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Ágrip 

Fjallað er um nokkra þætti í stofnvistfræði lunda í Vestmannaeyjum.  Í fyrsta kafla er 

fjallað um varpárangur í sjö lundavörpum í þremur eyjum í Vestmannaeyjum árin 2008-

2009. Varpárangur var lélegur bæði árin en nokkuð breytilegur á milli þeirra þriggja eyja 

sem rannsakaðar voru en varpárangur var metin 14.3% (n=203) 2008 og 20.1% (n=149) 

2009. Varptími dróst á langinn og stóð yfir í um 64 og 55 daga eða fram til 11. september 

(SD=3.9) og 14. september (SD=4.8) að meðaltali. Þetta telst seint í samanburði við meðal-

dagsetningu merkinga á fleygum pysjum frá 1959 til 2007: 26 Ágúst (SD=10). Sú 

dagsetning byggir á merkingagögnum sem aflað var af tveimur merkingamönnum, Óskari 

J. Sigurðssyni og Sigurgeiri Sigurðssyni (d. 1994) á Heimaey en merkingar Óskars ná aftur 

til ársins 1953. Í öðrum kafla er þessum merkingagögnunum lýst, tímasetning og 

staðsetning endurheimta eru skoðuð með tilliti til aldurs og farið er yfir forsendur 

reiknilíkana á lífslíkum og frekari útreikninga. Af 37.319 merktum pysjum, bæði fleygum 

og ófleygum milli 1959 og 2007 voru 5512 (14.8%) endurheimtar, að langmestu leiti í 

gegnum veiði en aðeins 193 náðust aftur verpandi. Eitthvað var um sleppingar veiðimanna 

á merktum fuglum sem hefði annars ekki verið sleppt sem orsakar skekkju auk þess sem 

áreiðanleiki slíkra endurheimta minnkar. Af þeim fuglum sem endurheimtir voru dauðir úr 

veiði í Vestmannaeyjum voru 74.7% yngri en fjögurra ára þ.e. á fimmta aldursári. Flestir 

þeirra endurheimtust á fjórða aldursári eða 36%. Miðað við að endurheimtur í veiði dragast 

mikið saman eftir 5 ára aldur samhliða aukningu fugla sem fundust verpandi í fyrsta skipti 

á svipuðum aldri má renna líkum að því að flestir lundar hefji varp á bilinu frá fimmta til 

sjöunda aldursárs. Langflestar endurheimtur eru innan Vestmannaeyja en einungis 77 

fuglar af þekktum aldri fundust utan Vestmannaeyja, þar af einungis þrír fuglar í öðrum 

byggðum á Íslandi. Einungis tveir fuglar voru endurheimtir á öðru aldursári í veiði en 

annars eru allar endurheimtur fram að þriðja aldursári erlendis frá, að langsmestu leiti frá 

Nýfundnalandi. Fuglar merktir sem varpfuglar (n=5825) endurheimtust aftur á móti að 

mestu leiti verpandi aftur og allir í Vestmannaeyjum. Í þriðja kafla er lífs- og 

endurheimtulíkur varpfugla í Stórhöfða metnar með CJS-líkani. Fjögura þátta mátgæðismat 

(e. Goodness of fit test) sýndi fram á töluverð “flökku-fugla áhrif” (e. transience effect) 

sem tekið var tillit til í líkanagerð til útreikninga á lífslíkum. Besta líkanið gerði ráð fyrir 

að lifun breyttist ekki milli ára en endurheimtulíkur og hlutfall flökku-fugla breyttust milli 

ára. Lífslíkur voru metnar 87.3% (95% CL 86.4% - 88.2%) en meðal endurheimtulíkur 

voru 9% (SD=0.05 N=50). Þessar lífslíkur eru lægri en lífslíkur lunda beggja vegna 

Alantshafsins. Einnig er stuttlega fjallað um æskileg viðfangsefni lundarannsókna í 

framtíðinni og þýðingu niðurstaðanna og hvað megi vinna frekar úr þessum gögnum.  

  



 



 

Abstract 

The aims of this study are to explore survival and the relevant demographic variables of 

the Puffin population in Vestmannaeyjar, Iceland. It is divided into three chapters 

combining results from current research projects and part of a long term ringing series. 

Findings are then compared to findings from published literature on the species.  

Chapter 1 

Breeding success was estimated in seven colonies on three islands in Vestmannaeyjar 

archipelago in 2008 and 2009 as a part of an ongoing monitoring project. In 2008 total 

hatching success was 73.4% (n=203) but 19.5% (n=149) of the chicks survived until end of 

the study. In 2009 total hatching success was 40.9% (n=137) and 53.6% (n=149) of the 

chicks survived. This resulted in relatively low observed breeding success of 14.3% (n=29) 

and 20.1% (n=30) in 2008 and 2009, respectively. The overall breeding success was 

similar between years but varied between colonies within both years or between years 

within individual colonies. The rearing period was prolonged to 64 and 55 days in 2008 

and 2009 and lasted on average until 11. September (SD=3.9) and 14. September 

(SD=4.8), respectively. In comparison, the 49 year average fledgling (ringing)-date 1959-

2007 was 26 August (SD=10). These prolonged rearing periods suggest that food shortage 

limited chick growth rates and are congruent with the low nest survival. This low success 

is thought to be related to poor feeding conditions which have been attributed to 

recruitment failure the Sandeel population Ammodytes spp., which historically has been the 

main food source of Puffins of the South coast of Iceland. In an apparently prolonged 

Sandeel collapse it is important to maintain monitoring even though such work is difficult 

due to the Puffin‟s underground nesting habit. Firstly we should do so because of 

international responsibilities, since the Vestmannaeyjar archipelago harbours a relatively 

large proportion of the world‟s population. Secondly we bear a moral obligation since the 

puffin is the most exploited game species in Iceland. Thirdly the species is important to the 

country‟s image and is a popular tourist attraction. 

Chapter 2 

Between 1959 and 2007 two ringers in Vestmannaeyjar archipelago ringed 43,144 Puffins, 

mostly nestlings and fledglings but also breeders and non breeding adults. Of 5825 

breeders 1427 were recaptured alive during breeding and a further 147 were recovered 

through harvest all within the archipelago. Of 37.319 individuals ringed either as fledglings 

or nestlings 5512 (14.8%) were subsequently encountered mostly through harvest. There is 

though some negative bias on kill-rate as well as possible marker oversight caused by 

hunters releasing ringed birds, preserving them only because they are ringed. Of 4149 dead 

recoveries 74.7% were killed before sixth calendar year (CY) but most, 36.0% in the fourth 

CY. The subsequent drop in proportion of harvest after the fourth CY corresponds to 

individuals starting to breed in their fifth CY as is further supported by age distribution of 

193 individuals of known age caught breeding in Stórhöfði which indicates that Puffins 

start breeding aged 5 CY to 7 CY. All ringed breeders subsequently encountered were 



 

without exception retrieved within the archipelago. Only 77 birds of known age were 

encountered outside Vestmannaeyjar, of which only two were encountered elsewhere in 

Iceland. Birds encountered aged 1-2 CY (n=45) were with few exceptions recovered 

during winter near Newfoundland and only two were recovered through harvest in 

Vestmannaeyjar.  

Chapter 3 

Survival rates for a harvested breeding population of Atlantic Puffins are reported from a 

single colony in Vestmannaeyjar Archipelago using data from 5825 individuals, ringed 

from 1959-2007. Using CJS multinomial modelling approach accounting for heterogeneity 

in survival rates with Pradel‟s (1997) TSM model for transience, the highest ranking model 

included constant resident survival rates of 87.3% (95% CL 86.4% - 88.2%) while 

recapture rates were time dependent but low or on average 9% (SD=0.05 n=50). These 

survival estimates are quite low compared to survival rates amongst non-harvested Puffin 

populations from both sides of the Atlantic although comparable to short periods of low 

survival in the East Atlantic. The low survival rates in Vestmannaeyjar may be a result of 

harvesting or the method of capture-recapture employed (instead of the widely used 

capture-resighting). 
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Introduction 

During summer, the Atlantic Puffin (Fratercula arctica) is believed to be the largest bird-

population in Icelandic waters (Hansen et al. 2011). The largest breeding colonies are 

found in the Vestmannaeyjar archipelago 10 km south off the coast of Iceland. Around 

830.000 pairs or 20% of the world´s Atlantic Puffin population breed in the archipelago, 

archipelago making it the largest Puffin colony in the world (Hansen et al. 2011). Since 

2005, Puffin harvests and breeding success have declined continuously (Hansen et al. 

2009). Since harvest registration started in 1995 by the environmental agency of Iceland 

(UST), the Puffin has remained the most harvested species in Iceland, despite that the 

harvest reports having been shown to be underestimates (www.ust.is, Hansen pers. 

comm.).  

The decline in breeding success has been attributed to a widespread reduction in the 

Sandeel stocks (Ammodytes spp.) due to poor recruitment since 2005 (Bogason & 

Lilliendahl, 2009). Negative effects of this have also been documented for several other 

Icelandic seabird species which predominantly feed on Sandeels, e.g., for Lesser black 

backed gulls Larus fuscus (Hallgrímsson 2011), kittiwakes Rissa tridactyla (Garðarsson 

2006a), Arctic terns Sterna paradisea (Vigfúsdóttir pers., comm.) and cliff breeding auks 

such as Common guillemots Uria algae, Brünnichs guillemot U. lomvia and Razorbills 

Alca torda (Bornaechea & Gardarsson 2006, Gardarsson 2006b). 

  Because of the importance of the Puffin population for local communities with 

regard to tourism and hunting as well international responsibilities (Einarsson et al. 2002) a 

research project was initiated to monitor the state of the Puffin population and to gather 

information as a basis for future conservation and management. Therefore, the first step 

was to gather information on the four demographic parameters: birth rate, mortality rate, 

immigration and emigration. The relative importance of each of these parameters for any 

given species or population depends on its life history strategy, i.e., how individuals invest 

their time and resources for survival or reproduction (see e.g., Williams et al., 2002, Stahl 

& Oli 2006). 

 The Puffin has a typical seabird life-history i.e., low fecundity laying only one egg 

per year, late  maturity, around 5-6 years, and a long lifespan with an average life 

expectancy of 25 years (Harris 1984, Harris & Wanless 2011) in non-harvested 

populations. According to life history theory, long lived seabird species should favour self 

preservation over reproduction when environmental conditions are unfavourable and/or 

physical condition of individuals is poor (Ashcroft 1979, Hudson 1985, Cubaynes et al. 

2010). Adult mortality of Puffins is typically low, (e.g., Harris et al., 1997, 2005, Harris & 

Wanless 2011, Breton et al., 2005, 2006, Anker-Nilssen & Aarvak 2006, Anker-Nilssen 

2009, Barrett & Erikstad 2010) so the chances of returning in a year when conditions are 

more favourable are high and potentially more beneficial with regard to lifetime 

reproductive success.  
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 Furthermore, Puffins spend most of their life out on the open ocean, only returning to 

shore to breed in underground burrows. This unobservability and longevity present several 

problems for estimating population parameters such as survival rates and breeding output, 

since individuals are hard to observe and the population needs to be monitored for a long 

time before patterns and trends become visible. Thankfully, thanks to hard voluntary work 

and perseverance such data do exist, a ringing series dating back to 1953 produced by two 

volunteers. 

The aim of this study was to explore survival and the relevant demographic 

variables of the local Puffin population during different life stages by combining results 

from current study on breeding success, and the unique ringing series in contrast to 

information gleaned from published literature.  

In chapter 1, data are presented on nest survival during the breeding seasons of 

2008 and 2009. Chapter 2 reviews the origin of the ringing data, its composition and 

apparent age-dependant, temporal and spatial patterns. In chapter 3 the survival of breeding 

birds is estimated using the ringing data. 
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1. Nest survival of Atlantic Puffins 
(Fratercula arctica) in the 
Vestmannaeyjar archipelago in 2008 
and 2009 

Abstract 
 
Breeding success was estimated in seven colonies on three islands in Vestmannaeyjar 

archipelago in 2008 and 2009 as a part of an ongoing monitoring project. In 2008 total 

hatching success was 73.4% (n=203) and 19.5% (n=149) of the chicks survived until end 

of the study. In 2009 total hatching success was 40.9% (n=137) and 53.6% (n=149) of the 

chicks survived. This resulted in relatively low observed breeding success of 14.3% (n=29) 

and 20.1% (n=30) respectively. The overall breeding success was similar between years 

but varied significantly between colonies both years and between years within individual 

colonies. The rearing period was prolonged to 64 and 55 days in 2008 and 2009 and lasted 

on average until 11 September (SD=3.9)  and 14 September (SD=4.8), respectively. This 

compares to a 50 year average fledgling ringing-date of 26 August (SD=10). These 

prolonged rearing periods suggest that food shortage limited chick growth rates and are 

congruent with the low nest survival. This low success is thought to be related to poor 

feeding conditions which stem from recruitment failure in Sandeel stocks Ammodytes spp. 

which has been the main food source of Puffins of the South coast of Iceland. In an 

apparently prolonged Sandeel collapse it is important to maintain monitoring even though 

the puffin is not an ideal species for such work due to its underground nesting habits.  

Firstly we should do so because of international responsibilities since the Vestmannaeyjar 

archipelago harbours a relatively large proportion of the world‟s population, secondly we 

bear a moral obligation since the puffin is the most exploited game species in Iceland and 

thirdly the species is important to the country‟s image and a popular tourist attraction.  

