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Regulation of Migration

MARILYN RAMENOFSKY AND JOHN C. WINGFIELD

Migration is a widespread and ancient phenomenon commonly involving a seasonal response to predictable changes in the environment. Such changes
include the four seasons at the higher latitudes and wet–dry seasons in the tropics. In general, migrations are movements to breeding grounds followed
by a postbreeding return to areas for nonreproductive activities.We focus on these seasonal migrations and summarize processes by which diverse
organisms prepare and adjust to different phases of the migration life history stage, such as preparation, onset (actual traveling), and termination.
This framework enables investigations of physiological and behavioral mechanisms involved in each phase, as well as studies of how environmental
signals control this diverse and successful process across the taxa.

All organisms live in a changing environment and
must adjust their morphology, physiology, and behavior
to maximize fitness in any habitat configuration. The
changes in environmental conditions to which organisms
must respond fall into three major groups. The first includes
predictable (seasonal) changes in the physical environment
accompanied by successional changes in specific resources
(e.g., food supply from plants). The second grouping involves
unpredictable changes resulting from inclement
weather, predator numbers, and, in recent years, human disturbance.
The third group comprises social interrelationships
(e.g., dominant–subordinant relations for access to
resources such as food and mates), which play a crucial role
at all stages of the life cycle. All three forms of environmental
conditions can change dramatically such that organisms
may be forced to move in order to breed or survive.
Migrations in response to predictable changes (seasons) are
defined as movements between distinct habitats—usually
one where breeding occurs and the other a nonbreeding or
overwintering site. Organisms thus take advantage of available
resources at each location to enhance fitness. An alternative
example is the successional change in plant growth, in
which specific resources may peak sequentially within a habitat,
creating a series of available microhabitats upon which organisms
rely. Thus, migratory-like movements would take
place within a habitat from one spent patch to a more productive
site, all within the breeding season; in insects, for example,
such movements occur from one host plant to another.
In contrast, migrations that occur in response to unpredictable
events or changes in social status (facultative
migration) are generally less uniformly oriented, can occur
at any time in the life cycle (whether breeding or not), and may
be “one-way”—that is, there need not be a return component,
resulting in a permanent change in an organism’s home
range.
Our focus here is on the first form of migration—
predictable movements between breeding and nonbreeding
areas.Mechanisms and preparations underlying this type of
migration may have evolved multiple times in diverse organisms,
from invertebrates to vertebrates. Key concepts are
how organisms prepare for and adjust their physiology and
behavior throughout migration, and how migratory traits are
integrated into the rest of the life cycle.
Migration in the perspective of life cycles
Long-lived (> 1 year) species undergo repeating cycles of life
history stages, each providing adaptation to environmental
conditions at specific times of year and specialized for
processes such as migration, molt, and breeding (phenotypic
flexibility; Piersma 1998, Jacobs and Wingfield 2000,
Piersma and Drent 2003, Wingfield 2004). Each life
history stage has three phases—development, mature
capability or onset, and termination—that involve differentiation
of cells, tissues, and sometimes organs, as well as
changes in physiology and behavior (Jacobs and Wingfield
2000, Ramenofsky et al. 2003,Wingfield 2004). In general,
Marilyn Ramenofsky (e-mail: mramenof@u.washington.edu) and John C.
Wingfield (e-mail: jwingfie@u.washington.edu) work in the Department of
Biology, University of Washington, Seattle, WA 98195. © 2007 American
Institute of Biological Sciences.
Regulation of Migration
MARILYN RAMENOFSKY AND JOHN C. WINGFIELD
Migration is a widespread and ancient phenomenon commonly involving a seasonal response to predictable changes in the environment. Such changes
include the four seasons at the higher latitudes and wet–dry seasons in the tropics. In general, migrations are movements to breeding grounds followed
by a postbreeding return to areas for nonreproductive activities.We focus on these seasonal migrations and summarize processes by which diverse
organisms prepare and adjust to different phases of the migration life history stage, such as preparation, onset (actual traveling), and termination.
This framework enables investigations of physiological and behavioral mechanisms involved in each phase, as well as studies of how environmental
signals control this diverse and successful process across the taxa.
Keywords: common traits, control mechanisms, environmental conditions, endocrinology, migration life history stages
www.biosciencemag.org February 2007 / Vol. 57 No. 2 • BioScience 135
