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ABSTRACT

Despite the worrying conservation status of several albatross and petrel population, the
long-term trends of many populations remain largely unknown and the causes of decline
in many cases are known or very strongly suspected to be incidental mortality in fisheries.
Here we combine long-term monitoring of population trends, breeding success and band
recoveries to examine the past and current status of five species of albatrosses and giant
petrels breeding at the same site: sooty albatross (Phoebetria fusca), light-mantled albatross
(Phoebetria palpebrata), wandering albatross (Diomedea exulans), northern giant (Macronectes
halli) and southern giant petrels (Macronectes giganteus) on Possession Island, Crozet
archipelago. We identified three groups of trends over a 25-years period (1980-2005)
suggesting common underlying causes for these species in relation to their bioclimatic
foraging ranges. The Antarctic species - light-mantled albatross and southern giant petrel
- appeared stable and increased recently, the Sub-Antarctic species — wandering albatross
and northern giant petrel — declined with intermediate periods of increase, and finally the
subtropical species - sooty albatross — declined all over the period. Breeding success, indic-
ative of environmental conditions, showed two kinds of pattern (low and fluctuating versus
high and/or increasing) which were consistent with oceanographic variations as found in a
previous study. We present the analysis of fisheries-related recoveries, indicative of fisher-
ies bycatch risks showing specific catch rates. No direct relationship between population
trends and longline fishing effort was detected, probably because census data alone are
not sufficient to capture the potentially complex response of demographic parameters of
different life stages to environmental variation. This study highlights the contrasted
changes of procellariiform species and the particularly worrying status of the subtropical
sooty albatrosses, and in a lesser extent of Sub-Antarctic species.

© 2008 Published by Elsevier Ltd.

1. Introduction

Seabirds and particularly albatrosses and large petrels, are
becoming increasingly globally threatened at a faster rate
than any other species-groups of birds (Butchart et al., 2004;

BirdLife International, 2007). Seabirds face a variety of threats,
both on land and at sea. Currently the most critical conserva-
tion problem facing seabirds is considered to be bycatch
caused by mortality in commercial longline and trawl fisher-
ies (Gales, 1998; Tasker et al., 2000; Weimerskirch et al,
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2000; Woehler et al., 2001; BirdLife International, 2004; Delord
et al.,, 2005; Sullivan et al., 2006). Longlining is a widely used
technique for a range of fish stocks and the impacts on sea-
bird populations is documented only for a limited number
of fisheries (Weimerskirch et al., 1997; Tuck et al., 2001; Cuth-
bert et al., 2003; Nel et al., 2003; Baker and Wise, 2005; Peter-
sen et al., 2007). It is estimated that over 100,000 birds -
including tens of thousands of albatrosses — were killed annu-
ally by fishing vessels, especially illegal, in the Southern
Ocean alone (SC-CAMLR, 2005; BirdLife International, 2007).
Moreover, the extreme life history attributes (high survival,
low fecundity) that are characteristic of albatrosses and large
petrels (Warham, 1990) make them particularly vulnerable to
any elevated levels of mortality. Consequently long-term
monitoring of population numbers and trends analyses are
essential to assess the conservation status of these species.

Theincreasing focus on the plights faced by albatrosses and
petrels has resulted in renewed interest and support of long-
term population monitoring studies. Information on popula-
tion status remains scarce for many group of species such as
sooty albatrosses (Phoebetria sp) and especially petrels,
whereas for other groups information on population trends ex-
ist atleast for one or even several breeding sites within the spe-
ciesrange (e.g. large albatrosses). Recent surveys have detected
an improvement in the status of some Procellariiform popula-
tions, whilst in some populations the rates of decline appear to
have accelerated (ACAP, 2005; Crawford et al., 2003; Ryan et al.,
2003; Reid and Huin, 2005; Woehler et al., 2001). The reasons for
these contrasted situations are still poorly understood.

Therefore, it becomes increasingly important to have
information on poorly known groups to be able to understand
the present status of albatrosses and petrels communities to
be able to assess whether conservation measures have to be
taken and whether the existing ones are effective in the dif-
ferent sectors of the Southern Ocean.

In general, previous studies have examined the status of
single species. Here, we provide an overview of population
sizes and recent trends analyses of a community of five spe-
cies: three albatross species and two large petrel species listed
as “Near Threatened” to “Endangered” (BirdLife International,
2007) breeding on the same site. In addition, we present the
trends in breeding success, a parameter that is generally
influenced by environmental factors rather than by direct
fishery mortality, of the five species as well as the fishing-re-
lated recoveries of birds. The aim of this study is to assess the
conservation status of these species breeding on Possession
Island, Crozet archipelago, identified as an Important Bird
Area (IBA; Catard, 2001). We were particularly interested to
examine whether within a community of large albatrosses
and petrels the trends of five species with different ecological
niches were similar or different according to habitats prefer-
ences. Finally we discuss whether population trends could
be related to environmental factors or to risks incurred from
longline fisheries.

2. Methods

The study was carried out at Possession Island (46°25'S,
51°45'E), Crozet archipelago. Ornithological field assistants

conducted standardized annual counts of incubating birds
of the five surface-nesting Procellariiform species: on the east
coast of the island for light-mantled albatrosses LMSA (Phoeb-
etria palpebrata), on the north coast for sooty albatrosses SOAL
(Phoebetria fusca) and on entire island for northern giant pet-
rels NOGP (Macronectes halli), southern giant petrels SOGP
(M. giganteus) and wandering albatrosses WAAL (Diomedea
exulans) (Fig. 1). Sectors monitored annually for both light-
mantled and sooty albatrosses are those where more than
70% of the island population breeds. Several colonies or coast-
al sections were monitored for each species (see Table 1). Data
were available prior to 1980 for WAAL (Weimerskirch and Jou-
ventin, 1987). All the counts from the early 1980s were
conducted at dates set shortly after the egg laying was com-
plete. Unfortunately, previous data concerning giant petrels
(Voisin, 1968) in the late 1960s could not be included in the
analysis due to non exhaustive counts and differences in sec-
tions monitored.

Table 1 summarizes the available information for the
study period.

Breeding success was calculated as the number of fledged
chicks over incubating pairs counted for LMSA, SOAL, NOGP,
SOGP and WAAL. Data were modelled with linear (LR) and
polynomial (PR) regressions against time to detect trends,
and the proportion of variance explained was used to sum-
marize the overall fit of the models to the data.

To analyse the overall population trends, we combined the
time-series (41 years for wandering albatross, 26 years for
light-mantled albatross, 27 years for sooty albatross, 26 years
for southern and northern giant petrels) with missing obser-
vations, and made a log-linear regression model with Poisson
error terms using the program TRIM (Trends and Indices for
Monitoring Data; Pannekoek and van Strien, 1996). To obtain
the overall estimated breeding numbers on the monitored
sites for each species, we used the population size estimates
together with their standard errors obtained from the TRIM
analysis. Because we were interested in identifying the
changes in population trends across years, we started the
analysis with a model with change points at each time-point,
and used the stepwise selection procedure to identify change
points with significant changes in slope based on Wald tests
with a significance-level threshold value of 0.01 (Pannekoek
and van Strien, 1996). We took into account over-dispersion
and serial correlation since they can have important effects
on standard errors, although they have usually only a small
effect on the estimates of parameters (Pannekoek and van
Strien, 1996). No covariate was used. Annual population rates
of changes were calculated, for each species, using the
relationship:

where N; and N, are the number of pairs breeding in year t
and t + 1 respectively (taken to be the number of incubating
birds counted in year t and t + 1) and 4 the population growth
rate (Caughley, 1980). It was assumed that all the incubating
birds were detected. N, N; and 1 where given by TRIM. All
population size estimates are presented +1 SE.

In biennial breeding species, pairs that raise a chick to
fledging breed only every other year. Therefore, to calculate
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Fig. 1 - Estimates of annual breeding population size of sooty albatrosses (SOAL), light-mantled albatrosses (LMSA), northern
giant petrels (NOGP), southern giant petrels (SOGP) and wandering albatrosses (WAAL) at Possession Island, Crozet
archipelago, from 1979 (1965 for WAAL) to 2005. Black dots indicate the number of annual breeding pairs estimated from the
time varying model with change points using program TRIM (see Section 2). Grey dots indicate the significant change points.
Errors bars indicate + SE. White dots indicate the number of annual breeding pairs counted in years where counts for all
sectors were available.

the total breeding population, it is necessary to take into ac-
count the proportion of failed breeders that breed again the
following year. The SOAL, LMSA and WAAL breed once every
two years with an average of 89% (SOAL and LMSA) and 84%
(WAAL) of failed breeders breeding again the following year

(Jouventin and Weimerskirch, 1988). If we assume that on aver-
age about 34% (SOAL), 65% (LMSA) and 35% (WAAL) of breeders
fail (Weimerskirch and Jouventin, 1998; Weimerskirch H., un- Q3 183
publ.data) it is possible to estimate the overall number of pairs
breeding at Possession Island in years t and t + 1 (Bt 1) a@s
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¢ BirdLife International (2007).

for SOAL,Bry1 = Ni + Nyq — 0.89°0.34°N, (1)
for LMSA, Byr.1 = N; + Nyiq — 0.890.65'N, (2)
for WAAL, B,1 = N; + N1 — 0.84°0.35°N,, (3)

Thus we used the population size estimates from the TRIM
analysis to obtain the overall estimated breeding numbers of
SOAL, LMSA and WAAL. Note that this is a minimum estimate
since the percentage of birds that lost their egg before counts
and the percentage of birds that laid their egg after counts
were not estimated, the latter being negligible. For biennial
species the variance in population size was estimated using
the delta method (Seber, 1982).