1.1 Introduction  

Food limitation during the breeding season has been demonstrated to limit chick growth 

rates, delay fledging and increase chick mortality in Atlantic puffins (Fratercula arctica) 

as well as increasing the likelihood of adults abandoning their nests (Harris, 1978, Barrett, 

Anker-Nilssen, et al. 1987, Anker-Nilssen, 1992, Barrett & Rikardsen, 1992, Øyan & 

Anker-Nilssen, 1996, Baillie & Jones, 2003). Birds laying single egg clutches, such as 

most auks, including the Atlantic Puffin, cannot reduce their clutch size when food 

resources are relatively poor, unlike birds with a clutchsize of two 2 eggs or greater. Any 

variation in production of the population can therefore be attributed either to the size of the 

breeding population or nest survival. Chicks can only survive such periods if the rearing 

period is prolonged which demands extended food provisioning by parents, or they are 

forced to fledge or leave the burrow prematurely not fully mature and in poor physical 

condition (Nettleship, 1972, Gaston, 1985, Stempniewicz & Iliszko, 2002). Puffin chicks 

display great variation in growth rate, fledging age, duration of nesting period and fledging 

condition depending on available food resources and hence feeding rate in a given region 

and season. Thus, the timing of fledging from the colony can be considered as an indirect 

measurement of food availability and puffin breeding success in a given season 
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(Nettleship, 1972, Gaston, 1985, Barrett, Anker-Nilssen, et al. 1987, Barrett & Rikardsen, 

1992, Stempniewicz & Iliszko, 2002). Since 2005, a consistently low production has been 

documented in the puffin population of Vestmannaeyjar which was one of the main 

reasons for the establishing the current monitoring project (Hansen et al. 2009). This low 

success is thought to be related to poor feeding conditions which stem from recruitment 

failure in Sandeel stocks Ammodytes spp. (Bogason & Lilliendahl 2009) but the Sandeels 

have been reported as the main food source of Puffins of the South coast of Iceland 

constituting nearly 100% of their diet (Lilliendahl & Solmundsson 1997, Thompson et al. 

1999).  

Here, survival of puffin chicks from seven colonies in three islands was compared during 

two breeding seasons, 2008 and 2009. Because sample sizes became limited by breeding 

failure, the time of fledging was estimated using the date of collection of fledglings flying 

in to town at night. This data was kindly provided by provided by the organizers of the 

project called “Rescue the Pufflings” (see Methods). Nestling period duration was inferred 

as the period between mean egg hatching date and mean fledgling date above. The time of 

fledging was compared between these two years of apparently limited resources to average 

fledging dates estimated from ringing schemes between 1959 and 2007.  

1.2 Methods  

Study sites 

The seven study sites were positioned on three islands in the Vestmannaeyjar archipelago 

(Figure 1-1); in five colonies; Rauf, Stórató, Lambhilla, Höfðavík and Malarkórar in 

Stórhöfði headland on the island of Heimaey, and one on each of the islands of Elliðaey 

and Álsey. However due to unfavourable weather conditions the smaller islands, Elliðaey 

and Álsey, could not be visited as often as colonies in Stórhöfði, since they had to be 

reached by boat. Conversely Stórhöfði is a headland located on the main island Heimaey, 

and thus accessible by road from the town of Vestmannaeyjar.  

Field methods 

A total of 258 and 356 burrows were searched and 203 and 137 active burrows were 

monitored during the summers of 2008 and 2009 respectively. Colonies were visited 2 to 4 

times a month from May/June to August/September and burrows examined with an 

infrared video-probe (Peep-a-roo, Sandpipertech.Inc. Manteca CA). A single transect was 

placed within each colony, four of which were vertical transects of the colonies; Elliðaey, 

Álsey, Rauf, Stórató but within three; Höfðavík, Malarkórar and Lambhilla, burrows 

within a 25 m
2
 squares were monitored. The colonies under study were chosen with 

logistical accessibility in mind but position of sites or transects within the colonies were 

chosen as to best represent a cross section of the landscape profile of each colony (Hansen 

1995). Burrows within transects were monitored throughout the summer until late August - 

early September, for a period varying for 95 – 110 days between colonies in 2008 and 91 - 

94 days in 2009. The normal length of breeding season is divided into 39 – 43 days of 

incubation and 38 – 44 days of rearing or a total breeding season of 77-87 days (Harris and 

Wanless 2011). To minimize disturbance during incubation, checks were made less 

frequently than during the rearing period thereby reducing accuracy of the timing of 

possible nest desertion during incubation. In most cases eggs cannot be reached to check 

for temperature, i.e. if the egg was not obviously abandoned, e.g., buried, lost or moved out 
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of the burrow thus reducing the accuracy of the timing of desertion. Eggs can also 

disappear between checks, thus underestimation of hatching success is possible since eggs 

are not assumed to have hatched without sighting a chick but in some cases only eggshell 

was observed without any signs of activity in the burrow. Such disappearances do not 

affect the estimate of overall production, since nest-survival is estimated from total failures 

of only active nests, with no regard as to when the failure occurred.  

Historically, the monitoring of nests of burrowing species was difficult but the recent 

advent of the infrared burrow scope has for the most parts alleviated such problems 

(Hansen et al. 2009). But even infrequent checks by human observers have been known to 

reduce nesting success, particularly during incubation (Harris and Wanless 2011). A key 

feature of the video probe is that it is equipped with diodes which illuminate the chamber 

with infra-red light invisible to the Puffin, reducing disturbance. The accuracy of this 

method is to a large extent unknown but it has been demonstrated in Sooty Shearwater 

(Puffinus griseus) colonies that up 34% of burrows were falsely reported unoccupied 

(Hamilton 2000). Whether or not, this is the case in Vestmanneyjar is beyond of the scope 

of this study but it has been suggested that soil type and moisture as well as burrow 

geometry can affect the burrow scope performance (Dyer and Hill 1991, Hansen et al. in 

press). To try to avoid falsely reporting empty burrows, all burrows were checked at least 

once and in most cases twice after being recorded unoccupied. This is, however, very time 

consuming, ultimately limiting the sample-size, particularly in comparison to nest 

monitoring of surface breeding species especially since some of the burrows are 

problematic, being > 2 m deep with crooked side tunnels, latrine-chambers and uneven 

floors or other obstacles for the burrow scope etc., hiding the chick from view.  

Statistical methods 

Since active nests are generally unlikely to be discovered as soon as the egg has been laid 

and “long-lived” nests are more likely to be discovered than “short-lived” ones there is a 

tendency to overestimate apparent nest survival. This can be avoided by using Mayfield‟s 

correction of exposure time when calculating daily survival rates (DSR) taking into 

account number of known failures during intervals of exposure (Mayfield 1975). For 

calculations of DSR, we used the nest survival model in Program Mark (Cooch & White 

2009) which includes correction for exposure time.  

Nest survival was also modelled for individual colonies with Program Mark (Cooch & 

White 2009) using the colonies as covariates, but due to data sparseness the five colonies at 

Stórhöfði were pooled. Before pooling the data, success rates between individual colonies 

within Stórhöfði were compared using series of Fishers exact test in Program R (R core 

development team 2011),  which were not significant in either year. Inter-colony and inter-

annual variability of the three larger colonies, Stórhöfði, Elliðaey and Álsey were then also 

compared using Pearson´s Chi square test in Program R (R core development team 2011), 

to evaluate if the breeding success varied significantly between colonies and/or breeding 

seasons. Finally we attempted to use log-linear modelling to explain the observed 

differences in survival between years and the three larger colonies.  

 

  



20 

Phenology 

Burrows were initially checked early in the breeding season, 25 May in 2008 and 3 June in 

2009.  All burrows within previously defined study sites were monitored until no new eggs 

were confirmed in burrows. Timing of laying, hatching and fledging was noted if observed 

or estimated from available data, i.e., with accuracy depending on the interval lengths 

between reliable observations. When adults are present in their burrows, caution needs to 

be taken to avoid disturbance. Eggs or chicks could not always be observed when adults 

were present in the burrows since they shelter their offspring under their wing thus 

delaying verification of hatching. Because of this, hatching dates are estimated as an 

average of median dates of two dates, the first possible date of hatching, i.e., the last date 

an egg was observed and the first day a chick was observed or if possible judging from its 

age from its appearance the last possible day it could have hatched. From that date we 

estimate egg laying to be 42 days earlier (Harris & Wanless 2011). 

Central to getting some comparison we use estimates from the previous years of the 

“Puffling rescue” project i.e., 2003-2007, and timing of ringing of fledglings from two 

ringing series. One spanning from 1959 to 2007 is from a ringer named Óskar J. 

Sigurðsson and includes 12,550 ringed fledglings. The other, from a ringer named 

Sigurgeir Sigurðsson, includes 11,582 ringed fledglings from 1971 to 1993. Both series are 

from Heimaey archipelago and both ringers used very similar approaches as the “rescue 

the Pufflings” project. These data are combined (n=24,132) to get an average fledging date 

to compare to the results in 2008 and 2009. The average ringing dates in years where the 

series overlap from 1971 to 1993, (with the exception of 1983) significantly differ (t-test 

for independent samples, P<0.001) on average by four days, 25 August and 29 August. 

This difference is however small and has little impact on the overall estimates since the 

average annual ringing dates are strongly correlated according to spearman rank (R=0.69, 

p=0.0003, n=22). We therefore feel justified pooling the data. These ringing dates were 

compared with the “Rescue the Pufflings” project where they overlapped in time from 

2003-2007. The difference is almost non-existent (Figure 1-4), the average for both being 5 

September and the average difference for individual years is less than 2 days. From this we 

conclude that the average ringing date of all fledglings is a relatively safe index for 

comparisons of past fledging dates. Average ringing date of all fledglings from 1959 to 

2007 is 26 August (SD=10, n=24,132), (Figure 1-4). 

Time of fledging was then estimated as an average capture-date each year from data from a 

project called Pysjueftirlitið (e."Rescue the Pufflings" a Puffling being a Puffin fledgling) 

which was started in 2003 by the Westman Islands Research Centre and The Natural- and 

history Museum of Westman Islands. In this project the public, traditionally the local 

children, are encouraged to capture puffin fledglings and bring them in for measurements 

(see more at www.lundi.is). Virtually all fledglings are caught in the town of 

Vestmannaeyjar where chicks from nearby colonies get attracted by the streetlights and fly 

to town where they are collected, ringed and released the morning after. The project„s 

supervisor kindly allowed us to use these data which give a fairly good estimate of time of 

fledging.  
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1.3 Results 

Breeding success 

In 2008, 203 eggs were found and monitored in burrows throughout the summer. At least 

149 chicks hatched (73.4% Error! Reference source not found.Error! Reference source 

not found.). There were six cases (2.9%) of possible unobserved hatchings where 

eggshells were seen but no chicks and subsequently activity ceased in the burrows. 

Observed overall breeding success was 14.3% of all observed burrows or 29 chicks alive in 

early September when monitoring seized. Estimated average hatching-date was 10 July 

(SD = 8.0, n = 147), (Table 1-2), which indicates average laying date to be 42 days earlier 

or the 29 May. Average fledging date was estimated to be the 11 September (SD= 3.9 n = 

382) which indicates a season length of 106 days. The monitoring period was however 95 - 

110 days in 2008 from 25 May to 27 August or 11 September varying between colonies, 

there is no use in extending the survival calculations further. Constant DSR was estimated 

to be 98.2% (95% CL 97.8 and 98.4) over monitoring period of 110 days, corrected for 

exposure time ( 

Table 1-3). Most losses were observed in mid July shortly after hatching (Figure 1-2). 

In 2009, 137 eggs were observed of which 56 hatched (40.9%). At the end of the study in 

late August and early September 30 chicks were still alive (20.9%). Estimated DSR over 

the study period, 91-94 days was 98.4% (95% CL= 98.1 and 98.7). Estimated hatching 

date was 21 July (SD = 8.2, n = 55) but average fledging date was 14.09. (SD= 4.8, d 

n=511). We therefore estimated average laying date to be 09.06 and the season duration to 

be 98 days on average.  At the end of the study (01-04.September) very few chicks were 

thought to be ready for fledging based on down cover and reaction, i.e., most chicks looked 

small, still downy and weak, except those in Elliðaey, data on chick condition is 

unavailable so we refrain from mentioning it further. Most losses of nestlings were 

documented shortly after hatching in the second half of July. Hatching success was 

however extremely low and most eggs did not hatch so most losses of active nests were 

documented during incubation (Figure 1-3).  

Variation between colonies and years 

The observed overall breeding success increased from 14.3% in 2008 to 21.9% in 2009 

although the difference is borderline insignificant (Pearson x
2
 = 3.30, df = 1, p = 0.0713). 

In Elliðaey the breeding success increased significantly between years from 15% in 2008 

up to 62% in 2009 (Pearson x
2
 = 12.02, df = 1, p = 0.0005), DSR= 99.4% (95% CI =98.8-

99.7%), ( 

Table 1-3). In Álsey, the breeding success was reduced from 23.7% to 3.4% between years 

(Fisher’s exact, p=0.035). There was an apparent increase in breeding success in Stórhöfði 

between years from 11.2% in 2008 to 18.4% in 2009 but the difference was not significant 

(x
2
 = 1.63, df = 1, p = 0.20). 

Despite a general increase in breeding success in most of the colonies (Table 1-1) within 

Stórhöfði, the low numbers of breeders in 2009 caused some difficulties regarding sample-

sizes. Due to this sparseness of the data, the colonies in Stórhöfði were pooled after 

comparing variation in frequencies using series of contingency tests. Since the data is too 
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sparse to use the Chi square tests we used series of Fishers exact tests. The only colony 

within Stórhöfði that varied significantly between years was Stórató (p=0.02) although the 

data is especially sparse there due to few breeders in within the research areas in 2009. 

