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Almost all chicks recruit to their natal colony (Inchausti & Weimerskirch 2002), thus chicks are
recaptured if they survive to recruit in later years. In this way we were able to analyze age of first
return to colony and age of first breeding. Albatrosses, once paired, are sexed according to size
(males are larger with deeper bills), plumage (females being the darker mate) and behaviour
{observations of displays and copulations) (Tickell 2000). Every vyear an island census of all
incubating birds takes place to increase the chance to detect recruits outside the breeding
colonies. Recruitment rate is the percentage of fledglings banded inside the colonies that were
recaptured as breeding adults in later seasons inside the study colonies. This is a minimum
estimate as some fledglings do settle outside of the study areas (Table 1.2). Average yearly
recruitment rate was 36.1% (1980-1990). The cumulative recruitment rate was calculated by
pooling all fledglings banded and all recruits across years as a way to assess the effect of
incomplete recruitment. Table 1.2 suggests that cohorts banded after 1990 probably had not
completely recruited by the end of the study period..

A proxy for mortality

The thesis deals with demographic understanding of the adult breeding life cycle and variation in
reproductive success of Wandering Albatrosses. In chapter 3 the effects of sex, age and
experience on reproductive success and survival are investigated. [ will return to discuss the
problems facing chapter 2 as these follow on from this discussion. Bands from dead albatrosses
are very seldom recovered. We seldom know when or where they die. [ set up a proxy for the
presumed death of a Wandering Albatross: | estimated the length of time an albatross must
remain unobserved before we can assume it has died. The intervals are the periods between
breeding attempts when the bird remains absent from the colonies and unobserved. An interval
of 1 yr implies an attempt was made the following year. [ used all the breeding event data in the
established colonies up to 1995, allowing birds that disappear up to ten years to return. The
maximum interval observed was 7 years (Tables 1.3 & 1.4), but >99% of all absences were <5
years. | then calculated the proportion of breeders that return after each of these unobserved
interval lengths and the 99% cut-off point. This results in a time period within which the

majority of breeding Wandering Albatross will return to colonies to breed again with a high level
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of certainty (95% return within so many years). For males and females, I estimated that if a bird

is absent for at least § years after a breeding attempt that it can be presumed to have died.

Table 1.2. Summary of bandings of Wandering Albatrosses on Marion Island (1965-2005). For
1980-1990: average recruitment rate = 36.1 £ 7.2 % (SD; N = 1095 fledglings from 11 cohorts).

Chicks
banded Chicks from
Chicks Adults inside colonies that  Recruitment  Cumulative

Year banded banded colonies recruited (%) Recruitment
1965 12 I 12 g 75 -
1976 440 46 52 19 36.5 -
1978 296 4 - 22 -
1979 93 66 - 16 -
1980 61 126 61 23 37.7 37.7
1981 229 6 I5 7 46.7 39.5
1982 242 0 84 38 452 42.5
1983 316 14 84 36 42.9 42.6
1984 329 148 101 39 38.6 41.4
1985 97 110 72 i8 25 38.6
1986 333 31 90 23 25.6 36.3
1987 347 230 132 43 32.6 355
1988 177 431 157 55 35 35.4
1989 171 78 135 48 356 35.4
1990 365 133 164 52 317 349
1991 404 87 155 43 27.7 34.0
1992 388 90 166 38 22.9 32.7
1993 284 217 195 42 21.5 31.3
1994 223 206 160 24 15.0 29.9
1995 247 70 193 22 It.4 28.1
1996 160 g 181 24 13.3 26.8
1997 226 58 193 25 13.0 25.6
1998 215 27 215 19 8.8 242
1999 197 11 197 2 1.0 22.6
2000 186 17 185 0 0 -
2001 208 35 208 0 0 -
2002 167 24 167 0 0 -
2003 215 13 215 0 0 -
2004 139 19 139 0 0 -
2005 1694 19 194 0 0 -
Total 7260 2330 3922 687

19



Table 1.3. Gaps between breeding events for female Wandering Albatross on Marion Island

based on adult breeding data up to 1995 from within the study colonies.

