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�x In this thesis, results are presented of a comparativ e study of the foraging ec ology, breeding biology, 

foraging distribution, and population  dynamics of two sympatric large gulls, the European Herring Gull 

Larus argentatus (HG ) and the Lesser Black-backed Gull Larus fuscus (LBBG ), breeding at Texel in the 

western Wadden Sea. The work aimed at understanding recent, contrasting populati on trends: a decline in 

HGs and a continuing increase in LBBGs. This was evaluated using three hypotheses: (1) HGs being 

outcompeted by a newcomer, the LBBG, (2) LBBGs pr ofiting from an empty niche; population trends 

unrelated, or (3) overwinter survival is responsible for differences in demograp hic trends (Chapter 1). 

�x The relaxation of the Victorian exploitation with its ruthless destruction of wildlife is one of the main 

factors explaining the rapid growth of ma ny populations of (sea-)birds in the 20 th  century, large gulls 

included. Only two species of gulls nested in The Netherlands around 1900, while 10 species occur as 

breeding birds today. Gull breeding populations reached unprecedented levels in the late 20 th /early 21 st  

century: HGs peaked in the 1980s, LBBGs around 2005.  Multiple causal factors have been at work 

simultaneously to effectuate these population changes.  Four episodes of major change were identified: (1) 

early measures of conservation in the early 20 th  century, (2) a resumption of persecution in the 1930s to 

1960s, (3) a relaxation of persecution coinciding with a general recognition of the effects of chemical 

pollution in a period when anthropogenic (unnatural)  resources became very large, and (4) population 

declines or reduced growth in the late 20 th  century when landfills were closed and when fisheries discards 

started to decline (App. 2). 

�x Contrary to expectations, the reproduc tive success of LBBGs was very low, particularly as a result of high 

levels of chick predation (cannibalism). The breeding su ccess of HGs was consistently higher than that of 

LBBGs and levels of chick predation were much lower (App. 3). Productivity indices for both species were 

poor-moderate (<50% of the eggs laid produced fledgl ings). LBBGs were clearly more marine orientated 

than HGs and the diet of the former was dominated by discarded fish species. HGs utilised intertidal 

resources extensively and added fish prey to their diet during chick care (Chapter 2). 

�x Cyclic fluctuations in chick growth were found in both species: similar drops and gains in body mass, 

indicating alternating periods of low and more favourable provisioning. Body mass increments of chicks 

were significantly reduced in week ends and enhanced during the week. A weekly rhythm in commercial 

fishing effort matched these patterns exactly (Chapter 3). 

�x With a supplementary feeding experime nt, it was investigated if parents would increase the time devoted 

to chick defence when the needs for chicks to feed we re lowered artificially. To measure nest attendance, 

adults were instrumented with radio-transmitters. The results were ambiguous: nest attendance of 

supplemented pairs was enhanced in one study plot, bu t reduced in another. Alth ough supplemented birds 

fledged more young than controls, th e difference was not significant. Ch ick predation and fledging success 

were significantly different between study plots. Autocatalytic interactions and collective, site-specific 

differences in the ability to defend chicks from at tacking adults may explain the results (Chapter 4). 

�x The timing of first returns, prospecting, egg-laying, hatching, chick care, when the breeding areas were 

abandoned in autumn, and changes therein over the years was examined in LBBGs. The birds were 

geographically segregated by age throughout thei r annual cycle and southward movements after the 

breeding season had a different start in immatures (e arly), adults (intermediate) and juveniles (late). 

Juveniles wintered furthest to the south. The timing of spring migration was early in adults, intermediate 

in immatures, and late in juveniles. There was no evidence that one of the sexes returned earlier and 

prospecting breeders in the colony were synchronised with Herring Gulls. The seasonality in fisheries effort 

could not explain the onset of breeding, but an annual rise in effort in June coincided with the earliest 

phase of chick care. A comparison between older (<2000) and more recent data ( �• 2000) indicated an 

overall shortening of the time spent at br eeding latitudes by one month (Chapter 5). 

�x HGs colour-ringed as chicks (n= 3124) in 12 colonies in 1986-88 yielded 86,247 ring-readings on 1358 

locations by 868 observers. One-fifth of all sightings originated areas within a radius of 5km from the 

ringing site. Only 0.8% were reported at over 300km from the natal colony (10.7% at 6-10km, 8.9% at 

11-25km, 17.7% at 26-50km, 22.9% at 51-100km, 14.4% at 101-200km, and 4.1% at 201- 300km). 

Colony-specific differences in travelling distance, dispersal rate, and direction of movements suggested a 

grouping of colonies in three: (1) eastern Wadde n Sea islands (Rottumeroog-Vlieland), with higher 

dispersal rates and winter movements mostly south-we st to south-east, (2) Texel and 4 mainland coast 

colonies (Callantsoog-Wasse naar), with a shorter mean range and movements mostly to the south, and 

(3) colonies in the Delta area (Europoort- Saeftinghe ) with short range movements and winter dispersal in 

many directions. Adults reached their greatest me an distances on average one month earlier than 
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immatures, which in turn arrived one month earlier than juveniles. In spring, adults moved on two months 

ahead of immatures, which in turn moved earlier and closer to the natal home-range than juveniles. 

Herring Gulls breeding in The Netherlands occupied a mid-position between dispersive and sedentary 

tendencies (Chapter 6). 

�x In HGs, a mean apparent annual adult survival was calculated of 79% in females and 86% in males. 

Additive year effects provided highest model support in LBBGs, in  which apparent survival for both sexes 

combined varied between 81% and 100% (mean �§91%) (Chapter 7). These findings, in combination with 

estimated return rates of recruits replacing adults that died (App. 6) , led to estimated of a balance per 

annum (BPA) of -0.08 [i.e. population growth rate lambda = 0.92) in LBBGs and -0.23 (lambda = 0.77)in 

HGs (Chapter 2). 

�x Tracking studies revealed exceptionally long or dist ant foraging trips in actively breeding LBBGs. The 

characteristics, frequency, and triggers of unusual tr ips were evaluated. Exceptionally long and distant 

trips occurred irregularly but annually, in many individu al birds and in all phases of breeding. Additional 

time for individual maintenance rather than extra effort in chick provisioning was suggested as an 

explanation. Exceptional trips were relatively rare when the chicks were still young and highly vulnerable 

(<10d of age). The reproductive success in birds th at performed exceptional trips was not compromised 

(Chapter 8). 

�x Inter-pair dietary specialisations were studied in HGs and related to fecundity parameters. The overall 

dietary spectrum and levels and in cidence of dietary specialisations changed when energetic demands 

increased during chick care. Prior to  hatching, most pairs focussed on bivalve prey, but 25% of the pairs 

had distinct dietary biases. During chick care, both  chick growth and fledging  rates were positively 

correlated with the amount of fish prey provided. Pr ey spectra diversified overall during chick care and 

fewer specialists were detected. Particularly low chick growth rates were found in pairs that had a dietary 

bias towards crustacean prey (Chapter 9). 

�x The GPS tracking data from 34 LBBGs encompassing 2199 foraging trips combined with dietary 

information and reproductive status showed that there are sexually distinct foraging strategies, that are 

maintained throughout incubation and chick-care. Th e marginally larger males travelled farther from the 

colony than females, spent more time in the North Se a. Males fed mostly on fisheries discards at offshore 

trawlers with few alternative resources nearby. Female s foraged predominantly on land or in the Wadden 

Sea, where they had multiple foraging options incl uding nearshore shrimpers. Foraging range, trip 

duration and the proportion of time at sea increase d with wing length. Our findings did not support the 

usual inference that sexual segregation is mediated primarily by differences in competitive strength (i.e. 

differences in size) as both sexes foraged in compet itive environments around fishing vessels. Females, 

accessed a wider variety of resources and a broad prey  spectrum, by exploring a whole suite of foraging 

opportunities and habitats near er the colony (Chapter 10). 

�x The distribution and feeding range of HGs and LBBGs were assessed, using ship-based surveys in the 

southern North Sea. Both species occurred in association with commercial fishing vessels and their 

distribution is described in relation to distance to the coast and distance to the colonies. The feeding range 

of LBBGs (95% of all birds within 135 km of the colo ny) was considerably larger than that of HGs (95% 

within 54 km), a difference that coul d not be explained by differences in flight capacities. Neither the 

vulnerability to robbery indices, nor the feeding success indices of both species supported earlier 

suggestions that LBBGs have outcompeted HGs at fishing vessels. The feeding range of LBBGs could not 

solely be explained by a general avoidance of HGs near the coast,  nor by fisheries further offshore in 

comparison with the coastal zone (Chapter 11). 

�x Adult LBBGs were tracked during the breeding season  using a high resolution GPS. The study revealed 

intriguing yet infrequent behavioural patterns indicating birds sat on the sea surface, drifting passively 

with the tidal current, for se veral hours: resting at sea rather than in the breeding colo ny. It is assumed 

that the drifting birds were resting (asleep), and possibly, a good rest, away from the colony, is essential 

for individual birds (Chapter 12). 

�x Because the designation of marine protected areas (M PAs) for seabirds should bear relevance to the 

ecological importance of these regi ons, simple presence/absence information of the occurrence at sea is 

not sufficiently accurate and could even be misleadi ng. Large amounts of data have been collected to 

assess distribution patterns of seabirds around the world. Ship-based surveys and sensor data (tracking 

studies) from instruments attached to individual birds were used to evaluate recently developed protocols 

to facilitate spatio-temporal quantification of space use and identification of behaviour in the context of 

MPA designations. Limitations of traditional techniques and exciting possibilities of new protocols and the 

latest generations of electronic devices attached to seabirds are presented. The advanced approaches in 
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data collection and spatial analys is is expected to enhance our un derstanding of offshore seabird 

distribution and  their activities, which can guide the designation of marine protected areas (Chapter 13). 