Since banding programmes have been carried out on Pos-
session for LMSA, SOAL, NOGP, SOGP and WAAL we analysed
the data of fisheries-related (longliners) recoveries of birds
banded at Possession Island, outside their native (breeding)
sites. The recoveries concerned the period 1984 to 1999. Previ-
ous recoveries are synthesised in Weimerskirch et al
(1985).The locations of recoveries are summarized in Fig. 4.
Recovery rates were calculated as the number of banded birds
recovered divided by the number of birds banded. Since we
cannot quantify recovery effort, this analysis was dependent
on those data made available to the authors, with inherent
limitations such as the distribution of legal fishing effort
(and the presence of on-board observers), since Illegal, Unre-
ported and Unregulated (IUU) fisheries do not communicate
any recovery data, or the proportion of birds killed that might
be lost before hauling. Such limitations introduced unknown
biases into the present analyses.

Breeding seabirds can be affected by several oceano-
graphic factors such as sea surface temperature or sea ice ex-
tent (Croxall et al., 2002). The at sea distribution of the studied
species excluded sea ice as a covariate. Because sea surface
temperatures were measured only since 1981 we did not con-
sider sea surface temperature as a suitable covariate to test
for environmental effects on the variation of breeding popula-
tion sizes. We used a large-scale climate index, the Southern
Oscillation Index (SOI), which provides an index of oceano-
graphic and climatic conditions associated with changes in
marine food webs (Comiso et al, 1993) and population
dynamics in some seabirds (Stenseth et al., 2002; Nevoux
et al,, 2007). The SOI was obtained from the Australian Bureau
of Meteorology (http://www.bom.gov.au/climate/current).
Negative values of SOI correspond to El Nifio years whereas
positive values correspond to La Nifla years. According to
band recoveries, ecological studies, radio-tracking and at
sea observations from Possession Island (Weimerskirch
et al., 1985; Ridoux, 1994; Stahl et al., 1996; Pinaud and Wei-
merskirch, 2007; H. Weimerskirch et al. unpubl. data) we re-
stricted covariates to the geographical area frequented (30-
75°E/30-50°S). We tested for effects of longliners targeting
the Patagonian toothfish (Dissosticus eleginoides) — since early
1990s - and tuna (Thunnus spp.) — since late 1960s - on the sub-
tropical high seas of the Indian Ocean. Regarding toothfish
longline fishery, an illegal unreported and unregulated (IUU)
fishing effort started since 1996-97 within the Commission
for the Conservation of Antarctic Marine Living Resources
(CCAMLR) statistical areas 58.5.1, 58.5.2, 58.6 and 58.7 (around
Kerguelen, Heard, Crozet and Marion Islands). Estimates of
IUU and legal fishing efforts were obtained from the CCAMLR
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annual reports. We then pooled annual legal and estimated
IUU efforts. Tuna fishing effort were extracted from the Com-
mission for the Conservation of the Southern Bluefin Tuna
(CCSBT, http://www.ccsbt.org) and from the Indian Ocean
Tuna Commission (IOTC, http://www.iotc.org) sources.

The effect of environmental covariates was not tested on
breeding success data as this was done in a previous study
(Inchausti et al.,, 2003). To test for environmental effects
(SOI, toothfish and tuna longline fishing efforts) on the num-
ber of annual breeding pairs, we used generalized linear mod-
els with the glm function of software R (Faraway, 2006; R
Development Core Team, 2005). We investigated the effects
of the SOI of the current year and of fishing effort with a lag
of 1 year. Fishing effort data were transformed using the
equation log(x + 1), where x is the fishing effort in millions
of hooks. There was no significant correlation between envi-
ronmental covariates (all p’s > 0.05). Not surprisingly, popula-
tion time-series were significantly positively autocorrelated
with a one year lag for the five species (autocorrelation func-
tion: all p’s < 0.05). For each species, including biennials, we
thus started with a model were the number of breeding pairs
in year t(N;) estimated using TRIM was a function of the num-
ber of breeding pairs in year t — 1(N;_1) to account for autocor-
relation. We then tested for trends in breeding population
sizes with linear, quadratic and cubic effects, and for effects
of environmental covariates using a forward step by step var-
iable selection. Model selection was performed using the
Akaike Information Criterion (AIC, Burnham and Anderson,
2002) and the model with the lowest AIC was retained at each
step.

3. Results
3.1.  Population trends

3.1.1. SOAL Sooty albatross

The number of SOAL breeding annually decreased by 82% be-
tween 1979 and 2005. The stepwise procedure for selection of
change points indicated four significant change points (1980,
1982, 1995, 1996; all p<0.01 for Wald tests) (Appendix A;
Fig. 1). The long-term trend can be separated into two major
periods of decline: (1) a dramatic decrease in early 1980s, fol-
lowed by (2) a slower but significant decrease until 2005. A
deceleration of this decline trend probably occurred around
the 1982-1985 period, taking into account the biennial breed-
ing frequency of the SOAL and the missing observations on
the monitored sites.

The annual breeding population size estimates computed
from this model indicated an average growth rate of —4.2%
per year (4= 0.959 + 0.005, CI 95% (0.948-0.969)) between 1979
and 2005. Between 1979 and 2005 the overall estimated num-
ber of total breeding pairs (see Eq. (1)) declined from 530 + 42
to 100 + 13.

3.1.2. LMSA light-mantled albatross

From 1980 to 2005 the breeding population increased (+49%) at
an annual rate of +1.1% (4=1.011+0.003, CI 95% (1.005-
1.017)). The stepwise procedure for selection of change points
indicated one significant change point (1999; all p <0.01 for

Wald tests) (Appendix A; Fig. 1). The population size estimates
computed from this model indicate a stable population from
1980 to 1999 with important inter-annual differences and a
rate of +6.6% per year between 1999 and 2005.

The estimates of total breeding pairs (see Eq. (2)) increased
from 938 + 45 to 1370 + 104 between 1980 and 2005.

3.1.3. NOGP Northern giant petrel

Although this species displayed important annual fluctuation
in numbers of breeders (see Appendix B) with a decrease
(—27%) between 1980 and 2005, no significant long-term trend
was detected (average annual growth rate of —0.0004%
(4=1.000 + 0.006, CI 95% (0.987-1.011))). The stepwise proce-
dure for selection of change points indicated two significant
change points (1993, 1998) (Appendix A; Fig. 1) indicative of (1)
a decreasing phase at an average rate of —5.8% per year be-
tween 1980 and 1993, followed by (2) an increase at an average
rate +13.1% per year between 1993 and 1998 and (3) a final per-
iod of decrease atan average rate —2.9% between 1998 and 2005.

3.1.4. SOGP Southern giant petrel

As for NOGP, we found important inter-annual variations of
the breeding population (Appendix B). For the period 1980-
2005, the breeding population increased (+73%) at an annual
rate of +1.6% (4 = 1.016 = 0.006, CI 95% (1.003-1.028)). The step-
wise procedure for selection of change points indicated one
significant change point (1999) (Appendix A; Fig. 1). The pop-
ulation size estimates computed from this model indicate a
stable population from 1980 to 1999 and a period of increase
at an average rate of +9.2% per year between 1999 and 2005.

3.1.5. WAAL Wandering albatross

Even if the number of WAAL breeding annually decreased by
40% between 1965 and 2005, this overall trend was slightly
not significant (average annual growth rate of -0.2%
(4=0.998 + 0.002, CI 95% (0.994-1.001))). The stepwise proce-
dure for selection of change points indicated five significant
change points (1968, 1969, 1985, 1986, 2004) (Appendix A;
Fig. 1). The annual population size estimates computed from
this model with five change points indicate (1) a continuous de-
cline period from the beginning of the monitoring period (1965)
to 1985 with a dramatic decline probably between the late 1960s
and early 1970s, followed by (2) a slight trend to increase from
late 1980s to 2004 and a final period (3) of decrease since then.
Between 1965 and 2005 the overall estimated number of total
pairs breeding (see Eq. (3)) declined from 853 + 42 to 579 + 35.

3.1.6. Community trends

First, LMSA and SOGP had very similar trends, being stable
and finally increasing during the last five years of the study
period (Fig. 2a). Second, SOAL, NOGP and WAAL declined over-
all over the period but with periods of increase. The decreases
took place for SOAL and NOGP in early 1980s, as did WAAL
where the longer record indicates that the decrease started
in late1960s or early 1970s (see Fig. 1).

3.2.  Breeding success

The breeding success was highly variable except for WAAL
from 1981 to 2005 (Table 3 Fig. 3). LMSA and SOGP had the
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Fig. 2 - Population trends of annual breeding population size
of sooty albatrosses (SOAL), light-mantled albatrosses
(LMSA), northern giant petrels (NOGP), southern giant
petrels (SOGP) and wandering albatrosses (WAAL) at
Possession Island, Crozet archipelago, from 1979 to 2005.
The trends estimated using program TRIM (see Appendix A)
are summarised in decrease (full triangle down), increase
(open triangle up) or stable (horizontal mark) trends for 5-year
period (1960/1965, 1965/1970. . .); (b) Annual reported hooks
from pelagic longline fisheries in the Southern Indian
Ocean, south of 30°S (Japanese and Taiwanese) and from the
demersal longline fisheries (legal and Illegal, Unreported
and Unregulated) in the CCAMLR Crozet EEZ 58.6 (from Tuck
et al., 2003); (c) Mean monthly variations of the sea surface
temperature anomaly (SSTa) in the Southern Indian Ocean,
south of 35°S (from NOAA, ERSST2 SST data (Smith and
Reynolds, 2003; http://iridl.ldeo.columbia.edu/SOURCES/
.NOAA/.NCDC/.ERSST/.version2)).

lowest average + SE breeding success (respectively 40.9 + 3.8%
and 42.6 + 4.9%) and WAAL the highest (73.6 + 0.7%).

