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Abstract. The Atlantic Yellow-nosed Albatross (Thalassarche chlororhynchos) breeds
only at the Tristan da Cunha archipelago and Gough Island in the central South Atlantic
Ocean, and is threatened by mortality from longline fisheries operating in the South Atlantic.
Demographic data have been collected from two study colonies on Gough Island and Tristan
da Cunha for 20 years. Annua variation in the number of breeding birds was strongly
correlated between the two islands, and over the whole study period both study populations
have trended downward at around 1.2% per year. The number of established breeders on
Gough Island has declined more rapidly, and significantly, at an annual rate of 2.3%. Mon-
itoring established breeders may be a sensitive means of detecting population trends. Av-
erage breeding success (67—69%) and breeding frequency (66—-65%) were very similar on
the two islands. On Gough Island immature and adult annual apparent survival averaged 88
+ 3% and 92 + 1%, respectively, and apparent survival from fledging to age 5 has averaged
31 = 8%. Apparent adult survival on Tristan da Cunha averaged only 84 = 2%. Annual
survival of Tristan birds was negatively correlated with longline fishing effort in the South
Atlantic Ocean. Population modeling predicts annua rates of decrease of 1.5-2.8% on
Gough Island and 5.5% on Tristan da Cunha. Comparison with congeners suggests that the
observed and predicted decreases are most likely to be caused by low adult and immature
survival. The conservation status of Atlantic Yellow-nosed Albatrosses should be changed
from Near Threatened to Endangered.

Key words: Atlantic Yellow-nosed Albatross, conservation, demography, longline mor-
tality, survival, Thalassarche chlororhynchos.

Demografiay Tendencias Poblacionales del Albatros Thalassarche chlororhynchos

Resumen. El albatros Thalassarche chlororhynchos sblo se reproduce en el archipiélago
Tristan da Cunha y en la isla Gough en el Océano Atlantico Sur central, y se encuentra
amenazado debido a la mortalidad causada por las pesgueras de espinel que operan en el
Atlantico Sur. Se colectaron datos demograficos durante 20 afios en dos colonias reproduc-
tivas en e archipiélago Tristan da Cunha y en la isa Gough. La variacion anual en €l
nimero de aves reproductivas se correlaciond fuertemente entre las dos islas, y durante todo
el periodo de estudio ambas poblaciones han presentado tendencias de decrecimiento de
aproximadamente un 1.2% por afio. El niumero de reproductores establecidos en la isla
Gough ha disminuido significativamente y mas rapidamente, a una tasa anual de 2.3%. El
monitoreo de los reproductores que se establecen puede ser un medio sensible para detectar
tendencias poblacionales. El &xito reproductivo promedio (67-69%) y la frecuencia de cria
(66-65%) fueron muy similares en ambas islas. En la isla Gough la sobrevivencia aparente
de inmaduros y adultos fue en promedio de 88 = 3% y 92 = 1%, respectivamente. La
sobrevivencia de volantones a la edad de 5 afios fue en promedio de 31 + 8%. La sobre-
vivencia aparente de adultos en Tristan de Cunha fue en promedio solo de 84 + 2%. La
sobrevivencia anual de las aves de Tristan se correlaciond negativamente con el esfuerzo
de la pesca de espinel en el Océano Atlantico Sur. Los model os poblacional es predicen tasas
de disminucion anuales de un 1.5-2.8% en laisla Gough y de un 5.5% en Tristan da Cunha.
Comparaciones con congeéneres sugieren que las disminuciones observadas y predichas son
muy probablemente causadas por |a baja sobreviviencia de adultos e inmaduros. La categoria
de conservacion del abatros T. chlororhynchos deberia ser cambiada de ‘“casi amenazada”
a ‘“‘en peligro.”
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INTRODUCTION

The Atlantic Yellow-nosed Albatross (Thalas-
sarche chlororhynchos) breeds on the islands of
Tristan da Cunha and at Gough Island in the
central South Atlantic Ocean (Rowan 1951, Ha-
gen 1952). In the 1970s its population was es-
timated at 27 000 to 46 000 breeding pairs (Cro-
xall and Gales 1998). The majority of birds are
found on Tristan da Cunha with an estimated
population of 16-30 thousand pairs on the main
island, with around 4500 and 1100 pairs on
Nightingale and Inaccessible Islands, respective-
ly (Richardson 1984, Fraser et a. 1988). In 1974
Gough Island was believed to support around 5—
10 thousand pairs, although this figure is based
on very limited sampling (Richardson 1984).
There have been no recent estimates from either
Gough Island or Tristan da Cunha, but a partia
count on Inaccessible Island in 1999—2000 sug-
gests that the population may have decreased
since the late 1980s (Ryan and Moloney 2000).

This paucity of knowledge on the status of At-
lantic Yellow-nosed Albatross occurs despite in-
creasing concern about changes in the population
size of albatrosses and petrels in the southern
oceans. Numbers of albatrosses at severa islands
have shown magjor decreases since the 1950s; a
time scale that corresponds to the dramatic in-
crease in longline fishing throughout the foraging
range of these species (Weimerskirch et a. 1997,
Croxall and Gales 1998, Tuck et a. 2001). Inci-
dental mortality on longline hooks (Brothers
1991) is the probable main cause of these popu-
lation decreases (Weimerskirch and Jouventin
1987, Croxall et a. 1990, de la Mare and Kerry
1994, Gales 1998), although changes in at-sea
food availability may have affected certain spe-
cies (Weimerskirch and Jouventin 1998, Waugh
et al. 1999). A number of long-term studies in-
dicate that the decreases appear mainly to be a
consequence of reduced adult survival (Weimers-
kirch and Jouventin 1987, Croxall et a. 1990) or
lowered recruitment (Prince et al. 1994, Croxall
et al. 1998, Waugh et a. 1999).

