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Abstract.—In long-lived species, such as seabirds, immature survival is the most important life history param-
eter after adult survival. The assessment of immature survival has often been difficult due to extended periods in 
which young birds remain unobservable at sea. This study presents results on survival of immature Common Murre 
(Uria aalge) obtained from an extensive mark-recapture study of a large colony at Stora Karlsö in the Baltic Sea, 
Sweden. This colony, in contrast with other colonies, has the unique feature that many 1-year-old birds return to 
the colony (12%). Between 2006 and 2016, 28,930 chicks were marked at fledging, of which 5,493 individuals were 
later resighted in the colony. Annual survival and recapture probabilities were estimated using Bayesian Cormack-
Jolly-Seber models with four age classes for survival probability, and recapture probability being age and time 
dependent. Informative prior distributions were used to correct partial observability problems in older age classes 
(observed at breeding ledges). The estimated survival probability of 1-year-old birds was 0.53 (95% CI = 0.49-0.58), 
2-year-old birds was 0.87 (0.79-0.96), 3-year-old birds was 0.96 (0.90-0.99), and 4-to-10-year old bird survival prob-
ability was 0.63 (0.61-0.64). Survival estimates for younger age classes were consistent with previous studies. Several 
biological factors may contribute to the observed decline in survival for older age classes. Received 8 December 2018, 
accepted 1 July 2019.

Key words.—Annual survival, Cormack-Jolly-Seber models, first-year survival, juvenile survival, partial detect-
ability, recapture probability.
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Seabirds are of particular conservation 
concern due to their vulnerability to hu-
man activities, including climate change, 
bycatch, invasive species, and oil spills 
(Sandvick et al. 2005; Martínez-Abraín et al. 
2006; Lewison et al. 2012), and many species 
of seabirds are listed under some category 
of threat, in part because they are long-
lived with low reproductive rates (Croxall 
et al. 2012). In long-lived species such as 
seabirds, population dynamics are sensitive 
to changes in adult survival, reproductive 
success, and juvenile survival (Lewison et al. 
2012). For seabirds, estimation of age- or 
stage-specific demographic parameters is 
particularly important, because declines in 
breeding populations can be influenced by 
non-breeders and immature birds (Votier 
et al. 2008). However, seabirds often have 
long periods of immaturity, remaining un-
observable at sea for several years until they 
return to the colony (Croxall and Rothery 
1991; Sandvik et al. 2008), making survival 

estimation of immature stages difficult (Lee 
et al. 2008; Votier et al. 2008). Moreover, 
published estimates of juvenile survival (de-
fined as survival from fledging to recruit-
ment) exist for less than 2% of seabird spe-
cies (Lewison et al. 2012).

One large colony of Common Murres 
(Uria aalge) from Stora Karlsö, in the Bal-
tic Sea, Sweden, in contrast with other 
colonies, has the unique feature that many 
1-year-old birds return to the colony (12%, 
this study). This Common Murre colony 
shows an important behavioral heterogene-
ity, involving several phases of club atten-
dance, ledge attendance, pair bonding, and 
ledge establishment. Indeed, in this colony, 
1-year-old individuals are almost exclusively 
resighted at clubs (flat boulders 2-5 m in di-
ameter, located in the water beneath breed-
ing cliffs, 10-20 m from shore, and holding 
aggregations of non-breeding birds), while 
subsequent ages gradually shift over to only 
being observed at breeding ledges (this 
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study). Other studies have reported this be-
havioral heterogeneity in several colonies 
(Halley et al. 1995; Nettleship and Birkhead 
1985), but so far, few studies have consid-
ered it as a factor in survival models (Cres-
pin et al. 2008; Lee et al. 2008; Votier et al. 
2008).

Age is an important factor affecting sur-
vival and recapture probabilities in animal 
populations (Crespin et al. 2006; Harris et 
al. 2007; Morrison et al. 2009), and com-
monly in most species, first-year survival is 
lower than in later ages (Harris et al. 2007). 
In order to determine possible differences 
in survival among age classes, capture-mark-
recapture data can be used in Cormack-Jolly-
Seber models with age effects to jointly es-
timate survival and recapture probabilities 
of immature individuals, while taking into 
account that these models estimate “appar-
ent” (instead of true) survival probabilities, 
as death and permanent emigration are con-
founding factors (King et al. 2010; Kèry and 
Schaub 2011). A strong assumption of cap-
ture-mark-recapture models is that animals 
remain faithful to the study area (Newman 
et al. 2014). Seabirds, in particular Common 
Murre, are philopatric to the breeding col-
ony, but also to the sub-colony where they 
were hatched (Halley et al. 1995; Harris et 
al. 1996a; Harris et al. 1996b). As immature 
birds get older, they are increasingly present 
on breeding ledges and engaged in pros-
pecting behavior in preparation for breed-
ing (Oro and Pradel 2000; Kadin 2007). 
Hence, individuals hatched on monitored 
breeding ledges will have a higher recapture 
probability than birds hatched outside them.

