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Abstract  

Iceland is a globally important breeding area for a variety of ground-nesting wader species. 

This includes Eurasian Oystercatchers (Haematopus ostralegus), which are unique waders 

in that they: hatch semi-precocial chicks dependent on parental feeding, are partially 

migratory, and utilize both coastal and inland breeding territories. This system presents a 

unique opportunity to study the influences that differences in habitat quality have on 

breeding success and behavior of chicks. Little is known about patterns of habitat selection 

of wader species breeding in Iceland, or comparative breeding success of oystercatchers 

utilizing different habitats. This study identified and compared the breeding success and 

fledging age of oystercatchers breeding in different habitat types in the South, West, and 

Westfjords of Iceland. Additionally, provisioning data was obtained for the Westfjords 

region. The results show that productivity was influenced by habitat (p<0.001) and by 

region (p<0.001), and was higher in regions of predominantly coastal habitat use. 

Additionally, fledging success was influenced by habitat (p<0.001) and by region (p<0.01). 

Differences on predation rates and resource availability are most likely driving variances in 

reproductive success. Oystercatchers in the Westfjords increasingly fed their chicks small, 

coastal prey as chicks grew, which may also reflect an unavailability of terrestrial prey 

items, but provisioning studies should continue in the future to provide further information 

on resource use. Fledging age was similar across regions and habitat types, but more data 

is needed to explore this further. Understanding how oystercatchers are utilizing different 

resources, and how that might change and be translated into breeding success, is vital for 

understanding their population ecology and effectively contributing to management 

decisions of important bird areas.  
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1 Introduction 

Iceland supports internationally important breeding populations for a variety of migratory 

wader species, for some of which their Icelandic population is a large portion of their 

global distribution (Gunnarsson, et al., 2006a; Jóhannesdóttir, Arnalds, Brink, & 

Gunnarsson, 2014). Particularly for waders in the northern hemisphere, Iceland is an 

important breeding area and is thought to be the second most important breeding area for 

waders in Europe (Jóhannesdóttir, Arnalds, Brink, & Gunnarsson, 2014). The global 

significance of Iceland for migratory wader populations is thought to be in part due to the 

large amount of open habitats available that are typical of waders, its sparse human 

population, and the agriculture being relatively low-intensive (Jóhannesdóttir, Arnalds, 

Brink, & Gunnarsson, 2014). Despite this importance, however, little is actually known 

about the patterns of habitat selection of the wader species breeding in Iceland, and such 

studies are confined in terms of both quantity and location (Gunnarsson, et al., 2006a). 

Given the significance of Iceland for breeding birds, there is an urgent need to assess their 

patterns of habitat selection and how current and future habitat changes are likely to 

influence these species (Gunnarsson, et al., 2006a).  

Eurasian oystercatchers (Haematopus ostralegus) were traditionally confined to coastal 

areas, but are now also breeding within inland areas (Safriel, 1985). Additionally, 

oystercatchers are unique waders in that chicks do not feed themselves, and are instead 

reliant on the adults for food (Tjørve & Underhill, 2009). Oystercatchers that breed in 

Iceland are also partial migrants; part of their population migrates after the breeding season 

ends while the other part remains on or near their breeding grounds year-round (Méndez, 

Alves, Þórisson, Marca, Gunnarsson, & Gill, 2020; Þórisson, et al., 2018). This system 

provides a unique opportunity to study the influences that differences in parental care and 

environmental quality have on breeding success, and the basis for understanding 

subsequent behavior of chicks (van de Pol, Bruinzeel, Heg, Van der Jeugd, & Verhulst, 

2006).  Their use of both inland and coastal resources allows for investigating differences 

in breeding success and growth rates based on differences in habitat types and resource 

use. This also allows for an assessment of important bird areas in Iceland, based on the 
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extent to which different habitats are being used and the relative success of breeding birds 

within each.  

Investigating parental food provisioning and subsequent breeding success and growth rate 

of chicks allows for a better understanding of how parental effort and habitat relate to 

reproductive success, and the potential consequences for future populations. Understanding 

how different habitats may influence parental care and provisioning rates is important for 

identifying habitat quality and how resources of different habitats are available and being 

used. The results of this study will provide information on the breeding success of 

oystercatchers utilizing different habitat types and resources in different regions throughout 

Iceland; this information is useful for guiding future conservation strategies and 

anticipating how species populations could change in times of land use changes, and as the 

climate changes.  

1.1 Research Questions and Aims 

In order to understand the extent to which differences in habitat location and structure 

influence breeding success through prey type and accessibility, this thesis will attempt to 

address the following aims by studying the population of nesting oystercatchers in three 

different regions of Iceland (South, West, and Westfjords), which breed and feed in 

different habitat types:  

1) Determine breeding success (productivity and fledging success) of oystercatcher 

pairs, and fledging age (as a proxy of growth rate) of their chicks  

2) Explore variation in breeding success and fledging age between habitat types 

(coastal and inland), and across regions (Westfjords, South, and West) 

3) Determine diet and provisioning rate (parental care) of chicks in the population of 

breeding oystercatchers in Ísafjörður  

Breeding success and fledging age 

In Iceland, oystercatchers utilize both coastal and inland habitat types, and the extent to 

which these habitat types are most prevalent differs throughout the country. For example, 

in the Westfjords region there is primarily coastal habitat available, whereas in the South 

region inland breeding is more common, and the West region is characterized by a mixture 
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of both habitat types. More information is needed on the breeding success of adults and 

fledging ages of chicks in these different habitat types and throughout different regions.  

To determine the breeding success of oystercatcher pairs, two different parameters will be 

explored: productivity and fledging success. Productivity will include the nest attempts of 

all observed pairs, and determines the number of chicks successfully raised to fledging (for 

example, if an oystercatcher pair lays 3 eggs, hatches 3 eggs, and successfully raises 2 

chicks to fledging, their productivity is 2, whereas for a pair that lays 3 eggs and do not 

hatch any, their productivity is 0). Fledging success is determined by the number of chicks 

that survive to fledge for those pairs that successfully hatched at least one egg (for 

example, if an oystercatcher pair lays 4 eggs, hatches 4 eggs, but only successfully raises 1 

chick to fledging, the fledging success of that pair is 1). The age at which young fledge 

will be quantified as the number of days between their hatching date and when they are 

able to fly. Generally fledging age correlates with chicks growth rates, therefore I will use 

this metric as a proxy of growth rate, which in turn is reflective of the amount of parental 

care given by the adults.  

The first part of this thesis will be to determine: 

1) Breeding success in different habitat types and regions. 

2) Fledging age in different habitat types and regions. 

Links to habitat type and region 

The process of habitat selection is thought to be guided by the following factors: food 

availability and location, and shelter against predators, competition and adverse weather 

(Hildén, 1965). Some other factors including landscape features (in this case, 

oystercatchers utilize open areas for nesting sites), “look-out” sites (to identify predators 

and competitors), competition for territory space, and the presence/abundance of predators 

also influence habitat selection (Hildén, 1965). A habitat can be defined by all of these 

components, and oystercatchers differ in these habitat components throughout their range.  

Literature has shown that oystercatchers nesting in different habitat types exhibit 

differences in their breeding success, and that inland breeders are typically shown to have 

higher breeding success than coastal breeders (Briggs, 1984; Heppleston, 1972; Safriel, 

1985). Oystercatchers relying on coastal breeding and feeding areas are limited by the tidal 
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cycle to provide coastal food items to their chicks, whereas terrestrial feeders have more 

time available throughout the breeding season to search for and provide food to chicks 

(Heppleston, 1972). Coastal feeders may also establish breeding territories that are far 

enough from their feeding territories that chicks cannot accompany the adults to the 

feeding territory before they are able to fly, and therefore adults need to expend extra time 

and energy to fly between the breeding and feeding territories to deliver food. However, 

terrestrial feeders typically have their feeding territories close enough to allow chicks to 

accompany them even before they can fly (Heppleston, 1972). For these reasons, further 

discussed in section 3.1, it is expected that oystercatchers nesting in different habitat types 

in Iceland will differ in their breeding success, with those pairs nesting in terrestrial 

habitats expected to be more successful. Given the distribution of habitat types among 

regions, there may also be differences among oystercatchers breeding in different regions 

throughout Iceland.  

The next part of the thesis will address the following research questions and hypotheses: 

1) Does breeding success of oystercatchers differ across habitat types or regions? 

 H0: There is no significant difference in breeding success for coastal or inland 

habitat types.  

 H1: Productivity and fledging success will be higher in inland habitat types than 

in coastal habitat types, and higher in regions that have primarily inland habitat 

(i.e., productivity and fledging success will be higher in the South than in the 

other regions) 

 

2) Does fledging age of oystercatcher chicks differ across habitat types or 

regions?  

 H0: There is no significant difference in fledging age (measured as a proxy of 

growth rate) for coastal or inland chicks.  

 H1:  Chicks raised in inland habitat will fledge at younger age (will grow faster) 

than chicks raised in coastal habitat, and therefore, chicks hatched and raised in 

regions that have primarily inland habitat will fledged at younger ages (i.e., 

growth rate will be faster in the South than in the West or Westfjords) 
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Diet and provisioning rates  

Oystercatcher families may also differ in their diet, in terms of both the rate at which 

parents are providing food to their chicks, as well as the types of food parents are 

providing. The type, and rate, of food provided to chicks may in turn influence their 

growth rate, and ultimately the age at which they fledge. Chicks that are provided more 

food exhibit faster growth rates, which can potentially influence their survival, subsequent 

behavior and the probability to recruit into the population (van de Pol, Bruinzeel, Heg, Van 

der Jeugd, & Verhulst, 2006). Larger prey items may be more energetically favorable and 

would also allow for faster growth rates as the dominant prey type, but depending on 

profitability (the amount of energy gained by prey item per unit time spent handling item) 

and availability adults may instead deliver a higher amount of small sized prey items rather 

than a lower amount of large sized prey items to maximize the rate of energy intake 

(Hazlitt, Ydenberg, & Lank, 2002; Meire & Ervynck, 1986; Stephens & Krebs, 1986). 

There may be subsequent links between resources, provisioning rates, and breeding 

success of different families utilizing different habitat types. The diet of oystercatcher 

chicks is reflective of the type of habitat of which their parents are locating food resources, 

and provisioning rates could be reflective of the prey availability within such habitat types. 

This information is important for comparison across habitat types, and effective 

management of resources being used.  

Additionally, chick age and brood size may have a significant effect on provisioning rates 

in terms of total items delivered, type of prey items delivered, and size of prey items 

delivered. As chicks grow in age and body size their energetic demand increases, and 

oystercatchers with larger brood sizes need to supply the energetic demand for a greater 

number of chicks. Oystercatchers may need to alter their provisioning rates, either by 

delivering more food items or by altering the type of food items delivered to chicks, to 

meet the energetic demands of all of the chicks. For example, adults may find it more 

beneficial to focus on quantity of prey items instead of energetic quality of food items to 

sufficiently supply for the entire brood (Hazlitt, Ydenberg, & Lank, 2002; Wright, Both, 

Cotton, & Bryant, 1998). Large prey items (such as marine worms or large mussels) may 

be more energetically beneficial, but take more time to find, deliver, and feed to chicks 

(Meire & Ervynck, 1986). Alternatively, feeding chicks an increased amount of easily 

obtained smaller prey items may better meet the demands of the brood. Investigating if and 
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how these parameters change illuminates the ability of oystercatchers in different habitats 

to sufficiently provide for their chicks and fledge successfully, and quickly.  

