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Abstract / Útdráttur 

Wader populations across the world are declining largely due to direct and indirect 

anthropogenic impacts on the quality of coastal and near-coastal habitats on which they rely. 

Iceland, an internationally important area for breeding migratory waders, has undergone 

large-scale landscape alterations and faces more in the future. Habitat use and requirements 

of juveniles might influence the ontogeny of key behaviours as they mature, and 

consequently their recruitment probability. However, the links between behaviours 

displayed at early life stages and environmental conditions experienced during those stages 

are still not well understood. This thesis addresses this knowledge gap and explores the 

ontogeny and variation in habitat use and behaviour of Eurasian oystercatcher (Haematopus 

ostralegus) chicks. This study was carried out during the 2020 breeding season, in a 

population breeding in the Westfjords, NW Iceland. Chick behaviours in 15 colour-ringed 

families were recorded every minute during 1-hour sessions for up to 14 weeks. The level of 

interactions chicks had with their parents (defined as following-feeding behaviour) varied 

significantly in relation to the tidal state and hatching period, with chicks interacting more 

with their parents during low tide and if they hatched later in the season. However, the level 

of interactions did not differ across families, age, brood size, or habitat type. The proportion 

of coastal and terrestrial habitats used by chicks varied across families, age, and tidal state, 

and the main behaviours observed were dependent on the habitat occupied by the chicks 

during the session. This study contributes to the understanding of the links between habitat 

use and chick’s behaviour and discusses the potential impacts towards independence.  

Vaðfuglastofnar um allan heim eru á niðurleið að stórum hluta vegna beinna og óbeinna 

mannvistarlegra áhrifa á gæði búsvæða, sem þeir eru háðir, á ströndinni og í nálgæð við 

strendurnar. Ísland er alþjóðlega mikilvægt svæði fyrir vaðfugla, sem verpa hér og eru 

jafnframt farfuglar, en á landinu hafa orðið víðtækar landslagsbreytingar og sér fram á meiri 

breytingar í framtíðinni. Búsvæðanotkun og þarfir ungfugla gætu haft áhrif á þroskaferil og 

atferli eftir því sem þeir þroskast, og þar af leiðandi líkur þeirra á endurliðun. Engu að síður 

eru tengslin milli atferlis sem þeir sýna á fyrri lífsstigum og umhverfisaðstæðna sem lífveran 

upplifði á þeim stigum ekki enn vel skilin. Þessi ritgerð fæst við þessa þekkingareyðu og 

kannar þroskaferil og breytileika í búsvæðanotkun og atferli tjaldsunga (Haematopus 

ostralegus). Rannsóknin var framkvæmd á varptímanum árið 2020, hjá stofni í varpi á 

Vestfjörðum. Ungaatferli hjá 15 lithringsmerktum fjölskyldum var skráð á hverri mínútu í 

1-tíma lotum í allt að 14 vikur. Stig samskipta sem ungar höfðu við foreldra sína (skilgreint 

sem atferli eftir fæðuöflun) var marktækt breytilegt í tengslum við ástand sjávarfalla og 

klaktíma, með meiri samskiptum unganna við foreldra sína á háfjöru og ef þeir höfðu skriðið 

úr eggi seinna á árstímanum. Samt sem áður var ekki munur á samskiptastigi þvert á 

fjölskyldur, aldur, stærð ungahóps, eða búsvæðisgerð. Hlutfall strand- og landbúsvæða sem 

notuð eru af ungum var breytilegt þvert á fjölskyldur, aldur, og ástand sjávarfalla, og helsta 

sýnilega atferlið var háð búsvæði þar sem ungarnir héldu sig yfir árstímann. Þessi rannsókn 

bætir við skilning okkar á tengslunum milli búsvæðanotkunar og ungaatferlis og ræðir 

hugsanleg áhrif í átt að sjálfstæði. 
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1 Introduction 

1.1 Global challenges facing coastal species 

It is not a novel fact that around many parts of the world, and across many species, 

populations are declining. This is largely a result of direct and indirect anthropogenic 

pressures and changes to ecological systems, such as habitat alteration, degradation, or 

destruction, climate change, rising sea levels, and eutrophication (Rehfisch & Crick, 2003; 

Sutherland, 1996; Vitousek, 1994). These broad issues have been acknowledged for decades, 

yet they still pose a great threat to species at an ever-increasing pace (Butchart et al., 2010), 

and their outcomes are challenging to predict in an uncertain future.  

Coastal areas, at the confluence of land and sea, are among the world’s most productive 

habitats (van de Kam et al., 2004). They are also one of the most utilised and threatened 

areas in the world, with intense human activity resulting in their degradation (Barbier et al., 

2011). There is a critical need to protect these areas as human activity encroaches evermore 

on natural systems, not only because they are the life of a rich array of species, but also 

because the healthy functioning of those systems provides humans with valuable ecosystem 

services such as coastal protection, pollution-control, maintenance of fisheries, and raw 

materials (Barbier et al., 2011). Some of the multitude of species relying on coastal and near-

coastal habitats are wading birds (Charadrii); many of which cannot survive in any other 

place at least during some part of their annual cycle. As with other taxa, many wader species 

have been declining around the world (International Wader Study Group, 2003; Pearce-

Higgins, 2017; Piersma et al., 2016; Smart & Gill, 2003; Zöckler et al., 2003; Zöckler, 2014), 

and particularly migratory populations (Koleček et al., 2021; Sanderson et al., 2006; Smart 

& Gill, 2003). The compounding challenge for reversing these species’ declines is their 

migratory nature; their habitat requirement can span over vast regions and even continents 

throughout the year and different features and resources might be required during the 

different life history stages that are spent in those habitats. Impacts from human activities 

during one stage of their lives may carry over across the other stages and with consequences 

for subsequent survival and breeding performance (Alves et al., 2019; Buchan et al., 2021; 

Finch et al., 2014; Harrison et al., 2011; Newton, 2004; Norris & Marra, 2007). Therefore, 
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understanding the causes and consequences of population changes is particularly challenging 

in migratory populations. 

While there is value in macroecological studies, as they help set priorities for broad 

management decisions, to understand the cause behind population means and trends requires 

the study of the decisions and adaptations of its fundamental unit; individuals (Carneiro et 

al., 2021; Goss-Custard, 1996; Méndez et al., 2020; van de Kam et al., 2004). Individual 

variation could elicit non-uniform responses to environmental change within the same 

population (Metcalfe & Monaghan, 2001). Conditions that individuals face in early life 

affect both their immediate state such as post-fledging survival and fitness but also their 

long-term fitness (Lindström, 1999; Metcalfe & Monaghan, 2001) such as recruitment into 

the breeding population, the effects of which can further transfer to subsequent generations 

(Alves et al., 2019; Gill et al., 2019; Machín et al., 2018; Morrison et al., 2019; van de Pol, 

Bruinzeel, et al., 2006). Factors can impact entire cohorts of young in a breeding season and 

resulting consequences can thus be later felt at the population level (Machín et al, 2018; van 

de Pol, Bruinzeel, et al., 2006). Studies of why individuals make the decisions they do 

provide a basis for forecasts, management planning, and creating models to predict 

population changes in face of human impacts; this knowledge must be accurate and 

representative to inform policy effectively (Goss-Custard, 1996). A plethora of studies take 

the focus on adult birds, whether it be breeding, wintering, or migration portion of their life 

histories. Provided the challenges associated with studying chicks, this field is more limited; 

and where they exist, those studies often investigate more absolute terms such as hatching 

and fledging success, and growth rates. A considerable knowledge gap exists in 

understanding the development of behaviours in juvenile birds, and the transformation from 

a dependent chick to a mature individual. Particularly, much mystery lies in what happens 

beyond the post-fledging period. Understanding the mechanisms behind individual juvenile 

decisions is a missing link that might elucidate phenomena such as migratory strategy 

adopted by first-time-fliers (Méndez et al., 2021), determinants of first winter survival, and 

influences of eventual settlement and recruitment into the breeding population (Alves et al., 

2019; Gill et al., 2019). Further, understanding through which process behaviours are 

acquired in the developmental stage could shed light on how species populations are likely 

to react to human impacts on their habitats over subsequent generations. Inevitably, 

environmental changes will continue. How –and if—species will be able to adapt effectively 
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to meet those changes will determine the extent to which those changes will pose a risk to 

them (Rehfisch & Crick, 2003), or if those changes can even be viewed as positive in some 

cases (Smart & Gill, 2003). 

1.2 Importance of Iceland for waders 

The sub-arctic environment can be harsh; however, its situation also facilitates valuable 

habitats for adapted species which migrate a great distance to reap the benefits of. High 

latitude areas are a breeding ground to a variety of birds, including waders (Ganter et al., 

2013). While it may be short in duration, the seasonal explosion of prey abundance provides 

rich feeding grounds, both in terrestrial and coastal ecosystems, which are important for 

meeting the energy demands of raising chicks (Ganter et al., 2013). Continuous summer 

daylight not only provides extended opportunities to feed, but also protection from some 

predators (Ganter et al., 2013), in addition to the benefits of a lower diversity of predator 

species at high latitudes in the first place (McKinnon et al., 2010). 

Situated on the cusp of the Arctic circle, Iceland is an internationally important breeding 

area for various species of waders, accounting for significant proportions of their world 

population – up to 34% in some species (Gunnarsson et al., 2006; Jóhannesdóttir et al., 2019; 

Wetlands International, 2006). Iceland has large availability of open habitat suitable for 

various breeding waders and relatively sparse human population compared to that of 

continental Europe (Jóhannesdóttir et al., 2014). Due to its proximity to the Gulf Stream 

current, Iceland’s climate is also rather mild despite its high latitude. Waders and some of 

their habitats are protected through Iceland’s membership of several international 

agreements, including Convention on Wetlands (Ramsar Convention), Convention on the 

Conservation of European Wildlife and Natural Habitats (Bern Convention), Convention on 

Biological Diversity, and Agreement on the Conservation of African-Eurasian Migratory 

Waterbirds (AEWA) (Jóhannesdóttir et al., 2019). Iceland is also a member of Conservation 

of Arctic Flora and Fauna (CAFF), which strives to establish fly-way wide protection for 

Arctic-breeding migratory species (Jóhannesdóttir et al., 2019). Despite being such an 

important breeding area, demographic trends of many of the species are limited, and 

systematic survey schemes have only recently started to be implemented (Jóhannesdóttir et 

al., 2019). Habitat requirements of many species are yet to be fully understood (Gunnarsson 

et al., 2006). Iceland has undergone considerable changes over the last decades in its lowland 
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habitats, which are important to several wader species, and further changes are projected to 

continue in the future (Gunnarsson et al., 2006; Jóhannesdóttir et al., 2017; Jóhannesdóttir 

et al, 2019). One of CAFF’s chief concerns in Iceland is the afforestation of its lowlands, a 

pressing issue which they have identified as a threat to important wader habitat 

(Jóhannesdóttir et al., 2019). Changes in this sensitive sub-arctic environment, caused by 

both climate change and human development, are likely to affect species to who these areas 

are of such tremendous importance (Gunnarsson et al., 2006). 

The Eurasian oystercatcher (Haematopus ostralegus; hereafter oystercatcher), is an 

ancestrally coastal wader species, although more recently has also started occupying and 

utilising inland habitats (Briggs, 1984; Buxton, 1961; Ens et al., 1992; Heppleston, 1968; 

van de Pol et al., 2014); a trend which is also seen in the Icelandic population 

(Skarphéðinsson et al., 2016). According to the IUCN Red List, the global population H. 

ostralegus is classified as Near Threatened, after an increasing trend between 1960’s and 

1990’s (BirdLife International, 2022a; van de Pol et al., 2014), the world population has 

dropped more than 40% over three generations. The cause of this decline is not fully 

understood, and the population is recommended to be monitored to determine signs of 

stabilisation (BirdLife International, 2022a). Unlike the populations in continental Europe, 

the Icelandic breeding population is thought to be increasing (Gunnarsson et al., 2006), 

however the drivers of this change are still uncertain. The significant changes Iceland has 

undergone in its habitat in recent years, particularly in the lowland where most of wader 

species breed, are likely associated to these population changes (Jóhannesdóttir, et al., 2019). 

Breeding success in oystercatchers has been strongly linked with habitat quality, however 

the links between habitat and the development of behaviours in different individual life 

stages, especially in juveniles, remain unclear. Oystercatchers are large and conspicuous, 

relatively tolerant of human presence, and long-lived. They have high mate and territory 

fidelity, and unlike other waders, they feed their chicks, which makes them a practical 

species to study behaviours over extended periods. As there exists a strong foundation of 

studies already (e.g., response to habitat quality and food availability such as depletion of 

bivalve resources), this model species can be used to study detailed elements of larger 

systems. 
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1.3 Research objectives and aims 

This thesis takes an exploratory look into the early life stages of oystercatchers. As a result 

of the breeding habitat selection of their territorial parents, chicks are consequently exposed 

to the benefits and trade-offs of those habitats, and their interactions with their parents are 

shaped as a result (Ens et al., 1992; Ghosh et al., 2003; van de Pol, Bruinzeel, et al., 2006). 

This study aims to gain an understanding on the use of different habitats available to chicks 

as they grow, and gain insight into the ontogeny of interacting behaviour between chicks and 

their parents. Interactive feeding behaviour is linked to chick growth and fledging, and thus 

the chicks’ development towards becoming self-sufficient and independent individuals (Ens 

et al., 1992; Hazlitt et al., 2002; Kersten, 1996; Safriel et al., 1996). This knowledge will 

help to identify important places and time periods required by oystercatchers in the initial 

part of their life, which is the most critical (Wunderle, 1991), and could reflect upon their 

fitness down the road that leads to population-level impacts. 

With the overall objective of exploring the development of chick behaviour from hatching 

on towards independence, this thesis will address this with three aims: 

Aim 1 

Explore the development of feeding interaction behaviour in chicks, with the purpose of 

understanding how this behaviour is shaped chick age, brood size, hatching period, tidal 

state, and habitat type.  

Aim 2 

Explore how chicks use coastal and terrestrial habitats throughout the breeding season, with 

the purpose of understanding links between habitat use and chick age, tidal state, and chicks’ 

main behaviour.  

Aim 3 

Discuss how feeding interaction behaviour and habitat use, examined in the first two aims, 

may shape the development of independent behaviour in young oystercatchers. 
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1.4 Organisation of this thesis 

The next chapter will shed more light on what is known about the complex behaviours of 

oystercatchers and their chicks during the breeding season and will provide evidence on how 

they use their habitat throughout. Following that, the field and analytical design of the study 

will be presented in Chapter 3, and the associated outcomes of this work in Chapter 4. The 

next chapter discusses the results for Aims 1 and 2 and suggests how the impacts of 

interactions and habitat use might shape a chick’s journey towards independence (Aim 3). 

Recommendations for management will put this study into the context of protecting coastal 

species and their habitats, considering the future threats such species and their habitats might 

face as a result of anthropogenic changes. 
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2 Background 

This chapter will focus on the study species of this thesis, the Eurasian oystercatcher. Firstly, 

an overview of their distribution and breeding ecology will be provided. Knowledge from 

oystercatchers in various study areas will be used, and what is known of Icelandic 

populations will be highlighted where possible. Afterwards, the focus will be brought to the 

raising of chicks, describing what is known about parental care, habitat quality and 

requirements, and other variables which might affect success of chicks in the breeding 

season. Lastly, what is understood about the growing journey young oystercatchers must 

undergo in order to become mature and independent will be discussed. This section will 

highlight why this portion of the oystercatchers’ life history is important to understand and 

bring attention to present knowledge gaps. 

2.1 Oystercatchers and Iceland 

2.1.1 Description and distribution 

Eurasian oystercatchers are conspicuous waders, having black and white plumage, and in 

the case of mature individuals, a vivid orange bill, similarly coloured eye-rings, and red irises 

(Figure 2.1 A). Juveniles in their first and second year can be distinguished from more 

mature individuals by a duller leg, eye, and eye-ring colour, and have a dark tip to their 

orange bill (Figure 2.1 A). Chicks, before moulting to mature plumage, have a downy brown-

grey camouflage upper-side and white under-side with grey legs, a dark bill, and brown eyes 

(Figure 2.1 B). Female and male characteristics in both adults and juveniles are not easily 

visually distinguishable, although females tend to be larger than the males, and black 

plumage slightly browner in colour (BirdLife International, 2022a; Nol et al., 1984; van de 

Kam et al., 2004). 
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Figure 2.1  An adult oystercatcher (right) with a fledged juvenile (left) (A), and 

a pair of unfledged chicks (B). Photos by Tómas Gunnarsson, 2019. 

The Eurasian oystercatcher is the most globally widespread of the oystercatcher family; it 

can be found throughout North-western Europe, ranging from Iceland (its northernmost 

occurrence) through Scandinavia and to North-western Russia, down through the United 

Kingdom and North-western France (BirdLife International, 2022a; Svensson et al, 2009). 

