these results into more precise models of mobbing behavior
will enrich our understanding of the evolution of coopera-
tion, one of the more poorly understood problems in evol-
utionary biology.
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The potential for excessive and/or selective fishing to act
as an evolutionary force has been emphasized recently.
However, most studies have focused on evolution of life-
history traits in response to size-selective harvesting.
Here we draw attention to fishing-induced evolution of
behavioral and underlying physiological traits. We con-
tend that fishing-induced selection directly acting on
behavioral rather than on life-history traits per se can
be expected in all fisheries that operate with passive
gears such as trapping, angling and gill-netting. Recent
artificial selection experiments in the nest-guarding
largemouth bass Micropterus salmoides suggest that
fishing-induced evolution of behavioral traits that
reduce exposure to fishing gear might be maladaptive,
potentially reducing natural recruitment. To improve
understanding and management of fisheries-induced
evolution, we encourage greater application of methods
from behavioral ecology, physiological ecology and
behavioral genetics.

The potential for fishing-induced evolution (FIE) has been
discussed recently [1,2]. Most studies reviewed in Ref. [1]

Corresponding author: Arlinghaus, R. (arlinghaus@igb-berlin.de).

have focused on life-history traits that directly or indirectly
determine body size. Under the common scenario of size-
selective harvesting, large fish face a fitness disadvantage
that might cause rapid evolution toward earlier matu-
ration at smaller sizes, higher reproductive investment
and lower intrinsic growth capacity and, collectively, smal-
ler size-at-age [2]. Such evolution can degrade fisheries
yield and other ecological services within decades [2].
Many studies on FIE, however, fall short in addressing
the selection pathways that drive the observed life-history
changes. For example, evolution of small body size can
result from direct selection for decreased intrinsic growth
capacity or be a consequence of selection on correlated life-
history or behavioral traits [3]. Indeed, in some passively
operated fishing gears (e.g. trapping, angling, gill-netting),
behavioral traits rather than body size per se determine a
fish’s vulnerability to capture, and thus its survival and
fitness (Figure 1) [3]. In these situations, direct selection on
behavior can drive evolutionary changes in correlated life-
history traits such as growth rate [3] because the more
active, bold and vulnerable individuals tend to also grow
faster [4,5]. Despite the important role of behavior in
influencing catchability in various fisheries [3,6—-8], the
behavioral dimension of FIE has largely been neglected.
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Figure 1. Mechanistic pathway of fishing-induced evolution by selection on fishing vulnerability. In this scheme, vulnerability to capture is considered a heritable trait as
part of the fish’s phenotype. Vulnerability to capture comprises a bundle of physiological, behavioral and life-history traits that jointly determine vulnerability to capture. In
passive fisheries, vulnerability to capture is largely determined by specific behavioral patterns rather than by body size-related life-history traits per se. Due to genetic
correlations between behavioral, physiological and life-history traits, fisheries-induced selection on behavioral traits might alter physiologies and life histories, but behavior

might also change in response to selection on correlated life-history or other traits.

Evolutionary responses to fisheries-induced selection
depend on the selection differential and the heritability
of the trait [1]. Large selection pressures on behavioral
traits can be expected when specific behavioral patterns
increase the encounter probability with the fishing gear,
thus influencing survival and fitness. For example, vulner-
ability to capture by gill-nets not only depends on body size
and shape but is also strongly related to an individual’s
activity level [3,7]. Similarly, in recreational angling,
vulnerability to capture can be size related, but most
importantly depends on a fish’s decision to attack and/or
ingest baited hooks [7-9]. In this context, bold and aggres-
sive personalities, individuals with lower cognitive abil-
ities and those with higher metabolism and growth
capacity often take more risks and hide less in structured
habitat, rendering these fish more vulnerable to capture
[3,7,8]. Thus, behavior-driven vulnerability to fishing
might constitute an underappreciated mechanism for
selection on growth rate [3] or other life-history traits
[5]. Alternatively, due to genetic correlations between
physiological, behavioral and life-history traits
(Figure 1), evolution of behavioral traits might be an
indirect consequence of selection on body size under
strongly size-selective harvesting. Collectively, if exploita-
tion directly or indirectly induces a large selection differ-
ential on particular heritable behavioral traits, evolving
fish stocks will not only become less abundant and smaller
[2] but also harder to catch [3,6-9], which diminishes the
quality of the fishery.