�x The occurrence of mammalian prey in the diet of both gulls was investigated to quantify the predation on 

mammals, comparing gulls breeding in coastal and inla nd colonies. Coastal nestin g specialised birds and a 

majority of individuals in an inland colony were found to commonly feed on mammalian prey. Most prey 

were obtained on inland fields, perhaps during ploughing or similar activities of farmers, some may have 

been captured within the colonies, and some will have  been the result of scavenging at roadsides. Since 

gulls breeding along the coast increasingly suffer from shortages of discarded marine fish during chick-

rearing, inland breeding may become more frequent and gulls are expected to increasingly focus on 

alternative foraging habitats and prey species, mammals included (Chapter 14). 

�x All relevant parameters describing the breeding success are summarised in App 3. Assuming that 

fluctuations in resources during breeding would affect fecundity, the fact that re productive success varied 

independently between the two species is interpreted as an indication that key resources were different. In 

fact none of the key parameters expressing breedi ng success, perhaps with the exception of chick 

depredation, were somehow correlated between the two gulls (Chapter 15). 

�x Evidence is provided for resource partitioning betwee n and within the two species: LBBGs were numerically 

dominating in continental mainland foraging sites, within the colony, inland at Texel, and offshore on the 

North Sea. Male LBBGs utilised offs hore resources, females foraged closer to the colony. HGs numerically 

dominated over LBBGs in all intertidal areas, including the deeper gullies (subtidal areas) of the Wadden 

Sea. At sea, with increasing distance to the North Sea shoreline HGs were increasingly outnumbered by 

LBBGs. If the key habitats are seen as resources, the numerical abundance of each species could seen as a 

proxy for resource use. The species’ exploitation st rategies are apparently di scretely segregated rather 

than opportunistic. Each of the key habitats (or re sources), are shared with different assemblages of 

competitors targeting the same or similar prey (guild s). Within these guilds dominance hierarchies become 

established and in most of the sc enarios, HGs and LBBGs are among th e largest (most po werful) species. 

The enormous variety of prey items require highly different skills and in each of these resources more 

specialised and efficient competitors are encountered (Chapter 15). 

�x The at-sea studies gave an important insight in the ab undance and distribution at  sea. Foraging behaviour 

and prey choices were studied in a competitive setting: both species were confronted with the same prey 

in experiments with different numb ers of competitors, around the North Sea and through the year. HGs 

were the more successful fo ragers at trawlers (competi tive strength). The abundant HGs at sea in winter 

are probably wintering birds from Nordic colonies rather than local residents. In summer, LBBGs become 

numerically dominant at some distance away from the coast. It is doubtful of HGs ever foraged at distant 

trawlers, and fish prey delivered to the chicks today originated from different fishing vessels than that of 

most LBBGs (App 7, Chapter 15). 

�x It is obvious that the breeding populations of both species are currently not flourishing. Even in HGs, 

where the reproductive success is often reasonably high, the low survival of adults, immatures and 

fledglings and the low recruitment rates lead to a negative BPA. The near-absence of even only 

prospecting “recruits” and nesting birds in immature  plumage at Texel suggests that these colonies are 

currently “ageing” (Chapter 15). 

�x The recent population trends of HGs and LBBGs bree ding in the Western Wadden Sea fluctuate more or 

less independently, even though the birds do comp ete for certain resources (n o support for hypothesis 

#1). HGs currently have more favourable breeding results, but relatively poorer winter survival and 

recruitment rates. It is concluded that winter mo rtality may have increased as a result from reduced 

access to open landfill areas and intensified intra-specific competition within their wintering range 

(supporting hypothesis #3) (Chapter 15). 

�x LBBGs have profited from a fishing fleet modernisation in the 1960s: a type of fisheries that has generates 

vast amounts of discards, but that peaked in the late 1980s and early 1990s. This must have been “vacant 

niche” (supporting hypothesis #2). The problems that LBBGs currently face at Texel (low breeding 

success, high levels of cannibalism), are signs of  regular food shortages during breeding. Recent 

reductions in fishing effort will ha ve led to reductions in the amount of discards produced at sea; a key 

resource for this species. Further de clines in discards as a resource can be foreseen because the European 

Commission proposed a complete ban on discarding, to be effectuated sometime between now and 2019 

(Chapter 15). 
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�x Dit proefschrift is het resultaat van een vergelijkend  onderzoek naar de broedb iologie, voedselecologie, 

foerageergebieden en populatiedynamica van twee grote meeuwen, de Zilvermeeuw ( ZM ) en de Kleine 

Mantelmeeuw ( KLM ), in de westelijke Waddenzee. Het onderzoek werd uitgevoerd in een grote, 

gemengde broedkolonie op Texel. Het werk is opgezet zodat recente, per soort verschillende 

populatietrends kunnen worden begrepen: een afname in het aantal nestelende ZM, terwijl het aantal 

broedende KLM verder toenam. Uitgangspunt waren drie  hypothesen: (1) ZM werd verdreven van de beste 

voedselbronnen door de nieuwkomer, de KLM; (2) KLM profiteerde van een “lege niche”; de 

populatietrends van beide soorten zijn onafhankelijk van elkaar; (3) de oorzaak van verschillende 

demografische trends moet in overwinteringsgebi eden gezocht worden en gezien de gescheiden 

overwintering is er geen verband tu ssen de populatietrends (Hfdst. 1). 

�x Beschermende maatregelen, na een lange periode va n exploitatie en verstoring van kolonies in de 

Victoriaanse tijd (en daarvoor),  veroorzaakten een sterke groei va n zeevogelpopulaties in de 20 e eeuw in 

Europa. Ook meeuwen hebben van deze bescherming geprofiteerd. Rond 1900 broedden er slechts twee 

meeuwensoorten in Nederland, tegenw oordig zijn dat er tien. Veel po pulaties kenden een periode van 

snelle groei na een aarzelend begin, maar dat werd gevolgd door een stabilisering of een afname van het 

aantal broedparen. ZM piekten in de jaren tachtig, KLM rond 2005. Vier perioden van verandering worden 

beschreven: (1) de eerste beschermende maatregelen in het begin van de 20 e eeuw, (2) een herziening 

van de plannen gevolgd door een intensieve bestrijding van broedende meeuwen tussen 1930 and 1960, 

(3) het stopzetten van de bestrijding, samenvallend met een toegenomen milieubewustzijn, in een periode 

waarin meeuwen profiteerden van een verruimd onna tuurlijk voedselaanbod (met name visafval en 

vuilstorts), en (4) een stagnatie van de groei van populaties in een periode waarin veel vuilstortplaatsen 

gesloten werden en de vi ssersvloot kromp (App 2). 

�x Tegen de verwachting in bleek het broedsucces van KLM lager dan dat van ZM, vooral als gevolg van 

kuikenpredatie (kannibalisme). He t broedsucces van ZM was vrijwel elk jaar duidelijk hoger en de 

kuikenpredatie was minder (App. 3). De productiviteitsindices voor beide soorten varieerden van “slecht” 

tot “matig” (<50% van de gelegde eieren leverde een uitgevlogen jong op). KLM waren duidelijk meer de 

open zee georiënteerd dan ZM en hun voedsel beston d hoofdzakelijk uit overboord gezette, ondermaatse 

vis. ZM foerageerden vooral in de getijzone op schelpdieren, maar de succesvolste paren voerden vis aan 

in de kuikenfase (Hfdst. 2). 

�x Bij beide soorten werd een duidelijke ritmiek gevonden in de ontwikkeling van opgroeiende jongen: 

collectieve toe- en afname in lichaamsgewicht, als gevolg van een wisselende aanvoer van voedsel. De 

groei van kuikens liep terug in weekends, maar nam snel toe in het midden van de week. Het wekelijkse 

patroon past precies op de wekelijk se ritmiek in aanwezigheid van vissersvloten op zee rond de kolonies 

(Hfdst. 3). 

�x Om te zien of oudervogels meer tijd aan de verd ediging van hun jongen zouden besteden wanneer die 

kunstmatig zouden worden bijgevoerd, werd een bijvoerexperiment opgeze t. De aanwezigheid van 

volwassen vogels werd gemeten met behulp van radiozenders. De resultaten waren niet eenduidig en 

opvallend verschillend tussen de beide studiegebieden. Nesten die werden bijgevoerd leverden wel meer 

uitvliegende jongen op, maar het verschil met cont roleparen was niet significant. Kuikenpredatie en 

uitvliegsucces verschilde vooral sterk tussen de beide studiegebieden, maar minder sterk tussen 

bijgevoerde of niet-bijgevoerde paren. In beide ge bieden werden collectief verschillende reacties van 

adulte vogels waargenomen in perioden van voedselsch aarste, waardoor de kuikens in het ene gebied op 

grote schaal doodgepikt werden, terwijl zij elders  vrijwel allemaal gespaard bleven (Hfdst. 4). 

�x Veranderingen in de terugkeer op de broedplaats, he t tijdstip van leggen en de uitkomst van eieren, 

kuikenzorg en het vertrek uit de br oedgebieden werd onderzocht bij KLM.  Vogels van verschillende leeftijd 

leefden geografisch gescheiden. De trek naar het zuiden begon met onvolwa ssen vogels, gevolgd door 

adulten en tenslotte juvenielen. De jongste vogels overwinterden ook het verst weg. In het voorjaar 

trokken adulte vogels eerst, daarna onvolwassen en tenslotte ook juveniele dieren naar het noorden. Er 

werd geen verschil tussen de geslachten gevonden en KLM kwam min of meer tegelijk met ZM aan in de 

broedgebieden. Er was geen verband tussen het begin van de eileg en seizoensvariaties in 

visserijinspanning (als proxy van voedselaanbod) ro nd de kolonie. Een verg elijking van historische 

(<2000) en meer recente aflezingen ( �• 2000) liet zien dat de totale tijd die KLM doorbrengen in de 

broedgebieden is verkort (Hfdst. 5). 