Furthermore there were no significant differences between individual colonies within 

either season in Stórhöfði. Comparing the bigger colonies, Álsey, Elliðaey and Stórhöfði 

revealed significant difference with a likelihood ratio chi-square test Pearson x
2
 = 9.88, df 

= 2, p = 0.0124. The fully saturated log linear model Freq ~ COL x YEAR x SURVIVED 

includes a significant three way interaction term COL: YEAR: SURVIVED, indicating that 

the annual variation varies between colonies and vice versa. This is not surprising given 

that the success in Elliðaey increases significantly from 2008 - 2009, but decreases 

significantly in Álsey at the same time thereby masking/reducing the overall annual 

variation. 

1.4 Discussion 

The results mostly reflect that breeding success was low in both years but varied somewhat 

between the colonies. Average survival was higher in 2009 although not significantly so 

over the whole. However if individual colonies are examined it reveals that in Álsey 

breeding success was significantly lower in 2009, where as in Stórhöfði the breeding 

success increased from 11.2% in 2008 to 18.4% in 2009 although the difference is not 

significant. In Elliðaey, however, the breeding success increased dramatically from 15% in 

2008 to 62% in 2009. Such seasonal variation in success among neighbouring colonies was 

expected and has been observed e.g., on Isle of May (Harris & Wanless 2011) although not 

consistent over time and thus the mean of all study colonies is represented as the 

reproductive output each year. This is likely to be the case for the Vestmannaeyjar 

archipelago although it will only be revealed through further monitoring of breeding 

success.  

The overall nest survival of 14% and 21% respectively must be considered very low 

compared to that of Puffins on the Isle of May, where for the last 35 years, the average nest 

survival is 73%. 

There as in many British colonies breeding success has generally been high; although 

occasional years of high nest mortality occur, mostly due to flooding of burrows in wet 

summers (Harris & Wanless 2011).  

There are however indications of long term decline in British colonies e.g., Isle of May, St. 

Kilda and Fair Isle with breeding success being particularly low in recent years (Harris & 

Wanless 2011).  Similarly success has been reported high from other regions e.g., 83% 

from Hornøya, Northern Norway from 1990-2010, (Barrett cited by Harris & Wanless 

2011) and 62% from 1995-2010 om Machias Seal island in Gulf of Main, Canada 

(Diamond 2010; http://www.unb.ca/acwern/msi/breedingsuccessalcid.htm). 

Despite generally high nest survival, large scale breeding failures have been recorded most 

notably in Røst archipelago in Lofoten Norway breeding has either failed completely or the 

fledging success has been <10% in 19 breeding seasons from 1978 to 2009 or even 27 

seasons since 1969 although data are less reliable from the earlier years (Lid 1981, Anker-

Nilssen 1992, Durant et al. 2003, Anker-Nilssen & Aarvak 2006, Anker-Nilssen 2009, 

Anker-Nilssen 2010). The breeding success in Røst was shown to be strongly correlated 

with the annual spawning yields of herring Clupea harengus (Anker-Nilssen, 1987). In 

Iceland the main diet of Puffins, especially off the south coast is Sandeel, Ammodytes spp. 

(Lilliendahl & Solmundsson 1998, Thompson et al. 1999). Data from a Sandeel-

monitoring project initiated in 2006 by the Marine Research Institute of Iceland indicates a 
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collapse caused by recruitment failure from 2005 and 2006. This failure seems to have 

been widespread although the area around Vestmannaeyjar appears to have been most 

severely affected (Bogason & Lilliendahl 2009).  

 

This collapse is the most obvious and likely reason for breeding failure amongst Puffins 

and its influence was documented for several other seabird species in Iceland, e.g., Lesser 

Black Backed Gulls Larus fuscus (Hallgrímsson et al. 2006 & Hallgrímsson 2011), 

Kittiwakes Rissa tridactyla (Gardarsson 2006a) and cliff breeding alcids (Bornaechea & 

Gardarsson 2006, Gardarsson 2006b).  Other underlying reasons such as human 

disturbance, predation or kleptoparasitism are unlikely to cause such a large scale 

reduction in breeding success. In 1969 on Great Island, Newfoundland, where adult Puffins 

carrying fish-loads to their burrows were frequently attacked and robbed by gulls, 75% of 

all eggs monitored hatched and 67% of chicks survived until fledging, yielding a 

production of 0.51 fledglings per pair while being 0.87 and 0.93 fledglings per pair on 

smaller, kleptoparasite-free islands nearby (Nettleship, 1972). No research has been done 

in the Vestmannaeyjar archipelago on kleptoparasitism but large Gull species, Larus spp. 

and Kittiwakes breed on the islands and Arctic skuas, Stercorarius parasiticus, are 

commonly seen in the colonies. However most studies seem to indicate that the amount of 

fish loads dropped is low and the effects negligible (Harris, 1984). In Puffin colonies in 

Britain the usual cause of breeding failure is desertion of the egg during the incubation 

period and the majority of hatched chicks fledge. However those who do not survive 

usually die within ten days after hatching (Harris 1984).  

The average fledging period in British colonies has been estimated to be on average 38-44 

days according to Harris & Wanless (2011). On the Isle of May, the average nestling 

period has been estimated to be 41.5 days with only 1% of the chicks fledging older than 

50 days although there is a gradual delay, since the 1970‟s to the present (Harris & 

Wanless 2011). In Vestmannaeyjar The prolonged rearing periods of 64 and 56 days in 

2008 and 2009 indicating slow chick growth further strengthens our belief that poor 

feeding conditions caused of the breeding failure. Fledging dates of 11 September and 14 

September are much later than the estimated average fledging date of 26 August in the 

ringing series and it is obvious in comparison to previous years that fledgling has been 

delayed at least since 2005. There are however precedents of late fledging in consecutive 

years e.g., in all years from 1978 to 1984 (Figure 1-4) but four of these six years are among 

seven listed failure years documented in Icelandic media before the current collapse in 

2005 (E. S. Hansen pers. comm.). 

Limited food reportedly slows growth rates in Puffin chicks which demands longer rearing 

periods e.g., Nettleship (1972) who reported an average fledging period of 59 days with 

extremes of 45 and 83 days. In 1987 on Bleiksøy in Northern Norway breeding success 

was low and chick growth slow some of the chicks were still in burrows and some even 

covered in down at the age of 67-69 days old (Barrett & Rikardsen 1992). Furthermore, 

average fledging age in Røst in 1984 and 1985 was 51 and 56 days respectively. These two 

years were considered medium-good in a comparison of mostly years of complete failure 

but none the less years of limited resources, while in a year of rather higher success, 1983 

chicks fledged on average 44 days old (Anker-Nilssen 1987). Previous research has also 

indicated that there seems to be an allocation of growth rates of individual body parts 

which might be an evolutionary response to frequent food shortages (Øyan & Anker-

Nilssen 1996).  The authors concluded that morphometric parameters were affected 

differently by food intake, where growth of head was less influenced by food stress than 

wings which in turn were less influenced than legs. They further noted that body-parts 
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were probably given priorities by their importance for survival if the chick is required to 

fledge prematurely due to inadequate food resources (Øyan & Anker-Nilssen 1996).     

In studies of breeding success comparable to our own e.g. (Nettleship 1972, Barrett & 

Rikardsen 1992, Cook & Hamer 1997, Baillie & Jones 2003) chicks were physically 

removed either through the burrow opening or through access shafts dug if the burrow 

chambers were deep. This might cause more stress for the birds than the burrow scope 

method but it provides important data on physical conditions of chicks. Furthermore 

burrow contents were checked with shorter intervals, or every 3
rd

 to 5
th

 day which provides 

more accuracy in estimating timing of event such as hatching, death or fledging. Using the 

burrow scope is however, very time consuming compared to being able to simply lifting up 

a hatch and have a clear view into the nesting chamber, as well as obstructions and dirt or 

smudge on the lens do not impede view. It remains unanswered which method is more 

appropriate under the circumstances in Vestmannaeyjar archipelago although it must be 

recommended that the manual one should be tested and compared with the burrow scope. 

Both methods might even be applicable together. The access shafts providing an easier and 

cleaner access to nest chambers and the camera reducing the times the chick had to be 

removed from the burrows or avoiding disturbance when adults are present. In light of the 

evidence of poor breeding success for several consecutive years, i.e., from 2005 to 2010 

(Hansen, pers. comm.) it has become obvious that further research and conservation 

actions are needed. Puffins have been hunted since time immemorial in Iceland but since 

the 1876 with a method introduced from the Faroese Islands called fleyging (e.g., 

Hilmarsson 2008). This method of hunting is supposed to selectively target immature birds 

and previous research has indicated that around 92% of harvested birds are in their third to 

fifth calendar year (Petersen 1976a, but see chapter 2). Due to low production since 2005, a 

large proportion of the population exploitable for harvesting has been missing since 2008 

when the 2005 and 2006 cohorts should have present as prospectors (Hansen et al. 2009).  

Inspection of harvested Puffins in 2007 and 2008 using bill features as a criterion of age as 

described by Petersen (1976b) showed that the cohorts from 2005 and 2006 were almost 

nonexistent in the catch, increasing the ratio of older birds and potential breeders (Hansen 

et al. 2009). In response, the hunting season in the Vestmannaeyjar archipelago was 

shortened from one and half month to one month in 2008 and to five days in 2009 and 

2010.  

The Puffin is a long-lived species and adult survival is estimated to be around 93% on 

average and is thought to be relatively stable (Harris et al. 2005). Individuals can start to 

breed around 4 years old, although most begin later, and many stay productive for about 

two decades, a few even longer. The oldest known bird found breeding in the 

Vestmannaeyjar archipelago was ringed as a nestling and later recaptured on a nest 32 

years later. On the Island of Røst in Norway, Puffins of similar age i.e., over 30 years old, 

were observed carrying food-loads (Anker-Nilssen pers. comm.). Given such longevity 

there is a good chance that the population can recover should food availability return to 

pre- 2005 levels. Whether or not harvest is additive to other mortality, installing a complete 

hunting-ban is the only conservation act presently available. If the population later 

recovers it must also be taken into account that because of delayed maturity hunting should 

be delayed by two to four years to allow recruiters to reach breeding age. 
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1.5 Graphs and tables 

 

 

 

 

 

 

 

 

Figure 1-1. Locations of the Atlantic Puffin, (Fratercula arctica) colonies where 

breeding success was monitored. Single transects were visited throughout the 

summers of 2008 and 2009 in seven colonies on three islands. One in each 

island, Álsey and Elliðaey and five in Stórhöfði headland on the island of  

Heimaey.  
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Figure 1-2 Observed proportion of active Atlantic Puffin (Fratercula arctica) burrows during visits 

spanning the breeding season in 2008 for the seven colonies under study in Vestmannaeyjar archipelago. 
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Figure 1-3 Observed proportion of active Atlantic Puffin (Fratercula arctica) burrows during visits 

spanning the breeding season in 2009 for the seven colonies under study in Vestmannaeyjar archipelago. 
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Figure 1-4 Average ringing dates (with standard deviation) of Atlantic Puffin fledglings (Fratercula arctica) 

from 1959 to 2007, represented with red dots, and median collection dates of fledglings, from the “Rescue 

the Pufflings” Project the years 2003 – 2009, represented with green dots, in Vestmannaeyjar archipelago. 

The Average ringing dates of all fledglings (26.August) is represented with a red line. 

 Table 1-1 Breeding success of Atlantic Puffin (Fratercula arctica) in Vestmannaeyjar archipelago. Results of 

burrow monitoring in the seven study colonies during the breeding seasons of  2008 and 2009. 

  
Active 

burrows Hatched Alive at the end of study 

Colony 2008 2009 2008 2009 2008 2009 

 
n n n % n % n % n % 

Lambhilla 20 5 10 50.0 1 20.0 3 15.0 1 20.0 
Stórató 22 10 21 95.5 6 60.0 1 4.5 4 40.0 
Höfðavík 15 15 6 40.0 5 33.3 3 20.0 1 6.7 
Rauf 46 43 39 84.8 17 39.5 3 6.5 8 18.6 
Malarkórar 22 14 19 86.4 4 28.6 4 18.2 2 14.3 
Stórhöfði*  125 87 95 76.0 33 37.9 14 11.2 16 18.4 
Álsey 38 29 26 68.4 7 24.1 9 23.7 1 3.4 
Elliðaey 40 21 28 70.0 16 76.2 6 15.0 13 61.9 

Total 203 137 149 73.4 56 40.9 29 14.3 30 20.1 

Average 
   

70.7 
 

40.3 
 

14.7 
 

23.6 

SD 
   

20.1 
 

20.6 
 

7.0 
 

20.6 

*Stórhöfði represents the five smaller colonies above pooled, see text. 
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Table 1-2 Phenological estimates and breeding success of Atlantic Puffins (Fratercula arctica) in 

Vestmannaeyjar archipelago during 2008 and 2009. 

Explanation 2008 2009 

Estimated hatching date ±SE  10.7±8d 21.7±8d 
Estimated laying date* 29.5±8d 9.6±8d 
Fledging date ±SE 11.9±0.197 (383) 14.9±0.207 (514) 
Estimated nestling period duration (d) 64 56 
Breeding period  (d) ** 106 98 
Eggs observed (n) 203 137 
Eggs hatched (%) 149 (73.4) 56 (40.9) 

Chicks alive at the end of season (%) 29 (14.3%) 30 (20.1) 
Daily Survival Rate (95% C.I.) 98.2 (97,8-98,4) 98,4 (98,1-98,7) 

*Assuming 42 day incubation period (e.g., Harris & Wanless 2011) ** Sum of incubation and 
nestling period. 

