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The population biology of seabirds is characterized
by delayed breeding, low reproductive rates, and
long life spans. During the breeding season, the
distribution of seabirds is clumped around breeding
colonies, whereas when not breeding, birds are
more dispersed. These population traits have impor-
tant consequences for interactions between people
and seabirds. The aggregation of large portions of
the adult population of a species in colonies means
that a single catastrophic event, such as an oil spill,
can kill a large segment of the local breeding popu-
lation. Although seabird populations can withstand
the failure to produce young in one or even a few
years without suffering severe population-level con-
sequences, the loss of adults has an immediate and
long-lasting impact on population dynamics. Even
a small decrease in adult survival rates may cause
population decline.

Seabirds breed in colonies on islands, cliffs, and
other places where they are protected from attacks
by terrestrial predators. Species that forage at large
distances from their colonies usually choose loca-
tions for their colonies that are less vulnerable to
incursions by predators than are the colonies of
species that forage in the immediate vicinity of the
colony. For the offshore species, the cost of in-
creased travel to a more protected site may be minor
compared with the beneRt of freedom from un-
wanted visitors. In contrast, for species that need to
forage close to their colonies, even a short increase
in the distance traveled between colony and forag-
ing site may mean that it is uneconomical to occupy
a particular breeding site.

Colony size tends to vary with the distance that
a species travels in search of food. Inshore-foraging
seabirds may nest singly or in small groups, whereas

species that forage far at sea may have colonies that
are comprised of hundreds of thousands of pairs.
Two hypotheses have been offered to explain this
trend. One hypothesis focuses on the issue of food
availability. If birds forage far from their colonies,
there is a much greater area in which food may be
encountered than if foraging is restricted to a small
radius around the colony, and thus a larger size
colony can be supported. This hypothesis assumes
that seabird colony size is limited by food availabil-
ity. For species that forage near their colonies, there
is evidence that reproductive parameters sensitive to
prey availability, such as chick growth rates and
Sedging success, vary negatively with colony size.
Likewise, there is evidence that colony size and
location may be sensitive to the size and location of
neighboring colonies. Evidence that seabirds depress
prey populations near their colonies is limited. The
second hypothesis focuses on the role that colonies
may play in the process of information acquisition
by birds seeking prey. When birds forage far from
their colony, there may be a need for large numbers
of birds so that those Sying out from the colony are
able to observe successful returning foragers and
thereby work their way to productive foraging areas
using the stream of birds returning to the colony for
guidance. The longer the distance from the colony,
the greater the number of birds that are required to
provide an unbroken stream of birds to guide the
out-bound individuals. The evolution of a system of
this sort is possible because each individual will
beneRt from information on food resources gained
by being part of a large colony. Selection for large
colony size will continue so long as the colony is not
so large that food supplies are severely depressed.

Seabirds show considerable philopatry, with indi-
viduals often returning to the same colony, or even
the same part of the colony from which they
Sedged. Once a nest site or territory is established,
individuals and pairs may use the same site in
subsequent years. Pairing tends to be for multiple
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seasons (‘for life’), particularly when pairs are suc-
cessful at raising young. Divorce does occur, and
may be most frequent after failure to raise young.
However, experience is important, including experi-
ence with a particular partner, so changing partners
may result in a period of adjustment to a new
partner and consequent lower reproductive success.

The philopatry of seabirds and their tendency to
remain in the same part of a colony once they are
established may have important implications for the
genetic structure of seabird populations. Few data
are presently available, but there is some evidence
for closer genetic ties for individuals nesting in close
proximity. If this is proven to be generally true,
there would be important ramiRcations for under-
standing a genetic basis for the evolution of
coloniality based on inclusive Rtness and the recip-
rocal aid of relatives.

Thus far, there is scant information regarding
the genetic distance between individuals in different
colonies. The issue of whether colonies are discrete
populations (stocks in Rsheries parlance) or whether
there is considerable exchange between colonies has
important implications not only for the evolution of
local variation, but also for the conservation and
management of seabirds. Little information is avail-
able as to whether some colonies are net exporters
of recruits (sources) and others net importers
(sinks), or if when a colony is decreased in size by
a catastrophe unrelated to food resources, it will be
quickly replenished by recruits from other colonies.