The final part of this thesis will address the following research questions and hypotheses: 

1) What is the diet of oystercatchers breeding in Ísafjörður? Are adults utilizing 

both coastal and terrestrial food resources?  

 

2) Which factors may have an effect on provisioning rate? 

 H0: Age of chicks does not have a significant effect on the delivery rate of 

adults. 

 H1:  As age of chicks increase, more items are provisioned.  

 

 H0: Age of chicks does not have a significant effect on the type of items 

provisioned by adults. 

 H1:  As age of chicks increase, one type of prey item will be preferred over the 

other (coastal vs. terrestrial) 

 

 H0: Age of chicks does not have a significant effect on the size of item delivered 

by adults. 

 H1:  As age of chicks increase, one or more size (small, medium or large) of 

prey items will be preferred over the others 
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2 Species Overview 

Oystercatchers Haematopus ostralegus are relatively large and conspicuous waders (Ens & 

Underhill, 2014) that occupy open areas, typically beaches, saltmarshes, and mudflats but 

also inland agricultural and grassland habitats (van de Pol, et al., 2014). They are long 

lived, surviving as long as 40 years old (van de Pol, et al., 2014), with adult survival 

typically exceeding 90% (Ens & Underhill, 2014). Oystercatchers are monogamous, 

typically reuniting with the same partner each year (Duriez, Ens, Choquet, Pradel, & 

Klaassen, 2012). They can begin breeding around 3 years of age, though most begin to 

breed around 6-7 years of age (van de Pol, et al., 2014). They have black and white 

plumage, orange legs, red eyes, and a long (~75mm) orange-red bill (Figure 1A). Juveniles 

are similar to adults, with duller bills, eyes, and legs (Figure 1B). H. ostralegus are the 

most widespread and extensively studied of the oystercatcher species, though little is 

known about the comparative breeding success of individuals utilizing different habitats 

(van de Pol, et al., 2014).  

Oystercatchers are listed as “Near Threatened” on the IUCN Red List, but are facing 

decline in their European breeding range, due to threats from development/habitat loss, 

human disturbance, climate change, and land use changes (BirdLife International, 2017), 

among others. Little is known about the long-term population trends of this species, but 

there has been an increase in some breeding populations throughout the species range, in 

some part thought to be due to their successful adaptation to inland, agricultural areas (van 

de Pol, et al., 2014). The population of oystercatchers breeding in Iceland specifically is 

currently thought to be increasing (Boyd & Petersen, 2006; Gunnarsson, et al., 2006).  

 

Figure 1. Adult oystercatcher (A), and adult oystercatcher with 18 days old chick (B) 

(photographs by author, 2019).  

(A)

) 

(B)

) 
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2.1 Range  

Oystercatchers have a relatively large range, breeding over an expanse of Europe and Asia 

(BirdLife International, 2019) (Figure 2). In Iceland, oystercatchers are both migratory and 

residents (Figure 3). Oystercatchers are found predominantly along the coast of its range, 

but in some areas are also known to breed in areas up to 400 km inland (van de Pol, et al., 

2014). The species is a native resident around the UK and Iceland, and is a native non-

breeding species to parts of northern Africa and south-eastern Europe (BirdLife 

International, 2019).  

Oystercatcher populations within northern latitudes tend to be migratory, while more 

temperate populations are predominantly comprised of residents (Duriez, Ens, Choquet, 

Pradel, & Klaassen, 2012). Iceland lies at the northernmost latitudes of the winter range of 

the species, and while not many species winter in Iceland (Þórisson, et al., 2018), 

oystercatchers have a larger wintering population than would be predicted given its 

northern latitude (Þórisson, et al., 2018). This is likely due to its relatively mild winter 

climate and sufficient food supply (in comparison to other areas around the same latitude), 

making Iceland a suitable location to overwinter (Þórisson, et al., 2018).  

 

Figure 2. Global range of Haematopus ostralegus (figure from BirdLife International, 

2019). 
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Figure 3. Range of Haematopus ostralegus in Iceland (figure from BirdLife International, 

2019). 

 

2.2 Breeding 

Oystercatchers are territorial birds that defend both a breeding territory and a feeding 

territory (Hazlitt, Ydenberg, & Lank, 2002), and show high site fidelity to their breeding 

territories (van de Pol, et al., 2014). The breeding season begins by the end of March, when 

early pairs start to establish their territories (Harris, 1967). Adults scrape shallow 

depressions into the substrate, within which they typically lay 2-4 eggs around May-June 

(Figure 4) (Harris, 1967). However, rarely will all chicks be successfully raised to fledging 

(Hazlitt, Ydenberg, & Lank, 2002). Oystercatchers have only one brood per season, but 

replacement clutches are common if the preceding nest is lost early in the season (van de 

Pol, et al., 2014).  

In oystercatcher pairs, both will defend the breeding and feeding territories and contribute 

to feeding the young once they hatch (van de Pol, et al., 2014). Both adults will contribute 

to incubating the nest for approximately 28 days (Ens & Underhill, 2014), until the eggs 

have hatched. Oystercatcher chicks are semi-precocial, meaning that once they hatch, they 

are mobile within hours and are not restricted to their nest, but are still reliant on their 

parents for feeding until well after they fledge (Tjørve & Underhill, 2009). The period of 

time that young continue to be fed by their parents after they have fledged differs by as 

much as a few weeks to up to several months (Ens, van de Pol, & Goss-Custard, 2014). 
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Because they are reliant on parental feeding, the survival, growth rate, and fledging age of 

oystercatcher chicks is largely influenced by parental food provisioning and territory 

quality (Tjørve & Underhill, 2009). Parental quality and environmental quality are 

therefore important factors for the development of chicks, as well as for general population 

ecology (van de Pol, Bruinzeel, Heg, Van der Jeugd, & Verhulst, 2006).  

 

Figure 4. Oystercatcher nest (A), and hatchlings (B). Adults typically lay 2-4 eggs, in 

shallow depressions (scrapes) in the substrate (photographs by author, 2019).  

2.3 Diet  

Adult oystercatchers breeding and feeding in coastal territories feed their chicks marine 

invertebrates obtained from their intertidal feeding territories (Hazlitt, Ydenberg, & Lank, 

2002), and inland birds feed their young primarily terrestrial arthropods and earthworms 

(Safriel, 1985). The most common prey items for coastal birds are shellfish and marine 

worms (Ens & Underhill, 2014). Some invertebrate species found within Icelandic 

intertidal areas that are typical of oystercatcher diets (van de Pol, et al., 2014) include: 

mussels, marine worms, periwinkles, limpets, and clams (Ingólfsson, 1996).  

Coastal and inland habitats require different techniques to obtain different prey items, and 

oystercatchers are known to specialize in their diet, both in terms of prey type and in the 

way in which they obtain their prey (Heppleston, 1970). There are a few suggestions about 

why this difference exists, including that this behavior relates to how the individual was 

raised as a chick (van de Pol, et al., 2009). Some studies have even used bill type and shape 

as a proxy for diet, as there is evidence that bill shape is adapted to the types of movement 

required to obtain different prey types (Durrell, Goss-Custard, & Caldow, 1993; van de 

(A)

) 

(B)

) 
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Pol, et al., 2009); oystercatchers that hammer into shellfish have more blunted tips, while 

those that primarily probe for worms are more pointed (Heppleston, 1970). However, 

coastal birds are known to supplement their primarily marine diets with inland prey items, 

and little is known about the continuity of diet specialization through different seasons 

(i.e., if both coastal and inland prey items are being used throughout the winter) 

(Heppleston, 1970).  
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3 State of Knowledge  

3.1 Habitat differences  

Oystercatchers breeding in Iceland utilize different habitat types and structures throughout 

their range. They typically utilize open habitats for nesting and foraging, including 

saltmarshes, beaches, and grasslands and agricultural lands, but little is known about the 

comparative success of breeders occupying different habitat types (van de Pol, et al., 

2014). Particularly, productivity in inland areas, and the adaptations to breeding inland are 

poorly understood (van de Pol, et al., 2014).  

Breeding within inland habitats is a more recently developed behavior for oystercatchers 

than breeding within coastal habitats (Safriel, 1985), and in some areas of their range, has 

correlated with an increase in population numbers (Wilson, et al., 2005). Studies have 

suggested behavioral changes to be responsible for shifting to inland habitats and the 

preference of terrestrial food sources (Safriel, 1985), but little is known about productivity 

in inland areas (van de Pol, et al., 2014). Further, some studies have shown an increase in 

numbers of oystercatchers throughout their range. These population changes could 

potentially be driven by the successful adaptation to breeding inland, which might be 

attributed to the newly available agricultural lands, or through the increases in breeding 

success within coastal habitats, resulting in insufficient space for a larger population of 

coastal breeders and forcing them to move and breed inland (van de Pol, et al., 2014).  

Heppleston (1972) suggests that inland feeding likely developed as an alteration of a 

behavior that already existed within oystercatchers (Heppleston, 1972). In their study, they 

discuss that coastal oystercatchers that breed within grassy territories and feed in intertidal 

areas are known to supplement their preferred coastal prey items with terrestrial arthropods 

found nearby their nesting site. Their study speculates that inland breeding has developed 

as an advancement of this behavior; it is possible that this behavior developed due to being 

more advantageous than solely feeding on coastal prey items, and that populations have 

moved inland along a gradient of first moving to river plains, and then to drier inland and 

agricultural areas as the preference of terrestrial prey items developed (Heppleston, 1972). 

Safriel (1985) also suggests that exploiting inland territories developed as a way to escape 

predators, namely gulls that occupy and breed within coastal areas (Safriel, 1985), though 

inland territories also face predation from foxes and ravens, and potential trampling by 
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sheep and horses in agricultural and grazing areas (Briggs, 1984; Hersteinsson & 

Macdonald, 1996). 

Oystercatcher habitats also differ in their structure, and literature has shown that there are 

differences in breeding success and growth rates in oystercatchers that utilize these 

different habitat structures (Ens, Kersten, Brenninkmeijer, & Hulscher, 1992; McGowan, 

Simons, Golder, & Cordes, 2005; Nol, 1989). Territorial space, particularly in coastal 

habitats,  is thought to be the limiting resource during the breeding season (Ens, van de 

Pol, & Goss-Custard, 2014), with high quality territories being those which chicks can 

accompany the adults from their breeding areas to the feeding areas (referred to by Ens, 

Kersten, Brenninkmeijer, & Hulscher (1992) as “resident” territories) and low quality 

territories being those where adults must fly in between the two territories to transport food 

to the chicks (referred to by the same study as “leapfrog” territories) (Ens, Kersten, 

Brenninkmeijer, & Hulscher, 1992). Distance of feeding areas has determined the quality 

of habitat in other species as well (Tremblay, Thomas, Blondel, Perret, & Lambrechts, 

2005). Breeding territories neighboring mudflats allows for offspring to accompany 

foraging parents to the feeding territory (or terrestrial feeding areas for inland breeders), 

but territories that are not adjacent to each other require transportation of prey to the 

breeding territory (Hazlitt, Ydenberg, & Lank, 2002). In territories where the breeding and 

feeding territories are not contiguous, there is usually lower reproductive success than for 

birds with adjacent territories; as distance to the foraging ground increases, parental effort 

declines (Ens, Kersten, Brenninkmeijer, & Hulscher, 1992; Nol, 1989).  