 

Table 1-3 Estimated daily survival rates (DSR) of Atlantic Puffin (Fratercula arctica) nests corrected for 

exposure time in Program Mark, over the studyperiods in 2008 and 2009 for three locations in 

Vestmannaeyjar archipelago.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  2008 2009 
Colony DSR 95 CL DSR 95 CL 

Stórhöfði 0.980 0.980-0.980 0.982 0.982-0.982 
Elliðaey 0.981 0.974-0.987 0.994 0.988-0.997 
Álsey 0.979 0.970-0.986 0.973 0.961-0.982 

Total 0.981 0.978-0.984 0.984 0.981-0.987 
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2. Age-specific temporal and spatial 
patterns of recaptures and recoveries 
of ringed Atlantic Puffins (Fratercula 
arctica) in the Vestmannaeyjar 
archipelago 1959 to 2009 
 

Abstract 

Between 1959 and 2007 two ringers in Vestmannaeyjar archipelago ringed 43,144 Puffins, 

mostly nestlings and fledglings but also breeders and non breeding adults. Of 5825 

breeders 1427 were recaptured alive breeding and 147 were recovered through harvest all 

within the archipelago. Of 37.319 individuals ringed either as fledglings or nestlings 5512 

(14.8%) were subsequently encountered mostly through harvest but there are some 

problems caused by hunters releasing ringed birds, because they are ringed. Of 4149 dead 

recoveries 74.7% were killed before sixth calendar year (CY) but most, 36.0% in the fourth 

CY. The subsequent drop in proportion of harvest after the fourth CY corresponds to 

individuals starting to breed in their fifth CY as is further supported by age distribution of 

193 individuals of known age caught breeding in Stórhöfði which indicates that Puffins 

start breeding aged 5 CY to 7 CY. All ringed breeders subseqently encountered were 

without exception retrieved within the archipelago as were only 77 birds of known age 

were encountered outside Vestmannaeyjar, of which only two were encountered elsewhere 

in Iceland. Birds encountered aged 1-2 CY (n=45) were with few exception recovered 

during winter near Newfoundland and only two were recovered thorugh harvest in 

Vestmannaeyjar.  

2.1 Introduction 

This study portrays national ringing data (1959-2007) of 43.144 Atlantic Puffins, ringed on 

Heimaey Island in the Vestmannaeyjar archipelago, a part of long term ringing data where 

over 67 Puffins have been ringed there since 1953. During these 55 years of bird ringing 

much information was gathered but without a specific research questions in mind. Thus the 

“study design” was not tailored towards modern methods to study survival like Capture – 

Mark – Recapture/Recovery (CMR) studies (Burnham 1987, Lebreton et al. 1992, Cooch 

& White 2006). The data reflect a certain structure which relates to both human 

interactions (i.e., ringing and harvesting) and Puffin life-history. Most survival studies of 

Puffins are based on resightings of individually recognizable individual tags (hereafter 

colour rings), often repeatedly observed on different occasions by researchers, from 

distance with binoculars or telescopes (see e.g., Breton et al. 2005, Harris et al. 2005, 

Sandvik et al. 2008). In the case of Puffin population in the Vestmannaeyjar archipelago, 

colour rings have not yet been systematically applied, only metal-rings have been 

employed. Individuals must therefore be physically recaptured either alive (recapture) or 

dead (recovery) to record and report the ring-number. Both methods have been used in 

studies of auks although colour rings have provided more accurate estimates (Hudson 

1985). Both methods are affected by a number of possible biases i.e., band wear, loss and 
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oversight, transience (both permanent and temporal emigration out of the study area), 

intermittent breeding and age-dependent recovery and recapture probabilities (Hudson, 

1985). These factors may influence probabilities of an individual being recaptured or 

recovered. Furthermore, reporting rates of dead individuals are likely to be a function of 

the cause of death, geographic location of the bird, and the time of the year. This can be 

contrasted by mapping and tabulating the spatial and temporal distribution of recoveries for 

different age groups, e.g., young, sub-adult and adult (Anderson, Burnham, & White, 

1985). As with most other Auks immature Puffins return to the colonies usually about two 

to three years after fledging but rarely show up in the colonies as yearlings. Information on 

immature survival in their first two years before they return to the colonies is sparse 

because they spend that time far out at sea and encounter probabilities are consequently 

low (Harris & Wanless 2011). Some studies base their results in part on information of 

dead recoveries, which in the case of non-harvested populations are relatively rare (Hudson 

1985, Harris and Wanless 2011). In contrast, Icelandic Puffins have been harvested since 

time immemorial (Hilmarsson 2008) and the harvest has been the primary source of ring 

recoveries (Petersen 1976a). The harvesting method, fleyging, used since 1876 (Jónsson 

1896) is very age selective, catching about 70% immature individuals or even more, due to 

behavioural differences between mature and immature individuals (Petersen 1976a, Harris 

1983, Stempeniewhich & Jensen 2007,Hansen et al. 2009, Harris and Wanless 2011, 

Hansen  et al. in prep.).The before mentioned age dependent recapture/recovery 

probabilities likely violate the assumptions of CMR studies e.g., representativeness of the 

sample, homogeneity and independence of faith, i.e., that faith of one individual does not 

affect the faith of another (Burnham 1987, Lebreton et al. 1992, Pollock & Alpizar-Jara 

2005, Cooch & White 2006).  Spatial and temporal differences of life recaptures and dead 

recoveries between different age-classes are thus compared to examine the age-effects on 

time and location of encounters and encounter probabilities. The age of recruitment into 

the breeding population is also investigated and implications for analysing these data are 

discussed.  

2.2 Methods 

Study area 

The Vestmannaeyjar archipelago (63°25’N 20°17’W) is located around 10 km off the south 

coast of Iceland and consists of eight islands larger than 0.1 km
2
 and a number of smaller 

islands and skerries. Heimaey (“Home Island”) is the largest by far and the only 

permanently inhabited island with a current population of over 4000 people. Almost all 

ringing and most recaptures and recoveries originate from there or the nearby islands. 

Puffins mainly breed on soil covered slopes of the larger islands covered with vegetation, 

often at high densities but rarely on the smaller islands where vegetation and soil for 

burrowing is limited (Hansen et al. in press). For a more detailed description of the 

archipelago, its nature and landscape see Eyjólfsson et al. (2009).  The breeding population 

in the islands was estimated in 2010 around 830 thousand pairs, making it the largest 

Atlantic Puffin colony in the world (Hansen et al. in press).   

Ringing  

Between 1953 and 2009 approximately 67 thousand puffins were ringed in the 

Vestmannaeyjar archipelago. Mr. Óskar J. Sigurðsson, the lighthouse keeper at Stórhöfði 

headland, Heimaey, started ringing Puffins in 1953. Up to this day he and his son, Pálmi 
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Óskarsson, have ringed over 55 thousand Puffins in four age classes, breeding adults, non-

breeding adults (from now on immatures), fledglings and nestlings. From 1971 to 1993 

another ringer, Mr. Sigurgeir Sigurðsson, ringed over 11,600 Puffins, almost exclusively 

fledglings (Table 2-1) on Heimaey. Prior to 1959 all leg-rings used on the Puffins were 

made of aluminium which erodes rapidly so that the engraved code quickly became 

unreadable. Aluminium rings which were widely used before 1960 were also known to fall 

off within 10 years (Harris & Wanless 2011). No double banding attempts have been made 

to estimate such ring-losses in Vestmannaeyjar. Only data gathered in 1959 and later is 

presented unless otherwise noted.   

Breeders & nestlings  

The method by which Puffins are caught for ringing depends on their age or development. 

Since 1959, 13.187 nestlings, which are chicks caught within burrows prior to fledging and 

5825 breeders were caught by hand in burrows, shallow enough for the ringer to reach into, 

in colonies at Stórhöfði headland, Heimaey, all by Mr. Ó. J. Sigurðsson and son. These 

burrows were revisited quite regularly each year although information on effort and 

approach was not obtained. The number of ringed breeders includes 344 individuals ringed 

between 1953 and 1959, using aluminium rings but were later re-ringed with stainless 

steel. When such encounters occur individuals are treated as newly ringed at the latter 

occasion.  

Fledglings 

Since 1959 a total of 24.130 newly fledged Puffins, fledglings, were ringed. Virtually all 

were caught in the town of Vestmannaeyjabær. Fledglings from nearby colonies get 

attracted by the streetlights at night and fly in to the town where they are collected, ringed 

and released the day after. In some years over 1000 individuals were ringed in this manner. 

The effort increased considerably in 1971 when Mr. S. Sigurðsson, started ringing in 

addition to Mr. Ó. J. Sigurðsson, and again in 1985 (Figure 2-1), when Ó.J.S. employed a 

car in the fledgling search.  

Non-breeding adults 

Non-breeding adults were caught with a fleygastong (Polenet) for ringing as described 

below (see “Recaptures and recoveries”), almost exclusively in Stórhöfði. Since 1959, 

18.633 individuals were ringed in this manner resulting in 2766 later encounters. More 

than 80% of  these were ringed between 1959 and 1976 (Figure 2-2), but at that time the 

Natural History Museum requested such ringing to be reduced to lower costs thereby 

reducing the average annual effort from 840 to 110 birds. However since this trapping-

method is strongly age dependent and about 70% of catch composed of four (3-6 CY) 

cohorts, it does not conform to the assumptions of homogeneity in recapture and recovery 

probabilities and possibly also exhibits age dependent variation in survival and site fidelity, 

these data are not considered further. 

Recaptures and recoveries 

“The fowler sits half hidden in a trench at net-length back from the cliff edge near an open 

area where non-breeders like to stand and to which they are seduced by about a dozen 

dead Puffins which are stood there as decoys. The net is a bag of coarse netting suspended 

between the prongs of a fork 1 m in length at the end of a 4 m long pole. This is usually 

kept on the ground near the decoys. Puffins flying along the cliff hesitate, presumably 
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deciding whether or not to land on seeing the decoys standing on this desirable open area. 

Such hesitation is often fatal as the net is quickly lifted up to engulf the fated bird. Strong 

winds are the best conditions for fleyging as birds then all come in a predictable direction 

and land in the updraughts.”  

Original source:  Pettingill, 1959, cited from Harris (1984; 151). 

This description of fleyging, a method used both by hunters and ringers, still applies today 

although the poles on which the nets are mounted became lighter, first by the introduction 

of bamboo shafts and then by fiber-glass in 1975 (Hansen pers. comm.). Puffins are hunted 

in almost all islands of the archipelago which harbour breeding colonies, during the 

summer. The hunting season usually lasts from 1 July until 15 September, but the season 

has been shortened since 2008, though only in the Vestmannaeyjar-archipelago.  

Since the Atlanic Puffin is a long lived species individuals can remain available for harvest 

for long time. To evaluate age distribution in the harvest recoveries were compiled from 

cohorts which had been harvested for a minimum of 25 years or longer (1959-1984) to 

obtain unbiased estimate of average kill rate (proportion of ringed cohort recovered). 

Unless otherwise noted, cohorts from 1959-2004, i.e. those that have remained available 

for recovery for 5 years, are generally included.  

Determination of age of first breeding 

As mentioned earlier most birds caught by fleyging are immature, of ages 3 calendar year 

(CY) to 6 CY (Petersen 1976a , Hansen et al. 2009). This age dependency is proposed to 

be caused by behavioural difference, namely that immatures spend more time flying along 

the cliffs, prospecting, while parental duties occupy the breeding birds, foraging out on see 

or staying in the burrow. They tend to arrive and depart directly to and from the burrows 

out to sea. As an old tradition honoured by most hunters is to avoid catching birds carrying 

fish loads (Petersen 1976a, Harris 1984). Taken together opposite shifts in numbers of live 

recaptures in burrows and number of recoveries through harvest are expected around the 

point when individuals start breeding. This prediction is utilized here to determine the age 

of first breeding and recruitment.  

2.3 Results  

Breeders 

Of 5825 individuals ringed as breeders in Stórhöfði 1437 individuals (24.5%) were 

recaptured 2287 times, all alive in burrows in Stórhöfði. A total of 147 (2.5%) individuals 

were recovered (Table 2-1), all through harvest in Vestmannaeyjar, 27 of which had been 

intermittently recaptured breeding. A long term decline in ringing effort is apparent 

(Figure 2-3). 

Nestlings & fledglings  

Of 37.319 individuals ringed either as nestlings or fledglings 1959-2007, 5512 individuals 

or 14.8% of each cohort from 1959-2004 were later encountered or on average 14.3% (SD 

= 6%). Of these, 4635 or 84% are encountered 6 CY or younger. In total 944 (17.1%) are 

encountered in their third calendar year, 1982 (36.0%) in their fourth year and 1193 

(21.6%) in their fifth year. These three age-classes compose majority (74.7%) of the 

encounters. Of 5642 encounters of known age 4149 are recoveries of which 4069 (98.1%) 
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originate from within the archipelago virtually all (n=4038) through harvest. With time 

fowlers have increased the occurrence of releasing ringed birds potentially biasing survival 

and recovery probabilities and causing reducing reporting reliability (Figure 2-4). 

Accounting for this by ignoring subsequent encounters of released individuals, 14.0 (SD 

5.5%) of fledglings and nestlings were recovered of each cohort on average over the whole 

period, (Figure 2-5). Using only individuals of known age recovered dead of ringing 

cohorts 1959 to 2004, 84.6% (n=4149) were recovered between ages 3 CY and 6 CY 

(Figure 2-6), 85.1% if first live recaptures in harvest are included as recoveries. Most 

recoveries of Puffins of known age, 1504 (36.3%) were recovered in the 4th calendar year 

(Figure 2-7) and the proportional dominance of these age classes in harvest are relatively 

stable in time (Figure 2-8, Figure 2-9). 17.445 fledglings and nestlings were ringed 1959-

1984 producing 2134 recoveries or an average 12.2% cohort kill rate. It should be noted 

that these figures are not corrected for bias due to life releases. Each of the 1959-1984 

cohorts was harvested for 25 years or longer. On average 3 CY comprised 17.5% 

(SD=11.2) of recoveries, 4 CY 36.3% (SD=17.1), 5 CY 19.3% (SD=8.9) and 6 CY for 

3.0% (SD=2.8). On average 75.4% (SD=10.2) had been recovered age 5 CY During this 

period compared to 74.7% using all cohorts until 2004. 

