
VU Research Portal

A gull's portrait

van Donk, S.C.

2020

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
van Donk, S. C. (2020). A gull's portrait: On individual foraging strategies and their fitness consequences. [PhD-
Thesis - Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://research.vu.nl/en/publications/9e83fdbc-3b5f-4eaa-b991-5182572c3aaf


 

 

  



5

93

Elim
ination of coastal foraging habitat

 

 

Chapter 5 

Behavioural and reproductive consequences after 

elimination of coastal foraging habitat in a generalist 

seabird 

Susanne van Donk, Judy Shamoun-Baranes, Jaap van der Meer, Kees C.J. Camphuysen 

 

Abstract 

In light of rapid environmental change driven by human activities, it is increasingly important 

to understand how animals deal with changes in their environment. Understanding species 

resilience to change is especially needed in coastal areas, as human pressure and ecosystem 

degradation in these areas is often more pronounced compared to other ecosystems. Whether 

species can deal with change depends on the breadth of their ecological niche; generalist species 

seem to respond better to landscape fragmentation and disturbance compared to specialized 

species. However, individuals of generalist species often differ consistently in their foraging 

behaviour and use only a limited selection of available foraging habitat. These specialized 

individuals might have difficulties to adapt, but not much is known on how these individuals 

respond on changes in their environment. We studied the consequences of the elimination of a 

reliable coastal resource in a population of herring gulls Larus argentatus, a generalist seabird. 

We quantified how habitat use, diet and reproductive success varied on population level and 

describe individual patterns. For the analysis, we used a long-term dataset of 10 years which 

enabled us to study behaviour and habitat use for 8 years before habitat loss. We found that 

herring gulls are relatively resilient on the population level, as reproductive success and the 

frequency of prey from the coastal area did not decline. However, we found that individuals 

within the population can have difficulties adapting to habitat loss. Some individuals switched 

to an uncommon diet for this colony, probably due to higher competition on the remaining 

coastal habitat. These individuals had lower reproductive success than others. We discuss the 

role of individual variation in foraging strategies on population dynamics and potential 

consequences of coastal habitat alterations.  
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Introduction 

How animals respond to changes in their environment, is an important question in ecology and 

became more prominent in recent times of rapid environmental change. The degradation of 

wetland areas like coastal areas is even going more rapid than that of other ecosystems, while 

coastal areas provide important ecosystem services and are amongst the most productive 

ecosystems in the world (Jackson et al. 2001, Lotze et al. 2005, Millennium Ecosystem 

Assessment 2005). It is therefore of great interest whether the species living in these areas 

possess the flexibility to adapt to rapid environmental change (Chevin et al. 2010). Different 

species are not equally at risk when their environment changes and some species are better able 

to adapt than others. One of the factors that can play a role is their realized niche width, as 

generalists seem more capable to landscape fragmentation and disturbance (Marvier et al. 2004, 

Beck and Airoldi 2007, Devictor et al. 2008, Clavel et al. 2011).  

While generalist species may be more resilient to change than specialist species, individuals 

within a species may not respond in the same way. Several studies have shown that individuals 

of generalist species often differ consistently in their food choice and foraging strategy (Lewis 

et al., 2006; Bolnick et al., 2002). Such specialised animals use a subset of prey items that are 

available to the population as a whole. By doing so they invest in prey-specific foraging 

techniques, which can increase foraging efficiency (Woo et al. 2008). As a consequence, 

specialized individuals within generalist populations could have difficulties to adapt, because 

they will need to familiarise themselves with new foraging techniques and/or prey types. While 

the issue of individual specialisation within populations of generalists has received considerable 

attention (Bolnick et al. 2003, Araújo et al. 2011, Ceia and Ramos 2015), not much is known 

about the flexibility of specialised individuals in response to changes in their environment.  

Herring gulls Larus argentatus forage traditionally in marine coastal habitats, especially in 

intertidal areas, but also forage offshore or in terrestrial habitat (O’Hanlon and Nager 2017). 

They are generalist species on population level, but individuals vary in their foraging strategies 

(McCleery and Sibly 1986, Pierotti and Annett 1991, Bukacińska et al. 1996, Bosch et al. 2019). 

We studied herring gulls breeding on the island of Texel, the Netherlands (Camphuysen 2013). 

This population uses a variety of foraging options during the breeding season ranging from 

coastal intertidal, mudflat intertidal and marine prey types to terrestrial food including 

anthropogenic refuse. Their main prey are blue mussels Mytilus edulis from the intertidal 

coastal habitat growing on breakwaters constructed for coastal defence in the beginning of the 

20th century (Endema 1979, van Donk et al. 2017). Mussels provide a predictable resource 

throughout the breeding season and are available in large quantities.  

Recently, governmental decisions were taken to strengthen the coast with high dunes through 

sand nourishments along parts of the coastline. This coastal defence project was finished by the 
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end of 2014 (van Koningsveld and Mulder 2004, Freriks 2015, Wenneker et al. 2016) and 

resulted in the coverage of part of the breakwaters by sand. For the herring gulls, this meant 

that 46 out of 165 of their foraging patches were eliminated (28%; Fig. 1). The habitat loss 

created a natural experiment in which we could test how this generalist species and (specialized) 

individuals respond to major environmental change.  