One way to deal with the partial monitor-
ing problem for birds older than 2-years-old 
is a subjective Bayesian approach incorporat-
ing former knowledge about the proportion 
of breeding birds on monitored ledges in 
the area of study (Olsson and Hentati-Sund-
berg 2017 in the case of our study). The use 
of informative prior distributions has been 
(and still is) a controversial issue in Bayes-
ian inference (King et al 2010; Golchi 2016). 
However, when relevant information is avail-
able, informative prior distributions are an 
appropriate way of introducing expert opin-

ion or information related to the study (Mc-
Carthy and Masters 2005; Christensen et al. 
2011; Martínez-Abraín et al. 2014; Golchi 
2016).

Our objective in this study was to use cap-
ture-mark-recapture data from a long term 
banding effort to estimate immature sur-
vival and incorporate possible differences in 
survival among age classes using Cormack-
Jolly-Seber models with age effects to jointly 
estimate apparent survival and recapture 
probabilities of immature Common Murres. 
The study colony is one of the only colonies 
where immature individuals of the species 
are easily observed to allow such survival es-
timates.

Methods

Study Site and Field Methods

We studied the survival of juvenile Common Murres 
at the island of Stora Karlsö (57° 17ʹ 03ʺ N, 17° 58ʹ 23ʺ 
E), west of the island of Gotland in the Baltic Sea, Swe-
den. The breeding population was 15,700 pairs in 2014, 
about two-thirds of the Baltic Sea population (Olsson 
and Hentati-Sundberg 2017). Between 2006 and 2015, 
chicks were marked in late June and early July on a 
beach under the cliffs with the largest sub-colony of the 
island (for colony details see Hedgren and Linnman 
1979). The fledging age in Common Murre is around 
20 days (Hedgren 1981; Birkhead and Nettleship 1986), 
therefore, since in our study all marked birds were 
chicks, we established that all the individuals were < 
1-year-old at the time they were banded.

Throughout the study, we used the official triangu-
lar stainless-steel band with a unique ID code on one 
leg, provided by the Ringing Centre at the Swedish 
Museum of Natural History and manufactured by IÖ 
Mekaniska, Bankeryd, Sweden. Additionally, we used 
the following complementary bands with IDs and color-
codes on the other leg: round plastic bands (Protouch 
Engraving and Signage, Saskatoon, Saskatchewan, 
Canada) 2006-2008 and 2013-2015; round aluminium 
bands (IÖ Mekaniska, Bankeryd, Sweden) 2009; and 
large triangular steel bands 2010-2012 (IÖ Mekaniska, 
Bankeryd, Sweden). All types of bands were possible to 
read with a spotting scope from above at all monitor-
ing sites, resulting in minimal disturbance. Resightings 
were made during the breeding season (May to July) 
for 10 consecutive years (2007 to 2016) at five different 
locations in the colony, two different clubs and three 
breeding ledges (Fig. 1). We determined the birds’ ID 
from both the official stainless-steel bands and the com-
plementary bands. Mean seasonal resighting effort was 
82.80 hr per year, with a maximum of 138 hr (year 2015) 
and a minimum of 57 hr (year 2008).
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Survival Modelling

We estimated annual survival and annual resighting 
probabilities using an m-array formulation (Lebreton et 
al. 1992; Kèry and Schaub 2011; King et al. 2010). Our 
main objective was to establish robust, stage-specific 
demographic parameter estimates for the colony. Al-
though survival can be year-dependent (due to varia-
tion in food availability or extreme weather events; 
Votier et al. 2008; Harris et al. 2000), in this study we 
modelled survival probability as age dependent because 
previous studies performed in the colony suggested 
that the population trajectory is both stable and posi-
tive (Hentati-Sundberg and Olsson 2016; Olsson and 
Hentati-Sundberg 2017). Since the type (plastic/alu-
minium/steel) of complimentary bands used changed 
over the years of the study and varied in their durability, 
which could affect annual resighting probabilities, we 
modelled recapture probability as age and time depen-
dent.

The number of age classes established were differ-
ent in survival and recapture probabilities. Let R be the 
set of age classes established for survival, R = {1,2,3,4}, 
in this case 1-year-old, 2-years-old, 3-years-old and 
4-10-years-old. Similarly, R’ denoted the set of age class-
es for recapture probability, R’ = {1,2,3}, corresponding 
to 1-year-old, 2-years-old, and 3-10-years-old. Moreover, 
φr denoted the annual survival probability from time t to 
t+1 of an individual belonging to age class r (r ε R and t = 
1, …, T-1), while pr’,t denoted the recapture probability 
at time t of an individual which belonged to age class r’ 
(r’ ε R’ and t = 2, …, T). We selected these age catego-
ries because the main focus of the paper was to analyze 
immature survival, while at the same time taking into 

account that mature individuals (from 3-years-old on-
ward) became less resighted due to their movement to 
unobserved parts of the colony.

