
are similar in these and many other aspects, but differ in that, while rough-
ly one third of the Nearctic/Neotropical and eastern Palearctic/Asian Tropi-
ca migrants winter in forest, amost none of European/Afrotropical
migrants do so. We propose that habitats connecting Holarctic and Tropical
regions serve as a filter for potential migrants to the Holarctic, and that
absence of forest from northern Africa has limited exploitation of European
forests by Afrotropical species.
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INTRODUCTION

Many of the ideas and controversies regarding the
origin, evolution, and significance of avian migra-
tion derive from investigations of Old World
migrants wintering in the European subtropics
and central African Tropics. One of the critically
important studiesin the development of theseide-
as was the work by Morel & Bourliere (1962) on
migratory bird ecology in Senegal, from which
they concluded that migrants as a class were sub-

ordinate to Tropical resident species, constituting
a floating population (population flottante) of
wandering consumers taking advantage of the
seasonal surplus existing in their wintering areas.
MacArthur (1972) elaborated on these observa-
tions, using wintering migrants as examples of
‘fugitive species,’ i.e., ‘species that are able to
survive by their relatively quick and temporary
occupancy of suitable new habitats as these first
become available’ (MacArthur & Wilson 1967).
Several studies in both the African and New
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World Tropics have presented data in support of
this hypothesis (Willis 1966; Morse 1971; Karr
1976; Leisler 1990). Their observations are consis-
tent with an evolutionary scenario in which
migrants, derived principally from temperate and
boreal resident populations, are pushed into com-
plex Tropical communities by climatic factors,
where they are forced to compete with Tropical
resident species. These studies provided a frame-
work in which the non-breeding portion of thelife
cycle did not have to be taken into account in
studies of speciation among migrants, following
the reasoning that if migrants do not occupy dis-
tinctive nichesin tropical environments, then their
morphological characteristics could be attributed
principally to selection on the breeding grounds.
Several modern investigations of migrant evolu-
tion and/or speciation appear to be based on this
assumption, since non-breeding season distribu-
tion and selection pressures are given no rele-
vance (Bermingham et al. 1992; Richman & Price
1992; Price et al. 1997; Cicero & Johnson 1998).

In contrast, Lack (1944, 1968), Salomonsen
(1955), and Rappole (1995) proposed that the non-
breeding portion of the migrant life cycle must
affect migrant evolution and speciation, and
recent studies of migratory bird ecology support
this view. These studies have expanded our under-
standing of migrant non-breeding season biology,
providing a different perspective on the role of
migrants in Tropical communities, and new
insights into the possible origins of avian migra-
tion in which many migrant species are seen as
having evolved from Tropical residents (Rappole
& Tipton 1992). In this paper, we review informa-
tion on the ecology of migrants along with its rel-
evance to understanding migrant origin and evo-
lution, and consider how these data and ideas
could help to explain some of the similarities and
differences between the world’s principal migra-
tion systems, particularly the lack of forest-win-
tering species in the Palearctic-Afrotropical
migration system.

ECOLOGICAL CHARACTERISTICSOF
WINTERING MIGRANTS

The ‘migrants as fugitive species hypothesis was
based on three main categories of data: 1) Site
Fidelity - Wintering migrants did not appear to
show fidelity to particular wintering sites, rather
populations seemed to move from site to site at
random over the course of the season, i.e., pursu-
ing a ‘nomadic’ or ‘wandering’ habit of Tropical
resource and habitat exploitation; 2) Habitat Use -
Wintering migrants did not appear to use primary
habitat types in the Tropics, most notably lowland
rain forest. They seemed to be excluded from use
of such habitats by resident ‘ecological counterp-
arts’ (MacArthur 1972), and forced to use secon-
dary, marginal, or disturbed habitats, 3) Resource
Use - Wintering migrants appeared to be prevent-
ed from using the stable resources of Tropical
communities by Tropical residents to whom they
were subordinate, and forced to subsist on tempo-
rary concentrations (i.e., ‘superabundant resour-
ces), eg., fruits, seeds, nectar, or insect swarms.
We examine and discuss each of these characteris-
tics below in the light of more recent studies sug-
gesting that migrant ecology is more complex
than early investigations had indicated.