Young (first to second calendar year)  

Encounters in this category are very rare, two from within the archipelago through harvest 

during summer and 43 recoveries from wintering-grounds abroad. All but two originate 

from the East coast of North America, all in Newfoundland except one from Greenland. 27 

were shot and subsequently retrieved by hunters, six were recovered as bycatch in fishing 

gear and the rest were either found beached or under unknown circumstances. Most 

individuals where time of death was known were recovered from October to December; 

the last in March. The two birds recovered in winter outside N-America were both found 

beached, one in France and the other in Portugal both within half a year from ringing.  

Immature (third to fifth calendar year) 

Of birds of known age only three were encountered in Iceland outside the archipelago. 

Two were recovered through harvest three and five years after ringing in Mýrdalur, 

southern Iceland and Faxaflói southwest Iceland respectively. The third bird was found 

dead in Mýrdalur nine years after ringing. In contrast 31 individuals ringed as either 

nestlings or fledglings were recovered in the Faroe Islands 26 of which were recovered 

within 6 years from ringing. There is one record of an older individual recovered on its 

fourth calendar year, shot in Newfoundland and one individual was found beached in the 

Azores six years after ringing. Including the aforementioned 43 recoveries in the first year 

77 recoveries of 4149 or 1.8% of birds recovered of known age originate from outside the 

archipelago. 

All other encounters outside the Vestmannaeyjar archipelago are from birds ringed as 

immatures in Stórhöfði, 17 in the Faroe Islands, one in Norway and 53 from other colonies 

in Iceland. 
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Recruitment age, age of first breeding 

As demonstrated earlier there is a continuous drop in proportion recovered from the fourth 

CY but fifth CY birds comprise a rather big proportion (21%) but sixth CY (9.3%) and 

older only 14.8%. From the total ringing data (including birds ringed before 1959) 193 

individuals of known age were caught breeding, ranging from 3 to 24 years after fledging 

(Table 2-2). The average age of first recorded breeding attempt was 11.3 years (SD= 5.3), 

but because of low detection probabilities this is likely to be an overestimate. The youngest 

bird to be captured during a subsequent recorded breeding attempts (n=75) was caught 6 

years after fledging (7 CY). The data are sparse but most individuals are found breeding 

for the first time at ages 7 and 9 (Figure 2-10). Although this data must be interpreted with 

caution it indicates that birds are most likely to be caught breeding for the first time aged 6 

to 11 CY (52.1% of first recorded attempts), but the greatest increase between age-classes 

occurs between 5 CY and 6 CY reaching a peak at 7 CY. The oldest Puffin of known age 

caught breeding was 32 years old. All 193 individuals recaptured breeding in Stórhöfði 

were ringed there as nestlings except for two ringed as fledglings in the town of 

Vestmannaeyjar. 

 

2.4 Discussion 

Individuals ringed as breeders 

Birds ringed as breeders are most often recaptured again breeding, the exception being the 

147 birds recovered through harvest of which 27 had intermittently been caught breeding. 

All encounters of birds in this category originate from within the archipelago, which is in 

accordance with known high site fidelity. During a 13 year period on Isle of May only 2% 

of pairs that stayed together moved to another burrow and then not more than 3.2 m away 

from the old one (Harris & Wanless 2011). Recaptures are sparse though given such high 

side-fidelity as only 24.5% of all 5825 individuals ringed are ever encountered again (See 

further in Chapter 3). 

The low number of breeders recovered through harvest is congruent with polnetting being 

very age selective (Petersen1976a, Stempeniewhich & Jensen 2007, Hansen et al. 2009, 

Harris & Wanless 2011). 

Individuals ringed as immatures 

Immature birds, polenetted and ringed,  make up 94.6% of individuals encountered 

elsewhere in Iceland (53 of 56), which can be caused be lower site-fidelity by this age 

group as they might be prospecting individuals when caught in Vestmannaeyjar but 

originating from other colonies. Studies indicate that although Puffins are very philopatric 

although this seems to vary considerably between colonies, increasing with regard to the 

size of the natal colony. Many individuals visit non-natal colonies during the years before 

they commence breeding but most seem to remain in their natal colony after the 

prospecting period (Harris 1983, Kress & Nettleship 1988, Breton et al. 2006, Sandvik et 

al. 2008, Harris & Wanless 2011). Birds ringed by pole netting seem to be some mixture of 

non-breeding individuals aged 3 to 5 CY where survival and recapture probabilities are 

likely to be heterogeneous as well as, at least to some extent, might originate from other 

colonies than in Vestmannaeyjar.  
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Individuals ringed as nestlings or fledglings 

Encounters of birds within this group can roughly be divided into three categories by age 

recapture or recovery: 1-2 CY recovered on wintering grounds, 3-5 CY recovered or 

recaptured through harvest and 6 CY+ recaptured breeding. However the latter two overlap 

to some extent due to the fact that encounters of breeders are relatively rare and the survey 

is restricted to one colony as well as there are a surprisingly high proportion of 6 CY+ 

birds recovered through harvest or 25%. There are of course deviations from these patterns 

but this division conforms reasonably well to aspects of the Puffin life-history.   

1-2 Calendar Years 

From the limited number of recoveries of first and second CY birds it can be inferred that 

they are unobservable until their third summer. Similarly very few recoveries of adults 

occur between breeding seasons. 85% of encounters of European-ringed puffins in 

Newfoundland and Labrador originate from Iceland (22 of 26) (Gaston et al.(2008). Of 

those 22 recoveries all but two (91%) were in their first winter. This is apparently based 

on, at least in part, on the same data although the information presented here includes 42 

birds of known age and only one older than first winter, which is  definitely one of the 

individuals mentioned by Gaston et al. (2008). Only four individuals from Sule Skerry and 

St. Kilda in Britain were recovered in Canada during the same period, and four Norwegian 

birds were recovered in their first winter in North America, three in Greenland and one in 

Canada (Gaston et al. 2008, Bakken et al. 2003, cited in Harris & Wanless 2011). As 

Harris & Wanless (2011) note, this may indicate that young birds disperse further or to 

different areas than adults although 96% of recoveries of 1 CY birds from Britain are 

reported from the North Sea. The same is true for adults where 90% of adults recovered 

during winter were found in the North Sea, and furthermore is congruent with geo-locator 

studies, although at least in recent years some birds have started to migrate into the 

Atlantic some as far as southwest of Iceland between 50-60°N and 30-40°W (Harris et al. 

2009, Harris & Wanless 2011). Winter recoveries from Norway indicates that adults 

disperse South west, over most of the southern parts of the Norwegian Sea and the northern 

North Sea while using satellite tags revealed northward post breeding movements into the 

Barents Sea (Anker-Nilssen & Aarvak 2009). 

3-5 Calendar Years 

Given the average cohort harvest rate of around 14% from 1959-2004, corrected for 

releases in harvest it should be expected that survival until age of maturity is lower than 

that in populations free of harvest. Birds of these three age-years, 3-5 CY compose a 

majority of recoveries or 74.7% which is considerably lower than previously reported by 

Petersen (1976 a) who found that 91.5% or 840 of 919 birds of known age were recovered 

through harvest in Stórhöfði between 1953 and 1974. Two explanations mostly account for 

this large difference. (1) The use of aluminium rings between 1953 and 1959 led to a total 

of 176 recovered rings, presumably not only of known age, which were unreadable and 

consequently discarded, and an unknown amount had fallen off especially older birds.  (2) 

Limited duration of the study (13 years using steel rings) relative to potential lifespan of 

Puffins (25 years (Harris 1984)). The only other study on a harvested population followed 

one cohort ringed in 1997 for six years in the Faroese Island and 20.1% of 184 individuals 

were later recovered through harvest. The first were captured aged 3 CY in 1999 but most 

(54%) were caught in 2000 then aged 4 CY. The last bird was recovered in 2003 

(Stempeniewicz & Jensen 2007). This six year study duration makes the exact age 

proportions incomparable to Vestmannaeyjar data. For comparison the proportions of each 
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cohort recaptured over six years from ringing was compiled for 43 years of 

Vestmannaeyjar data (1959-2002).  Only four years (9.3%) surpassed 20% harvest rate.  

The proportions within the age distributions are similar. Assuming age of recruitment is 6 

CY and 74.7% of all individuals are recovered before that time of the average 14% 

recovered of each cohort it can be roughly estimated that 10.5% of each cohort are 

recovered by harvest before reaching maturity. This rests on the assumption that hunting 

mortality is additive to natural mortality which is theoretically expected in a species with 

as high survival rate as the Puffin (Lebreton 2005). Considering that harvest takes place 

during the summer months so individuals will have survived two winters out on sea before 

returning to the colony. Sandvik et al. (2008) reported that two thirds of immatures of two 

cohorts survived to the age of 6 CY (93.3% compared to 94.3% of adults) in Hornøya, 

Northern Norway. Similarly Harris (1983) reported estimates of 75% of chicks surviving 

to 6 CY or 93.3% in Isle of May between 1973 and 1979 while average annual survival of 

adults was estimated at 95.3%. Conversely Breton et al. (2006) reported immature survival 

being considerably lower than that of adults in the Gulf of Maine, or 70% for age 1–4 CY, 

78% for age 5 CY and 81% for 6 CY while adult survival was estimated to be on average 

84%. Breton et al. (2006) further noted that the low estimate of adult survival might be 

explained, at least in part by inclusion of non-breeding adults in the sample. Consequently, 

74.7% of the 14% recovered or 10.5% of each cohort on average are recovered from each 

recruitment cohort not accounting for emigration and natural mortality. Further studies are 

needed to extract a more accurate picture of survival of immatures.  

The earliest estimates of the annual Puffin catch in Iceland were 200,000-400,000 birds 

between1850 and 1920 (Harris 1984). Between 1995, when harvest registration started, 

and 2009 an average of 125,000 Puffins were harvested and reported although there has 

been a continuous and steep decline, and since 2004 the total harvest has been below 

100,000 (Figure 2-11). Despite this decline the Puffin is still the most hunted species in 

Iceland according to numbers published by the Environment Agency of Iceland 

(Umhverfisstofnun, UST) on its webpage www.ust.is. On average 76,000 (22.600 SD) 

were harvested annually in the Vestmannaeyjar archipelago 1968-2007 (Hansen, unpubl.), 

or more than half of the total harvest but only half of the harvest was reported to UST. In 

2008 due to low recruitment, the harvest in Vestmannaeyjar was limited by shortening the 

hunting season from 45 days to 30 and in 2009 and 2010 to 5 days (Hansen et al. 2009, 

Hansen pers comm.).  

6 + Calendar Years and Recruitment age 

One of the key demographic variables in population ecology is age of maturity which has 

been estimated to be around 5 years old (6 CY) for Puffins. This age has been estimated by 

observing individuals of known age breeding (Harris & Wanless 2011) and by studying 

physiological characteristics of birds of known age such as convolution of oviducts and 

presence or absence of the bursa fabricii (Petersen 1976a).  

Birds ringed as nestlings or fledglings are mostly encountered through harvest, very few 

are found breeding and almost exclusively those which were ringed in Stórhöfði as 

nestlings. This is not surprising due to the high degree of philopatry and since Stórhöfði is 

the only colony surveyed for ringed breeders. Both recaptures of breeding individuals and 

recoveries of birds of known age were used to estimate recruitment age using the age 

dependant decline of recoveries through harvest, corresponding to behavioural changes 

around the age of maturity. Of the 193 (including birds ringed before 1959) individuals of 
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known age were caught breeding ranging from 3 years (4 CY) after fledging to 24 years 

(Table 2-2). From the peak at 4 CY and onwards the proportion of individuals drops quite 

rapidly simultaneously with an increase of individuals being found breeding 5 CY reaching 

a peak at 7 CY.  Both the drop in proportions recovered and the rise in number encountered 

as breeders suggest a gradual recruitment, most individuals starting from 5 CY – 7 CY, 

although this age, probably varies somewhat between years, colonies and possibly sexes 

(Petersen 1976a, Harris 1983).  

Puffins have been known to breed as early as three years old but previous studies have 

indicated that most do not start until in they are 5 years old, (6 CY) (Harris 1984). A study 

of this was carried out in the Vestmannaeyjar archipelago by Petersen (1976a) where 

oviducts of 36 ringed female Puffins were examined.  Of 32 aged 3 to 5 years old (4th-6th 

CY), 28 had straight oviducts indicating they had not bred but the remaining four had 

slightly convoluted ducts but not to the extent that it could be concluded that they had bred. 

The remaining four females aged 6 to 8 years had highly convoluted oviducts and were 

therefore concluded to be breeders. This result is similar to reports from the Isle of May 

where median age of supposed first time breeders over a 30 year period was 8 CY (Harris 

& Wanless 2011) and in agreement with what can be extracted from the ringing data 

presented here. These kind of data should be interpreted with caution since a even though a 

bird is first recaptured breeding at a given age it does not mean that it is its first breeding 

attempt and conversely if a bird is caught in a burrow it does not necessarily mean that it is 

breeding, it could be prospecting which might cause an underestimation of the recruitment 

age (Petersen 1976a, Harris 1984, Harris & Wanless 2011). Similarly since first-time 

breeders often fail soon after laying and thus before the burrow is checked might cause a 

potential overestimation of breeding age (Harris & Wanless 2011).  