Coastal habitats can be comprised of resident territories or leapfrog territories, whereas 

inland habitats are typically resident territories. In one study comparing the breeding 

success of oystercatchers in Scotland utilizing coastal and inland habitats, Heppleston 

(1972) found that families occupying terrestrial territories were never more than 50m from 

their food source, whereas the coastal birds were primarily occupying leapfrog territories 

and usually had to transport food as far as 350-500m (Heppleston, 1972). Chicks raised 

within coastal habitats are also mostly provided with food originating from a marine 

source. This may have implications for growth rates as coastal chicks may only be fed 

during low tide when coastal prey items are accessible, whereas those occupying habitats 

inland could have less of a time constraint (Heppleston, 1972; Safriel, 1985). There may 

therefore be a correlation between distance from nesting location and food source and 
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timing of feeding and frequency; birds that rely more on coastal food may be more 

constrained by time and unable to feed chicks as often as inland birds who are not 

constrained by the tidal cycle to access food sources (Ens, Kersten, Brenninkmeijer, & 

Hulscher, 1992). This could result in differences in chick provisioning rates and therefore 

growth rates between birds that rely mostly on coastal resources and birds that feed mostly 

on inland resources, and ultimately differences in the breeding success and growth rate of 

their chicks.  

In one study exploring parental effort of adult oystercatchers, it was found that chicks were 

dying of starvation in territories where breeding and feeding areas were not adjacent, even 

though prey availability was not a limiting factor; this was thought to be in part because 

oystercatcher adults determined they would not be able to fledge more than one chick due 

to time and energy constraints of transporting prey items (i.e., if the adult hatched 2 chicks 

and knows it cannot sustain both chicks, it may choose to focus on only supplying food to 

one chick), and this was not seen within resident territories (Ens, Kersten, Brenninkmeijer, 

& Hulscher, 1992). However, this may be different in populations where birds are relying 

on food from different sources, for example utilizing both coastal and terrestrial food 

resources. Understanding how oystercatchers are utilizing coastal or inland resources, the 

location of their breeding and feeding territories, and how this can be translated to breeding 

success, is vital for understanding their breeding ecology and contributing to management 

decisions. 

3.2 Provisioning studies 

Studying provisioning rates of breeding birds allows for a better understanding of how they 

are utilizing their environment through the resources on which they are relying, which in 

turn has an effect on their breeding success (Albano, Masero, Sánchez-Guzmán, Villegas, 

& Santiago-Quesada, 2011). This is also useful for comparison across regions and habitats, 

to supplement breeding success information and analyze the quality of different regions 

and habitats. Dietary information can also be related to growth rates of chicks, which can 

have subsequent links to fledging success and recruitment probability (Albano, Masero, 

Sánchez-Guzmán, Villegas, & Santiago-Quesada, 2011; Kersten & Brenninkmeijer, 1995). 

Optimal foraging theory states that animals will select for food that provides the most 

energy at the lowest energetic and temporal cost; behavioral strategies of animals that 
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allow them to maximize their net energy intake per unit time spent foraging are thought to 

be more favored in terms of natural selection (Stephens & Krebs, 1986). Therefore, 

animals will not necessarily eat all of the different prey types that are available to them and 

that they are capable of accessing. In the case of oystercatchers, larger mussels provide 

more energy than smaller mussels, but they typically require longer handling time and 

more energy expenditure as their shells are more difficult to open (Meire & Ervynck, 

1986). Observing provisioning behavior in oystercatchers will allow for identifying which 

types of food are considered more efficient for raising chicks successfully, based on 

profitability and availability. 

As discussed in section 2.2, the semi-precocial oystercatcher chicks are dependent on 

adults for food until after they have successfully fledged (Hazlitt, Ydenberg, & Lank, 

2002), meaning that the ability of parents to provide food is a limiting factor for chick 

growth (Groves, 1984). Fitness of oystercatcher chicks has been shown to be associated 

strongly with their origin in terms of parental and environmental quality (van de Pol, 

Bruinzeel, Heg, Van der Jeugd, & Verhulst, 2006), as in other species (Cam, Monnat, & 

Hines, 2003; Cartwright, Nicoll, Jones, Tatayah, & Norris, 2014). It is therefore important 

to understand what causes differences in the ability and decisions of parents to provide 

food for their chicks, as fledging age and timing of fledging may have important 

implications for survival and recruitment probability of oystercatcher chicks (van de Pol, 

Bruinzeel, Heg, Van der Jeugd, & Verhulst, 2006). Identifying the factors that influence 

parental care and provisioning is important for understanding how resources of different 

habitats are being used, and the quality of the given habitat.  

3.3 Implications for population ecology  

Conditions during development have been shown to have long-term consequences on 

oystercatcher offspring fitness and future behavior (van de Pol, Bruinzeel, Heg, Van der 

Jeugd, & Verhulst, 2006), as well as in other species (Cartwright, Nicoll, Jones, Tatayah, 

& Norris, 2014; Verhulst, Perrins, & Riddington, 1997). The amount of parental 

investment among offspring is believed to affect their growth and survival, and subsequent 

recruitment (Groves, 1984). Generally, chicks that exhibit faster growth rates have a higher 

likelihood of survival to fledging, both in oystercatchers (Hazlitt, Ydenberg, & Lank, 

2002), and other species (Szczys, Spendelow, & Nisbet, 2005). Additionally, birds that 

fledge earlier are more likely to recruit into the population (Groves, 1984). Adults need to 
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balance reproductive effort, including providing food to their young, with future 

reproductive success and survival (Lindén & Møller, 1989; Martin, 1987). Reproductive 

effort in the current year may have trade-offs with reproductive success in future years, and 

so adults need to assess the costs of reproduction to ensure high quality development for 

their offspring while also ensuring their own survival (Santos & Nakagawa, 2012). This is 

an issue further compounded by the short breeding season of Arctic environments in which 

adults need to balance preparations for migration with the needs of their offspring 

(Klaassen, 2003).  

In a study that aimed to quantify the implications of parental and environmental quality of 

a fledglings origin, van de Pol et al. (2006) found that there were differences in long-term 

effects of young that were raised in high quality territories (resident territories) and low 

quality territories (leapfrog territories), and they tended to recruit in the same territory type 

in which they were raised (van de Pol, Bruinzeel, Heg, Van der Jeugd, & Verhulst, 2006). 

Additionally, they found that young that were reared within high quality territories had 

higher juvenile survival, and higher lifetime reproductive success (van de Pol, Bruinzeel, 

Heg, Van der Jeugd, & Verhulst, 2006). Oystercatchers of “high quality development” are 

also more likely to recruit in the breeding population than those of “low quality 

development” (van de Pol, Bruinzeel, Heg, Van der Jeugd, & Verhulst, 2006). This has 

implications for future population ecology as this trend continues for generations; 

fledglings from high quality territories are also more likely to subsequently raise more 

chicks to fledging and therefore contribute more to population growth than those raised in 

low quality territories (van de Pol, Bruinzeel, Heg, Van der Jeugd, & Verhulst, 2006). 

Given the high probability to recruit into the same habitat as chicks were raised (natal-

fidelity) and the high site fidelity during the adulthood, makes them vulnerable to 

anthropogenic changes, such as exploitation of shellfisheries or increased flooding risk (an 

issue for coastal birds as well as inland birds that nest nearby river plains) (Ens, van de Pol, 

& Goss-Custard, 2014). This provides managers and conservationists with important 

projections for future populations. 
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3.4 Study areas 

South region – Arnarbæli, Ranga, Drumbabot  

Most of the South region of Iceland does not contain suitable conditions for wintering 

waders, but does host the highest density of breeding waders in Iceland (Jóhannesdóttir, 

Arnalds, Brink, & Gunnarsson, 2014), with the highest density of oystercatchers 

specifically found in grassland habitat types (Jóhannesdóttir, Arnalds, Brink, & 

Gunnarsson, 2014). South Iceland is dominated by grassland, agriculture, and heath 

landscape types, respectively (Gunnarsson, et al., 2006a). This region is also a nationally 

important area for agriculture, and in some areas has faced extensive conversion from 

natural areas to “manmade surfaces” (Jóhannesdóttir, Arnalds, Brink, & Gunnarsson, 

2014).  

West region – Hvalfjörður 

The West and Southwest regions of Iceland are known to be key wintering regions for bird 

species (Wilson & Morrison, 1981). These western regions have most of the suitable 

wintering habitats for oystercatchers in Iceland, a relatively mild winter climate, and a 

sufficient food supply (Þórisson, et al., 2018). The West region of Iceland is dominated by 

heath, grassland, marsh, and agriculture habitat types, respectively (Gunnarsson, et al., 

2006a). Oystercatchers in this region breed along the coast and in grassland and farmland 

areas. This region is similar to the Westfjords region in that both areas are known for their 

sufficient food supply of coastal prey items.  

Westfjords region - Ísafjörður  

The Westfjords are also an important winter feeding area (Þórisson, et al., 2018), 

containing an abundance of suitable intertidal habitats of wader species (Gudmundsson & 

Gardarsson, 1993). However, little is known about the breeding population of 

oystercatchers in this region, especially in Ísafjörður. More information is needed 

regarding breeding success and provisioning rates to understand how oystercatchers are 

utilizing resources in the area, and what implications this has for their populations. 

Supplementing the wintering information with breeding season data aids in understanding 

how these habitats are being utilized year-round. While there are little agricultural lands in 

Ísafjörður, birds nesting on fields or other grassland areas might show similar trends to 
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studies in which birds nesting inland displayed higher breeding success. Understanding 

how these habitats are used by breeding birds is a key first step in predicting species’ 

responses to habitat changes (Gunnarsson, et al., 2006a), and the implications this will 

have for recruitment and future population ecology. This study site is similar to the West 

region in that both regions contain important coastal feeding areas, but may differ in a 

number of ways; the study site of Ísafjörður is the main town center of the Westfjords, 

therefore this region differs from the study site in the West in that this site likely has higher 

levels of human activity. These regions may also differ in the type and density of predators 

present.  
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4 Methods 

4.1 Study locations 

I monitored and obtained breeding success data on the population of oystercatchers 

breeding in the Westfjords, and obtained breeding success data from the South Iceland 

Research Centre on the populations of oystercatchers breeding in the South and West 

regions of Iceland. This data was used to create a comparison between the Westfjords 

region and the West and South regions of Iceland.  

I also obtained provisioning rate data from the population of oystercatchers breeding in the 

Westfjords region, but these data were not available from the South or West populations. 

The location in which oystercatchers in those regions nested, and habitat structure of their 

territories, will be used as a prediction of the prey types they primarily utilized in those 

regions. The 2019 breeding season was categorized as unusually dry for all three regions 

(Veðurstofa Íslands, 2020); data may therefore reflect differences in breeding success and 

growth rates in terms of prey availability during dry seasonal conditions. 
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South region – Arnarbæli, Ranga, Drumbabot  

Data from the South region of Iceland was obtained from 3 different sites: Arnarbæli, 

Ranga, and Drumbabot (Figure 5). The breeding sites in this region were all within inland 

habitat, and located on flat, agricultural/grassy habitats, along different riverine areas. The 

families within this region occupied resident territories nearby rivers.  