Site Fidelity

The concept of migrants as nomadic wander-
ers pursuing a strategy of random, intra-Tropical
movements over the course of the wintering peri-
od derived from two main types of circumstances:
Palearctic migrants in Afrotropical savannas; and
Nearctic migrants at resource concentrations such
as fruiting trees. Lack of migrant site fidelity
under each situation is well-documented (Morel
& Bourliére 1962; Leck 1972; Karr 1976; Leisler
1990; Petit et al. 1995). However, under different
circumstances, wintering migrants have been
found to demonstrate within-season sitefidelity in
avariety of Tropical habitats and localities (Blake
& Loiselle 1992, Rappole et al. 1992; Staicer 1992;
Herremans et al. 1995; Salewski et al. 2000) and
return rates to Tropical wintering sites compar-
able to return rates to temperate breeding sites
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(Rappole & Warner 1980; Holmes & Sherry 1992).
Furthermore, recurrence in winter quarters based
on band returns has been demonstrated for awide
spectrum of migrant taxa and in al of the major
geographical wintering areas for migrants around
the world (Southeast Asiaz Nishet & Medway
1972; McClure 1974; Africa: Moreau, 1972; Curry-
Lindahl 1981; Neotropics: Rappole 1995: Table
4.1). These findings show that nomadism is not a
characteristic of migrants as a class or even for
migrants within a particular geographical migra-
tion system.

Nevertheless, movement during the wintering
season (Nov-Mar), is typical for many migrant
species exploiting Afrotropical savannahabitats, a
group that constitutes as much as 20% of the
savanna avian community (Jones 1998). The
majority of these species areinsectivoresthat arri-
ve in the northern Afrotropics between August
and October at the end of the rainy season. Within
two to three months, these habitats become very
dry, and many of the migrants then undertake a
second southward migration to less arid dry sea-
son conditions in broadleaved savannas closer to
the equator or to southern African savannas where
the local rains are just beginning. These mid-win-
ter movements, called ‘itinerancy’ by Moreau
(1972) and ‘step migration’ by Curry-Lindahl
(1981) are now well documented throughout Afri-
ca (Jones 1985, 1995, 1998; Pearson 1990; Pearson
& Lack 1992; Elgood et al. 1994). However, 40%
of Afrotropical savannah avian ‘resident’ species
appear to perform similar, intra-Tropical migra-
tions. Although the precise timing of these move-
ments varies by species, departure by many Afro-
tropical birds from northern Tropical savannas to
wetter southern localities roughly corresponds
with the arrival of migrants from the Palearctic
(Jones 1985, 1995, 1998; Elgood et al. 1994). For
both Palearctic migrants and Afrotropical species,
this behaviour is determined by the sequence of
alternating wet and dry seasons caused by the
annual north-south movements of the Inter-Tropi-
cal Convergence Zone (ITCZ). The ITCZ and
most Afrotropical migrants move northwards in
the first half of the calendar year and southwards

in the latter half. Palearctic migrants are obliged
to do likewise during the time they spend in Afri-
ca, and for the same reasons. The apparent lack of
site fidelity over a wintering season is not a char-
acteristic of migrants, but rather is a function of
the types of resources exploited and the changing
availability of those resources over time. Indeed,
itinerancy does not itself preclude site fidelity.
Itinerant Garden Warblers Sylvia borin occupied
territories in Uganda for about six weeks until
departing in December, but then returned in Feb-
ruary to exactly the same territories they had
occupied two months earlier (Curry-Lindahl
1981). Furthermore, Garden Warblers show strong
recurrence between years in southern Africa
(Herremans 1997), suggesting a strategy in which
individuals may retrace their step migration year
after year, revisiting the same places in strict
sequence and remaining at each for as long as
necessary before moving on to the next. Intra-sea-
sonal, intra-Tropical movements have been
reported for Nearctic migrants wintering in the
Neotropics as well. Levey & Stiles (1992) pro-
posed that intra-Tropical movements represent a
strategy for exploitation of particular types of
patchily-distributed resources rather than a char-
acteristic of Nearctic migrants as opposed to Neo-
tropical residents. In fact, such movements are
typical for many of the birds exploiting fruit and
nectar resources, whether they are Nearctic
migrants, like the Eastern Kingbird Tyrannis
tyrannis (Morton 1971) or Neotropical-breeding
birds, like the Resplendent Quetzal Pharomach-
rus mocinno (Powell & Bjork 1994).