The age of recruitment is important since recovery-rates seem highly age specific and need 

to be accounted for in future inquires, e.g., with regard to the structure of population 

models. It has however been suggested that the relative importance of age of maturity on 

population growth rate decreases with increased longevity and limited reproductive output 

of avian species (Stahl & Oli 2006). It has furthermore been suggested that the age of first 

breeding varies with individual condition, time, population size and availability of 

breeding sites (Hudson 1985, Harris & Wanless 2011). In Vestmannaeyjar recaptures of 

breeders of known age are however sparse and the probability of capturing a first time 

breeder are low (Harris & Wanless 2011) as well as recapture rates of breeders, makes 

interpretation difficult (See Chapter 3). The oldest Puffin caught breeding was ringed as a 

nestling and recaptured in a burrow 32 years later while the average lifespan of Puffins 

which have reached maturity has been estimated to be around 25 years (Harris 1984). The 

current age record is held by a bird recovered in Røst in Norway, 41 year old (Anker-

Nilssen 2009) but the oldest known Puffin from the Vestmannaeyjar archipelago was at 

least 38 years old (Óskar J. Sigurðsson pers. comm., Hilmarsson 2008). Given such 

longevity, and high age of reproducing individuals, potential life time reproductive success 

is very high. If a Puffin starts breeding at age 5 CY to 7 CY and breeds annually until the 

age of 25 or even older it would only need to succeed twice in twenty years in producing 

an offspring reaching the age of maturity to keep population growth stable. However, it is 

likely that in unfavourable years Puffins skip breeding and theoretical studies expect long-

lived species to balance the cost of reproduction that might potentially reduce future 

survival in order to maximise long-term production of young, thus increasing LRS (see 

e.g., Hudson, 1985). 
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With regard to further processing of these data these results present us with methodological 

challenges. Since the population is open (influenced by births, deaths, immigration and 

emigration) the choice of modelling method is based on the type of encounters, live 

recaptures or dead recoveries or both. Types of encounters are contrastingly different 

between age-classes. Combining data with such little convergence presents difficulties and 

has until recently not been widely applicable in mark-recapture studies but survival of 

different age-classes has been analyzed separately (Burnham in Lebreton & North 1993). 

That is however not feasible in this case since data on birds ringed as 1 CY consists mainly 

of recoveries, and the available recovery models cannot be used only for data from 

individuals marked as young but must be substituted with information on individuals 

ringed as adults (Anderson et al. 1985). In light of this it is clear that further inquires are 

limited or at least complicated by the structure of the dataset and will demand more 

advanced methodology than we assumed at the beginning of this project. Even if the data is 

refined to only the Stórhöfði colonies after 1959 only 185 (8.3%) of all encounters of birds 

ringed as nestlings (n=2217) are recaptured breeding while only 147 (9.2%) breeders are 

recovered through harvest of the 1545 subsequently encountered individuals over a period 

spanning 48 years. 

 

 

  



43 

2.5 Graphs and tables 
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Figure 2-1 Number of Puffin (Fratercula arctica) ringed as nestlings (red line, n=13,187) and fledglings, by 

Mr. Sigurdsson O. (blue line, n=12,550 ) and Mr. Sigurdsson S. (green line n=11,582), annually from 1959 

to 2007 on Heimaey island in Vestmannaeyjar archipelago.  
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Figure 2-2 Number of non-breeding adult Atlantic Puffins (Fratercula arctica) ringed at Stórhöfði headland 

on Heimaey island in Vestmannaeyjar archipelago between 1959 and 2007 (n=18,633). 
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Figure 2-3 Number of newly marked Atlantic puffins (Fratercula arctica) caught as breeders between 1959 

and 2007 in Stórhöfði headland on Heimaey inVestmannaeyjar  archipelago from 1959 to 2007 (n=5825). 
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Figure 2-4. Percentage of live recaptures of total annual encounters between 1960 and 2007 of Puffins 

(Fratercula arctica) ringed as nestlings or fledglings (n=5642) on Heimaey island in Vestmannaeyjar 

archipelago. 
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Figure 2-5 Proportions of individuals encountered from each release cohort of Atlantic Puffins (Fratercula 

arctica) ringed either as nestlings or fledglings from 1959 to 2004 on Heimaey, Vestmannaeyjar archipelago 

(n=5512). 
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Figure 2-6 Average age distribution of recoveries (n=4149) of cohorts of Atlantic Puffins (Fratercula arctica) 

ringed as nestlings or fledglings from 1959 to 2004. The bars show proportion recovered of each age-class 

separately but the line show accumulative proportion of recoveries with age both are shown with one 

standard deviation.   
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Figure 2-7 age-distribution of recoveries of Atlantic Puffins (Fratercula arctica) from harvest in 

Vestmannaeyjar archipelago (n=4038) from 1960 to 2009. 
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Figure 2-8 Annual proportions of eight age-classes of recovered Atlantic Puffins (Fratercula 

arctica) from 1962 to 2008 of birds ringed as nestlings or fledglings on Heimaey island in 

Vestmannaeyjar archipelago. 
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Figure 2-9  Annual numbers of eight age-classes of recovered Atlantic Puffins (Fratercula arctica) 

from 1962 to 2008 of birds ringed as nestlings or fledglings on Heimaey island in Vestmannaeyjar 

archipelago  
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Figure 2-10 Proportional age distribution of Atlantic Puffins (Fratercula arctica) recovered (thick 

broken line) and birds recaptured breeding, first recorded attempt (unbroken line) and subsequent 

attempts (Thin broken line).  
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Figure 2-11 Number of Atlantic Puffins (Fratercula Arctica) harvested and reported by 

hunters to the Environment agency of Iceland (Umhverfisstofnun), the numbers are taken 

from their webpage (http://www.ust.is/einstaklingar/veidi,  28.03.2011). 

 

 

 

 

Table 2-1 Number of ringed Atlantic Puffins (Fratercula arctica) in Vestmannaeyjar archipelago 

within each age-category. The column marked n recaptured refers to the number of individuals 

recaptured but n recaptures stands for the number of actual recaptures since some are recaptured 

more than once. Note that some individuals are recaptured and subsequently recovered which is not 

taken into count here. 

 Class n ringed n recaptures n recaptured 
n 
recovered 

Breeders 5825 2287 1437 147 
Nestlings 13187 707 600 1617 
Fledglings ÓJS 12550 540 524 1209 

Fledglings SS* 11582 246 239 1323 

 All categories span from 1959 to 2007 except Fledglings SS which span 1971 to 1993. 
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Table 2-2 Number of Atlantic Puffins (Fratercula arctica) of known age caught breeding for the first 

time within several colonies where numbers have been published. The data from Vestmannaeyjar 

archipelago also includes data from 1953 to 1959. A four year old Puffin is said to be in its fifth 

Calendar year.  

  Age when first caught breeding (Calendar years) 

 
4 5 6 7 8** 9 10 11 12 13 14 15 16 17 18 19 20+  

Vestmannaeyjar  1 5 13 19 13 20 19 18 6 13 13 7 7 5 9 5 20 

Vestmannaeyjar*1 0 0 5 3 6 
            Isle of May*2 5 17 24 14 48 
            St. Kilda*3 0 3 7 1 2 
            Farne Islands*4 0 0 3 5 34 
            Skomer*5 0 1 4 NA NA 
            Gulf of Main*6 0 9 14 4 NA 
            *

 All numbers above are cited and modified ( from years to calendar years) from 

p.206in Harris (1984)where he further cites: 
1
Petersen(1976a),

2-4
Harris (1983) ,

5
Ashcroft(1979) , 

6
Kress(1981) except the numbers 

from Isle of May which are revised in Harris & Wanless 2011. **The number of 

individuals 8 CY and older are pooled for all studies except the present. 
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3. Adult survival in an Atlantic Puffin 
(Fratercula arctica) population in 
Vestmannaeyjar Archipelago from 1959 to 
2007. 

 

Abstract 

Here we report survival rates for a harvested breeding population of Atlantic Puffins 

(Fratercula arctica) from a single colony in Vestmannaeyjar Archipelago using data from 

5825 individuals, ringed from 1959-2007.  This is the first attempt to use these data to 

extract survival estimates although the complete series span more than 50 years. Using CJS 

multinomial modelling approach accounting for heterogeneity in survival rates with 

Pradel‟s 1997 TSM model for transience, the highest ranking model included constant 

resident survival rates of 87.3% (95% CL 86.4% - 88.2%) while recapture rates were time 

dependent but low or on average 9% (SD=0.05 n=50). These survival estimates are quite 

low compared to reported survival rates amongst non-harvested Puffin populations from 

both sides of the Atlantic although comparable to shorter periods of low survival in the 

East Atlantic. The low survival rates in Vestmannaeyjar may be a result of harvesting or 

the method of capture-recapture employed (instead of the widely used capture-resighting). 

3.1 Introduction 

The Vestmannaeyjar archipelago off the south coast of Iceland harbours the world‟s largest 

breeding population of Atlantic Puffins Fratercula arctica, close to 830.000 pairs in 2010 

(Hansen et al. in press.). Since 2005 data from monitoring of breeding success and age 

ratios in harvest (Chapter 1, Hansen et al. 2009) indicate recurring breeding failures, most 

likely due to recruitment failure of Sandeel Ammodytes spp. stocks off South Iceland 

(Bogason & Lilliendahl 2009). This apparent lack of Sandeel has been implicated as the 

cause of poor breeding success of Lesser Black Backed Gulls Larus fuscus in South West 

Iceland (Hallgrímsson 2011) and has been indicated as a cause of breeding failure for a 

number of other seabird species such as Kittiwakes Rissa tridactyla, (Gardarsson 2006a), 

Arctic terns Sterna paradisea (Vigfúsdóttir pers.comm.) and cliff breeding alcids 

(Bornaechea & Gardarsson 2006, Gardarsson 2006b). The implications of food shortage on 

the breeding grounds and continued breeding failures are poorly understood for the overall 

population dynamics. Studies of parental investment and the cost of reproduction among 

Atlantic Puffins have indicated that increased parental effort can negatively affect breeding 

success in subsequent seasons although significant effects on future survival were not 

detected (Wernham & Bryant 1998, Erikstad et al. 2009). 

Comparative demographic studies of patterns of relative importance on avian populations 

have indicated that in long lived species, with low reproductive rates, such as the Atlantic 

Puffin, adult survival has the potential to be the most influential life history variable on 

population growth rates (Saether & Bakke 2000, Stahl & Oli 2006). Adult survival 

amongst Puffins has been estimated typically to be relatively high and stable in time, 

around 93% in British and Norwegian colonies (Harris et al. 2005) and 95% in Gulf of 
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Maine USA (Breton et al. 2005) with few exceptions, especially in recent years. In 

common with most Alcids reproductive rates are low and maturity is delayed (Harris & 

Wanless 2011, Hudson 1985). As a basis for future research strategies and population 

management, knowledge of population parameters such as adult survival are vital but 

costly and difficult to obtain especially for long lived seabirds such as Auks (Hudson, 

1985). Adult survival has been estimated in a number of studies using mainly two 

methods: Analyses of band–recoveries and resightings of individually colour-ringed 

individuals. The latter method tends to produce more accurate estimates but both are 

potentially influenced by a number of biases, e.g., ring-wear and when, where and how the 

recapture/recovery occurs in relation to age and state of the individual (Anderson et al. 

1985, Hudson, 1985).   

In this Capture-Mark-Recapture (CMR) study adult survival rates are estimated using data 

from 5825 apparently breeding individuals (initially caught in burrows) from 1959 to 2007 

in Stórhöfði headland on the island of Heimaey, Vestmannaeyjar archipelago. Individuals 

are initially caught, in burrows, marked, released and in most cases physically recaptured 

again but not passively re-sighted as in most comparable studies (Harris et al. 2005, Breton 

et al. 2005, Anker-Nilsen & Aarvak 2006). Puffins are however thought to be sensitive to 

disturbance (Harris & Wanless 2011) and the method of physical recapture in contrast to 

resighting without having to handle the bird are fundamentally different. Such disturbance 

may lead to trapping effects (trap-shyness) (Pradel 1993) and/or transience (Permanent 

emigration of newly marked individuals) (Pradel et al. 1997), i.e. the individuals could 

possibly relocate from the study area and since the CMR method cannot distinguish 

permanent emigration from mortality, dispersal rates are consequently included in 

mortality rates (Lebreton et al. 1992). Another distinct difference between the current 

study and other such studies on Puffins is that the population in Vestmannaeyjar is 

harvested. Puffins are not hunted in other countries, at least not legally in the last decades 

except in the Faroe Islands (Harris & Wanless 2011). Where Puffins are harvested 

however, the catch mainly consists of immature birds, 3-6 calendar years (Petersen 1976, 

Stempeniewicz & Jensen 2007, Chapter 2). 

  

3.2 Methods 

Field methods 

The estimates are based on a Mark-recapture study which was carried out on Stórhöfði 

peninsula on the Island of Heimaey, Vestmannaeyjar archipelago (63°25′N, 20°17′V) off 

the south coast of Iceland between 1959 and 2007, although recaptures were gathered until 

2009. A total of 5825 breeders were caught, mostly from the beginning of June to the end 

of August, and only from burrows shallow enough for the ringer to reach the birds. These 

burrows were revisited quite regularly each year. Ringing-data from 1953 to 1959 exist but 

were excluded from the survival analysis since prior to 1959 aluminium rings were used 

which wore out quickly, became unreadable and were likely to fall off within 10 years 

(Harris & Wanless 2011). Of the breeders ringed with aluminium rings before 1959, 344 

were later recaptured and re-ringed with stainless steel ring. Such individuals were treated 

as newly tagged when they were recaptured. Breeders were ringed in all years until 2007 

except for 2003 and only four were ringed in 2004 and five in 1982 (Figure 2-3). This 

analysis includes both recaptures by the ringer as well as recoveries from hunters. 
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Recovered individuals are however removed from the dataset after their last encounter, i.e. 

not considered available for future recaptures. This is done in part since Puffins are hunted 

during the breeding season on the breeding grounds, so individuals have to be alive and 

have to have returned to the breeding grounds in a given year either to be recaptured or 

recovered.  

