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Abstract Infectious diseases have the potential to cause
rapid declines and extinction in vertebrate populations,
and are likely to be spreading with increased globalisa-
tion and climate warming. In the Southern Ocean and
Antarctica, no major outbreaks of infectious diseases
have been reported to date, perhaps because of isolation
and cold climate, although recent evidence suggests their
presence. The major threat for the Southern Ocean
environment is today considered to be fishing activities,
and especially controversial long-lining which is as-
sumed to be the cause of the major decreases in albatross
and large petrel populations observed recently. Here we
show that the worldwide spread of avian cholera is
probably the major cause of the decrease on Amsterdam
Island of the large yellow-nosed albatross (Diomedea
chlororhynchos) population, which was previously
attributed to long-line fishing. Another pathogenic
bacterium, Erysipelas, was also present. The diseases
affect mainly young chicks, with a cyclic pattern between
years, but also kill adult birds. The outbreak of the
disease probably occurred in the mid-1980s when chick
mortality increased, adult survival decreased and the
population started to decrease. The diseases may be
currently threatening the very rare Amsterdam albatross
(D. amsterdamensis) with extinction, and are probably
also affecting sooty albatrosses (Phoebetria fusca). The
spread of diseases to the most remote areas of the world
raises major concern for the conservation of the
Southern Ocean environment.
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Introduction

Diseases have probably played a major role in the
regulation and evolution of animal populations,
including humans (May 1988; Stearns 1999). Infectious
diseases have the potential to cause rapid decrease and
ultimately extinction in vertebrate populations (Gren-
fell and Dobson 1995), and their role has only been
recently fully acknowledged, especially for the potential
major conservation problems they may pose. Today,
they are likely to be spreading with increased globali-
sation and climate warming (Harvell et al. 2002). Be-
cause they spend most of their life at sea and return to
land only to breed, the impact of diseases on seabirds is
perhaps more difficult to detect than in terrestrial spe-
cies. Although there is some evidence of mass mortal-
ities in seabirds, they generally result from trophic
problems, poisoning or pollution, rather than from
diseases (e.g. Coulson 1968; Sileo et al. 1990; Burger
1993; Work and Smith 1996). In the Southern Ocean
and Antarctica, there are no records of major disease
outbreaks causing mass mortality reported to date,
possibly because of isolation, low temperatures and
reduced human interference. However, recent evidence
suggests the presence of pathogens in penguins in
Antarctica, but no major mortality has been noted so
far (Gardner et al. 1997). Available data are, however,
currently inadequate, and the recent presence of hu-
mans on scientific bases or the increasing numbers of
tourists may be potential vectors for future disease
outbreaks (Gardner et al. 1997). The major threat for
the Southern Ocean environment is today considered to
be fishing activities, and especially controversial long-
lining, which is assumed to be the cause for the major
decreases in albatross and petrel populations observed
recently (Gales 1998), and much focus of present re-
search has been directed logically towards research on
this issue (Croxall 1998).

Amsterdam Island is one of the most isolated
islands in the world, located in the middle of the



southern Indian Ocean, and is the sole nesting ground
of the minute population of the critically endangered
Amsterdam albatross, Diomedea amsterdamensis (We-
imerskirch et al. 1997; Inchausti and Weimerskirch
2001), but also of a large population of yellow-nosed
albatrosses, D. chlororhynchos. The population of yel-
low-nosed albatrosses has halved during the past
20 years from 37,000 to 18,000 pairs (Weimerskirch
and Jouventin 1998), resulting in its listing as a Vul-
nerable Species, and upgraded as Endangered by
TUCN. The decrease was attributed to long-line fishing,
which indeed causes the mortality of yellow-nosed
albatrosses around Australia (Gales et al. 1998) where
Amsterdam yellow-nosed albatrosses are known to
winter (Weimerskirch et al. 1985). Off South Africa,
Atlantic yellow-nosed albatrosses are also caught in
small numbers in long-line fishing (Ryan et al. 2002).
However, there has been a tendency to attribute de-
crease of albatross populations to long-line fishing
whereas very few studies so far have tried to estimate
the potential effect of long-lining on the dynamics of
populations affected by this type of fishery (e.g. We-
imerskirch et al. 1997; Tuck et al. 2001). For example,
on Amsterdam, yellow-nosed albatrosses have suffered
heavy mortalities of chicks during their first weeks of
life that cannot be attributed to long-line fishing at sea,
suggesting that other factors might be involved in the
population decrease. Here, we have studied in detail the
cause of mortality that affected the populations of
yellow-nosed albatrosses on Amsterdam Island, and
have looked especially whether causes other than long-
lining could have induced the observed decrease of the
population. Our observations in the field have sug-
gested to us that the cause of mortality might involve
diseases, and we present here the results of this
research.