Habitat Use

Two observations regarding habitat use sha-
ped early concepts regarding the role of migrants
in the Tropics: First, that no Palearctic migrants
winter in Afrotropical rain forest, and, in fact,
only five species are restricted to Afrotropical,
closed-canopy, broad-leaved habitats (Moreau
1972; Moénkkonen et al. 1992; Baumann 1999;
Bijlsma, in press); Second, that migrants often
predominate in both diversity and numbers over
Tropical residentsin disturbed, secondary habitats
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while the reverse is often true in undisturbed, pri-
mary habitats (Petit et al. 1995). These observa-
tions, based on excellent field data collected by
many different researchers, have led to the con-
clusion that migrants are prohibited by superior
Tropical-breeding competitors from occupying
nichesin stable, Tropical habitats (Robinson et al.
1988). We know now, however, that migrants win-
ter in nearly every Tropical habitat type, primary
as well as secondary, undisturbed as well as dis-
turbed (Moreau 1972; McClure 1974; Rappole
1995), though the relative numbers of migrants
and residents in Tropical primary and secondary
environments may vary in different regions and
situations. We aso now know that, with the
exception of the Afrotropical forests, which we
discuss as a specia case below, wintering
migrants use forested habitats extensively, includ-
ing rain forests. For example, 20 species of Nearc-
tic migrants arrive in undisturbed Neotropical rain
forest in Mexico in September and October, estab-
lish individua territories, remain on these territo-
ries until departure in April northward on spring
migration, and often return to these territories in
subsequent years (Rappole & Warner 1980).

If migrants are present in nearly al Tropica
habitat types, it follows that they are not being
excluded by residents from such habitats. But
what accounts for the general predominance of
migrants over residents in secondary, disturbed,
or marginal habitats? We see two possible expla-
nations that are not mutually exclusive: 1) Tropi-
cal species that exploit ephemeral habitats or
resources might be predisposed to becoming
migrants (Rappole & Warner 1980; Levey & Stiles
1992), so that migrants are likely to form adispro-
portionate number of the species found in these
communities; 2) If winter habitat is limiting for
migratory species (as opposed to breeding, post-
breeding, or stop-over habitat) then more individ-
ualsarelikely to be produced than can be support-
ed by available winter habitat, and many individu-
alswill be forced to use marginal habitats on arri-
val at the wintering grounds (Fretwell 1972; Rap-
pole & McDonald 1994, 1998).

Resource Use

The idea that migrants are prevented from
using the stable resources in Tropical commu-
nities (i.e., those resources on which an individual
can depend for prolonged periods e.g. an entire
season) by resident species, and are thereby for-
ced to depend upon temporarily superabundant
resources for which they do not have to compete,
derives mainly from migrant-resident interactions
observed in the Neotropics at army ant swarms
(Willis 1966), fruiting trees (Leck 1972), flowering
plants (DesGranges & Grant 1980), and interspe-
cific aggression among ground-feeding birds in
Africa (Leisler 1990). Despite these observations
of interactions, there are no data to indicate that
migrants actually are prevented from using the
stable resources of Tropical communities on a
long-term basis, or that interactions with residents
have an effect on migrant survivorship. Detailed
observations of the ecology of migrants in the
non-breeding season indicate that a broad range
of resource-use patterns exists, comparable to the
range observed in Tropical-breeding species. This
diversity of patterns, and the comparable diversity
in sociality evolved to exploit resources, seem to
be related to the requirements of each species and
the distribution of critical resources in the envi-
ronment (Brown 1964), rather than to a particular
pattern of resource use peculiar to migrants as a
group. For instance, a number of field studies doc-
ument that individuals of many migrant species
remain successfully on small plots of ground in
Tropical habitats throughout the wintering period,
defending these sites as individual territories, and
even returning to the same sites in subsequent
years (Snow & Snow 1960; Schwartz 1964; Rap-
pole 1995: Table 3.3), indicating that critical, sta-
ble resources are available and defendable. Other
species, while still apparently solitary during the
wintering period, do not appear to defend territo-
ries, perhaps because they are forced to be more
mobile to find patchily distributed food, obtained
by a narrower range of feeding behaviours and
foraging substrates (Salewski et al. 2002). Staicer
(1992) observed a broad range of social-
ity/resource-use patterns for three species of
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migrant parulids wintering in Puerto Rico (North-
ern Parula Parula americana, Cape May Warbler
Dendroicatigrina, Prairie Warbler Dendroica dis-
color), from site-specific territoriaity, to solitary
foraging, to loose, single-species flocks, many of
whose members demonstrated both within-and
between season site fidelity.