Goodness of fit  

Regarding estimation of survival (Φ) and recapture rates (p) we followed the modelling 

approach described by Lebreton et al. (1992). Initially individual encounter-histories were 

created for analysis in Program MARK (Cooch & White 2009), using the standard 

Cormack, Jolly, Seber (CJS) multinomial model. To test if the saturated CJS model fits the 

data and to test whether the data meets the assumptions of the modelling approach, the 

saturated model, loosely defined as the model where the number of parameters equals the 

number of possibly estimable data points, ф(t)-p(t), was used. These assumptions, widely 

noted as the CJS assumptions are (Cooch & White 2006): 

 
1.  Every marked animal present in the population at time (i) has the same probability of 

recapture.  
2.  Every marked animal in the population immediately after time (i) has the same 

probability of surviving to time (i+1). 
3. Marks are not lost or missed.  
4. All samples are instantaneous, relative to the interval between occasion (i) and (i+1), and 

each release is made immediately after the sample. 

  

 

Goodness of fit (GOF) testing was performed using Program U-CARE 2.3.3 (Choquet et al 

2009). The overall GOF-test provided by U-CARE is comprised of four component tests 

known as Test 2 CT, Test 2CL, Test 3SR and Test 3 SM. These tests are based on 

contingency tables of observed and expected frequencies, as well as a feature of the 

program which provides a directional statistics for tests 3 SR and 2 CT (Choquet et al. 

2005).  

Both Component Tests 2 CT and 2 CL regard the first assumption, that there is no 

difference in the probability of an individual being recaptured at occasion (i+1) between 

those individual captured and not captured at occasion (i), conditional on presence at both 

occasions. In other words given that individual captured in a given year and returns the 

year after it is equally as likely to be captured again as an individual not caught in year (i). 

For more details and discussion on trap-dependence and Tests 2 see Pradel (1993). 

Component Tests 3 SR and 3 SM regard assumption 2 that all marked animals alive at (i) 

have the same probability of surviving to (i+1). Simply put, they test if individuals 

captured for the first time at occasion (i) are as likely to be encountered at a later occasion 

as an individual recaptured at occasion (i). Since CJS models cannot distinguish between 

mortality and permanent emigration, a high proportion of transients will result in an 

underestimate of the survival probabilities of the resident population (e.g. Lebreton et al. 

1992). Transients are operationally defined as individuals with zero probabilities of 

survival after initial encounter (Pradel et al. 1997).  
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The starting model was then selected on the results of these tests and an estimate of over-

dispersion, (ĉ) was calculated from the overall GOF statistics as ĉ = χ
2
/df but ĉ > 1 

indicates over-dispersion of the data.  

Model selection 

The overall GOF-test revealed a lack of fit due to strong transience effect, an effect which 

has also been documented among other seabird species (Clucas et al. 2008, Oro et al. 

2004, Grosbois & Thompson 2005). Pradel et al. (1997) suggested a method to remove the 

effects of transience using an approach estimating separately survival probabilities of 

newly marked individuals one year after initial recapture thereby suppressing the effects of 

initial encounter. However this causes reduced efficiency in parameter estimation by 

increasing standard error. Also increased parsimony, e.g., if Φ or p is kept constant, 

decreases the confidence intervals, thus increasing the risk of incorrect inference. This risk 

is further increased by low recapture probabilities causing negative bias on survival-

estimates, a bias which increases inversely with recapture rates (Pradel et al. 1997).  

Due to this lack of fit we started with a global model Φ(a2-t/t)- p(t ) as suggested by Pradel 

et al. (1997) to account for the aforementioned transience effect. However, removing the 

individual component of test 3 SR did not sufficiently increase the overall fit (see 

“results”). There are indications of trap-happiness although not as significant as the effects 

of transience. Such effects are reduced when the age-effect is introduced into the model 

and the subsequent over dispersion was corrected for by using the variance inflation factor 

Ĉ= 1.47.  

Because of the adjusted Ĉ the subsequent model selection process is based on Quasi 

Akaike‟s Information Criterion (QAICc) and compared the highest ranking models using 

QAICc (Burnham & Anderson 2002). To confirm the transience effect we also compared 

to a standard fully time dependant CJS model (Model A in Table 3-3 ) and compared to our 

global model which included transience effect. Since the saturated CJS model (Model A) is 

nested within our global model (Model B) which includes the age effect or “TSM effect” 

(Pradel et al. 1997) but has a different variance inflation factor (Ĉ); thus they are compared 

separately with Ĉ = 1.85 (see results) using likelihood ratio test (LRT). Given the effects of 

transience in the dataset we use the method described by Pradel et al. (1997) to quantify 

the proportion of transients in the release cohorts (ϒ ) = 1-(Φ transients/ Φ residents) although, 

since the underlying reasons for this heterogeneity are unknown the biological relevance of 

these effects must be interpreted with caution with regard to, e.g., pseudo transience 

(Prévot-Julliard et al.1998).  

Starting from the global model (model B), Φ(a2-t/t)- p(t ) where survival and transience 

are kept time dependent we tried to increase parsimony by keeping either (Models E and F) 

and or both (Model D) constant as well as recapture rate (Model C). Caution must be taken 

though since there will always be a negative bias on apparent survival estimates with CJS 

modelling approach, especially since such bias increases inversely with recapture rates 

(Pradel et al. 1997) which were very low in this case. And even though the relative bias is 

the same for time-specific and constant parameter models, the confidence intervals shrink 

with increased parsimony increasing the risk of incorrect inferences (Pradel et al. 1997). 
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3.3 Results 

Individuals ringed as breeders were mostly recaptured in their burrows, of the 5825 

individuals ringed as breeders 1437 individuals were recaptured, some repeatedly, adding 

up to a total of 2287 recaptures (Table 3-1). Only 147 individuals, trapped and ringed 

breeding, were recovered dead, all of them through harvest within the archipelago, 27 of 

which had intermittently been recaptured breeding adding up 1584 individuals encountered 

2432 times. 

Goodness of fit (GOF) 

Using program U-CARE (Choquet et al. 2009), which implements specific contingency 

table procedures, we assessed the fit of the general time-dependent Cormack- Jolly-Seber 

(CJS) model (Model A) to determine whether it provided an adequate description of the 

data. These tests showed a significant overall lack of fit (χ
2
= 605, df=327, P<0.0001) as did 

every test component (Table 3-2), so no test component could be removed to retrieve 

adequate fit. However a closer examination of the data revealed that over dispersion is not 

equal among components whereas for test 3 SR, Ĉ = 4.2 while the others ranged from 1.33 

– 1.83. Although removing the component 3SR did not increase the overall GOF test 

adequately (χ
2
= 413, df=281, P<0.001), one could proceed with over all Ĉ = 1.85, but test 

3.SR showed much higher dispersion than any other component it indicated strong 

transience effect (Test 3.SR: Z= 9.9, P<0.0001), which is likely to cause negative bias in 

estimated survival rates, as mentioned before (Pradel 1997). A possible solution to this 

might be to use the adhoc approach described by Paradis et al. (1993) which consists of 

dropping all individuals only encountered once from the dataset. However due to the 

scarcity of data this is not feasible; 75% of ringed individuals are never encountered again 

so three out of every four birds ringed would have been excluded from the analysis and the 

method is therefore far less efficient (Pradel 1997). Despite this we found that by 

suppressing first encounter in U-CARE resulted in a good overall fit (χ
2
= 194.75, df=199, 

P=0.57) with no component significantly different from the expected values (Table 3-2). 

Due to this the method implemented was Pradel‟s (1997) method of introducing an age 

effect, or more precisely “Time since Marked” (TSM), into the model and to use the 

inflation factor (Ĉ) of the remaining components of the GOF statistics (3 SM, 2 CT and 2 

CL) which was estimated to be Ĉ= 1.47. Our global model was therefore Φ(a2-t/t)- p(t ) 

here after termed model B (Table 3-3) (Pradel 1997).  

Model selection 

Using the LR test to compare the fully time dependant CJS model (Model A) to the 

equivalent model where transience has been taken into account (the global model, Model 

B) supported the use of age effect (TSM) favouring the more parameterized model Model 

B (χ2 = 93.603, df= 50, p= 0.0002). More parsimonious models, derived from Model B, 

including time dependence in recapture rate, ranked higher according to QAICc (had a 

lower QAICc value) than Model C where it was considered constant (Table 3-4) as 

expected since there is considerable annual variation in ringing and recapture effort. The 

highest ranking model was the reduced model (Model F), Φ(a2-t/.)- p(t), where all 

parameters are time dependant except residential survival which is kept constant.  
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Parameter estimates 

Apparent survival of residents in the highest ranking model (Model F) was estimated as a 

constant survival rate of 0.873 (95% CL 0.864 - 0.882), (Figure 3-1) but survival of 

transients (Average Φ-trans=0.6, SD=0.24 n=50) and recapture rates were time dependant 

(Average p = 0.09, SD=0.05 n=50) (Figure 3-2). Estimated survival of transients varied 

from almost 0 for two intervals, (1982-3 and 2006-2007) to 1 during five intervals (1976-7, 

1983-4, 1985-6, 1997-8, 2007-8). The estimation of proportion of transients (ϒ ) using 

Pradels et al. (1997) method (ϒ ) = 1-(Φ transients at t (i)/ Φ residents(0.87)) is presented in 

Figure 3-1, but includes some years where the survival exceeds that of residents resulting 

in negative values.  

3.4 Discussion 

We report the best model, (highest ranking QAICc) being Model F where survival of 

residents is kept constant. Although the models including time dependent resident survival 

rates are rejected, this does not mean that survival is strictly constant over time. It only 

suggests that given this sample size time variation is small enough for a constant model to 

provide a reasonable approximation of resident survival (Grosbois & Thompson 2005). 

Accordingly we report constant survival of 87.3% (95% CI 86.5 – 88.1) which is lower 

than anticipated and previously reported for other Atlantic puffin populations. Where CMR 

studies have been done on Puffins, in Britain, Norway, USA and Canada survival estimates 

have generally been high most often above 90% (see e.g. Harris et. al. 2005, Sandvik et al. 

2005, Breton et al. 2005).  

Survival has also been reported as rather stable, over all, save for a few short periods of 

low survival rates, as occurred  in the Isle of May in 1989-1991 and 2006-08 when annual 

adult survival dropped from an average 95.3% (Harris et al. 2005)  below 85% and 70% 

respectively (Harris & Wanless 2011). Such low survival events have also been described 

from Røst; 80% in 1997-98, 81.6% in 2001-02 and 80.4% in 2007-8  (Table 3-5) (Anker-

Nilsen et al. 2003, Anker-Nilssen & Aarvak 2006, Anker-Nilssen 2009, Anker-Nilssen 

2010). In Hornøya adult survival is still rising after a decline lasting from 2001 reaching, a 

bottom of approximately 60% in 2004 (Barrett & Erikstad in Anker-Nilssen et al. 2008, 

Barrett & Erikstad 2010, 2011).  

The summer diet of Puffins in these two Norwegian colonies differ considerably; Puffins 

on Røst mainly rely on first year herring Clupea harengus but in Hornøya mostly on 

Capelin Mallotus vilosus and Sandeel Ammodytes spp., while other species such as small 

gadids are taken in seasons of limited food availability (Barrett et al. 1987, Anker-Nilsen 

1992, Barrett 2002, Eilertsen et al. 2008). In Britain, although adult survival has been 

somewhat different between colonies, in Skomer e.g. adult survival was stable and 

constantly high from 1984-2001 while on Fair Isle survival declined quite rapidly after 

1997 (Harris et al. 2005). Most recent estimates from Isle of May show a decline in adult 

survival, and Harris & Wanless (2011) reported on the Isle of May that over the past 37 

years adult survival has gradually declined from 98-99% to 90-91% (r=-0.65, p<0.001) at 

the present. Harris et al. (2005) compared the datasets from Røst and Hornøya  in Norway 

to data from  the Isle of May, Fair Isle and Skomer, in Britain as did Grosbois et al.(2009) 

but the latter did not include Hornøya due to apparent heterogeneity in recapture rates in 

the data (Sandvik et al. 2005, Grosbois et al. 2009). For all populations, survival was on 

average higher than 92% for colonies (Table 3-5) and their studies indicated that 67% of the 

annual variance in adult survival of Puffins was accounted for by a global spatial scale 
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component, indicating synchrony among colonies (Harris et al. 2005, Grosbois et al. 

2009). Their results further indicated that local sea surface temperature (SST) accounted 

for 40% of   both global and local scale components. SST thus acted at the simultaneously 

to synchronize and desynchronize survival rates, but the analysis also suggested some 

other unknown environmental factor(s) acted as synchronizing agents.  

In the Western Atlantic survival rates have been reported high as well, e.g., over 95% in 

three studies ranging from the early 1970„s to 2004 (see references in Breton et al. 2005). 

One of which ranged from 1992 – 2003 in the Gulf of Maine where survival was estimated 

to be constant 95.0% (SE= 0.008). In comparison the survival estimate of 87.3% among 

breeders in Stórhöfði is rather low. This low estimate could be explained by increased 

mortality due to hunting which is an effect that is not present in the any of the other 

populations under study. From the recoveries of birds of known age, it has been estimated 

that approximately 84% are recovered through harvest on Sixth CY so at least around 16% 

are recovered after reaching the age of recruitment into the breeding population (see 

chapter 2).  