The aim of this paper is to study the short-term consequences of the reduction of coastal 

foraging habitat. Measuring the effect of habitat loss in free-living animals is challenging, as 

regular behaviour and habitat use should be studied well before and after the habitat loss 

occurred to draw conclusions about possible effects of the environmental impact. In the current 

study, we made use of long-term behavioural and breeding data (diet, breeding parameters and 

habitat use), on both the individual and population level, eight years before and two years after 

the habitat loss. To study more fine-scale behaviour, we also used bio-logging data a year before 

and after habitat loss. Habitat loss may have increased interference competition in the remainder 

of the intertidal coastal habitat, assuming that the intertidal coastal foraging area as a whole was 

fully used by birds before the impact occurred, leading to shifts from one resource to another 

for birds that failed to establish a position within the dominance hierarchy.  

We expect considerable resilience to coastal habitat loss on the population level, but expect that 

specialized individuals will have difficulties to adapt. We expect to measure this as a reduction 

in reproductive success, such as smaller eggs and less fledglings per nest and a later onset of 

breeding in some individuals due to the lack of sufficient prey. In addition, we expect marked 

changes in foraging behaviour in the years following habitat loss. As many individual herring 

gulls possess a high degree of site fidelity to their foraging site (van Donk et al. 2018, Bosch et 

al. 2019), we also expect individuals to be less site faithful on the intertidal coastal habitat after 

habitat loss due to higher interference competition. By looking at changes in foraging behaviour 

and breeding success over multiple years after coastal habitat loss, we show that also individuals 

of a generalist species can have difficulties to adapt.  

Methods 

Study site and loss of coastal foraging habitat 

To study the effect of coastal habitat loss, we used a study site situated on the south-tip of the 

island of Texel, the Netherlands (53°00′N, 04°43′E) where about 4000 herring gulls are 

breeding among with approximately 11.000 lesser black-backed gulls Larus fuscus (Fig. 5.1). 

A part of this colony is intensively monitored for over more than 10 years on foraging and 

breeding ecology.  

The main foraging habitats of the herring gulls during the breeding season (April-August) are 

terrestrial areas like (natural) parks, agricultural areas, and urban areas, marine habitat (North 
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sea and Wadden sea), intertidal coastal areas as beach and breakwaters and intertidal mudflats. 

But the main prey for this colony are mussels Mytillus edulis that grow on breakwaters which 

are coastal defence structures made of concrete (Camphuysen 2013, van Donk et al. 2017). The 

165 breakwaters are found in a range of 35 kilometres to the colony along the North Sea coast 

between Texel and Schoorl (Fig. 5.1) and provide reliable and predictable prey during the 

breeding season since the beginning of the 20th century (Endema 1979). Between the breeding 

season of 2014 and 2015, 46 out of 165 foraging patches (28%; Fig. 5.1) were eliminated due 

to coastal protection activities. The lost habitat was visited by 11.9 % of animals foraging in 

the intertidal coastal habitat, which was recorded by colour ring recordings.  

 

Fig. 5.1 Overview of the habitat and main foraging areas around the colony. Latitude and longitude are indicated 

on the x and y axis in UTM zone 31 (x10.000), breeding colony is indicated with a double circle (615201.4 E, 

5873649 N). Intertidal coastal foraging habitat is available for the gulls along the coast of Texel and the mainland 

and is indicated with dashed lines. The intertidal coastal foraging habitat, which was removed between 2014 and 

2015, is indicated with a square. Other foraging habitats include North Sea and Wadden Sea, intertidal mudflats 

indicated as light grey areas in the Wadden Sea, urban areas indicated in darker grey on Texel and the mainland 

and (natural) parks and agricultural area indicated in grey on Texel and mainland.   
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Monitoring changes in diet 

We measured the diet of gulls in May and June in the breeding colony before (2006-2014) and 

after (2015-2016) habitat loss. The dietary analysis was based on regurgitated prey at the nest 

sites of breeding gulls, which include pellets, boluses collected when handling adult birds or 

chicks, and prey brought to the nest as chick feed. As the diet of these gulls differs between 

breeding phase, we analysed the data in the early phase (when most animals lay eggs, or 

incubate them) and late breeding phase (when animals feed their chicks or failed breeding) 

separately. Breeding phase was determined by regular checks of a selection of nests in the 

breeding colony (as described in van Donk et al. 2017). The median date of egg laying 

calculated for the entire study period is the 8th of May and median hatching date is the 3rd of 

June. Prey samples were classified as ‘Early season’ when gulls were laying eggs, relaying after 

failure of a nest due to predation or other causes or incubating eggs, but also after failure of a 

nest in the month May. Prey samples were classified as ‘Late season’ when the eggs of breeding 

gulls were hatching and when gulls were taking care of their chicks or after failure of the nest 

due to predation or starvation of chicks in the month June.  