Delay in the age at which breeding commences is
a striking characteristic of seabird population biol-
ogy. Most species do not begin breeding until they
are in their third or fourth year, and some groups,
such as the albatrosses, delay breeding until they are
10 or more years of age. Birds that commence
breeding at a younger age than is usual for their
species have reduced reproductive success in their
Rrst year of breeding when compared with indi-
viduals that wait to breed at an older age. Addition-
ally, birds that commence breeding at an early age
tend to have an elevated mortality rate in the Rrst
year of breeding. The delay in the commencement of
breeding may be a reSection of the long period
needed for young birds to acquire the skills for
efRcient foraging. Several studies have shown that
sub-adult birds are less efRcient foragers, and have
a lower success rate in capturing prey than do adult
birds foraging in the same area. Additionally, sub-
adult birds may visit the colony where they will
breed for one or more years before they make their
Rrst attempt at breeding. This time may be neces-
sary for learning where prey is to be found in the
vicinity of the colony. The delay of breeding is

particularly great in the Procellariiform birds, and
these birds forage over vast areas of the ocean. It
may be particularly challenging for them to learn
where prey may be most predictably located within
the potentially huge foraging arena available to
them. The delay in the commencement of breeding
may also provide time for birds in newly forming
pairs to learn each others behavioral rhythms so
that they will be more effective parents, although
evidence to test this hypothesis is lacking. Certainly,
coordination between the members of a pair is an
essential ingredient of successful reproduction.

Most species of marine birds lay small clutches of
eggs, with typical clutch size being one or two eggs.
There is a tendency for species that forage far from
their colonies to have smaller clutches (one egg)
than those which forage inshore near the colony
(two or three eggs). Likewise, species that live and
forage in areas of strong upwelling tend to have
considerably larger clutch sizes (three or four eggs)
than closely related species that forage in mid-ocean
regions. Two factors may come into play here. First,
birds that forage at great distances from their colo-
nies may be unable to transport sufRcient prey sufR-
ciently quickly to raise more than one offspring. In
many of these species, individual parents may visit
the colony to provision their young at intervals from
1 to 10 days or more. In some species of Procel-
lariiformes, adults alternate long and short foraging
trips while provisioning their young. After short
trips, chicks gain mass, but adults lose body mass,
whereas, after long trips, adults have gained mass,
although the chicks will have not beneRted as
greatly as after short trips. These results point to
the constraints on the ability of these birds to raise
larger broods.

Many species that forage close to their colonies
(inshore-foraging species) raise larger broods than
offshore-foraging species. Parent birds of the in-
shore-foraging species usually make multiple provis-
ioning visits to the colony during a day. Although
they may not be able to carry more food per trip
than similar-sized species that forage offshore, the
possibility of multiple trips allows sufRciently high
rates of food delivery to permit supplying the needs
of more than one offspring. Multiple-chick broods
are common in pelicans, cormorants, gulls, and
some species of terns, and are also found in the
most-inshore-feeding alcids.

Species breeding in upwelling systems and subject
to the boom or bust economy of an ecosystem with
extreme interannual variation in productivity may
be a special case. In these species, periodic declines
in ecosystem production, as may occur in El Nin8 o
years off Peru or California, can result not only in
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reproductive failures, but also considerable mortal-
ity of adults. In these cases, the potential for high
reproductive output in the years when prey is plenti-
ful may be necessary to offset adult mortality rates
that may be higher than is typical for most seabird
species.

For the offshore-foraging species, annual Suctu-
ations in reproductive output may be small, parti-
cularly when compared with inshore-foraging
species. This low variability may be a reSection of
the wide expanse of ocean over which they can
search for food. For the inshore species, there may
be many years in which no young are Sedged and
only a few years in which they are successful at
Sedging young. This interannual variation may re-
Sect the dependence of inshore-foraging species on
localized upwelling and other forms of physical
forcing of prey patches, which may show consider-
able interannual variation in the amount of prey
present. Thus, the ‘good’ years become dispropor-
tionately important for the success of the local
population. Additionally, there is limited evidence
that suggests that a few individuals within a seabird
population may account for a large proportion of
the young produced. The implications of these Rnd-
ings, if further work shows them to be generally
true, will be considerable for management efforts
toward the conservation of seabirds. Loss of the
most productive individuals or disruption of breed-
ing in one of the rare years in which food resources
are sufRcient to lead to strong production of young
will have a disproportionate impact on population
stability. However, identifying the most productive
individuals, or predicting which years will be critical
for good reproductive output will be a challenge.

The third component of seabird life histories that
must accompany delayed commencement of repro-
duction and low rates of reproduction is an ex-
tended period of survival during which reproduction
is possible. The life spans of seabirds are among the
longest of any birds. Survival to the age of 20 years
or more is probably common in most species, and
the larger species of Procellariids are known to live
in excess of 40 years. Knowledge of the actual life
spans of seabirds is difRcult to obtain, as most of
the marking devices used until recently have had
much shorter life spans than the birds whose life
spans were being measured. The result is a consider-
able underestimate of the expected life spans of
seabirds, and thus of their possible life time repro-
ductive potential. Despite these problems, estimates
of adult survival rates of 92}95% are the norm.
Thus, even a small decrease in the rate of adult
survival will have a proportionally large impact on
mortality rates.