The greater proportion of the breeding population is found in the countries surrounding the 

North Sea and Scandinavia, while the breeding populations in more southern locales are 

smaller and more scattered (van Roomen et al., 2018). The oystercatcher is historically a 

coastally bound species, finding suitable various marine intertidal habitats including sandy, 

shingle or rocky shorelines and beaches, sand bars and spits, and salt marshes; these habitats 

of major importance to breeding coastal oystercatchers (BirdLife International, 2022a). 

A) 

B) 
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One of the notable changes is that post mid-20th century, oystercatchers also expanded their 

range inland (van de Pol et al., 2014). This is attributed in part to the rise of fertilised and 

moist agricultural fields and grasslands, which breeding oystercatchers successful adapted 

to exploiting (Briggs, 1984; van de Pol et al., 2014). This transition is thought to have started 

gradually some 200 years ago (Heppleston, 1968); populations of oystercatchers have moved 

from their ancestral shore breeding habitat, first into river valleys or areas adjacent to 

reservoirs, and then to agricultural fields far away from any bodies of water (Briggs, 1984; 

Buxton, 1961; Dare, 1966). While most oystercatchers are still restricted to coastal areas, in 

some areas (especially the UK, Netherlands, Germany, and Denmark), populations occur as 

far as 400 kilometres inland (Huslcher, 1996, van de Kam et al., 2004; van de Pol et al., 

2014). Once breeding season is over, however, the inland populations once again return to 

the coast to winter (BirdLife International, 2022a; Hulscher, 1996; van de Kam et al, 2004). 

2.1.2 Icelandic population 

Within Iceland, oystercatchers are known to breed both inland and coastally, to varying 

degree determined by region of the country (Gudmundsson & Gardarsson, 1993; 

Jóhannesdóttir et al., 2014; Skarphéðinsson et al., 2016) (Figure 2.2, Skarphéðinsson et al., 

2016, p. 90). The largest density of Icelandic breeding oystercatchers is found in inland 

grassland and agricultural land, with 54% of the estimated 13,000 breeding pairs breeding 

in this type of habitat. Approximately 30% of the population is within the Southern lowlands 

(Skarphéðinsson et al., 2016). It is thought the oystercatcher broadened its range within 

Iceland in the first half of the 20th century, possibly as a result of a warming climate; this 

movement trend is likely still continuing today (van de Pol et al., 2014). The population of 

oystercatchers in the Westfjords, which are the subject of this study, are predominantly 

coastal breeding, possibly constrained by the scarce amount of lowland habitat available in 

the region. 

There are 99 sites identified in Iceland as Important Bird and Biodiversity areas (IBAs) 

(BirdLife International, 2022b), with 37% of the oystercatcher population estimated to be 

within these areas (Skarphéðinsson et al., 2016). In Iceland, 69% of IBAs do not overlap 

with areas of any legal protection, although from a land area perspective, around 55% have 

either major or minor overlap with nationally protected areas (Einarsson, 2000). Iceland has 

undergone a large change of natural areas being converted to human surfaces (including 
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residential, infrastructure, recreation, and agriculture developments) in the beginning of the 

21st century (Jóhannesdóttir et al., 2019; Wald, 2012). Human surfaces increased by 20% in 

Iceland between 2000 through 2006, and especially by 30% in the South region 

(Jóhannesdóttir et al., 2019). This is important to consider since the density of breeding 

waders such as oystercatchers is the highest in the South (Gunnarsson et al., 2006; 

Jóhannesdóttir et al., 2019). Such land use changes can directly affect wader populations 

through the fragmentation, homogenisation, and loss of their habitats (Jóhannesdóttir et al., 

2019). The biggest threat to IBAs in Iceland is agriculture, being present within 72% of them 

(Einarsson, 2000). Agricultural practices often result in the drainage of wetlands, which are 

immensely important to wader species (Einarsson, 2000). Drained and drier soils result in 

lower prey availability, among other impacts (Ausden et al., 2001; Sutherland et al., 2012). 

Other habitat changes also pose a threat to those waders and oystercatchers which prefer 

open grasslands; large scale afforestation plans of the lowlands of Iceland will remove many 

suitable open breeding spaces (Gunnarsson et al., 2006; Jóhannesdóttir et al., 2014; 

Jóhannesdóttir et al., 2019). Such changes in landscapes have shown declines in other wader 

species in the UK (Amar et al., 2011) and could be expected to have the same effects in 

Iceland. The de-intensification of sheep grazing, as has been the trend in some parts of 

Iceland, as well as a warming climate, has and will continue to result in shrub encroachment 

on grasslands (Alfreðsson, 2018; Jóhannesdóttir et al., 2019). Invasive, introduced plant 

species like lupine (Lupinus nootkatensis) are also problematic, converting open landscape 

to a thickly vegetated one at a rapid pace (Benediktsson, 2015; Einarsson, 2000). Given the 

international importance of Iceland to breeding migratory waders, these challenges of 

environmental changes urgently need to be addressed. Due to the topography in the 

Westfjords, little lowland habitat is available, exacerbating the effect of any alterations 

within the limited area. While there are several coastal and terrestrial areas identified as IBAs 

in the Westfjords, they are sparse and most do not coincide with nationally or internationally 

protected areas for birds (Einarsson, 2000). 
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Figure 2.2  The density of breeding territories of oystercatchers around Iceland, in 2012-

2013. Grid overlay represents 10 x 10 km areas. Reprinted from “Mikilvæg fuglasvæði á 

Íslandi” by Skarphéðinsson et al., 2016, Fjölrit Náttúrufræðistofnunar, 55, p. 90. 

2.1.3 Feeding behaviour 

Historically, oystercatchers relied only on coastal resources for food (Heppleston, 1968). On 

the coast, oystercatchers feed on a variety of prey, using their bills to either probe sediments 

to locate prey within, or to detach and hammer out or praise bivalves form rocky substrates 

(van de Kam et al., 2004). Prey items can consist of mussels, clams, cockles, periwinkles, 

limpets, and other bivalve molluscs, as well as crabs, and polychaete worms (Safriel, 1985; 

Sutherland et al., 1996; van de Kam et al., 2004; Zwarts, Cayford, et al., 1996). 

Oystercatchers who feed inland can probe the soils for earthworms, and find larvae, 

caterpillars, and other insects as their food source (van de Kam et al., 2004). Oystercatchers 

in tidal areas are found to specialise on certain types of prey (van de Kam et al., 2004), 

meaning that individuals feed almost exclusively on one type of species, and use the same 

food obtaining technique for long periods of time. These specialisations can persist over 

years, but possibly change between breeding seasons and wintering seasons, or even on the 

sorter range, between tidal cycles (Sutherland et al., 1996). Their feeding technique is likely 
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influenced through many factors, including learned feeding technique of their parents, but 

also prey availability, social environment, and individual characteristics (Sutherland et al., 

1996). Oystercatchers are often regarded as specialists, however they are rather adaptable to 

exploiting different types of prey (Safriel, 1985; Sutherland et al., 1996). For instance, some 

oystercatchers feed on different prey in the winter and in the summer (Safriel, 1985), such 

as would be the case with inland breeding oystercatchers that return to the coast to winter. 

Some prey types are easier to switch between for different specialist types than for others 

(Goss-Custard & Durell, 1983; Safriel, 1985); ultimately, individuals will have different 

efficiencies between their preferred and other prey, and so the proportion of oystercatchers 

which are wholly generalist feeders is low (Safriel, 1985). 

2.1.4 Migratory behaviour 

As is the general trend, at higher latitudes, species—including oystercatchers in mainland 

Europe—tend to be more migratory, while at lower latitudes tend to be more sedentary 

(Newton & Dale, 1996; Þórisson et al, 2018). Intriguingly, oystercatchers in Iceland consist 

of a partially migrant population. Approximately 26,000 oystercatchers migrate out of 

Iceland every fall and spend their winter in coastal sites throughout western Europe (Þórisson 

et al., 2018). The remaining ~11,000 ‘resident’ oystercatchers overwinter in Iceland, 

accounting for about 30% of their Icelandic population. Those who stay either remain near 

their local area or within another region of the country, especially aggregating in the West 

and South-west regions due to the availability of large estuarine habitats (Þórisson et al, 

2018). Partially migratory populations are of especial interest because of the trade-offs they 

face; staying in the winter would mean facing harsher conditions, but on the other hand could 

provide advantages in securing territory and their mates in the spring. Those who migrate 

face the cost of the journey and could face uncertain environmental conditions at their 

destination (Alves et al., 2013; Þórisson et al., 2018). Oystercatchers migrate a relatively 

short distance, considering the migration distances of other Icelandic breeding waders, such 

as Icelandic whimbrel (Numenius phaeopus islandicus) (Alves et al., 2016; Carneiro et al., 

2021) and Icelandic black-tailed godwit (Limosa limosa islandica) (Alves et al., 2012; Alves 

et al., 2013). Relative to its latitude, Iceland has mild winter conditions, hence potentially 

explaining why there are more resident oystercatchers seen here than is the case for birds in 

other locations of the same northerliness in mainland Europe (Þórisson et al, 2018). 

However, climate only partly explains this phenomenon; it could also be related to the risk 
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associated with the sea crossing from remote Iceland to this species (Alves et al., 2013; 

Þórisson et al, 2018). Understanding how the migratory behaviour develops in oystercatchers 

provides an opportunity to understand drivers of this variation and the consequences of the 

trade-offs on populations (Byholm et al., 2022; Méndez et al., 2021). Evidence points to the 

development of these behaviours through interactions and at early stages in of life. There are 

different frequencies of migratory strategies seen within the populations in different regions 

in Iceland; the North-west contains the most residents, the South, then North-east, having 

the most migrants, and South-west having the most mixed-strategy pairs (Méndez et al., 

2020). The regional distribution of these different strategies, which remain consistent over 

the years, might suggest that their adoption is linked to social cues experienced by juvenile 

oystercatchers. As the greatest wintering areas are in the West and South-west, the 

oystercatchers from those areas, as well as those who would be passing through them post 

breeding season (i.e., oystercatchers from the North-west), might learn migrating behaviour 

from other oystercatchers encountered in those flocks (Méndez et al., 2020). A further 

investigation revealed that chicks’ interactions with their parents might also be important to 

the development of migratory behaviour, as chicks are likely to adopt the strategy of their 

father rather than their mother (Méndez et al., 2021). 

2.2 Breeding ecology 

Oystercatchers are long-lived and largely monogamous, maintaining pair bonds between 

mating seasons, unless confronted with mate loss due to mortalities or migration mis-timings 

(Ens et al., 1993). Pairs are highly territorial in the breeding season and defend both their 

breeding and feeding territory from conspecifics and other intruders (Ens et al., 1992; Ens et 

al., 1996; Hazlitt et al., 2002; Lind, 1965). Feeding territories and nesting territories can be 

either adjacent to each other, or further apart (Ens et al., 1992; Heppleston, 1972; Lind, 1965; 

Safriel et al., 1996). The boundaries vary little in the oystercatcher pair’s breeding lifetime 

(shifting only about 60 m); pairs return to the same territory year after year (Bailey et al., 

2019; Ens et al., 1992; Safriel, 1985). Pairs create a new nest within their territory each year 

and change location even within the season in the case of clutch losses and replacements 

(Bailey et al., 2019; Ens et al., 1996; Harris, 1967). Oystercatcher nests are simple scrapes 

or depressions in the ground, often on elevated surfaces (BirdLife International, 2022a), but 

not with created mounds (Bailey et al., 2019). Oystercatchers show preference for open and 
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bare surfaces for their nests, which are unobscured by tall vegetation, and the nest scrapes 

are lined sparsely with local materials (Figure 2.3) (BirdLife International, 2022a). One to 

four eggs are typically laid and are light brown with dark splotches and a mean 56.41 ± 2.28 

length and 39.73 ± 1.31 width (n = 289) (Unpublished data, South Iceland Research Centre). 

    

Figure 2.3  A nest scrape and eggs in a mossy / poorly vegetated area (A), and on a rocky / 

shingle beach (B). Photos by author, 2021. 

In March, migrating breeding oystercatchers arrive from their wintering grounds in Iceland 

(Gudmundsson & Gardarsson, 1993). Nest scraping begins three weeks before egg-laying 

(Harris, 1967), which starts as early as the beginning of May in Icelandic populations 

(Méndez et al., 2021). Laying season can span approximately two months (Nol et al., 1984; 

V. Méndez, personal communication, March 31, 2022). Many later-laid clutches are 

replacements after the loss of the first clutch (Nol et al., 1984). Between the loss of a clutch, 

it can take up to 11 days for the female to lay eggs again (Briggs, 1984), although migrant 

oystercatchers are able to replace eggs sooner than those overwintering in Iceland (V. 

Méndez, personal communication, March 31, 2022). A female may relay as many as four 

times within one breeding seasons, although after the initial peak of first and second clutches 

laid, less and less are laid (third and fourth clutches) as the breeding season progresses (Nol 

et al., 1984). In Iceland, third and fourth clutches are not common, most likely due to the 

short breeding period characteristic of higher latitudes (V. Méndez, personal 

A) B) 
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communication, March 31, 2022). As the season goes on, clutches also get smaller with 

larger clutches being dominant early in the season (three eggs) and smaller clutches being 

more prevalent after mid breeding season (two eggs) (Nol et al., 1984; Perrins, 1970). 

Incubation lasts between 25 – 29 days in the Eurasian oystercatcher (Keighley & Buxton, 

1948; Méndez et al., 2022, in review). 

2.3 Raising of chicks 

Oystercatchers are unique among waders in that while their chicks are fully precocial from 

hatching (they can leave the nest and move freely around their territory), they are fed by 

their parents until not only fledging, but for some time beyond (Lind, 1965; Safriel, 1981; 

Safriel et al., 1996). It is suggested that the oystercatcher evolutionarily occupies this 

singular position of raising precocial but altricially-fed chicks because of the strength and 

skill required to obtain their traditional main prey (bivalves)—something the chicks would 

physically not be able to achieve until both becoming anatomically mature and undergoing 

a learning period to acquire necessary skills (Safriel et al., 1996; Wunderle, 1991). Parenting 

is shared among both parents relatively equally (Székely et al., 2007; van de Kam et al., 

2004), although males and females are shown to have varying divisions of parental duties 

encompassed within that effort (Nol, 1985). In many wader species, the mothers often leave 

at or shortly after fledging, but given the peculiarities of oystercatchers this might not 

necessarily be the case (Reynolds & Székely, 1997). The parenting role of oystercatchers is 

more intensive than in other wader species, as chicks get fed by their parents almost 

exclusively for at least the first six weeks (Lind, 1965; van de Kam et al., 2004), and it could 

take several months until the young oystercatchers are fully independent of their parents 

(Harris, 1967; Hazlitt et al., 2002; Lind, 1965; Norton-Griffiths, 1969; van de Kam et al., 

2004). In a chick growth and survival study in an oystercatcher population on 

Schiermonnikoog (Dutch island in the Wadden Sea), Kersten & Brenninkmeijer (1995) 

found that two months after fledging, chicks still received 90% of their food from their 

parents while following them in the feeding ground, and observations of parents feeding 

their young encroached late into the non-breeding season (November, in their case). This 

backs up an earlier study of a Ravenglass (England) estuary population in which chicks were 

observed to not gain total independence until after ages of 18-26 weeks (4-6 months), and in 

one extreme case, 43 weeks (9+ months) after hatching (Norton-Griffiths, 1969). Given this 
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reliance of chicks on their parents for food, their growth rate is bound to the parent’s 

investment and success in provisioning them until they can obtain their own prey. In a worst-

case scenario, a chick will starve if the parents cannot meet the minimum requirement. In a 

moderate scenario, a chick’s growth rate will be slowed and increase the time it will take to 

fledge and build necessary physical strength to handle more difficult prey by itself (Kersten 

& Brenninkmeijer, 1995). 

A trade-off the parents face in raising their chicks lies between the energy acquired from 

food, and the risk of predation of their chicks while acquiring that food. The amount of time 

the parent is absent influences the predation risk on the chicks; a reduction in the amount 

and the length of foraging trips to deliver food minimises this danger (Safriel et al., 1996). 