Breeding successes of the five species were not correlated
(p > 0.05). Significant long-terms trends of the breeding suc-
cess were found for SOAL and NOGP. The breeding success
of the SOAL tended to increase up to 1995 (inflection point
of the quadratic regression; Table 3) and then decreased
(Fig. 3). The breeding success of the NOGP increased
(p =0.014) during all the study period (1986-2005) (Fig. 3).
Although not significant at the 0.05 level (P = 0.106), the breed-
ing success of LMSA tended to be higher in the 1980s (35 + 6%)
than in the late 1990s and early 2000s (47 +4%) (Fig. 3). The
breeding success of WAAL (Fig. 3) and of SOGP (Fig. 3) showed
no trend (p > 0.05) during the study period.

3.3.  Recovery rate and fisheries-related mortality

Records of band recoveries were obtained from fisheries for
four of the species (no recovery for LMSA). The recovery rate
appeared to differ between the four species reported inciden-
tally caught by longliners, with the NOGP showing the highest
recovery rate (Table 4).

The analysis of the recoveries indicate that the proportion
of birds recovered by longliners significantly differed between
the four species (y2 =13.99, p=0.007). The proportion of
WAAL and NOGP reported in longline appeared to be higher
than for other species (Table 4). Furthermore, the proportion
of the recoveries related to bycatch in fisheries appeared
smaller for SOGP than for WAAL (y2 = 3.57, p=0.059) and
NOGP (42 = 4.50, p=0.034). All the recoveries were reported
south of 38°S, in an area between South East Atlantic to South
Australia (Fig. 4) and mainly north from Crozet. For all spe-
cies, the proportion of immature birds that were recovered
(67.67%) tended to be slightly higher than for adults (n =11,
22 = 2.64, p=0.10).

3.4.  Effects of environmental factors on breeding
population sizes

For LMSA, SOGP, and WAAL none of the environmental covar-
iates was found to affect the estimated annual breeding pairs
(Table 5). For NOGP and SOAL cubic effect of the fishing effort
for toothfish was detected. However, we have to be careful in
drawing conclusions since toothfish fishing effort presented a
significant cubic trend over time (lowest AIC among models
without trend, and with linear, quadratic and cubic trends).
For SOAL, the lowest AIC model suggested a positive effect
of SOI on annual breeding population size, although the 95%
confidence interval of the slope parameter marginally in-
cluded zero. Hence, during El Nifio years the number of breed-
ing pairs of SOAL decreased.

4, Discussion

4.1. Contrasted trends

Our results show that among the community, the five species
show contrasted trends. In this community of large Procellar-
iiforms we can distinguish three groups of species showing
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Table 2 - Annual population size and status of five species (considered in this paper) breeding on Possession Island, Crozet

archipelago

Species Location Breeding pairs Study period Population Source
(annual) status

Sooty albatross Gough Island <5000 1972-2000 Declining Cuthbert and Sommer (2004)
Tristan da Cunha Group 4125-5250 1972/74 and 1983/84 Unknown See Gales et al. (1998) for review
Prince Edward and Marion Is. 1564 1996-2001 Declining Crawford et al. (2003), Ryan et al. (2003)
Amsterdam Is. 470 1980s-2003 Unknown H. Weimerskirch unpubl. data
Crozet Is.
Possession Is. 114 1979-2005 Declining This study
Est Is. 1300 1982 Unknown Jouventin et al. (1984)
Cochons Is. 400-500 1976 Unknown Jouventin et al. (1984)
Pingouins Is. 250 1982 Unknown  Jouventin et al. (1984)
Apotres Is. 20-30 1982 Unknown Jouventin et al. (1984)

Light-mantled albatross

South Georgia 5000 1983 Unknown Thomas et al. (1983)
Marion Is. 167 1980s-2005 Stable Crawford et al. (2003)
Prince Edward Is. 92 2002 Unknown Ryan et al. (2003)
Kerguelen Is. 3000-5000 1984-1987 Unknown Weimerskirch et al. (1988)
Heard and McDonald Is. 200-500 1954 Unknown Gales (1998)

Macquarie Is. 1100 1999 Stable Terauds (2000)

Auckland, 6 800-6 900 1975and 1995/96 Unknown Taylor (2000)

Campbell and
Antipodes Is.

Crozet Is.

Possession Is. 916 1980-2005 Increasing  This study

EstIs. >900 1982-1995 Unknown  Jouventin et al. (1984)
Cochons Is. 50-100 1976 Unknown  Jouventin et al. (1984)
Pingouins Is. 30 1982 Unknown Jouventin et al. (1984)
Apbdtres Is. 150 1982 Unknown Jouventin et al. (1984)

Northern giant petrel

South Georgia 2 062 1979-1996 Increasing  Gonzalez-Solis et al. (2000)

Marion Is. 350 1980s-2003 Declining Crawford et al. (2003)

Prince Edward Is. 300 2001 Unknown Ryan et al. (2003)

Kerguelen Is. 1450-1 800 1984-1987 Unknown Weimerskirch et al. (1988)

Macquarie Is. 1200 2000 Stable Patterson et al. (in press),
Terauds (2000)

Crozet Is.

Possession Is. 399 1980-2005 Increasing  This study

EstIs. 190 1982-1995 Unknown  Jouventin et al. (1984)

Cochons Is. 250-300 1976 Unknown Jouventin et al. (1984)

Pingouins Is. 165 1982 Unknown Jouventin et al. (1984)

Apbdtres Is. 150 1982 Unknown Jouventin et al. (1984)

Southern giant petrel

Falkland Is. 19810 2004 Increasing  Reid and Huin (2005)

South Georgia 4654 1958-1996 Stable Gonzalez-Solis et al. (2000)

Marion Is. 1759 1980s-2003 Fluctuating Crawford and Cooper (2003), Q5
Nel et al. (2002)

Prince Edward Is. 1 000 2001 Unknown Ryan et al. (2003)

Heard Is. 3600 ? Unknown Patterson et al. (in press),
Baker et al. (2002)

Macquarie Is. 2000-2200 2000 Stable Terauds (2000)

Gough Is. 225-245 2002 Increasing  Cuthbert and Sommer (2004)

Eastern Antarctica

Frazier 248 1956-2001 Stable Creuwels et al. (2005)

Mawson 250 1957-2000 Declining Woehler et al. (2003)

Davis 25 1963-1999 Declining Woehler et al. (2003)

Casey 248 1955-2001 Increasing ~ Woehler et al. (2003)

North Patagonia
San Jorge Is. 2300 2004 Increasing  Quintana et al. (2006)

(continued on next page)
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Species Location Breeding pairs Study period Population Source
(annual) status
Crozet Is.
Possession Is. 161 1980-2005 Increasing This study
Est Is. 323 1982-1995 Unknown Jouventin et al. (1984)
Cochons Is. 550-600 1976 Unknown Jouventin et al. (1984)
Pingouins Is. 50 1982 Unknown Jouventin et al. (1984)
Apotres Is. 10 1982 Unknown Jouventin et al. (1984)
Wandering albatross
South Georgia 2 480 1976-2004 Declining Poncet et al. (2006)
Marion Is. 1436 1985-2004 Stable Crawford et al. (2003),
Nel et al. (2002)
Prince Edward Is. 1687 2001 Unknown Ryan et al. (2003)
Kerguelen Is. 1455 1971-1992 Stable Weimerskirch et al. (1988)
Macquarie Is. <10 2005 Stable Terauds et al. (2006)
Crozet Is.
Possession Is. 292 1965-2005 Increasing This study
Est Is. 325 1975-1982 Declining Weimerskirch and
Jouventin (1997)
Cochons Is. 1060 1975-1981 Declining Weimerskirch and

Jouventin (1997)

Table 3 - Breeding success (mean = SE; coefficient of variation CV) and results of LR and PR of second and third order for

long-term breeding success data for five species on Possession Island, Crozet archipelago, from 1981 to 2005. All tests had

406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423

P <0.05 or less

Species Breeding success (%) LR: r* adj slope PR: r? adj Quadratic slope Cubic slope
Mean + SE (min-max) (@Y

SOAL 65.4 + 2.7 (29-86) 0.204 NS 0.250 —0.142

LMSA 40.9 + 3.8 (3-74) 0.422 NS NS NS

NOGP 53.3+ 3.5 (32.7-82.2) 0.264 0.317 1.499 NS NS

SOGP 42.6 +4.9 (1.8-74.3) 0.461 NS NS NS

WAAL 73.6 + 0.7 (67-80.6) 0.047 NS NS NS

SOAL, Sooty albatross; LMSA, light-mantled albatross; NOGP, Northern giant petrel; SOGP, Southern giant petrel; WAAL, Wandering albatross;

NS, not significant.

different trends over the period 1980-2005 (see Fig. 2). Firstly,
the two species with an Antarctic/Sub-Antarctic distribution,
LMSA and SOGP, had very similar trends. On Possession Is-
land, our results suggest that the population of LMSA was sta-
ble and then increased recently. Although the model failed to
find significant change point before late 1990s, probably be-
cause of the high inter-annual variation in numbers (see
Appendix B), the inputed data appeared to confirm the de-
cline of 13% reported by Weimerskirch and Jouventin (1997)
for the period 1981-1995 (see Fig. 1). The SOGP showed the
same pattern (+73%), with a breeding population stable fol-
lowed by an increase initiated in late 1990s.