Some prey were analysed directly in the field, but most prey were bagged and labelled with 

date and location and stored frozen before analysis. The samples were analysed in the laboratory 

and when needed using a microscope (Olympus SZ51, max. 40× magnification). We identified 

the prey to the lowest taxon possible and grouped every prey item in seven main prey categories 

after identification based on family and/or habitat where prey types occur (as in van Donk et al. 

2017). These groups were intertidal coastal bivalves which are mainly mussels Mytilus edulis 

from breakwaters, intertidal mudflat bivalves which are mainly cockles Cerastoderma edule, 

crustaceans which are mainly shore crabs Carcinus maenas, marine fishery discards including 

marine fish and brown shrimp Crangon crangon, human waste like domestic refuse and food 

remains, birds both passerines and non-passerines which were mainly chicks of conspecifics 

and of the sympatric lesser black-backed gulls, and remaining prey items like mammals, 

terrestrial invertebrates and woodlice, plant matter, oligochaetes, polychaetes and echinoderms.  

We calculated the proportion of every prey category per year as the frequency of occurrence a 

prey was found in separate regurgitates divided by all prey found. We compared whether the 

dietary spectrum changed after the habitat loss, and tested whether the proportion of coastal 

bivalves in the diet decreased after this period.  

Proportional data induces some constraints on the variance and the covariance of the data 

(Aitchison 1986, Warton and Hui 2011), which was the reason to do a data transformation to 

be able to use standard statistical techniques. We took the logarithm of the proportion of all 

prey types excluding coastal bivalves divided by the proportion of coastal bivalves. We used a 
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Student’s t-test to compare the proportion of coastal bivalves before and after habitat loss, for 

the early and late breeding phase separately.  

During our analysis, we also saw an increase in the proportion of intertidal mudflat bivalves in 

the diet compared to other years. Therefore, we also tested whether the logarithm of the 

proportion intertidal mudflat bivalves divided by the proportion of coastal bivalves was 

significantly different.  

We excluded both breeding phases for the year 2013 and the early phase for the year 2011 due 

to low sample size (n<100). 

Measuring changes in reproductive success 

Reproductive success was monitored in study plots within the colony between April and August 

2006-2016. We assessed four reproductive parameters: timing of egg laying, egg volume, 

hatching success, and fledging success. Loss of habitat can affect the body condition of adult 

birds and can thereby delay the timing of breeding. Delayed breeding can negatively affect 

chick survival (Hunt and Hunt 1976, Brouwer et al. 1995). To define timing of egg laying, we 

measured laying date and calculated the deviation of the mean laying date measured for the 

entire study period in days. Egg volume is a measure for egg quality because it is positively 

correlated with chick survival (Krist 2011). Length (L) in cm and width (W) in cm of eggs were 

measured to the nearest 0.1 mm with Vernier callipers and egg volume was calculated as 

volume as V (cm2) = kLW2, using k = 0.5035 (Barth 1968, Spaans and Spaans 1975). Hatching 

success was determined by checking nests within the study plots every third day until hatching 

date and scoring the number of hatched, predated and dead eggs (e.g. not hatched after more 

than 4 weeks) after which we calculated hatching success in percentages per nest (% nest-1). To 

determine fledging success, randomly selected nests were enclosed with chicken wire fence and 

hatchlings within the enclosure were individually marked. Fledging success was defined as the 

number of chicks that survived until day 40 per nest (for more information see van Donk et al. 

2017). We compared all four proxies for reproductive success per nest site before (2006-2014) 

and after (2015-2016) the disappeared foraging habitat using a Student’s t-test. In case of a 

significant difference, we performed an ANOVA followed by a Tukey's honestly significant 

difference (HSD) post hoc test, to test whether the difference before and after habitat loss is 

consistent for the entire study period.  

The year after habitat loss, we observed a sudden increase in the proportion of intertidal mudflat 

bivalves (cockles Cerastoderma edule) during the early phase when most animals were laying 

their eggs. We therefore also tested whether breeding pairs with this uncommon prey in their 

diet had poorer breeding success measured as timing of breeding, egg volume and hatching 

success than individuals with mainly coastal bivalves in their diet using a Student’s t-test.  
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Measuring changes in habitat use 

We used two methods to compare habitat use before and after the habitat loss. We analysed 

movements based on colour-ring re-sightings and, to study habitat use in more detail, we made 

use of animals with GPS trackers to see whether habitat used corresponds to the prey remains 

found in the colony.  

Colour ring re-sightings were used to monitor habitat use and site fidelity to intertidal coastal 

habitat of a large amount of individuals. Adult herring gulls were caught with walk-in traps 

during incubation between 2006 and 2016 and body mass (g), wing (mm), tarsus (mm), head 

(mm) and bill (mm) lengths were measured. Birds were sexed based on head plus bill lengths 

(mm) (Coulson et al. 1983a). Birds received a colour ring around their tarsus with unique codes 

which can be read from a distance when using binoculars or a telescope. Colour rings were read 

in the breeding colony and surroundings, but also by several volunteers, who reported colour 

code, time, date and place. Subsequently, we grouped these places in different habitat categories 

which were (natural) parks and agricultural land, urban areas, intertidal coastal area (including 

beach and breakwaters) and the lost intertidal coastal area.  

