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Ornithologists who regularly witness the breath
taking influx of songbirds at stopover sites dur
ing spring or fall migration know that birds are 
tremendously adaptable. Migration encompasses 
a range of actions distinct from permanent res
idency but includes altitudinal movements, spo
radic irruptions, short-distance flights, as well as 
obligate long-distance movements (Able 1991). 
Migration can be acquired, abandoned, or pro
longed by a species depending on conditions 
along their migratory routes (Able and Beltoff 
1998). Previously nonmigratory populations 
may undertake migration where changing con
ditions become increasingly disadvantageous for 
the resident population or where interspecific 
competition becomes more severe. Regardless of 
the distance or motivation, migration is physio
logically demanding and potentially risky. 

Nearctic-Neotropical migrants face both eco
logical and physiological challenges while en 
route from one location to another. Migrants re
quire periodic stopovers to rest and refuel, and 
during these stopovers, they must cope with the 
uncertainties of resource abundance and avail
ability, intra- and interspecific competition, and 
predation pressures in unfamiliar environments 
(Moore et al. 1995). Physiologically, the size of 
many Nearctic-Neotropical migrants puts large 
constraints on fat storage, flight speed, and the 
ultimate distance a bird is able to travel in one 
migratory bout. Ecological and physiological 
hurdles associated with trans- and intercontinen-
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tal migration in concert with the extensive land
scape changes along historical migratory path
ways suggest that the migration period poses 
formidable hardships to many birds. 

Quantifying the effects and timing of limiting 
factors for migratory species is particularly dif
ficult because of the transitory nature of migra
tion (Hutto 2000, Sillett and Holmes 2002), 
which makes this period a fruitful area for basic 
and applied research. Songbirds often migrate at 
night and are broadly and unpredictably dis
persed during the day. Further, events or condi
tions at one stage in the annual cycle can have 
a powerful influence over a bird’s survival and 
productivity in another stage (Marra et al. 1998, 
Sillett et al. 2000). Because some migratory bird 
species have shown regional declines in abun
dance and therefore are of conservation concern 
(Sauer et al. 1996, Peterjohn and Sauer 1999), 
future research and modeling efforts should fo
cus on understanding how events and conditions 
throughout the annual cycle are interconnected 
and how limiting factors might work at different 
scales to influence population size (Sillett and 
Holmes 2002). 

Determining whether populations are limited 
by events or processes that operate en route in
volves a complex series of tasks that collectively 
require intensive and extensive research using 
new and emerging technologies. We now know 
that rates of lipid deposition, as measured with 
plasma metabolite profiles, may serve as an in
dicator of habitat quality (Williams et al. 1999, 
Guglielmo et al. 2002), and genetics and stable 
isotope analyses can be valuable tools to eluci
date links between breeding and wintering areas 
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(Hobson and Wassenaar 1997, Webster et al. 
2002, Lovette et al. 2004). Radar imagery (Diehl 
et al. 2003, Gauthreaux and Belser 2003) and 
low orbit radar receivers (Cochran and Wikelski, 
in press) also hold much potential for tracking 
large-scale movements and habitat use of mi
grants. Direct information on survival rates dur
ing migration or how migratory conditions af
fect fecundity and overwinter survival is elusive. 
However, we are now beginning to unravel the 
mysteries of migration by tracking how birds 
move from one location to another, understand
ing what types of habitats and resources birds 
use, determining whether the timing of migra
tion and migratory pathways is fixed or plastic, 
understanding the energetic and dietary con
straints of long-distance flight, and determining 
the competing demands on birds during migra
tion. 

From a practical perspective, there is a great 
need for the information necessary to make 
good choices regarding where, when, and how 
to place conservation efforts and to ensure those 
efforts are responsive and effective (Petit 2000). 
We need to define what constitutes ‘‘important’’ 
or ‘‘good’’ en route habitat so management 
agencies and private landowners can develop ef
fective programs at appropriate scales and re
ceive the greatest return for the dollars expend
ed. The habitat selection process of en route mi
grants, according to current theory, occurs on 
two levels: processes that are intrinsic to, and 
those that are extrinsic to a stopover location 
(Hilden 1965, Hutto 1985, 2000, Moore et al. 
1995, Moore and Aborn 2000). Thus, effective 
conservation will require better data on the spa
tial scale at which migrants assess and use land
scapes and a better understanding of evolution
ary processes that have resulted in the patterns 
we see today. 

This special section of The Condor is based 
on a symposium held on migration stopover 
ecology at the 2004 Cooper Ornithological So
ciety meeting in La Crosse, Wisconsin. The 
symposium was inspired by the volume on stop
over ecology edited by Frank Moore (Moore 
2000), which stimulated discussions among the 
authors and other colleagues that continued 
through a subsequent workshop on migration 
ecology in western North America (Skagen et 
al. 2004). During many of our conversations we 
thought it would be interesting to compare re
sults from studies conducted in eastern, mid
western, and western migration systems. There 
has been debate over whether or not eastern and 
western migration systems are ecologically dis
tinct and there have been few comparative stud
ies to examine this question. 