Materials and methods

A long-term study colony of around 200 pairs of yellow-nosed
albatrosses has been monitored annually since 1979 at Pointe
d’Entrecasteaux, on the western coast of Amsterdam island (37°S,
70°E). In this colony, the number of breeding pairs is counted, and
all adults and chicks are banded. Banded birds are recaptured for
identification in mark-recapture studies, allowing us to estimate
adult and juvenile survival. During a study focusing on the foraging
ecology of yellow-nosed albatrosses in December-March 1995/1996
and 1996/1997, colonies were observed continuously from dawn to
dusk (Weimerskirch et al. 2001), allowing detailed study of the
timing, occurrence and cause (predation, starvation or other) of
chicks’ deaths. From 1995/1996, long-term study colonies and
neighbouring colonies were monitored for breeding success, and
fresh corpses of adults and chicks were collected.

The fresh corpses of 25 individuals (21 chicks and 4 adults)
collected within a few minutes to 1 h after death in the colonies
were rapidly frozen, and returned frozen to France for autopsies
and tissue analyses. Laboratory analyses, including necropsy,
bacteriology and histopathology, were performed at the National
Centre for Avian Diseases (LDA 22, Ploufragan, France). The
serotype of the Erysipelas bacteria was determined by Merial
Laboratories (Lyon, France). Survival of adults was estimated
following Lebreton et al. (1992), using Program Mark (White and
Burnham 1999).
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Results
Yellow-nosed albatross

During the 1995/1996 breeding season, we investigated
the causes of mortality through continuous observation
of a study colony of ca. 100 pairs during 1 month from
hatching. We found that during this period in the study
plot, 31 healthy well-fed chicks died within a few minutes
after convulsions, apparently from a disease that spread
progressively between neighbouring nests, and from low
to high altitude in the colonies. Laboratory analyses of
25 individuals (21 chicks and 4 adults) found dead under
these circumstances during the 1995/1996 season and
during the following seasons, indicate that 2 chicks were
infected by the bacterium Erysipelothrix rhusiopathidae,
during a year of lower mortality (1996). The serotype of
the bacteria is 1b. Four adults and the remaining chicks
collected in 1999 and 2000 (during years of very high
chick mortality) were infected by the bacterium Pasteu-
rella multicida, which is responsible for avian cholera.

The high mortality of healthy chicks attended by their
parents within a few weeks of hatching is the major
cause of the low breeding success of the colony. The
typical pattern of increased mortality just after hatching
is shown in Fig. 1. The population started to decrease in
the mid-1980s (Fig. 2a). Breeding success decreased
from 1983/1984, showing since this period a cyclical
pattern, peaking with complete failure at 3- to 4-year
intervals (Fig. 2b). The mortality of chicks was not
distributed evenly in the colonies. Whereas it was ex-
tremely high in the lower-altitude colonies, and in some
isolated colonies, it was lower in other colonies at higher
altitudes (Table 1). The rate of breeding failure due to
chick mortality was similar among subcolonies in two
successive seasons (Table 1, R*=0.945, P<0.001)

The long-term records of demographic parameters
show that adult mortality increased from the early
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Fig. 1 Change in breeding success over the 2000-2001 breeding
season from laying till fledging (n=1,273 eggs laid). Hatching
occurred 60 days after laying
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1980s, peaked in the early 1990s, before slightly
decreasing until today (Fig. 2c). The increase in adult
mortality coincided with the increase in breeding failure,
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Fig. 2a—d Changes in population size, adult mortality

(mean=+1 SD, moving average over 3 years in bold), breeding
success and recruitment rate of yellow-nosed albatrosses over the
past 20 years, suggesting that the disease outbreak probably started
around 1984

and was followed within 1-2 years by the crash of the
population (Fig. 2). Juvenile survival varied among
seasons with no particular trend (Fig. 2d).