Making chicks fledge faster also reduces the risk of predation, and so one way to increase 

the growth of the chick is to increase the size of the delivered food and its nutritional value 

(Safriel et al., 1996). When foraging, the parent oystercatcher may feed on smaller items 

themselves and brings only the larger ones to the chicks to maximise the profitability of the 

delivery (Lind, 1965; Safriel et al., 1996). However, these cases apply to scenarios when 

parents must deliver food to chicks which do not or cannot accompany them in the feeding 

ground (central-place-foraging). The nature of provisioning changes when chicks can 

accompany their parents into the feeding territory (eliminating the need for parents to expend 

time and energy delivering food). As chicks follow their parents, they can receive food 

directly as it comes out of the ground. Parents were found to provide chicks with more food 

items, and of smaller size, since they did not have to maximise the energy content of food 

per trip (Carroll, 2020; Lind, 1965). Overall, in this manner of interaction, chicks receive 

considerably more energy, resulting in this feeding strategy holding advantage over food 

deliveries to an inactive chick (Carroll, 2020; Ens et al., 1992; Hazlitt, 1999; Hazlitt et al., 

2002; Nol, 1989). The strategy employed by the parents to balance the benefits of nutrition 

and the risks of predation, influences how the chick fare, and is especially compelling when 

used as a proxy to compare qualities of breeding and feeding territories, the nature of which 

can restrict the parents to the use of one feeding technique over the other.  
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2.4 Territory quality 

From a breeding perspective, a high-quality breeding territory is one where the most chicks 

can be raised at the lowest cost. For oystercatchers, high-quality territories are high in 

demand but comparatively low in supply (Ens et al., 1996). 

2.4.1 Distance to the feeding territory 

Although not the first and only to address such topic, a landmark study on Schiermonnikoog 

put into simple terms how characteristics of territory quality were correlated with the 

breeding success in oystercatchers (Ens et al., 1992). The quality of the territories of breeding 

pairs were defined by the proximity of their nesting and feeding territories. In ‘resident’ 

pairs, nesting territories were adjacent or within their feeding territories, resulting in one, 

unseparated unit. ‘Leapfrog’ pairs, on the other hand, had nesting territories which were 

located further inland on the island, and the feeding territories were not adjacent (200-500 

m apart), separated by other oystercatcher territories for instance. As leapfrog pairs still 

relied almost exclusively on the intertidal flats for their source of food, almost no food was 

obtained in the nesting territory. The distinction between these territory qualities was due to 

the provisioning rate of the chicks, and the amount of presence the parents had in the territory 

with their chicks. When nesting and feeding territories were adjacent, parents could take 

their chicks to the food source, and as a result produced more fledglings per year then pairs 

in leapfrog territories, in which parents had to deliver food to their chicks from the feeding 

territory to the nesting territory. In those territories, it was only when chicks were fledged 

that they could start following their parents over the distance to feed together. The transport 

of food, item by item, to the chicks was costly; even though leapfrog pairs worked harder 

than resident pairs, their chicks were still disadvantaged to those of resident pairs. Chicks 

which cannot accompany their parents to feed and rely on food deliveries for a longer period 

had slower growth rates and as a result they took a longer time to fledge (Ens et al., 1992). 

The concepts defining habitat quality discussed by Ens et al. (1992) reinforced previous 

studies of breeding success in oystercatchers, and were applied in subsequent studies as well. 

An early study exploring parental care and chick rearing in oystercatchers in Ravenglass, 

England, found that the success of chick raising depended on the chicks following their 

parents while feeding in the feeding grounds, most likely because the parent could not 

successfully raise a growing chick whilst having to deliver all the food, item by item (Norton-
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Griffiths, 1969). In fact, already in very young chicks, luring behaviour was observed on 

part of the parents to get the chicks to go to the feeding ground with them; this behaviour 

could be linked to the establishing of a following response once chicks gain adequate agility 

(Norton-Griffiths, 1969). In another study, inland breeding pairs in Scotland could be 

equated to residents, because they fed on terrestrial prey within 50 m of their nesting site, 

and coastal breeders, which fed 350-500 m from their nesting territory, akin to leapfrogs, 

fledged less chicks (Heppleston, 1972). Likewise, on Skokholm island, Wales, resident pairs 

fed their chicks on terrestrial prey while leapfrog pairs fed chicks on limpets from intertidal 

zone where the chicks couldn’t follow and they too, were less successful (Safriel, 1985). The 

parents who could have their chicks accompany them to feed produce more fledglings per 

year consistently in the long-studied population in Schiermonnikoog (van de Pol, Bruinzeel, 

et al., 2006). In a cross-foster experiment using the same population, the quality of the 

territories in which chicks were hatched and raised, rather than from which the eggs were 

switched from, yielded the same breeding success distinction as was seen in the work of Ens 

et al. (1992) (van de Pol, Bakker, et al., 2006). This kind of territory structure was also found 

the American black oystercatcher and the American oystercatcher (Cadman, 1979; Nol, 

1989). In a study of American black oystercatchers in the Strait of Georgia, British 

Columbia, territory quality was measured through the steepness of the slope of their 

intertidal areas of the feeding ground. Breeding success was higher for oystercatchers with 

feeding territories on the shallow sloping intertidal areas rather than steep sloping (Hazlitt et 

al., 2002). The authors theorised that the reasons for this was that in steep territories, one 

parent stayed with the chicks in the rocks while the other delivered food (Hazlitt et al., 2002). 

In shallow slope territories, the chicks accompanied their parents and thus achieved a higher 

provisioning rate, which was enough to even sustain multi-chick broods without 

consequence (Hazlitt et al., 2002). 

In some of the above examples, food-limitation was not the only consequence of low-quality 

territories; chicks in leapfrog territories have been shown to be more predated upon than in 

the resident territories (Heppleston, 1968; Safriel, 1985; Safriel et al., 1996). However, even 

when predators have been excluded, the success of chicks in leapfrog territories have still 

been lower due to starvation (Norton-Griffiths, 1969; Safriel, 1981). In each study 

population, it must be evaluated how universally the concepts from these studies can be 

applied, especially to those systems which have many other external factors besides 
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provisioning rate determining chick fate. Leapfrog-type territories are not all bad; they hold 

the advantage of the pair being able to put their nest in a safer place (Ens et al., 1992); for 

instance, in American oystercatchers on the coastal islands of Virginia, many nests were lost 

due to flooding (Nol, 1989). On Mellum (German island in the Wadden Sea), oystercatchers 

performed better in leapfrog territories, as the predation was so intense that when resident 

chicks ventured out to join their parents in the feeding area, they had a high risk of being 

predated on by Herring gulls which shared the island as a breeding ground (Ens et al., 1992). 

2.4.2 Coastal and terrestrial habitat use 

Oystercatchers have the adaptability to exploit a variety of food resources, which has 

contributed to their successful breakthrough from shore to land (Dare, 1966; Heppleston, 

1971). Their versatility is reinforced through the fact that inland-breeding oystercatchers still 

predominantly use the coast in the winter (BirdLife International, 2022a), although, there are 

cases where coastal oystercatchers use nearby terrestrial resources in both breeding and 

wintering seasons. The slow shift of oystercatchers to inland habitats is thought to have 

started two centuries ago, although it was not widely studied until much later (Briggs, 1984; 

Buxton, 1961; Dare, 1966). There are recounts of oystercatchers going to fields nearby the 

coast during high tides in the winter in the 1950s in Cheshire, and over the years, they 

encroached further and further inland (Buxton, 1961). This has been noticed in other parts 

of England, like in Somerset, were coastal oystercatchers assembled on the fields to feed, 

and were being found at novel inland locations as well (Buxton, 1961). Likewise, in Ireland 

the oystercatchers there would go to the fields to feed and rest (Buxton, 1961). The 

proportion of birds that were found to be supplementing their diet at high tide in the fields 

increased from September to December. To oystercatchers who did not meet their energy 

requirements in the estuary (in certain times of the winter), the terrestrial component was 

likely essential to supplement their diet during high tide, especially with the increase in 

difficulty of obtaining the food in winter conditions (Dare, 1966; Goss-Custard & Durell, 

1983; Heppleston, 1971). Note, that the above recounts were of wintering, non-breeding 

populations. Documentation of this mixed habitat use during breeding season is 

comparatively sparse. Heppleston (1968) observed in a few nesting territories which were 

adjacent to an estuary that most food was obtained in the tidal area, however, some was 

obtained from within the nesting territory as well. A recent study in Iceland showed that 

families which did not use terrestrial habitats to supplement the diet of their chicks, but rather 
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waited out the high tide to go forage, fledged their chicks a few days later than those who 

did also use terrestrial resources to continue feeding their chicks at higher tides (Carroll, 

2020). How frequently and to what extent coastal oystercatchers use terrestrial resources is 

not well understood, although observations of oystercatchers doing so have been noted for a 

long time and have been attributed to the mechanism behind the rise in inland breeding 

oystercatchers (Heppleston, 1971, 1972). Further, many existing studies are several decades 

old; since then, habitats have likely faced changes in quality due to human impacts. The 

abovementioned findings from winter populations highlight that terrestrial feeding habitats 

are likely important when there is a constraining factor at play in the coastal feeding habitat. 

Isolating the effects of coastal and terrestrial use on chicks is complex due to influences of 

other factors related to those habitats. Whether oystercatcher chicks are raised on the coast 

or inland can have implications for the outcomes of their early life. In the previously 

mentioned studies, some oystercatcher populations fared better in raising their chicks inland 

than on the coast. For instance, in Skokholm, terrestrial feeders had three times greater 

fledging success than coastal limpet feeders, but Safriel (1985) attributed this outcome partly 

due to terrestrial feeding parents being able to stay in relative vicinity of their chicks to 

protect them from predation. Similar results were found in an earlier study by Heppleston 

(1968, 1972), where breeding success was greater inland, than on a coastal dune system near 

Aberdeenshire, Scotland. Inland, there was low predation pressure, most likely because 

parents could spend more time protecting the chicks, unlike coastal parents which had to 

travel greater distances to obtain food and were surrounded by greater density of predators 

(Heppleston, 1968, 1972). In both of these above cases, it was beneficial for the breeding 

pair to occupy an inland territory, and utilise resources nearby, rather than maintaining a 

separate feeding territory far away on the coast. Another study compared the breeding 

success in coastal, inland riparian, and inland agricultural habitats in North Lancashire. 

Agrarian habitats had greater fledging success than the other two habitats (Briggs, 1984). 

Some of the success was attributed to the lower density of nests (resulting in less intraspecific 

conflicts), and as food was nearby, parental attendance was high. As a result, more time and 

protection could be given to raising the chicks (Briggs, 1984). When contrasting coastal 

resident chicks and terrestrial resident chicks in Schiermonnikoog, those fed on a terrestrial 

diet grew the fastest (Ens et al., 1992; Safriel et al., 1996). In respect to gaining independence 

from their parents, inland chicks tend to be more apt at finding their own food earlier than 
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chicks in coastal areas. This is likely associated with the greater skill required to open 

bivalves which are fed on by most coastal oystercatchers (Safriel et al., 1996; Wunderle, 

1991). Whether being raised inland translates into difference in survival of chicks in their 

first winter on the coast, compared to those who grew up on the coast, is not known due to 

the difficulties of measuring post-fledging movements and survival of individuals. Likewise, 

whether chicks which are raised inland are later more likely to recruit into inland breeding 

territories is also not known. 

2.5 Other factors which impact chicks 

In addition to, or linked with, territory quality and habitat type, there are other important 

factors to consider which may impact the chicks’ development. 

2.5.1 Brood size & sibling rivalry 

The number of siblings in a brood has been shown to impact chick behaviour and their 

success, due to the partitioning of time and resources provided by the parent on whom the 

chicks rely. Differences in the growth of chicks in different brood sizes suggests that the 

ability of parents to provide multiple chicks with food is a limiting factor to their growth. 

Two chicks demand more time and resources of their parents than one (Groves, 1984). While 

the rate of provisioning two-chick broods has been found to be greater than one-chick 

broods, with an increase in brood size there was not necessarily a proportional increase in 

parental care (Groves, 1984; Hazlitt et al., 2002). Groves (1984) found that after 14-16 days 

of age, chicks from one-chick broods had greater body mass than chicks in two-chick 

broods—a difference which persisted until the chicks fledged. To understand this, several 

studies have found that in broods of multiple chicks, sibling rivalry and a dominance 

hierarchy develops (Groves, 1984; Hazlitt et al., 2002; Heg & van der Velde, 2001; Nol et 

al., 1984; Safriel, 1981). In oystercatchers, as is seen in many bird species; the chicks which 

emerge first from their eggs have an upper hand—the hierarchy which develops between 

siblings is determined by their hatching order (Heg & van der Velde, 2001). Dominance 

behaviour is evident through chases between the siblings, often initiated by the bigger 

sibling, and resulting in that sibling obtaining the food from the parent rather than the little, 

subordinate, sibling (Groves, 1984). Another typical behaviour is that when a parent arrives 

with food, only one chick dashes out to accept the food, while the other does not engage 



 

 22 

(Safriel, 1981). Displays of dominance hierarchy between siblings have been observed even 

after fledging, while the chicks were still being nourished by their parents (Groves, 1984). 

Brood size is especially important to consider in relation to habitat quality. A controlled 

experiment highlighted that when there was a food shortage (e.g., representing poor food 

years or poor-quality territories), then more sibling rivalry was observed and ultimately the 

established hierarchy and resulting aggression of the dominant sibling towards the 

subordinate led to greater differences between their weights and growth rates, which would 

lead to the starvation of the smaller chick (Safriel, 1981). Because of this, the aforementioned 

leapfrog parents, but not resident parents, tend to fail to provide enough food to meet the 

energy demands of larger broods, and the likelihood of fledging is reduced (Ens et al., 1992). 

The impacts of brood size in older chicks are especially apparent as they require an 

increasing among of energy as they grow (Ens et al., 1992). Not only is physical starvation 

or poor body condition in larger broods more likely, but also impacted is the behaviour of 

chicks who are starving. Hungry, subordinate chicks have been observed to be more careless 

and exposed themselves to threats of predation, both through visibility and vocalisation, 

whereas dominant chicks have been observed to be less likely to be preyed upon. This is 

related to the sibling hierarchy; dominant chicks get satisfied first, and then lay low 

otherwise, while starving siblings beg their parents and behave recklessly (Safriel, 1985). It 

is theorised that hatching asynchrony and sibling dominance hierarchies exist as a method 

of brood reduction. During poor years, there tends to be larger hatching asynchrony (the time 

between the hatching of the first and last egg in a clutch), resulting in greater sibling 

competition, and leading to the increased chance of mortality of the weaker chicks. In this 

way, the parents can dedicate their resources to fewer chicks and thus ensure their success 

(rather than caring poorly for many chicks and all being faced with lower survival outcomes 

as a result) (Heg & van der Velde, 2001). In situation with low food abundance, mortality is 

higher within larger brood sizes (Heppleston, 1968). However, sibling hierarchy can work 

also to the benefit in years of high food abundance. The pecking order prevents chicks from 

all rushing out at the same time and fighting over one item delivered by the parent, thus 

avoiding attention from predators (Safriel, 1981). In good years, even large broods do well 

enough that the smallest chicks are not hungry enough to act rashly, and the hierarchy 

prevents chicks from behaving in a manner that would cause unnecessary exposure (Safriel, 

1981). 
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2.5.2 Hatching period 

The hatching period of chicks within the breeding season has been shown to have effects on 

the chick success. In the breeding population in Skokholm, oystercatchers that nested early 

produced more chicks to fledging than the ones that nested late in the breeding season. 

Smaller clutches, lower hatching success, and lower fledging success as the season 

progressed were all factors considered contributors to this outcome (Harris, 1975). Earlier-

hatched chicks were thought to be more successful because they were fed on terrestrial food, 

and during this time their prey of moth caterpillars and crane-fly larvae was abundant. Later 

hatched chicks were fed on the same, but the prey density was not as great, or they were fed 

on marine food such as limpets, which were apparently not as desirable (Safriel, 1985; 

Harris, 1975). Decreasing survival of late-hatched chicks has also been attributed to the 

increased activity from other nesting species (resulting in increased intraspecific conflict and 

distraction of the parents) and increased level of human recreational activities during the 

breeding season (Schulte & Simons, 2015). In Iceland, where the breeding season is short, 

early nesters are more likely to have higher productivity and higher fledging success, 

independently of the pair’s migratory behaviour, because they have more time to re-place 

their clutches after loss. Late nesters are more time constrained—if they lose their nest late 

in the season, they do not have time to renest (Méndez et al., 2022, in review). It is also 

possible the timing of hatching can impact the time chicks have to prepare for winter or 

migration, and it can limit their time to interact with other oystercatchers in flocks which 

offer important social experiences, including those potentially driving the decisions in 

migratory behaviour (Méndez et al., 2021). 

2.5.3 Tidal state 

Various studies emphasise the importance of tide in dictating the daily behaviour of coastal 

waders like oystercatchers. Tidal state determines the area available for foraging, and the 

depth and activity of the prey which oystercatchers seek (McConkey & Bell, 2005; 

Schwemmer et al., 2017). Specifically for shorebirds, when the tide reaches a level where 

they can no longer feed on the tidal flats, it is the time when they typically roost—as tides 

times vary each day, the roost times vary for waders as well (Buehler, 2021). Coastal 

oystercatchers are found to be least active right before high tide (McConkey & Bell, 2005). 