Posterior Inference

Bayesian statistics allows models to incorporate not 
only the data into the inferential process, but also all 
the available prior knowledge about the unknown pa-
rameters. This information needs to be expressed in 
probabilistic language in the so-called prior distribu-
tions. Bayes’ theorem combines both types of infor-
mation and provides the posterior distribution, which 
contains all the relevant knowledge about the param-
eters of interest (McCarthy and Masters 2005; King et al. 
2010; Christensen et al. 2011; Kruschke 2011).

Most of the time, Bayesian inferential processes 
are based on vague or non-informative prior distribu-
tions, because no information is available. Neverthe-
less, Martínez-Abraín et al. (2014) stated that ecologists 
should make a greater effort to make use of available 
prior information because this is their most legitimate 
contribution to the inferential process. In other words, 
when information about the parameters is available, we 
should try to incorporate it.

In our case, we incorporated expert prior informa-
tion about the partial monitoring of this colony in the 
Cormack-Jolly-Seber model. Based on a recent census 
of the colony, Olsson and Hentati-Sundberg (2017) 
found that the size of the monitored breeding ledges 
represented 19% of breeding pairs in area A (Fig. 1). 
Furthermore, individuals of age class three were mainly 
observed at breeding ledges, not at the clubs, due to 
the gradual settlement of the prospecting individuals 

Figure 1. Location of a large Common Murre (Uria aalge) breeding colony on the island of Stora Karlsö in the Baltic 
Sea (left), where immature birds were captured, banded, and resighted from 2006-2016. Map of the island (right) 
shows the location of the main breeding ledges used by murres (areas A, B and C) and locations that were moni-
tored to resight marked birds (indicated with asterisks). Chicks were captured and banded in area A.
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on breeding ledges (Kadin 2007; this study). Therefore, 
we used informative prior distributions, but only for the 
recapture probabilities for individuals 3-10-years-old. 
We used non-informative prior distributions for the 
remaining parameters of the model, in particular, Uni-
form (0,1). The probability of seeing an individual that 
is alive P(pi=1|zi=1) can be expressed as,

P(pi = 1|zi = 1) = P(pi = 1, M|zi = 1) + P(pi,  M|zi = 1) =  

P(pi = 1|M, zi = 1) *  P(M|zi = 1)+ P(pi = 1| M, zi = 1) *    

P(M |zi = 1)= P(pi = 1|M, zi = 1) *  0.19,

where the event M indicates that the individual is in 
a monitored breeding ledge, and M indicates the op-
posite. Additionally, even though a bird is present at 
a ledge, it is not certain that its band could be read, 
mainly because individuals are standing close to each 
other and not always showing their bands. In order to 
be the less informative, we considered that we could see 
all the individuals (which is far from reality), and so, 
the recapture probabilities should not be greater than 
1*0.19=0.19. In other words, we used informative prior 
distributions that constrained the parametric space for 
the recapture probabilities in the 3-10-years-old age 
class in order not to exceed that 0.19 value.

As usual in this context, the resulting posterior 
distributions containing all the information about the 
system have no closed expression, so we need numeri-
cal approaches to approximate them. A feasible pos-
sibility is to use Markov Chain Monte Carlo (MCMC) 

methods (Robert and Casella 2011). In this study, we 
used MCMC through the jags software (Plummer 2003) 
implemented in the R software (R Core Team 2019). 
We obtained the final approximate random sample us-
ing three chains, 200,000 iterations, discarding the first 
20,000 and saving 1 of every 300 of the remaining (to 
avoid autocorrelation).

Results

A total of 28,930 chicks were banded 
between years 2006 and 2016. Mean band-
ing effort was 2,893 individuals per year, 
with a maximum of 4,956 individuals (year 
2015) and a minimum of 1,965 individu-
als (year 2007). A total of 7,625 resightings 
was achieved (mean = 762.5 resightings per 
year), with a maximum of 1,284 individuals 
resighted (year 2016) and a minimum of 174 
individuals resighted (year 2007). The total 
number of resightings were of 5,493 unique 
individuals (19% of banded birds), and each 
individual was observed an average of 1.38 
times. The most common age of resighted 
birds was 2-years-old, followed by 3-years-old, 
4-10-years-old, and 1-year-old (Fig. 2).

Figure 2. Number of banded Common Murre (Uria aalge) individuals resighted for each age class in a large Com-
mon Murre (Uria aalge) breeding colony on the island of Stora Karlsö in the Baltic Sea from 2006-2016.
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The 1-year-old birds were almost exclu-
sively resighted at the clubs, and only a few 
(5%) on the ledges (Table 1). In subsequent 
age classes, there was a clear trend that the 
proportions of birds seen only at the breed-
ing ledges were increasing drastically with 
age, observing 89% of 3-10-years-old birds 
only at breeding ledges (Table 1).