Amsterdam albatrosses and sooty albatrosses

The population of Amsterdam albatross has increased
since its discovery in the early 1980s (Fig. 3a). Mortality
of chicks, occurring during the early chick stage as in
yellow-nosed albatrosses, has been recently observed in
the Amsterdam albatross population, killing 66% of
chicks in 2000 and 74% in 2001. This unprecedented
high mortality since the discovery of the population
(Fig. 3b) took place in the only zone where Amsterdam
albatrosses breed in high densities. In 2002, the mortality
of chicks was lower (Fig. 3). Due to the remoteness of
the colony and the small size of the breeding population,
no fresh corpses have been collected yet to allow
autopsies. Adult survival remained high throughout the
period, except for the last season of estimate (2000)
when survival dropped abruptly (Fig. 3c). More re-
cently, in 2003, high mortalities of young chicks of sooty
albatrosses, Phoebetria fusca, have been observed.

Discussion

Since the earlier studies in the late 1980s (Weimerskirch
and Jouventin 1987; Brothers 1991), it has been recog-
nised that long-line fisheries pose a serious threat to
albatross populations. However, long-line fishing is
probably not the only cause of decrease of these sea-
birds, and a careful examination of the data available is
required to identify all causative factors. Other factors
that might be involved in the decrease of albatross
populations include changes in the environment due to
climate change (Weimerskirch et al. 2003). Our study
indicates that diseases might also be a reason for pop-
ulation change. The symptoms observed in yellow-nosed
albatrosses during die-offs of chicks are consistent with
avian cholera (Friend 1999a), and most of the chicks and
the few adults found dead and autopsied were infected
by this bacterium. This is the first observation of the
occurrence of avian cholera in albatrosses and, more
generally, in procellariiforms (Friend 1999a). In yellow-

Table 1 Overall breeding

Breeding success
(%) 2000-2001

Fledging success
(%) 20002001

Fledging success
(%) 1999-2000

success and fledging success Colony Altitude
(percentage of hatched chicks
that fledged) of several yellow-
nosed albatross colonies at Demo Low
various altitudes (size of colony B Low
in parentheses) C Low
H Low
L Low
A Medium
D-E Medium
Alim Medium
M High
N High

10.7 (112) 13.0 (92) 9.4 (94)
0(12) 0 (6) 0 (8)

21.0 (143) 23.8 (134) 16.2 (153)
35.3 (47) 23.8 (42) 27.0 (46)
0 (21) 0 (13) 0 (16)
37.7 (53) 44.4 (45) 42.0 (50)
37.5 (32) 23.0 (52) 32.2 (183)
41.7 (445) 53.1 (350) 48.0 (374)
52.8 (75) 50.0 (72) 52.2 (73)
60 (161) 55.6 (150) 62.0 (150)
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Fig. 3a—¢ Changes in the number of eggs and chicks produced, and
in the breeding success of the Amsterdam albatross population

nosed albatrosses, the bacteria affected particularly
young chicks within a few weeks of hatching. Mortality
appears to vary spatially and temporally. High mortality
of young chicks has been observed since the mid-1980s
in the colonies. In the early 1980s, such a mortality was
not present (Jouventin et al. 1983). The simultaneous
increase in adult and chick mortality from the mid-1980s
suggests that the outbreak probably started at this time.
The mortality of adults found in colonies, and especially
of healthy chicks after hatching, indicates that mortality
cannot be attributed to long-line fishing. The occurrence
of a second bacterium, E. rhusiopathidae, as the possible
cause of death of chicks during one season indicates that
several agents may be affecting the population, unless
this bacterium is a secondary contaminant.