�x Nederlandse ZM zijn standvogels of trekvogels over ee n korte afstand, met overwinteringsgebieden in Zuid 

Nederland, België en Noord-Frankrijk. In totaal 3124 in 12 kolonies als kuiken gekleurringde ZM (1986-88) 
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leverden 86.247 aflezingen op van 868 waarnemers op 1358 verschillende locaties. Eén vijfde van alle 

aflezingen was binnen 5km van de ringplaats. Slechts 1% werd gemeld op meer dan 300km van de 

geboortekolonie (11% op 6-10km, 9% op 11-25km, 18% op 26-50km, 23% op 51-100km, 14% op 101-

200km, en 4% op 201-300km). Koloniespecifieke verschille n in afstand, mate van dispersie en de richting 

van trekbewegingen leidden tot een groepering  van kolonies: (1) oostelijke Waddeneilanden 

(Rottumeroog-Vlieland), hoge dispersie, verplaatsingen vooral in ZW-ZO richting, (2) Texel en 4 kolonies 

op het vasteland (Callantsoog-Wassenaar), kortere trek wegen vooral naar het zuiden, en (3) kolonies in 

het Deltagebied (Europoort-Saeftinghe), met een korte afstandstrek alle kanten op. Adulten bereikten de 

grootste afstand tot de kolonie ge middeld een maand eerder dan onvolwassen vogels, die op hun beurt 

een maand eerder arriveerden dan juvenielen. In he t voorjaar vertrokken adulte vogels twee maanden 

eerder dan onvolwassen exemplaren, die weer eerder ve rtrokken en verder naar het noorden doordrongen 

dan de jongste categorie (Hfdst. 6). 

�x Bij ZM werd een schijnbare adulte overleving be rekend van gemiddeld 79% bij wijfjes en 86% bij 

mannetjes. Niet het geslacht maar verschillen tuss en jaren gaven de sterks te ondersteuning voor 

overlevingsmodellen van KLM, waarbij de ov erleving wisselde van 81%-100% (gemiddeld �§91%) (Hfdst. 

7). Deze resultaten, gecombineerd met geschatte terugkeerpercentages van rekruten, die gestorven 

adulte vogels moeten compen seren (App. 6), leidden tot een geschatte jaarbalans ( BPA) van -0.08 bij KLM 

en -0.23 bij ZM [populatietoename lambda = 0.92 bij KLM, 0.77 bij ZM] (Hfdst. 2). 

�x GPS loggers op de rug van KLM lieten zien dat actieve broedvogels soms enorm lange of verre 

voedselvluchten ondernamen. Uitzonderlijk lange of  verre voedselvluchten kwamen elk jaar, maar 

onregelmatig voor bij veel verschil lende vogels, in verschillende fasen van de broedcyclus. Vermoedelijk 

ging het hierbij om aansterking of verzorging van adulte vogels zelf en niet om een bijzondere 

voedselaanvoer voor de jongen. Uitzonderlijk lange trips kwamen zelden voor als de jongen nog klein 

waren (<10d oud). Het broedsucces van vogels die hun jongen soms lang in de steek lieten was niet 

minder dan dat van andere paren (Hfdst. 8). 

�x Bij ZM werd bekeken hoe de prooikeuze van afzonder lijke paren onderling verschilde en wat dat voor 

effect had op het broedsucces. Zowel de breedte van het voedselspectrum als het voorkomen van 

voedselspecialisten veranderde wanneer de energiebeh oefte toenam in de kuikenfase. Voordat de eieren 

uitkwamen voerden de meeste ZM vrijwel alleen sc helpdieren aan, maar 25% van de paren was min of 

meer gespecialiseerd op een bijzondere voedselbron.  Kuikengroei en uitvliegpe rcentages waren positief 

gecorreleerd aan de hoeveelheid afgeleverde vis in de  kuikenfase. Het prooiensp ectrum verbreedde zich 

dan en er waren minder voedselspecialisaties herkenbaar. Bij ZM die bijzonder veel krabben aanvoerden 

voor de jongen werden relatief lage groeis nelheden bij de kuikens gemeten (Hfdst. 9). 

�x Uit een analyse van 2199 voedselvluchten van 34 KLM die met GPS loggers waren uitgerust bleek dat de 

beide geslachten verschillende foerageergebieden be zochten. De maar nauwe lijks grotere mannetjes 

foerageerden voornamelijk op de Noordzee, terwijl wijfjes de meeste tijd in de onmiddellijke omgeving van 

de kolonie doorbrachten. Mannetjes foerageerden hoofd zakelijk bij treilers op gr ote afstand tot de kust, 

met weinig alternatieve foerageermogelijkheden in de  directe omgeving. Wijfjes foerageerden veel op het 

land, in de kustzone en in de Waddenzee, waar zij veel verschillende mogelijkheden in een klein 

zoekgebied ter beschikking hadden, waaronder ook vissersschepen. Er werd een positief verband 

gevonden tussen de grootte van de dieren (vleugellengte) en de tijdsduur die op open zee werd 

doorgebracht. Het is onwaarschijnlijk dat alleen comp etitief vermogen (lichaamsgrootte) tot dit verschil 

tussen de geslachten aanleiding gaf. Beide geslachten foerageerden bij vissersschepen en de kleinere 

wijfjes hadden te maken met competitief sterkere Zilvermeeuwen rond garn alenvissers (Hfdst. 10). 

�x De foerageergebieden op de Noordzee werden in kaart gebracht door tellingen vanaf schepen. Het bereik 

van KLM (95% binnen 135 km vanaf de kolonies) was aan zienlijk groter dan dat van ZM (95% binnen 54 

km), een verschil dat niet kon worden verklaard door verschillen in vliegvermogen. Beide soorten werden 

in grote aantallen rond commerciële vissersschepen  aangetroffen. Noch soortspecifieke verschillen in 

gevoeligheid voor kleptoparasitisme, noch verschillen in foerageersucces ondersteunden vermoedens dat 

ZM door KLM van vissersschepen verdreven zouden zijn. Omgekeerd kon het bereik van de KLM niet alleen 

worden verklaard door de afwezigheid van ZM of de aanwezigheid van visserij op zee (Hfdst. 11). 

�x Volwassen KLM, gevolgd met GPS loggers, bleken vaak urenlang op ze e te drijven, langzaam verdriftend in 

de richting van de overheersende stro ming en wind. Deze vogels leken te rusten op zee in plaats van in de 

kolonie, waar tenminste de jongen nog verdedigd ko nden worden. Vermoed wordt dat de drijvende vogels 

in rust waren (sliepen) en gespeculeerd wordt dat de vogels beter uitrusten op zee, buiten de 

voortdurende drukte van een grote kolonie Hfdst. 12. 

�x Beschermde gebieden op zee zouden op zijn minst een ecologische betekenis moeten hebben voor de 

diersoorten waarvoor zo’n gebied wordt aangewezen. Om  deze plaatsen te ontdekken en af te bakenen is 
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meer nodig dan alleen tellingen op zee of simpele plaatsbepalingen door loggers en andere op de vogels 

aangebrachte instrumenten. Wanneer dit s oort gegevens kan worden aangevuld met 

gedragswaarnemingen, komen voor verspreidingsmodel len beter toegesneden gegevens ter beschikking. 

De beperkingen en mogelijkheden van de nieuwe protoc ollen in vergelijking met traditionelere technieken 

worden toegelicht, met als conclusie dat de nieuwe methode tot een beter begrip van 

verspreidingpatronen leidt (Hfdst. 13). 

�x Het voorkomen van zoogdieren in prooiresten van be ide meeuwen werd onderzocht met een vergelijking 

tussen kolonies in het binnenland en aan de kust. Gespecialiseerde kustbroeders en een meerderheid van 

broedvogels in het binnenland bleken veel zoogdieren te eten. Prooien werden in het binnenland 

bemachtigd, misschien vooral tijdens het ploegen door boeren, andere moeten in de kolonie gevangen zijn 

of langs wegen, doodgereden, gevonden. Omdat kustbroedende meeuwen met voedselgebrek kampen 

zouden zoogdieren in de toekomst wel eens veel  vaker op het menu kunnen komen staan (Hfdst. 14). 

�x Gegevens die het broedsucces beschrijven zijn samengevat in App 3. Aannemend dat het broedsucces 

samenhangt met fluctuaties in de voedselbeschikbaarheid, dan is het onafhankelijk van elkaar variëren 

van broedparameters een aanwijzing dat verschillend e voedselbronnen van belang zijn voor de twee 

soorten (Hfdst. 15). 

�x Aangetoond wordt dat de belangrijkste gebieden va n beide soorten maar gede eltelijk overlappen: KLM 

waren het talrijkst in het binnenland, in de kolonie, op het Texelse boerenland en ver op zee. ZM waren 

veel talrijker in de getijzone. Langs de kust, met to enemende afstand tot het strand, zijn naar verhouding 

steeds meer KLM te zien. Als de kerngebieden worden  beschouwd als po tentiële voedselgebieden, dan kan 

de numerieke verdeling van de vogels gezien worden als een indicatie van het belang als 

foerageergebieden. In elk van deze gebieden komen de vogels weer andere soorten tegen die in meer of 

mindere mate op bepaalde prooi soorten zijn gespecialiseerd ( guilds ). In elk van deze gebieden komen 

pikordes tot stand, waar ZM en KLM naar verwachtin g in veel gevallen als sterke (dominante) soorten 

zullen functioneren (Hfdst. 15). 