Years after Post Post success Post Post failure
breeding SUCCess %% Cumulative % = failure % Cumulative %

I 23 1.8 1.8 382 82.5 82.5
2 1135 87.2 89.0 57 12.3 94.8
3 113 8.7 97.6 13 2.8 97.6
4 22 1.7 98.4 7 1.5 99.1
5 5 0.4 099.8 4 0.9 100.0
6 1 0.1 99.8 0 0.0 100.0
7 2 0.2 100.0 0 0.0 100.0
8 . - - - - .
9 - - - . R -
10 - - . - - -

Total 1301 (Gaps > 5yr 0.2 463 Gaps > Syr 0.9

Table 1.4. Gap between breeding events for male Wandering Albatross on Marion Island based

on adult breeding data up to 1995 from within the study colonies.

Years after Post Post success Cumulative Post Post failure

breeding success Yo % failure % Cumulative %
1 16 1.3 1.3 338 81.8 81.8
2 1068 8589 87.14 51 12.3 942
3 76 6.1 93.25 20 4.8 89.0
4 53 4.3 97.51 3 0.7 89.8
5 16 1.3 9879 1 0.2 1
6 9 0.7 99.52 - - -
7 4 0.3 99.84 - - -
8 2 0.2 100.0 - - -
9 - - - - - -
10 - - - . - -

Total
records 1244 Gaps > byr 1.3 413 Gaps > 5yr 0.0
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when certain states are unobservable and unknown can be estimated by providing more
information, or imposing deterministic, temporal constancy or state-specific survival constraints
to the life-cycle model (Kendall and Nichols 2002). The data also provided a platform from
which to test scientific hypotheses such as the effect of age, sex and experience on reproductive
success. By using the rules I set for the data, such as the disappearance interval of 5 years, |
could compare the outcomes of individual breeders even though the data set is not long enough

to estimate life-time reproductive success.
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breeders than the other large colonies and conversely, the lowest breeding probability for failed
breeders. [ used the estimates in a transition matrix to model average life-time chick output for
individuals (2.6 chicks) and found that in order to keep population growth rate stable (A = 1), a
recruitment rate of 38% is necessary. The multi-state mark recapture method is not only an
effective tool for parameter estimation but allows the user to study the life cycle of biennial

breeders in depth.

Introduction

The Wandering Albatross, Diomedea exulans, is a well-studied, long-lived, socially
monogamous seabird that endures a harsh life in sub-Antarctic environments (Warham 1990,
Tickell 2000). They are the largest species of the order Procellariiformes (albatrosses and petrels)
and the largest of all seabirds {Tickell 1968, Weimerskirch et al. 1987, Jouventin and Dobson
2002). Ecologically, they can be described as a “survivor” species, on the extreme right of the
“fast-slow” continuum (Read and Harvey 1989, Stiling 1999). Their life history characteristics
include: delayed maturity (5 - 19 years), high adult survival (>90% annual survival) and
extremely low reproductive output (max 1 chick every two years) (Pickering 1989, Croxall et al.
1990, Stearns 1992, Tickell 2000, Jouventin and Dobson 2002). They have been the subject of
extensive demographic research due to their dimorphism, philopatry, their lack of fear of
humans, their ease of capture and the need to protect this species, which is classified as
‘Vulnerable’ by Birdlife International (Weimerskirch et al. 1987, Croxall et al. 1990, de la Mare
& Kerry 1994, Moloney et al. 1994, Nel et al. 2003, Mills and Ryan 2005, Birdlife International
2005).

The nature of Wandering Albatross biology still presents distinct challenges for demographic
investigations due to unavoidable gaps in data. Individuals can only be marked as chicks,
immatures (pre-breeders) or adults during breeding seasons at nesting sites. After fledging,
juvenile Wandering Albatrosses leave the colonies for a period of time ranging from 2-12 years
(mode 6 years; see chapter 3) until they return to the colonies to find potential mates (Pickering
1989, Croxall et al. 1990, Weimerskirch 1992, Jouventin et al. 1999). During this period before

returning to colonies, the juveniles cover great distances at sea and recapture is highly unlikely
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(Tickell 2000). Once mature, breeding is typically biennial, with successful and some late failed
breeders taking a ‘sabbatical” year off to molt flight feathers and recover the high costs of rearing
large chicks (Jouventin and Dobson 2002). Although some adults return to the colonies during
sabbatical years, recapture is greatly reduced. These “immature-emigration” and “inter-birth
emigration” processes or ‘sabbaticals’ are similar for other albatross species, such as Royals
(Diomedea epomophora/sanfordi) and most Grey-headed Albatrosses (Thalassarche
chrystosoma), as well as whales, seals and sea turtles (Payne et al. 1990, Robertson 1993,
Schwarz and Stobo 2000, Fujiwara and Caswell 2002b, Ryan et al. 2007). The resulting gaps in
data due to ‘unobservable’ states during immaturity and during ‘sabbatical’ years lead to biases
in survival estimation when recapture rates are assumed to be equal for ‘observable’ and
‘unobservable’ states, as is the case in the assumptions of the most commonly used Jolly-Seber
mark-recapture models (Seber 1982, Pollock et al. 1990, Lebreton et al. 1992, Kendall et al.
1997, Fujiwara and Caswell 2002b).