We analysed the colour-ring sightings in two ways. The first analysis was executed to analyse 

whether gulls that made use of the lost coastal habitat made use of different habitat categories 

after habitat loss, indicating a shift in foraging habitat. The second analysis was done to analyse 

whether gulls foraging on the remaining intertidal coastal habitat decreased site fidelity, 

indicating an increase in interference competition in that area. The first analysis was done by 

comparing all the sightings in the habitat categories of individuals that had been observed in 

the lost intertidal coastal habitat in 2014 and compare the same individuals with where they had 

been sighted the year after. Here, we have to take into account that not all foraging habitat is 

accessible for reading rings; foraging areas like Wadden or North Sea or intertidal mudflats, are 

barely accessible. Also the lost intertidal coastal area has been less accessible during the coastal 

protection work (~half a year), whereas the non-changed intertidal coastal foraging habitat 

along the coast was suitable for reading rings during the complete period of the study. 

Therefore, the second analysis was focused on sightings of birds that were seen in the intertidal 

coastal foraging habitat that did not undergo changes (Fig. 5.1, area outside the square). For 

this analysis, we compared re-sightings of individuals that were seen in intertidal coastal 

foraging habitat to where they were seen in the following year. We reported whether they were 

seen again at the intertidal coastal habitat, whether they were seen somewhere else, or not re-

sighted in that year. In this way, we could monitor movements and site fidelity before and after 

habitat loss. We tested movements before and after habitat loss by comparing the logarithm of 

the proportion of animals seen elsewhere divided by the proportion of animals that were seen 
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again in the coastal foraging habitat using a Student’s t-test. We only used data from 2009-2016 

as sample size was too low before 2009.  

To determine more detailed habitat use, a selection of 31 herring gulls were equipped with GPS 

trackers (14 female and 17 male) between 2013 and 2015 (van Donk et al. 2018). GPS trackers 

with solar-panels of the UvA Bird Tracking System (Bouten et al. 2013) were mounted on the 

back of the birds with a 3-g non-flexible Teflon harness, after taking body measurement as 

described above. For seabirds, it is recommended to keep the weight of trackers below 3% of 

the body weight (Phillips et al. 2003). In our study, GPS tracker and harness together weighted 

less than 3% of the body mass of the birds, which was on average 2.4 % of female body mass 

and 2.1 % of male body mass. The trackers measure the geographic location and time (UTC) 

and provide the possibility to change measurement frequency while the tracker is on the bird. 

Measurement frequency was generally set to every 10 minutes inside the breeding colony and 

every 5 minutes outside the breeding colony. We took higher resolution measurements 

occasionally (~every 3 seconds) outside the breeding colony, when the memory of trackers was 

empty and the battery fully loaded. We resampled all the data to every 5 minutes, as 

measurement frequency could influence precision of GPS fixes. Subsequently, we coupled 

every GPS position outside the breeding colony to a foraging habitat category. The foraging 

habitat categories are parks and agricultural land, urban areas, North Sea and Wadden Sea, 

intertidal mudflats, intertidal coastal beach and intertidal coastal breakwaters. We used several 

shapefiles for every habitat category which are; (MapCruzin 2017, OpenStreetMap contributors 

2017) for (natural) parks and agriculture land, (European Environment Agency (EEA) 2017, 

OpenStreetMap contributors 2017) for urban areas, (Hijmans 2012) for North Sea and Wadden 

Sea, (www.rijkswaterstaat.nl) for intertidal mudflats, beach (Hazeu 2005) for beach, and (QGIS 

Development Team 2009) for breakwaters which were delineated based on QGIS openlayer 

plugin google earth. Due to tidal fluctuations, areas close to breakwaters, beach and intertidal 

mudflats are also often accessible for the gulls during low tide. We therefore assigned GPS 

positions in North or Wadden Sea which were closer than 50 meters to breakwater, beach or 

intertidal mudflats to these habitat types (van Donk et al. 2018).  

We calculated the proportion of time all herring gulls with a tracker spent in these different 

foraging areas. We compared habitat use between 2014 and 2015 for all individuals carrying a 

GPS tracker, but also for individual birds that carried a GPS tracker in both 2014 and 2015. For 

the repeated individuals, we only selected dates on which we had tracking data between the 

beginning of April and the end of June for both years, excluding the possible effects of time of 

the year on habitat use.  
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Results 