 

Figure 5. Nest locations in the South region for which the fates were known, and were 

therefore included in data analysis (Basemap: Google Maps Tile Service). 
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West region – Hvalfjörður  

The breeding population of oystercatchers in the West region of Iceland was located in 

Hvalfjörður (Figure 6). This region consisted mainly of coastal birds, with one nest 

classified as being within inland habitat. Families in this region occupied a mixture of 

territories, and generally maintained the same territories throughout the season.  

 

Figure 6. Nest locations in the West region for which the fates were known, and were 

therefore included in data analysis (Basemap: Google Maps Tile Service). 
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Westfjords region - Ísafjörður  

The Westfjords population of breeding oystercatchers was monitored in Ísafjörður (Figure 

7). Ísafjörður contains little grassy or agricultural lands, and is dominated by mountainous 

landscapes and rocky shorelines, with a relatively small tidal range (~2m) (Ingólfsson, 

1996). All of the birds monitored and observed in this region were within the coastal 

habitat range. The type of territories occupied by oystercatchers in this region varied; there 

was a mix of resident and leapfrog territories, and not all families remained within the 

same type of territory for the entirety of the breeding season.  

 

Figure 7. Nest locations in the Westfjords region for which the fates were known, and were 

therefore included in data analysis (Basemap: Google Maps Tile Service). 
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4.2 Monitoring 

For monitoring the Ísafjörður population of oystercatchers, field work began in May, and 

concluded in August when all known chicks had fledged. A colleague from the South 

Iceland Research Centre, Böðvar Þórisson, provided nest locations from previous years in 

April, and aided with locating new nests, which began early May. In total, 29 nests were 

found during the nest searching period and were subsequently monitored for breeding 

success throughout the season. When nests were located, GPS (Global Positioning System) 

coordinates were taken using coordinate system WGS-84. Eggs were then floated to 

determine their estimated hatching date (Figure 8) (Liebezeit, et al., 2007). 

 

Figure 8. Floatation method used to estimate date of hatching. Based on the angle of the 

egg and its height in the water, it is possible to estimate how far along the clutch is in 

development: early incubation (A), mid-incubation (B) (photographs by author, 2019). 

Before each predicted hatching date, nests were approached to determine actual hatching 

date. When chicks were hatched, they were captured for banding and biometric 

measurements with assistance from Ecologist Cristian Gallo at the Westfjords Nature 

Research Centre, Náttúrustofa Vestfjarða, who also aided in determining the hatch date 

data. Provisioning observations began within 1-3 days of each hatch date for the relevant 

nests (Section 4.4). Nests that were not monitored for provisioning studies were 

periodically observed throughout the season to assess the location of broods and the 

number of surviving chicks. When chicks were approximately 30 days old, they were 

approached to determine their fledge date (date at which chicks were able to fly) and 

therefore fledging age. Once chicks were fledged, monitoring and provisioning 

observations ended for that family.  

(A)

) 

(B)

) 
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4.3 Bird banding  

In order to identify oystercatcher families, breeding adults in Ísafjörður were caught during 

incubation using standard spring traps (Heppleston, 1972) and fitted with individual color-

ring combinations. Chicks were caught after hatching and also fitted with metal bands, 

carried out by Cristian Gallo, and one chick was caught before fledging to be fitted with a 

color-ring combination, as part of a larger project determining drivers of migratory 

behavior (Figure 9). Bird banding was carried out with assistance from Böðvar Þórisson 

and Dr. Verónica Méndez from the South Iceland Research Centre. 

Attaching color bands to at least one adult per pair also helped to determine which adult 

was providing food for the chick throughout the chick growth phase and provisioning 

observation period (n=19 families). Not all families were banded (n=8), and in those 

families it was not possible to distinguish which adult was providing food to the chicks. 

Some of the unmarked families were still able to be identified as the correct pair given 

their territory and behavior, but for some that moved territories, it was not always possible 

to accurately determine pair identification without color bands. Unmarked pairs that were 

able to be confidently identified given their territory and behavior were included in 

analysis for breeding success and fledging age (n=4). Unmarked pairs that could not be 

confidently identified and distinguished from other nearby unmarked pairs were not 

included in analysis of breeding success and fledging age (n=4).  

 

Figure 9. Adult (A) and juvenile (B) oystercatchers with new color ring combination and 

alpha numeric bands (photographs by author, 2019).  

(B)

) 
(A)
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4.4 Provisioning observations  

Provisioning data was collected using 10x50 binoculars and a 20x spotting scope from a 

designated vantage point (parked car) that would minimize disturbance and recognition 

from the families while allowing for accurate determination of prey type and size. For each 

provisioning observation period, a 1-hour time frame was allotted for each brood at 

varying tides, during which time the age and number of chicks present was recorded. 

Provisioning data for each observed family was taken every 3-5 days. For parental 

provisioning data the following information was also recorded: number of chicks being 

fed, number of parents provisioning, period of time adults were in sight, number of prey 

items being fed to young, type and source (marine or terrestrial) of prey items fed to 

young, and prey size in relation to bill length (Goss-Custard, Cayford, Boates, & Durrell, 

1987; Hazlitt, Ydenberg, & Lank, 2002; Leckie, Arroyo, Thirgood, & Redpath, 2008; 

Robinson & Phillips, 2013). Prey species was also noted when possible.   

In total, 15 different families were observed for provisioning data from May until July, but 

only the data from 10 families was used for analysis. The excluded families were not 

included in analysis because provisioning data could not be obtained from them for the 

entirety of the chick-rearing period. This was either because the family had moved and was 

not able to be located for multiple planned observation periods, or because they had moved 

and were no longer in a location that allowed for accurate observation without detection. 

Additionally, one of the families had lost their chicks. The families that were initially 

included for provisioning observations but later excluded were still able to be included in 

breeding success analysis. Anecdotal evidence was also collected throughout the season 

regardless of if the nest was scheduled for provisioning observations, to examine behavior 

of families and foraging locations at the varying tides.  

4.5 Data analysis  

4.5.1 Breeding success  

The breeding success of the oystercatcher populations was measured as productivity and 

fledging success of breeding pairs. Productivity measures the success of a pair in terms of 

the number of fledged chicks (Birkhead, 1977; Heppleston, 1972; McGowan, Simons, 

Golder, & Cordes, 2005). The fledging success is measured by the number of chicks that a 

pair was able to successfully raise to fledging (Nol, 1989), but only takes into 
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consideration pairs that successfully hatched at least 1 egg. These parameters were 

compared in terms of habitat type (coastal or inland), as well as in terms of region (South, 

West, Westfjords). Families with an unknown fate were excluded from the analysis. QGIS 

(QGIS Development Team, 2019) was used to determine the distance of each territory to 

the coast for all regions. Nests that were within 1km of the coast were considered to be 

breeding within coastal habitat, and those nests greater than 1km from the coast were 

considered to be breeding within inland habitat.  

Productivity (P) and fledging success (FS) data were analyzed using statistical analysis 

Program R (v. 3.6.1.; R Core Team, 2019). To investigate whether productivity and 

fledging success varied with habitat and region, I used four generalized linear modes (glm) 

with poisson error distribution where P and FS were modelled as a function of habitat or 

region. Then, I performed pairwise comparisons of regions using the package emmeans 

(Lenth, 2020).  

4.5.2 Provisioning rates 

The diet of each brood was determined through provisioning observations, and was used to 

determine the provisioning rate of the observed broods in terms of total items delivered, 

type of items (coastal or inland), and size of items (small, medium, or large).  Size class of 

prey items were categorized as follows: small (<1/8-1/6 bill length), medium (1/4-1/2 bill 

length), and large (3/4 bill length or larger). Age classes were also assigned to each 

provisioning observation period to expand the sample size for each age. Age classes were 

classified as follows: class 1 (1-5 days old), class 2 (6-10 days old), class 3 (11-15 days 

old), class 4 (16-20 days old), class 5 (21-25 days old) and class 6 (26 days old or more). I 

estimated the means and proportions of the amount, type, and size of prey items delivered 

to chicks as they aged. I summarized the provisioning data in terms of the overall average 

items delivered to chicks as they aged, average coastal and terrestrial items delivered to 

chicks with age, and average amount of the differently sized prey items delivered with age. 

I also summarized the data in terms of the proportions of type and size of prey items 

delivered with age. For all the calculations, I used Program R (v. 3.6.1.; R Core Team, 

2019).  

Additionally, I used linear mixed effect models from the lme4 package (Bates, Maechler, 

Bolker, & Walker, 2015) to explore the variation in diet and provisioning (Winter, 2013). 
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Linear mixed effect models are a useful way to analyze complex field data (Harrison, et al., 

2018). Mixed effect models account for correlations between data (for example, pair 

identity – provisioning observations from the same pair might be more similar to each 

other than to the other pairs) and allows for more data to be used while estimating fewer 

parameters and avoiding issues with multiple comparisons (such as increasing type I 

errors) (Harrison, et al., 2018). For this data, a mixed effect model allows for exploring an 

association between age and provisioning rate after controlling for any variation in pair 

identity. To explore the relationship between age and provisioning rate, a series of three 

models were created using the function lmer. First, I explored the influence of brood age 

on the number of prey items delivered per hour (model A), with age class as a fixed effect, 

and pair identity as a random effect to account for non-independence among observations 

from the same family. Model B analyzed the influence of brood age and type of prey 

(coastal or terrestrial) on the number of prey items delivered per hour, with age class, type 

of prey, and their interaction as fixed effects, and pair identity as a random effect. The final 

model (model C) explored the influence of brood age and the amount of differently sized 

(small, medium, large) prey items delivered per hour on the adults provisioning rates, with 

age class, size of prey, and their interaction as fixed effects, and pair identity as a random 

effect. To test the significance of each variable, the package lmerTest (Kuznetsova, 

Brockhoff, & Christensen, 2017) was used.  
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5 Results 

5.1 Breeding success 

Table 1 summarizes the observed nesting activity by habitat and by region. More nests 

(including first nesting attempts and re-nests following nest loss) were found within coastal 

habitats than inland habitats, and within the West region. The Westfjords region had the 

highest number of pairs with fledged chicks, with the South region having the least amount 

of fledglings. Not all of the breeding attempts were included in further analysis, as 

breeding success was measured at pair level and not at the nest level; these numbers 

include multiple re-nests from the same pairs, and nests for which the fate was ultimately 

unknown. The number of nests lost to predation was lower in coastal (36%) than inland 

habitats (52%). The Westfjords region experienced far less predation (3%) than both the 

South (51%) and West (54%) regions, which both had similar predation rates. 

Table 1. Summary of the nesting activity of oystercatchers breeding in different habitat 

types and regions.  