�x Op zee werden de verspreiding en de talrijkheid van meeuwen onderzocht, terwijl het foerageergedrag en 

de prooikeuze werden bestudeerd in achter vissersschepen: dezelfde prooien in experimenten met 

verschillende constellaties van concu rrerende vogels door het jaar heen en in de gehele Noordzee. ZM 

waren gemiddeld meer succesvol dan KL M bij het net. De talrijke ZM in de winter broeden vermoedelijk in 

noordelijk gelegen kolonies en zij vertrekken in de zomer. KLM zijn  daardoor ‘s zomers, althans op enige 

afstand tot de kust, de talrijkste en daarmee competitief sterkere soort. Het is de vraag of ZM ooit (voor 

KLM arriveerden) bij treilers op grote afstand to t de kust hebben gefoer ageerd, maar tegenwoordig 

brengen zij in elk geval visa an die van andere schepen afkomstig mo et zijn dan die van KLM (App 7, 

Hfdst. 15). 

�x Het is duidelijk dat beide populaties momenteel niet fl oreren. Zelfs bij ZM, met een redelijk broedsucces in 

de meeste jaren, zorgt de lage overleving van broedv ogels en jonge dieren tot een klein aantal rekruten 

en een afnemende populatie. Ondanks de hoge jaar lijkse overleving bij KLM zorgt het teleurstellende 

broedresultaat ook hier voor een stabilisatie of  een afname. Het kleine aantal rekruten maakt de 

gemiddelde leeftijd van de broedvogels vermoedelijk toeneemt (Hfdst. 15). 

�x De meest recente populatieontwikkelingen van ZM en KLM in de westelijke Waddenzee lijken niet met 

elkaar in verband te staan, althans niet als gevolg van directe competitie tussen de beide soorten (geen 

ondersteuning van hypothese #1). ZM hebben tege nwoordig een wat hoger broedsucces dan KLM, maar 

kennen een veel lagere overleving in  de winterperiode. Verondersteld wordt dat het verdwijnen van open 

vuilnisbelten en een toegenomen competitie met “lokale” Zilvermeeuwen aan de verminderde overleving 

ten grondslag ligt (ondersteuning voor hypothese #3) (Hfdst. 15). 

�x KLM hebben geprofiteerd van ee n modernisering van de vissersvloot in de jaren zestig: een visserijtype 

waarbij enorme hoeveelheden visserijafval werden geproduceerd, de boomkorvisserij. De vlootomvang 

bereikte een hoogtepunt aan het einde van de jaren tachtig, begin jaren negentig, waarna de vloot weer 

kromp. Deze moderne boomkorvisseri j moet de “vakante niche” zijn geweest (hypothese #2) waarvan ZM 

niet hebben weten de profiteren. De problemen de KLM tegenwoordig doormaken (laag broedsucces, 

kannibalisme op een grote schaal) zijn de uitvloeisels van structurele voedselschaar ste in de broedtijd. De 

vermindering van de vlootomvang, vooral de afname van grote boomkorvissers, zal gezorgd hebben voor 

een flinke vermindering in de voedselbeschikbaarhe id. De plannen van de Eu ropese Commissie om het 

overboord gooien van ondermaatse vis verder te redu ceren zal de populatie verder onder druk zetten 

(Hfdst. 15). 
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1.��Introduction��

 

This thesis concentrates on the population dy namics, marine distribution, breeding biology, 

demography and foraging ecology of two sympatric and closely related seabird species, the 

 

European Herring Gull  Larus argentatus  Pontoppidan, 1763, 

and the 

Lesser Black-backed Gull  Larus fuscus  Linnaeus, 1758. 

 

These large gulls (Charadriiformes, Laridae) often breed in mixed, usually coastal colonies in NW 

Europe. Within The Netherlands, protective measures in the early 20 th  century, followed by a 

whole suite of other factors, have facilitated a rapid growth and expansion of established breeding 

populations of gulls and new colonisations (see Appendices 1-2). Herring Gulls peaked with 90,000 

breeding pairs in the mid-1980s, but subsequently declined to 52,000 pairs in 2009; a 42.5% 

reduction in just about two decades. Lesser Black-backed Gulls colonised The Netherlands in the 

late 1920s. The population remained small for decades, but increased spectacularly after the mid-

1960s (Spaans 1998abc). They continued to increase to c. 90,000 pairs in the early 21 st  century, 

when the numbers of Herring Gull declined (Fig. 1.1) . This thesis is not about bird conservation or 

desired population levels, even though an interest  in these contrasting population trends triggered 

the colony studies at Texel (western Wadden Sea, The Netherlands). The work aims at 

understanding current population dynamics rather than to make proposals to alter them in any 

direction. 
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Figure 1.1. Trends in numbers of 

breeding pairs of Herring Gulls and 

Lesser Black-backed Gulls (log n+1) 

in The Netherlands in the 20 th  

century. 

 

This thesis 

 

Most of the material presented in this thesis was based on field studies of the foraging ecology and 

breeding biology in a mixed colony at the Dutch Wadden Sea island Texel in 2006-2012, but this is 

only part of the story. In an earlier life, I studied seabirds offshore, working on the same (and 

other) bird species from a different perspectiv e. These studies evolved from simply recording 

nearshore migratory movements (Camphuysen & Van Dijk 1983) and seabird strandings 

(Camphuysen 1989a, 1998, 2010) to offshore studies of  the distribution, behaviour, multi-species 
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foraging assemblages, feeding success and prey preferences of seabirds at sea (Camphuysen et al.  

1995, Camphuysen & Webb 1999, Camphuysen 2005, Camphuysen et al.  2006). The writing of 

this thesis provided an opportunity to bring thes e different data together: the breeding biology of 

two species of seabirds within a mixed colony versus their offshore distribution, foraging ecology 

and feeding interactions as directly observed within marine environment, with all its constraints 

and opportunities. Different perspectives on the same animals. 

 The underlying research questions required an analysis of a substantial variety of aspects, 

ranging from reproductive success and chick growth  via intra- and interspecific competition for 

resources to aspects of timing, migratory movements and at-sea distribution. Demographic studies 

in long-lived seabirds require more than just a fe w years of data. It should not come as a surprise 

that a study that started from scratch only in 2006 cannot possibly provide all the necessary data 

to confidently parameterise population models. Fo r example, even though a reasonable insight in 

the current reproductive success of both species has been obtained, reliable estimates of annual 

survival and recruitment simply need more time (Bijlsma et al.  2012). An early estimate of 

(apparent) survival has been provided in this thesis, but given the sample size obtained, such 

estimates have to be considered preliminary results. Only highly preliminary estimates of 

recruitment rates and levels of immi- and/or emigration could be made. The study was broad, and 

some results have further matured than others. Th e so far published or drafted papers (Chapters 

3-14 in this thesis) tell only part of the story that is currently emerging. To unfold that emerging 

story, and as a base fundament for future work, the thus far collected data and the literature 

reviews that have been completed are presented in appendices (Appendix 1-10). All this material 

is not required reading, but may be consulted. A comprehensive overview of the studies underlying 

this work (base material) is presented in Appendix 0. The results of the field studies, the basis for 

the topical papers (Chapters 3-14), most of which ar e presented in considerably more detail in the 

Appendices (1-10), have been summarised in Chap ter 2. A synthesis can be found in Chapter 15. 

 

The human attitude 

 

Gulls are not very popular with most of us. Many people, confronted with gulls or with gull studies, 

respond in a highly stereotypic way: “ Gulls? There are enough of them and they eat everything ”. 

In fact, most people have no idea about the population size of gulls, their foraging ecology, or any 

other aspects of their biology. Firm is the almost universal belief, however, that there are so many 

“of them” that they should be considered a problem or a pest rather than a pleasure or a 

conservation issue. Gulls are bad news, is the general opinion. When reading historical essays and 

even scientific publications, it is important to remember that gulls were probably disliked and thus 

on the black list in the mind of the author. Numbers and inflicted “damage” may have been 

exaggerated or may simply have been assumed to be true.  

 Large gulls have been identified, rightly or not, as significant agents of change in the 

alteration of bird communities (Appendix 1). Large gulls bred historically with other bird species 

and these have developed defensive mechanisms against these predators (Stienen 2006, Oro & 

Martínez-Abraín 2007). Many wildfowl species nest in fact deliberately in the vicinity of gull 

colonies, because gulls are alert to, for example, ground predators, leading to greater hatching 

success (Bergman 1957, Anderson 1965, Bourget 1973, Van Dijk 1986, Götmark & Åhlund 1988). 

Oro & Martínez-Abraín (2007) reviewed the interactions recorded between Yellow-legged Gull 

Larus michahellis  and 10 sympatric waterbirds in the Mediterranean and showed that while the 

gulls negatively affected survival, fecundity, fora ging ecology and nesting habitat availability for 

many species, the annual population growth rates of most sympatric waterbirds showed positive 

values. These and other findings put the depredation by gulls into an ecological perspective. It 

calms critics only temporarily, however and even today, and worldwide, we read similar stories of 

gulls as menacing predators over and over again (e.g. Fuellhaas et al.  1997, Soanes et al.  2010). 
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 Tinbergen (1953) described the colonies of Herring Gulls on the Frisian Islands and in 

Holland and Germany as “overcrowded”. There were 20,000 breeding pairs at the time. Mörzer 

Bruijns (1958) considered a national population of 10,000 breeding pairs of Herring Gulls quite 

enough and saw this as the upper limit. A prolonged campaign of destruction to reach this goal 

had only limited success (Spaans 2007, details in Appendix 2). As indicated above, following a 

marked decline in breeding numbers since the 1980s,  the population of Herring Gulls has currently 

arrived at c.  52,000 pairs. A similar decline in the UK led to the inclusion of Herring Gulls on the 

Red List (Eaton et al.  2009), a signal of serious conservation concern. 