Feeding rates tend to be the highest as soon as food is exposed with the falling tide, however 

as time progresses feeding rates decrease. This slowdown of activity is likely due to a 
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digestive bottleneck—oystercatchers likely cannot utilise one low tide period to the 

maximum capacity to obtain their daily required energy, and thus need to use the second low 

tide period to continue feeding again (Zwarts, Ens, et al., 1996). While the feeding of coastal 

families is determined by the rhythm of the tide, in entirely inland-breeding oystercatchers, 

the influence of tide is absent, and no discernible feeding pattern is apparent throughout the 

day (Heppleston, 1968). Inland oystercatchers have been observed to feed up to 20 hours a 

day. Coastal birds, on the other hand, have only up to 14.5 hours of available feeding time, 

and as they do not feed to the same extent during the night tide cycle, they have limited time 

to acquire food in bursts (Heppleston, 1968). Some populations of oystercatchers, however, 

have been noted to utilise terrestrial resources during high tide, as touched upon in the 

previous sections, bypassing the need to obtain all their energy in the low tide period. 

2.6 Development of behaviour towards independence 

2.6.1 The challenge of learning to feed 

Foraging skills are a key proficiency juvenile oystercatchers must learn to not be reliant on 

their parents for their source of food, and until they do it can be a constraining factor to their 

survival (Wunderle, 1991). Chicks are not as proficient as the adults in feeding, and this may 

be the case for a rather significant time post fledging. In fact, oystercatcher chicks might 

require around three years to reach the same foraging skills as mature individuals (Goss-

Custard & Durell, 1983; Goss-Custard & Durell, 1987a; Norton-Griffiths, 1969; Wunderle, 

1991). This is not to say the chicks are dependent on their parents for three years, however. 

The period in which chicks are food-dependent on their parents varies on a complexity of 

interlinked factors. In oystercatchers and other birds alike, the development of foraging 

proficiencies can be linked to both the morphological changes, such as the development of 

the bill and muscular and nervous systems, as well as learning (Marchetti & Price, 1989). 

Learning both helps the juvenile to discern and locate the most energetically efficient prey, 

as well as contributing to the neuromuscular coordination which is necessary to seize and 

handle the prey (Wunderle, 1991). Both the morphological and learning developments can 

be attributed to the interactions with their environment, such as weather and light conditions, 

and the type, abundance, and distribution of prey (Wunderle, 1991). Further, through social 

influences, chicks can observe their parents or other birds and enhance their skills through 

learning; or, on the reverse, juvenile’s skills can be negatively affected by aggression of 
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dominant adults (Goss-Custard & Durell, 1987a,b,c; Norton-Griffiths, 1967; Wunderle, 

1991). Learning how to capture their prey is generally a skill that improves with chicks’ 

maturation as they gain coordination and experience (Wunderle, 1991). If the prey requires 

complex techniques to capture it, then it may take a long time for the juveniles to develop 

the skills based on experiences, and in the meantime may utilise different techniques, or 

capture different prey items as a compensation of their lack of skills, until they are ready. 

Oystercatcher chicks have been found to learn and use the same technique of mussel opening 

as their parents (e.g., stabbing vs. hammering) (Norton-Griffiths, 1967, 1969; Wunderle, 

1991), although some chicks do use alternative methods as well (Sutherland et al., 1996; 

Wunderle, 1991). 

2.6.2 Following as a means of feeding, growing, and learning 

The faster that central-place-foraging (food deliveries by parents) is replaced by chicks 

following parents in the feeding grounds, then the sooner chicks can fledge, and the 

transition from being parent-fed to self-fed can be attained (Safriel et al., 1996). Whilst 

following their parents in the feeding ground, chicks are fed more frequently and receive 

more food per unit of time, in contrast to hiding chicks to whom parents must transport food 

items, one by one, over a distance. As young chicks increase in age, the frequency at which 

they follow their parents while feeding increases, while the frequency of the parents 

delivering food to the chicks decreases. Transportation time is effectively removed, and 

along with it, the risk of predation associated with parental absence (Safriel et al., 1996). As 

a result of the increased rate of feeding, the growth rate of the chicks also increases, and 

brings the chick closer to becoming mature (Safriel et al., 1996). Following behaviour also 

likely plays an important role in chick learning as well. Chicks interact with their parent and 

their environment and items handled by their parents, and it is a form of gaining experience 

with the marine prey (e.g., handling discarded prey, pecking at the same spots, and cleaning 

out shells opened by their parents). 

2.6.3 Feeding behaviour milestones as chicks age 

As chicks grow, they become more mobile, improve their acuity and alert-response; they are 

more vigilant and have more strength to hide less and follow their parent more while they 

are foraging (Safriel et al., 1996). With age, chicks also show more independent behaviours 

from their parents (Norton-Griffiths, 1969). From an early age, chicks practice self-feeding 
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by probing and pecking at items on the surface. In these times the chicks themselves might 

acquire small insects, and this behaviour increases from the time of birth to the time of 

fledging (Safriel et al., 1996). Chicks begin to show more serious attempts at independent 

feeding at 21 days of age (Norton-Griffiths, 1969), although at 40 days, chicks are still being 

fed frequently (Lind, 1965). At 50-60 days, chicks begin display feeding manners like that 

of their parents, but also beg, and still receive food from their parents (Lind, 1965). At this 

point, the chicks need to do more work, e.g., the parent only half draws up the food, or 

partially opens a bivalve, or pierces a hole in the ground for the chick to extract a worm from 

(Lind, 1965). If the parent transports food, rather than waiting for the chick to eat it, they 

drop it off and go off to find more, managing time and having more to forage (Norton 

Griffiths, 1969). Such behaviours might indicate that the parental feeding mechanism is 

starting to fall apart (Lind, 1965). Chicks fledge earliest around the age week 4 (28+ days) 

(Norton-Griffiths, 1969; V. Méndez, personal communication, March 31, 2022). While 

parent-given food declines over time, it can still be twice as high than food obtained from 

self-feeding at six weeks past fledging (Kersten & Brenninkmeijer, 1995). Due to the 

challenge of tracking chicks at this age, the moment at which a chick could be considered 

independent form its parents is not well documented. 

2.6.4 Importance of becoming independent 

A juvenile’s ability acquire food handling skills and feed without its parents may determine 

its survival outcomes. Through long or inept handling, juveniles expend more time and 

energy to feed. This will increase their exposure to predation, or simply result in them not 

meeting their energy requirements (Wunderle, 1991). It also increases their risk of theft from 

other birds (Goss-Custard & Durell, 1987a,b,c; Wunderle, 1991), compounding the above-

mentioned challenges. Due to the short summer season at higher latitudes like in Iceland, 

juveniles also face a time constraint to learn these behaviours before conditions become 

unfavourable. The first winter in a juvenile oystercatcher’s life is the riskiest; juveniles have 

a significantly higher mortality rate during first fall and winter than do mature and older 

oystercatchers during that time (Duriez et al., 2012; Goss-Custard et al., 1982; Kersten & 

Brenninkmeijer, 1995). While many factors can attribute to this, there is strong evidence that 

starvation, especially in difficult winter conditions, is a major cause of mortalities (Goss-

Custard et al., 1982). The timing of when a chick gains independence before the seasons’ 
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end could potentially shape its social interactions with other oystercatchers in flocks, and its 

migratory decision as a result (Méndez et al., 2021). 

2.7 Need to understand chick behaviour 

Rearing conditions have the most impact in early life (Lindström. 1999; Metcalfe & 

Monaghan, 2001), but can also carry effects throughout the life of the oystercatcher (van de 

Pol, Bruinzeel, et al., 2006). Chicks raised high-quality natal origins are found to be more 

likely to survive their first year than chicks from low-quality natal origins (van de Pol, 

Bruinzeel, et al., 2006). The high-quality survivors are more likely to recruit into the 

breeding population, and are also more likely to recruit into high-quality habitats than 

recruits from low-quality origins (van de Pol, Bruinzeel, et al., 2006). This highlights the 

importance of understanding chick development to understand population changes. 

While oystercatchers are a well-studied species that can be used to understand response to 

change, there are elements still missing, especially concerning chicks and their behavioural 

development. This chapter presented the characteristics and breeding ecology 

oystercatchers, with a consideration of this species in Iceland. Given that Iceland has 

undergone—and continues to undergo—land-use change and climate change, the 

importance of predicting how breeding birds will respond to environmental changes has been 

identified. This chapter also underlined that there are many complex and interlinked factors 

which determine a chicks’ early life conditions which in turn determine its fate; not only is 

the quality of the territory defended by its parents necessary to appreciate, but so is the type 

of habitat that territory encompasses, the size of the brood, hatching period, and 

environmental constraints such as tidal state. Coastal and inland habitats used by breeding 

oystercatchers have been contrasted in previous studies, however, there is a gap in 

understanding the mixed-use of these habitats especially for coastal oystercatchers such as 

the ones in the present study area. How varying habitat use might impact development of 

feeding interactions, and the subsequent consequences of using those habitats carrying over 

into their later lives requires more analysis. Previous systems studied (Schiermonnikoog, 

Skokholm, Aberdeenshire, etc.) could represent ‘ideal’ model systems, but not every site 

could be expected to face the same structure and conditions, and variation in oystercatcher 

behaviour could be expected in different study systems (such as in Iceland, where Eurasian 

oystercatchers might face different pressures than those in mainland Europe). Further, as 
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many of the initial studies of breeding behaviour are several decades old, it is possible 

oystercatchers have changed their behaviour given the changes in environmental conditions. 

What before might have the rule, now might be the exception. Coastal areas are vulnerable 

and threatened ecosystems, and this might be having an impact on the way chicks develop. 

Finally, this chapter presented the various ways in which chicks must mature before they can 

become independent. This topic is the most lacking in study; previous efforts focus on 

parameters such a growth rates, feeding rates, fledging dates, survival rates, or conversely, 

from the perspective of the adults and their parental effort. Quantifying of chick behaviours 

and how they change with age and in relation to various factors is missing. Undoubtedly 

arising from the difficulty of observing chicks in the field, the period after fledging where 

juveniles become independent from their parents, before their arrival in their wintering 

grounds, is not well understood or documented. Given that key decisions which might impact 

their first-winter survival and adoption of migration strategy could be shaped during this 

time, this highlights the importance of taking a closer look into the ontogeny of chick 

behaviours. 
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3 Methods 

3.1 Study timeline and area 

This study was conducted in the spring and summer of 2020, encompassing the nesting and 

chick-rearing period of oystercatchers. Nest locating and familiarisation of families and of 

their breeding territories began on May 28. Behavioural observations commenced on June 6 

and were concluded on September 7. 

The study area was located in Skutulsfjörður, in the Westfjords of Iceland. Its boundaries 

started within the urban centre Ísafjörður and followed the perimeter of the fjord until its 

southernmost point of Skuteyri, and to its easternmost point near the Ísafjörður domestic 

airport (Figure 3.1). Nests were found between 15-100 m upshore of the mean high-tide line; 

with the exception of one nest located ~375 m from the coast. The various nesting territories 

of the studied families could be described as urban greenspaces, industrial parks, roadsides, 

and grazed, semi-natural mountainside pastures. Most of the above terrestrial territories had 

adjacent coastal territories, defined as rocky or silt beach and intertidal area with macro-

algae growth exposed during lower tides. This study site was selected due to ease of access 

and existing knowledge of marked mating pairs and their breeding territories; oystercatchers 

nesting further North of Ísafjörður on both sides of the fjord, and beyond, were not included 

in the study for these reasons. Nest locations and territories of breeding pairs were identified 

with the aid of previous years’ data (Carroll, 2020) and from field observations with the 

guidance of ecologist Cristian Gallo of Náttúrustofa Vestfjarða (NAVE). 
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Figure 3.1  Study area in Skutulsfjörður near the town of Ísafjörður, in the Westfjords of 

Iceland. The nesting locations of the 15 studied families are indicated. Family ID numbers 

are abbreviated from their full ID (e.g., IS20-01 is indicated as 01 on the map). 

3.2 Family selection 

As part of a long-term monitoring program, breeding oystercatchers around Iceland have 

been marked since 2013 by researchers at South Iceland Research Centre (University of 

Iceland). The marking includes both a metal ring on the tibia which is engraved with a 

country-specific code, as well as field-readable colour and/or alphanumeric rings which are 

on either or both tarsi. Each permutation is unique to the specific individual (Figure 3.2). 

Pairs in which at least one of the adults was colour-ringed were selected to be part of the 

family sample, as they could be observed outside of their territory or when intermingled with 

unmarked conspecifics. Further consideration to selecting the monitored families derived 

from restrictions of access to their territory for observations. Families which did not have a 

vantage point from which they could be observed without significant disturbance to their 

natural behaviour were not selected, as well as families which resided in or moved to areas 

which were not accessible to public (e.g., adjacent to airport runway and recycling centre). 
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A total of 15 active families concurrently was decided upon, as it was not feasible to 

undertake more observations by a single individual at the chosen observation frequency. To 

help with the observations of families, various chicks from within the studied families were 

captured and metal-ringed by Cristian Gallo (NAVE), and subsequently colour-ringed by 

Verónica Méndez and José Alves (South Iceland Research Centre) on June 27, 2020 (Figure 

3.2). Chicks which were too small (less than two weeks of age or not developed enough to 

fit the rings), and those which could effectively fly, were not colour-ringed; these were the 

two main determining factors in the chick selection. 

    

Figure 3.2  An adult (A) and a juvenile (32 days) (B) oystercatcher with colour and 

alphanumeric rings on its tarsi. These rings are identifiable in the field with the aid of 

binoculars or a spotting scope. Photos by author, 2020. 

3.3 Field data collection 

An overview of typical oystercatcher chick behaviours was learned from The oystercatcher’s 

progress towards maturity (Dewar, 1920), and the field observation protocol and 

behavioural ethogram was adapted from Székely & Kubelka (2019) Protocol for collecting 

behavioural data for ÉLVONAL shorebird project. Audio was chosen as the primary data-

recording method as it allowed the observer to describe more detail during fast-paced 

observations and to keep eyes on the birds throughout. 

A) B) 
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3.3.1 Pre-observation phase – nest data and hatch dates 

GPS coordinates for every nest were obtained, either through measurement in situ or through 

approximation utilising online mapping platforms (www.google.com/maps and 

www.map.is). The clutch size for each nest at its date of finding was noted. Hatch dates were 

predicted by floating the eggs (Liebezeit et al., 2007; Székely et al., 2008), and subsequent 

nest checks were conducted close to the predicted date to obtain a precise date of hatching. 

In the case that the hatch date was unknown, the middle value of the possible date range 

based on nest and territory visits before and after hatching, was assumed; as well as by chick 

characteristics, if observed, such as their relative size and presence or absence of an egg 

tooth. The day of hatching of the first chick of a clutch was set as age Day 1 for the whole 

brood. 

3.3.2 Phase 1 observations – behaviour in territory 

Once chicks hatched, each family unit was observed once every 3 days. Observation sessions 

lasted for 60 minutes, and the behaviour of each visible member of the family was recorded 

once every minute - amounting to 60 behaviours per member per session. In the case that all 

individuals of the family vacated the territory, the recording continued for 15 additional 

minutes to await their return; if they did not return, the recording was terminated 

prematurely. In the case of an external disturbance to the observer or the need to relocate to 

a different vantage point, the number of missed minutes was added on to the recording to 

still equal to 60 observations. Once families started leaving their territories in the later 

breeding season, families with unmarked chicks were ceased to be observed. Observation 

attempts occurred until the family was not sighted in their territory for 3 consecutive sessions 

(1-3 days apart), upon which their observations were terminated. To account for potential 

behavioural differences arising from varying tidal conditions, the order in which the families 

were observed daily was rotated to assign to them a spread of tidal heights over the field 

season. Severe weather conditions and the adding or removing of families (new hatches or 

mortalities) from the rotation caused occasional deviations from this schedule. 

Given the territoriality of oystercatchers, each family resided in a particular parcel of land 

or coastline and could be fairly depended-on to be found there; locating individual families 

and their members in their territory was relatively straightforward. Observations were taken 

from 30 - 200 m away from the target family with a 20x magnification spotting scope and 
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10x8 binoculars, with the exception of one family which was observed from ~450 m. 

Vantage points were selected based on topography as well as the family’s tolerance to human 

presence and were attempted to be kept consistent. Repositioning occasionally occurred to 

account for obstructions or the family’s movement. Most observations were conducted from 

within a vehicle, which effectively acted as a blind, as is recommended for behaviour studies 

(Székely et al., 2008; Székely & Kubelka, 2019). However, due to the late availability of a 

vehicle, the first month of observations was conducted with the observer sitting outside 

without cover. In all cases, observations commenced after the target family no longer showed 

disturbed behaviour in reaction to the observer’s presence. 

Supplementary information was collected at the beginning of every session; the tidal state, 

habitat type(s) used, and approximate GPS location. 