For the moment, we have no definitive evidence that
a disease affects the Amsterdam albatrosses population,
because we have not been able to find fresh corpses for
autopsies and analyses, and because we are now reluc-
tant to handle birds, to further reduce the opportunity to
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spread diseases. But the field signs of mortality are
similar to those observed in yellow-nosed albatrosses
affected by avian cholera, i.e. an anomalously high
mortality during the first weeks of life of the chick.
Adult survival decreased during the last year, when a
reliable estimate can be obtained, i.e. just after the
highest chick mortality, but additional recapture years
are necessary to confirm this trend. The colony of
Amsterdam albatross is located on a high plateau at an
altitude of 600-700 m, only 3 km from the infected
colonies of yellow-nosed albatrosses: the colonies of
both species are visited regularly by sub-Antarctic skuas
Catharacta lonnbergi, which are, as scavengers, potential
vectors (Friend 1999a). Thus, even if the disease is still
not affecting the population, the risk of transmission
from the nearby yellow-nosed albatross colony is ex-
tremely high. The normal breeding success in 2002 could
be either a better season within a cyclic pattern similar to
that observed in yellow-nosed albatrosses, or a return to
previous conditions where breeding success is high
(Weimerskirch et al. 1997). Ongoing monitoring of the
population, and especially the recovery of corpses is thus
important to confirm the occurrence of disease in this
population. The situation for the Amsterdam albatross
is particularly dramatic, because the risk of extinction is
extremely high due to its very small population (In-
chausti and Weimerskirch 2001)—20 pairs in 2003,
probable lack of genetic heterogeneity (only a few pairs
were left in the early 1980s), and possibly the lack of
natural selection by pathogens. If the occurrence of a
disease such as avian cholera was confirmed, the popu-
lation would face a high risk of extinction within the
next 20 or 30 years. The possible occurrence of a disease
in this population raises an interesting question about
the reasons for the current small size of the breeding
population. When it was discovered in 1981, there were
only a few breeding pairs (Roux et al. 1983). However,
the population was probably once much larger given the
abundance of sub-fossil bones of the species (Jouventin
et al. 1989). It has been hypothesised that the small size
might be the result of the degradation of the island from
introduced mammals such as cattle, rats or cats (Jou-
ventin et al. 1989) or from the effects of long-lining
(Weimerskirch et al. 1997). One other possibility is that
the population might have suffered from a disease out-
break that could have reduced the population to only a
few birds before recovering.

This study is the first to show that a major outbreak of
disease is affecting Southern Ocean wildlife, and poten-
tially threatening a species with extinction. In the
Southern Ocean and Antarctica, no major outbreaks of
diseases causing mass mortalities have yet been noted,
although the presence of antibodies from pathogenic
agents or pathogens has been noted and scattered mor-
tality observed (Gardner et al. 1997; Anderson 1998).
Like West Nile Virus, avian cholera is responsible for
large-scale disease outbreaks which are continuously
increasing their geographic area of occurrence (Friend
1999a). The origin of these diseases may be natural.



378

Avian cholera is spreading worldwide (Friend 1999a),
and albatrosses and skuas from Amsterdam Island win-
ter along the coasts of Australia and South Africa (We-
imerskirch et al. 1985), potentially coming into contact
with other species carrying the disease. The outbreak on
Amsterdam Island may have been favoured by the
marked increase in temperature that has taken place in
the Indian Ocean during the 1970s (Weimerskirch et al.
2003), since host-parasite relationships are predicted to
experience more frequent or severe disease impacts with
global warming (Harvell et al. 2002). But infection might
also be the result of a contamination by poultry, which
have been present on Amsterdam Island since the early
1960s. Avian cholera is known to be widespread in
poultry, and was present on Réunion Island from where
poultry was introduced to Amsterdam. Today, most
research stations in the subantarctic have curtailed
the import of poultry products, and poultry have been
removed. Now that cholera and other pathogens have
reached and established on Amsterdam, the removal of
poultry there would not solve the current problem, but at
least would reduce the risk of novel introductions. It is
recognised that human activities and domestic animals
have been an agent in the spread of diseases in other parts
of the world (Friend 1999a). In Antarctica, for example,
crabeater seals Lobodon carcinophagus apparently catch
canine distemper virus (CDV) from infected dogs used
previously for hauling an expedition’s sledges, and anti-
bodies of poultry viruses were found only in penguin
colonies located close to scientific stations (Gardner et al.
1997). Similarly, the Erysipelas bacterium could have
been introduced to Amsterdam through the pigs that
were reared at the base until the early 1990s, but could
also have been introduced naturally, since it is wide-
spread in marine ecosystems and present in fishes, for
example (Friend 1999b).