 

Historical population trends 

 

The study started with an analysis of historical trends: how did this all came about? The present 

situation, and recent population trends, cannot be properly evaluated without at least some 

understanding of what happened over the past 100 years or so. The way we ourselves, humans, 

have influenced the trends in numbers of breeding gulls, or rather how we failed at times to get 

what we wanted, is an important and returning issue. The adaptations of gulls to a man-made 

environment had to be considered from the perspe ctives of an established breeding species facing 

new challenges (the Herring Gull) and of a newcomer  invading ecological niches (the Lesser Black-

backed Gull). Appendix 2 provides an overview of  historical aspects and trends, but also of the 

drivers that may have been important in shaping them. 

 In Appendix 2 it is shown that ground-nesti ng birds were ruthlessly exploited throughout 

the 19 th  century. Around 1900, only two species of gulls were breeding in The Netherlands 

(Snouckaert van Schauburg 1908): ca.  20,000 pairs of Black-headed Gulls Chroicocephalus 

ridibundus and nearly 2500 pairs of Herring Gulls. The onset of bird conservation in the early 20 th  

century fundamentally changed the fortunes of many breeding (sea-)birds within The Netherlands 

(Anon. 1880, 1892, 1893, Thijsse 1909, Saris 2007) and elsewhere in western Europe (Cramp et 

al.  1974). Throughout the 20 th  century, numerous changes in the natural environment occurred, 

many of which with an anthropogenic backgrou nd, to which gulls responded or adapted. Key 

issues have been fisheries (Garthe et al.  1996, Camphuysen & Garthe 2000, Tasker et al.  2000), 

and human waste disposal (Spaans 1971, Verbeek 1977, Coulson et al.  1987, Belant et al.  1993). 

Other factors have been the eutrophication of  coastal waters (Postma 1985, Beukema & Cadée 

1986, Van der Veer et al.  1989, Klein & Van Buuren 1992, Valiela 2006), discharges of chlorinated 

hydrocarbons into the marine environment (Koeman et al.  1968, 1969, 1972, Koeman & Van 

Genderen 1972), and oil pollution (Hartung 1976,  Dunnet 1982, Etkin 1999). The list could be 

extended to include for example agricultural innova tions, the introduction of predators (mammals), 

and the substantially increased use of beaches and dune areas by tourists. 

 

Main episodes of population change - Four different episodes could be recognised. First and 

foremost, the onset of bird conservation in the early 20 th  century: for the first time colonial 

seabirds could breed more or less undisturbed.  With shooting and unlimited egging halted, 

breeding populations promptly increased. 

 Second, in the 1930s, concerns were expressed about the rapidly increasing numbers of 

gulls and what followed was an unprecedented camp aign of destruction to keep these populations 

within limits. Herring Gulls were kept at or below 20,000 breeding pairs, where an upper limit of 

10,000 pairs was aimed for. Lesser Black-backed Gulls (first breeding in the late 1920s) failed to 

substantially increase in numbers and it is likely that many breeding attempts failed as a result of 

the campaign against Herring Gulls (nests, eggs, and chicks of the two species are difficult to 

separate). 

 The third episode started somewhere in the late 1960s, when the unwanted side-effects of 

chemical pollution became apparent. Environmental awareness gradually crept into the human 

mind, at least in modern western societies (Lytle 2007). The ruthless persecution of gulls was 
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halted. At the same time, however, the fishing fleet modernised and massive quantities of 

undersized fish became spilled overboard on a routine basis (Jennings & Kaiser 1998, Tasker et al.  

2000). Ever larger open landfill areas provided additional anthropogenic food, and the effects of 

eutrophication became apparent in our coastal waters and in the Wadden Sea. Many of these 

factors were beneficial for large gulls and the populations exploded. 

 Finally, the fourth episode started somewh ere in the late 1980s. Populations increased 

rapidly, but on the Continental mainland, breeding o pportunities rapidly declined as a result of the 

(re-) introduction of mammalian predators (Red Fox Vulpes vulpes ). This led to the demise of 

ground-nesting colonies in dune areas and gulls had to give up these areas and commenced 

breeding in industrial estates or in cities (Woutersen & Roobeek 1992). Gulls breeding in Zuid-

Holland apparently moved south and joined colonies in Europoort/Maasvlakte, whereas those 

nesting in Noord-Holland moved to Texel and to industrial areas in IJmuiden (Spaans et al.  1996). 

This is a period in which fisheries peaked but then started to decline, our coastal waters became 

cleaner, and many landfill areas were decommissioned and covered up. Population growth came to 

a halt and numbers declined in Herring Gulls in the late 1980s and early 1990s. Lesser Black-

backed Gulls continued to increase, but the growth slowed down in the early 21 st  century. 

 

Table 1.1 Factors affecting the distributi on, fecundity, annual survival or reso urce size of large gulls breeding in 

The Netherlands, 1900-2010. 
First��episode Second��episode ����Third��episode Fourth��episode

Subject Form Effect��on Effect Mechanism 1900s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s
Mammalian predation Breeding��dispersal Colony Negative Dispersal,��emigration
Persecution and control Disturbances Colony Negative Dispersal,��emigration
Subject Form Effect��on Effect Mechanism 1900s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s
Chemical pollution Bioaccumulation Fecundity Negative Egg/chick��mortality
Climate Floodings,��extreme��weather Fecundity Negative Egg/chick��mortality
Climate Timing,��adaptation Fecundity Negative Mismatches
Early exploitation Egging Fecundity Negative Egg��mortality
Mammalian predation Red��Fox��introductions Fecundity Negative Egg/chick��mortality
Oil pollution Smothering��eggs Fecundity Negative Egg��mortality
Persecution and control Culling Fecundity Negative Egg��mortality
Weather Wet��summers Fecundity Negative Egg/chick��mortality
Controlled egging First��eggs Fecundity Negative Clutch��size
Controlled egging Colony��protection Fecundity Positive Egg/chick��survival
Early conservation Colony��protection Fecundity Positive Egg/chick��survival
Subject Form Effect��on Effect Mechanism 1900s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s
Bivalve fisheries Stock��depletion Resources Negative Food��shortages
Eutrophication Habitat��deterioration Resources Negative Loss��foraging��habitat
Fisheries Stock��depletion Resources Negative Food��shortages
Invasive species Species��extinctions,��reductions Resources Negative Food��shortages
Invasive species Species��replacements Resources Neutral Dietary��shifts
Agriculture Intensification Resources Positive Extra��feeding��opportunities
Eutrophication Nutrients,��increase��productivity Resources Positive Higher��prey��energetic��values
Fisheries Discarding Resources Positive Accessibility��(dem.)��fish��prey
Fisheries Overfishing��predatory��fish Resources Positive Increase��fish��suitable��size
Waste management Domestic��refuse��dumps Resources Positive Extra��feeding��opportunities
Bivalve fisheries Harvest��and��transport Resources Positive Enhanced��accessibility
Invasive species Added��species Resources Positive Dietary��shifts
Climate Warming Resources Variable Shifts��in��resources
Subject Form Effect��on Effect Mechanism 1900s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s
Chemical pollution Bioaccumulation Survival Negative Adult��mortality
Early exploitation Shooting Survival Negative Adult��mortality
Oil pollution Mobility��oiled��birds Survival Negative Adult��mortality
Persecution and control Poisoning Survival Negative Adult��mortality
Weather Severe��winters Survival Negative Adult��mortality
Early conservation Ban��on��shooting Survival Positive Adult��mortality

not,��unimportant 1900s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s
some��or��localised Important��negative��factors: 3 1 0 2 4 6 7 4 5 1 0
important,��widespread Important��positive��factors: 1 2 2 0 0 0 1 3 4 5 2 

 

 A qualitative assessment of positive (beneficial) and negative factors, possibly influencing 

population trends of Laridae breeding in The Neth erlands, is provided in Table 1.1. Some factors 

affected the possibilities to breed in certain area s, others affected fecundity, resources or annual 

survival. The effects were categorised as either positive, neutral or negative. Considering strongly 

negative or positive effects (dark grey in Tabl e 1.1), the balance was negative in the 1900s (more 

important negative than positive factors), positive in the 1910s and 1920s, strongly negative in 

the 1930s to early 1970s, and largely positive in the late 1970s-early 21 st  century. 
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Direct and indirect impacts - Factors affecting seabird populations can be split into food-related 

aspects (affecting resources), and circumstances that affect fecundity and survival more directly 

(direct kills, conservation measures, marine pollution). Confusingly, food-related factors usually 

affect populations also via changes in fecundity and annual survival. There is this extra step and 

the phenotypic plasticity of an organism that w ill make population-level effects more difficult to 

demonstrate. Proving the consequences of any issue in isolation is particularly difficult, due to 

confounding and interacting combinations with other factors. Effects of a given factor may be 

masked in populations that are subject to major sh ifts due to other changes. Field experiments are 

difficult to design. 

 

Hypotheses 

 

The recent, contrasting population trends of Herring Gulls and Lesser Black-backed Gulls have 

been addressed before, leading to several different hypotheses: 

 

(1)  Herring Gulls have changed their resource exploitation patterns as a consequence of inter-

specific competition with Lesser Black-backed Gulls. Herring Gulls have been forced to 

focus on less profitable prey (Noordhuis & Spaans 1992). 