Survival probabilities differed among age 
classes and were highest for 2-years-old and 
3-years-old birds (Fig. 3). As expected, sur-
vival to 1-year-old was the lowest among the 
age classes. Resighting probability for 1-year-
old birds was extremely low (Fig. 4), peak-
ing at 2-years-old, and was close to the upper 
bound of the informative prior for the older 
age class, as expected based on visibility of 
the ledges. Recapture probability showed 
interannual variation among years, but it is 
important to remark that all the age classes 
showed the same pattern of variability be-
tween years.

Discussion

Through the use of Bayesian Cormack-
Jolly-Seber models, we provide new esti-
mations of annual survival and resighting 
probabilities of young birds at the largest 
Common Murre colony in the Baltic Sea. 
The large number of banded and resighted 
birds offered a robust database to obtain 
relevant inferences. Unique among Com-
mon Murre colonies, a number of birds re-

turned to this colony in their first summer, 
i.e. when 1-year-old (Kadin 2007). Our re-
sults showed that 1-year-old individuals were 
almost exclusively observed at clubs, but the 
subsequent age classes gradually shift over 
to almost only being observed at breeding 
ledges. The clubs help the youngest birds 
learn social and sexual behaviors without the 
risk of being attacked by breeding birds, as 
well as to gain experience in locating fishing 
grounds near the colony (Halley et al. 1995). 
We considered that resightings in clubs were 
not biased because birds used the boulders 
randomly, that is, all the individuals that be-
longed to the sub-colony where we banded 
them had the same probability of being re-
sighted there. However, this assumption did 
not hold true for monitored breeding ledges 
and older birds (> 1-year-old).

Our results for detection of older birds 
were in accordance with our assumption that 
only 19% of the birds on the ledges would be 
observable. Birds that are > 1-year-old begin 
to prospect the breeding ledges in order to 
learn the competences for breeding (Hal-
ley et al. 1995; Harris et al. 1996b). Seabirds, 
and in particular the Common Murre, are 
philopatric to natal colony, but also to the 
sub-colony where they hatched (Halley et al. 
1995; Harris et al. 1996a; Harris et al. 1996b). 
Hence, individuals that settle in monitored 
breeding ledges will have a higher resight-
ing probability compared to individuals set-
tling in other ledges in the same sub-colony 

Table 1. Age and number (with percentage) of banded 
Common Murres (Uria aalge) resighted at clubs, breed-
ing ledges, and both areas in a large breeding colony 
on the island of Stora Karlsö in the Baltic Sea, Sweden 
from 2006-2016.

Age Clubs Breeding ledges Both

1 704 (95%) 32 (4.31%) 5 (0.68%)
2 1183 (52.77%) 930 (41.48%) 129 (5.75%)
3 285 (17.71%) 1306 (81.17%) 18 (1.12%)
4 57 (6.38%) 830 (92.95%) 6 (0.67%)
5 8 (1.65%) 477 (98.35%) 0 (0.00%)
6 4 (1.62%) 243 (98.38%) 0 (0.00%)
7 1 (0.78%) 127 (99.22%) 0 (0.00%)
8 1 (1.39%) 71 (98.61%) 0 (0.00%)
9 1 (2.17%) 45 (97.83%) 0 (0.00%)
10 1 (4.76%) 20 (95.24%) 0 (0.00%)

Figure 3. Mean and 95% CI of the marginal posterior 
distribution of annual survival probabilities among age 
classes of Common Murres (Uria aalge) from an exten-
sive banding study in a breeding colony on the island of 
Stora Karlsö in the Baltic Sea from 2006-2016.
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– risking underestimation of survival esti-
mates (Lebreton et al. 1992; Sanz-Aguilar et 
al. 2016).

We were able to compare our annual sur-
vival estimates with those obtained in other 
studies at the Isle of May, Scotland (Crespin 
et al. 2006; Harris et al. 2007; Reynolds et al. 
2009), Skomer Island, Wales (Birkhead and 
Hudson 1977; Votier et al. 2008; Meade et al. 
2013), and Farallon Island, California (Lee 
et al. 2008), keeping in mind differences with 
regard to data sources and statistical meth-
odology (Table 2). Our estimate of survival 
to 1-year-old is the lowest value reported for 
Common Murre, whereas for 2-years-old it 
is the highest value reported. This is likely 
because no 1-year-old individuals were seen 
alive in the other studies, so inference in 
first year survival probability was done with-
out that information. In our study, however, 
12% of 1-year-old birds and 35% of 2-years-
old birds were resighted. Our results showed 
that birds in our study had higher mortality 
during their first winter than during the sec-
ond, confirming earlier studies that high-