The only estimates of longline mortality of
Atlantic Yellow-nosed Albatrosses come from
the Brazilian fleet, where Olmos et a. (2001)
calculated annual mortality of 568 (range 399—
738) birds from the bottom longline fleet and
329 (172-486) birds from pelagic longline ves-
sels. Mortality of Atlantic Yellow-nosed Alba-
trosses is also caused by other South American

fleets (Stagi et al. 1998). Seabird bycatch rates
off Brazil and Uruguay are high in comparison
with those reported for most other Southern
Hemisphere fisheries (Vaske 1991, Neves and
Olmos 1998, Stagi et al. 1998, but see Ryan et
al. 2002). National and licensed foreign longline
fishing fleets operating off southern Africa aso
kill Atlantic Yellow-nosed Albatrosses (Ryan
and Boix-Hinzen 1998, Ryan et a. 2002), and
along with the Brazilian and Uruguayan fleets
the bycatch rates of seabirdsin this areaare very
high, especialy for Japanese vessels (Ryan et a.
2002). The South American and South African
fleets are responsible for only a small proportion
of the total longline fishing effort in the South
Atlantic, with most fishing being undertaken by
Japan and Taiwan (Tuck et al., in press). Con-
sequently, the total number of Atlantic Yellow-
nosed Albatrosses that are killed by longline
fishing in the South Atlantic Ocean is likely to
be far higher than the available estimates. Add-
ing to the general problem of bycatch, the sex
ratio of Atlantic Yellow-nosed Albatrosseskilled
is strongly female biased (Neves and Olmos
1998), which implies a greater adverse affect on
the population growth rate than an unskewed sex
ratio (Weimerskirch et al. 1997).

Currently the Atlantic Yellow-nosed Albatross
is listed as Near Threatened (BirdLife Interna-
tional 2000). However, if further information
*“confirms that the species is suffering a continu-
ing decline or a significant overal reduction”
then its conservation status would need to be al-
tered (BirdLife International 2000: 631). In this
study, we present information from a 20-year
study of marked birds at Gough Iland and Tris-
tan da Cunha. We use these results to provide the
first estimate of demographic parameters and
population trends of the Atlantic Yellow-nosed
Albatross, and to reassess its conservation status.

METHODS
STUDY SITES

The study was conducted at two small, well-de-
fined colonies of Atlantic Yellow-nosed Alba-
trosses. one between the weather station and
Seal Beach, southeast Gough Island (40° 21'S,
9° 53'W), the other between Hottentot and Cave
Gulches on the base of Tristan da Cunha (37°S,
12°W). Adults in the Gough Island study colony
were first banded in 1979, and monitoring was
undertaken in each year from 1982 to 2001 by
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volunteers from the South African weather sta-
tion. The continuity of the project was ensured
by regular visits by JC and PGR during person-
nel changes on the island, when volunteers from
each new meteorological team were instructed
on the monitoring procedure. The Tristan da
Cunha study colony was established in 1984 by
the schoolmaster Richard Grundy, and was con-
tinued by school children under the guidance of
Jim Kerr until 1992. The study stopped after a
landslip made it dangerous for the school chil-
dren to access the colony via Hottentot Gulch.
However, it was checked occasionally in later
years for counts of breeding pairs, and these
counts are used in the analysis.

FIELD METHODS

On Gough Island the study colony was checked
at 3-day intervals from early September to mid-
October, by which time egg laying is completed
for the colony. All nests were plotted on a map
of the colony and marked with a numbered pole.
Thereafter each nest was checked until the sin-
gle egg was laid and, where possible, the iden-
tity of both incubating birds had been recorded.
All empty nests were checked for the presence
of broken eggs or fragments of shell, and these
were recorded as a breeding attempt. After egg
laying, nests were checked at 2-week intervals
until the nest failed or chicks fledged (early
May). The presence or absence of an incubating
bird or chick was recorded on each visit. All
breeding birds and some nonbreeders were
banded with a metal monel band (Mechaniska,
Bankyerd, Sweden and Lambournes, Leomin-
ster, UK) on the right leg, and breeding birds
were banded with a unique color combination of
three bands on the left leg. Band loss was rare,
with 3.3% of birds losing a colored band. These
birds could still be identified either by reading
the monel band or from the color combination
of the two remaining bands. Where any uncer-
tainty over the identity of birds remained, those
individuals were removed from the survival
analysis (3 of 353 hirds excluded). Colored
bands were replaced in the 1999-2000 and
2000-2001 breeding seasons with alphanumeric
darvic bands (Pro-touch, Saskatoon, Saskatche-
wan, Canada). All fledglings were banded on the
left leg with a metal band. In some years of the
study, the areas surrounding the study colony
were checked, to search for any banded birds
breeding outside the study colony.

The monitoring protocol on Tristan da Cunha
was similar to Gough Island, athough checks
were made less frequently for logistical reasons.
All breeding birds and fledglings were banded,
and eggs and chicks were checked at approxi-
mately weekly and monthly intervals, respec-
tively. Birds were not fitted with color or darvic
bands, so the metal bands had to be checked
from close quarters. Consequently, these birds
may have experienced more disturbance than the
Gough Island study birds, although thisis offset
by the less frequent nest checks.