(2)  Lesser Black-backed Gulls have filled an em pty niche rather than outcompeted Herring 

Gulls. The population trends are unrelated (Camphuysen 1995a, Garthe et al.  1999). 

(3)  Differences in foraging behaviour and food availability outside breeding season are 

responsible for the marked differences in demographic trends in the two species (Kim & 

Monaghan 2006). 

 

These three scenario’s were kept in mind when the studies started and the third hypothesis 

provided arguments to not only collect data over the breeding season. Hypothesis (1)  assumes 

that the recent population trends are somehow related: Herring Gulls being pushed away from a 

favourite and apparently crucial resource by a newcomer, the Lesser Black-backed Gull. To support 

this claim, evidence should be provided that both species concentrate on a shared, particularly 

important resource during chick care. Lesser Black-backed Gulls should be dominant or superior 

(higher feeding success) in a competitive setting; hence, the feeding success rates of Herring Gulls 

must be compromised in  mixed feeding flocks. 

 Hypothesis (2)  assumes that the demographic trends are not (directly) related. It requires 

a careful study of phenotypic characteristics of the two species and the identification of that vacant 

niche(s) that could be occupied solely or predominantly by Lesser Black-backed Gulls. Which 

resource, novel, previously untapped or underexploited, could have facilitated this spectacular and 

sudden population growth of Lesser Black-ba cked Gulls in the Southern North Sea that 

commenced only in the late 1960s? Herring Gulls must have been unable to profit. 

 Hypothesis (3)  implies that the species may (or may not) interact and compete over 

resources during breeding, but that the demographic trends are not affected by these interactions. 

It proposes that differences in fecundity are of lesser importance than differences in winter 

survival and recruitment rates. The comparative study from which the hypothesis was taken 

suggested that the two species may show different  (winter) survival rates, because of their 

different wintering environments. Because the locations to which young birds disperse in winter 

play part in their subsequent recruitment to the colonies, these differences may have affected 

recruitment rates to the colony (Kim & Monagh an 2006). This hypothesis does not exclude the 

possibility of inter-specific competition outside the breeding season, but this is unlikely given 

differences in migration strategies and wintering areas (Speek & Speek 1984, Wernham et al.  

2002). Hypothesis (3) suggests in fact that the ob served population trends may be unrelated to 

most factors summarised in Appendix 2 (summarised in Table 1.1).  
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Herring Gull club with resting Lesser Black-backed  Gulls in foreground, 20 April 2013 (CJ Camphuysen) 

 

 

 

 

 
Territorial dispute in Lesser Black-backed Gulls, 13 May 2008 (CJ Camphuysen) 
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2.��Study��results��summarised��

 

This chapter, a comprehensive summary of the study results, provides an overview of the 

underlying research questions, the lines of thought,  and the most relevant results of field studies 

and field experiments conducted. This summary provides a context for each of the topical papers, 

currently published, under review or drafted, that  are included in this thesis (Chapters 3-14). In 

this summary, some data are provided, but most of the base material is presented in Appendices 

(Appendix 1-10) and in the papers (Chapters). Ea ch of the Appendices is written in a chapter 

format, but all this material is not required reading. Appendices contain data that are useful for 

comparative studies, for colleagues studying colonial seabirds, notably gulls. Conclusions are 

drawn following a final discussion of the main fi ndings of this study in Chapter 15 (Synthesis). 

 

The Appendices may be consulted and will be referred to where need ed in the course of this thesis. In most of the Appendices 

there are aspects that are highlighted or summarised in a Box format. Boxes are numbers in order of appearance, with the 

Appendix number as a first value (e.g. AppBox 5.1 is the first box in Appendix 5). References to Tables and Figures that can 

only be found in the Appendices have superscript ‘App’ as a prefix (e.g. AppFig. 5.6 as the sixth figure in Appendix 5). Figures 

and Tables within each of the Chapters are numbered in order of appearance, with the Chapter number as a start value (e.g. 

Fig. 1.1 for the first figure in Chapter 1). 

 

 

Species comparisons 

 

Birds so closely related that interbreeding and hybridisation occurs (Appendix 1) may also compete 

for resources such as breeding sites or food (Burger & Shisler 1978, Bergman 1982, Mierauskas & 

Buzun 1991, Hario 1994, Gonzalez-Solis et al.  1997, Garthe et al.  1999b, Arcos et al.  2001). 

Comparisons between the two species of gulls are a returning issue in this thesis. A resumption of 

ecological and demographical studies of large gulls in The Netherlands in the early 21 st  century 

was partly inspired by the idea of inter-specific competition, or by the “ competitive exclusion 

principle ” (Gause's law), to be exact, raised by earlier researchers (Noordhuis 1987, Spaans & 

Noordhuis 1989, Noordhuis & Spaans 1992). Gause’s law is a proposition stating that two 

resource-limited species having identical patterns of resource use cannot coexist in a stable 

environment (Gause 1934). One species will be better adapted and will outcompete or eliminate 

the other (Allaby 1994). To address this issue and to control for variable environmental conditions 

(between-season variation), it was important that both species were studied simultaneously. So 

far, comprehensive studies of the breeding biology of either species in The Netherlands were 

conducted in different seasons. Moreover, the Lesser Black-backed Gull is still such a recent 

addition to the Dutch coastal ecosystem, that many underlying ecological facts and features in the 

region have not even been quantified yet. The gaps in knowledge needed to be filled: base line 

data had to be collected. At Texel, the two species were studied simultaneously in a large mixed 

colony from 2006 to 2012. 

 Two species with identical ecologies cannot live together in the same place at the same 

time, but since any two species are infinitely unlikely to be exactly identical, a search for ecological 

differences does not constitute verification of this hypothesis (Pianka 1994). Interesting is an 

evaluation of the ecological overlap, and how much overlap two species can tolerate and still 

coexist (Pianka 1994). The two large gulls studied at Texel form mixed feeding flocks, their dietary 

preferences overlap and at least some foraging  areas are shared. Inter-specific competition 

between the two species for particular resources is thus likely to occur. When one species 

ultimately eliminates the other when the two compete (and the system is allowed to go to 

saturation), competitive exclusion has occurred, even  if the elimination took place only for part of 

the dietary spectrum (Pianka 1994). A basic question addressed in the thesis was: do these two 
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gulls outcompete one another at all at particular resources, and does this have effects on their 

reproductive success (short-term), or on the breeding population as a whole (long-term) ? 

 An important line of thought in the preparation of this thesis was the representativity of the 

work for the biogeographic population. What abou t (factors influencing) population trends in 

neighbouring colonies, in neighbouring regions, or in other countries around the North Sea? How 

representative are data collected in one (large) co lony for larger parts of the breeding population? 

While the foraging ecology (or dietary ‘preferences’; a risky word) or even the reproductive 

success of the same species in two neighbouring colo nies can be quite different, there are more or 

less similar population trends spanning much of  the (NW) European population simultaneously 

(Lloyd et al.  1991, Spaans 1998abc, Seys et al.  1998, Garthe et al.  2000, Mitchell et al.  2004). A 

meta-population analysis, at least for the moment, was considered an overambitious and 

potentially confusing sidetrack. Such an analysis is required, however, to clarify why on a pan-

European scale many populations have changed more or less in concert. In this thesis, I refrained 

from spending much time on this issue. 

 

The ecological facts of life 

 

The project started with an explorative investme nt. In order to be able to understand current 

population trends ( nnow ) or to predict future trends ( nfuture ), information on current birth rates 

(fecundity, B), death rates ( D), and levels of emigration ( E) and immigration ( I ) had to be 

collected (Begon et al.  1990) : 

 Nnow  = Nthen  + B – D + I  – E     or     Nfuture  = Nnow  + B – D + I  – E 

In stable populations, breeding birds produce enough recruits to replace adults that die (Perrins 

1991). Fundamental data to be obtained in the present study were thus: breeding success, 

estimates of annual survival and recruitment rates.  Most studies of the breeding biology of large 

gulls in the Netherlands had been discontinued sometime in the 1990s and recent data were 

simply not available. Earlier more comprehensiv e studies had been conducted at Schiermonnikoog 

(Drent 1967, Baerends & Drent 1970, 1982, Veen et al.  2003), Terschelling (Spaans 1971, Spaans 

& Spaans 1975, Bukaci �� ska et al.  1996, Bukaci �� ski et al.  1998), IJmuiden (Cottaar & Verbeek 

unpubl. data ), Wassenaar (Tinbergen 1936c, 1953, Bouman et al.  1991), and Schouwen 

(Vercruijsse 1999). But picking vital rates of any of  these studies was no option, if current trends 

required an explanation. 

 In order to assess the current reproductive performance ( B) of both species, a new study 

was designed from scratch in a nearby, large and always accessible (weather conditions) mixed 

colony at the Wadden Sea island Texel. Assessi ng reproductive success (fecundity) alone was not 

sufficient. Any differences found between the two species, or between seasons (later between 

colonies and regions), would require an explanatio n. Therefore, factors influencing reproductive 

rates had to be assessed simultaneously. In order to understand inter-specific and seasonal 

differences in fledgling rates, data on the timing of nest initiation, on clutch size, clutch volumes, 

egg losses, chick losses, chick provisioning, gr owth rates, and fledgling mass were collected. 