Selection responses of behavioral traits to fishing can
be rapid because heritabilities of behavioral traits are
often larger than those of life-history traits [10,11].
Indeed, in largemouth bass (Micropterus salmoides), arti-
ficial selection for vulnerability to recreational angling
induced evolutionary changes in various physiological
and behavioral traits after only four generations [8].
Vulnerable individuals had higher metabolic rates and
resting cardiac activity, and provided more intense
parental care than invulnerable fish of the same body
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size [8]. Vulnerability to capture therefore was primarily
determined by physiological and behavioral traits rather
than by body size. This suggests that selective harvest of
highly vulnerable largemouth bass could impact the
population in the long term by altering parental care
activity and level of aggression [8]. Moreover, in nest-
guarding species, FIE is conceivable even in the absence
of fishing mortality, for example when recreational
anglers practice catch-and-release during the reproduc-
tive period [8]. In these situations, the fitness of more
aggressive and vulnerable individuals is reduced when
they are temporarily removed from their nests, leaving
the brood susceptible to rapid egg predation [12].
Over time, this might favor more wary and less vulner-
able genotypes that happen to also be inferior nest
guarders.

The potential for evolution of behavioral and physio-
logical traits and its consequences for life history, demo-
graphy and fishing quality constitutes a fascinating, yet
largely overlooked research area within the emerging field
of FIE. To improve understanding and management of
FIE, we encourage collaboration between fishery scientists
and evolutionary ecologists (sensu [1]), and greater appli-
cation of methods from behavioral ecology, physiological
ecology and behavioral genetics.
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In a world of instant electronic access to
the latest published research, it is all too
easy to be unaware of the great wealth of
information contained within printed
books and journals. This is particularly
important for a subject such as bird
migration, for which our understanding
has developed from published accounts
of observations and experiments spanning
centuries. The Migration Ecology of Birds
is a remarkably detailed and highly readable account of
this vast literature.

As is clear from the quotations that begin each chapter
of this book, the subject of bird migration has always
fascinated humans. The astonishing annual journeys
undertaken by migrants, the skills necessary to navigate
across oceans and continents and return to the same patch
of woodland or wetland, and the intricate adaptations that
underpin these feats have been the subject of huge num-
bers of studies. The focus of this book is on ecological
aspects of migration, but this requires an understanding
of disciplines including flight mechanics, large-scale
weather patterns, bird physiology, behavior, evolution
and population dynamics. The 28 chapters of this book
cover topics including physiological adaptations for
migratory flight, global variation in patterns of migration,
the evolution of migration routes and types, environmental
impacts on migration, mechanisms of population limita-
tion in migrants and many more. The whole book is packed
with clearly described examples, many of which are pre-
sented in fully referenced summary tables which will prove
invaluable to researchers.

Modern techniques such as satellite transmitters, geo-
locator tags and stable isotope analyses have greatly
enhanced our ability to measure key aspects of bird
migration, particularly at the level of the individual. This
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book describes many of these developments but sets them
within a much broader historical context of published
studies of bird migration. This context is both highly
informative and provides a powerful basis for understand-
ing current and future changes to migratory populations.
For example, the book contains fascinating accounts of
recent shifts in migration and their causes, allowing
insights into how different species might respond to future
changes.

Having to cope with conditions in different parts of the
world within each year might make migratory species
particularly vulnerable to recent rapid changes in land-
use and climatic conditions, and population sizes of many
migratory bird species are currently declining. By contrast,
their mobility and greater geographical knowledge could
allow them to respond to changing conditions more rapidly
than other species. The opening chapters of this book
describe the hazards with which birds contend during
migration, the often extraordinary energetic requirements
for fuelling these flights and the diverse array of mechan-
isms they employ to aid navigation. On reading these
chapters it would be easy to imagine how relatively small
changes in environmental conditions could have drastic
impacts on these species. However, migratory birds have
persisted through successive periods of glaciation when
high-latitude habitats were not available, and migratory
routes are therefore likely to have repeatedly reestablished
during interglacial periods. Will this flexibility benefit
migratory species or are current rates of change in climatic
conditions, land-use patterns and habitat availability so
fast that migrants are in fact more vulnerable than seden-
tary species? In the final chapters of this book, Ian Newton
takes a measured and thorough approach to these issues,
describing in detail the range of processes that influence
population change in migratory birds, assessing the evi-
dence for each and highlighting the many areas in which
we do not yet have enough understanding to predict how
these species might fare in the future.
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