PARAMETER ESTIMATES

Hatching success was defined as the proportion
of eggs that hatched. Fledging success was the
proportion of hatched chicks that were presumed
to have fledged from the colony (this presump-
tion was checked by searching for dead banded
fledglings around the colony at the end of each
season). Total breeding success was the propor-
tion of eggs that survived to fledging. The over-
al mean and standard error of each parameter
were estimated following Burnham et al. (1987),
which removes sampling variance from a series
of estimates to obtain a better estimate of the
mean (Gould and Nichols 1998).

Apparent annual adult survival was estimated
from mark-recapture anaysis using program
MARK (White and Burnham 1999). Four dif-
ferent models were fitted to the data set: constant
survival and constant probability of recapture
[6() p()], time-variable survival and constant
probability of recapture [¢(t) p(.)], constant sur-
vival and time-variable probability of recapture
[¢() p(t)], and time-variable survival and vari-
able recapture probability [&(t) p(t)]. The best
model was assessed using Akaike's Information
Criterion with small sample size correction
(AIC) and significance was assessed with like-
lihood-ratio tests. Before accepting the results of
the model we tested the goodness of fit of the
data to the model using bootstrapped goodness
of fit testsin progran MARK. Annual adult sur-
vival was calculated for all breeding birds, and
a bird was included in the recapture group if it
was recorded at any stage breeding in the study
colony. All birds were recorded as either present
or absent for each breeding season.

On Gough Island, the oldest age at which
fledglings were first recaptured was 12 years.
Consequently, we estimated the average propor-
tion of birds surviving to recapture for cohorts
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of chicks banded from 1982 to 1988, because
chicks from later cohorts had less chance of be-
ing recaptured. Apparent survival from fledging
to age 5 years and apparent annual immature
survival (birds aged 6 to 10 years) was estimated
using progran MARK and an age-dependent
mark-recapture model. Four recapture models
were run, all with a variable probability of re-
capture: variable survival with no age-depen-
dence, variable survival of juveniles and im-
mature birds, constant survival of juveniles and
variable survival of immature birds, and con-
stant survival of juveniles and immature birds.
This survival analysis was restricted to the
Gough study population, because the low and
variable study effort on Tristan da Cunhain later
years means that very few fledglings have been
recaptured.

The average age at first breeding was calcu-
lated as the age at which 50% of recruiting birds
were found breeding for the first time. This was
estimated from the cumulative proportion of
birds found breeding at each age, and could only
be calculated for the Gough study colony. To
estimate the frequency of breeding we used the
individual breeding history of birds that were
monitored for atotal of 10 or more consecutive
breeding seasons on Gough Island (n = 104
birds) and for six or more consecutive seasons
on Tristan da Cunha (n = 44). For each individ-
ual we calculated the number of breeding at-
tempts and number of years from the first re-
corded year of breeding. From al birds, we cal-
culated the proportion breeding from the overall
pooled totals of breeding attempts and years.

The numbers of established breeders and new
breeders in the population each year were ex-
amined to further investigate trends in breeding
numbers in the Gough study colony. To ensure
that breeding birds caught for the first time were
genuinely new recruits, rather than established
breeders that had not previously been captured,
we examined the maximum period between re-
captures for al breeding birds. This period varied
from 0-15 years, with 95% of birds having a
maximum gap =4 years (n = 317 birds). Con-
sequently, we only examined trends in new and
established breeders from 1986 onwards, four
years after the start of the banding program. This
should ensure that over 95% of first-time captures
were genuine new recruits to the population.

POPULATION MODELING

We developed an age-structured version of a
Leslie matrix model, which, as usual for popu-
lation models, only considered the female pop-
ulation (Burgman et al. 1993). Rather than just
using the simple mean for each parameter, the
model included parameter uncertainty by ran-
domly selecting values for each parameter over
a range of values that reflected the precision of
the estimate. For each run of the model, mean
values for all parameters were chosen indepen-
dently and at random from a normal distribution
using the estimated mean and standard error of
each parameter. The upper and lower limits of
each parameter were constrained to lie within
the estimated lower and upper 95% confidence
limits, with the exception of average age at first
breeding, where we used the observed maxi-
mum and minimum ages. The model was set to
run for a 30-year period. The starting population
of the model was 40000 breeding females,
which approximates the total estimated popula-
tion size of the Atlantic Yellow-nosed Albatross
(Croxall and Gales 1998). The model estimated
the population’s yearly intrinsic growth rate (r)
over a 30-year period. This was calculated for
both the total population (adult, immature, and
juvenile birds) and the breeding population of
birds. The model was written on an Excel
spreadsheet following the methods of Slooten et
al. (2000) and Cuthbert et a. (2001). Because
each run of the model used a different set of
randomly selected parameters, the model was
run 2500 times, and the overall mean growth
rate and range of growth rates were calculated.

The parameters entered into the model were
annual adult survival, annual immature survival,
juvenile survival, age at first breeding, breeding
frequency, and breeding success. Annual varia-
tion was not included in the model, and each 30-
year run used the mean value of each parameter
selected at random at the start of the run. The
number of chicks fledging in each year of the
model was divided by two so that the model
only considered the female population (assum-
ing a sex ratio of 1:1). The initia age distribu-
tion of birds for each model run (i.e., number of
one-year-olds, two-year-olds, etc.) was set to a
stable age distribution. This was achieved by
running the model with the selected parameters
for that run, until the proportions of each age
class differed by =0.0001 to the proportions in
the previous run (Burgman et al. 1993).
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FIGURE 1. Number of incubating Atlantic Yellow-
nosed Albatrosses in the study colony on Gough Island
from 1982 to 2001 (filled circles and dashed lines) and
on Tristan da Cunha from 1982 to 1999 (unfilled cir-
cles and solid lines). Linear regressions indicated an
annual decrease of 1.1-1.2%, but were not significant.