Dietary changes per breeding stage 

Herring gulls of the colony of Texel feed on many different prey types originating from a range 

of sources like agricultural lands, anthropogenic refuse from cities or dumpsites, the marine 

environment, intertidal mudflats and intertidal coastal habitat. In most years, the proportion of 

intertidal coastal bivalves in the diet was larger during the early compared to the late phase 

when many breeding pairs are feeding their young (Fig. 5.2). Over the course of the study, the 

proportion of intertidal coastal bivalves increases and other prey categories decrease, in 

particular crustaceans, fishery discards, mammals and plant matter. This change is stronger in 

the early phase. Interestingly, loss of coastal habitat did not result in a lower proportion of 

intertidal coastal bivalves in the diet in the early phase of the breeding season (two-sample t 

(4.83)= -1.57, p = 0.18). In the late phase, we found a significant difference for the proportion 

of coastal bivalves in the diet (two-sample t (7.79)= -2.50, p = 0.04); but, contrary to our 

expectations, the proportion of intertidal coastal bivalves was significantly higher after habitat 

loss. However, the increase in coastal bivalves in the diet seems to have happened in the early 

years of this study (Fig. 5.2: after 2008) and is highly likely not caused by the loss of habitat. 

After the habitat loss we observed a relatively high amount of intertidal mudflat bivalves in the 

diet during the early breeding season (Fig. 5.2); the frequency of intertidal mudflat bivalves 

was significantly higher after habitat loss (two-sample t (6.55)= -4.84, p = 0.002). 
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Fig. 5.2 Time series of the distribution of prey categories shown as proportion of the diet of herring gulls breeding 

in the colony on Texel per year and per breeding phase, which are either during egg-laying and incubation (early 

phase) or during the period of chick-rearing (late phase), prey types of failed individuals were also taken into 

account. Prey types are measured as frequency of occurrence (n=8007 samples). The time series show that loss of 

coastal habitat (between autumn 2014 and spring 2015) did not have an effect on proportion of coastal bivalves in 

the diet. Sample sizes are shown above every year and breeding phase. Both breeding phases for year 2013 and 

the early phase for year 2011 were left out the analysis due to low sample size.  
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Table 5.1 Reproductive success of the breeding colony of Texel measured over 11 years. The mean and standard 

deviation for four proxies for reproductive success are shown per year which are average laying date and relative 

laying date compared to the overall laying date of the study period of the 9th of May, average egg volume in cm3, 

the percentage of eggs that hatched and the number of fledged chicks per pair. Averages over the period before 

(2006-2014) and after (2015-2016) habitat loss are shown in bold. Lowest values per reproductive success are 

underlined.  

Year Laying 

date 

Relative 

laying date 

Egg volume 

(cm3) 

Hatching 

success 

(%nest-1) 

Fledgings 

pair-1 

2006 11 May 1.73±5.35 82.19±9.05 76.98±35.49 0.62±0.77 

2007 09 May -0.02±8.81 81.16±8.27 61.26±38.53 0.93±0.80 

2008 08 May -0.65±5.84 82.57±8.63 66.89±36.47 1.10±0.97 

2009 06 May -2.53±4.47 79.91±9.49 69.74±35.46 0.81±0.81 

2010 04 May -3.91±4.71 82.69±9.13 82.34±28.11 1.33±1.05 

2011 04 May -4.25±4.95 81.20±9.85 63.69±41.69 0.48±0.73 

2012 07 May -1.25±6.08 81.23±8.93 66.67±36.53 1.09±0.95 

2013 11 May 3.13±7.68 79.98±9.25 61.03±42.35 0.65±0.79 

2014 09 May 1.34±6.84 80.14±9.12 68.50±35.87 0.67±0.84 

2006-2014 08 May -0.72 81.20 68.13 0.87 

2015 11 May 4.12±7.35 79.87±10.33 54.73±39.97 0.68±0.99 

2016 10 May 1.91±6.68 81.36±9.75 69.22±38.62 0.67±0.89 

2015-2016 11 May 2.81 80.75 62.83 0.67 
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Changes in reproductive success 

Reproductive success varied over years (Table 5.1). Relative laying date calculated as the 

difference with average laying date measured over the entire study period was significantly later 

after habitat loss (two-sample t (576.09)=8.89, p < 0.001). A posthoc test showed that laying 

date was not consistently later after habitat loss and earlier before habitat loss. For instance, the 

relative laying date of 2015 and 2016 did not differ from the year 2006 and 2013 and relative 

laying date of 2016 did also not differ from the year 2007 and 2014 (p > 0.05). Both egg volume 

(two-sample t (559.01)= -0.79, p = 0.428), hatching success (two-sample t (228.02)= -1.48, p = 

0.141) and number of fledglings per pair (two-sample t (95.25)= -1.45, p = 0.152) did not 

significantly differ before and after habitat loss. Although we did not find convincing evidence 

that reproductive success was lower after habitat loss, we did observe the latest relative laying 

date, the smallest average egg volume and the lowest hatching success in the year directly after 

habitat loss compared to all other years, suggesting a small effect on population level with a 

small recovery in the year 2015 (Table 5.1; year 2015).  

 

Fig. 5.3 Diet related to different proxies for reproductive success of the year 2015, directly following habitat loss. 