3.3.3 Phase 2 observations – behaviour outside of territory 

Observation sessions where the studied oystercatchers occurred outside of their breeding 

territory in a flock retained their 1-hour length and behaviours of visible members were 

recorded every minute, when possible. Challenging viewing conditions occasionally 

restricted the number of recorded behaviours within the hour. As it was not possible to 

determine where or when specific families would occur outside of their territory, a general 

recording of the most prominent flock in Skutulsfjörður was conducted every 1-3 days 

(schedule primarily determined by access, distance, and weather conditions). Observation 

sessions included various members of multiple families with colour-ringed chicks, as they 

tended to aggregate in a common area. To account for differences in prominent flock 

behaviours during various tidal conditions, the flock was observed alternating between low 

and high tides, when possible. 

3.4 Data processing and data treatment 

All audio recordings were transcribed into Excel data sheets. Raw behaviours of chicks were 

categorised and consolidated to reflect the pre-determined chick behaviour ethogram (Table 

3.1). Recordings in which chicks were not present or were unidentifiable were omitted from 

the primary dataset. 
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Table 3.1  Ethogram of oystercatcher chick behaviours, by which observed behaviours were 

classified for analysis*. Broader classifications of behaviours are listed under each 

behaviour name. 

Behaviour Name Behaviour Description 

Provisioned 1 

Feeding, 

Interacting  

Passively provisioned by parent: The chick is accepting a food 

item delivered by a parent, but is not attempting to engage with the 

parent while it forages. The chick is either idle, resting, hiding, or 

brooded, and the parent delivers the food item specifically to it. 

  
Provisioned 2 

Feeding, 

Interacting 

Actively provisioned by parent: The chick is accepting food items 

provided by a parent while also engaging with the foraging parent. 

The chick is following or standing by the parent as it forages and 

is taking the food items directly as they come up. 

  
Provisioned 3 

Feeding, 

Interacting 

Mixed provisioned and feeding behaviours: The chick is evidently 

following along with a foraging parent but also engaging in limited 

self-feeding activity or attempts in the meantime. The chick is 

accepting food items from the parent in between trying to obtain 

its own. 

  
Provisioned 4 

Feeding, 

Interacting 

 

Surprise food: The chick is Foraging or already being Provisioned 

2, 3, and suddenly the second parent delivers a food item to it. 

 

Provisioned 5 

Feeding, 

Interacting 

Interested but missing out: The chick is displaying an interest in a 

food item, but it is delivered to another chick, or the other chick 

displays more vigour and wins over its sibling. Alternatively, the 

chick is attempting to accept a food item from the parent, but the 

food item is too big or inappropriate. 

 

Provisioned 6 

Feeding 

Rejecting food from parent: The chick is ignoring a parent's 

attempt to present it with a food item. The chick is either satisfied 

or is preoccupied with another behaviour (e.g., Inactive, or 

Foraging). 

 

Foraging 

Feeding 

Self-feeding: The chick is displaying feeding activity without 

engaging with a parent. The chick is obtaining its own food items, 

or alternatively, it is trying to. This behaviour class does not 

distinguish between the chick's attempts and actual successes in 

obtaining suitable food items. 

  
Begging 

Other activity, 

Interacting 

Begging parent: The chick is engaging a parent in an obvious 

attempt to get it to feed it. This behaviour is most distinguishable 

during moments of the parents' inactivity. The chick may or may 

not be successful in convincing the parent (the parent may either 

ignore the chick or start provisioning). 

  



 

 35 

Sibling Rivalry 

Other activity 

The chick is displaying any of a broad range of behaviours 

engaging its siblings, including chasing each other, trying to steal 

each other's food, and fighting (to any degree of severity). 

 

Mobile 

Other activity 

Moving around: The chick is moving around, either to transition 

to a different portion of its habitat or with no discernible purpose. 

The mode of transport is not distinguished (e.g., walking, running, 

or flying). 

 

Brooded 

Low activity,  

Interacting 

 

The chick is, or is trying to be, brooded or sheltered by a parent. 

Inactive 

Low activity 

Low-key activity: The chick is displaying any of a broad range of 

low-activity behaviours, including roosting, preening, bathing, 

resting, fidgeting, and standing idle with no discernible aim. 

 

Inactive (Obscured) 

Low activity 

Obscured low-key activity: The chick is obscured from direct sight 

but is with high confidence displaying inactive behaviour, as 

otherwise it could be seen moving. 

 

Alert 1 

Other activity 

Conspecific conflict: The chick is displaying any of a broad range 

of alert behaviours in response to conspecific conflicts between 

itself or its parents, including laying low, hiding, standing alert, 

and fleeing. 

 

Alert 2 

Other activity 

Predator conflict: The chick is displaying any of a broad range of 

alert behaviours in response to presence of predators (e.g., ravens, 

gulls, mink, foxes, humans, human objects, etc.), including laying 

low, hiding, standing alert, and fleeing. 

 

Alert 3 

Other activity 

Unknown conflict: The chick is displaying any of a broad range of 

alert behaviours in response to presence of an unidentified danger, 

including laying low, hiding, standing alert, and fleeing. 

 

Unknown 1 Obscured and unknown: The chick is in the area but is obscured 

in such a way that there is no indication of what it might be doing. 

 

Unknown 2 Not observed in area: The chick is likely not in the vicinity at all, 

based on available evidence. 

*For certain analyses, similar behaviours were grouped: Provisioned 1 was combined with 

Provisioned 5, Provisioned 3 was combined Provisioned 4, the three Alerts, and the two 

Unknowns, combined respectively. 
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3.4.1 Calculation of behaviour frequencies 

To account for differences in brood size among families, the frequency of each behaviour 

observed during one session was weighted by the number of chicks observed during that 

session (i.e., ‘daily brood’). Each full-length session (60 minutes) had multiples of 60 

behaviours recorded, determined by the daily brood size (60 for one chick observed, 120 for 

two chicks observed, 180 for three chicks observed, and 240 for four chicks observed). If a 

chick was not sighted for the entirety of a session, it was not included in that recording. 

Relative frequencies (count of a given behaviour / total of observations) were calculated for 

each behaviour type, as follows in this example: 

If, during a full-length session for a three-chick family, two chicks were sighted 

that day and were collectively observed to have 56 instances of ‘Provisioned 2’, 

then the proportion for that behaviour would be 56 / 120 = 0.467. The weighted 

proportion of the remaining behaviours should sum up to 1 for that session (or 

converted to a percentage by multiplying the values by 100). 

Unknown behaviours were omitted in the final analysis, and the frequencies were 

recalculated using the total of observed behaviours instead of the total of behaviours. In 

some cases, subsets of data were extracted, and frequencies were measured out of only that 

subset of behaviours.  

If, in the previous example, there were 32 instances of ‘Unknown’, then the 

‘Provisioned 2’ would be recalculated as 56 / 88 = 0.636 to obtain the frequency 

of this behaviour in relation to all the observed behaviours. All remaining 

observed behaviours should still sum up to 1 for that session. 

Sample sizes for behaviours were counted as the length of the observation (maximum 60 per 

brood), and the number of sessions from which the behaviour sample size was derived. 

If, for example, in a 1 Week Age subset of data, 11 sessions fell into this age class, 

then n (sessions) = 11, and n (behaviours) = 660, assuming that all sessions 

reached full length in time. If behaviour categories, such as ‘Unknown’ were 

removed, then the sample size will be affected (reduced) accordingly. 



 

 37 

3.4.2 Potential drivers of variation 

The variation in the frequencies of behaviours was explored in relation to Family ID, Age 

class, Brood size, Hatching period, Habitat type, and Tidal state. 

Age class 

During each recording, the current age was calculated for the brood. For the purposes of 

analysis, ages were classified into 7-day (week) intervals, with hatch-day considered as Day 

1. 

Habitat type 

All observations were placed within four habitat types: three within territory (Coastal, 

Terrestrial, and Mixed) and one outside of territory (Coastal). Coastal habitat was defined as 

the area which was continually exposed to the processes of the sea, including the intertidal 

zone, however, did not include the supratidal zone above the high-water line. Within this 

class were encompassed various types of coastal features, including sandy beach and rocky 

beach (or a mixture of both), tidal flats and sand bars, with or without macroalgae growth, 

and features bordering beaches such as wave-cut notches, sedges, and boulders. Terrestrial 

habitats were classified as any of those in the supratidal zone and the upland. This 

encompassed a variety of features including pastureland, lawns, vehicle parking spaces, 

industrial lots, vegetated mountainsides, and unflooded saltmarshes. Mixed habitat was the 

classification attributed to those cases in which observed individuals transitioned from one 

habitat to the other within a session (e.g., from coastal to terrestrial). Coastal habitat had an 

additional subclassification of whether it was within the studied family’s breeding territory, 

or outside of it. For analysis, in-territory only habitat use was explored; this distinction was 

made to understand how chicks used their habitat when constrained to their breeding 

territories, knowing that once they left their territories, they only occurred in the coastal 

habitat in this study area. 

Tidal state 

The tide in Skutulsfjörður can be described as semi-diurnal, meaning that over a one-day 

period, two tidal cycles occur. Data about the tide was collected at the beginning of every 

session from https://www.tide-forecast.com/locations/Isafjorour-Iceland/tides/latest, in 

order to control the variation in behaviour for tidal conditions, as well as to determine if tidal 

conditions were an influencing factor on which habitat class was utilised by the chicks. For 

https://www.tide-forecast.com/locations/Isafjorour-Iceland/tides/latest
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analysis, the starting tidal state was classified in the following categories: 0.00 - 0.49 m 

(low), 0.50 - 0.99 m (mid-low), 1.00 - 1.49 m (mid-high), and ≥ 1.50 m (high). Each category 

was also assigned a direction: rising or falling. 

Brood size 

The number of siblings alive was recorded to account for the competition the brood likely 

faced for the attentions of their provisioning parents. The maximum number of chicks alive 

during any recording was determined using sightings from future recordings; for example, 

if two chicks were sighted in the first recording, but in the following recording, three were 

sighted (or specifically the missing individual was found later), then the number of chicks 

alive for the first recording would be noted as three. This is distinguished from the daily 

brood, which is the number of chicks sighted during that specific recording (e.g., the daily 

brood for the first recording in the above example would be two, and then three in the 

following session). For analysis, brood sizes were classified as 1, 2, or 3+, with the latter 

category encompassing one family of 4 chicks, which otherwise would have low analytical 

power in a category of its own. 

Hatching period 

The hatch dates which were determined in the pre-observation phase were categorised into 

Early (prior to June 14) and Late (June 14 and beyond), indicating their timing relative to 

the whole breeding season. This division was determined by splitting the span of hatch dates 

within the studied families in half. 

3.5 Data Analysis 

Descriptive and statistical analyses of data was divided into three sections and carried out in 

statistical analysis program R (v. 4.1.2.; R Core Team, 2021). 

3.5.1 Feeding-following interactions 

To explore the development of feeding interaction behaviour in chicks (Aim 1), feeding-

following interactions of chicks and their parents were defined as either of Provisioned 2 or 

Provisioned 3 (Table 3.1). Both behaviours encompassed the chicks accompanying their 

parents in the feeding territory while actively being fed by them. These behaviours were 

selected because (i) when chicks can follow their parents and feed together, food intake rate 
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may increase, leading to a faster growth rate, and (ii) following behaviour can potentially 

serve as a time when chicks can learn feeding skills by observing their parents. Thus, both 

behaviours are key in facilitating the chicks progress in maturation (physical and learned), 

and ultimately their independence. The variation in the frequency of interaction behaviour 

(summed Provisioned 2 and 3) was explored in relation to Family ID, Age class, Brood size, 

Hatching period, Tidal state, and Habitat type, through model comparison. For each variable 

(except Family ID), a generalised linear mixed model (GLMM) with a binomial error 

distribution and logit-link function was built with the proportion of interacting behaviours 

as the response, the variable of interest as the fixed effect, and Family ID as the random 

effect (model 1). A second GLMM was built without the fixed effect (model 2). An example 

of the formulae for the two GLMM models testing the age effect is as follows: 

 model 1: Interaction proportion ~ Age class + (1|Family ID) 

 model 2: Interaction proportion ~ 1 + (1|Family ID) 

The two models were compared using an ANOVA with a Chi Squared test, to determine if 

the variable of interest (the fixed effect) had a significant effect on the level of interacting 

behaviours. For testing the effect of Family ID, a generalised linear model (GLM) was built, 

with interaction proportion as the response and Family ID as the fixed effect. This model 

was then compared with a model without the fixed effect using ANOVA, to assess the 

significance level. The R package lme4 (Bates et al., 2015) was used to generate the GLMMs 

and the GLM, using the functions glmer and glm. GLMMs and GLMs were selected as the 

method of testing because they allowed the modelling of non-independent variables, which 

is appropriate for complex biological data (Harrison et al., 2018). In the case of GLMMs, 

the models account for non-independence in the data by treating Family ID as a random 

effect. 

3.5.2 Coastal and terrestrial habitat use 

To explore how chicks use coastal and terrestrial habitats throughout the growing period 

(Aim 2), Fisher’s exact test was used to test associations between the type of habitat the 

chicks occurred in and Family ID, Age class, Tidal state, and the prevalence of broadly 

categorised behaviours (classified as Feeding (Provisioned 1-6, Foraging), Inactive 

(Inactive, Brooded, and Obscured inactive), and Other Activities (Begging, Alert 1-3, 

Mobile, and Sibling Rivalry). These behaviours were classified as such to provide a 
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simplified view that satisfied the oystercatchers’ primary needs; nourishment, 

rest/maintenance, as well as remaining category to incorporate miscellaneous behaviours.  

The analysis was carried out using in-territory only observations. Behaviour counts 

(frequency), rather than proportions, were used to create the contingency table required for 

the statistical test. Fisher’s exact test was chosen because it met the assumptions for the low 

expected counts across some categories. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 41 

4 Results 

In this chapter, firstly an overview of the data collected over the field season will be 

provided, as well as an initial broad look into the variation of all behaviours displayed by 

chicks as they aged. Following that, results pertaining to the development of feeding 

interaction behaviour (Aim 1), and to the use of coastal and terrestrial habitats by the chicks 

(Aim 2) will be presented. 

4.1 Sample population 

Between June 6 and September 7, 15 oystercatcher families within the Skutulsfjörður study 

area were monitored and observed. The field season yielded 254.55 hours of in-territory 

observations derived from 261 sessions, and 46.6 hours of out-of-territory observations from 

29 sessions. In addition, 115 attempts (searching for families and registering them as absent 

from their territory), as well as 87 single-point observations of families or members of 

families at random, outside of formal recordings (remarks), were recorded (Table 4.1). The 

behaviour, session, and family sample sizes decreased as the field season progressed due to 

chick mortalities and the ceasing of observations for families in which chicks were not 

marked (Appendix B). Families with colour-ringed chicks (especially IS20-10, IS20-11, and 

IS20-08) allowed for consistent observations until up to 14 weeks of age (3+ months; Figure 

4.1). 

Table 4.1  Summary of observation data obtained during the field season detailing the total 

of hours, the number of behaviours recorded (‘Unknown’ behaviour included), and the 

number of sessions. Behaviours were weighted by the number of chicks within each family 

to account for differences in brood size among families. 

Data type Hours Behaviours Sessions 

In territory observations    

     Full observations 

     Partial observations 

246 

8.55 

14,760 

513 

246 

15 

     Total 254.55 15,273 261 

Out of territory observations    

     Full recordings 

     Partial recordings 

42 

4.6 

2,520 

276 

23 

6 

     Total 46.6 2,796 29 

Other observations    

     Attempts (absence from territory) - - 115 

     Remarks (single point observations) - - 87 
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Figure 4.1  The span of observations of all chicks (marked chicks in orange and unmarked 

chicks in blue) in each family throughout the field season. Observations commenced on or 

after chicks’ hatch date and were discontinued after a mortality or after it was no longer 

possible to follow the chicks’ movement and activity. 

4.2 Behavioural variability in chicks 

Over the chicks’ growing period, the frequency of 18 different behaviours was recorded 

(Table 3.1; Figure 4.2). Note that, with the exception of Figure 4.2, Unknown behaviours 

were omitted in subsequent figures and statistical analyses to remove noise and conduct the 

analyses out of directly-observed behaviours only. On average, the Unknown behaviours 

constituted about 20-25% of behaviours across all weeks, with the exception of Week 14, 

where they accounted for 60% of the behaviours recorded (Appendix B). The variability of 

chick behaviour was visually explored to gain an initial understanding of the activities of 

chicks over their growing period, prior to addressing Aims 1 and 2. Prominent behaviours, 

such as those related to nourishment, resting, and interaction varied as chicks matured. For 
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instance, the frequency of feeding activity increased following the early chick stage (Figure 

4.2), and the form by which the chicks’ nourishment was obtained saw a change in the 

proportion of parent-delivered, parent-assisted, and self-fed behaviours over time (Figure 

4.3 A). Various low-activity behaviours, too, were present throughout the chicks’ life, but 

brooding behaviour, in which the parent directly sheltered the chick, dropped to a negligible 

level after Week 3, and the tendency to rest while in hiding also minimised as chicks grew 

older, as they rested more in the open (Figure 4.3 B). Chick behaviours which elicited direct 

interaction with their parents also rose, peaked, and fell over the chick’s growing period, and 

all interactions eventually disappeared by Week 13 (Figure 4.2), although at different age 

stages for each individual type of interacting behaviour (Figure 4.3 C). Note that all 

behaviours in which chicks engaged directly with their parents (with the exception of 

brooding) were also various forms of provisioning behaviours, or a behaviour pertaining to 

a desire to be provisioned (begging). 