In this study [ applied a multi-state mark-recapture analysis to the Wandering Albatross
recapture data from three study colonies on Marion Island for the period 1987 - 2005. The
analysis was based on a 4-state adult breeding life cycle; and estimates survival, breeding and
breeding success probability for adults in ‘unobservable’ and ‘observable’ states of the life cycle.
I then took the estimates and used them to estimate the population state distribution, life time
reproductive output and recruitment rate to keep the population growth rate stable. The best

model was applied to the three colonies separately to identify possible differences in parameters.

Methods

For study sites and data collection methods inside the study colonies see chapter 1. Individual
histories were converted into coded strings according to breeding outcome. Multiple recaptures
of a breeding individual in one year are given a single digit code to represent the year breeding
outcome. As a result, in the period 1987-2005, we had 653, 911 and 1009 individual histories of
breeding Wandering Albatrosses at Macaroni Bay, Sealer’s Beach and Goney Plain, respectively,

which include 4579 successful and 1311 unsuccessful breeding attempts. Records of successful
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As the model only takes the adult life cycle into account, age and time since recruitment have no

influence. Again in nature these do have an effect (Weimerskirch 1992, see chapter 3).

Greek notation is used to define parameter estimates. Survival (o), breeding (B), and breeding
success (y) probabilities are followed by the number of the state the estimate represents. Thus o,
is survival of birds in state 2, B; is the breeding probability of albatrosses in state 3, and 4 is the
breeding success probability for albatrosses attempting to breed in state 4. Time variation on
parameters can be specified in order to estimate changes in parameter estimates over time.
Additive variation on parameter estimation tests for links amongst the states (Hastie and
Tibshirani 1987). [ used the following notation to express time variation on parameters for the 12
models. Variation can be applied to model estimation of probability of survival, breeding or
breeding success to test for better fit. A is for additive, C for constant and T for time variation.
For example, M8ACT refers to model 8 with additive variation on survival, constant breeding
probabilities and time variation on breeding success probabilities. For the biennial 4-state model,
at any time, a successful breeder (state 1) cannot breed again in the following year, thus they

have a zero probability for breeding (B,) and breeding success (y;).









Table 2.3. Constraints on survival and breeding probabilities for the 4-state biennial breeding
model. [Mz] represents the model number that incorporates the constraints of survival and

breeding probabilities,

Survival Constraints

Breeding Survival Constant Successful breeders  Breeders # Non-

Breeders
Probability [0) = 0; = 03 = 0y # Failed breeders

o, = 0, 03 = a4

Constraints [o) =03, 60 = 0y

B2 =Ps= P [M1] [M5] [M9]

B2 =Ps [M2] [M6] [M10]

Bs =Bs [M3] [M7] [MI11]

B ,Ba [M4] [M3] [M12]
Model Selection

Rather than selecting a general model with full time dependence (¢'p') where p is the probability
of recapture, and then comparing models of reduced time constraints against this general model
using likelihood ratio (Lebreton et al. 1992), I used a different approach due to the limitations of
using biennial data. 1 started with constant probabilities for survival, breeding and breeding

success and then added time constraints to parameters to check if this improved the model fit.

I used MUSE (Choquet pers. Comm.), an update of program M-SURGE (Choquet et al. 2003),
for running our MSMR models. Within MUSE, transition probabilities were broken down into
three pattern matrices for survival, breeding and breeding success probabilities respectively. In
order to estimate these parameters I needed to incorporate encounter probabilities (p). These
probabilities were either “not seen”, “seen in state 17 or “seen in state 2”. States 3 and 4, for non-
breeders are unobservable. Very recently Muse was updated to program E-Surge (Choquet et al.