On the x-axis, the two dietary groups we selected for this analysis. Main diet of breeding pairs was based on the 

proportion of cockles and mussels. Breeding pairs of which the diet contained more than 40% cockles were 

assigned to ‘Cockle’, breeding pairs of which the diet contained more than 40% mussels, and less than 40% cockles 

were assigned to ‘Mussel’. Main diet of adults in relation to a. relative laying date calculated as the difference with 

average laying date over all monitored years (9th of May = 0) b. average egg volume (cm3) c. proportion of eggs 

that hatched, were predated or were dead. When birds had a diet which contained relatively a lot of cockles, they 

laid there eggs relatively late, had smaller eggs and the eggs had a lower hatching success although the latter 

difference was not significant. But sample sizes for cockle nests were low (n = 6 cockle nests with 14 eggs versus 

n = 49 mussel nests with 125 eggs).  
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Reproductive success did not significantly differ before and after habitat loss, but it was related 

to the diet. Breeding pairs which had more than 40% of the mudflat bivalves (cockles) in their 

diet, had a relatively late laying day (Fig. 5.3a; two-sample t (15.87)= 3.04, p = 0.007) and 

smaller eggs (Fig. 5.3b; two-sample t (21.35)= -3.91, p < 0.001) compared to breeding pairs 

that had 40% or more of common coastal bivalves (mussels) in their diet. The proportion of 

hatched eggs also seemed to be lower (Fig. 5.3c), but the difference was not significant (two-

sample t (5.71)= -0.59, p = 0.58). Here should be considered that the sample size for cockle 

nests was quite low (6 nests with 14 eggs), partly because pairs on territories with a lot of 

cockles often did not start laying (CJC and SvD pers. obs.). 

 

 

 

Fig. 5.4 Habitat use per year based on ring recordings. a. Colour-ring sightings of individuals that were seen in the 

lost intertidal coastal habitat in 2014 compared to where these individuals have been reported in 2015 (30 

individuals). Sample sizes of re-sightings are shown above every bar. b. Re-sightings are shown of animals that 

were seen at the coastal breakwaters the previous year. For instance, animals that were seen at the coastal 

breakwaters in 2009, are shown in the bar for the year 2010. On the y-axis is the proportion of animals shown, the 

colour represents where the animal has been seen; again at the coastal breakwaters or somewhere else, or the 

animal has not been re-sighted that year. The time series shows that loss of coastal habitat (between autumn 2014 

and spring 2015) resulted in lower re-sighting probability on coastal habitat. 
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Changes in habitat use 

1. Habitat use of colour ringed individuals 

We summarized the colour ring re-sightings in two ways. First, in order to explore how 

individuals may have altered their habitat use, we compared the proportion of observations in 

different habitats in 2014 and 2015 (before and after habitat loss respectively) for those 

individuals that were observed in 2014 in the intertidal coastal area that was eliminated (Fig. 

5.4a). Many individuals were re-sighted in 2015 in the remaining intertidal coastal area, but the 

proportion of sightings in parks and agricultural land and urban areas also increased slightly. 

However, with these results one should consider that the presence and effort of bird watchers 

between foraging areas can differ, as mentioned in the methods section.  

Second, we analysed the colour-ring sightings of the intertidal coastal area that was not lost. 

We tested whether animals changed in the use of coastal habitat. Most individuals were site-

faithful to this part of coastal habitat: individuals that were seen on and around coastal habitat 

(breakwaters) were very often seen again in the same habitat the following year (Fig. 5.4b). On 

average, 70% of the animals were seen in the same coastal habitat again, while 25% was seen 

in different places, like for instance the colony, on roosting sites or other foraging habitat. About 

5% of the animals were not seen the year after. In the year of the start of coastal habitat loss 

(end of 2014), the likelihood of re-sightings in the intertidal coastal habitat decreased; 

individuals were re-sighted in only 60% of the cases which decreased to 50% in 2015 and 40% 

in 2016. These results suggest that interference competition increased in the remaining intertidal 

coastal habitat, and that individuals were replaced more often from their spot resulting in a 

lower re-sighting probability. However, the difference between the amount of re-sighted 

individuals on the coastal habitat compared to individuals re-sighted elsewhere was not 

statistically different before and after habitat loss (two-sample t (1.320) = 2.260, p = 0.21). 

2. Habitat use of animals with GPS trackers 

When examined at the population level, habitat use differed between the year before and the 

year after loss of intertidal coastal habitat (Fig. 5.5). Animals with GPS trackers spent more 

time on intertidal mudflats, which confirmed the results of the dietary study (Fig. 5.2). These 

results were measured in all individuals with GPS tracker as individuals tracked in both years 

(Fig. 5.5). As individuals might differ in their response to habitat loss, we also showed habitat 

use of all individuals that we monitored in both years separately (Fig. 5.6). Some individuals 

change their habitat use dramatically (bird ID 6015, 6072, 6077 and 6080), while others are 

remarkably consistent (1600, 6016, 6017). Of these, individual with code 6080 was directly 

affected by the habitat loss. 