light the first winter as a critical period for 
Common Murres, as indicated by over-repre-
sentation in bycatch recoveries (Olsson et al. 
2000a). Other comparable outputs are those 
for survival up to 2-years-old, which we can 
easily calculate combining survival of the 
1-year-old and 2-years-old age classes. This 
calculated survival probability up to 2-years-
old is 0.34 (0.58²) in Crespin et al. (2006), 
while it is 0.49 (0.702) in Votier et al. (2008), 
and it is 0.41 (0.54*0.76) in Reynolds et al. 
(2009). In our study, the posterior mean and 
95% CI of survival up to 2-years-old was 0.46 
(0.44-0.49), which is similar to the calculated 
estimations for the other studies.

Our estimate of survival to 3-years-old was 
also similar to other studies. In particular, 
the posterior mean was close to the estima-
tions obtained by Votier et al. (2008) and 
Reynolds et al. (2009). Also, and previously 
mentioned, in order to compare our results 
with those by Birkhead and Hudson (1977) 
and Meade et al. (2013) (in which the estima-
tions were for individuals up to 3-years-old), 
we have to consider the calculated posterior 

Figure 4. Mean and 95% CI of the marginal posterior distribution of recapture probabilities among age classes of 
Common Murres (Uria aalge) from an extensive banding study in a breeding colony on the island of Stora Karlsö 
in the Baltic Sea from 2006-2016.
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probability of the cumulative survival up to 
three years. In our study the posterior mean 
and 95% CI for survival to 3-years-old in Sto-
ra Karlsö colony was 0.44 (0.43-0.46), which 
was a similar result Meade et al. (2013).

Adult survival in seabirds is the life his-
tory characteristic of greatest importance 
for population growth, and it is crucial for 
colony maintenance (Sandvik et al. 2012). 
Österblom et al. 2004 suggested high adult 
survival estimates in this colony (0.937 ex-
cluding one year with a cholera outbreak). 
Additionally, the colony of Common Murre 
of Stora Karlsö has almost tripled from 1980 
until present (Hentati-Sundberg and Olsson 
2016; Olsson and Hentati-Sundberg 2017).

Our final age class (4-10-years-old) is con-
sidered to consist of young adult birds. Given 
our relatively low annual survival estimation 

for birds in this age class, and current esti-
mates of breeding success (0.6-0.7, Berglund 
2016), there should not be a strong popula-
tion increase without high immigration into 
the colony. However, as Stora Karlsö is by far 
the largest colony in the Baltic Sea (Olsson 
and Hentati-Sundberg 2017), and because no 
banded birds from other colonies have been 
observed at Stora Karlsö, we can rule out the 
possibility of high immigration. There is evi-
dence of emigration, as birds banded at Stora 
Karlsö are breeding at several other locations, 
mainly in the Baltic Sea, but also in the At-
lantic Ocean (Bird Ringing Centre, Swedish 
Museum of Natural History, unpubl. data).

We hypothesize that our annual survival 
of the 4-10-years-old age class was under-es-
timated, despite our correction for limited 
resighting using prior information about the 

Table 2. Previously reported survival probability estimates for Common Murre (Uria aalge) from various colonies 
(expressed in terms of the mean, the mean and 95% CI, or the mean ± SD; estimates are for annual survival prob-
ability except Skomer Island studies, which report cumulative survival probabilities).

Colonies, Studies and Time period Survival estimates Age class Banded chicks

Farallon island, Lee et al. (2008). 1986-2004 0.59 1-yr      375
0.67 2-yrs
0.75 3-yrs
0.80 4-yrs

Isle of May, Crespin et al. (2006). 1983-2001 0.58 [0.44,0.71] 1-2-yrs —
0.86 [0.81,0.91] 3-4-yrs
0.70 [0.65,0.73] 5-18-yrs

Isle of May, Harris et al. (2007). 1983-2002 0.56 [0.54, 0.59] 1-yr 96-237 year-1

0.79 [0.72,0.85] 2-yrs
0.92 [0.87,0.95] 3-yrs
0.94 [0.87,0.98] 4-yrs
0.97 [0.94,0.98] 5+ yrs

Isle of May, Reynolds et al. (2009). 1983-2003 0.54 1-yr   5,594
0.76 [0.72, 0.81] 2-yrs
0.93 [0.89, 0.96] 3-yrs
0.91 [0.87, 0.94] 4-yrs

Skomer island, Birkhead and Hudson (1977). 1972-1977 0.26 ** 1-3-yrs      279
0.21 ** 1-5-yrs

Skomer island, Votier et al. (2008). 1985-2005 0.70 ± 0.04 1-2-yrs   1,522
0.95 ± 0.08 3-yrs
0.87 ± 0.06 4-yrs
0.78 ± 0.05 5-20 yrs