Many migrants as well as Tropical-breeding
birds participate in mixed-species foraging flocks
through the wintering period. Such flocks can be
quite stable in both membership and home range,
and have been observed in awide variety of Trop-
ical localities in the New World, Hawaii, and
Southeast Asia (Harrison 1962; Powell 1985, King
& Rappole 2000, 2001; Hart 2001). In some of the-
se mixed-species flocks, single individuals of
migrant species appear to defend the flock itself,
preventing other conspecifics from joining, and
demonstrating both within- and between-season
site fidelity (Powell 1980). Others contain more
than one individual of a particular migrant spe-
cies, although the actual number of conspecific
flock participants may still be determined by a
combination of resource availability and intraspe-
cific competition (King & Rappole 2000).

Large, single-species flocks also are common
for some species of both migrants and Tropical-
breeding birds that exploit widely dispersed
patches of resources, e.g., rice fields, flowering or
fruiting trees, exposed tidal flats (Ffrench 1967;
Ward & Zahavi 1973; Piersma et al. 1992; Levey
& Stiles 1992). Interestingly, close investigation
of some wintering flocks of migrants in the Trop-
ics has revealed within- and between-season site
fidelity to particular feeding sites, even though the
birds may move to anumber of different sites over
the course of the season (Johnston & Downing
1968).

As noted above, migrants often have been
observed to use temporary resource concentra-
tions in disturbed or margina habitats in much
greater numbers of both species and individuals
relative to Tropical-breeding species (Willis 1966;
Karr 1976). Some migrants as well as some Tropi-
cal-breeding species apparently are well-adapted
to locate and exploit relatively stable resourcesin

habitats of this type, showing long-term site fidel-
ity within and between seasons, e.g., Least Fly-
catchers Empidonax minimus in overgrown Vera-
cruz pastures (Rappole & Warner 1980). However,
members of other migrant species obviously are
searching for, and depending upon, temporary
resource concentrations (Willis 1966; Karr 1976;
Rappole & Morton 1985; Rappole et al. 1989).
These hirds tend to show higher turnover rates
and disproportionate declines in total numbers
over the course of the winter season relative to
members of the same species in other habitat
types, indicating that the habitat is indeed margi-
nal (Rappole et al. 1989). We propose that this pat-
tern of resource use is caused by production of
more young by members of these species of
migrants than can be accommodated in ‘prefer-
red’ Tropical wintering habitats (i.e., habitats in
which survivorship would be higher). Concentra-
tions of these species of migrants in marginal
Tropical habitats essentially represent dispersing
individuals in the process of trying to relocate to
better quality habitats (Rappole et al. 1989; Rap-
pole & McDonald 1994; Winker et al. 1995).