2008).
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Akaike’s Information Criterion (AIC), the deviance of the model plus twice the number of
parameters estimates, was used as an index of model fit (Akaike 1973). The model with the
lowest AIC value was taken to be the best model. Other models were compared to the best fit
model using difference in AIC (AAIC). 1 used a spreadsheet to generate random initial encounter
probabilities for each model required to estimate demographic parameters. 1 calculated AIC
values for all 12 constant models and selected the three best fitting models. I then added time and
additive variation to survival, breeding and breeding success probabilities for models deemed
estimable and ran those models with 10 new sets of random initial encounter parameters. | then
selected the best model to apply to the grouped colony effect to see whether the colonies differed
with respect to their demographic characteristics. 1 then compared estimates of Wandering
Albatross survival from the MSMR model to a conventional CJS mark-recapture analysis in
MARK (White and Burnham 1999) using the same input data for all colonies combined.
However, due to biases being most pronounced in the first year and last two years in the MARK
CJS method (Rothery and Prince 1990) the estimates in these years were removed. As a result |
compared the MSMR and CJS models over the period 1989 - 2003.

Weighted Average Model

The parameter estimates from the best models were combined into the weighted average model,
which provided the best overall picture of the demographic parameter change from 1987-2005 at
Marion Island. After all possible models were completed 1 selected the best models with a
cumulative weight of 1 in order to create a weighted average model across the range of
parameter estimates. The models were ranked from lowest to highest according to their A AIC

value.

The average model was represented by the equation:

Ma=w M. ohw, Mg
where i = | to n (n = the number of models included) and M represents the matrix of parameter
estimates for Models 1 to n, and

-li2a AICi/» Ze-:/za AlC]
J

W= g sforj=12...n
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Population projections

Once all the estimates for adult survival, breeding and breeding success probability were
calculated for the breeding states, | created a S-state transition projection matrix that included
mortality (Caswell 2001). T modelled the average per capita chick production and state
distribution for 1000 individuals entering the adult breeding cycle with first time breeding
success separately set to observed success rates, successful first and failed first attempts. I ran the
model until >95% of the population was dead. This took 40 years. The oldest banded Wandering
Albatross at the Prince Edward Islands was estimated to be approximately half a century old
(Cooper et al. 2003). Individual longevity was thus truncated to 40 years within the adult life
cycle. I then used the per capita chick production to calculate the recruitment rate necessary to
ensure population growth remains stable. | also set up a 4-state projection matrix to estimate the

steady state equilibrium.

Results

Best models that describe the data.

M4CCC had the best fit, followed closely by M8CCC and M12CCC. Other models failed to
provide a good fit to the data (Table 2.4). Once [ selected M4, M8 and M12 as our basis for
further investigation, | ran these models with time variation and additive variation on the
parameters (Appendix 1. A). Model 4CCC (AIC = 21079.49) remained the best fitting model
followed by M4CCT (AAIC = 1.29; time variation on breeding success). Variation in breeding
success across the years showed the best fit for time variation in any parameter. Breeding
probability showed no time variation and remained constant for the best fitting models. Despite
reducing model deviance due to the greater number of parameters, adding time or additive
variation failed to improve AIC. Including a colony effect into model 4CCC decreased the
deviance (21006.9 from 21027.5), but added 14 more parameters, thus resulting in a larger AIC
(AAIC =7.43).
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Table 2.4. Results for the 4-state constant models with constraints on survival and breeding from
program MUSE (R. Choquet pers. comm.). The models with the lowest AIC are considered to be
the best fitting. A AIC indicates the difference in AIC between the best fitting model.

Constraint Number of Deviance AlC A AIC
Model
Parameters
M4CCC 26 21027.49 21079.49
MBCCC 27 21027.48 21081.48 1.98
MI2CCC 27 21027.48 21081.48 1.98
M7CCC 26 21161.07 21213.07 133.57
MI1ICCC 26 21161.09 21213.09 133.56
M10CCC 26 21161.48 2121348 133.98
MoCCC 25 21173.99 2122399 144.49
M2CCC 25 21174.05 21224.05 144.56
M5CCC 25 21174.65 21224.65 145.15
M3CCC 25 21174.88 21224.88 145.39
M1CCC 24 21191.2} 21239.21 159.71
M6&CCC 26 23990.90 24042.90 2963.41
Survival