Skomer island, Meade et al. (2013). 1985-2004 0.43 ** 1-3-yrs   5,943

Stora Karlsö, This study. 2006-2016 0.53 [0.49-0.58] 1-yr 28,930
0.87 [0.79-0.96] 2-yrs
0.96 [0.90-0.99] 3-yrs
0.63 [0.61-0.64] 4-10-yrs
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colony. A potential reason for this could be 
that our database provided very little infor-
mation about adult survival (indeed, it was 
designed to estimate immature survival). In-
terestingly, Votier et al. (2008) and Crespin et 
al. (2006) reported a similar survival decline 
with age, both in annual survival from the 
4-year to 5-year age class, and from the 3-4-
year to 5-18-year age class. Both studies sug-
gested an over representation of non-breed-
ers with low individual quality as a possible 
explanation to this survival decline. Howev-
er, we speculate that the main explanation 
may be the clearly observable age variation 
in prospecting behavior. Individuals at a lat-
er stage of prospecting become increasingly 
difficult to observe when they recruit at non-
observable ledges, and thus they become 
less likely to show up at monitored ledges. 
Another complementary explanation could 
be that emigration takes place after initial 
prospecting in the natal colony (Harris et 
al. 2007). Future studies involving resight-
ing data from other colonies could help to 
clarify these hypotheses.

Although the official triangular stainless-
steel band has remained the same through-
out the study, wear of the complementary 
bands has been a difficult practical issue in 
this study and none of the band types used 
has been without drawbacks. The colored-
plastic bands used for most years (2006-
2008, 2013-2015) were initially clearly read-
able, even at large distances, but tended 
to wear heavily after a few seasons in the 
colony, and eventually became unreadable. 
Thus, those bands are best suited for ob-
serving young birds at clubs and less opti-
mal for longer-term studies. The ID-codes 
of the aluminium bands (2009) were worn 
away very quickly, and those bands can 
therefore not be recommended. The large 
triangular steel bands (2010-2012) had 
good durability but were less easy to read 
at longer distances. However, we were able 
to identify a large proportion of resighted 
birds by reading the official stainless-steel 
bands, which alleviated the problem with 
complementary band types. Our estimate 
of the recapture probabilities revealed that 
the 2011-2013 time-period had the lowest 

recapture probabilities. These years corre-
spond to one year after the use of the large 
steel bands (2010-2012), suggesting a link 
between recapture probabilities and band 
readability.

In conclusion, in this work we present the 
results from an extensive study carried out 
in the largest Murre colony from the Baltic 
Sea on Stora Karlsö. The wide-spread colony 
attendance of 1- and 2-year-old birds report-
ed in this paper is an aspect which appears 
unique among Common Murre colonies. 
Continued research is needed to investigate 
the drivers behind the strong positive popu-
lation trends in Stora Karlsö. In addition, in 
this work we provide a potential solution to 
deal with the partial monitoring problem for 
this colony by incorporating expert knowl-
edge to the inferential process through the 
use of prior distributions. One of the factors 
that can surely affect recapture probabilities 
is behavioral heterogeneity. An exciting way 
forward to obtain more accurate pre-breed-
ing survival estimates would be to implement 
models that better account for the complex 
prospecting behavior in Common Murres. 
We foresee the possibility of using this Bayes-
ian modelling framework with more detailed 
individual-specific recapture histories to shed 
light on these important issues. Future stud-
ies and existing ones with data that may be 
analysed with these things in mind will pro-
vide greater insight into this approach and 
the biology of colonial seabirds.
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Jagt-och Djurskyddsförenings AB provided logistical 
support. This research meets all ethical guidelines for 
the use of wild birds in research and was conducted un-
der permit 57/16 issued to Olof Olsson by the relevant 
Swedish authority.

Downloaded From: https://complete.bioone.org/journals/Waterbirds on 24 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



312	 Waterbirds

Literature Cited

Berglund, P. A. 2016. Evaluating ten years of ecological 
seabird research in the Baltic Sea. Degree project 
thesis, department of Systems Ecology, Stockholm 
University.

Birkhead, T. R. and P. J. Hudson. 1977. Population pa-
rameters for the Common Murre Uria aalge. Ornis 
Scandinavica; 145-154.

Birkhead, T. R. and D. N. Nettleship. 1986. Ecological 
relationships between Common Murres, Uria aalge, 
and Thick-billed Murres, Uria lomvia, at the Gannet 
Islands, Labrador. I. Morphometrics and timing of 
breeding. Canadian Journal of Zoology 65: 1621-
1629.

Crespin, L., M. P. Harris, J. D. Lebreton, M. Frederik-
sen and S. Wanless. 2006. Recruitment to a seabird 
population depends on environmental factors and 
on population size. Journal of Animal Ecology 75: 
228-238.