 

Figure 4.2  Variation in behaviour as chicks aged, represented as proportions of all 

behaviours observed for each Age class (weeks). For ease of interpretation, similar 

behaviours were combined into one behaviour. See Table 3.1 for a description of each 

behaviour. 
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Figure 4.3  Variation in feeding and provisioning behaviours (A), low-activity behaviours 

(B), and chick-parent interacting behaviours (C), as chicks aged. In each plot, behaviours 

are represented as a proportion of all observed behaviour within the broad behaviour class 

only (feeding and provisioning, low-activity, and chick-parent interacting), per Age class 

(weeks). Sessions in which the behaviours of interest were not recorded were omitted from 

this visualisation. See Table 3.1 for a description of each behaviour. 
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4.3 Variation in interacting behaviour 

The variation in interaction behaviour between chicks and their parents, measured as the 

combined behaviours of Provisioned 2 and Provisioned 3 (see Table 3.1 for a detailed 

description of the behaviours) in proportion to the rest of the chicks’ observed activities, was 

examined in relation to various factors. Hatching period and Tidal state were found to have 

a significant effect on interactions, however, Family ID, Age class, Brood size, and Habitat 

type did not (Table 4.2). 

Table 4.2  Summary of results from ANOVA comparison of GLM and GLMM models testing 

the effect of Family ID, Age class, Brood size, Hatching period, Tidal state, and Habitat type 

on the proportion of interacting behaviour between chicks and their parents. 

Effect p value 

Family ID = .910 

Age class = .099 

Brood size = .269 

Hatching period = .044 

Tidal state = .003 

Habitat type = .209 

 

Family ID 

Although the level of interaction behaviour did not vary significantly across the 15 families 

studied (Table 4.2), there was, however, a tendency for some families to have higher or lower 

levels of interactions over the course of their observations (Figure 4.4). On the low end of 

the spectrum, one family (IS20-09) fell beneath the most families (5), where the chicks 

interacted with their parents only 10.7% ± 4.45 of the observed time. The highest level of 

interactions chicks had with their parents accounted for 38.3% ± 7.82 of their observed 

behaviours, in family IS20-06; the level of interaction for that family exceeded that of 11 

other families. High standard errors indicated a large within-family variance of interaction 

levels throughout the observation period. 
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Figure 4.4  Variation in the proportion of chick-parent interacting behaviours across 

oystercatcher families. Unknown behaviours were omitted. Standard error of the mean bars 

are indicated. 

Age 

The level of interactions chicks had with their parents did not significantly vary with Age 

class (Table 4.2). However, the proportion of the observed interacting behaviours appeared 

to rise first, peak, and then fall as the chicks grew older (Figure 4.5). The mean interacting 

behaviour started at 9.32% ± 3.42 in the first week of age and showed a steady rise (except 

for a slight dip in the fifth week (14.7% ± 3.66) until Week 7 of age where it reached a peak 

at approximately 30%, after which it started on a decreasing trend. Interacting behaviour was 

no longer observed at all in Weeks 13 and 14, although this late in the breeding seasons 

yielded low sample sizes of observed behaviours (n = 352 behaviours from 8 sessions in 

Week 13, and n = 186 behaviours from 8 sessions in Week 14; Unknowns omitted, Appendix 

B). Decreasing sample sizes as chicks aged could have contributed the standard errors in the 

latter half of the figure having a tendency to be greater than in the first half. 
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Figure 4.5  Variation in the proportion of chick-parent interacting behaviours as chicks 

aged. Unknown behaviours were omitted. Standard error of the mean bars are indicated. 

Brood size 

Brood size, defined as chicks presently alive during the time of the observation, did not have 

a significant effect on the level of interaction chicks had with their parents (Table 4.2). 

However, families of 3 or more chicks appeared to have slightly lower levels of interactions 

than those of either 1 or 2 chicks (over ~20%), at just 14.2% ± 2.01 (Figure 4.6). Note that 

each Brood size category could encompassed chicks from various ages and families, as the 

number of chicks in each family changed throughout the field season due to mortalities or 

disappearances. 



 

 48 

 

Figure 4.6  Variation in the proportion of chick-parent interacting behaviours across 

different brood sizes. Unknown behaviours were omitted. Standard error of the mean bars 

are indicated. 

Hatching period 

Chicks from the studied families hatched between May 27 and July 3, 2020 (Table 4.3). The 

level of interaction chicks had with their parents was significantly different between chicks 

born in the first half of the breeding season or the latter (Table 4.2, Figure 4.7); chicks which 

hatched prior to June 14 experienced less interaction (15.6% ± 1.68) than did those chicks 

who hatched after June 14 (23.2% ± 2.32). Because of the timing and logistics of chick 

marking, the chicks which were colour-ringed were also born in the first half of the breeding 

season; the duration of observations for those chicks was longer (up to 14 weeks) than that 

of unringed chicks (up to 10 weeks) and might have contributed to the results outcome. 
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Table 4.3  Hatch dates of clutches from the 15 studied families. The emergence of the first 

chick of the brood was set as the hatch date for the entire brood. Chicks which hatched prior 

to June 14 were classified as ‘Early’ in the breeding season, and after June 14 as ‘Late’. 

Early hatching period  Late hatching period 

Family ID Hatch date  Family ID Hatch date 

IS20-02 27-05-2020  IS20-01 15-06-2020 

IS20-16 27-05-2020  IS20-03 15-06-2020 

IS20-10 29-05-2020  IS20-09 16-06-2020 

IS20-08 31-05-2020  IS20-04 20-06-2020 

IS20-11 02-06-2020  IS20-12 20-06-2020 

IS20-14 03-06-2020  IS20-05 22-06-2020 

IS20-13 09-06-2020  IS20-06 26-06-2020 

   IS20-15 03-07-2020 

 

 

Figure 4.7  Variation in the proportion of chick-parent interacting behaviours between 

Hatching periods. Early includes chicks hatched prior to June 14 and Late includes chicks 

hatched on June 14 or beyond. Unknown behaviours were omitted. Standard error of the 

mean bars are indicated. 
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Tidal state 

The level of interactions chicks had with their parents also varied in relation to the Tidal 

state (Table 4.2, Figure 4.8). The highest levels of interactions occurred during the falling 

tide, at mid-low and low water levels (less than 1 metre), at 31.6% ± 4.76 and 30.9% ± 3.67 

interacting proportions, respectively. The second highest levels of interaction were at 21.6% 

± 4.17 and 20.5% ± 3.69 at low and mid-low tides, respectively, as the tide was rising. At 

mid-high and high tides, there was generally the least interactive activity, both for rising and 

falling tides, at less than ~15% interactions. The direction of the tide appeared to impact the 

level of interaction; there was a jump from lower interaction to higher interaction when the 

tide dropped below 1.5 metres. After that, the level of interactions decreased more steadily 

as the low tide started to rise once again. 

 

Figure 4.8  Variation in the proportion of chick-parent interacting behaviours during 

different Tidal states. Tidal heights are as follows; Low: <0.50 m, Mid-low: <1.00 m, Mid-

high <1.50 m, and High: ≥ 1.50 m. Unknown behaviours were omitted. Standard error of 

the mean bars are indicated. 
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Habitat type 

The amount of interactions chicks had with their parents did not vary significantly between 

habitat types (Table 4.2, Figure 4.9). When in their territory, occupying the coastal habitat, 

chicks spent 21.6% ± 1.84 of their time interacting with their parents, whereas they spent 

12.8% ± 2.66 of time interacting with their parents in the terrestrial habitat. When chicks 

were in the coastal out-of-territory habitat, chicks still spent 14.4% ± 3.84 of their time 

engaged with their parents. 

 

Figure 4.9  Variation in the proportion of chick-parent interacting behaviours across 

different habitat types occupied by chicks. Unknown behaviours were omitted. Standard 

error of the mean bars are indicated. 

4.4 Variation in habitat use 

Utilisation of coastal and terrestrial habitats by chicks was examined in relation to various 

factors. Age class, Tidal state, Main behaviours (behaviours consolidated into 3 categories: 

Feeding, Inactive, and Other) were all found to have a significant association with the type 

of habitats the chicks used (Table 4.4). 
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Table 4.4  Summary of Fisher’s exact tests examining the association between proportion of 

in-territory habitat usage and variables of Family ID, Age class, Tidal state, and Main 

behaviours. 

Test variable p value 

Family ID < .001 

Age class = .016 

Tidal state < .001 

Main behaviour < .001 

 

Family ID 

The population of oystercatchers in the Westfjords and the study area was defined as coastal; 

however, they utilised both coastal and terrestrial habitats to varying degrees over the course 

of the breeding season. When occupying their own (parents’) territories, the chicks’ level of 

use of each habitat type differed significantly between the studied families (Table 4.4, Figure 

4.10, note that habitat use was measured only during chicks’ in-territory lifespan, which 

varied among families). One family (IS20-03) was entirely coastal-using, and one family 

(IS20-12) was terrestrial until they joined the coastal flocking sites later in the breeding 

season. Some families were predominantly coastal habitat users; five of them used the 

combined terrestrial or mixed habitats on average less than 25% of the recorded sessions, 

the rest of the time being spent on the coast. The remaining families used higher but varying 

levels of terrestrial habitat. 
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Figure 4.10  Variation in habitat use by chicks in their territory across families, represented 

as the proportion of observation sessions spent in each habitat type per Family ID. Families 

are ordered by the longevity of their in-territory observations (IS20-09 was observed until 

19 days of age, and IS20-08 was observed until 77 days of age). 

Age class 

There was an association between the type of habitat used and the age of the chicks (Table 

4.4). In their first week of life, chicks used the lowest amount of coastal habitat (50% ± 10.4), 

with terrestrial habitat being used 41.7% ± 10.3 of the time (Figure 4.11). Following this, 

coastal habitat use exceeded both terrestrial and mixed habitat use for the remaining age span 

of observations, although fluctuating considerably throughout all ages (between 

approximately 56% and 88%). The mixed habitat category tended to be larger in the latter 

weeks (Week 8 and onwards) which indicated higher level of movement of chicks between 

the types of habitats within their territory during observation sessions. This corresponded 

with the same age at which some chicks started leaving their territories as well (Appendix 

C). Terrestrial habitat was no longer used by any of the chicks after Week 11 of age, based 

on absences during territory checks. All out-of-territory flocking habitats were exclusively 

coastal, but only those chicks which survived up to the flocking stage and were also marked 

with colour rings appeared in the data in this category. Examining the distinction between 
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the two stages of coastal habitat (Appendix C), it is evident that in Week 11 the out-of-

territory coastal habitat was the dominant one of the two (54.5% ± 15.7); i.e., instead of 

using the coastal resources they had in or near their own territory, chicks travelled to and 

spent time in a different coastal area. 

 

Figure 4.11  Variation in habitat use by chicks in their territory as they aged, represented 

as the proportion of observation sessions spent in each habitat per Age class of chicks 

(weeks). 

Tidal state 

Over the course of the field season, the lowest recorded tide height during an observation 

session was 0.08 m and the highest was 2.31 m. Chicks used both coastal and terrestrial 

habitats across the entire tidal range, however, to varying levels (Figure 4.12). There was a 

strong association between the type of habitat chicks occupied and Tidal state (Table 4.4). 

During lower tides, chicks tended to occupy the coastal habitat more frequently; below water 

levels of 0.5 m (low tide) chicks spent over ~ 90% in the coastal zone. At higher tides, chicks 

tended to occupy more terrestrial habitat; at water levels 1.50 m or above (high tide), only 

approximately 52% of observation sessions were spent within the coastal habitat. Despite 
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this increase in terrestrial use, the coastal habitat was the most occupied during all tide levels 

when considering the mean of the whole study sample. 

 

Figure 4.12  Variation in habitat use by chicks in their territory during different Tidal states, 

represented as the proportion observation sessions spent in each habitat per different tidal 

heights and directions. Tidal heights are as follows; Low: <0.50 m, Mid-low: <1.00 m, Mid-

high: <1.50 m, and High: ≥ 1.50 m. 

Main behaviour 

The type of activities chicks engaged in varied in relation to the habitat occupied during the 

observations (Table 4.4). Various forms of feeding, and of inactivity, were the dominant 

behaviours in all habitats, but there were slight variations in the level of those activities in 

relation to one another (Figure 4.13). Behaviours included in Other activities was the 

smallest category, but was the largest in the mixed habitat (17.7 % ± 2.24), otherwise 

relatively consistent across the three other habitats at less than 10%. Chicks were most 

inactive when occupying the terrestrial habitat, devoting 63.9% ± 4.03 of time to behaviours 

such as resting, being brooded, maintenance, and other low-activity states. Thus, this habitat 

also saw the least feeding behaviour (27.0% ± 3.74). In both the coastal habitat and the mixed 

habitat, no discernible difference was apparent between the levels of inactivity and feeding. 
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However, in the coastal habitat, chicks spent 51.5% ± 2.43 of their time inactive, over the 

41.0% ± 2.35 of their time spent feeding. 

 

Figure 4.13  Variation in the proportion of the main behavioural categories across habitat 

types used by chicks in their territory. Unknown behaviours were omitted. 
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5 Discussion 

This chapter discusses the overarching findings from the studied oystercatcher population in 

the Westfjords, and how the link between interactions and habitat use might shape a chicks’ 

development of independence. The knowledge gained from this thesis is also used to discuss 

management and conservation implications for wader species in general and considers the 

changes that these species might face in the future. 

5.1 Understanding variation in chick-parent 
interacting behaviour and habitat use 

It has been established that the rate of food consumption is the key factor in growth rate. Fast 

growing chicks have a greater likelihood of surviving to fledging, but most chicks do not 

grow up under ideal conditions due to various factors limiting their food intake (Kersten & 

Brenninkmeijer, 1995). This study used observational data and explored the frequency of 

interacting behaviour whilst feeding as an alternative to measuring to chick growth. The 

quality of the territories in which chicks are reared is linked to the rate of their food 

consumption. Chicks who can accompany their parents from a young age to feed have a 

higher fledging success than those who are restricted by their territory (Ens et al., 1992; 

Hazlitt et al., 2002; Heg & van der Velde, 2001; Heppleston, 1972; Safriel et al., 1996; van 

de Pol, Bakker, et al., 2006; van de Pol, Bruinzeel, et al., 2006). Within the study population 

in Skutulsfjörður, all families—with the exception of one—had their terrestrial nesting 

territories adjacent to coastal feeding territories, akin to ‘resident’ families, and so most 

chicks were not limited in following their parents into their coastal feeding ground from a 

young age. By this traditional definition alone, most of the studied families resided in high-

quality territories because chicks could benefit from a higher frequency of provisioning (Ens 

et al., 1992; Kersten, 1996; Safriel et al., 1996; van de Pol, Bruinzeel, et al., 2006). The 

levels of feeding interaction behaviour observed did not vary amongst the studied families, 

indicating that all the families, over the course of their observations, behaved and interacted 

with their chicks similarly. This lack of variation was an unexpected result, considering that 

territories differed across families. However, the distinction between the nesting and feeding 

territories in the studied families was not as clearcut as would appear in prominent literature 

(e.g., Ens et al., 1992). Even for the one family (IS20-12) which could be considered a 

‘leapfrog’ territory, a portion of the chicks’ food was also provisioned from terrestrial 
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sources close by. Likewise, some resident chicks which had an opportunity to follow their 

parents into the coastal feeding areas, too, were observed to receive food from the terrestrial 

component of their territory. It might suggest that any variation in territory characteristics 

faced by the families were able to be overcome, and parents were able to invest similar 

amounts of time spent with their chicks. It should be noted that age differences of chicks 

(i.e., how long families were actively observed) were not accounted for across family 

comparisons, and due to the bell-curve nature of interactions over a chicks’ lifespan, this 

could have influenced the outcome of results. A possible way to address this would be to 

compare families at set ages or meaningful benchmarks (key biological moments in the 

chicks’ growing period, such as fledging age), excluding those who did not reach those 

points from analysis. 

During the chick rearing period, most families used both coastal and terrestrial habitat to 

some degree, and the level of use varied among families. As expected from a coastal 

population, the majority (10 families) used coastal habitat more frequently than terrestrial. 

The remaining families however used terrestrial or mixed terrestrial habitats during more 

than half of their observations, despite most having adjacent coastal feeding territories. 

However, the frequency of interactions was found to not differ between the coastal or 

terrestrial habitats, possibly suggesting that both habitats are equally important for the 

development of interacting behaviour and thus the growth of the chicks in this population. 