The trends observed for the second group of species (NOGP
and WAAL which are Sub-Antarctic/Sub-Tropical species),
were initially declining numbers of breeding pairs (in the late
1960s early 1970s for WAAL and in the early 1980s for NOGP)
and then recovering since the late 1980s for WAAL and the
early 1990s for NOGP but insufficiently to compensate for

the decreases. Therefore, current breeding populations of
these species remain lower than at the beginning of the mon-
itoring period. For both species, there was no direct relation-
ship between the numbers of breeding pairs and both fishing
effort and SOI, making it difficult to understand the causes of
trend reversals. This is surprising since previous studies sug-
gested that bycatch mortality has been implicated in the pop-
ulation decline (Weimerskirch et al., 1997; Tuck et al., 2001).
Because population fluctuations result from a balance be-
tween mortality, recruitment, immigration and emigration,
more detailed studies on the relationships between fishing ef-
fort, climate and demographic parameters such as annual
survival and recruitment are needed for a better understand-
ing of the population dynamics of these species.

Finally, SOAL the only Sub-Tropical species showed a con-
tinuous decline over the entire study period with the most
important decrease observed in the early 1980s. The succes-
sive reversal trends detected on two consecutive years

Conserv. (2008), doi:10.1016/j.biocon.2008.05.001
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Fig. 3 - Comparison of inter-annual breeding success models fitted to data sets, 1980s-2000s, for sooty albatrosses (SOAL),
light-mantled albatrosses (LMSA), northern giant petrels (NOGP), southern giant petrels (SOGP) and wandering albatrosses
(WAAL) breeding on Possession Island, Crozet archipelago. Lines indicates predictions of LR model (NOGP) (dashed line), and
PR models of second (SOAL) and third order (SOGP) (solid line) with the 95% ClIs (dotted line).

(1995-1996) are also probably due to the biennial breeding.
The decline of SOAL is the greatest among the species studied
and is still occurring, although at a lower rate than during the
1980s.

4.1.1. Global trends and status

Interestingly the long-term trends we observed for the Pos-
session community were very similar to the nearby popula-
tion trends on Marion Island during a shorter period

Conserv. (2008), doi:10.1016/j.biocon.2008.05.001
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Table 4 - Summary of fisheries-related recoveries compared to resightings data outside their native (or breeding colony)

sites of five species of birds banded at Possession Island, Crozet archipelago

Species Numbers banded Total recoveries Fisheries-related recoveries (mortality)
o,

Adults Fledglings % (n) Fledglings/juveniles Immature Adults Total % (n)
SOAL 1170 1548 0.67 (1) 0 1 0 0.04 (1)
LMSA 682 507 0.67 (1) = = = =
NOGP 710 2151 38.93 (58) 1 4 1 0.25 (7)
SOGP 711 962 8.05 (12) 0 1 0 0.08 (1)
WAAL 3350 6250 51.68 (77) 0 3 3 0.06 (6)
Total (n) 6623 11 418 149 1 9 4 15

SOAL, Sooty albatross; LMSA, light-mantled albatross; NOGP, Northern giant petrel; SOGP, Southern giant petrel; WAAL, Wandering albatross.

= DR TR

° 7: Karguakn Is
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Fig. 4 - Localities of the fisheries-related (longliners) recoveries of birds sooty albatrosses (SOAL), light-mantled albatrosses
(LMSA), northern giant petrels (NOGP), southern giant petrels (SOGP) and wandering albatrosses (WAAL) banded at
Possession Island, Crozet outside their native (or breeding) sites.

Table 5 - Selected models of annual breeding pairs
estimated by TRIM as a function of environmental

(1985-2000) (Crawford et al., 2003; Nel et al., 2002) (Table 2). 450

covariates for five species on Possession Island, Crozet Populations of SOGP were stable or declining during the 451

archipelago 1980s, followed by an increase during the early and mid- 452
Species Model Estimate (+SE) P 1990s. For SOGP, the trend at Possession corresponds with 453
those observed at other Sub-Antarctic areas, but differs from 454
SOAL Intercept +5.668 (0.412) <0.001 the declining trends observed in Antarctic populations, partly 455
e ORI 0T e attributed to increasing human disturbance linked to the 456
+T —0.218 (0.072) <0.01 L ; . , .
LT +0.016 (0.005) <001 vicinity of research stations (Gonzalez-Solis et al., 2000; Micol 457
+ T3 ~0.0004 (0.0001) <0.01 and Jouventin, 2001). The trends of LMSA remain largely un- 458
+ SOl +0.029 (0.018) NS known, with available estimates of the tendencies for only 459
+ T Log(Tooth + 1)  +1.609 (0.990) NS 11% of the world’s population (Table 2). Population changes 460
+ T2 Log(Tooth + 1)  —0.192 (0.114) NS for this species were only evaluated at two other breeding 461
+ T° Log(Tooth + 1) +0.006 (0.003) IS sites where LMSA appeared stable: Marion and Macquarie 462
LMSA Intercept +5.351 (0.096) <0.001 Islands. 463
Ne_1 +0.0017 (0.0001) <0.001 WAAL represents the species for which the population 464
NOGP Intercept +4.973 (0.060) <0.001 estimates and trends are the best documented amongst all 465
N 1 +0.0023 (0.0001) <0.001 five species (Table 2). Population trends for Possession WAAL 466
+ T Log(Tooth +1)  +1.284 (0.453) <0.01 were very similar to those from other populations breeding in 467
+ T? Log(Tooth + 1) —0.149 (0.052) <0.01 the Indian Ocean, at Marion and Kerguelen islands (Weimers- 468
+ T* Log(Tooth + 1) +0.004 (0.001) <00 kirch et al., 1997; Nel et al., 2002). All have experienced a rapid 469
SOGP decline during nearly 20 years, initiated in the 1960s, followed 470
Intercept +3.449 (0.170) <0.001 by recovery during the 1980s. The South Atlantic population 471
Nia +0.012 (0.002) <0.001 (South Georgia) represents an exception since no recovery 472
WAAL trend was noticed and the population is still declining (ACAP, 473
Intercept +5.851 (0.270) <0.001 2005). 474
Ne_q +0.0011 (0.0004) <0.01 The breeding populations of NOGP on other Sub-Antarctic 475
* T2 ~0.076 (0.021) Aot islands appeared to fluctuate greatly, with alternating stable, 476
+T +0.003 (0.001) <0.001 . . . . .
LT3 _3.85E-05 (113E-05)  <0.001 increasing or decreasing perlc?ds. Nonetheless, the.populat%on 477
at the most important breeding site (South Georgia), holding 478
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about 30% of the world’s population, tended to increase since
the 1960s (Hunter, 1984; Gonzalez-Solis et al., 2000).

Declines of SOAL population sizes have been reported for
Gough Island (—60% between 1972 and 2000, rate of —3.2%
per year; Cuthbert and Sommer, 2004) and for Marion Island
(rate of —2.6% per year; Crawford et al., 2003). At Possession
we found the most important decline for the species at an
annual rate of 4.2%. If this decline is representative of the Cro-
zet archipelago (SOAL is reported breeding on the four others
islands see Table 2 with 1950-2050 breeding pairs in 1984, see
Catard, 2001) we may assume that only 680-780 pairs remain
breeding annually. Crozet archipelago held between 14% and
21% of the total estimated breeding population of 12500-
19000 pairs (BirdLife International, 2007) in the 1980s. Fur-
thermore, the breeding population of Crozet archipelago rep-
resents more than 50% of the regional population
(Amsterdam Is., Kerguelen Is. and Prince Edward-Marion Is.)
and thus is of major conservation concern. In this context
of global decline, SOAL has been recently uplisted to “Endan-
gered” IUCN Red List category on the basis of a 75% decline
over three generations (90 years) (BirdLife International,
2007). Furthermore, trend information from three sites sug-
gests that this species could be classified as “Critically Endan-
gered” if these trends are found to be more general at all
breeding sites (Table 2).

4.1.2. Environmental factors

Similarities in long-term population trends of this Procellari-
iform community from the South Indian Ocean suggest com-
mon underlying causes, with the emergence of groups of
species related to the habitats exploited. Nonetheless, there
are probably complex interactions with local factors during
the breeding season.