In this volume we have brought together six 
papers on North American Nearctic-Neotropical 
migration ecology. The first two papers are sim
ple, yet elegant efforts to synthesize and inter
pret data from a much larger perspective provid
ing a frame of reference for more local investi
gations. Kelly and Hutto (2005) lay the ground
work for comparing U.S. western and eastern 
migration systems by examining their biogeog
raphy, evolutionary relations, and present-day en 
route ecology of wood warblers. They conduct
ed an innovative study using several lines of ev
idence and postulate that eastern wood warblers 
and western wood warblers are geographically 
isolated from one another throughout the annual 
cycle. This isolation results in the potential for 
differences in timing, rate of passage, habitat 
use, and diet. Indeed, they provide several ex
amples wherein these two groups differ in age 
ratios, body condition, and diet. 

Long-distance migration requires enormous 
amounts of energy and birds vary in their ability 
to acquire and store the energy needed. Stopover 
habitats provide varied opportunities for mi
grants to rest and refuel, and we have little abil
ity to identify quality habitat let alone under
stand how migrants function relative to habitat 
features. Skagen et al. (2005) explore relations 
among species biogeography, habitat affinity, 
and patterns in migration among short- and 
long-distance migrants by examining abundance 
and capture data from the borderlands region of 
the United States and Mexico. They demonstrat
ed the role of biogeography and its influence on 
migration patterns among species. 

The next paper, by Deppe and Rotenberry 
(2005), also includes an examination of the roles 
of biogeography, diet, and competition and their 
relation in shaping the timing of migration and 
patterns of species turnover within sites on the 
Yucatan Peninsula, Mexico. They compared pat
terns in arrival during the fall with those from 
other studies in the midwest and eastern U.S. 
and in relation to the locations of wintering areas 
and differences in diet among species. Studies 
like these provide us with views of the rapid 
changes within a local stopover area and offer 
insights into the complexities of migratory en 
route ecology in general. 

Carlisle et al. (2005) looked at the ecology of 
fall en route migrants in the Boise Foothills of 
southern Idaho and compared fall migrant use of 
a riparian draw with that of a nearby montane-
shrub habitat. Over the seven years of this study, 
Carlisle et al. reported high capture rates for a 
variety of species. They compared recapture 
rates, stopover duration, and changes in ener
getic condition between the two habitat types 
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and found that the montane habitats in general 
were suitable refueling sites for en route mi
grants. These results suggest that future studies 
of en route migrants might benefit from a broad
er examination of all available habitats (See Kel
ly and Hutto 2005). 

Rodewald and Matthews (2005) looked at 
spring migrant use of mature-forest upland sites 
versus lowland-riparian sites in Ohio. Small 
woodlots (upland, mature forests) and riparian 
forests are the primary forested habitats within 
agricultural and urban landscapes. Whereas in 
the West, riparian vegetation is an extremely im
portant habitat type for migrants (Yong et al. 
1998), especially in the spring (Kelly and Hutto 
2005, Skagen et al. 2005), Rodewald and Mat
thews (2005) provided evidence that mature up
land sites in Pennsylvania hosted more species 
and more individuals during spring migration. 
Thus, we need to increase our understanding of 
how and when birds are moving across the land
scapes, what habitats they use, and what these 
habitats provide before we can truly make pro
gress in conserving and protecting species dur
ing all phases of their annual cycle. 

Understanding the physiology of interconti
nental flights is logistically challenging. That 
fact continues to promote important technologi
cal advances in the areas of avian physiology 
and biochemistry, among others, in relation to 
migration (See Kelly and Hutto). The primary 
fuel for migration is adipose tissue, but when fat 
stores are depleted, birds will burn protein at the 
expense of their muscle tissue and digestive or
gans (Piersma and Jukema 1990, McWilliams 
and Karasov 2001). The paper by Pierce and 
McWilliams provides insights into the ecology 
of refueling by examining changes in the bio
chemistry of body fat in association with migra
tion. They begin to tease apart the question of 
whether birds selectively forage for foods high 
in certain fatty acids while en route, whether 
they undergo selective metabolism in lieu of 
changing their diet, or whether they use a com
bination of both strategies in the acquisition and 
storage of body fat. 

The six papers in this section all lend support 
to the symposium participants’ collective call to 
develop coordinated, collaborative research ef
forts that allow us to develop a better under
standing of patterns in migration pathways, hab
itat use, and the energy constraints of migrants. 
Recent improvements in techniques and tech
nologies hold promise for an explosion of new 
information from migration research. Coordinat
ed efforts to further examine and synthesize the 
similarities and differences among Nearctic-
Neotropical migrants would provide a better un

derstanding of the ecology of migration and help 
guide coordinated conservation efforts. Through 
a series of short-term coordinated efforts over 
large spatial scales, coupled with long-term tar
geted programs, we can rapidly strengthen the 
knowledge base needed by land managers and 
conservation organizations to protect or restore 
habitats and habitat conditions for migratory 
birds in the future. 
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