Since this coastal population still predominantly relies on coastal feeding grounds, this was 

also a somewhat unexpected result, as there was a tendency for oystercatchers to be more 

inactive when occupying their terrestrial habitat, and to feed when in the coastal area. The 

observed frequency of interactions in the coastal area was on average higher than in the 

terrestrial area, matching the general activities of oystercatchers. However, this difference 

was not significant, most likely due to large variation in the uses of these habitats by some 

families, resulting in large variance around the mean. 

Interacting feeding behaviour developed within the first week of the chicks’ life, albeit still 

low (< 10% of behaviours observed). This low frequency was not surprising, as very young 

chicks who have adjacent feeding territories are known to still stay near their nesting territory 

and rely more on food deliveries, not following their parents into the flat until they are more 

agile (Groves, 1984; Lind, 1965). The low interacting behaviour seen could have also 

resulted from the combination of other observed behaviours during early weeks. The 
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prevalence of brooding was highest during this period, indicating that chicks required more 

time to be sheltered and warmed by their parents, thus limiting the time they spent following 

them to feed. As chicks grow, they might also gain a better awareness of social and 

environmental cues and spend less time in hiding. The frequency of interacting behaviour 

rose throughout the chicks’ life until it reached a peak at the age of seven weeks, possibly 

reflecting the growing energetic demands of chicks as they aged (Ens et al. 1992). The ability 

of chicks to feed both in their adjacent intertidal area with their parents (and in the terrestrial 

areas, in the case of some families) is reflected in the quick surpassing of delivered food by 

interacting feeding behaviour (by week 2 of age). Interacting behaviour saw a downward 

trend after the peak, at which point it was surpassed by self-feeding behaviour. Notably, this 

point also coincided with the time young oystercatchers were observed leaving their 

territories to go to feed in communal areas with other oystercatchers. Interacting behaviour 

was not observed by 13 weeks of age and onwards, where it was replaced fully be self-

feeding behaviours, suggesting that chicks acquired independence at that age. However, 

given the small sample size at this stage, it is difficult to assess the representativeness of 

transition point. The variation in the frequency of interacting behaviour across age classes 

was not significant, most likely as a result of the large variation within each age class. Due 

to the way age classes were aggregated, in one-week intervals—a human concept—much 

change could have occurred in terms of a chick’s life. Despite this limitation, the result 

revealed a potential non-linear relationship between frequency of interacting behaviour and 

age; it could be suggested for future analysis to consider age as a continuous variable to test 

whether the relationship is bell-shaped. 

The non-significance of habitat use in relation to age class was less surprising, knowing that 

some families used both habitats throughout the breeding season. However, for a coastal 

population, this was contrary to other findings where young chick stayed near their nesting 

area for the first few days of their life, after which they were brought by their parents to the 

intertidal zone (Groves, 1984; Lind, 1965). While indeed in the first week was the highest 

in terms of terrestrial use in this population, there was no defined drop-off in the use of their 

terrestrial breeding territory as the chicks aged, and this was because for some families it 

remained in use as a terrestrial feeding territory intermittently throughout the breeding 

season. The reasons for this will be speculated on later in this chapter. Notably, older chicks 

tended to be more mobile and frequently switched between habitats (reflected in the larger 



 

 60 

‘mixed’ habitat category). This possibly indicates their flexibility in seeking profitable food 

sources or response to avoiding disturbance or conflict. 

The timing of hatching within the breeding season could influence interacting behaviour 

through a variety of ways. In the subarctic, the breeding season is short—this could 

potentially be reflected in a higher level of interactions in late hatched chicks because parents 

must ensure their chicks grow and become independent before they prepare for the autumn 

migration or Icelandic winter. Earlier hatched chicks might be faced with less time pressure 

as parents can raise them at a more relaxed pace (Méndez et al., 2021). Early hatched chicks 

could also benefit from higher energy intake and growth rate as prey abundances tend to 

follow a seasonal peak, often highest earlier in the season (Harris, 1967). Less profitable or 

less abundant prey later in the breeding season might be reflected in longer searching times, 

and thus longer time spent by chicks following their parents. Given the limited number of 

colour-marked chicks and the fact that these were mostly in the early hatched category, the 

interpretation of results must be done with caution. Future studies could address this by 

ensuring a more even spread of colour-ringed chicks; however, this issue might persist as 

there tends to be a higher survival rate in the early season (Harris, 1975; Safriel, 1985), 

ultimately resulting in fewer late-hatched chicks reaching the age at which they can be 

colour-ringed. 

While there was a slightly higher frequency of interactions in families with one and two 

chicks than those with three or more, brood size was not significant, contrary to expectations. 

Considering that 11 families had two or more chicks up until the age of assumed fledging, it 

reasons to suggest that the chicks in the study area grew up in very favourable conditions 

and the parents were able to feed all siblings adequately. Part of the reason for this is likely 

attributed to the fact that chicks could follow their parents to the feeding ground early in life, 

rather than parents being forced to deliver food to chicks for an extended period. Previous 

studies reinforced that with higher brood sizes, territory quality becomes important (Hazlitt 

et al., 2002; Heg & van der Velde, 2001). Parents who have close access to food or reside in 

territories where chicks can accompany them to feed, can provision their chicks at the fastest 

rate. In poorer quality or distant feeding territories, negative consequences are more 

pronounced on weaker and slower-growing siblings in larger broods (Hazlitt et al., 2002). 
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The slower growth rate in larger broods likely prolongs the time chicks depend on their 

parents and display feeding-following behaviours (Groves, 1984). Since most of the families 

maintained multiple chicks in the study population, this could explain why interacting 

behaviour was so prevalent until 7 weeks of age, which is slightly longer than seen in 

previous studies (Kersten & Brenninkmeijer, 1995; Lind, 1965). Although growth rates were 

out of the scope of this study, when chicks from the one 4-chick family (IS20-13) were 

captured for marking, they were noticeably smaller for their age class compared to the 

expected size of chicks from smaller broods (V. Méndez, personal communication, June 27, 

2020). Further, a size difference between chicks within broods was noted, which could 

indicate the existence of sibling hierarchy. Studies have found that hungry or starving chicks 

(often the smaller and weaker siblings) are more vulnerable to predation, as they are 

observed to behave more carelessly by being restless, more vocal, chasing their parents to 

beg for food, and reacting less to their parents’ alarming (Harris, 1967; Heg & van der Velde, 

2001; Safriel, 1985). These behaviours were frequently noted in the field. It is possible a low 

density of predators in the study area enabled chicks behaving in such manner to survive to 

an age when they were less vulnerable, albeit slower than their dominant siblings. 

Exploring variation of habitat use in relation to hatching period or brood size was not within 

the scope of this study, but it is recommended for future studies to test these relationships, 

as there could be a link to the type of resources used by chicks and their parents depending 

on the lateness of the breeding season, and whether parents relied on different habitat 

resources to provision their chicks if there were more mouths to feed. 

5.2 Why do coastal oystercatchers use terrestrial 
habitats? 

Oystercatchers and other shorebirds occupying coastal zones have their daily activities 

determined by the tidal regime. How animals allocate their limited time is important to their 

survival and how they satisfy basic requirements such as obtaining energy, resting, 

movement, and social interaction (Ghosh et al., 2003). Tidal conditions influence what 

coastal resources are available and when, such as dictating when and where prey is exposed, 

and how much roosting space is available on the beach (van de Kam et al., 2004). In the 

studied population, terrestrial and coastal habitats were used for both feeding and resting 

activities, however the most feeding activity –and thus interacting activity—occurred on the 
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coast, and most inactivity occurred in the terrestrial habitat. The tidal state influenced 

whether the chicks occupied coastal or terrestrial habitats when they were still constrained 

to their breeding territories. Certain families tended to utilise the terrestrial habitat at higher 

and rising tides more so than other families. As feeding and interacting was observed to some 

capacity at all levels of the tide (even high), this meant that some of (or sometimes) this 

population of oystercatchers would continue to feed on terrestrial resources when coastal 

resources were not available at higher tides. This highlights that this is an important habitat 

for some coastal oystercatchers, facilitating interaction behaviour. While this type of 

variance in habitat use by breeding oystercatchers is not well documented, it has been 

observed previously. Lind (1965) speculated that it was more common in oystercatchers who 

had adjacent territories (i.e., residents). A recent study concerning the same population (and 

even same families) as in this study also observed some families to supplement the diet of 

their chicks with terrestrial sources at high tide, while in contrast other families waited out 

the tide and fed predominantly when the water was down (Carroll, 2020). The drivers behind 

the use of terrestrial resources by a predominantly coastal population are intriguing and this 

study can only speculate on the reasons and suggest further studies. It is evident that moving 

inland is a response of some families to tidal restrictions, but why not others? 

Previous studies have linked the use of terrestrial resources by coastal wintering 

oystercatchers when there was a constraining factor in the intertidal area (Dare, 1966; Goss-

Custard & Durell, 1983; Heppleston, 1968, 1971). This was a form of supplementing their 

energy demands when they were not met in the estuary in the low tide. In the present study, 

the observation period was in the summer in a near-arctic area with ample sunlight; so, the 

effect of day length constraint, and of cold temperatures inhibiting feeding conditions should 

not be strong. Thus, other factors such as differences in quality of coastal feeding territories 

and therefore, differences in prey assemblages and abundance, are likely to prompt some 

oystercatchers to use terrestrial habitats. The characteristics of intertidal feeding territories 

in the study area were noted to be non-uniform across the families, possibly resulting in 

varied energetic gains from different prey types and densities (Stillman & Wood, 2013). As 

in other inhabited coastal areas of the Westfjords and Iceland, there is no wastewater 

treatment from the town of Ísafjörður. While this could lead to a variety of environmental 

problems, sewage effluent could potentially increase biomass and abundance of benthic 

fauna (Alves et al., 2011). Notably, the families which did not use as much terrestrial habitat 
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to feed were the ones who were closest to the town where such effluent could be an 

influencing factor in the intertidal area. Without further knowledge about prey assemblages 

in the study area, these variables cannot be isolated from other drivers, however. Such studies 

in the future would be valuable in determining the health and importance of intertidal areas 

to the various bird species which depend on them. Across their distribution range, 

oystercatchers are occupying new habitats during the breeding season, including urban areas, 

such as seen in southern Iceland, and other parts of Europe (Ens & Underhill, 2014; Duncan 

et al., 2001, V. Méndez, personal communication March 11, 2022). Is this to mean that 

coastal resources have declined in quality in terms of abundance and diversity, or is it 

because it is more challenging to rely on bivalves than on other resources? 

A noteworthy observation in this study was that when chicks reached an old enough age to 

flock, they all tended to end up in coastal habitats; no flocks occurred on terrestrial habitats. 

Additionally, outside of the bounds of their territory, chicks were never observed using 

terrestrial resources. This could suggest that coastal areas are still optimal to use, and when 

chicks have a choice, not constrained by the boundaries of their territory, they prefer to 

remain on the coast and use coastal resources. This is not unexpected from a coastal 

population and supports findings from previous studies. In Lind’s (1965) study, fledged 

chicks were observed with their parents outside their territory, leading the author to assume 

that once fully mobile, the family units leave their territories to utilise more profitable 

feeding areas. A similar observation was made by Kersten & Brenninkmeijer (1995)—as 

chicks aged, visitation of areas outside of their territory where feeding conditions were 

presumably better increased over time. In the Icelandic southern inland population of 

oystercatchers, akin behaviour has been observed; once chicks are fledged, families travel 

to fields outside of their territories to feed, and return afterwards (V. Méndez, personal 

communication, March 11, 2022). This evidence together suggests that their breeding 

territories are not the most optimal feeding areas in the local area towards the end of the 

season. The studied population did however contrast with the habitat used in the South of 

Iceland in the inland populations. There, post breeding season flocks occur on inland fields, 

where the oystercatchers feed up before migration, rather than moving to the coast (V. 

Méndez, personal communication, March 11, 2022), most likely because the resources 

available differ between regions. Contrary to the Westfjords, South Iceland is characterised 

by a landscape of managed agricultural fields and a lack of rich intertidal flats. 



 

 64 

The varied use of coastal and terrestrial habitats among families seen in this study might 

suggest that terrestrial feeding territories were not available to all families, were too poor in 

prey to be profitable, there was no need, or simply families were not pre-disposed to use 

inland habitats. At least in predominantly coastal populations, coastal feeding is still the most 

desirable, and that is reflected by very few birds feeding in the fields during low tide, so the 

field is truly a supplementary location when in need. The concept of habitat quality does not 

necessarily have to arise only in the strict definition of ‘leapfrog’ and ‘resident’ (in terms of 

adjacency of territories) but also other restricting factors which may prevent chicks from 

following their parents in the feeding area. However, the chicks in this study did not appear 

to be inhibited from using the coastal area (other than tidal state restrictions). A converse 

way of looking at this was that there were no constraining factors in the intertidal area, but 

rather that the use of terrestrial territory to feed was an added benefit, and those families 

which ‘owned’ such territory could be considered higher quality because they did not have 

to constrain their feeding and interacting time to low tide periods. In either case, families 

which did not use terrestrial habitats to supplement the diet of their chicks have been 

observed to fledge their chicks a few days later than those who did also use terrestrial 

resources (Carroll, 2020), suggesting that those using the terrestrial portion of their territories 

might in fact have an advantage over those who cannot. While the breeding success (in terms 

of assumed fledging numbers) in this studied system was very high, those families which 

raised the largest broods were the ones who also tended to use more terrestrial resources. All 

in all, terrestrial habitat use in this population identifies it as an important area for 

oystercatchers raising their chicks. A consideration for future study to improve the resolution 

of the habitat use results would be to assigned Habitat type to every chick behaviour, rather 

than to each session. This could eliminate the Mixed habitat category, which in the present 

study does not account for how much time within a session a chick spent in coastal or 

terrestrial habitats (e.g., a chick could have spent 5 minutes in Coastal and 55 in Terrestrial, 

but as such it was classified as Mixed, thus hiding this information). 

5.3 Development of independence 

Becoming independent is a crucial step in a juvenile’s life. This is especially important in 

migratory wader populations, where the family unit breaks up before migration and members 

travel or overwinter separately (Gunnarsson et al., 2004; Reynolds & Székely, 1997). 
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Oystercatchers must undergo morphological growth and develop physical traits to have the 

strength and dexterity to open difficult prey such as mussels. They must also learn the skills 

associated with finding and handling their prey. Following parents while feeding 

(interacting) is linked to higher growth rate due to the increased frequency of provisioned 

food. Further, interacting in such way is likely linked to learning and assimilating feeding 

behaviours from their parents (Norton-Griffiths, 1967, 1969). As such, the factors which 

influence this interacting behaviour should indirectly impact the time it will take chicks to 

become independent from their parents. Various studies point to vastly different estimates 

or observations of when chicks were able to feed completely independently from their 

parents, anywhere between two and six months (Harris, 1967; Lind, 1965; Norton-Griffiths, 

1969). It is fair to assume that this age will depend greatly on many complex factors acting 

together. 

5.3.1 Potential factors shaping independent behaviour 

Determining when a chick can survive without the aid of its parents can be looked at though 

different angles; parents offer various services to the chicks; protection from threats, 

nourishment, and learning opportunities. The ability of chicks to be self-sufficient in feeding 

is a critical marker in independence addressed in the scope of this thesis. The development 

of independent self-feeding-like behaviours was observed as early as Week 1 and rose 

consistently afterwards. However, it is likely that these behaviours were not remarkable in 

sustaining the chick until they started surpassing that of interaction feeding (parent fed) 

behaviour, in the 8th week of age. The leaving of the territory and joining flocks might mark 

an important step for chick independence, as this coincided with the same age. Self-feeding 

type behaviours have been observed in other studies shortly after hatching, however, the 

authors speculate that any of these food-finding movements the chicks made in the first four 

weeks of life rarely resulted in actual food being obtained, and if they did, the amount of 

food chicks find in the first four weeks is incomparable to the amount of food they receive 

from their parents (Dewar, 1920; Lind, 1965). Groves (1984) also observed that the chicks 

start to obtain prey items for themselves at around the age when they can fly, but these items 

are small and the most valuable prey items were still captured and given by their parents. 

Nevertheless, the young chicks in this study displayed behaviour akin to self-feeding which 

in the least might have served to familiarise themselves with prey and their environment. 

The point where this behaviour transitioned to obtaining more profitable prey could not been 
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determined in this study, as the behaviours categorised within ‘self-feeding’ did not 

distinguish or quantify intakes, prey types, or successes of the chicks obtaining prey. This 

should be addressed in future research as it might further link the type of environment chicks 

are raised in—and the type of prey available to them as a result—to their independence. 