5

107

Elim
ination of coastal foraging habitat

 

 

 

Fig. 5.5 Proportion of time spent in different habitats outside the breeding territory in 2014 and 2015 in April – 

June. Left, all GPS-tracked individuals (n = 27) and right, individuals that were tracked in both years (right; n = 

10). Loss of coastal habitat happened between autumn 2014 and spring 2015. After habitat loss, animals spent 

more time in intertidal flats.  

 

Fig. 5.6 Habitat use in proportion of time outside the breeding territory in 2014 and 2015 in April - June of 

individuals that were carrying a tracker in both years (n = 10). The top shows the unique code per individual. 

Some gulls are remarkably stable in their habitat use (1600, 6016, 6017), while others differ in their habitat use 

between the two years (6015, 6072, 6077, 6080). Only individual 6080 was directly affected by the habitat loss. 
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Discussion 

In this study, we used a long-term dataset of reproductive measurements, dietary data and 

habitat use to study how a population of generalists deals with a sudden loss of part of its coastal 

foraging habitat. We found no significant effects of habitat loss on the population level. The 

frequency of occurrence of intertidal coastal bivalves (mussels), which are the main prey in the 

lost foraging habitat, did not decline (Fig. 5.2) and mean breeding success (fledglings nest-1) 

was similar in the years before and after the loss of feeding habitat (Table 5.1), but we found 

the lowest hatching rates measured over 11 years. We did find a sharp increase in the proportion 

of mudflat bivalves (mainly cockles), a thus far highly unusual prey during the early phase of 

breeding (prospecting, egg-laying and incubation periods, Fig. 5.2). GPS data reflected this 

dietary shift with an increase in time spent on the habitat that contains cockles, the intertidal 

mudflats in the Wadden Sea, in the year immediately following the habitat loss along the coast 

(Fig. 5.5). Individual breeding pairs with cockles in their diet, had lower success in the early 

breeding phase (Fig. 5.3). We expect this shift in habitat use and diet to represent an immediate 

and potentially short-term response to the loss of coastal foraging habitat. Our results indicate 

that while this generalist population shows the expected resilience on population level (Devictor 

et al. 2008, Sih et al. 2011, Tuomainen and Candolin 2011), certain individuals within the 

population had difficulties to adapt. This finding questions the general idea that generalists are 

flexible by definition. Here, we discuss consequences of coastal habitat loss on a population 

level and individual level. 

Behavioural plasticity or changes in population composition 

We made use of a long-term dataset, which enabled us to study breeding and foraging behaviour 

of the birds well before the loss of foraging habitat took place. Although we gathered a lot of 

data, we did in general not follow behaviour and breeding success within individual birds over 

multiple years. Also, even if individuals breed regularly in the colony, their diet or breeding 

success is not always measured as only a random selection of nests are taken into complete 

monitoring every year. It is possible that the increase of cockles in our samples and the observed 

low breeding success of birds feeding on these prey are in fact new breeding individuals 

entering the population.  

There are several reasons why this is unlikely. First, cockles are a rare prey throughout the 

colonies on Texel and only very occasionally encountered, nearly always around nests of 

specialized individuals or pairs. Within the zone of monitoring, the frequency of occurrence of 

cockles in the early season prior to the year of impact was on average only 2.6%. Second, 

animals with GPS trackers that provided data in both years showed that indeed some individuals 

started to utilize in the intertidal mudflats, the cockles banks, after the loss of intertidal coastal 
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habitat (Fig. 5.5). This is further evidence that the same individuals indeed changed their 

foraging behaviour. 

Consequences on population and individual level 

Whether a generalist population is affected by environmental change, depends on several 

factors. First, the size of the effect will be related to the importance of the foraging area for the 

breeding colony. Only 12% of the colour-ringed birds foraging for mussels used the area that 

was lost and were affected directly. Birds foraging on mussels in intertidal coastal habitat north 

of the area that was lost, were highly likely affected indirectly from an increase in intra-specific 

competition (Fig. 5.4b); the likelihood that individuals were re-sighted in the remaining 

intertidal coastal habitat decreased after habitat loss, suggesting a higher replacement of 

individuals. Second, the effect size of habitat loss can be related to the diversity and types of 

strategies the population is composed of (Phillips et al. 2017). A population can for instance 

consist of specialists, or generalists only (Sjödin et al. 2018) or potentially consist of a mix of 

specialists and generalists. Only the individuals that are specialized on lost or changed habitat 

will be affected while generalists would have other options. Data from GPS trackers suggest 

that specialists (narrow range) and generalists (wide range) co-exist (Fig. 5.6). Third, the effect 

depends on the importance of a (lost) prey in the context of breeding success. Herring gulls 

foraging on high caloric prey of anthropogenic origin in the chick phase have a higher breeding 

success in this population than herring gulls foraging mainly on low caloric intertidal coastal 

bivalves (van Donk et al. 2017). Losing prey related to higher breeding success, like 

anthropogenic prey in this colony, will have a greater impact than losing an area related to low 

breeding success, like the low caloric intertidal coastal bivalves. This might explain why habitat 

loss did not result in a large impact on the breeding success. 