 

The breeding population of oystercatchers in the Westfjords were all within coastal habitat, 

and the population in the South were all within inland habitat. In the West, all monitored 

pairs were within coastal habitat, except for 1 nest that was categorized as being within 

inland habitat. The productivity and fledging success of breeding pairs is summarized in 

Table 2; on average, productivity and fledging success were both higher in coastal habitats 

than within inland habitats. Mean productivity and fledging success were both highest in 

the Westfjords region, and lowest in the South region.  
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Table 2. Summary of the breeding success, in terms of productivity (fledged chicks/pair) 

and fledging success (fledged chicks/pair that hatched at least 1 chick), of oystercatcher 

pairs nesting in different regions, and habitat types. 

 

Generalized linear models and post-hoc tests 

The results of the four glm are represented in Table 3. The glm testing for the effect of 

habitat on productivity revealed that productivity varied significantly between the two 

habitat types (F(1,81)=18.34, p<0.001), with inland habitats having a significantly lower 

productivity than coastal habitats (Table 3, Figure 10A). Additionally, the glm testing for 

the effect of habitat on fledging success found that fledging success differed significantly 

between habitats (F(1,35)=11.58, p<0.001). Fledging success was significantly lower in 

inland habitats than in coastal habitats (Table 3, Figure 10B). Productivity varied 

significantly among regions (F(2,80)=24.1, p<0.001), with productivity in the West and 

Westfjords regions being significantly higher than in the South (Table 3 & 4). 

Oystercatchers nesting in the Westfjords had the highest productivity, followed by the 

population in the West region, and the South region had the lowest productivity of the 

three regions (Figure 11A). The overall variation of fledging success across regions was 

also significant (F(2,34)=5.70, p<0.01). The glm revealed that the West and Westfjords 

regions both had higher fledging success than the South region (Table 3), but the results of 

the pairwise comparisons showed that none of the estimated marginal means were 

significantly different from each other (Table 4, Figure 11B), most likely because of the 

low sample size in the South.  
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Table 3. Results of generalized linear models exploring the differences in breeding success 

between habitat types and across regions of nesting oystercatchers. Results are given on 

log scale. 

 
Reference habitat: Coastal 

Reference region: South 
 

 

Table 4. Pairwise comparisons using estimated marginal means of the generalized linear 

models exploring differences in productivity and fledging success across the explanatory 

variables of habitat type and region of nesting oystercatchers.  
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(A)  

(B)  

Figure 10. Variation in mean (±SE) productivity (A), and fledging success (B) of 

oystercatcher pairs nesting in different habitat types. 
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(A)  

(B)  

Figure 11. Variation in mean (±SE) productivity (A), and fledging success (B) of 

oystercatcher pairs nesting in different regions. 
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5.2 Fledging age 

The small sample size of inland pairs or pairs within the South region prevents the 

completion of a statistical analysis testing for fledging age differences between habitats 

and across regions for this data. Table 5 summarizes the mean fledging age by habitat and 

region, and shows the fledging age ranges. Mean fledging ages appeared to be similar 

across habitat types and across regions, as were the fledging age ranges. For one fledge of 

a coastal pair in the West region, the fledging age was unknown.  

Table 5. Mean fledging age, and range of fledging ages, of chicks in the different habitat 

types and regions.

 

5.3 Diet  

During provisioning observations of the population of oystercatchers breeding in 

Ísafjörður, a total of 84 hours of provisioning data were collected for 15 families. Of this 

data, 65 hours of data were used for analysis across 10 different families. As chicks grew 

in age, parents increased the total amount of food delivered to chicks (Figure 11). Adults in 

this region appeared to primarily feed their chicks with small, coastal prey items for most 

of the age classes (Figures 12 & 13). Coastal prey items made up a large proportion of the 

food delivered to chicks with age (Figure 12B), as did small prey items (Figure 13B). The 

most common coastal prey item fed to chicks was the Blue Mussel (Mytilus edulis), and 

was present in all size classes. Periwinkles, limpets, and clams are other species of 

shellfish that are known to be present in the intertidal areas of Iceland and are known prey 

species of oystercatchers (Ingólfsson, 1996; Safriel, 1985). These species likely 

contributed to the observed small and medium coastal prey items being delivered, but 

future studies should incorporate resource sampling of foraging areas to more accurately 

identify the species being fed to chicks and to assess the relative abundance of each. 

Earthworms and marine worms were the most common of the large prey items. Medium-
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sized earthworms were also delivered, but other small and medium terrestrial items could 

not be accurately identified.  

 

Figure 11. Variation on the mean (± SE) items delivered per hour to chicks as they 

increased in age. 
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(A)  

(B)  

Figure 12. Variation on the mean (± SE) of items delivered per hour (A), and the 

proportion of items delivered (B) given brood age class and type of prey. 
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(A)  

(B)  

Figure 13. Variation on the mean (± SE) of items delivered per hour (A), and the 

proportion of items delivered (B) given brood age class and size of prey. 
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5.4 Provisioning rates  

Table 6 shows the results of the three linear mixed effect models run to analyze the effect 

of age on provisioning rates. When only age is considered (model A), the effect of age on 

total number of items delivered to chicks are as follows: provisioning rate was significantly 

influenced by age of chicks (Figure 14A); as chicks aged, adults increased the number of 

items delivered by 7.51 items hr
-1

 ± 2.13 SE (Table 6). This significant effect of age on 

provisioning rate is apparent across all models (Table 6). Also, I found a significant effect 

of type (model B) and size (model C) of prey on the frequency of items provisioned, with 

terrestrial items being far less delivered than coastal (Type Terrestrial in Table 6), and 

small items more frequently delivered than medium and large items (Size Medium and 

Size Small in Table 6). In addition, the effect of age varied significantly between type and 

across sizes (significant interaction term in both models B and C, Table 6). With every 

increase in age, the provisioning rate of coastal prey increased by 7.37 items hr
-1

 ± 1.63 

SE, while the provisioning of terrestrial items only increased 0.10 items hr
-1

 ± 2.29 SE 

(model B Table 6, Figure 14B), and the provisioning rate of small items increased by 6.30 

items hr
-1

 ± 1.15 SE, while for medium and large items the rate only increased by 0.22 

items hr
-1

 ± 1.62 SE and 0.33 items hr
-1

 ± 1.15 SE, respectively (model C Table 6, Figure 

14C). The variance from pair ID is shown for each model, and the residual variance 

represent any remaining variance that is not accounted for by variations in pair ID, but by 

other residual random effects. The mixed effect models were originally run with brood size 

as an additional random effect, but as the effect was not significant, this parameter was 

removed from the models to simplify the model outputs. 
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Table 6. Linear mixed effect models results analyzing the effect of age (A), age, type of 

prey, and their interaction (B), and age, size of prey, and their interaction (C), on 

provisioning rate. The significance level of each variable is provided. 

 

Reference Type: Coastal 

Reference Size: Large 
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(A)  

(B)  

(C)  

Figure 14. Estimated relationships between provisioning rate and (A) brood age alone 

(model A), (B) brood age and type of item (model B), and (C) brood age and size of item 

(model C), taking into account any variance associated with Pair ID. 
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6 Discussion  

This study identified the breeding success and fledging ages of oystercatchers breeding in 

three different regions in Iceland, as well as two different habitat types. Especially since 

the results of this thesis in some ways are not representative of the results of similar studies 

in other areas, there is a need to continue monitoring Icelandic breeding populations to 

contribute to land management decisions and better understand their population ecology. 

This study is a beginning step in identifying important bird areas and important threats to 

these areas, by monitoring and identifying the breeding success of different regions, 

including the Westfjords population of breeding oystercatchers in Ísafjörður of which little 

is previously known. Future studies should continue this monitoring throughout future 

breeding seasons and expand on regional populations (for example, including different 

populations within the Westfjords), to supplement this information and identify annual 

trends in breeding success.  

6.1 Breeding success 

Understanding which resources are available and are being used in different regions, and 

the comparative breeding success of individuals within these regions, allows for better 

management of those resources. Identifying the types of habitats being used and how the 

resources available within these habitats are exploited by birds in different regions allows 

for better management plans that take into consideration the long-term consequences of the 

choices of habitat selection during nesting and the chick rearing period. Since each region 

in this study was only comprised of one habitat type, it is difficult to determine whether 

habitat or region is the primary driver behind differences in breeding success. Expanding 

on regional sample size across years can help supplement this data and the findings from 

this study. 

Habitat differences  

The results of this study have shown that breeding oystercatchers that nested in coastal 

habitats had higher breeding success, in terms of both productivity and fledging success, 

than birds that nested in inland habitats. These findings are unexpected in comparison to 

similar studies; generally, oystercatchers breeding within inland territories are shown to 

have significantly higher breeding success and growth rates than those breeding within 
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coastal territories. For example, a study of breeding oystercatchers in Skolkholm (Wales, 

U.K.) that compared the diet and breeding success of oystercatchers that bred near the 

shore and fed their young primarily limpets, with oystercatchers that bred inland and 

primarily fed their young earthworms, found that “terrestrial-feeders” were three times 

more successful than “limpet-feeders” in raising their chicks to fledging (Safriel, 1985). 

Similarly, a study that compared the breeding success of oystercatchers nesting in inland 

and coastal habitats in Britain found that the breeding success of inland birds was two 

times higher than that of coastal birds in terms of chicks fledged per pair (Heppleston, 

1972). A study comparing coastal and inland oystercatchers in north Lancashire also found 

that oystercatchers breeding within inland agricultural areas fledged twice as many chicks 

than coastal birds (Briggs, 1984).  

The average productivity of nesting pairs is also different from other studies; generally, 

oystercatchers have low rates of productivity but in this study, the productivity of coastal 

birds was higher than what is typical for this species. One study found that breeding 

success in terms of productivity for oystercatchers was 0.3-0.5 fledglings per pair (van de 

Pol, et al., 2014), and another found similar productivity of 0.5 fledges per pair for 

oystercatchers breeding in both coastal and inland habitats (Þórisson, et al., 2018). The 

results of this study show that coastal productivity is higher than would be expected (0.91 

± 0.15 SE) and inland productivity is much lower than would be expected from the 

literature (0.03 ± 0.03 SE). One possibility for why inland breeders had such low breeding 

success during this season could be attributed to a lack of available food supply. Terrestrial 

breeders are known to primarily feed on earthworms (Heppleston, 1972; Safriel, 1985), 

prey that is especially susceptible to warm, dry conditions. They are known to move deeper 

within the soil in the warmer months of summer where it is cooler and where the moisture 

content is higher within the soil (Heppleston, 1972); this may explain the low availability 

of these prey as an inland resource because of the uncharacteristically dry summer season 

in which this breeding season took place. It is possible that earthworms were not as 

abundant throughout the season due to these harsh conditions. Provisioning data would be 

a helpful link in future studies to determine the effect of the variability of different seasons 

on the availability of inland prey items, and to identify which types of terrestrial prey items 

oystercatchers are relying on. Provisioning observation periods could be scheduled for 

different populations throughout the different regions during the pre-fledging period of the 
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breeding season to compare the types and amounts of different prey being delivered to 

chicks in different areas and habitat types. Comparisons can also be made across different 

breeding seasons to determine if this was an abnormal season for inland breeders, or if they 

typically experience lower rates of breeding success than coastal breeders in Iceland. Rates 

of human disturbance (discussed in 6.4) and predation (discussed under “Regional 

differences”) may also have contributed to these breeding success discrepancies.  