ORIGIN AND EVOLUTION OF TROPI-
CAL-HOLARCTIC MIGRATION

Numerous theories have been proposed for the
origin and evolution of migration (summarised in
Rappole 1995), most of which focus on species
breeding distributions (Mengel 1964; Cohen 1967,
Snow 1978; Cox 1985). However, MacArthur
(1972) and others recognised that both the breed-
ing and non-breeding portions of the migrant life
cycle were important in understanding migrant
origins. An explanation for the ability of an avi-
fauna composed of hundreds of species and mil-
lions of individuals to invade Tropical habitats
each year in competition with Tropical-breeding
speciesisarequired part of any theory of migrant
evolution. Accordingly, they proposed the ‘fugi-
tive species hypothesis as a solution in which
migrants do not actually join Tropical commu-
nities, but essentially harvest excess resources
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through a process of random movements. This
explanation may be appropriate for migrations
seen in some species, e.g., weather-induced irrup-
tions by European parids. However, it is now
known that many species of migrants arrivein the
Tropics during times when resources are decreas-
ing (‘Moreau’'s Paradox’: Fry 1992) or are aready
at a low ebb (DesGranges & Grant 1980), enter
primary Tropical communities like rain forest,
cloud forest, pine-oak, savannah, grassland, and
marshland (Rappole 1995: Table 2.1, Rappole et
al. 2000), live there for six or seven months of the
year, evidently competing successfully with spe-
cialised Tropical residents for the stable resources
of the community (Rappole & Warner 1980),
depart, and often return to the same winter sitein
subsequent years (Rappole 1995: Table 4.1). The-
se and similar observations regarding the obvious
integration of many migrant species into Tropical
communities are not consistent with a ‘fugitive
species hypothesis. Accordingly, we have devel-
oped an aternative explanation for the origin and
evolution of Tropical-Holarctic migration that
explains the paradox of successful migrant inva-
sion of Tropical communities. We propose that
migrants are able to exploit stable Tropical niches
because they originated in the Tropics and evol-
ved a migratory habit to capitalise on seasonally
abundant resources in the temperate and boreal
regions, where fewer competitors and predators
allow for considerable increase in production of
offspring over what is possible in Tropical habi-
tats. These ideas complement and expand upon
those of Rappole et al. (1983); Rappole & Tipton
(1992); and Rappole (1995) for the Neotropics and
Safriel (1995), who proposed a similar southern
origin for Holarctic-Tropical migrants based on
the relative costs and benefits of long-distance
dispersal by tropical-breeding species, and used
the Palearctic-African system as an example.

Our hypothesisinvolves the following stepsin the
evolution of amigratory habit:

1. Long-distance migrants from Tropical to tem-
perate regions originate as sedentary, Tropi-
cal-breeding residents.

2. Each year, despite intense competition and
predation, more young are produced by these
birds than available, Tropical habitat can sup-
port.

3. Thus, young of the year are forced to disperse
to find available breeding habitat.

4. The process of dispersa favours evolution of
adaptations for undertaking successful move-
mentsin search of suitable habitat, e.g., hyper-
phagia on discovery of resource concentra-
tions, subcutaneous fat storage, navigation,
and homing.

5. Some species are adapted to use of niches
common to many different habitat types, e.g.,
gleaning insects from leaves, which alows
them the option of exploiting resourcesin dif-
ferent habitats or regions.

6. Increased food availability along with reduced
competition and predation in seasonal temper-
ate habitats during summer allow much higher
reproductive rates in temperate populations
relative to Tropical populations of the same
Species.

7. These fitness rewards favour rapid (in an evo-
lutionary sense) invasion of relatively depau-
perate temperate habitats by those Tropical
species capable of exploiting them.

A logical question deriving from this scenario is,
‘If temperate migrants evolved from tropical resi-
dents, where are those source populations now.?
We propose two answers to this question. First, as
discussed below, for 23% (Afrotropics) — 48%
(Neotropics) the source populations are conspe-
cifics with breeding populations in the Tropics.
Second, for those species in which the source
popul ation has disappeared, the reason is the same
asfor the disappearance of any other trait, namely
natural selection in which members of the migra-
tory population are favored over those of the resi-
dent.