Nevertheless, when studying not only the population but also the individual, we show that 

individual birds of a generalist species can struggle with habitat loss. Individual birds that 

changed their foraging diet to an otherwise rare prey in this colony, intertidal mudflat bivalves 

(mainly cockles), had a lower breeding success. In additison, we observed that breeding pairs 

on territories with many cockle remains often did not lay eggs (pers. obs.). While not part of 

our study protocol, monitoring dietary selection of territorial birds that do not lay eggs could 

improve our understanding of non-successful strategies that reduce the probability of breeding. 

Our findings show that individuals of generalist species may not always be highly adaptable to 

changing environmental conditions.  

It is not clear why animals feeding on intertidal mudflat bivalves are unsuccessful in 

reproducing. One reason could be that weaker/less dominant animals are replaced from better 

foraging habitat with higher quality prey. Cockles from intertidal mudflats of the size found in 

the colony were for instance of lower quality than mussels of the coastal breakwaters in the 
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same period; sampled cockles had a lower meat shell ratio than mussels (Fig. S5.1). Animals 

foraging on cockles might therefore be in worse body condition, resulting in a lower breeding 

success or more frequent breeding sabbaticals. 

Apart from the relative lower prey quality of cockles compared to mussels, changing foraging 

strategy might also be costly. Juvenile birds get progressively better over time in handling and 

finding prey (Verbeek 1977, Riotte-Lambert and Weimerskirch 2013, Cristol et al. 2017), 

which suggests learning new strategies later in life also takes time and energy. Individual 

herring gulls are highly site faithful to their foraging habitat, which was shown in an earlier 

study (van Donk et al. 2018). Sometimes, individuals can even stay site faithful to their spot 

when their foraging habitat is lost, which was shown by a gull which received a GPS tracker in 

2014 (Fig. S5.2). This gull was very regularly observed in the colony and on breakwaters in the 

foraging area that disappeared by the end of 2014. Although this animal was forced to move to 

other foraging habitat, it still regularly returned to its old foraging area despite the lack of 

suitable prey and the long distance to the colony. Concluding, individuals that foraged on 

cockles may not be particularly successful, due to costs associated with digesting cockles or 

due to conservative foraging behaviour of adult herring gulls that have difficulties changing 

their habits. 

Environmental change and the consequences of foraging strategies  

As already mentioned, individuals within the same population can show consistent differences 

in (foraging) behaviour (Reviews: Bolnick et al. 2003; Sih et al. 2004). Besides differences in 

foraging strategies in gulls, individuals also differ in the level of specialization in habitat use or 

prey (van Donk et al. 2018, Bosch et al. 2019). Specializing might be beneficial for foraging 

efficiency (Werner et al. 1981, Persson 1985) and can decrease competition with conspecifics 

(Svanbäck and Bolnick 2005). However, in a changing world, individuals that are less 

specialized might be more flexible and hence successful than specialized individuals (Sih et al. 

2011, Tuomainen and Candolin 2011). In the current study, we also see large differences in 

foraging behaviour between years, which might have affected how animals have dealt with the 

changes in their environment (Fig. 5.6). Two individuals with birdIDs 1600 and 6016 spent a 

lot of time in the coastal foraging habitat on breakwaters and beach stay remarkably consistent 

after the habitat loss. Individual with bird ID 6015, on the contrary, changes its habitat use 

completely after habitat loss and starts foraging on intertidal mudflats in 2015 instead of on 

breakwaters in the intertidal coastal habitat.  

In the current study, a large foraging patch was destroyed due to changes in coastal defence 

management. Important coastal ecosystems are being destroyed in a very rapid pace in many 

places over the world. For instance, fixed structures are built in some areas and removed in 

others, which drastically changes the coastal ecosystems. Some species or individuals are 
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expected to come out as winners and others as losers. Combining long term demographic 

research with dietary analysis and movement data including bio-logging can help elucidate why 

some species or individuals may fair well under such changes and others not. In future, it would 

be interesting to test whether generalized individuals within populations do better in rapidly 

changing coastal environments in both reproductive success but also survival.  
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Supplementary material 

 

Fig. S5.1 The flesh/shell ratio of mussels on the breakwaters was higher than that of cockles sampled in June 2015 

(t-test: -24.73, df = 171.02, p < 0.001). Flesh and shell weight is measured after drying it in an incubator by 560 

°C degrees Celsius for 3 days.  
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Fig. S5.2 Distribution of GPS locations of one herring gull from the first until the 20th of June of 2014 (a. & c.; 

circles) and 2015 (b. & d.; triangles) at different spatial scales. The breeding colony is indicated with a double 

circle (615201.4 E, 5873649 N). The square on a. and b. indicates the area shown on a larger scale in c. and d. 

After habitat loss, many breakwaters (light grey in c.) disappeared under a new created beach (darker grey in c. 

and d.), but the herring gull still visited the disappeared foraging habitat (d.). Every point corresponds to one GPS 

fix which was taken ~every 5 minutes.  

 