Crespin, L., R. Choquet, M. Lima, J. Merritt and R. Pr-
adel. 2008. Is heterogeneity of catchability in cap-
ture–recapture studies a mere sampling artifact or 
a biologically relevant feature of the population? 
Population Ecology 50: 247-256.

Christensen, R., W. Johnson, A. Branscum and T. E. 
Hanson. 2011. Bayesian ideas and Data analysis. 
CRC Press.

Croxall, J. and P. Rothery. 1991. Population regula-
tion of seabirds: implications of their demography 
for conservation. Pages 272-296 in Bird Population 
Studies: Relevance to Conservation and Manage-
ment (Perrins, C. M., J. D. Lebreton, and G. M Hi-
rons, Eds.). Oxford University Press.

Croxall, J., S. H. M. Butchart, B. Lascelles, A. J. Stat-
tersfield, B. Sullivan and A. Symes. 2012. Seabird 
conservation status, threats and priority actions: a 
global assessment. Bird Conservation International 
22: 1-34.

Golchi, S. 2016. Informative Priors and Bayesian Compu-
tation. 2016 IEEE International Conference on Data 
Science and Advanced Analytics (DSAA): 782-789.

Halley, D.J., M.P. Harris and S. Wanless. 1995. Colony 
attendance patterns and recruitment in inmature 
Common Murres (Uria aalge). The Auk 112: 647-957.

Harris, M. P., D. J. Halley and S. Wanless. 1996a. Philop-
atry in the Common Murre Uria aalge. Bird Study 
43: 134-137.

Harris, M. P., S. Wanless and T. R. Barton. 1996b. Site 
use and fidelity in the Common Murre Uria aalge. 
Ibis 138: 399-404.

Harris, M. P., S. Wanless, P. Rothery, R. L. Swann and D. 
Jardine. 2000. Survival of adult Common Murres Uria 
aalge at three scottish colonies. Bird Study 47: 1-7.

Harris, M. P., M. Frederiksen and S. Wanless. 2007. 
Within-and between-year variation in the juvenile 
survival of Common Murres Uria aalge. Ibis 149: 472-
481.

Hedgren, S. and A. Linnman. 1979. Growth of Murre 
Uria aalge chicks in relation to time of hatching. Or-
nis Scandinavica 10: 29-36.

Hedgren, S. 1981. Effects of fledging weight and time 
of fledging on survival of Murre Uria aalge chicks. 
Ornis Scandinavica 12: 51-54.

Hentati-Sundberg, J. and O. Olsson. 2016. Amateur 
photographs reveal population history of a colonial 
seabird. Current Biology 26: 226-228.

Kadin, M. 2007. Post-fledging survival and sexual matu-
ration in Common Murres Uria aalge-the influence 
of biological and ecological factors. Degree project 
thesis, department of Systems Ecology, Stockholm 
University.

Kéry, M. and M. Schaub. 2011. Bayesian population 
analysis using WinBUGS: a hierarchical perspective. 
Academic Press.

King, R., B. Morgan, O. Giménez and S. Brooks. 2010. 
Bayesian analysis for population ecology. CRC Press, 
Boca Raton, Florida.

Kruschke, J. K. 2011. Doing Bayesian data analysis: a 
tutorial with R and BUGS. Academic Press, Burling-
ton, Massachusetts.

Lebreton, J. D., K. P. Burnham, J. Clobert and D. R. 
Anderson. 1992. Modeling survival and testing bio-
logical hypotheses using marked animals: a unified 
approach with case studies. Ecological monographs 
62: 67-118.

Lee, D., C. L. Abraham, P. M. Warzybok, R. W. Brad-
ley and W. J. Sydeman. 2008. Age-specific Survival, 
Breeding Success, and Recruitment in Common 
Murres (Uria aalge) of the California Current Sys-
tem. The Auk 125: 316-325.

Lewison R., D. Oro, B. J. Godley, L. Underhill, S. Bear-
hop, R. P. Wilson, D. Ainley, J. M. Arcos, P. D. Boers-
ma, P. G. Borboroglu, T. Boulinier, M. Frederik-
sen, M. Genovart, J. González-Solís, J. A. Green, D. 
Grémillet, K. C. Hamer, G. M. Hilton, K. D. Hyren-
bach, A. Martínez-Abraín, W. A. Montevecchi, R. 
A. Phillips, P. G. Ryan, P. Sagar, W. J. Sydeman, S. 
Wanless, Y. Watanuki, H. Weimerskirch and P. Yorio. 
2012. Research priorities for seabirds: improving 
conservation and management in the 21st century. 
Endangered Species Research 17: 93-121.

McCarthy, M. A., and P. Masters. 2005. Profiting from 
prior information in Bayesian analyses of ecological 
data. Journal of Applied Ecology 42: 1012-1019.