My estimate for adult survival (Table 2.5) from our best fit model is slightly lower than the
previous estimate (94.2% + 0.008%) for the same colonies over the period 1984-2001 using a
Cormack-Jolly-Seber (CJS) mark-recapture model (Nel et al. 2003). The estimate of average
adult survival (Gaverage™ 0.936 + 0.03%, Appendix 1.D) derived from my conventional mark-
recapture model in MARK (White and Burnham 1999) for the same data set was also higher
(0.7%) than that obtained from the MSMR model (Appendix 1.A). Interestingly, the time-
varying survival model had the lowest AIC (best fit model: ¢ (t) p (t): AIC = 24544.2) in the
MARK analysis, followed by the constant survival model (A AIC = 31.29). Despite the CJS
survival estimates having higher standard deviation, the patterns that emerges is similar to those
of the MSMR model except for the last two years (Figure 2.4). Based on the extremely high
adult survival estimates in MARK, I assume this increase is due to biases in recapture estimation.

Model 8CCC (Table 2.6) and 12CCC (Table 2.6) suggest that there is no difference in survival
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Figure 2.6. Transition probabilities estimated for adult Wandering Albatross in the 4-state,

breeding life-cycle. Dashed lines represent very rare transitions excluded from the model.

Transition matrix projections

Average projected life-time chick production for each adult entering the breeding population was
2.6 chicks under observed initial success rates (74.5% successful first breeding attempt; see
chapter 3). In order for the population to be stable, this requires 38.4% of chicks to recruit to the
breeding population. The per capita chick production is highest when first breeding attempts are
successful (2.7 chicks) compared to breeders that initially fail (2.2 chicks). The model shows that

95% of the breeding population would have died within 40 years of recruitment. The population
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of dying when not breeding. This may be linked to foraging zones of non-breeders where they

may interact with long-line fishing vessels (Weimerskirch & Jouventin 1987, Nel et al. 2003).

The importance of survival in Wandering Albatross fitness can not be underestimated because
breeding success and adult survival are highly correlated (Weimerskirch et al. 1987). Survival is
the key driver of population growth rate in long lived organisms (Read and Harvey 1989).
Although survival varied on a fine scale (between 92% and 94%), this detail is actually of great
importance because overall albatross population growth is sensitive to any change. At an
individual level, a breeding adult Wandering Albatross could only compensate a decrease of 1%
in adult survival rate for by an advancement of first breeding of 6.5 years (Weimerskirch et al.
1987, Croxall et al. 1990). Our estimates for survival were lower than previous investigations on
Marion Island (Nel et al. 2003) and Bird Island (Croxall et al. 1990) but similar for breeding
Wanderers on the Crozet Islands (Weimerskirch et al. 1987) (Table 2.9).

Table 2.9. Comparison of survival estimates at various Wandering Albatross colonies using CJS

mark-recapture methods in comparison to our multi-state method (Marion Island, 1987-2005).

Colony Years Survival Estimate Source
Possession Island, Crozét 1966-1969 89.7+1.200 Weimerskirch et al. 1987
1968-1983 92.2 +0.005
1986-1993 95.6 £0.300 Weimerskirch et al. 1997
Bird Island, South Georgia | 1976-1984 94.8 £ 0.600 Croxall et al. 1990
Marion Island (CJS) 1984-2001 94.2 +0.008 Nel et al. 2003
Marion Island (MSMR) 1987-2005 92.8+0.002 This study.

46




Conventional CJS models that assume equal probability of recapture each year can cause bias in
parameter estimation (Henle 2001, Fujiwara and Caswell 2002b, Pledger et al. 2003). The higher
survival estimate, obtained by the conventional CJS model of the same data used in this MSMR
model, presumably reflects this bias. A comparison of MSMR and conventional model estimates
for the biennial-breeding Grey-headed Albatross Thalassarche chrysostoma at Marion [sland
found the MSMR estimate to be 0.5 % lower than the MSMR estimate (Converse et al. in press),
similar to the difference between the CJS and MSMR (0.7%). This suggests that previous
demographic models of Wandering Albatross populations have been somewhat optimistic. These
errors of parameter estimation are due to underestimation of recapture rates caused by post-
fledging and inter-birth sabbaticals and are most pronounced in the first and last two years of
analyses (Rothery & Prince 1990). This has led to some investigations leaving these years out
completely to compensate (Weimerskirch et al 1997). Some have argued that such bias in
estimation is insignificant if it falls within the range of the standard error for the actual estimate
{(Henle 2001). However, in our case, the difference of 0.7% falls outside the standard errors for

MSMR survival.