If we considered the breeding success, we have established
two patterns amongst the Possession community. The first
group of increasing species (LMSA, SOGP) shows relatively
low and fluctuating breeding success, whereas the other sta-
ble or declining species (SOAL, NOGP, WAAL) exhibited rela-
tively high and/or increasing mean breeding success with
little variability. Since breeding success may be considered
as an indicator of environmental conditions during breeding
(Furness and Greenwood, 1993), this suggest relatively poor
environmental conditions during breeding for LMSA and
SOGP compared to the other species. Inchausti et al. (2003)
found that warm sea surface temperatures positively (nega-
tively) affected breeding success in SOAL and WAAL (LMSA).
These findings fit with our results (increase in breeding suc-
cess of SOAL, relatively low breeding success of LMSA, high
breeding success of WAAL) and with an increase in sea sur-
face temperatures south of 35°S since the early 1980s
(Fig. 2¢). In the two species of giant petrels, males are mainly
carrion-dependent, feeding extensively on seals (elephant
seals Mirounga leonina, fur seals Arctocephalus sp.) (Hunter,
1983) and penguins carcasses (Ridoux, 1994), while females
forage principally at sea (Gonzalez-Solis et al., 2000). At South
Georgia changes in population may have been related to in-
crease in fur seal population (Hunter, 1984). At Possession,
the fur seal population has sharply increased and the ele-
phant seal population declined until the late 1980s and re-
thereafter (Guinet et al, 1994, 1992;

Weimerskirch unpubl. data). However the size of fur seal pop-
ulation at Crozet is very small compared to South Georgia and
changes in population of giant petrels is probably not related
to access to seals carcasses or pups such as at South Georgia.
At Possession, the main biomass available on land are king
penguins (Aptenodytes patagonicus) that are preyed on by giant
petrels (Delord et al., 2004; Descamps et al., 2005). Further-
more, Ridoux (1994) suggested that king penguins may repre-
sent an important part of the diet of giant petrels. Their
populations have increased in parallel to NOGP at Crozet (De-
lord et al., 2004). SOGP exhibits more extensive pelagic forag-
ing (Stahl et al., 1996), which may suggest that factors other
than habitats exploited during the breeding period could be
involved in driving SOGP population trends. Detailed studies
of the foraging ecology and at sea distribution of giant petrels
at Possession are needed to understand the causes of varia-
tion in their populations.

From a population dynamics point of view, the observed
patterns suggest that the most recent population declines of
SOAL, NOGP and WAAL are probably caused by declines in lo-
cal survival and/or recruitment. Demographic studies of this
WAAL population indicate that decline observed during the
1980s was mainly caused by an increase in adult mortality
and decrease in recruitment rate caused by low survival of
juvenile and immature birds, which seemed to hinder the
recovery process (Weimerskirch and Jouventin, 1987; Wei-
merskirch et al., 1997; Weimerskirch unpubl. data). The de-
crease in survival was partly attributed to mortality caused
by longline fisheries (Weimerskirch et al., 1997; Gales, 1998;
Gales et al., 1998; Tuck et al., 2001; Tuck et al., 2003; see for
a review Nel and Taylor, 2003), although climatic factors
may also affect albatross survival (Nevoux et al., 2007; Rolland
et al.,, 2007). Interestingly, the two species with declining
breeding population have an increasing breeding success,
which may suggest that density dependence factors might
also be involved. Estimating and modelling demographic
parameters of biennial species such as SOAL and WAAL is a
particularly challenging task, but such studies are currently
underway. Unfortunately, the absence of detailed demo-
graphic data based on individual mark-recapture data for
NOGP, SOGP, and LMSA will not permit to disentangle the
demographic processes driving the population dynamics of
these species at Possession.

Our analysis of recoveries constitutes direct evidence of
mortality associated with fishery activities. Here, we pre-
sented the first documented recovery of SOAL from Crozet
in a longline fishery: a SOAL captured in a Taiwanese vessel
(see Fig. 4). This subtropical species is supposed to largely
overlap with increasingly important subtropical tuna fisheries
(see Fig. 2b). However, the low number of birds reported killed
by longliners probably does not reflect the real extent of mor-
tality of Crozet birds, mainly because seabirds bycatch man-
agement remains incomplete over different fisheries and
there are no observers aboard these pelagic fisheries. In this
context, the differences in recovery rates may be representa-
tive of differences in mortality rates only if it is assumed that
reporting rates were similar and evenly distributed, which is
probably not the case. Research has also to be developed to
examine whether changes in food availability could have oc-
curred in subtropical waters.
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We found that WAAL and NOGP presented the highest
fishing-related recovery rates. This coincides well with the
ongoing identified threat for WAAL (Weimerskirch et al.,
1997; Tuck et al., 2001; Weimerskirch et al., 2006) and with
the less documented threat for NOGP (Delord et al., 2005;
SC-CAMLR, 2005). In recent years NOGP was the third most
common species caught by licensed vessels in the French
EEZ (Delord et al., 2005; SC-CAMLR, 2005). Surprisingly, the
average bycatch rates reported in longline fisheries were high-
er for SOGP than for NOGP (Nel et al., 2002; Nel and Taylor,
2003). This may be interpreted in relation to their foraging
ecology, the SOGP being more susceptible to interactions with
commercial fisheries. The trend of higher recovery rates of
immature birds in fisheries may reflect a higher risk of being
caught accidentally on longline hooks because of the high dis-
persal tendency of juvenile birds (Weimerskirch et al., 2006)
and their lack of experience. However, care must be taken
in these conclusions given the sampling biases mentioned
above and that the rates for band recoveries are apparent
rates.

There has been a substantial increase and expansion of
longline fishing effort south of 30°S in the Indian Ocean
since the mid-1960s (Fig. 2b), suggesting that it constitutes
a major ongoing threat when considering the spatio-tempo-
ral overlap between seabird foraging areas and fishing effort
(Barré et al., 1976; Weimerskirch and Jouventin, 1987; Wei-
merskirch et al.,, 1997; Gales et al.,, 1998; Weimerskirch,
1998; Brothers et al., 1999; Nel et al., 2002; Robertson et al.,
2004; Kiyota and Minami, 2004; Delord et al., 2005; SC-CAM-
LR, 2005; Weimerskirch et al.,, 2006; BirdLife International,
2006). The fact that we did not detect any direct relationship
between population trends and fishing effort does not imply
that interactions with fisheries are not a serious threat for
these species. In Procellariforms, bycatch in longline fisher-
ies can differentially affect various categories (age specific,
or status specific) of individuals at different periods of the
year (Murray et al.,, 1993; Weimerskirch et al., 1997; Gales
et al.,, 1998; Tuck et al., 2001; Véran et al., 2007; Rolland
et al,, 2007), which may in turn differentially affect the im-
pact on breeding population sizes, with varying lags. The
demographic rates of different life stages may respond to
environmental variation in contrasting ways, and count data
of breeding pairs do not capture this complexity. Conse-
quently the effects of climate and/or fisheries may be diluted
in analyses of such data. The dramatic increase of fishing ef-
fort does not coincide with declining trends for all the five
species studied, suggesting an intricate interaction of
factors.

Finally for most species (SOAL, LMSA, NOGP or SOGP) there
is a lack of information on the degree of overlap between their
at sea distribution and those of fisheries (Pinaud and Wei-
merskirch, 2007; Weimerskirch unpubl. Data, BirdLife Inter-
national, 2004), as is the information on mortality levels in
fisheries. This study underlines the importance of long-term
monitoring programs of breeding populations and stresses
the importance of the implementation of international obser-
ver programs (i.e. CCAMLR) to collect data on interaction and
mortality rates at sea — especially pelagic fisheries in subtrop-
ical waters — by means of regional fisheries management
organisations. (Indian Ocean Tuna Commission - IOTC, Com-

mission for the Conservation of Southern Bluefin Tuna -
CCSBT.. )

5. Uncited references

Barbraud and Weimerskirch (2003),Lewison et al. (2004) and
Pinaud and Weimerskirch (2002).

Acknowledgements

This study was supported over the past 41 years by the Institut
Polaire Francais — Paul Emile Victor (IPEV - Program No.109)
and by Administration des Terres Australes et Antarctiques
Francaises (French Southern Territories). We thank C. Viot, V.
Ridoux, P. Frigola, C.-A. Bost, B. Lequette, C. Verheyden, C. Gui-
net, J.-M. Coquillat, M. Salamolard, F. Lagarde, C. Boiteau, F.
Cuenot-Chaillet, P. Lys, A. Catard, T. Langagne, D. Aures, T.
Guionnet, J. Martin, G. Mabille, F. Bailleul, F. Pawlowski, P. Blan-
chard, M.H. Burle, Y. Perrot, G. Dorémus all involved in the
monitoring programs of seabirds at the Crozet archipelago.
We also thank Guy Duhamel and Patrice Pruvost for kindly giv-
ing access to the Pecheker database on fishing efforts in the
Exclusive Economic Zone of Kerguelen. We thank C. Cotté
and V. Rolland for help with the climatic data. We thank three
anonymous referees for constructive comments.