Martínez-Abraín, A., A. Velando, D. Oro, M. Genovart, 
C. Gerique, M. A. Bartolomé, E. Villuendas and 
B. Sarzo. 2006. Sex-specific mortality of European 
shags after the Prestige oil spill: demographic impli-
cations for the recovery of colonies. Marine Ecology 
Progress Series 318: 271-276.

Martínez-Abraín, A., D. Conesa and A. Forte. 2014. 
Subjectivism as an unavoidable feature of ecologi-
cal statistics. Animal Biodiversity and Conservation 
37: 141-143.

Meade, J., B. J. Hatchwell, J. L. Blanchard and T. R. Birk-
head. 2013. The population increase of common 
guillemots Uria aalge on Skomer Island is explained 
by intrinsic demographic properties. Journal of Avi-
an Biology 44: 055-061.

Morrison, K. W., J. M. Hipfner, C. Gjerdrum and D. J. 
Green. 2009. Wing length and mass at fledging pre-

Downloaded From: https://complete.bioone.org/journals/Waterbirds on 24 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



	I mmature Survival of Common Murres	 313

dict local juvenile survival and age at first return in 
tufted puffins. The Condor 111: 433-441.

Nettleship, D. N. and T. R. Birkhead, Eds. 1985. The 
Atlantic Alcidae: the Evolution, Distribution and Bi-
ology of the Auks Inhabiting the Atlantic Ocean and 
Adjacent Water Areas. Academic Press.

Newman, K., S. Buckland, B. Morgan, R. King, D. Borch-
ers, D. Cole, P. Besbeas, O. Giménez and L. Thomas. 
2014. Modelling Population Dynamics: Model For-
mulation, Fitting and Assessment using State-Space 
Methods. Springer, New York.

Olsson, O. and J. Hentati-Sundberg. 2017. Population 
trends and status of four seabird species (Uria aalge, 
Alca torda, Larus fuscus, Larus argentatus) at Stora 
Karlsö in the Baltic Sea. Ornys Svecica 27: 64-93.

Olsson, O., T. Nilsson, and T. Fransson. 2000a. Long-
term study of mortality in the Common Guillemot 
in the Baltic Sea. Swedish Environmental Protection 
Agency.

Olsson, O., T. Nilsson, and T. Fransson. 2000b. Geo-
graphical distribution, rates and causes of mortal-
ity in the Common Guillemot in the Baltic Sea. 
Swedish Environmental Protection Agency, Report 
5057.

Oro, D. and R. Pradel. 2000. Determinants of local re-
cruitment in a growing colony of Audouin’s gull. 
Journal of Animal Ecology 69: 119-132.

Österblom, H., H. P. Van der Jeugd and O. Olsson. 
2004. Adult survival and avian cholera in Common 
Guillemots Uria aalge in the Baltic Sea. Ibis 146:1-4.

R Core Team. 2018. R: A Language and Environment 
for Statistical Computing. R Foundation for Statisti-
cal Computing, Vienna, Austria.

Plummer, M. 2003. Jags: A program for analysis of 
Bayesian graphical models using gibbs sampling. 
Proceedings of the 3rd international workshop on 
distributed statistical computing, Vienna, Austria.

Reynolds, T. J., R. King, J. Harwood, M. Frederiksen, 
M. P. Harris and S. Wanless. 2009. Integrated data 
analysis in the presence of emigration and mark 
loss. Journal of Agricultural, Biological, and Envi-
ronmental Statistics 14: 411-431.

Robert, C. and G. Casella. 2011. A short history of mar-
kov chain monte carlo: subjective recollections from 
incomplete data. Statistical Science 26: 102-115.

Sandvik, H., Erikstad, K., Barrett, R. and N. G. Yoccoz. 
2005. The effect of climate on adult survival of five 
species of North Atlantic seabirds. Journal of Ani-
mal Ecology 74: 817-831.

Sandvik, H., K. E. Erikstad, P. Fauchald and T. Tveraa. 
2008. High survival of immatures in a long-lived sea-
bird: insights from a long-term study of the atlantic 
puffin (Fratercula arctica). The Auk 125: 723-730.

Sandvik, H., K. E. Erikstad and B. E. Saether. 2012. Cli-
mate affects seabird population dynamics both via 
reproduction and adult survival. Marine Ecology 
Progress Series 454: 273-284.

Sanz-Aguilar, A., J. M. Igual, D. Oro, M. Genovart and 
G. Tavecchia. 2016. Estimating recruitment and sur-
vival in partially monitored populations. Journal of 
Applied Ecology 53: 73-82.

Votier, S. C., T. R. Birkhead, D. Oro, M. Trinder, M. 
Grantham, J. A. Clark, R. H. McCleery and B. J. 
Hatchwell. 2008. Recruitment and survival of im-
mature seabirds in relation to oil spills and climate 
variability. Journal of Animal Ecology 77: 974-983.

Downloaded From: https://complete.bioone.org/journals/Waterbirds on 24 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use