We have presented data in support of the steps
in thistheory elsewhere (Rappole et al. 1983; Rap-
pole & Tipton 1992; Rappole 1995), as has Safriel
(1995). In addition, recent experimental evidence
on Blackcaps Sylvia atricapilla demonstrates the
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rapidity with which migrants can colonise new
temperate wintering habitat (Helbig 1996). Never-
theless, the principal evidence in support of this
hypothesis for evolution of migrants from Tropi-
cal speciesis phylogenetic. Consider for instance
that of the 338 species of migratory birds that
breed in temperate and boreal North America, 162
(48%) have conspecifics and 78% have congeners
that breed in the Neotropics; for the Asian migra-
tion system, the numbers are comparable: 106
(31%) of 338 species of migrants have conspecif-
ic populations that breed in the Tropics while 262
species (78%) have congeners; for the Palearctic-
African migration system: 42 of 185 species of
migrants (23%) have conspecific popul ations that
breed in the Tropics while 139 (75%) have Tropi-
cal-breeding congeners. These numbers are high-
ly suggestive that most of the birds that breed in
the Nearctic and Palearctic region are Tropical in
origin, although severa groups (e.g., Phyllosco-
pus, Dendroica, Vermivora, Empidonax, Vireo,
and Myiarchus) clearly have undergone radiation
subsequent to evolution of a migratory habit
(Rappole 1995). They live in temperate or boreal
regions only during the time of year when these
regions are like the Tropics.

Despite the extensive evidence indicating
Tropical origin and the critical importance of
Tropical environments for many migratory spe-
cies, severa recent treatments of evolution in
temperate-breeding migrants that winter in the
Tropics have ignored the Tropical portion of the
life cycle, attributing observed patterns of breed-
ing distribution and morphological characteristics
entirely to breeding ground factors (e.g., Berm-
ingham et al. 1992; Richman & Price 1992; Cicero
& Johnson 1998; Price et al. 1997). Whether stated
or not, these treatments are based conceptually on
the ‘fugitive species hypothesis in which
migrants are pushed southward annually by sea-
sonal climatic change into the Tropics where they
fail to occupy distinctive niches in Tropical habi-
tats. In addition to ignoring the extensive informa-
tion now available to indicate that migrants do
hold distinctive niches in Tropical habitats, and
are thus subject, presumably, to selection shaping

morphology, behaviour, and physiology (Bairlein
1993), these studies ignore three additional fac-
tors: First, that 23%-48% of migrantsthat breed in
temperate regions have breeding populations in
the Tropics as well, including some of those who-
se speciation has been attributed to Pleistocene
effects on Nearctic habitats (e.g., Vireo plumbeus
and V. cassinii) (Cicero & Johnson 1998); Second,
that invasion of temperate habitats by a tropical-
breeding species is a dynamic process that can
occur over amatter of years rather than millennia,
e.g., the case of the Cattle Egret Bubulcus ibis in
North America (Rappole et al. 1983); Third, that
broad changes in breeding distribution also can
occur in a matter of years e.g., the case of the
Blackcap in the British Isles (Helbig 1996). A
complete understanding of migrant phylogeny
and evolution will have to take into account the
dynamic nature of the process and the importance
of non-breeding season selection in addition to
breeding-season selection factors.

OLD WORLD VERSUSNEW WORLD
MIGRATION SYSTEMS

There are three magjor Holarctic migration sys-
tems: 1) the Nearctic-Neotropical in which birds
migrate between the Neotropics and Nearctic
breeding grounds; 2) the Palearctic-African in
which birds migrate between the African Tropics
and Europe and western Asia; and 3) the Palearc-
tic-Asian in which birds migrate between the
Asian Tropics and the temperate and boreal
regions of eastern Asia. Comparison of the num-
bers of migrant species by family for these differ-
ent migration systems reveals some striking simi-
larities and differences (Table 1). First, despite the
fact that severa different families are involved,
the overall size of the Palearctic-Asian and New
World migration systems are quite similar (about
338 species for both) while the Palearctic-Tropi-
cal African system is much smaller (185 species -
excluding coastal migrants). Closer examination
of the table shows that the Palearctic-African sys-
tem is depauperate relative to the other systemsin
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Table 1. Numbers of species by family for the three main migration systems of the Northern Hemisphere (from
Rappole 1995). IN/A = Not Applicable - family does not occur in the region.