Survival of recently Sedged young and juveniles is
considerably lower than that of adults. The highest
rates of mortality are most likely to occur in the Rrst
few months of independence, when young are learn-
ing to fend for themselves. Mortality is also high
during the Rrst winter, again probably due to experi-
ence. Possibly as many as 50% of Sedglings fail to
survive to their Rrst spring. Survival rates for juven-
iles are higher, but there may be an increase in
mortality as birds begin to enter the breeding popula-
tion and encounter the aggression of neighbors and
the increased energetic demands of caring for young.

There are conSicting hypotheses about what
limits the size of seabird populations, although in
most cases it is believed that food rather than pred-
ation or disease is the most likely limiting factor.
Phillip Ashmole has argued that seabirds are likely
to be most stressed for food during the breeding
season, when large numbers of individuals are con-
centrated in the vicinity of breeding colonies. In
contrast, during winter, seabirds are spread over
vast reaches of ocean and are not tied to speciRc
colonies and their associated foraging areas. During
winter, seabirds should be free to move about and
take advantage of prey, wherever it may be found.
As discussed above, there is a modest suite of data
that suggests that prey availability may limit colony
size and reproductive output of breeding seabirds.
There are even fewer data to test the hypothesis
favored by David Lack, that seabird populations are
limited by wintertime food supplies and survival
rates. Few studies of seabirds have focused on win-
ter ecology during winter conditions, although this
is the time when ‘wrecks’ (masses of dead birds
driven ashore) are most common. Marine birds are
sensitive to ocean conditions, with foraging success
being reduced during periods of high winds. It is
likely that in winter, even if there is no change in
the amount of prey present, prey may be harder to
obtain. Additional information on winter food stress
comes from species that perform transequatorial
migrations, thus allowing them to winter in the
summer of the opposite hemisphere. Even under
these presumably benign conditions, Southern
Hemisphere shearwaters wintering in the North Pa-
ciRc Ocean and Bering Sea experience occasional
episodes of mass mortality, apparently from starva-
tion. There is increasing evidence that decreases in
the productivity of the California Current system
are causing declines in the numbers of both migrant
shearwaters and locally breeding species. The ques-
tion as to which is the most stressful season for
seabirds remains to be resolved.

Because of the sensitivity of seabird population
dynamics to changes in adult survival rates, any
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factor that increases adult mortality is potentially
detrimental to the conservation of seabirds. Thus,
the loss of adult birds in Rshery bycatch is of
great concern. Breeding adults caught in gill nets
and/or on long lines result in the loss not only
of the adult, but also the chick for which it was
caring. The loss of a breeding adult may also result
in lower subsequent reproductive output by the sur-
viving parent because it will likely have lower repro-
ductive success during the Rrst year with a new
partner. The group most vulnerable to bycatch on
long lines appears to be the Procellariiformes,
which make shallow dives to grab baited hooks as
they enter or leave the water. These are amongst
the longest-lived of seabirds, and the curtailment
of their breeding lives has a severe impact on
their populations. Indeed, the populations of many
species of albatross are declining at an alarming
rate. A second major threat to seabirds is the pres-
ence of introduced predators on the islands where
the birds breed. Rats, cats, foxes, and even snakes
kill both chicks and attending adults. Again, loss
of adult breeding birds has the most potentially
serious impact on the future stability of the popu-
lation. Reduction of anthropogenic sources of
adult mortality in seabirds must be one of the
most urgent imperatives for conservation biologists
and managers.

See also

Alcidae. Procellariiformes. Seabird Conservation.
Seabird Reproductive Ecology. Seabird Responses
to Climate Change. Seabirds and Fisheries Inter-
actions.
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Introduction

Finding the food necessary to produce and raise
offspring is a fundamental problem that animals
face. The oceans, despite being a productive and
rich environment, rarely provide a steady or reliable
source of food; instead, feeding opportunities are
patchily distributed in both time and space. As
a consequence, seabirds, from 20 g least petrels

(Halocyptena microsoma) up to 37 kg emperor pen-
guins (Aptenodytes patagonicus), have had their life
history strategies shaped by the need to cope with
this ebb and Sow of resources.

The British ornithologist David Lack published
two landmark books in 1954 and 1968 that in-
Suenced the way that we think about reproduction
in birds. Lack hypothesized that the clutch size of
birds has evolved so that it represents the maximum
number of chicks that can be reared. His logic
suggested that food is most constraining when par-
ents have chicks (i.e., the period when they need to
both feed themselves and provide enough food for
their chicks to grow) and this must inevitably limit
how many chicks parents can care for adequately. It
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