Breeding inland is considered a non-traditional behavior in oystercatcher populations, and 

is known to be expanding in American Oystercatchers as well (McGowan, Simons, Golder, 

& Cordes, 2005). If inland habitats are increasingly becoming a preferred alternative 

habitat to coastal territories (either due to habitat degradation in coastal habitats or 

decreasing availability of space in coastal areas due to population increases (Safriel, 

1985)), establishment in inland territories might be expected to continue to expand (Harley, 

et al., 2006). However, terrestrial feeders may also be more at risk if there are more 

extreme weather patterns and exceptionally dry conditions during future breeding seasons, 

inhibiting them from accessing sufficient amounts of terrestrial prey items that are 

sensitive to warm, dry conditions (Heppleston, 1972). This is an especially important issue 

as oystercatchers show high site fidelity to their breeding territories; adults are known to 

return to the same breeding territories each year (van de Pol, et al., 2014).  Continuing to 

monitor the trend of the number of pairs breeding inland and their relative breeding 

success, is necessary to understand the importance and status of these breeding areas, and 

the drivers behind fluctuations in breeding success.  

Regional differences  

This study found that region also had a significant effect on both productivity and fledging 

success. There was significantly different productivity in breeding oystercatchers across all 

three regions; the West and Westfjords regions of Iceland had higher mean productivity 

than the South region, with the Westfjords region having the highest productivity (Table 

3). The mean fledging success of the West and Westfjords regions was also higher than in 

the South region (Table 2 & 3); however, the pairwise comparisons showed that there is no 

significant difference between the means of each region (Table 4). My data is therefore not 

sufficient to make statements about pairwise comparisons regarding differences in fledging 

success across different region, mostly due to the low sample size in the South region. 

Differences in productivity and fledging success across regions is likely due to differing 
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resource availability across primarily coastal vs. primarily inland regions, as well as 

differences in predation rates within the different regions.  

More nests were predated in South and West Iceland than in the Westfjords. In the 

Westfjords, one (3%) nest was known to be lost to predation, while the West and South 

regions had similar rates of predation of 30 (54%) and 25 (31%) predated nests, 

respectively. This goes slightly against the literature, as the South region is a region of 

primarily inland breeders, while the West and Westfjords regions were primarily coastal 

breeders and studies have found that predation is typically higher in coastal regions than 

inland regions. Safriel (1985), for example, found that predation was lower for inland 

breeders; in coastal breeders, often at least one adult needs to travel away from the nesting 

territory to obtain food while one remains nearby the nest/chicks and can defend against 

predation, but may also contribute to feeding chicks if needed (Safriel, 1985). However, 

terrestrial feeders were found to have stronger vigilance and typically had both adults 

present nearby the chicks or nest (Safriel, 1985). A lack in terrestrial prey availability due 

to extreme weather conditions may have caused adults to leave unattended their breeding 

territory to find food (normally oystercatcher pairs remain together in their territory, but in 

2019 adults were frequently seen alone in territory, as their partner was feeding further 

away; V. Méndez, pers. Comm.) and resulting on the unusually low productivity and 

fledging success in inland breeders. Additionally, the West region did have high rates of 

predation, but the Westfjords region did not, suggesting that regional differences may be a 

more significant factor than habitat differences in Iceland in terms of what is driving 

variation in breeding success in different areas. There may be a higher density or variety of 

predators in the West region, or this difference in predation rates could also be attributed to 

birds in the Westfjords primarily occupying resident coastal territories rather than leap-frog 

territories, where at least one adult was usually present while provisioning was taking 

place, and both adults could be nearby the nest even if one was feeding (discussed further 

in Section 6.3). Another potential reason for this difference in regional productivity, which 

was outside the scope of this study, could be related to human disturbance levels (section 

6.4).  

Ground-nesting species are particularly susceptible to predation due to the accessibility of 

their nests to predators (Laidlaw, et al., 2020). One study of predation rates in the lowland 

breeding areas of southern Iceland found ~40% of observed wader nests to be lost to 
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predation, a high but consistent probability for wader species (Laidlaw, et al., 2020). The 

predator community of Iceland is dominated by avian predators, but also consists of arctic 

fox, invasive American mink, and horse and sheep in the case of accidental trampling in 

agricultural lands (Hersteinsson & Macdonald, 1996; Laidlaw, et al., 2020). In the 

Westfjords region, arctic fox are not as prevalent, but ravens are abundant and invasive 

American mink were observed nearby coastal areas during nest monitoring. Further studies 

should incorporate predator surveys into the monitoring of breeding oystercatcher 

populations to draw more conclusions from the effect of predation on breeding success of 

oystercatchers utilizing different regions and habitats. Recording the presence of different 

predator species and the reaction that oystercatchers have to their presence (i.e. how much 

time adults spend defending their territories and chicks against predators instead of feeding 

or brooding) would be a helpful link in determining the level of disturbance that predators 

are causing, and the species that are likely having the greatest impact throughout different 

regions.  

6.2 Fledging ages 

Growth rates (measured in this study as fledging ages) are an important parameter for 

breeding success, because growth rate can influence the fledging success of chicks. Chicks 

with faster growth typically have greater likelihood of surviving to fledging, and chicks 

fledging at an earlier age exhibit a faster growth rate (Hazlitt, Ydenberg, & Lank, 2002). 

This is especially important in arctic environments where the breeding season is limited in 

time (Klaassen, 2003), and breeding oystercatchers must obtain enough food to sustain 

themselves while also providing sufficient food for their young to grow quickly (Tjørve & 

Tjørve, 2010).  

Slow growth rates have been shown to reduce the chance of fledging for oystercatcher 

chicks (Kersten & Brenninkmeijer, 1995), with fast-growing chicks having increased 

fledging success (Tjørve & Underhill, 2009). However, growth has also been shown to be 

very flexible; fast growth increases the probability of surviving until fledging, but most 

oystercatcher chicks still grow at a reduced rate (Kersten & Brenninkmeijer, 1995). 

Further, any disadvantage that comes with slow growth rates (low body size, low weight) 

is likely compensated for after fledging; it may impact the chick’s ability to fledge, but 
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once the chick has fledged it does not necessarily have prolonged impacts (Kersten & 

Brenninkmeijer, 1995).  

This study did not find any significant results regarding growth rates (measured as fledging 

age), as there was not a large enough sample size to conduct statistical analyses on the 

differences of fledging ages across regions or habitats. Descriptive statistics showed that 

chicks fledged at similar ages, suggesting similar growth rates across all of the different 

regions and habitat types, including similar age ranges. Therefore, there may be a 

correlation between faster growth rates and breeding success, but the results of this study 

are inconclusive. Heppleston (1972), however, found in their study comparing the breeding 

success of oystercatchers utilizing different habitat types, that coastal and inland breeders 

did not differ in their growth rates. A larger sample size of growth rates of chicks over a 

longer period of time may provide better insight into the effect of growth rate on Icelandic 

breeding oystercatcher populations. There was, however, a relatively large range of 

fledging ages within each population in the West and Westfjords regions that could 

possibly be attributed to differences in territory structure and observed behavior, discussed 

further in 6.3. 

6.3 Provisioning rates 

The results of this study found that age had a significant effect on provisioning rates. As 

age increased, parents provisioned more frequently with small and coastal items, which 

coincides with similar studies on provisioning rates where parents tended to provision 

more small prey items, rather than fewer large prey items as chicks developed (Hazlitt, 

Ydenberg, & Lank, 2002). Studies of other species that provision food for their young 

found similar results of adults altering their behavior as chicks grew in age (Čech & Čech, 

2017; Leckie, Arroyo, Thirgood, & Redpath, 2008; Wright, Both, Cotton, & Bryant, 1998). 

Adults need to determine the profitability of different prey items and select those items that 

will maximize the amount of energy provided to chicks per unit time spent foraging and 

handling prey items (Meire & Ervynck, 1986; Stephens & Krebs, 1986). Adults that fed 

their chicks large prey items during this study typically fed their chicks large mussels, 

large marine worms, or large earthworms. Even for families occupying resident territories, 

these large coastal prey items were often within deeper areas of the feeding territories, and 

therefore would require at least one adult to be away from the brood for an extended time 
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to locate the large prey items. Alternatively, smaller prey items can be obtained with chicks 

nearby the adults if the family is occupying a resident territory, and smaller shellfish 

typically have thinner shells that are more easily opened (Meire & Ervynck, 1986). In this 

case, it may be more beneficial to focus on quantity rather than quality to ensure that 

chicks are being fed enough during times of low tide, especially for those families not 

supplementing with terrestrial prey items. Large prey items may be more energetically 

favorable, but may require more time to obtain and more energy to handle, and therefore it 

would be more beneficial to acquire higher amounts of easily-obtainable small prey items. 

This suggests that the profitability of small prey items is higher than that of larger prey 

items for this population (Meire & Ervynck, 1986; Stephens & Krebs, 1986).  

The birds that I observed provisioning in the Westfjords population were all coastal birds; 

they all nested within coastal habitat, and primarily fed along the intertidal area. Some 

families nested adjacent to the intertidal feeding areas (n=4), while others were as far as 

50m away. The resident families typically “waited out” times of high tide and brooded 

their chicks instead of provisioning during this period, which explains many of the “zeros” 

in the provisioning observation data – the only times no provisioning activity was recorded 

during my observations was during high tides, or during mid-tides (2-3 hours from the 

lowest tide). Families that did not transport chicks to grassy areas and instead “waited out” 

high tides typically had higher fledging ages. The oldest fledging age at 41 days was from 

a pair that consistently waited out high tides and exclusively fed their chick coastal items at 

low tides. Of the families that had not nested adjacent to the intertidal area (n=6), their 

behavior varied as chicks aged in a few different ways. Some birds kept both territories 

(feeding and breeding) and supplemented their coastal prey items with terrestrial items at 

high tide, by feeding their chicks near the grassy area in which they laid their nest. At low 

tides, these birds either transported coastal food to their chicks, or they led their chicks to 

the intertidal area (some even crossing a street), and then back to the nesting area again at 

high tides, continuing this behavior throughout the pre-fledging period. Conversely, some 

birds led their chicks to the intertidal area once they reached a certain age, and stayed there 

for the remainder of the pre-fledging period, “waiting out” high tides instead of continuing 

to supplement their chicks with terrestrial prey items from their original nesting territory. 

The pairs with the youngest average fledging ages were those that were able to consistently 

transport their chicks with them to their feeding areas, and typically those that were able to 
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incorporate some amount of terrestrial prey items into their provisioning. Other studies 

have found similarities with both of these behaviors, with coastal birds typically waiting 

along the coastline for the tide to go back out (Heppleston 1972; Kersten & 

Brenninkmeijer, 1995), but some supplementing their young with terrestrial food items 

from their grassy nesting habitat (Heppelston, 1972). Hartwick (1976), also observed that 

adults occupying leapfrog territories initially flew between the two territories to deliver 

food to the chicks, but eventually led the chicks to the intertidal feeding areas where the 

chicks accompanied the foraging adults (Hartwick, 1976).  