Migration System

Nearctic/ Palearctic/ Palearctic/
Family Neotropical Afrotropical Asian Tropical
Podicipedidae 4 0 0
Pelecanidae 2 0 2
Phal acrocoracidae 2 0 1
Anhingidae 1 0 0
Ardeidae 12 8 16
Threskiornithidae 4 3 4
Ciconiidae 1 2 6
Anatidae 20 11 19
Cathartidae 2 N/AL N/A
Accipitridae 11 17 23
Falconidae 4 8 6
Phasianidae 0 1 1
Rallidae 7 5 8
Gruidae 2 2 2
Jacanidae 0 0 1
Rostratulidae N/A 0 1
Burhinidae 0 1 1
Glareolidae N/A 2 1
Charadriidae 8 7 11
Haematopodidae 1 0 1
Recurvirostridae 2 2 2
Scolopacidae 30 20 38
Laridae 21 5 17
Columbidae 5 1 2
Cuculidae 3 3 9
Strigidae 3 2 2
Caprimulgidae 5 3 1
Apodidae 4 4 4
Trochilidae 13 N/A N/A
Trogonidae 1 0 0
Upupidae N/A 1 2
Alcedinidae 1 0 2
Meropidae N/A 1 2
Coraciidae N/A 1 1
Picidae 3 1 1
Tyrannidae 32 N/A N/A
Alaudidae 0 2 2
Hirundinidae 8 5 5
Troglodytidae 3 0 0
Campephagidae N/A 0 5
Pycnonotidae N/A 0 1
Dicruridae N/A 0 4
Oriolidae N/A 1 4
M uscicapidae 12 50 97
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(Table 1. continued)
Migration System

Nearctic/ Palearctic/ Palearctic/
Family Neotropical Afrotropical Asian Tropical
Mimidae 2 N/A N/A
Motacillidae 2 6 12
Bombycillidae 1 0 0
Laniidae 1 6 3
Sturnidae 0 0 6
Zosteropidae N/A 0 2
Vireonidae 1 N/A N/A
Parulidae 50 N/A N/A
Thraupidae 4 N/A N/A
Icteridae 13 N/A N/A
Emberizidae 25 3 6
Fringillidae 2 0 4
Ploceidae 0 1 0
Total 338 185 338

one mgjor class of migrants, namely birds using
forest habitats. Moreau (1972) listed 48 species of
migrants as breeding in Palearctic forest while
about 112 species breed in Nearctic forests and
107 in east Asian forests (Rappole 1995). Howev-
er, while nearly all of the Asian and Nearctic spe-
cies that breed in forests al'so winter in some type
of forest, only five Palearctic migrants winter in
African Tropical forests (European Honey-buz-
zard Pernis apivorus, Golden Oriole Oriolusorio-
lus, Pied Flycatcher Ficedula hypoleuca, Collared
Flycatcher F. albicollis, and Wood Warbler Phyl-
loscopus sibilatrix) (Monkkonen et al. 1992; Bau-
mann 1999; Bijlsmain press).

We believe that these differences in avifauna
composition for forest-related birds in the differ-
ent migration systems provide an insight into the
processes by which migration evolves. If most
migrants evolved from Tropical or subtropical
ancestors, as we have suggested, those ancestors
would have had to use habitats to which they were
adapted to sustain movements north to exploit the
temporary resource flushes associated with tem-
perate and boreal summers. The habitats interven-
ing between the Holarctic region and Tropical

source habitats for migrants will therefore act asa
filter, screening out any whose habitats are absent
and preventing them from completing the journey.
In both eastern Asia and the New World there are
extensive forests as well as other major habitat
types that connect temperate and Tropical regions
for both eastern Asia and the New World (Bailey
1989). In contrast, any forest-dependent Afrotrop-
ical species would confront thousands of kilome-
tres of desert and salt water to make such a jour-
ney to the Palearctic (Fig 1).