The question remains, of the various factors explored in this thesis, which and how did they 

influence the development of independence in chicks? In this population, at the age of 13 

weeks chicks were only observed to display self-feeding behaviours without parental 

assistance. As sample sizes were small at this point, it is difficult to say how representative 

this age is, and possibly there were differences between chicks raised under different 

conditions. It was not feasible to compare independence between juveniles who used 

different habitats, for instance, or between factors such as hatching period and brood size, 

due to the limited number of colour-ringed individuals. Considering the sample population 

as a whole, however, it could be ascertained that most chicks were able to benefit from 

interaction feeding with their parents since a young age as they did not appear restricted in 

accessing their feeding grounds, and this should have contributed to increased growth and 

thus progress towards independence. Conversely, average high brood sizes across the sample 

meant that siblings had to compete for finite resources of their parents’ attention, potentially 

growing slower and requiring parental care for longer. Furthermore, as this population was 

still overall considered a coastal one, it could be expected that attaining independence could 

take longer than in purely inland populations, due to the nature of the prey found on the 

coast. Primary prey type is thought to be an important determining factor on the time it takes 

chicks to become independent (Lind, 1965). Differences have been found in the time it takes 

to specialise in a certain type of food; chicks cannot adeptly open mussels, barnacles, and 

limpets and chitons until 3-4 months of age (Lind, 1965; Webster, 1941). A study found that 

specialising in mussel opening techniques requires young oystercatchers to stay with their 

parents between 18-26 weeks, while juveniles which feed on different prey types remain 

with their parents a much shorter time, around 6-7 weeks (Norton-Griffiths, 1969). Studies 

with oystercatchers predominantly relying on inland prey also reported separation of chicks 

from their parents as early as 6-8 weeks (Harris, 1967; Norton-Griffiths, 1969). Since the 

coastal prey of the parents in the study area was vastly mussels, this might be reflected in 

the somewhat long interaction period chicks had with their parents in this population. 

However, the availability of mixed prey opportunities (e.g., terrestrial invertebrates, and 
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other coastal benthic organisms such as polychaete worms were commonly noticed) and the 

flexibility and feeding adaptability of oystercatchers (Goss-Custard & Durell, 1983; 

Wunderle, 1991) might influence the shorter reliance period of chicks observed in this 

population. Since the population in the present study is predominantly coastal, the occasional 

use of inland resources in this region cannot be treated in the same way as purely ‘inland’ 

habitat users, such us the South Iceland population, as they weren’t restricted to it, but rather 

they used this habitat in addition, or as a supplementation. 

Over the course of observations, even older juveniles were scarcely observed to find and 

handle prey as big as those found by their parents, and this skill might take up to three years 

to be perfected (Goss-Custard & Durell, 1983; Goss-Custard & Durell, 1987a; Norton-

Griffiths, 1969). However, this does not mean that juveniles rely on their parents until this 

age; they may supplement their diet with easier to handle prey, and feed for longer periods, 

until they gain the necessary experience (Goss-Custard et al., 1982; Goss-Custard & Durell, 

1983; Wunderle, 1991). In a recent study in the Westfjords of Iceland, it was noted that 

oystercatchers which supplemented their diet with terrestrial resources fledged slightly 

earlier than those whose foraging activities were limited only to the low tide period (Carroll, 

2020). This reaffirms that the use of terrestrial resources in addition to coastal could have 

aided the attaining of independence in this population. 

5.3.2 Are chicks forced to become independent by their parents? 

A change must occur for parental provisioning behaviour to eventually break up. As of yet 

it is unclear whether this separation is by the parents’ choice, the chicks’ choice, or a 

combination of other external factors. Further, it is difficult to ascertain the point at which a 

juvenile could survive without its parents. Chicks have been observed to be provisioned at 

beyond 6 months of age (Kersten & Brenninkmeijer, 1995; Norton-Griffiths, 1969), and 

while this might be on extreme end of the spectrum, perhaps if chicks had it their way, they 

would always be fed by their parents. This begs the question if such chicks are just being 

opportunistic of their parents’ dedicated efforts, and had the parents been removed from the 

equation if the chicks would have been capable of tending to their own needs. In this study, 

parents of older chicks were observed to behave in an evasive manner when confronted with 

their begging (they would shuffle away repeatedly from the poking and vocalising of their 

chicks and continued attempts at roosting). Furthermore, one parent was witnessed 
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enthusiastically running away from its begging chick for several minutes in a flock 

observation. Lind (1965) identified that the eagerness of parents to feed their chicks starts to 

diminish as early as three weeks of age, and that chicks began to show pronounced begging 

behaviour at this same age—to which the parents do not always respond (Lind, 1965). The 

parents’ change of response to begging was not determined in the present study but begging 

behaviour did become evident in chicks at the age of three weeks and increased henceforth. 

These types of behaviours might give evidence that at a certain age (or certain time in the 

breeding season, independent of chick age), the parents will simply not feed their chicks any 

longer, as they themselves must also prepare for potential migration and winter. 

In a long-lived species like the oystercatcher, the benefit of investment into one’s own fitness 

might outweigh that of their chicks; an adults’ reduced fitness at the end of the breeding 

season might risk their survival and further breeding opportunities in the future (Ens et al., 

1992). Regardless, it is ascertained that the cessation of parental feeding is a lengthy process, 

and even chicks that can obtain their own food are still sometimes observed to be fed by 

their parent (Lind, 1965). An analysis of the change of parents’ response to chicks’ begging 

behaviour (and in turn, the chicks’ response to the parents’ response) in future studies would 

be beneficial to understand this aspect of chicks becoming independent—as a mechanism of 

the parent facilitating the slowdown of provisioning, forcing the chick to seek other means 

of obtaining nourishment. Whether or not the cessation of provisioning is based on the 

parents’ willingness to feed its chick, or determined by the chick’s ability to feed itself, might 

bear consequences on the chick. If ‘independence’ is forced on the chick before it is ready, 

the chick might have less favourable prospects on its survival into its first winter. For 

instance, this could be a scenario faced by late-hatched chicks, in which their parents must 

depart to prepare for migration. 

5.4 Management & future outlook 

When it comes to coastal bird conservation, it seems logical that it is the coast that needs to 

be protected. This thesis highlighted that adjacent terrestrial habitat might also provide 

benefits to oystercatchers raising chicks, and by extension, other breeding wader species as 

well. Oystercatchers are an ideal model species due to their characteristics of long, relatively 

easily observable parental care, through which the quality and conditions of the habitats they 

and other species depend on can be revealed. The response of oystercatchers to limitations 
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or benefits in their environment is likely shared by other species relying on similar resources. 

Open, near-coastal terrestrial habitat should therefore be considered as part of the area that 

needs to be protected for coastal-breeding waders, in addition to their coastal habitats. 

Such habitats face a multitude of risks in Iceland, and elsewhere, as a result of anthropogenic 

change. In Iceland, large-scale losses of lowland habitats have occurred through the 

expansion of agriculture, housing, infrastructure, industry, and more, over the last century 

(Wald, 2012). Further changes are expected in the short- and long-term future as well 

(Gunnarsson, 2020; Jóhannesdóttir et al., 2017; Rehfisch & Crick, 2003). Near-arctic 

locations are predicted to be more favourable for human habitation as a result of a warming 

climate and thus could see losses of habitat due to population increases and associated 

development (Rehfisch & Crick, 2003). Further, agricultural industry can also have drastic 

impacts on the character of inland habitats. Over the last century, more than 77% of wetland 

areas, which are critical habitats for waders, have been drained in Iceland as a result of 

agricultural practice (Jóhannesdóttir et al., 2014; Wald, 2012; Wetlands International, 2006). 

While low intensity agriculture can provide a favourable habitat to some wader species 

including oystercatchers (Jóhannesdóttir et al., 2018), intensification of agricultural practices 

and timings, such as earlier or more frequent cuttings, enhances risks to waders who use 

those habitats by reducing the abundance of invertebrate prey, increasing exposure to 

predators, and by causing direct mortalities associated with mowing (Franks et al., 2018; 

Goss-Custard et al., 1996; Schekkerman & Beintema, 2007; Schekkerman et al., 2009). 

Other land cover conversions, such as afforestation of lowlands and other open grassland is 

also a threat for wader species that rely on such spaces for breeding (Amar et al., 2011; 

Gunnarsson et al., 2006; Jóhannesdóttir et al., 2014; Jóhannesdóttir et al., 2019; Kaasiku et 

al., 2022). Shrub encroachment, which is occurring at a fast pace in Iceland due to both the 

de-intensification of livestock grazing and climate change (Alfreðsson, 2018; Jóhannesdóttir 

et al., 2019), and the spread of invasive vegetation like lupine (Lupinus nootkatensis) is also 

problematic (Benediktsson, 2015; Davíðsdóttir et al., 2016; Einarsson, 2000). The character 

of many of the inland terrestrial habitats used by the population of oystercatchers in this 

study were open, wet mountainside pastures and slopes, and not intensely managed and 

drained agricultural land; thus, demonstrating that this type of habitat was important to this 

population. The above-mentioned risks are all present in the Westfjords to some capacity, 
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and further open habitat alteration or loss could be detrimental to the wader populations that 

benefit from those habitats. 

Anthropogenic barriers and connectivity within or between habitats is also important to 

consider; this thesis revealed the frequent movement of birds between coastal and terrestrial 

habitats. In many segments around the study area, there is little space between the coastline 

and the main road. This led to notable conflicts between the birds and traffic, including 

several direct mortalities through car strikes. Families which fed on or otherwise utilised 

terrestrial habitats in addition to coastal ones were often faced with crossing the road. In 

surveys of breeding oystercatchers in Iceland between the late 90’s and early 2000’s, by far 

the most common visible mortalities of chicks and adults alike were caused by car strikes, 

as many of the birds nested near roads (Jóhannsson & Guðjónsdóttir, 2009). Lower vehicle 

speed limits are a known way to reduce bird collisions (Erritzoe et al., 2003; Schlacher et 

al., 2013). In future infrastructure planning, while challenging in the Westfjords where the 

steep slope from coast to mountain limits the space upon which roads can be built, 

consideration of how much space is given between the coastline and infrastructure should 

be given (Schlacher et al., 2013). Given the mountainous terrain and thus, limited space, the 

effects of loss or fragmentation of lowland habitat on species might be more pronounced in 

the Westfjords. 

In the subarctic environment, breeding birds are time constrained, as they must raise their 

chicks in time for preparation for autumn migration or Icelandic winter. This thesis 

highlighted the length of time necessary for juveniles to grow and develop their 

independence. Further, for at least eight weeks, terrestrial habitats were likely important 

additional habitat to their more typical coastal habitat for their growth. Ensuring the 

protection of important habitats during breeding period is critical to give birds space to raise 

their young, particularly in species that are globally threatened. Extending the protection of 

these areas later into the season would also be beneficial, since later-hatching chicks might 

face more constraints and their interacting and feeding time is more time limited. In the last 

decade, tourism in Iceland has experienced an enormous boom, and peak tourism periods 

coincide with breeding season (Ferðamálastofa, 2022). Tourisms and recreational activities 

have been linked to disruptions to beaches and lower breeding success; in a time-limited 

population, disturbance could limit the time juveniles spend feeding with their parents 

(Pienkowski, 1992; Schulte & Simons, 2015; van der Kolk, Ens, Frauendorf. et al., 2021; 
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van der Kolk, Ens, Oosterbeek, et al., 2021; Verhulst et al., 2001). While this thesis did not 

directly measure the impacts of disruption, over the course of observations, disturbances as 

a result of recreational activities such as offroad vehicles, horseback riding, and dog walking 

in coastal habitats occupied by breeding birds was not uncommon. Seasonal closures or 

reminding the public and recreational operators to respect these habitats would help 

minimise the risk to the species which use them. 

Results from this thesis point to the overall quality of the habitat of this study area in the 

Westfjords. Out of 15 families, 14 brought at least one chick to fledging age (assuming 

fledging at 35 days, based on mean fledging age of 34.33 ± 0.68 (n=18) in the Westfjords in 

2019; Carroll, 2020). The mean fledging success was 2.07 ± 0.27 chicks per pair. This is 

slightly higher than findings from the study area during the 2019 breeding season, with a 

fledging success of 1.62 ± 0.22 chicks per pair (n=21) (Carroll, 2020). Compared to other 

study areas in and out of Iceland, these numbers are exceptionally high (Carroll, 2020; Ens 

et al., 1992; Groves, 1984; Harris, 1975; Heg & van der Velde, 2001; Kersten & 

Brenninkmeijer, 1995). The ability of the studied population to raise multiple chicks to 

fledging age demonstrates that either due to the abundance of resources (coastal and 

terrestrial alike), low instance of predation, or other factors not accounted for in the scope of 

this thesis, signifies that this area is important to be maintained for breeding birds. It is not 

known if these favourable conditions were an exception, or have been common in this 

region, and continuing the monitoring of this population would benefit the understanding of 

the drivers behind this success. Identifying, designating, and protecting important bird areas 

would help ensure that management is in line with interests of maintaining and improving 

areas which are critical to species. Especially in wader species which have a high site fidelity, 

returning year after year to the same breeding site, deteriorating conditions of those habitats 

affects the prospects of future chicks, eventually impacting their species at the population 

level (Battin, 2004). Protecting sites where birds perform well can help to offset population 

declines. Furthermore, applications from sites which are flourishing can be made to 

management of sites which are in poorer state, whether it be by promoting different 

agricultural practices, implementing predator and invasive species control, or ensuring that 

important habitat remains undisturbed during critical seasonal timings. 
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6 Conclusion 

In a world undergoing continued rapid and unpredictable environmental change, it is 

important to understand how species will react to and cope with those changes. Migratory 

coastal birds are at risk, many having undergone declines in their populations, largely due to 

the alteration, degradation, and losses of their habitat in some or across all parts of their 

geographical range. 

The conditions under which young are raised have shown impacts on both their short term 

and long-term prospects, and such effects on individuals can cascade to affect species at a 

population level. There is still yet much to be understood about the development of 

behaviour in juveniles. Chicks are understudied in this regard, and it can be appreciated why; 

they are challenging to follow once they start leaving the territory, and so, little is understood 

about what happens after the initial part of the breeding season and their occurrence on 

wintering grounds. The juvenile period is possibly the time when important behavioural 

decisions are shaped, which could be the drivers dictating migratory strategy, survival 

prospects over the first winter, and possibly even shaping their recruitment into the breeding 

population several years later. Untangling and isolating the reasons behind behaviours 

observed is a challenging task, one which this thesis aimed to begin understanding. Chicks 

were found to be dependent on feeding interactions with their parents until at least 3 months 

of age, and out of various factors examined, tidal state and hatching period had the greatest 

effect in shaping those interactions. Chicks were also found to utilise terrestrial habitats in 

addition to their more traditional coastal habitats to various levels throughout their time in 

their breeding territories, and the use of these habitats and the main behaviours displayed 

within varied in relation to the tidal state. This knowledge could potentially be applied to 

other wader species—some of which are more challenging to study—that share and rely on 

the same environment. 

This thesis demonstrated that to a coastal population of oystercatchers, nearby terrestrial 

resources, in additional to coastal ones, might be important to their success in the breeding 

season. This habitat can be an important location for facilitating feeding interactions with 

their parents, which have been shown to be critical to their growth and development towards 

independence. Oystercatchers are known to have long parental care, although the time at 

which the juveniles become truly independent remains uncertain and can often vary between 
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populations depending on the conditions of their upbringing. This thesis has identified the 

length of time which chicks need to benefit from the interactions with their parents in the 

North-west region of Iceland, before they become self-sufficient, and suggests the study area 

to be a potential high-quality breeding site for oystercatchers and other waders. The 

knowledge gained from this thesis can help inform management and conservation decisions, 

such as delineating the critical spaces and time frames which need to be protected for 

breeding coastal birds, so that chicks may be raised undisturbed. This is important in a time-

limited subarctic environment like Iceland, which supports internationally important 

population levels of breeding waders. Further, long-term studies are required to continue to 

monitor and understand the drivers leading to high success of breeding birds in this area, and 

to maintain the integrity of this habitat into the future. As undoubtedly environmental 

changes will continue, it is important to understand how species will continue to respond to 

them, and proactive moves to ensure that the quality of this breeding environment persists 

can help offset and even reverse the declining trends. 
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Appendix B 

Sample sizes for number of families, sessions, weighted behaviours, and observed weighted 

behaviours across the chick age class categories (weeks). (Observed behaviours indicate the 

number of behaviours remaining once Unknown behaviours were omitted from the sample). 

Week Family 

n 

Sessions 

n 

Weighted behaviours 

n 

Observed weighted behaviours 

n 

1 12 24 1,317 953 

2 15 32 1,831 1,430 

3 15 32 1,920 1,464 

4 14 32 1,920 1,752 

5 13 29 1,740 1,660 

6 13 29 1,740 1,537 

7 13 28 1,641 1,569 

8 13 28 1,518 1,166 

9 9 22 1,141 882 

10 6 15 862 699 

11 4 11 646 499 

12 3 14 840 567 

13 3 8 445 352 

14 3 8 448 186 
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Appendix C 

 

Variation in habitat use by chicks in and outside of their territory as they aged, represented 

as the proportion of observation sessions spent in each habitat per Age class of chicks 

(weeks). 
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