Appendix A

Multiplicative slopes standing for the changes in annual
breeding population size and their 95% CIs of five species on
Possession Island, Crozet obtained from the model selected in
the TRIM analysis

Species Period Trend Multiplicative ~ 95% CI
slope + SE

SOAL  1979-1980 Stable 1.0+ 0.0 -
1980-1982 Decrease 0.709 +0.053 0.605-0.813
1982-1995 Decrease 0.977 +0.015 0.948-1.006
1995-1996 Increase 1.492+0.148 1.202-1.782
1998-2005 Decrease 0.882 +0.020 0.843-0.921

LMSA  1980-1999 Stable 1.0+0.0 -
1999-2005 Increase 1.068 +0.015 1.039-1.097

NOGP  1980-1993 Decrease 0.943 +0.014 0.916-0.971
1993-1998 Increase 1.140+0.041 1.059-1.221
1998-2005 Decrease 0.971+0.025 0.921-1.021

SOGP  1980-1999 Stable 1.0+0.0 -
1999-2004 Increase 1.096 +0.034 1.029-1.163

WAAL 1965-1968 Stable 1.0+0.0 -
1968-1969 Decrease 0.742 +0.072 0.601-0.883
1969-1985 Decrease 0.970 +0.008 0.954-0.986
1985-1986 Increase 1.288+0.094 1.104-1.472
1986-2004 Increase 1.016+0.005 1.006-1.026
2004-2005 Decrease 0.769 +0.062 0.647-0.890

SOAL, Sooty albatross; LMSA, light-mantled albatross; NOGP,
Northern giant petrel; SOGP, Southern giant petrel; WAAL, Wan-
dering albatross.
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Appendix B

Annual breeding pairs of sooty albatrosses (SOAL), light-mantled albatrosses (LMSA), northern giant petrels (NOGP), southern
giant petrels (SOGP) and wandering albatrosses (WAAL) counted in sectors monitored at Possession Island, Crozet archipelago,

from 1979 (1965 for WAAL) to 2005

Breeding season

Pointe Basse

Jardin Japonais

1979 158 135
1980 156 173
1981 — —
1982 55 =
1983 = =
1984 65 =
1985 = =
1986 71 88
1987 68 96
1988 45 =
1989 33 =
1990 45 =
1991 55 =
1992 63 53
1993 51 56
1994 64 64
1995 47 60
1996 59 146
1997 43 67
1998 53 82
1999 26 42
2000 44 62
2001 43 58
2002 41 39
2003 31 34
2004 30 44
2005 29 34
The summer of 2005/2006 is referred to as 2005, hereafter, except for WAAL with the longest biennial breeding cycle, for which is referred to as
2006.
Breeding Petite Manchotiere - Chivaud - Baie Baie du Pointe Bougainville —
season Chivaud du Marin Marin - Pointe Cap du Gauss
Bougainville
1980 22 265 242 200
1986 33 223 215
1987 48 249 276 175
1993 43 187 176 165
1994 52 270 162 130
1995 51 296 245 128
1996 46 248 194 169
1997 42 232 173 197
1998 60 350 154 197
1999 34 269 176 138
2000 64 354 231 193
2001 81 234 238 140
2002 130 245 243 160
2003 67 328 296 167
2004 59 384 293 284
2005 94 266 262 294

Please cite this article in press as: Delord, K. et al, Population trends in a community of large Procellariiforms ..., Biol.
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Breeding Chi- Galliéni Jardin Troudu Petit La Petite Sphinx Baie Crique La Les Mare Pointe

season  vaud Japonais Diable Caporal Hébé Man- du de Pé- Moines aux Elé- Basse
chotiere Marin Noél rouse phants

1980 - - - 50 34 4 31 20 1 25 58 70 105 160

1986 — 27 — 4 10 1 9 17 8 32 38 59 76

1987 1 9 - 13 10 3 10 36 1 9 48 27 69 83

1992 - - 1 - 22 2 17 33 0 70 - 8 133

1993 - - 0 - 23 - 16 15 0 0 54 18 18 97

1994 - - 0 - - - 0 17 - - - 8 31 147

1995 - - 0 - - - 5 38 - - 47 - 26 134

1996 - - 3 - 5 12 0 20 2 - 70 28 21 219

1997 - - 3 - 17 0 34 2 - 47 - 21 235

1998 17 - 5 - - 19 0 50 3 - 58 13 48 305

1999 - - 3 - 0 18 1 36 - - 55 18 45 164

2000 - - 6 - - 21 1 25 - - 69 17 61 204

2001 - 0 7 7 - 25 - 35 - - 53 18 25 221

2002 0 0 4 0 0 26 0 28 0 0 58 21 25 214

2003 0 0 12 0 0 19 9 29 0 10 50 33 80 221

2004 2 3 8 - 0 18 5 34 1 2 52 33 77 198

2005 7 3 16 0 0 24 12 28 1 4 41 30 58 175

Breeding season Jardin Japonais La Hébé Petite Manchotiére Sphinx La Pérouse Pointe Basse

1980 - 0 19 0 25 40

1986 - 0 15 1 19 29

1987 - 0 6 0 29 38

1992 6 0 3 0 27 47

1993 6 - 0 0 28 71

1994 9 - 0 0 - 54

1995 10 - 0 0 0 63

1996 5 0 18 0 29 43

1997 5 0 15 7 18 53

1998 4 - 14 - 33 70

1999 6 0 10 5 17 33

2000 17 1 23 - 35 54

2001 11 2 24 - 34 35

2002 29 1 23 - 35 47

2003 28 20 9 - 32 54

2004 36 1 8 1 28 50

2005 47 1 12 0 40 61

Breeding season Pointe Basse Est Baie du Marin Baie du Marin

1965 - 194 54

1966 - - -

1967 250 205 45

1968 250 191 59

1969 - 194 54

1970 - - 49

1971 - - 58

1973 - - 53

1974 203 - 51

1975 161 89 49

1976 162 84 48

Please cite this article in press as: Delord, K. et al, Population trends in a community of large Procellariiforms ..., Biol.

Conserv. (2008), doi:10.1016/j.biocon.2008.05.001




BIOC 3735
27 May 2008 Disk Used

No. of Pages 17, Model 7

BIOLOGICAL CONSERVATION XXX (2008) XXX-XXX 15

Breeding season Pointe Basse

Est Baie du Marin Baie du Marin

1978 130
1980 137
1981 133
1982 132
1983 124
1984 135
1985 115
1986 144
1987 133
1988 138
1989 152
1990 152
1991 162
1992 161
1993 162
1994 167
1995 155
1996 170
1997 186
1998 182
1999 181
2000 174
2001 185
2002 185
2003 177
2004 166
2005 160

79 51
66 60
71 45
65 49
77 50
74 42
107 55
81 54
99 56
103 53
96 43
95 67
109 50
93 61
112 70
111 66
124 83
139 80
109 82
120 66
131 76
129 69
131 78
97 77
119 80
74 58

REFERENCES

ACAP 2005. Advisory Committee of Agreement on the
Conservation of Albatrosses and Petrels. Report of the 1st
Meeting of Advisory Committee. ACAP, Hobart. ACAP/AC1/
Doc.11 downloaded from <http://www.acap.ag/index.php/
acap/meetings_of_the_parties>.

Baker, G.B., Wise, B.S., 2005. The impact of pelagic longline fishing
on the flesh-footed shearwater Puffinus carneipes in Eastern
Australia. Biological Conservation 126, 306-316.

Baker, G.B., Gales, R., Hamilton, S., Wilkinson, V., 2002. Albatrosses
and petrels in Australia: a review of their conservation and
management. The Emu 102, 71-97.

Barbraud, C., Weimerskirch, H., 2003. Climate and density shape
population dynamics of a marine top predator. Proceedings of
the Royal Society Series B 270, 2111-2116.

Barré, H., Mougin, J.L., Prévost, J., Van Beveren, M., 1976. Bird
ringing in the Crozet archipelago, Kerguelen, Amsterdam and
St Paul Islands. The Ring, 1-16.

BirdLife International, 2004. Tracking ocean wanderers: the global
distribution of albatrosses and petrels. In: Results from the
Global Procellariiform Tracking Workshop, 1-5 September,
2003, Gordon’s Bay, South Africa. Birdlife International,
Cambridge.

BirdLife International, 2006. Analysis of albatross and petrel
distribution within the CCAMLR convention area: results from
the global Procellariiform Tracking Database. CCAMLR Science
13, 143-174.

BirdLife International, 2007. In: IUCN 2007. 2007 IUCN Red List of
Threatened Species. Downloaded from <www.iucnredlist.org>
on 14/9/2007.

Brothers, N.P,, Cooper, J., Lokkeborg, S., 1999. The incidental catch
of seabirds by longline fisheries: worldwide review and
technical guidelines for mitigation. FAO Fisheries Circular No.
937. FAO, Rome.

Burnham, K.P., Anderson, D.R., 2002. Model Selection and
Multimodel Inference: A Practical Information-Theoretical
Approach. second ed.. Springer-Verlag, New York.

Butchart, S.H.M., Stattersfield, A.J., Bennun, L.A., Shutes, S.M.,
Akcakaya, H.R., Baillie, J.E.M., Stuart, S.N., Hilton-Taylor, C.,
Mace, G.M., 2004. Measuring global trends in the status of
biodiversity: red list indices for birds. PLoS Biology 2 (12), e383.

Catard, A., 2001. French southern territories. In: Fishpool, L.D.C.,
Evans, M.IL. (Eds.), Important bird areas in Africa and associated
islands. Priority sites for conservation. Birdlife Conservation
Series 11, pp. 337-347.

Caughley, G., 1980. Analysis of Vertebrate Populations, Reprint
with Corrections. Wiley, New York.

Comiso, J.C., McClain, C.R., Sullivan, C.W.,, Ryan, J.P,, Leonard, C.L.,
1993. Coastal zone color scanner pigment concentrations in
the southern ocean and relationships to geophysical surface
features. Journal of Geophysical Research 98, 2419-2451.