Successful breeders invariably attempt to breed after a sabbatical. However, we may expect
some deviance from the rule. It does not include any room for the small proportion of birds that
may experience a ‘divorce’ or the greater likelihood of not breeding because of a mate loss
(Jouventin et al. 1999). Consecutive successful breeding attempts for Wandering Albatrosses
without sabbatical have been reported on Marion Island data but these were not allowed in the
model (see chapter 1), Other instances of biennial breeding albatross breaking the pattern have
been recorded (Waugh et al. 1997). How important these extraordinary occasions are to
population growth is debatable but nonetheless interesting (Tickell 2000). More intriguing is the

effect of these consecutive successes on life-time reproductive success (Ryan et al. 2007).

Breeding success was influenced by previous breeding performance and indicates strong
variation for individuals in different reproductive states. According to our results, breeding
success (y) was similar for birds that, regardless of success or failure, took a year off between

breeding events. Failed birds that attempt to breed the following vear risk higher probabilities of

47



failure. However, if they are successful without a sabbatical they will exhibit no loss in
reproductive output due to the ‘catch up’ year allowed in biennial breeding cycles. For those
birds that failed but take a year off, they maximize the probability of being successful in their

next attempt if they survive.

Colonies may act as “information centres” and the larger a colony becomes, it is assumed the
mean age of breeders becomes older and thus probably more experienced (Ward & Zahavi 1973,
Warham 1996). Larger, denser colonies also seem to aftract more pre-breeders and widowed
birds (Wiemerskirch & Jouventin 1987). There is little evidence of colony effects on
demographic rates. Demographic research on two colonies at Crozet also showed no significant
differences in survival (Weimerskirch et al. 1987). However, there were greater differences in
breeding and breeding success probabilities. The greatest difference was in the estimated
probability of breeding for post-failed breeders. Macaroni Bay post-failed non-breeders showed a
significantly higher likelihood of returning to breed compared to the larger colonies (3:1). At
Macaroni Bay, failed birds that take a sabbatical exhibit higher breeding success in the year of
breeding than the group that does not take sabbatical. Failed breeders that take a sabbatical may
have higher breeding success if they do breed, but paradoxically they have much
lowerprobability of actually breeding after the sabbatical. [ calculated the actual breeding success
from the colony data and Sealers beach had the highest breeding success rate (78.4% compared
to 75.7% for Goney Plain and Macaroni Bay). According to the MSMR results, failed breeders
from Sealer’s Beach colony are more likely to return to breed, and to breed successfully without

a year break than the other two colonies.

Twelve Wandering Albatrosses were banded as chicks in 1965. The oldest bird from this cohort
bred in 2006 at an age of 41 years. My longevity estimate suggests few birds live beyond 50
years of age, that is, if you take the modal age of first breeding to be 10 years {see chapter 3).
The model suggested it is possible for these giant birds to live beyond 80 years. We will only be
able to truly justify this after at least another 4 decades of recapture monitoring; such is the study
of albatrosses. The recruitment rate estimated is acceptable; of chicks banded between 1980 and

1993 | calculated a recruitment rate of 36% (see chapter 1). Together with those recruits from
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outside the breeding colonies, the 38.4% threshold to ensure stable growth rate (A > 1) is a good

estimate of total recruitment into the effective population.

The MSMR method is modern and may open doors to further analysis of other biennial breeding
albatrosses. Certain assumptions were made to suit the analysis, for instance, sex and adult age
are not accounted for, and both have been shown to have an affect on breeding effort and success
in Wandering Albatrosses (Weimerskirch et al. 2000; see chapter 3). However, | set out to
develop a method to identify key states in the adult breeding life-cycle, provide insight into the
overall breeding decisions and their consequences for the average, adult breeding Wandering
Albatross. T suggest comparative analyses of Wandering Albatross populations on Bird Island
and the Crozet Islands. These will help address the biases highlighted by this project and give
conservationists a broader idea about survival of Wandering Albatrosses on the islands. Further
analysis could test for sensitivities of population growth and help identify key areas to protect

which are frequented by breeding or non-breeding adults.
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for early breeders, especially among males. The results also indicate that the most productive

birds start breeding at the mean age of first breeding.