Information on longline fishing effort in the
South Atlantic Ocean was taken from Tuck et al.
(in press). The El Nifio-Southern Oscillation in-
dex Nifio 3 was used as an indicator of at-sea
environmental variability (International Re-
search Institute for Climate Prediction 2002). All
statistical tests were two-tailed and assumed sig-
nificant at P < 0.05. Proportions were arcsine
transformed before statistical analysis. Trends in
breeding numbers were calculated using least-
squares regression. Data were analyzed using
the program SPSS 10.0 (SPSS Inc. 1999). Val-
ues are reported as means *+ SE, with 95% con-
fidence intervals (Cl). Confidence limits for pro-
portions were calculated after Zar (1999).

RESULTS
BREEDING NUMBERS AND RECRUITMENT

The number of breeding Atlantic Yellow-nosed
Albatrosses within the Gough Island and Tristan
da Cunha study colonies has varied over the
study period (Fig. 1), with an average of 46.7 +
2.4 incubating pairs (CV = 23.5%) at the Gough
study area and 33.6 = 3.0 incubating pairs (CV
= 27.1%) on the Tristan da Cunha study area.
Over the whole study period (1982 to 2001)
breeding numbers have declined at 1.1% per
year in the Gough study colony, athough thisis
not statistically significant (regression slope =
—0.5 * 04, r2 = 0.08, P = 0.22). On Tristan
da Cunha there was a similar non significant de-
crease at a rate of 1.2% per year from 1984 to
1999 (regression slope = —0.4 + 0.8, r2 = 0.04,
P = 0.61). Simulation modeling with the ob-
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FIGURE 2. Number of established breeding Atlantic
Yellow-nosed Albatrosses (filled circles) and recruits
(unfilled circles) on Gough Island from 1986 to 2001.
The best-fit linear regression indicates a significant de-
crease for established breeders (solid line, P < 0.02)
and no significant trend for recruits (dashed line).

served variance in numbers of breeding birds,
annual monitoring at one site, and a rate of de-
crease of 1.1% indicates that the power to detect
such atrend is weak (power = 0.39, RC, unpubl.
data) and that over 30 years of monitoring would
be required to detect this trend with power
=0.80.

The number of new birds recruiting as breeders
each year (mean 13.2 + 1.2 hirds, range 4-35)
had a strong positive influence on the total num-
ber of breeding pairs in the year (r2 = 0.68, n =
16 years, P < 0.002). The number of established
breeders in the population decreased significantly
from 1986 to 2001 (regression dope = —2.3 =
0.8, r2 = 0.37, P < 0.02), at an annual rate of
2.3% (Fig. 2). There was no trend in the number
of new breeders over this period (regression slope
= —0.2 = 05, r2 = 0.01, P = 0.74). With the
decrease in established breeders there was an in-
crease in the proportion of new breeders in the
study population, which was significant for the
period from 1988 to 2001 (regression slope = 0.9
+ 0.3, r2 = 047, P < 0.01).

BREEDING SUCCESS AND BREEDING
FREQUENCY

From 1982 to 2001 breeding success in the
Gough Island study colony has averaged 67 =
3% (n = 19 years) and with the exception of the
1999—2000 season was relatively constant (Fig.
3). Hatching and fledging success averaged 79
+* 2% (n = 20 years) and 87 = 3% (n = 19
years), respectively. Breeding success on Tristan
da Cunha was very similar to Gough Island,
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FIGURE 3. Breeding success of Atlantic Yellow-
nosed Albatross on Gough Island from 1982 to 2001,
mean and 95% confidence limits.

with average breeding success of 69 = 3% (n =
8 years), hatching success of 79 = 3%, and
fledging success of 88 = 3%. On Gough Island,
the very low breeding success in 1999-2000
(33%) was mainly due to lowered fledging suc-
cess (48%), rather than low hatching success
(69%). Mortality of chicks (9 of 24 chicks with-
in the study area) was observed in this season
both within and outside the Gough study colony.

On Gough, birds with a breeding history of
10 or more years made a breeding attempt in
66% of years. Together with the estimated value
of breeding success (67%), this indicates that
breeding birds have an overall average annual
breeding success of 44%. Thus the average pair
fledges a chick every 2.4 years. On Tristan da
Cunha 44 hirds had a breeding history of 6 or
more years, with 65% of these birds making a
breeding attempt in each year (for comparison
birds with a breeding history of =6 years on
Gough Island had a breeding frequency of 66%).
With average breeding success of 69%, overall
annual breeding success was 45% on Tristan da
Cunha.

AGE OF FIRST BREEDING AND SURVIVAL

Fledglings first returned to Gough Island at 5-
12 years of age and started breeding between
ages 6 and 13 years. Forty-five known-age birds
were found breeding within the study colony,
including some bhirds originally banded outside
the study area. The cumulative proportion of
birds breeding for the first time in each year fol-
lowed a sigmoidal curve (Fig. 4), with an av-
erage age of first breeding of 9.7 = 1.5 years.

100 4

80 1

60 -

40 1

Proportion breeding (%)

20 1

0 R
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FIGURE 4. Cumulative proportion of ages at first

breeding for Atlantic Yellow-nosed Albatrosses, from

a sample of 45 known-aged birds captured at first

breeding on Gough Island. The dashed line indicates
the sample mean.