But surely the filter could act in either way -
that is, it could prevent boreal woodland species
from invading the tropics just as well as prevent
Tropical woodland species from invading the
boreal region. Certainly that is true, but the fol-
lowing facts argue against a boreal origin. First,
the much smaller size of the European migrant
avifauna as compared with both Asia and New
World. We contend that this smaller size of the
Palearctic-African migrant avifaunais a result of
more Tropical species being prevented from
invading the temperate zone. Second, the very
small number (only five species) of European
migrants that appear dependent on forest during
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Fig.1l. Principal African habitats. Data
are from Bailey (1989) and Moreau
(1972).

Il montane forest
[ evergreen forest
[ Jsavanne

[ steppe

[ Jdesert

[I[TT]] mediterranean scrub

1000 km

both summer and winter. In contrast, there are 48
species that use European temperate and boreal
forestsin summer, but use open habitatsin winter.
We would argue that these birds that breed in for-
est but winter in savannah are evolved from Trop-
ical and subtropical open habitat species that use
temperate and boreal woodlands in summer
because there is very little competition, i.e., few
forest species, and abundant resources. In addi-
tion, of course, extensive evidence of taxonomic
relationship to Tropical resident species detailed
above exists for Palearctic-African migrants (75%
with Tropical-resident congeners) just as for
migrant species from the other migration systems.

In summary, we hypothesise that the mgjority
of speciesin all of the world's migration systems,
New World, Palearctic/African, Asian, and so
forth, evolved in the same way, with dispersing
individuals spreading out from Tropical-breeding
areas seasonally to locate under-exploited
resources that would allow them to produce more

offspring than their sedentary relatives. The types
of speciesinvolved depend on the diversity of the
Tropical source populations, the availability of
intervening stopover habitats, and the types of
seasonally available temperate and boreal habi-
tats.
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SAMENVATTING

Het schijnbaar nomadische voorkomen van Palearcti-
sche trekvogels tijdens de winter in het Afrotropische
savannegebied heeft geleid tot de gedachte dat het
zwervende beunhazen zijn, die ondergeschikt aan de
tropische standvogels, worden gedwongen om te leven
van tijdelijke voedsel bronnen in marginal e habitats. Dit
idee is hardnekkig en verschaft de theoretische basis
voor veel van de huidige studies naar de evolutie van
vogeltrek. Recente onderzoekingen tonen echter aan
dat de ecologie van vogeltrek veel complexer is: veel
trekvogels maken in de winter gebruik van stabiele
voedsel bronnen en vertonen in veel habitats zowel bin-
nen als tussen winters een sterke plaatstrouw daaraan.
Tegelijkertijd weten we nu van een aanta tropische
standvogels dat ze zich over vrij grote afstanden ver-
plaatsen, bewegingen die waarschijnlijk te maken heb-
ben met seizoenveranderingen in hun voedsel en habi-
tat. Deze bevindingen leiden, samen met de uitgebreide
taxonomische kennis, tot de conclusie dat langeaf-
standstrekkers die in de gematigde en boreal e gebieden
broeden, hun oorsprong hebben in tropische broedvo-
gels. Dit idee benadrukt het cruciale belang van onder-
zoek buiten het broedseizoen om de selectie op en evo-
lutie van langeafstandstrek te begrijpen. De drie
belangrijkste Holarctische treksystemen hebben een
tropische oorsprong van langeafstandstrek met elkaar
gemeen, maar verschillen in het feit dat ongeveer een-
derde van de Nearctisch-Neotropische en oostelijke
Palearctisch-tropisch Aziatische trekvogels in bossen
overwinteren, terwijl vrijwel geen enkele Europees-
Afrotropische trekvogel dit doet. De auteurs maken
zich sterk voor het idee dat dit komt doordat de habitats
tussen de Holarctische en tropische regionen fungeren
as een filter voor potentiéle trekvogels met een tropi-
sche oorsprong, zodat de afwezigheid van bossen in
Noord-Afrika een belangrijke beperking is geweest
voor bosvogels uit tropisch Afrika om naar het noorden
te trekken en de Europese bossen te koloniseren.  CB)
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