Introduction

By studying the behaviour and life-cycles of animals, life history theory can reveal the
mechanisms that act on a species at an individual level, which ultimately lead to a complex
pattern of traits to maximise selection and fitness (Stearns 1992). Fitness summarizes births and
deaths, and is thus a demographic concept (Caswell 2001). Individual fitness properties are
bound to have an effect on overall population growth because demography of a whole population
relies on the properties of the population’s individuals (de Kroon et al. 2000). Individuals differ
widely in the number of offspring they produce in their life-time (Kriger & Linstrdm 1993).
Some population modelling methods, for instance those based on the logistic equation; assume
that all individuals are identical (Lomnicki 1980, Caswell 1989). However, ecological systems
based on individual dynamics are more complex (Uchamski and Grimm 1996). Life history
traits, such as age at maturity and reproductive effort directly influence reproduction and
survival. They may vary between the sexes and are bound by trade-offs including costs of current
reproduction versus future survival and reproduction (Lack 1968, Williams 1966, Stearns 1992,
Erikstad et al. 1998). Thus, it is imperative to understand the species on an individual level and
this need is bolstered by the fact that identifying changes in behaviour can bring to light

pressures acting on the population as a whole.

Reproductive success increases with age and experience in many species of birds (Saether 1990,
Pyle et al. 1991, Cam and Monnet 2000, Pyle et al. 2001). This may be due to an increase in skill
and foraging efficiency, increased skill in displaying and pairing behaviour, increased
reproductive effort exerted by older birds as their reproductive value decreases or selective
removal of poor quality birds (Lack 1968, Pugesek 1981, Lequette and Weimerskirch 1990).
Younger parents and first-time breeders may have smaller egg or clutch sizes, reduced chances
of pairing, or lack the skill necessary to fledge chicks (Curio 1983, Weimerskirch 1990, Croxall
et al. 1992). Experienced and older Wandering Albatross, Diomedea exulans, arrive later to

breed than young breeders and thus require a shorter time span to reproduce successfully
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(Weimerskirch 1992). Food delivery to chicks is more synchronised for older breeders, resulting
in chicks gaining weight faster (Weimerskirch et al. 2000). Thus, parental age and experience of

a breeder has a significant influence on albatross fecundity.

One reason why young birds may invest less in reproduction, or defer reproduction entirely, is
that breeding has intrinsic costs to future survival (Williams 1966). Pyle et al. (1997) showed
higher annual mortality for Western Gulls, Larus occidentalis, which attempted breeding at
younger ages than birds that delayed breeding for 1-2 more years. For long-lived species such as
Wandering Albatross, with very high residual reproductive value, survival is the driving force of
population increase (Read and Harvey 1989). Delayed maturity is an evolutionary adaptive
strategy that allows the individual to achieve a threshold body condition capable of withstanding
the costs of reproduction, decreases the probability of mortality and in the long run, increases
fecundity (Stearns 1992). Even experienced birds may not breed in a given year when resources
are limited as they cannot achieve this threshold (Chastel et al. 1995). The decision when to start
breeding may have a great influence on the number of chicks produced in a long-lived

individual’s lifetime (Newton 1989).

Three hypotheses may explain the effect of age and experience on reproductive success:
experience, effort and selection (Mauck et al. 2004). Briefly, the experience hypothesis argues
that older birds are more efficient foragers, and are thus able to reduce the costs of reproduction
on survival through increased parental co-ordination and ability to maximise reproductive output.
The effort hypothesis suggests that older birds invest more per breeding attempt because their
residual reproductive value decreases with age, thus reducing the value of ensuring future
survival (and thus for future breeding attempts). The selection hypothesis suggests that as a
cohort ages, low quality birds die off, resulting in a bias towards birds with higher reproductive
success, raising the average success rate. Rarely can any one hypothesis fully explain the effect
of age and experience on reproduction of a species; usually it is a combination of two of more of

these factors (Weimerskirch 1992).
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Table 3.1. Results for analysis of immature Wandering Albatrosses’ return to colonies and onset

of breeding for cohorts fledged between 1980 -1988 on Marion Island. [Years = yrs]