For chicks on Gough Island banded from
1982 to 1988 (cohorts of birds older than 12
years in 2000), an average of 18 *= 3% survived
until recapture. The overall best-fit mark-recap-
ture model was one with variable detection
probability and constant survival in both the ju-
venile and immature age classes. Survival from
fledging to age 5 years averaged 31 = 8% (ClI
18-49%). Annual survival of immature birds
aged 6-10 years was 88 = 1% (CI: 80—93%).

For Gough Island, the overall best-fit mark-
recapture model of breeding adults for the pe-
riod 1982-2001 was one with variable survival
and variable detection probability (Table 1).
There was no significant lack of fit of the data
in the model (bootstrapped goodness of fit, P =
0.37). Examination of these results indicated that
apparent survival was very low in the 1995—
1996 breeding season (Fig. 5). The model was
re-run with the 1995-1996 season omitted and
with a specified gap of 2 years in recapture fre-
quency for this period. The best-fit model was
again one with variable survival and variable de-
tection probability, with a low estimate of sur-
vival from 1994 to 1997, indicating that the low
survival estimate was genuine and not a conse-
quence of poor survey effort in this season. Av-
erage adult survival over the entire study (1982—
2001) was 92 = 1% (Cl: 91-93%), and the de-
tection probability over this period was 0.77 =
0.01 (CI: 0.75-0.79). With this survival esti-
mate, birds on Gough Island have an average
breeding life of 12 years (breeding life = [2 —
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TABLE 1. Models fitted in MARK to determine the survival and resighting probabilities of adults breeding
on Gough Island and Tristan da Cunha, indicating the model deviance, number of parameters, Akaike's Infor-
mation Criterion (AIC.), AAIC, and the model weight. There was no significant lack of fit for either the Gough
or Tristan da Cunha data, with estimated overdispersion in the datasets of 1.02 and 0.98, respectively. For both
sites the models with the lowest AIC; values were ones with variable survival and variable recapture effort (¢(t),

p(t)), indicating this is the best fit model for the data.

Model Deviance No. of parameters AIC, AAIC, Model weight

Gough Island (1982—-2001)

b(1), p(t) 1853.44 37 3942.94 0.00 0.78

o), p(t) 1890.85 20 3945.41 247 0.22

o(t), p() 2105.07 20 4159.63 216.69 0.00

o), p() 2145.24 2 4163.41 220.41 0.00
Tristan da Cunha (1982-1991)

(1), p(t) 231.90 16 1182.06 0.00 0.94

&), p(t) 250.06 10 1187.53 5.47 0.06

(1), p() 257.77 10 1195.23 13.17 0.00

&), p(l) 285.98 2 1207.01 24.95 0.00

EMIGRATION

m]/2m, where m = annual mortality; Prince et
a. 1994).

For the Tristan study colony, adult surviva
could only be estimated for the period 1982 to
1991, as recapture effort was poor or nonexistent
in later seasons. The best-fit mark-recapture mod-
e for this period was one with variable survival
and variable detection probability (Table 1), and
there was no significant lack of fit of the data
(bootstrapped goodness of fit, P = 0.47). Average
adult surviva over this period was 84 + 2% (Cl:
80-87%), with an overall detection probability of
0.52 = 0.03 (Cl: 0.47-0.56). For hirds on Gough
Island, average adult survival was 92 + 1% (Cl:
90-93%) over the same period.
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FIGURE 5. Annua adult apparent survival of Atlantic
Yellow-nosed Albatrosses on Gough Island from 1982
to 2000, estimated from the best-fit model with variable
survival and variable detection probability using pro-
gram MARK. Values represent the annua survival es-
timate and upper and lower 95% confidence limits.

Fifty-six banded fledglings have been recaptured
on Gough Island, with 46 of these captured
within the study area and 10 within 100 m of
the boundary of the study colony. These results
crudely indicate a fledgling emigration rate of
around 18% (Cl: 9-30%). Movements of breed-
ing adults outside of the Gough study colony
were very rare, with only four birds known to
have moved out of 355 hirds followed over the
20-year study. The observed emigration rate of
breeding adults is 1.1% (CI: 0.3-2.9%). If the
estimated emigration rates for fledglings and
adults are accurate, then juvenile survival of
Gough birds may be closer to 37% (estimated
juvenile survival [0.31] X estimated emigration
rate [1.18]), and adult survival of Gough birds
is estimated to be 93%.

RELATIONSHIP BETWEEN DEMOGRAPHY AND
AT-SEA CONDITIONS

The number of breeding birds at the Gough Island
and Tristan da Cunha study colonies were strongly
correlated acrossyears (r = 0.74,n = 9, P < 0.0,
Fig. 1). There were no significant correlations be-
tween the Gough and Tristan da Cunha colonies
in hatching, fledging, and total breeding success.
There were no significant relationships between
the Nifio 3 index and the number of breeding
birds, recruitment, or adult survival of either the
Gough or Tristan study populations.

For birds on Gough Island, there was no cor-
relation between adult survival and longline
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TABLE 2. Demographic parameters of Atlantic Yellow-nosed Albatrosses from Gough Island and Tristan da
Cunha used to construct population models. Unmeasured parameters at Tristan da Cunha used values from
Gough Island. Sampling error was incorporated into these parameters by using the methods of Burnham et al.
(1987) for the estimate of breeding success and progran MARK for the survival estimates. For breeding fre-
quency and emigration, the SE and 95% confidence limits were estimated using a binomial standard deviation
and confidence limits (Zar 1999). All values are percentages, except for age at first breeding.