There were no birds in my provisioning study that were exclusively or primarily terrestrial 

birds, all observed pairs seemed to prefer coastal items over terrestrial items. This may 

again be attributed to the dry season and low availability of terrestrial prey items, or to 

behavioral differences in diet specialization. Additionally, it is possible that inland food 

items are just not as abundant in this region as coastal food items are, meaning that adults 

would need to spend more time finding terrestrial food items than they would coastal 

items; therefore, even with tidal constraints and competition for territories, adults may be 

able to better meet the demands of their chicks and themselves solely with coastal items if 

this region has a high amount of marine resources that adults do not need to compete 

extensively for. Further research on sampling the resources available in coastal and 

terrestrial areas in this region would be a helpful link to develop this idea.  

Studies have also found that in broods where there is more than one chick, there is 

competition for resources; typically, it is chicks that are being raised in leapfrog territories 

in which one or more chick die of starvation and only one chick survives from the brood, 

whereas within resident territories, this is not the case (Kersten & Brenninkmeijer, 1995). 

Though my study did not find an effect of brood size on provisioning rates as chicks aged, 

this may be because most pairs observed for provisioning data preferred to feed with 

chicks nearby and often led their chicks to intertidal feeding areas if they occupied leapfrog 

territories. 

6.4 Human disturbance  

Although measuring comparative levels of human disturbance was outside the scope of the 

study, it is a point worth mentioning that may account for some of the regional differences 

found in breeding success. Ground-nesting birds are regarded as being particularly 
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susceptible to human disturbance, and there is the potential for conflict between rights of 

access and conservation of coastal habitats (Pearce-Higgins, Finney, Yalden, & Langston, 

2007). Human disturbance has been shown to reduce the amount of parental care, and 

therefore reproductive success, of breeding oystercatchers (Verhulst, Oosterbeek, & Ens, 

2001). However, oystercatchers may also become habituated to low levels of non-

threatening disturbance during the breeding season (Morse, Powell, & Tetreau, 2006; van 

der Pol, et al., 2014), especially those that have been known to breed in residential areas 

(van de Pol, et al., 2014). For example, Tjørve & Tjørve (2010) found that birds nesting in 

areas with the least amount of human disturbance were the most influenced by it, though 

overall, birds were able to adapt to disturbance (Tjørve & Tjørve, 2010). Nesting next to 

roads might also provide some advantage to adults, as they are often raised relative to the 

rest of the environment and provide “look-out positions” that may provide a better 

overview of predators and other disturbances (Heppleston, 1972).  

The Westfjords region had the highest rates of breeding success, but is also the most urban 

of the three regions. The oystercatcher nests found in Ísafjörður were mostly nearby the 

town center, whereas nests found within the South and West regions were primarily along 

river plains and within farm/agricultural land, not nearby any major town centers. The 

birds nesting in Ísafjörður may face higher levels of human disturbance than the other two 

regions, but they also may be more habituated to this disturbance and therefore more 

resilient to human disturbance levels. This is a point of growing importance as tourism is 

continuing to increase in Iceland, with Ísafjörður receiving 11% of the tourism of the 

summer season (Óladóttir, 2014). It is important to understand how, and if, birds in the 

area are facing disturbance in order to manage for it, and to compare levels of disturbance 

in different regions to analyze best management practices. This is also an important aspect 

to understand, as predator populations may be more drawn to areas with a higher human 

presence (Clay, Lesterhuis, Schulte, Brown, Reynolds, & Simons, 2010), and this study 

demonstrated that breeding success of oystercatchers may be significantly impacted by 

predation. Similarly to monitoring predator presence, measuring levels of human 

disturbance could also be incorporated into future studies by recording the type of 

disturbance experienced by breeding pairs, and the amount of time that adults spend 

defending against this disturbance. 
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6.5 Implications for laying dates and migration 
strategies  

Another difference between breeding oystercatchers that utilize different habitats that was 

outside the scope of this study but is worth mentioning, is that studies have shown coastal 

breeders tend to begin laying their eggs later than inland breeders (Briggs, 1984; 

Heppleston, 1972). Heppleston (1972) found that coastal breeders started laying 3-4 weeks 

later than inland birds, and that inland chicks hatch after a peak in earthworm biomass 

(Heppleston, 1972). This has several consequences for breeding success and population 

ecology, as typically chicks that hatch earlier in the breeding season are more successful 

than chicks that hatch later (Harris, 1967; Heppleston, 1972; Morrison, Alves, Gunnarsson, 

& Þórisson, 2019; Verhulst, Perrins, & Riddington, 1997). Breeding success is also known 

to be correlated with arrival dates; birds that arrive earlier often occupy higher quality 

breeding sites than birds arriving later (Alves, et al., 2013), and birds that lay earlier fledge 

more chicks than birds that lay later (Ens, Kersten, Brenninkmeijer, & Hulscher, 1992). 

This also relates back to future population ecology, as birds that occupy higher quality 

territories are more likely to recruit to higher quality territories and produce more offspring 

that are able to recruit as well (van de Pol, Bruinzeel, Heg, Van der Jeugd, & Verhulst, 

2006). Birds from high quality habitats are also more likely to queue for a high quality 

habitat than to establish and breed within a low quality habitat, so potentially comparing 

the non-breeding population across regions could also provide insight into the quality of 

relative habitat types and breeding areas (Ens, van de Pol, & Goss-Custard, 2014; van de 

Pol, Bruinzeel, Heg, Van der Jeugd, & Verhulst, 2006). This information could supplement 

breeding success and provisioning information; for example, if the breeding population of 

oystercatchers in the Westfjords also has a large non-breeding population, then this 

potentially provides further evidence that this is a “high-quality” breeding area, since this 

this region also experienced higher productivity and fledging success than other regions. 

There may also be a relationship between migratory patterns and breeding success.  

Migrating birds that travel short-distances are generally more flexible in the timing of their 

spring arrival to breeding grounds than their long-distance counterparts, as they are thought 

to be better informed of breeding ground conditions than those that winter further away 

(Gunnarsson & Tómasson, 2011). Migratory distance may therefore influence breeding 

success as birds that are not able to be flexible with their arrival dates may lay earlier or 
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later than is optimal, and may have reduced breeding success based on this timing of 

laying. Birds that occupy high quality breeding habitats are also likely to occupy high 

quality winter habitats (Alves, et al., 2013). The Icelandic oystercatcher is partially 

migratory, meaning that some individuals migrate while others remain in Iceland all year 

(Méndez, Alves, Þórisson, Marca, Gunnarsson, & Gill, 2020). Therefore, this variation in 

migratory behavior could potentially relate to differences in timing of laying and ultimately 

in breeding success. This places importance on identifying which territories throughout 

Iceland are considered high quality and if migrants and residents occupy habitats of 

different quality, as it can provide insight into which winter locations are also high quality 

and therefore inform habitat management and conservation decisions. It is difficult to draw 

conclusions from this study because only one breeding season was studied, but it is known 

that the population of breeding oystercatchers in the South region is primarily migratory, 

the population in the West region is a mixture of strategies, and the population in the 

Northwest is primarily resident (Méndez, Alves, Þórisson, Marca, Gunnarsson, & Gill, 

2020). Understanding which habitats individuals are using throughout their spatial and 

temporal range is important for effectively managing and conserving important bird areas. 

Additionally, the success of different pairs of different migratory strategies could 

potentially influence the future population dynamics as it is thought that the migratory 

strategy of oystercatchers is influenced by conditions in their early life stages (Méndez, 

Alves, Þórisson, Marca, Gunnarsson, & Gill, 2020). Therefore, it may be possible to gain 

insight into increases in migrants or residents based on the success of breeding 

oystercatchers in different regions. 
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7 Management and conservation 

implications   

To establish effective management strategies for wader conservation, it is necessary to 

understand their population ecology and how populations are expected to change in the 

future, including what threats they are currently facing (Gunnarsson, et al., 2006a). 

Managing for both human and wildlife use of important habitats is a challenge that requires 

substantial knowledge of how both are using the same areas, and the relative importance of 

these habitats for each. This is an issue further compounded by the consequences of 

climate change, but again that can be managed and anticipated by having a thorough 

understanding of how species are utilizing their resources and how this relates to 

subsequent behavior of chicks. Additionally, the survival and success of birds in one 

season can have carry-over effects into the next season (Duriez, Ens, Choquet, Pradel, & 

Klaassen, 2012; Jóhannesdóttir, Arnalds, Brink, & Gunnarsson, 2014). This means 

establishing a complete understanding of survival and resource use throughout a species 

spatial and temporal range allows for more comprehensive management and conservation 

strategies based on how birds are utilizing their environment. Overall, an important 

management step for oystercatchers in Iceland is to continue monitoring population trends 

and habitat use to inform management and conservation strategies throughout the habitats 

and regions they inhabit (van de Pol, et al., 2014). 

7.1 Important bird areas  

To effectively manage and conserve important bird areas, it is necessary to first identify 

and establish a threshold of what constitutes an important bird area (Clay, Lesterhuis, 

Schulte, Brown, Reynolds, & Simons, 2010; Usher, et al., 2005). Monitoring and 

assessment of these areas to determine the population status and threats should be 

undertaken to inform conservation actions (Clay, Lesterhuis, Schulte, Brown, Reynolds, & 

Simons, 2010). Mapping of wader distribution and other activities taking place within 

coastal or inland areas would also help to determine areas of conflict with human use and 

provide insight as to which stakeholders would need to be involved in management of 

important habitat areas (Clay, Lesterhuis, Schulte, Brown, Reynolds, & Simons, 2010). 

The different regions that oystercatchers occupy throughout Iceland vary in terms of the 
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habitat being used and the relative breeding success within each. Therefore, different 

conservation strategies would be most effective throughout their range.  

Further, the Eurasian Oystercatcher is the most well-studied of the oystercatcher species; it 

is relatively conspicuous and its behavior is easily identified, making it a good indicator 

species for the ecosystems it utilizes (van de Pol, et al., 2014). Studying their populations 

can provide insight into habitat quality and resource availability, and can provide us with 

insight as to what other species may also be facing threats that are utilizing the same areas. 

Their behavior and breeding success parameters can provide us with information that may 

not be as easy to obtain from other species that are relying on the same environments; for 

example, if terrestrial resources are scarce due to factors limiting water supply, this likely 

influences more species than just oystercatchers that rely on these wet inland habitats, and 

so oystercatchers could be key species for gauging the status of these ecosystems. 

Coastal 

The use of different habitats throughout Iceland has important implications for wader 

conservation. For example, in the Westfjords it may not be as important for wader species 

to conserve inland habitat if the primary habitat being utilized is coastal. However, when 

considering the coastal area for bird conservation, it also needs to be considered that some 

birds may be nesting further than others. For example, some of the oystercatchers nesting 

in the Westfjords region in this study established their nesting territory >50m from the 

coast within grassier open habitats, but preferred coastal food resources over terrestrial 

resources. Conserving coastal areas may therefore mean managing some of the open space 

around it as well for nesting birds, including agricultural areas.  