Mean + SD Mode Range Significance
Age of first return:
Males (n = 188) 6.28 + 1.90 yrs 5 yrs 2-12y t=12.63; P=0.009
Females (n = 143) 574+ 173 yrs 4y 2-11wyrs
Pre-breeding duration;
Males (n = 143) 331+ 1.74 yrs 3 yrs I-11yrs t=2.17, P=10.031
Females (n = 125) 2.89 + 1.35 yrs 2 yrs I -9yrs
Age of first breeding:
Males (n = 200) 10.31 £ 1.98yrs 10 yrs 5-19yrs t=3.42; P = (.001
Females (n = 178) 9.64 + 1.75 yrs 9 yrs 6- 19 yrs

Survival of Wandering Albatross in relation to age of first breeding

I had a sample size of 819 aged, sexed Wandering Albatrosses. For the investigation of the
effects of age of first breeding, male to female ratio was 1:1 (411 males and 408 females). The
best MARK model had survival probability being constant and recapture probablility being time
dependent for both sexes,. For the aged individual breeder data, the MARK model produced
adult survival rates of 92.5 + 0.006 % for males, and 90.5 + 0.007 % for females. Older males
(>11 years) were 10% more likely to survive their first breeding attempt than those aged < 8
years (Figure 3.4). The males recruiting at ages younger than 8 years had the highest
disappearance rates in the male category.. Female disappearance decreased with increasing age
of first reproduction until 10 - 11 years but showed highest rates at ages older than 11 years. The

timing of disappearance during breeding attempts proved that the first breeding year is the

63





















females tend to choose young males (Jouventin et al. 1999). Older females, however, would

benefit from the sex skew with a greater number of older males to select.

In the first years of life an albatross must develop its foraging skills, and learn to fend for itself
and achieve a threshold body condition capable of withstanding the costs of reproduction.
Mortality is greatest in the first 4 years of life (Croxall et al. 1990). Once Wandering Albatrosses
return to their colonies they must select a partner. On average, females display to 30% more
potential mates than males, selecting the most favourable (Tickell 2000). The breeding behaviour
of Wanderers shows that it is optimal to first breed at the age where success and survival are
maximised, which is the mean age of first breeding for both sexes. For such long-lived birds, the
rate of reproduction is slow, and survival high. Survival is the key factor in driving population
growth for long-lived, slow reproducing organisms (Heppel et al. 2000). My research shows that
delaying the onset of breeding to 10-11 years is the best strategy for maximising fitness. There is
a cost in term of disappearance for those that breed at younger ages than the mean, and a cost in

terms of less chick output for those that start later than the mean.
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Wandering Albatrosses have evolved a breeding strategy that ensures their own survival is
protected and that their chances of long-term reproductive output are increased. The reproductive
strategies of delayed first breeding, higher investment in fewer offspring and post success
‘sabbaticals” are characteristics of being at the slow extreme of the ‘fast-slow’ continuum (Read
and Harvey 1989). Complex breeding cycles present great challenges to population analysis.
This thesis tackled the problem of biennial mark-recapture modelling by using a new multi-state
approach to the biennial breeding cycle thereby reducing bias in survival and encounter estimates
(Kendall et al. 1997, Fujiwara and Caswell 2002). This is definitely a step in the right direction

for modern analyses of complex breeding cycles.

This study took two different approaches to demographically analyse a long-lived bird
population. Wandering Albatrosses should have upwards of 94% adult survival rates (Tickell
2000). My MSMR model for Marion Island presents a new challenge to other population studies
as they show low survival estimates for the world’s largest population of Wandering Albatrosses
(Woehler et al. 2001). It is important to base other studies on a multi-state approach so that
biases are eliminated and we can then compare populations from other islands. The MSMR
model is highly demanding of data and this is a significant limitation if data are not great. I could
not run the model with sex effects or with breeders that do not take sabbaticals after successful
attempts. Also, the best fit model indicated constant survival, yet population trends show distinct
trends at Marion Island (but less so in the colonies). The MSMR model was quite simple in the
fact it does not take age or experience into account. At this stage this would complicate the
model and increase the number of parameters to estimate, thereby increasing the deviance. The
addition of covariates such as age, sex, experience, partnership duration, environmental change,

stochastic disasters and fisheries effort would increase the power of MSMR modelling.

The results of the MSMR model are promising as transition projections of theoretical statistics
such as recruitment rate and per capita chick production were similar to those calculated using
the real data in chapter 1. The fact that both my work, and the multi-state model used on Marion
Island Grey-headed Albatross Thalassarche chrysostoma (Converse et al. in press), both show

significant bias in conventionally-estimated parameters, is reason to encourage further analyses.
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