Demographic parameter Mean = SE 95% ClI
Gough Island
Breeding success 67 = 3 62—72
Breeding frequency 66 = 1 63-68
Age at first breeding (years) 9.7+ 15 6-132
Juvenile surviva (from 0-5 years) 31+8 18-49
Annua immature survival 88 +3 80-93
Annual adult survival R2=+1 91-93
Juvenile emigration rate 18=+5 9-30
Adult emigration rate 11+06 0.3-29
Tristan da Cunha
Breeding success 69 =+ 3 62—76
Breeding frequency 65+ 3 60-71
Annual adult survival 84+ 2 80-87

aMinimum and maximum age at first breeding.

fishing effort in the South Atlantic Ocean (r =
0.24, n = 19, P = 0.38). However, fishing effort
was strongly and negatively correlated with an-
nual survival for birds on Tristan da Cunhafrom
1982 to 1991 (r = —0.62, n = 9, P < 0.05).
This relationship appears to be driven by Tai-
wanese fishing effort (r = —0.68, P < 0.02),
rather than the Japanese fleet (r = —0.25, P =
0.24). Annual adult survival on Tristan and
Gough were not significantly correlated (r =
041, n = 9, P = 0.18), nor was there any cor-
relation between recruitment and longline fish-
ing effort for either colony.

POPULATION MODELING

We ran four different population models (Table
2). Model 1 used all the estimated breeding and
survival values from Gough Island. Model 2

used all estimated parameters from the Tristan
da Cunha study population and where these
were unavailable used values from Gough Is-
land. Models 3 and 4 used the same breeding
and survival parameters as Models 1 and 2, re-
spectively, but included an emigration rate of
18% for the juvenile age class and an emigration
rate of 1.1% for the immature and adult age
classes.

The average population growth rates predict-
ed by the four population models are all negative
(Table 3), with annual rates of decrease ranging
from 1.5% to 6.7% for the total population. The
addition of emigration into the models reduced
the absolute annual rate of population decrease
by 1.1-1.2 percentage points (Table 3), indicat-
ing the sensitivity of the model to the inclusion
and estimation of this parameter. The absolute

TABLE 3. Projected population growth rates from 2500 model runs simulating 30-year periods of Atlantic
Yellow-nosed Albatrosses breeding on Gough Island and Tristan da Cunha. The models produced a mean pop-
ulation growth rate and arange, calculated in terms of the total population and in terms of the breeding population
only. See Table 2 for parameter values used in the models.

Total population

Breeding population

Mean annual Mean annual
Model increase (%) Range (%) increase (%) Range (%)
1: Gough parameters —2.6 -4.7 to -0.3 4.4 —74t0-11
2: Tristan parameters —6.7 -11.2to 2.6 8.7 -13.2 to 3.6
3: Gough parameters + emigration -15 -3.8to0 +0.9 -2.8 -6.2to +0.5
4: Tristan parameters + emigration 55 -10.0 to 1.1 —7.3 -12.1to 2.2
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rate of decrease was 1.3-1.8 percentage points
greater for the breeding population than for the
total population. The average predicted annual
population growth rate for the Gough Island
population with emigration included was —1.5%
for the total population and —2.8% for the
breeding population. Both models using data
from Tristan da Cunha predicted a rapidly de-
creasing population (Table 3), with the emigra-
tion model predicting annual rates of decrease
of 55% and 7.3% for the total and breeding
populations respectively.

DISCUSSION
POPULATION TRENDS

This study provides the first estimates of popu-
lation trends and demographic parameters of the
Atlantic Yellow-nosed Albatross. Over the 20
years of this study both the Gough Island and
Tristan da Cunha study colonies have decreased
a annual rates of 1.1-1.2%. Neither of these
trends is statistically significant, but the power
to detect such a trend is poor. Examining the
number of established breeders at Gough Island
(birds that had made at least one previous breed-
ing attempt) indicated a significant decrease
from 1986 to 2001, at an annua rate of 2.3%.
The number of new recruits in the Gough Island
study colony has remained relatively constant
from 19862001, and with the decline in estab-
lished breeders new recruits have made up an
increasing proportion of breeding numbers since
1988. These results suggest that there has been
a genuine decrease in the numbers of breeding
birds over the last 20 years, but that this trend
is being masked by annual fluctuations in breed-
ing numbers and an increase in the proportion
of birds recruited into the population. Such a
pattern is consistent with the results from pop-
ulation modeling using the estimated demo-
graphic parameters for the Gough Island popu-
lation, which predicted an average annual rate
of decrease of 1.5% for the total population and
2.8% for the breeding population.