Coastal development and high amounts of human activity within coastal areas are an 

important threat to oystercatcher populations, especially as this trend is expected to 

increase, and sea-level rise is an anticipated extra stressor (Ens, van de Pol, & Goss-

Custard, 2014; Harley, et al., 2006; Óladóttir, 2014). The effect of recreational disturbance 

on the breeding success of oystercatchers should be studied further, and can be managed 

accordingly depending on the specifics of the conflict. For one example, redirecting 

footpaths or restructuring them to discourage pedestrians from straying into nesting 

territories can be implemented to limit disturbance to breeding areas (Finney, Pearce-

Higgins, & Yalden, 2005). Restoration of breeding habitat, as well as creation of new 
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habitat, has also been demonstrated as a management strategy for improving oystercatcher 

sites impacted by human use and potentially by sea-level rise and storm damage (Clay, 

Lesterhuis, Schulte, Brown, Reynolds, & Simons, 2010). Oystercatchers are not currently 

threatened or endangered, but management options such as sanctuaries or preserves may 

serve as an extreme strategy to limit exposure to human disturbance (Finney, Pearce-

Higgins, & Yalden, 2005).  

Inland 

Wetland inland habitats have been identified as important bird areas in the South and West 

regions of Iceland (Jóhannesdóttir, Arnalds, Brink, & Gunnarsson, 2014), which 

corresponds with the findings of this study as most inland nests in the South region were 

nearby river plains. Therefore, these wet habitats should be considered priority areas in 

terms of conservation and monitoring efforts. These inland habitats face different threats 

than primarily coastal habitats; wetland draining, agriculture use, and extreme weather 

events to name a few, pose threats of habitat loss and reductions in prey availability 

(Jóhannesdóttir, Arnalds, Brink, & Gunnarsson, 2014). The water availability in these 

habitat types may be negatively impacted by increasing frequency and amplitude of 

extreme weather temperatures (Smart, Gill, Sutherland, & Watkinson, 2006), which in turn 

may impact the availability of earthworms and other terrestrial invertebrates, as witnessed 

during the abnormally dry breeding season of this study. Wetlands have faced decline in 

Iceland, as some 55-75% of Icelandic wetlands have been drained since the end of the 20
th

 

century (Jóhannesdóttir, Arnalds, Brink, & Gunnarsson, 2014). Additionally, increasing 

afforestation efforts and expanding agriculture in lowland Iceland could threaten the 

success of breeding birds through habitat loss (though in some cases agricultural lands are 

sufficient habitat for oystercatchers (Briggs, 1984)), as well as the introduction of dams for 

electrical power (Gunnarsson, et al., 2006a). The extensive nature of livestock grazing in 

lowland Iceland could also influence bird populations, but the extent of changes in grazing 

patterns and their effects on bird populations are poorly understood (Gunnarsson, et al., 

2006b). One study, however, did find that trampling of nests was a major reason for nest 

failure of birds nesting near agricultural lands (Briggs, 1984). There may be an increase in 

inland breeders in time, as this is a behavior that has increased overtime as birds expand 

their range into “non-traditional” habitats (McGowan, Simons, Golder, & Cordes, 2005), 
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stressing the need to understand the population ecology of these habitats and the extent to 

which these threats can be expected to impact them.  

7.2 Climate change impacts 

The IPCC predicts that global warming is likely to reach an increase of 1.5° C between 

2030 and 2052, under which sea-level rise is predicted to range between a 0.26-0.77m 

increase by the year 2100 (IPCC, 2018). Climate change patterns will have different 

impacts on different regions and habitats throughout the ranges of migratory bird species, 

but the Arctic region is particularly vulnerable and sensitive to these anticipated changes, 

threatening the species that depend on it (ACIA, 2004). The exact consequences of climate 

change and the reaction of bird species is not precise; there are many studies and 

hypotheses about how climate will change and what subsequent impacts will be faced by 

different species. Generally, though, bird species are expected to lose up to 50% their 

arctic breeding habitats, and experience mismatch migration with their summer food 

species (ACIA, 2004). Having an understanding of current conditions and behavior of 

birds is necessary to aid in predicting how these behaviors may change as climate changes 

are modelled and anticipated.  

Changes in bird populations are already being linked to climate changes (Jónsson, 

Gardarsson, Gill, Petersen, & Gunnarsson, 2009), with many responding by advancing 

their timing of migration and reproduction (Møller, Rubolini, & Saino, 2017), and also 

advancing their laying dates (Crick, Dudley, Glue, & Thomson, 1997). A study 

investigating the spring arrival dates of migratory waders in Iceland found that of the 12 

species studied, the majority of them experienced advanced arrival dates (Boyd & 

Petersen, 2006). Some other species, though, have actually delayed their arrival times 

(Gordo, 2007). Oystercatchers are known to have arrived significantly earlier to their 

breeding grounds after milder winters (Gunnarsson & Tómasson, 2011), and Iceland has 

experienced unusually warm years during the 21
st
 century, with increases in mean summer 

temperatures expected to continue, making it advantageous for species to continue to arrive 

earlier (Boyd & Petersen, 2006). However, climate change is expected to have differing 

impacts on oystercatcher populations. One study found that anticipated increases in winter 

temperatures is predicted to enhance survival of oystercatchers, as warmer winters allow 

for them to better meet their energy demands during the winter (Beukema, 1992); but, 
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warm winter temperatures may also potentially adversely affect fecundity because the 

main prey species of their population has been shown to be less abundant after warmer 

winters (bivalve species) (Lawrence & Soame, 2004; van de Pol, et al., 2010). Further 

studies should also examine the effect of warmer temperatures and dry seasons on the 

availability of terrestrial prey. Literature has typically shown inland breeders to have 

higher rates of breeding success than coastal habitats, but studies exploring differences 

between the habitats on a more long-term scale and throughout different types of breeding 

seasons would be a beneficial comparison to analyze their resilience, which is especially 

important through the lens of climate change impacts. If summers are anticipated to be 

warmer and dryer, terrestrial feeders may have decreased breeding success due to a 

decrease in prey availability. 

While climate change is an important factor in changing migration strategies and timing, 

variation in migration timing is also influenced by breeding and wintering habitat quality 

(Gunnarsson, et al., 2006b). Changes in climate can also affect winter distributions of 

waders, meaning that overwintering waders are good indicators of the effects of climate 

change as their distributions change (Rehfisch, Austin, Freeman, Armitage, & Burton, 

2004). This is important for large-scale habitat management; if the distribution of waders 

continues to change, and birds respond to differences in habitat quality, fixed site 

conservation and protected area networks need to be reevaluated where a number of sites 

are designated for internationally important populations of overwintering waders (Méndez, 

Alves, Þórisson, Marca, Gunnarsson, & Gill, 2020; Rehfisch, Austin, Freeman, Armitage, 

& Burton, 2004). Climate changes may also disproportionately affect birds that are not 

able to adapt as well to these changes – migrant populations, for example, may not be able 

to adapt as well as resident populations to changes in their breeding habitats (Rubolini, 

Saino, & Møller, 2010).  

Sea level rise driven by global climate change is an additional potential impact for birds 

that rely on coastal resources and habitats (ACIA, 2004). Rising sea levels may not only 

potentially decrease the availability of nesting habitat, an issue especially important for 

oystercatchers that demonstrate high fidelity to their breeding territories, but may also 

hinder the ability of oystercatchers to access coastal prey items. Shellfish and marine 

worms may become inaccessible in areas which oystercatchers rely on to obtain food, if 

sea level rises high enough to make these areas too deep to access. Additionally, for areas 
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such as Ísafjörður where coastal resident territories are nearby roads, sea level rise could 

decrease the availability of this habitat. Oystercatchers may therefore not necessarily be 

able to establish nesting territories adjacent to these feeding areas, and instead would need 

to establish leapfrog territories where chicks may not be as efficiently fed and would 

reduce the quality of the habitat. This places importance on understanding the patterns of 

habitat use for oystercatchers, as the issue of sea level rise would be significant for the 

West and Westfjords regions that primarily support coastal breeders, rather than the South 

region that primarily supports inland species. This also informs how population dynamics 

can be anticipated to change; sea level rise could lead to a reduction in habitat for coastal 

species, and therefore inland species may survive better in Iceland under extreme climate 

change. These factors then relate to future population ecology and how populations can be 

anticipated to change in the face of environmental changes; if birds nesting in the West and 

Westfjords regions of Iceland begin to decline due to sea level rise, and birds in the South 

were not as affected, this would impact the subsequent population dynamics in terms of 

migration strategies, probability of recruitment, and patterns of habitat use, in turn 

influencing important bird area management.  

Shifts in the behavior of migratory bird species due to climate is the result of a complex 

interaction of the effects on waders themselves, their habitat, and their prey (Rehfisch & 

Crick, 2003). As in managing important bird areas, the first step to effectively conserve 

migratory bird species in the face of climate change is to first evaluate which habitats and 

resources are important for their survival. Then, steps can be taken to determine potentially 

which sites should be managed as protected areas for their use by migratory bird species, 

both currently and as changes take place.  
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8 Conclusion 

Effective management of important bird areas requires an understanding of the biology of 

such areas and assessments of their relative importance and status. Iceland serves as an 

internationally important breeding area for a number of wader species, but the studies 

assessing the importance and status of bird areas throughout Iceland are limited in quantity 

and location. This thesis provides insight into the breeding success of oystercatchers that 

nest and feed in different regions and habitat types throughout Iceland, information that is 

important for guiding management and conservation strategies. Additionally, this study 

provided insight into the resource use of the Westfjords population of nesting 

oystercatchers. Investigating parental food provisioning and subsequent breeding success 

allows for a better understanding of how parental care and habitat relate to reproductive 

success, and the potential consequences for future populations.  

This study differed from similar research in that coastal breeders were shown to have 

higher breeding success (both in terms of productivity and in fledging success), whereas 

literature has shown terrestrial breeders to typically be up to three times more successful 

than coastal breeders. This study may have differed from other studies because of the 

unusually dry season in which fieldwork took place, or because of differences in resource 

availability in Iceland compared to other areas. Oystercatchers likely varied in their 

breeding success across habitats and regions in this study due to differences in resource 

availability and predation rates. Other likely differences between regions can potentially be 

attributed to human disturbance levels. Identifying these differences and understanding 

patterns of habitat use is important for understanding the status and threats of different bird 

areas, and to anticipate how populations will respond as land use changes and as the 

climate changes. This information can also be used to extrapolate best management 

practices based on the threats faced by each region, and their relative importance given the 

activity and success of the nesting species that rely on them. For example, sea level rise 

would impact the West and Westfjords regions that primarily support comparatively 

successful coastal breeders, whereas the South region that primarily supports terrestrial 

breeders. Additionally, if summers are anticipated to be warmer and dryer, terrestrial 

feeders may have decreased breeding success due to a decrease in prey availability, as 

demonstrated by the unusually dry season of this study which corresponded with decreased 

success in terrestrial breeders.  
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Successful fledges are largely influenced by their territory conditions at hatching. The 

habitat in which oystercatcher chicks are raised has implications for future populations 

because of their high site fidelity and high probability to breed within the same quality 

environment in which they were raised. Therefore, monitoring breeding success provides 

managers and conservationists with important projections for future populations.  

Monitoring of breeding populations should be continued in the future to compare data 

across different seasons and conditions, and to assess the population status and threats of 

these areas. Resource availability should also be incorporated into monitoring to determine 

the availability of different coastal and terrestrial resources, to evaluate how territories are 

being used. Additionally, while this study did not yield sufficient data to draw conclusions 

about growth rates of oystercatchers breeding in Iceland, future data on fledging ages and 

growth rates is also important information. Growth rates of chicks can have subsequent 

links to fledging success and recruitment probability, and is largely influenced by resource 

use.   
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