Crawford, R.J.M., Cooper, J., Dyer, B.M., Greyling, M.D., Klages,
N.T.W., Ryan, P.G., Petersen, S.L., Underhill, L.G., Upfold, L.,
Wilkinson, W., De Villiers, M.S., Du Plessis, S., Du Toit, M.,
Leshoro, T.M., Makhado, A.B., Mason, M.S., Merkle, D.,
Tshingana, D., Ward, V.L., Whittington, P.A., 2003. Populations
of surface-nesting seabirds at Marion Island, 1994/95-2002/03.
African Journal of Marine Science 25, 427-440.

Creuwels, J.C.S., Stark, J.S., Woehler, E.J., van Franeker, J.A., Ribic,
C.A., 2005. Monitoring of a southern giant petrel Macronectes
giganteus population on the Frazier Islands, Wilkes Land,
Antarctica. Polar Biology 28, 483-493.

Croxall, J.P,, Trathan, P.N., Murphy, E.J., 2002. Environmental
change and Antarctic seabird populations. Science 297, 1510-
1514.

Cuthbert, R., Sommer, E., 2004. Population size and trends of four
globally threatened seabirds at Gough Island, South Atlantic
Ocean. Marine Ornithology 32, 97-103.

Cuthbert, R., Ryan, P.G., Cooper, J., Hilton, G., 2003. Demography
and population trends of the Atlantic yellow-nosed albatross.
The Condor 105, 439-452.

Conserv. (2008), doi:10.1016/j.biocon.2008.05.001

Please cite this article in press as: Delord, K. et al, Population trends in a community of large Procellariiforms

..., Biol.



http://www.acap.aq/index.php/acap/meetings_of_the_parties
http://www.acap.aq/index.php/acap/meetings_of_the_parties
http://www.iucnredlist.org

1436
1437
1438
1439

1440
1441
1442
1443

1444
1445
1446
1447

1448
1449
1450

1451
1452

1453
1454
1455
1456

1457
1458
1459

1460
1461
1462
1463

1464
1465
1466
1467

1468
1469
1470
1471
1472

1473
1474
1475

1476
1477
1478

1479
1480
1481
1482
1483
1484

1485
1486
1487

1488
1489
1490
1491
1492

1493
1494
1495
1496

1497
1498
1499

1500
1501
1502
1503

BIOC 3735
27 May 2008 Disk Used

No. of Pages 17, Model 7

16 BIOLOGICAL CONSERVATION XXX (2008) XXX-XXX

Delord, K., Weimerskirch, H., Barbraud, C., 2004. Long-term trends
in the population size of king penguins at Crozet archipelago:
environmental variability and density dependence? Polar
Biology 27, 793-800.

Delord, K., Gasco, N., Weimerskirch, H., Barbraud, C., Micol, T.,
2005. Seabird mortality in the Patagonian toohfish longline
fishery around Crozet and Kerguelen Islands, 2001-2003.
CCAMLR Science 12, 53-80.

Descamps, S., Gauthier-Clerc, M., Le Bohec, C., Gendner, J.-P,, Le
Maho, Y., 2005. Impact of predation on king penguins
Aptedonytes patagonicus in Crozet Archipelago. Polar Biology 28,
303-310.

Faraway, J.J., 2006. Extending the Linear Model with R: Generalized
Linear, Mixed Effects and Nonparametric Regression Models.
Chapman & Hall/CRC, Taylor & Francis Group, Boca Raton, FL.

Furness, R.W., Greenwood, ].J.D., 1993. Birds as Monitors of
Environmental Change. Chapman & Hall, London.

Gales, R., 1998. Albatross populations: status and threats. In:
Robertson, G., Gales, R. (Eds.), Albatross Ecology and
Conservation. Surrey Beatty & Sons, Chipping Norton, pp. 20—
45,

Gales, R., Brothers, N., Reid, T., 1998. Seabird mortality in the
Japanese tuna longline fishery around Australia, 1988-1995.
Biological Conservation 86, 37-56.

Gonzalez-Solis, J., Croxall, J.P., Wood, A.G., 2000. Foraging
partitioning between giant petrels Macronectes spp. and its
relationship with breeding population changes at Bird Island,
South Georgia. Marine Ecology Progress Series 204, 279-288.

Guinet, C., Jouventin, P., Weimerskirch, H., 1992. Recent
population change of the southern elephant seal at fles Crozet
and fles Kerguelen: the end of the decrease? Antarctic Science
11 (2), 193-197.

Guinet, C., Jouventin, P., Georges, J.-Y., 1994. Long term population
changes of fur seals Arctocephalus gazella and Arctocephalus
tropicalis on subantarctic (Crozet) and subtropical (St. Paul and
Amsterdam) islands and their possible relationship to El Nifio
Southern Oscillation. Antarctic Science 6 (4), 473-478.

Hunter, S., 1983. The food and feeding of the giant petrels
Macronectes halli and M. giganteus at South Georgia. Journal of
Zoology 200, 521-538.

Hunter, S., 1984. Breeding biology and population dynamics of
giant petrels Macronectes at South Georgia (Aves:
Procellariiformes). Journal of Zoology 203, 441-460.

Inchausti, P.,, Guinet, C., Koudil, M., Durbec, J.-P., Barbraud, C.,
Weimerskirch, H., Cherel, Y., Jouventin, P., 2003. Inter-annual
variability in the breeding performance of seabirds in relation
to oceanographic anomalies that affect the Crozet and the
Kerguelen sectors of the Southern Ocean. Journal of Avian
Biology 34, 170-176.

Jouventin, P., Weimerskirch, H., 1988. Demographic strategies of
southern albatrosses. XIXth International Ornithological
Congress, Ottawa, Canada, pp. 857-865.

Jouventin, P., Stahl, J.-C., Weimerskirch, H. Mougin, J.-L., 1984. The
seabirds of the French Subantarctic Islands and Adélie Land,
their status and Conservation. In: Croxall, J.P,, Evans, P.G.H.,
Schreiber, R.W. (Eds), Status and conservation of the world’s
seabirds. ICBP Technical Publication 2, pp. 609-625.

Kiyota, M., Minami, H., 2004. Review of the Japanese RTMP
observer program in the high sea waters in 2001-2002 fishing
years. Unpublished report. CCSBT-ERS working group/Doc
0402/Info01, Tokyo, Japan, p. 8.

Lewison, R.L., Crowder, L.B., Read, AJ., Freeman, S.A., 2004.
Understanding impacts of fisheries bycatch on marine
megafauna. TRENDS in Ecology and Evolution 19 (11), 598-604.

Micol, T., Jouventin, P., 2001. Long-term population trends in
seven Antarctic seabirds at Pointe Géologie (Terre Adélie).
Human impact compared with environmental change. Polar
Biology 24, 175-185.

Murray, T.E., Bartle, J.A., Kalish, S.R., Taylor, P.R., 1993. Incidental
capture of seabirds by Japanese southern blue fin tuna
longline vessels in New Zealand waters, 1988-1992. Bird
Conservation International 3, 181-210.

Nel, D.C., Taylor, F.E., 2003. Globally threatened seabirds at risk
from longline fishing: international conservation
responsibilities BirdLife International, Meeting of the UN Food
and Agriculture Organisation Committee on Fisheries, Rome
2003.

Nel, D.C., Ryan, P.G., Crawford, R.J.M., Cooper, J., Huyser, O.A.W.,,
2002. Population trends of albatrosses and petrels at sub-
Antarctic Marion Island. Polar Biology 25, 81-89.

Nel, D.C., Taylor, FE., Ryan, P.G., Cooper, J., 2003. Population
dynamics of the wandering albatross Diomedea exulans at
Marion Island: longline fishing and environmental influences.
African Journal of Marine Science 25, 503-517.

Nevoux, M., Weimerskirch, H., Barbraud, C., 2007. Environmental
variation and experience-related differences in the
demography of a long-lived black-browed albatross. Journal of
Animal Ecology 76, 159-167.

Pannekoek, J., van Strien, A.J., 1996. TRIM - Trends and indices for
monitoring data. Research Paper No. 9634, Statistics
Netherlands, Voorburg.

Patterson, D.L., Woehler, E.J., Croxall, J.P.,, Cooper, J., Poncet, S.,
Fraser, W.R., In press. Breeding distribution and population
status of the Northern Giant Petrel (Macronectes halli) and the
Southern Giant Petrel (M. giganteus). Marine Ornithology.

Petersen, S.L., Honig, M.B., Nel, D.C., 2007. The impact of longline
fisheries on seabirds in the Benguela Current Large Marine
Ecosystem. In Petersen, S, Nel, D., Omardien, A. (Eds). Towards
an ecosystem approach to longline fisheries in the Benguela:
an assessment of impacts on seabirds, sea turtles and sharks.
WWF South Africa Report Series — 2007/Marine/001.

Pinaud, D., Weimerskirch, H., 2002. Ultimate and proximate
factors affecting the breeding performance of a marine top-
predator. Oikos 99, 141-150.

Pinaud, D., Weimerskirch, H., 2007. At-sea distribution and scale-
dependent foraging behaviour of petrels and albatrosses: a
comparative study. Journal of Animal Ecology 76, 9-19.

Poncet, S., Robertson, G.G., Phillips, R., Lawton, K., Phalan, B.,
Croxall, J.P,, Trathan, P.N., 2006. Status of wandering, black-
browed and grey-headed albatrosses breeding at South
Georgia. Polar Biology 29 (9), 772-781.

Quintana, F., Punta, G., Copello, S., Yorio, P., 2006. Population
status and trends of Southern Giant Petrels (Macronectes
giganteus) breeding in North Patagonia, Argentina. Polar
Biology 30 (1), 53-59.