Similar results have been found for Wander-
ing Albatrosses (Diomedea exulans), where the
proportion of recruits has increased at the same
time as there has been an overall decrease in the
population (Weimerskirch et al. 1997), and
where there has also been a general reduction in
age at first breeding (Weimerskirch and Jouven-
tin 1987, Croxall et al. 1990). Empirical evi-

dence for the importance of immature or non-
breeding birds in the population dynamics of
seabirds has been reported for Cassin’s Auklet
(Ptychoramphus aleuticus; Manuwal 1974),
Black-legged Kittiwake (Rissa tridactyla; Porter
and Coulson 1987), Sub-Antarctic Skua (Cath-
aracta antarctica; Furness 1987) and Great Skua
(Stercorarius skua; Klomp and Furness 1992).
Klomp and Furness (1992) discuss the potential
role of nonbreeders as a buffer for a population
subject to environmental stress, whereby in-
creased recruitment of birds maintains the pop-
ulation at a stable level despite adverse condi-
tions affecting the population. Klomp and Fur-
ness (1992) also suggest that monitoring num-
bers of nonbreeders may be a sensitive way of
monitoring populations of seabirds, as environ-
mental or anthropogenic changes will impact
more rapidly and to a greater extent on the pop-
ulation of nonbreeding birds. Providing that re-
capture effort is quantified, counts of nonbreed-
ing albatrosses attending breeding colonies may
give an early indication of population trends. Al-
ternatively, monitoring a marked population of
breeding birds, such as in this study, may make
it possible to separate the effects of recruitment
from the underlying trend affecting established
breeders.

TEMPORAL VARIATION AND RELATIONSHIP
TO AT-SEA CONDITIONS

The numbers of birds breeding in each year in
the two study populations were strongly corre-
lated, suggesting that similar at-sea processes af -
fected both populations. At-sea conditions could
affect the body condition of birds and conse-
quently the number of birds that attempt to breed
in each season (Weimerskirch 1992, Chastel et
a. 1995), or they could influence the survival of
juveniles and immature birds and subsequently
the number of individuals recruiting into the
population. In contrast, there was relatively little
annual variation in breeding success for both
populations over the study period, and there was
no correlation between the two populations in
hatching, fledging, or total breeding success.
These results suggest that for the Atlantic Yel-
low-nosed Albatross, at-sea feeding conditions
are important in determining the number of birds
attempting to breed, rather than affecting breed-
ing success of birds that do choose to breed. At-
sea conditions are only likely to affect breeding
success in exceptional years (see below).
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Breeding success was substantialy lower in the
19992000 breeding season on Gough Idand in
comparison to al previous years. Low breeding
success in 1999-2000 was aso observed in pop-
ulations of Grey-headed (T. chrysostoma) and
Black-browed Albatrosses (T. melanophris) breed-
ing on South Georgia (2500 km southwest of
Gough Idand). The poor breeding success of these
two species was linked to a substantial fall-off in
the abundance of cephalopods, which are a major
part of the diet (Xavier et d., in press). It therefore
seems possible that changes in at-sea food avail-
ability may be responsible for the low breeding
success observed on Gough Idand in 1999—2000.
No demographic parameters were correlated with
the El Nifio-Southern Oscillation index, suggesting
either that Atlantic Yellow-nosed Albatrosses are
unaffected by ElI Nifio events, or that the Nifio 3
index is a poor indicator of changes in sea con-
ditions that affect this species.

RELATIONSHIP TO LONGLINE FISHING
EFFORT

For both study populations, the best-fit mark-re-
capture model of adult survival was one with var-
iable survival. Tempora variation in adult surviv-
a has been observed in several abatross popu-
lations, and in some species is correlated with
longline fishing effort in foraging areas (eg.,
Weimerskirch et a. 1997, Sagar et a. 2000, Nel
et d., in press). Since the early 1980s, numbers
of longline hooks set in the South Atlantic Ocean
each year have remained relatively stable (Tuck
et a., in press), and changes in total fishing effort
did not easily explain the temporal trends in sur-
vival observed in the Gough study population. In
contrast, annua survival of birds on Tristan da
Cunha was negatively correlated with fishing ef-
fort, particularly that of the Taiwanese fleet.
Why longline fishing fleets in the South At-
lantic should affect these two populations dif-
ferently is unknown, but the lack of any corre-
lation between adult survival in the two popu-
lations suggests that this is indeed the case.
Band returns from the 1960s indicate that many
birds from Nightingale Island (Tristan group)
visited areas off Angola and Namibia (Morant
1977), and few birds from Gough Island have
been captured there (Cooper 1983, Ryan et a.
2002). Longline mortality of Atlantic Yellow-
nosed Albatrosses is known to occur in waters
off the west coast of southern Africa (Ryan et
al. 2002). If Tristan birds were using these sea

areas more frequently than Gough birds, this
could explain the colony differences. Alterna-
tively, these band returns may just represent
long-term differences in fishing and banding ef-
fort, because few Atlantic Yellow-nosed Alba-
trosses from Gough Island were banded before
the early 1980s, and there have been very few
recoveries of the more than 1000 Atlantic Yel-
low-nosed Albatrosses banded on Inaccessible
Island (Tristan group) in 1982—-1983 (Fraser et
al. 1988). Colony-specific differences in the at-
sea distribution of albatrosses are known to oc-
cur (Brothers et a. 1998, Huin 2002) and clar-
ification of this issue for the Atlantic Yellow-
nosed Albatross would aid our understanding of
this species’ conflicts with longline fisheries.

COMPARISON WITH OTHER THALASSARCHE
ALBATROSSES

Breeding success, juvenile survival, and average
breeding age of Atlantic Yellow-nosed Albatross-
es are within the observed ranges for congeners
(Table 4). Breeding success of the Gough and
Tristan da Cunha populations averaged 67—69%
over the study period, similar to that found in the
Campbell Albatross (T. impavida; 66%, Waugh
et a. 1999) and Black-browed Albatross breeding
on Kerguelen Island (63%, Weimerskirch and
Jouventin 1998). Our mark-recapture analysis in-
dicated that juvenile survival averages 31%. This
estimate is similar to those observed for Black-
browed and Grey-headed Albatrosses at Camp-
bell Idand, where juvenile survival averaged
29% and 24% respectively (Waugh et a. 1999).
Average age at first breeding varies between 9
and 10 years for annual-breeding Thalassarche
species (Table 4), and our species’ observed age
of 9.7 years is in the middle of this range.