 A colour-ring programme was started simultaneously to be able to evaluate levels of 

mortality and site-fidelity ( D, I , and E). Colour-rings could not just be deployed at Texel, but also 

at relatively well studied colonies on the neighbouring island (Vlieland) and at the nearest 

substantial colony on the Continental mainland (IJmuiden). Colour-rings also provided information 

on the wintering movements of the two species, more or less as bycatch. Technological 

innovations in the course of this project allowed even more detailed investigations, independent of 

observer effort (Appendix 5, AppBox 5.1-2). Radio tags and GPS loggers were deployed to measure 

nest attendance, foraging range and time budgets during breeding. 
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Density dependence - Even though Herring Gulls had declined in numbers within The 

Netherlands in recent years (Fig. 1.1, Appendix 2), populations of both species were at or close to 

an all-time high when the studies commenced. Spaans et al.  (1987) examined the effects of a 

markedly increased population size on Herring Gull reproductive success at Terschelling. Between 

1968 and 1984, the increase in breeding numbers was more than 5-fold. In actual study plots, the 

increase was 3-fold with “a corresponding decrease” in the reproductive success. Higher levels of 

cannibalism (associated with higher nesting densities) were thought to have caused decline in 

breeding success (in 1983-1984 0.34-0.44 young fledged pair -1 , compared to 1.25-1.50 fledglings 

pair -1  in 1967-1969). 

 Numerous publications contain descriptions of density-dependent changes of vital rates 

based on empirical observations (Lack 1954, Fowler 1981). Notable issues raised in this and other 

studies on (presumed) effects of changes in nest densities are changes in synchronisation and 

timing of laying, egg size, levels of chick depredation, drops in fecundity, and shifts in the age of 

recruitment (Darling 1938, MacRoberts & MacRoberts 1972, Burger 1974, Parsons 1976, Coulson 

et al.  1982, Becker & Erdelen 1986, Watanuki 1988, Velarde 1992, Bukaci �� ska & Bukaci �� ski 1993, 

Jahl 1994, Wilkens & Exo 1998, Velando & Alonso-Alvarez 2001). Fowler (1981) suggested that for 

species with low reproductive rates, long life-spans and populations that are limited by resources, 

most changes in vital rates occur at high population levels close to the carrying capacity. Species 

with high reproductive rates, short life-spans, and populations held below the limits of 

environmental resources exhibit most density-dependent changes at low population levels. The 

two study species are seabirds with rather long li fe-spans and low reproductive rates (Schreiber & 

Burger 2002). If indeed current (high) population levels were close to carrying capacity, we were 

told to expect reductions in both fecundity and survival. For Herring Gulls breeding in The 

Netherlands, vital rates were evidently compromised in the late 1980s and early 1990s, a time 

when the population stabilised at peak levels (Spaans et al.  1987b, Noordhuis & Spaans 1992, 

Bukaci �� ska et al.  1996). 

 

Measures of fecundity: breeding in high densities 

 

The comprehensive study of the breeding biology of  the two species of gulls at Texel commenced 

in 2006. Aspects of the breeding biology based on these new studies have been published in 2010 

(Camphuysen & Gronert 2010a), but an update is pr esented in Appendix 3 (laying dates, clutch 

size, egg volumes, hatching rates, chick growth, depredation and fledging rates). 

 A first research question was: is the current reproductive success in line with expectations 

based on recent population trends? It appeared that the reproductive success of Lesser Black-

backed Gulls was almost always substantially lower than that of Herring Gulls (summarised in 

Table 2.1). The fledging rates in Herring Gulls averaged (mean ± SD) 0.88 ± 0.29 chicks pair -1  

(range 0.48-1.33) between 2006 and 2012, fledging rates in Lesser Black-backed Gulls amounted 

to only 0.49 ± 0.17 chicks pair -1  (0.26-0.71). Only in 2011, when Herring Gulls suffered from 

relatively high levels of egg and chick mortality, did the reproductive success of Lesser Black-

backed Gulls (0.69 chicks pair -1 ) exceed that of Herring Gulls (0.48 chicks pair -1 ). 

A major problem for the Lesser Black-backed Gull, less so for the Herring Gull, appeared to 

be the high level of chick depredation (canni balism). Chick depredation from cannibalism was 

particularly high in Lesser Black-backed Gulls in 2006-2009 and again in 2012 (>60%) and fairly 

high in 2011 (49%) (Table 2.1). Chick depredation in Herring Gulls tended to remain well below 

40% in all years except in 2009 (51%). The studies were comprehensive enough to set out and 

investigate the underlying problem of high levels of cannibalism, and most vital rates are 

summarised in Appendix 3. Some more important aspects are highlighted below. 

 

Clutch size - Many authors have demonstrated or sugg ested an adaptive relationship between 

food supply or territory quality and clutch size, but the proximate mechanism by which clutch size 
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is still only partly understood (Perrins 1970, Bolton et al.  1993, Winkler & Allen 1996, Monaghan & 

Nager 1997, Korpimäki & Wiehn 1998, Monaghan et al.  1998). Experienced adults tend to occupy 

better territories and produce larger clutches than recruits. Spaans et al.  (1987) provided data just 

before and after a dramatic increase in the numbe rs of breeding pairs on the island Terschelling. 

In 1983-84 (mean clutch size 2.54 ± 0.68, n= 723), at peak densities, clutches were significantly 

smaller than in 1967-69 (2.74 ± 0.52, n= 599; t 1320 = 5.9, P<  0.001), just before the population 

increase. In the 1960s, however, birds breeding at Terschelling produced significantly smaller 

clutches than Herring Gulls breeding at the nearby island Schiermonnikoog (2.88 ± 0.39, n= 160; 

t 757 = 3.17, P<  0.01; Drent 1967, Spaans & Spaans  1975). Recent data on clutch size collected at 

Texel (2.73 ± 0.55, n= 427) are similar to those found at Terschelling in the 1960s. At Schouwen 

(Delta area) in the early 1990s, where the participation of colour-ringed recruits into the breeding 

population was monitored over 1991-94 (young and inexperienced birds; Vercruijsse 1999), a 

mean clutch size of 2.67 ± 0.57 (n= 105) was found, similar to the clutch size reported for (more 

experienced?) birds at Terschelling in the 1980s. The clutch size at Schouwen in the 1990s was not 

significantly different from that  at Texel in recent years ( t 530 = 0.99, n.s.). 

For Lesser Black-backed Gulls, fewer data are available to document any possible change. 

Bukaci �� ski et al.  (1998) found a mean clutch size 2.92 ± 0.32 eggs (n= 26) at Terschelling in 

1992, a value that is not significantly different from the clutch size found at Texel today (2.76 ± 

0.53, n= 654, but note that the sample size was very different. Further details on clutch size are 

provided in Camphuysen & Gronert 2010a, informat ion that was further updated in Appendix 3. 

 

Table 2.1. Summarised data on laying, clutch size, clutch volume, chick growth, chick depredation, and 

fledging success, Kelderhuispolder 2006-2012 (from AppTable 3.3-4, AppBox 3.4 and Camphuysen & Gronert 

2010a). 

Herring Gull  Mean clutch clutch chick growth (mass)  chick fledging 

Year laying size vol a b k pred% chicks pr -1  

2006 10-May 2.71 247.0 839.0 17.1 6.6 33.3 0.62 

2007 08-May 2.58 244.9 844.9 16.0 6.3 39.1 0.80 

2008 07-May 2.86 249.1 780.6 16.4 6.9 25.0 1.10 

2009 06-May 2.69 239.8 775.1 15.5 6.6 51.2 0.81 

2010 05-May 2.81 247.6 764.9 15.4 6.2 20.0 1.33 

2011 04-May 2.77 244.6 805.3 18.0 7.0 16.7 0.48 

2012 07-May 2.64 246.3 804.5 16.6 6.8 31.3 1.04 

         

Totals 06-May±2.0 2.72±0.1 245.6±3.0 802.0±31.0 16.4±0.9 6.6±0.3 30.4±11.8 0.88±0.3 

Min 04-May 2.58 239.8 764.9 15.4 6.2 16.7 0.48 

Max 10-May 2.86 249.1 844.9 18.0 7.0 51.2 1.33 

 

Lesser Bl-b Gull  Mean clutch clutch chick growth (mass)  chick fledging 

Year laying size vol a b k pred% chicks pr -1  

2006 15-May 2.75 226.4 662.7 14.7 5.9 60.3 0.26 

2007 10-May 2.73 224.9 671.8 13.9 5.3 66.7 0.46 

2008 10-May 2.84 224.1 693.4 15.2 6.0 63.4 0.35 

2009 12-May 2.80 221.4 635.6 15.2 6.3 62.3 0.37 

2010 14-May 2.80 226.2 778.5 19.5 7.8 35.4 0.71 

2011 13-May 2.82 224.2 627.5 14.4 5.7 49.3 0.69 

2012 18-May 2.59 217.4 635.9 14.7 5.6 60.7 0.57 

         

Mean ± SD 13-May±2.9 2.76±0.1 223.5±3.2 672.2±52.4 15.4±1.9 6.3±0.8 56.9±10.9 0.49±0.2 

Min 10-May 2.59 217.4 627.5 13.9 5.3 35.4 0.26 

Max 18-May 2.84 226.4 778.5 19.5 7.8 66.7 0.71 
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Clutch volumes – Egg size is commonly held to be an important index of egg 'quality' because it 

reflects the quantity of yolk, reserves available to the chick during embryonic development and on 

hatching (Bolton 1991). The ability to produce large eggs and to rear chicks successfully may be 

positively related to parental quality. Overall clut ch volume in Herring Gulls breeding at the nearby 

island Terschelling was found to have declined be tween the late 1960s (steep population increase) 

and the mid-1980s (stabilising numbers, higher densities; Spaans et al.  1997b). We were 

therefore interested in the mean clutch volumes in Herring Gulls at Texel, after some more 

decades of population declines. The maximum length and breadth of each egg was measured to 

the nearest 0.1mm and volume ( V) was calculated using the formula V = Kv * L * B² (Stonehouse 

1966), where L is maximum length, B is maximum breadth and Kv is a constant ( AppBox 3.1). Kv 

was calculated as 0.5035 by Spaans & Spaans (1975) . The mean volume off Herring Gull eggs at 

Terschellin g in the 1980s (253.4 cc, n= 188 in 1983,  260.3cc, n= 190 in 1984) was below that 

found in the 1960s (261.8 cc, n= 73 clutches; Spaans et al.  1987). These values are well above 

the clutch volumes found at Texel today (245.6 ± 3.0 cc, Table 2.1, Appendix 3). The smaller 

clutch volumes could be indicative for a relatively poorer condition of nesting females at Texel 

today in comparison with that of females in the earlier studies. 