Decreases of albatross populations are generally
attributed to controversial long-line fishing (Gales 1998),
with considerable research effort focused on this subject,
leading to a tendency to attribute systematically decreases
in albatross populations to long-line fishing. In addition
to potential changes to the ecosystem due to climatic
factors (e.g. Weimerskirch et al. 2003), this study indi-
cates that a disease outbreak is, in fact, the major reason,
at least for the Amsterdam yellow-nosed albatrosses. A
recent survey at Prince Edward Island in the Indian
Ocean (Ryan et al. 2003) shows that this population has
remained stable over the last 20 years, despite known
long-line fishing mortality. This indicates that great care
should be taken when attributing population decreases in
other species of southern seabirds, as it has now been
established for the first time that at least for one species,
and probably for others, disease outbreak is likely the
major cause of the observed decrease. Diseases might also
affect other populations of albatrosses: for example,
white-capped albatrosses (Diomedea cauta) off Tasmania
are affected by a viral disease that reduces productivity in
some years (Gales 1993). On Amsterdam Island, the
symptoms that have appeared in the sooty albatross

population, which breed among yellow-nosed alba-
trosses, make us fear that this species might be also af-
fected, but further monitoring and analyses are required.

Human-induced changes in biotic diversity and
changes in the structure and function of ecosystems have
been the most dramatic recent ecological trends (e.g.
Vitousek et al. 1997). In Antarctica, exploitation of
marine resources and associated mortality of seabirds
has been the major cause for concern for the conserva-
tion status of seabirds. Effects of climate changes at
various trophic levels or as catalysers of epizooties
(Harvell et al. 1999), but especially infectious diseases,
might be in the future a major threat for the Southern
Ocean environment where ecosystems have evolved in
isolation. The spread of diseases poses a major challenge
for conservation because combating emerging and
spreading diseases is extremely complex and especially
difficult in wildlife populations (Friend et al. 2001). This
is especially acute with highly pathogenic agents like
avian cholera or West Nile Virus affecting highly mobile
animals such as birds (Malakoff 2003).

Acknowledgements This study was supported by Program no. 109
from IPEV (Institut Paul Emile Victor), and by a grant from the
French Ministry of Environment (Contrat LC 191/00). I thank Dr.
H. Morvan in charge of the biological analysis at LDA 22-Plou-
fragan, Dr. F. Milward for determining the serotype for the Ery-
sipelas bacteria, Murielle Ghestem for help with data analysis,
Laurent Zimmerman for help with field work, Dominique Besson
for processing the data from the long-term data base, and Peter
Ryan and Eric Woehler for their constructive comments.

References

Anderson 1 (1998) With people come plagues. Tourists and scien-
tists could be bringing deadly diseases to Antarctica’s wildlife.
New Sci 298:4

Brothers NP (1991) Albatross mortality and associated bait loss in
the Japanese longline fishery in the Southern Ocean. Biol
Conserv 55:255-268

Burger AE (1993) Estimating the mortality of seabirds following oil
spills: effects of oil spill volume. Mar Pollut Bull 26:140-143

Coulson JC (1968) Exceptional mortality of shags and other seabirds
caused by paralytic shellfish poisoning. Br Birds 61:381-405

Croxall JP (1998) Research and conservation: a future for alba-
trosses? In: Robertson G, Gales R (eds) Albatross biology and
conservation. Surrey Beatty, Sydney, pp 269-290

Friend M (1999a) Avian cholera. In: Friend M, Franson JC (eds)
Field manual of wildlife diseases. USGS, National Wildlife
Health Center, Madison, Wis, pp 75-92

Friend M (1999b) Miscellaneous bacterial diseases. In: Friend M,
Franson JC (eds) Field manual of wildlife diseases. USGS,
National Wildlife Health Center, Madison, Wis, pp 121-126

Friend M, McLean RG, Dein FJ (2001) Disease emergence in
birds: challenges for the twenty-first century. Condor 290:290—
303

Gales R (1993) Co-operative mechanisms for the conservation of
albatross. Division of Parks and Wildlife, Tasmania. Tasma-
nian Government, Hobart

Gales R (1998) Albatross populations: status and threats. In:
Robertson G, Gales R (eds) Albatross biology and conserva-
tion. Surrey Beatty, Sydney, pp 20-45

Gales R, Brothers N, Reid T (1998) Seabird mortality in the Jap-
anese tuna longline fishery around Australia, 1988-1995. Biol
Conserv 86:37-56



Gardner H, Knowles K, Riddle M, Brouwer S, Gleeson L (1997)
Poultry virus infection in Antarctic penguins. Nature 387:245

Grenfell BT, Dobson AP (1995) Ecology of infectious diseases in
natural populations. Cambridge University Press, Cambridge