R Development Core Team, 2005. R: A language and environment
for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. ISBN 3-900051-07-0, URL: <http://
www.R-project.org>.

Reid, T., Huin, N., 2005. Census of the southern giant petrel
population of the Falkland Islands 2004/2005. Falklands
Conservation Unpublished report p. 16.

Ridoux, V., 1994. The diets and dietary segregation of seabirds at
the subantarctic Crozet Islands. Marine Ornithology 22, 1-192.

Robertson, C.J.R., Bell, E., Scofield, P., 2004. Autopsy report of
seabirds killed and returned from New Zealand fisheries, 1
October 2001 to 30 September 2002: Birds returned by Ministry
of Fisheries observers to the Department of Conservation,
Wellington. Doc Science Internal Series 155, 43 p. (49 p.) data
supplement. <http://www.doc.govt.nz/upload/documents/
science-and-technical/dsis155.pdf>.

Rolland, V., Barbraud, C., Weimerskirch, H., 2007. Combined
effects of fisheries and climate on a migratory long-lived
marine predator. Journal of Applied Ecology 45 (1), 4-13.

Ryan, P.G., Cooper, J., Dyer, B.M., Underhill, L.G., Crawford, RJ.M.,
Bester, M.N., 2003. Counts of surface-nesting seabirds breeding

Conserv. (2008), doi:10.1016/j.biocon.2008.05.001

Please cite this article in press as: Delord, K. et al, Population trends in a community of large Procellariiforms

..., Biol.

1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1571


http://www.R-project.org
http://www.R-project.org
http://www.doc.govt.nz/upload/documents/science-and-technical/dsis155.pdf
http://www.doc.govt.nz/upload/documents/science-and-technical/dsis155.pdf

1572
1573
1574
1575
1576
1577
1578
1579
1580
1581
1582
1583
1584
1585
1586
1587
1588
1589
1590
1591
1592
1593
1594
1595
1596
1597
1598
1599
1600
1601
1602
1603
1604
1605
1606
1607
1608
1609
1610
1611
1612
1613
1614
1615
1616
1617
1618
1619
1620
1621

BIOC 3735
27 May 2008 Disk Used

No. of Pages 17, Model 7

BIOLOGICAL CONSERVATION XXX (2008) XXX-XXX 17

at Prince Edward Island, summer 2001/02. African Journal of
Marine Science 25, 440-451.

SC-CAMLR 2005. Scientific Committee for the Conservation of
Antarctic Marine Living Resources. Report of the 24th Meeting
of the Scientific Committee. CCAMLR, Hobart.

Seber, G.A.F,, 1982. The Estimation of Animal Abundance and
Related Parameters. Second ed.. Macmillan Publishing Co. Inc.,
New York, NY.

Smith, T.M., Reynolds, R.W.,, 2003. Extended reconstruction of
global sea surface temperatures based on COADS data (1854-
1997). Journal of Climate 16, 1495-1510.

Stahl, J.C., Bartle, J.A., Jouventin, P., Roux, J.P., Weimerskirch, H.,
1996. Atlas of seabird distribution in the south-west Indian
Ocean. Centre National de la Recherche Scientifique-UPR 1934
Unpublished report p. 226, Villiers en Bois, France.

Stenseth, N.C., Mysternd, A., Ottersen, G., Hurrell, J W,, Chan, K.S.,
Lima, M., 2002. Ecological effects of climate fluctuations.
Science 297, 1292-1296.

Sullivan, BJ., Reid, T., Bugoni, L., 2006. Seabird mortality on
factory trawlers in the Falkland Islands and beyond. Biological
Conservation 131, 495-504.

Tasker, M.L., Camphuysen, C.J., Cooper, J., Garthe, S,
Montevecchi, W.A., Blaber, S.J.M., 2000. The impact of fishing
on marine birds. ICES Journal of Marine Science 57, 531-547.

Taylor, G.A., 2000. Action plan for seabird conservation in New
Zealand. Part A: threatened seabirds. Threatened species
occasional publication No. 16, Department of Conservation,
Wellington. 233 p.

Terauds, A., 2000. Status and conservation of albatrosses and
giant petrels on Macquarie Island. Report on 1999/2000 field
season and summary of research to date: 1994/95-1999/00.
Report to Environment Australia. Department of Primary
Industries, Water and Environment, Hobart.

Terauds, A., Gales, R., Baker, G.B., Alderman, R., 2006. Population
and survival trends of wandering albatrosses Diomedea exulans
breeding on Macquarie Island. The Emu 106 (3), 211-218.

Thomas, G., Croxall, J.P., Prince, P.A., 1983. Breeding biology of the
light-mantled sooty albatross (Phoebetria palpebrata) at South
Georgia. Journal of Zoology 199, 123-135.

Tuck, G.N., Polacheck, T., Croxall, J.P., Weimerskirch, H., 2001.
Modelling the impact of fishery by-catches on albatross
populations. Journal of Applied Ecology 38, 1182-1196.

Tuck, G.N., Polacheck, T., Bulman, C.M., 2003. Spatio-temporal
trends of longline fishing effort in the Southern Ocean and
implications for seabird bycatch. Biological Conservation 114,
1-27.

Véran, S., Gimenez, O., Flint, E., Kendall, W.L., Doherty Jr., PF,
2007. Quantifying the impact of longline fisheries on adult
survival in the blackfooted albatross. Journal of Applied
Ecology 44, 942-952.

Voisin, J.-F,, 1968. Les pétrels géants (Macronectes halli et M.
giganteus) de I'Ile de la Possession. L'oiseau et RFO 38, 95-122.

Warham, J., 1990. The Petrels, their Ecology and Breeding
Systems. Academic Press, London.

Weimerskirch, H., 1998. Foraging strategies of Indian Ocean
albatrosses and their relationships with fisheries. In:
Robertson, G., Gales, R. (Eds.), Albatross Ecology and
Conservation. Surrey Beatty & Sons, Chipping Norton, pp. 168-
179.

Weimerskirch, H., Jouventin, P., 1987. Population dynamics of the
wandering albatross, Diomedea exulans, of the Crozet Islands:
causes and consequences of the population decline. Oikos 49,
315-322.

Weimerskirch, H., Jouventin, P., 1997. Changes in population size
and demographic parameters of 6 albatross species breeding
in the French sub-antarctic islands. In: Robertson, G., Gales, R.
(Eds.), Albatross Ecology and Conservation. Surrey Beatty &
Sons, Chipping Norton, pp. 84-91.

Weimerskirch, H., Jouventin, P., Mougin, J.L., Stahl, J.C., Van
Beveren, M., 1985. Banding recoveries and the dispersal of
seabirds breeding in French Austral and Antarctic Territories.
The Emu 85, 22-33.

Weimerskirch, H., Zotier, R., Jouventin, P., 1988. The avifauna of
the Kerguelen Islands. Emu 89, 15-29.

Weimerskirch, H., Brothers, N., Jouventin, P., 1997. Population
dynamics of Wandering Albatross Diomedea exulans and
Amsterdam albatross D. amsterdamensis in the Indian Ocean
and their relationships with long-lining fisheries: conservation
implications. Biological Conservation 79, 257-270.

Weimerskirch, H., Capdeville, D., Duhamel, G., 2000. Factors
affecting the number and mortality of seabirds attending
trawlers and long-liners in the Kerguelen. Polar Biology 23,
236-249.

Weimerskirch, H., Akesson, S., Pinaud, D., 2006. Postnatal
dispersal of wandering albatrosses Diomedea exulans:
implications for the conservation of the species. Journal of
Avian Biology 37, 23-28.

Woehler, EJ., Cooper, J., Croxall, J.P.,, Fraser, W.R., Kooyman, G.L.,
Miller, G.D., Nel, D.C., Patterson, D.L., Peter, H.-U., Ribic, C.A.,
Salwicka, K., Trivelpiece, W.Z., Weimerskirch, H., 2001. A
statistical assessment of the status and trends of Antarctic
and Subantarctic seabirds. Report on SCAR BBS Workshop on
Southern Ocean seabird populations, pp. 1-43.

Woehler, EJ., Riddle, M.J., Ribic, C.A., 2003. Long-term population
trends in southern giant petrels in East Antarctica. In: Huiskes,
A.H.L., Gieskes, W.W.C., Rozema, J., Schorno, R.M.L., van der
Vies, S.M., Wolff, WJ. (Eds.), Antarctic Biology in a Global
Context. Backhuys Publishers, Leiden, The Netherlands, pp.
290-295.

Conserv. (2008), doi:10.1016/j.biocon.2008.05.001

Please cite this article in press as: Delord, K. et al, Population trends in a community of large Procellariiforms

..., Biol.

1622
1623
1624
1625
1626
1627
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1666
1667
1668
1669

1670
1671



	Population trends in a community of large Procellariiforms of Indian Ocean: Potential effects of environment and fisheries interactions
	Introduction
	Methods
	Results
	Population trends
	SOAL Sooty albatross
	LMSA light-mantled albatross
	NOGP Northern giant petrel
	SOGP Southern giant petrel
	WAAL Wandering albatross
	Community trends

	Breeding success
	Recovery rate and fisheries-related mortality
	Effects of environmental factors on breedingpopulation sizes

	Discussion
	Contrasted trends
	Global trends and status
	Environmental factors


	Uncited references
	Acknowledgements
	Appendix A
	Appendix B
	References