It should be stressed that further examination of the data is prudent i.e., with regard to 

effects of hunting and environmental factors. There are still issues to be resolved, methods 

to be tried and aspects to be further explored. It is, however, apparent that the data have 

their limits and complications which must be considered. Lack of fit was evident in the 

GOF-test, mainly with regard to test 3.SR which tests the assumption that all marked 

animals alive at occasion (i) have the same probability of surviving to (i+1). Although the 

other components of the GOF-tests are also significant they became insignificant by 

removing the effects of first encounter so we consider it enough to use the variance 

inflation factor for the rest of the components. Test 3.SR specifically tests whether newly 

banded individuals at occasion (i) have the same probability of being encountered again as 

individuals marked at a previous occasion re-encountered at occasion (i). The directional 

test in U-Care strongly indicated such effects of transience e.g., individuals encountered 

for the first time at occasion (i) with nil probabilities of being encountered again. There are 

several reasons for why this might be so, some of which are biologically interesting i.e. 

lower site fidelity amongst younger, inexperienced breeders.  

 

Another reason for the transience effect might be inclusion of prospecting pre-breeders, as 

has been noted in similar studies on seabirds (e.g., Breton et al. 2006, Clucas et al. 2008). 

Ashcroft (1979) observed immature or non-breeding puffins visiting and often trying to 

occupy burrows without breeding sometimes even temporarily while the owners were 

away but being driven away on their return. This kind of behaviour is likely to cause 

transients being included in the sample and is hard to avoid. Another reason might be that 

although puffins, especially breeding birds, generally have very high side fidelity, they are 

sensitive to disturbance (Harris 1984) and could therefore move out of the colony or within 

it into unreachable burrows. Other possibilities may involve the burrows collapsing; 

especially ones on shallow bedrock or in sandy soil, or even become too deep to reach into 

due to expansion of tunnels with the Puffins‟ continuous digging every spring and autumn. 

Whatever the reason may be it is also likely to be exacerbated by very low recapture-rates, 

in compatible research projects where breeding Atlantic Puffins have been ringed. 

 

Although, as noted in methods, another possible solution to counter such effect would have 

been to only use individuals subsequently encountered as done by Paradis et al. (1993). 
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The advantages of using the age dependant model over the the adhoc approach is that the 

efficiency of the adhoc method is severely reduced with increased parsimony and 

especially with low recapture rates as in this case (Pradel et al. 1997). It must be noted 

though that both methods, as is true for all CMR-studies, that they are sensitive to 

heterogeneity and low encounter rates. 

   

Even though the data spans such a long time and the sample size is large the method seems 

to somewhat lacking in efficiency. Using physical recaptures instead of resightings is far 

more likely to stress and therefore affect the bird, especially during the nesting period. This 

is a potential cause for the observed transience, or a part of it and might even be a potential 

influential factor on the low survival rates. The method is also inefficient resulting in much 

lower encounter rates than in comparable studies, e.g. Harris et al. (2005) who reported 

annual re-sighting probabilities for adult Puffins from five colonies in Norway and Britain 

to be 60 to 90% although they also reported trapping-effect, affecting re-sighting 

probabilities. Among Atlantic Puffins on the Isle of May the average annual re-sighting 

rate, from 1974-1993, was 80.0% (SD= 14.2%) (Harris et al. 1997).  Between 1979 and 

2005, 6740 adult Puffins were ringed in Røst, Norway, resulting in 3795 recaptures, but 

between 1990 and 2005, 436 individuals have been colour-ringed resulting in 11764 

resightings or average annual re sighting rate of 88%, SD=5.4, (Anker-Nilsen & Aarvak 

2006). It might thus be much more efficient to start a colour-ringing scheme in 

Vestmannaeyjar and other colonies in Iceland to get a more reliable method of observing 

but there are still aspects which have to be taken into account as these studies are very 

dependent on finances, man power and time. In light of that it is incredible that these data 

exist and it must be appreciated that it is all from one ringer, Óskar J. Sigurðsson whom I 

owe the best of thanks for allowing me access to his data. 

 

 



65 

3.5 Tables and figures 
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Figure 3-1 Constant adult survival rate of 87.3% and estimated proportion of transients 
(ϒ ) = 1-(Φ transients at t (i)/ Φ residents(0.87)) with 95% confidence intervals for Atlantic Puffins 

(Fratercula arctica) in the Vestmannaeyjar Archipelago from 1959 to 2008. The parameters are 

estimated by the highest ranking model according to QAICc, Model F.  
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Figure 3-2 Estimated recapture rate (p), with 95% confidence intervals, of Atlantic Puffins 

(Fratercula arctica) in the Vestmannaeyjar archipelago between 1960 and 2008 as estimated with 

the best model, Model F. 

 

Table 3-1 Number of individual adult Puffins (Fratercula arctica) ringed as breeders in Stórhöfði 

1959-2007 subsequently re-encountered, both recaptures and recoveries are included until 2009. 

 

 

 

Table 3-2 Results from the goodness of fit (GOF) tests‟ components for Model A unadjusted and 

when the effects of first encounter have been suppressed.  

  
 

3 SR 3 SM 2 CT 2 SM Overall GOF 

Saturated 
CJS 

χ2 191 109 84 220 605 
Df 46 70 46 165 327 
P 0.0 0.0 0.0 0.0 0.0 

Ĉ 4.15 1.56 1.83 1.33 1.85 

 
     

1.47* 
First 

encounter 
suppressed 

χ2 50 34 43 68 195 

Df 44 43 44 68 199 

P 0.2 0.8 0.5 0.5 0.6 

Ĉ 1.14 0.79 0.97 1.00 0.98 

* Ĉ, test component  3 SR removed. 

  Times encountered after initial capture 

 
1 2 3 4 5 6 7 8 9 

n individuals 1065 328 114 42 21 11 3 0 1 
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Table 3-3 Identification letters and descriptions of the models tested and compared in this data-

analysis on Mark recapture study of adult Atlantic Puffins (Fratercula arctica) caught and ringed as 

breeders in Stórhöfði-headland on Heimaey in Vestmannaeyjar Archipelago between 1959-2007. 

Recaptures and recoveries until 2009 are included.  . 

Model 
ID 

Survival 
фresidents 

Recapture 
p 

Transience 
фtransients 

A Time dependent Time dependent CJS model with no transience effect 
B Time dependent Time dependent Time dependant 

C Time dependent Constant Time dependent 

D Constant Time dependent Constant 

E Time dependent Time dependent Constant 

F Constant Time dependent Time dependent 

 

Table 3-4 Model selection results ranked by QAICc, describing adult survival of Atlantic Puffins 

(Fratercula arctica) caught and ringed as breeders in Stórhöfði-headland on Heimaey in 

Vestmannaeyjar. Archipelago between 1959-2007. Recaptures and recoveries until 2009 are 

included. 

Model 
ID 

Φ P No. 
Par. 

QAICc ∆QAICc QAICc 
weight 

Model 
likeliehood 

QDeviance 

F a2 t/. t 99 13392.9 0.0 0.9997   1 3327.9 

E a2 ./t t 98 13409.3 16.4 0.0003 0 3346.3 

D a2 ./. t 52 13416.1 23.2 0 0 3446.9 

B a2 t/t t 148 13444.7 51.7 0 0 3278.5 

A T t 98 13459.3 66.4 0 0 3396.3 

C a2 t/t . 98 19605.5 212.6 0 0 3542.5 
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Table 3-5 Reported adult survival estimates for adult Puffins (Fratercula arctica) in British, 

Norwegian and North American Colonies in comparison to the estimated adult survival rate 

in Vestmannaeyjar archipelago. 

 

 

  

Colony Period 
Estimated 

annual 
survival 

Source Note 

Isle of May 1973-1980 97.5 Harris et al. 1997 
 

 
1981-1993* 92.4 Harris et al. 1997 *excluding collapse in 1990-1 

 
1984-2002 93.5 Harris 2005 

 
 

1990-1991 80.5 Harris et al. 1997 
 Skomer 1984-2002 93 Harris 2005 
 Fair Isle 1986-2002 93.5 Harris 2005 
 Røst 1990-2002 93.5 Harris 2005 
 

 
1990- 2004 90.2 

Anker-Nilssen & 
Aarvak 2006 

 
 

1994‐2007 88.2 Anker-Nilssen 2009 
 

 
1990‐94 94.3‐97.1* Anker-Nilssen 2009 *Range 

 
2005-6 88.6 Anker-Nilssen 2009 

 
 

2006-7 84.3 Anker-Nilssen 2009 
 

 
2007-08 80.4 Anker-Nilssen 2010 Lowest on record in Røst  

Hornøya 1990-2002 93.5 Harris 2005 
 

 
1990-2003 94.6 Sandvik et al. 2005 

 

 
1990‐08 86.8 

Barrett & Erikstad 
2009 

 

 
2007-08 85.9 

Barrett & Erikstad 
2010 

 

 
2008-09 88.1 

Barrett & Erikstad 
2011 

 Gulf of Maine 1992-2003 95 Breton et al. 2005 
 Vestmannaeyjar 1959-2007 87.3 This study 
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Conclusions and afterthoughts 

The Atlantic Puffin population in the world‟s largest colony, the Vestmannaeyjar 

Archipelago has been struggling at least since 2005 (Hansen et al. 2009, in press, Chapter 

1). This is likely to be caused by a recruitment failure among sandeels since 2005 and the 

effects have been recorded among other sandeel dependent seabird-species, most 

conclusively amongst Lesser Black Backed Gulls on the Reykjanes peninsula, south west 

Iceland (Bogason & Lilliendahl 2009, Hallgrímson 2011). Since 2005, breeding success 

has consistently been poor although success in northern Iceland has been relatively high 

(Hansen et al. 2009, in press).  In the north the Puffin feeds mainly on Capelin (Lilliendahl 

& Sólmundsson 1998, Thompson et al. 1999). Large scale breeding failures have been 

demonstrated elsewhere and undoubtedly have occurred in the past (e.g., between 1978 

and 1984), as indicated by delay of the ringing dates (presented in chapter one) and lower 

cohort recapture rates. The life-history of Puffins further complicates matters; age effects, 

behavioural differences, spatial and temporal variations no doubt cause heterogeneity in 

recapture-probabilities and affect the modelling results.   

Such a high recovery rate of immatures is rare and quite unique with respect to sample size 

and time span, this is due to the high harvest kill rate or on average 14.3 % of each cohort 

(Chapter 2). Although the majority of the harvest is composed of immature birds ages 3 to 

6 calendar years, the data indicate that a greater proportion, (25.3%) than previously 

estimated (8.5%, Petersen 1976b) are birds of breeding age). Although immature Puffins 

are thought to have relatively high survival rates, even close to adult survival (Sandvik et 

al. 2008), most studies indicate that it is considerably lower (Ashcroft 1979, Harris and 

Wanless 1991, Breton et al. 2005, Breton et al. 2006). Sandvik et al. (2008) reported 93.3 

% annual survival up to the sixth calendar year which was not significantly different from 

the estimated adult 94.3 % survival rates during the same period. However other studies 

have indicated that annual survival of immatures is, on average, considerably lower i.e. 69 

% on Skomer, UK (Ascroft 1979) and 85 % in Gulf of Main (Breton et al. 2006). Although 

estimating reliably immature survival is difficult, the average proportion of recovered 

individuals or cohort kill rate is 14.3 %, of which around 85 % are recaptured 6 CY and 

younger. Such harvest is most likely additive to natural mortality (Lebreton 2005) 

drastically reducing survival of immatures from Vestmannaeyjar than in non-harvested 

populations. However the data are not suitable for the currently traditional modelling 

approaches based on CJS models alone, and perhaps not even to those commonly used in 

similar situations (Anderson et al. 1985, Cooch & White 2006). I therefore only utilized a 

part of the data set, individuals ringed as breeders for which survival was estimated over 

the past fifty years. These data also presented other problems (Chapter 3) and therefore, 

survival estimates are possibly biased downwards due to effects of transience and low 

annual recapture rates because it appears lower than reported among Puffins elsewhere 

(Harris et al 2005) but see decline in Harris and Wanless 2011). 

Despite that, there are a number of different possible methodological approaches (See e.g., 

Pradel 1993, 1997, Frederiksen et al. 2004) in the model selection, variation in survival 

estimates was almost none, ranging from 86-89% on average or constant, although it must 

be taken with a grain of salt since transience effect and low annual recapture rates can 

cause a negative bias as warned by Pradel (1997). A continued ringing scheme of adults, 

nestlings and fledglings would be important for future monitoring of this population.  

Furthermore, colour rings should be implemented among breeders and possibly fledglings 
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in monitored colonies. Even though puffin populations have survived much longer period 

of breeding failure than the one in Vestmanneyjar, as in Røst, Norway, we must consider 

that in long lived species, such as the Puffin, the most elastic population parameter 

(influential on future population size) is adult survival (Sæther and Bakke 2000, Stahl and 

Oli 2006).  Hunting is quite likely the cause for an apparently lower survival among the 

Vestmannaeyjar Puffin population than reported in neighbouring countries. With regard to 

sustainability of hunting further analyses on population dynamics, environmental factors, 

and hunting data are needed to adequately quantify that effect and evaluate its importance. 

It is however clear that during these last seven years of low production (Hansen et al.2009, 

Hansen et al. in press, chapter 1) that hunting was not sustainable. Low nest survival plus 

reduced breeding population size (Hansen et al. 2009) was followed up with poor 

condition of chicks which is expected to affect future return rates (Stempeniewicz and 

Jensen 2007, but see discussion in Harris and Wanless 2011).  
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