Harvell CD, Kim K, Burkholder JM, Colwell RR, Epstein PR,
Grimes DJ, Hofman EE, Lipp EK, Osterhaus ADME, Over-
street RM, Porter JW, Smith GW, Vasta GR (1999) Emerging
diseases—climate links and anthropogenic factors. Science
285:1505-1510

Harvell CD, Mitchell CE, Ward JR, Altizer S, Dobson AP, Ostfeld
RS, Samule MD (2002) Climate warming and disease risks for
terrestrial and marine biota. Science 296:2158-2162

Inchausti P, Weimerskirch H (2001) Risks of decline and extinction
of the endangered Amsterdam albatross and the projected im-
pact of long-line fisheries. Biol Conserv 100:377-386

Jouventin P, Roux JP, Stahl JC, Weimerskirch H (1983) La biol-
ogie et la frequence de reproduction de Diomedea chlororhyn-
chos. Gerfaut 73:161-171

Jouventin P, Martinez J, Roux JP (1989) Breeding biology and
current status of the Amsterdam Island albatross. Ibis 131:171—
189

Lebreton JD, Burnham KP, Clobert J, Anderson DR (1992)
Modelling survival and testing biological hypothesis using
marked animal: a unified approach with case studies. Ecol
Monogr 62:67-118

Malakoft D (2003) Researchers scramble to track virus’s impact on
wildlife. Science 299:1176

May RM (1988) Conservation and disease. Conserv Biol 2:28-30

Roux JP, Jouventin P, Mougin JL, Stahl JC, Weimerskirch H
(1983) Un nouvel albatros (Diomedea amsterdamensis nova
species) découvert sur L’ile Amsterdam. Oiseau RFO 53:1-11

Ryan PG, Keith DG, Kroese M (2002) Seabird bycatch by tuna
longline fisheries off southern Africa. S Afr J Mar Sci 24:103—
110

Ryan PG, Cooper J, Dyer BM, Underhill LG, Crawford RJM,
Bester MN (2003) Counts of surface-nesting seabirds breeding
at sub-Antarctic Prince Edward Island, summer 2001/02. Afr J
Mar Sci 25:441-451

379

Sileo L, Sievert PR, Samuel MD (1990) Causes of mortality of
albatross chicks at Midway Atoll. J Wildl Dis 26:329-338
Stearns S (1999) Evolution in health and diseases. Oxford Uni-
versity Press, Oxford

Tuck G, Polacheck T, Croxall JP, Weimerskirch H (2001) Mod-
elling the impact of fishery by-catches on albatross populations.
J Appl Ecol 38:1182-1196

Vitousek PM, Mooney HA, Lubchenco J, Melillo JM (1997) Hu-
man domination of Earth’s ecosystems. Science 277:494-499

Weimerskirch H, Jouventin P (1987) Population dynamics of the
wandering albatross of the Crozet islands: consequences of the
population decline. Oikos 49:315-322

Weimerskirch H, Jouventin P (1998) Changes in population size
and demographic parameters of six albatross species breeding in
the French sub-Antarctic islands. In: Robertson G, Gales R
(eds) Albatross biology and conservation. Surrey Beatty, Syd-
ney, pp 84-91

Weimerskirch H, Jouventin P, Mougin JL, Stahl JC, Van Beveren
M (1985) Banding recoveries and the dispersion of seabirds
breeding in French austral and Antarctic territories. Emu
85:22-23

Weimerskirch H, Brothers N, Jouventin P (1997) Population
dynamics of wandering albatrosses Diomedea exulans and
Amsterdam albatross D. amsterdamensis in the Indian Ocean
and their relationships with longline fisheries: conservation
implications. Biol Conserv 79:257-270

Weimerskirch H, Prince PA, Zimmermann L (2001) Influence of
environmental variability on breeding effort in a long-lived
seabird, the yellow-nosed albatross? Behav Ecol 12:22-30

Weimerskirch H, Inchausti P, Guinet C, Barbraud C (2003) Trends
in bird and seal populations as indicators of a system shift in the
Southern Ocean. Antarct Sci 15:249-256

White GC, Burnham KP (1999) Program MARK: survival esti-
mation from populations of marked animals. Bird Study 46
[Suppl]:120-138

Work TM, Smith MR (1996) Lead exposure in Laysan albatross
adults and chicks in Hawaii: prevalence, risk factors and bio-
chemical effects. Arch Environ Contam Toxicol 31:115-119