In contrast, values of annual apparent survival
for immatures and adults (particularly for the
Tristan da Cunha population) were lower than
those observed in most other Thalassarche spe-
cies (Table 4). At 88%, immature survival of
Gough Island birds was substantially lower than
the estimates for Campbell and Grey-headed Al-
batrosses (96% and 94% respectively). Adult
survival of Gough birds was also lower than
most other species, and the only exception to
this is the Indian Yellow-nosed Albatross (T.
carteri) at Amsterdam Island, which has an adult
survival estimate of 86% and has decreased at
3.6% per year since 1978 (Weimerskirch and
Jouventin 1998). The very low survival estimate
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found at Tristan da Cunha in comparison to
Gough Island may be a consequence of higher
levels of observer disturbance, which may have
caused some birds to leave the area, a result that
would lower the apparent survival estimate.
While the survival estimate from Tristan da
Cunha must be treated with some caution, the
estimates from Gough Island are still lower than
most other Thalassarche species.

CONCLUSIONS

The results from population modeling and
counts on Gough Island and Tristan da Cunha
suggest that populations of Atlantic Yellow-
nosed Albatrosses are decreasing. Trends in the
number of breeding birds are partially masked
by annual variation in breeding numbers and the
relatively stable levels of recruitment. For a
marked population, monitoring numbers of es-
tablished breeders may be a sensitive means of
detecting trends. Monitoring established breed-
ers is also biologically sensible, as recruitment
is only a temporary buffer against an eventual
decrease. The observed and predicted declines
in Atlantic Yellow-nosed Albatrosses are consis-
tent with the trends observed in many albatross
species (e.g., Weimerskirch et al. 1997, Croxall
et al. 1998, Waugh et a. 1999, Nel et al. 2002),
including decreases at some colonies of the
closely related Indian Yellow-nosed Albatross
(T. carteri; Weimerskirch and Jouventin 1998),
although there is no evidence of a decrease for
this species at the Prince Edward Islands (Ryan
et a., in press). Continued monitoring of breed-
ing and survival parameters and long-term
counts of Atlantic Yellow-nosed Albatrosses
from both Gough Island and the Tristan da Cun-
ha group are clearly needed to provide better
estimates of population trends. The Atlantic Yel-
low-nosed Albatross is currently classified as
Near Threatened in the most recent review of its
conservation status (BirdLife International
2000). Given the evidence for a decrease in
numbers over the last 20 years and a continued
predicted decrease from estimates of demo-
graphic parameters and population modeling, the
status of the species should be reassessed. With
an average generation length of 22 years (10
years to colony return and 12 years of breeding
life) and an observed or modeled annual rate of
decrease of between 1.1% and 1.5%, we predict
the Atlantic Yellow-nosed Albatross will decline
by 54—63% over three generations. Under these

® bulleri

melanophris a »

impavida

melanophris b
-

® chiororhynchos

carteri

Annual population growth rate (%)

0.85 0.87 0.89 0.91 0.93 0.95 0.97
Apparent adult survival

FIGURE 6. Apparent adult survival of the Atlantic
Yellow-nosed Albatross (T. chlororhynchos) breeding
on Gough Island, Indian Yellow-nosed Albatross (T.
carteri), Black-browed Albatross (T. melanophris)
breeding on (a) South Georgia and (b) Kerguelen |Is-
lands, Southern Buller's Albatross (T. bulleri), and
Campbell Albatross (T. impavida). The regression of
survival on measured population growth rate for these
six populations is highly significant (r2 = 0.91, P <
0.005). See Table 4 for sources of data.

conditions the species should be classified as
Endangered (BirdLife International 2000).

The estimated demography of Atlantic Yel-
low-nosed Albatrosses in comparison to other
congeners suggest that the low values of adult
and immature survival found in this study are
causing the observed and predicted decrease in
breeding numbers. Long-lived seabird popula-
tions are highly sensitive to changes in adult sur-
vival (Croxall and Rothery 1991, Lebreton and
Clobert 1991, Russel 1999, Cuthbert et al.
2001), and this relationship is demonstrated by
the significant trend between adult apparent sur-
vival and observed population growth rates of
six annual-breeding Thalassarche species (Fig.
6). Population modeling indicates that immature
survival is the second most important parameter
(next to adult survival) influencing the popula-
tion growth rate of long-lived species (Croxall
and Rothery 1991, Russel 1999, Cuthbert et al.
2001), and the low value of immature surviva
found for Gough birds will aso affect the pop-
ulation growth rate of the species. Decreases in
adult survival or recruitment are responsible for
the observed declines in several abatross spe-
cies (Weimerskirch and Jouventin 1987, Croxall
et a. 1990, 1998, Prince et a. 1994, Waugh et
al. 1999) and can for some populations be linked
to tempora changes in longline fishing effort
(Weimerskirch et al. 1997, Néel et a., in press).
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Given the levels of longline fishing effort in the
South Atlantic Ocean (Tuck et a., in press) and
known at-sea mortality of Atlantic Yellow-nosed
Albatrosses (Ryan and Boix-Hinzen 1998, Stagi
et al. 1998, Olmos et al. 2001, Ryan et al. 2002),
effective mitigation measures are imperative to
protect populations of Atlantic Yellow-nosed Al-
batrosses in the South Atlantic Ocean.
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