 Spaans et al.  (1994) compared egg volumes from 3-egg clutches in eight colonies of 

Lesser Black-backed Gulls along the Dutch coast (Schouwen to Schiermonnikoog). Clutch volumes 

found at Texel today (223.5 ± 3.2 cc, n= 7; Table 2.1, Appendix 3) are slightly larger in 

comparison to the overall mean over all these colonies in 1992-93 (mean 211.9 ± 5.8 cc). Birds 

nesting at Europoort (1992 and 1993), Maasvlakte (1993) and Schiermonnikoog (1993) produced 

the smallest clutch volumes (207.7 ± 4.6 cc). 

 

Hatching rates – In Lesser Black-backed Gulls breeding at Texel (2006-2012), hatching rates 

were negatively correlated with the proportion of pr edated eggs (r²= 0.92, n= 7). In Herring Gulls, 

the fraction of addled eggs, (which was not related to egg predation) and the percentage of stolen 

eggs, both contributed equally to the variability in hatching success (Appendix 3). There was no 

correlation in annual egg losses through depredation between the two study species. 

 

Variations in chick growth - Annual variations in chick growth rates ( k) were small (6.3 ± 0.8 in 

Lesser Black-backed Gulls, 6.6 ± 0.3 in Herring Gulls, Table 2.1, AppBox 3.4). Variations in body 

mass gained at 40d of age in Lesser Black-backed Gulls varied c. 150g between the year with the 

most favourable chick growth (2010, 778 ± 15g) and the season with rather modest growth 

(2011, 627 ± 12g). In Herring Gulls the modelled differences between years were smaller: an 80g 

difference between the most favourable season (2007, 845 ± 13g) and the worst (2010, 765 ± 

13g). 

 

Cannibalism – Levels of chick depredation were particularly high in Lesser Black-backed Gulls. 

Specialised cannibals were only a minor part of the issue. In years with exceptionally high levels of 

chick depredation (>50-60%), many adults were involved and territories were raided (all chicks 

present instantly killed) one after the other. En closures would normally have prevented hungry 

chicks to venture into other territories to put themselves at risk (Hunt & McLoon 1975, Hunt & 

Hunt 1976), but entire patches were cleared from chicks in a few days time, irrespective of the 

presence of fences. Part of the failure of experiments conducted in 2008 (see below) must have 

been caused by such collective, spreading attacks, that were more violent in some study plots than 

in others ( AppFig. 3.15). Enclosures (in the experiments both controls and treatments) that 

happened to be in the main affected area were simply cleared from chicks by raiding adult birds 

(depredated corpses were found outside as well as inside the enclosure). Enclosures that 

happened to be at the periphery of such an affected region were largely spared. Chick depredation 

in Lesser Black-backed Gulls peaked markedly later than in Herring Gulls, with larger, energetically 

more demanding chicks involved ( AppFig. 3.13). 
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Cyclic fluctuations in chick growth - A particularly interesting finding were cyclic fluctuations in 

Lesser Black-backed Gull chick growth, particularly in chicks of at least two weeks old (>15d; 

Chapter 3). Similar drops and gains in chick body mass occurred in many inspected nests during 

subsequent visits, indicating alternating periods of low and more favourable provisioning. The 

observed cycles matched the weekly rhythm in commercial fishing effort around Texel (and in 

most areas of the Southern North Sea). When fishing effort peaked (Tue-Thu), chick growth was 

favourable, but when fishing effort was low (Fri-Sun) chicks tended to lose mass. Chick 

cannibalism rates were a mirror image of the rhythmic cycle in growth increments and peaked in 

weekends (“ Killing the kids on Sundays ”; Camphuysen & Gronert 2010b). 

 Herring Gulls experienced similar cyclic ups and downs in chick growth as Lesser Black-

backed Gulls (Chapter 3), but chick depredation was more modest (except in 2009). Herring Gulls 

bred in considerably lower densities than Lesser Black-backed Gulls ( AppTable 3.9), and violent 

interactions between neighbouring territories we re probably less frequent. Exactly how important 

fisheries discards from beamtrawlers are for both species had thus to be investigated in depth. 

 

A supplementary feeding experiment - In 2008, a supplementary feeding experiment 

conducted by Janne Ouwehand at Texel aimed at reducing  chick depredation levels, by 

supplementing chicks under the expectation that  supplemented pairs would spend more time at 

the nest site to guard the chicks (Chapter 4). The experiment was inspired by a study of 

Bukaci �� ski et al.  (1998) who provided Lesser Black-backed Gulls at Terschelling with additional 

food until 7 days after hatching or until fledging and compared the effect with control nests. The 

hypothesis tested by Bukaci �� ski et al.  was that food was in short supply during the chick stage and 

that the behaviour of adults and young would be responsible for the low success under such 

circumstances. Pairs whose chicks were fed showed a higher fledging success than control pairs. In 

experimental pairs, the length of feeding trips by females was shorter than in control pairs, and 

rates of chick feeding were higher in experimental broods. Chicks fed until fledging developed 

more rapidly and reached higher a fledging mass at an earlier age than controls. Starvation 

occurred only in control chicks. It was concluded that when food was in short supply, fledging 

success was adversely affected as a result of starvation and higher depredation rates arising from 

changes in behaviour of both adults and chicks. 

 At Texel, the results were ambiguous (Chapter 4). Nest attendance of supplemented pairs 

was enhanced in one study plot, but reduced in an other. The hypothesis that food provisioning 

would increase the time available for nest attendance was not supported. Chick depredation levels 

were on average higher in control nests than in  food supplemented nests, but the difference was 

not significant. Although supplemented birds fled ged more young than controls, the difference was 

not significant. Many of the results obtained were  tendencies in the expected direction, but with 

non-significant outcomes. While the sample size may have been too low during the experiments 

(leading to low power), this was not different from similar studies elsewhere with more clear-cut 

results (see discussion in Chapter 4). Chick depredation and fledging success were significantly 

different between the two study plots at Texel. The results were possibly ruined by the fact that 

the reproductive success of the population as a whole was virtually nil in one of the study plots 

(where both experimental pairs and controls were monitored), and quite substantial in the other 

(leading to a higher success in experimental pairs and  controls). 

 

Breeding densities – Colony censuses, initially, were not part of the research protocols at Texel. 

This was under the assumption that a colony census would be conducted annually and 

independently by reserve wardens and/or SOVON, as part of the annual monitoring of colonial 

breeding birds and under Natura 2000 regulations. The Kelderhuispolder study plots were part of a 

much larger colony, and a small scale census did not seem to contribute much. Struck by the high 

levels of cannibalism in the first years of study, however, and inspired by Spaans et al.  (1987), 

Brouwer et al.  (1995) and other publications on dens ity dependent effects on behaviour and 
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reproductive success in gull breeding populations, it was decided to at least assess breeding 

densities in the Kelderhuispolder. In 2009, 2010, and 2011 the breeding population of Herring 

Gulls within the study area was estimated at 1288 (160 ha -1 ), 1023 (120 ha -1 ), and 890 (110 ha -1 ) 

breeding pairs respectively ( AppTable 3.8). Lesser Black-backed Gulls were estimated to number 

1816 (220 ha -1 ), 1986 (240 ha -1 ), and 2026 (250 ha -1 ) pairs respectively. Territories with empty 

nests were included in these censuses. Spaans et al.  (1987) reported an increase from 35 nests 

ha -2  in the late 1960s to 97 nests ha -2  in the early 1980s. It is difficult to compare nesting 

densities between colonies directly (see issues raised in Appendix 3), but the Kelderhuispolder 

censuses suggest that nesting densities of Herring Gulls alone were higher than the densities for 

the two species combined in  the 1980s at Terschelling. 

 

Non-breeding issues – Striking was the incidence of empty nests during nest counts (strip-

transect surveys to assess breeding densities). Some  20-30%, or occasionally as many as 60% of 

the well-constructed nests were empty. The territo ry-holders involved apparently never produced 

eggs and this points to considerable levels of ‘non-breeding’ in birds that were in fact actively 

engaged in the prospecting phase. Roughly between  one-fifth and a third of the territory holding 

large gulls returned to the colony but did not bree d in a given season. The issue of non-breeding is 

again addressed below and in Appendix 6  

 

Productivity indices – The World Seabird Union and the Circumpolar Seabird Group present 

population trends and seabird breeding producti vity indices (PI) according to standardised 

protocols. Seabird productivity indices range from poor to moderate and good based on the 

number of fledglings per nest over mean the clutch size (CSG 2010). The adoption of a common 

protocol facilitates comparisons between coloni es over larger geographical scales. Good 

productivity is characterised by �• 50%, poor productivity by �” 10%, and moderate productivity as 

>10% to <50% of mean clutch size (Table 2.2). At Texel, productivity was moderate to poor 

throughout, with Lesser Black-backed Gull prod ucing consistently less than Herring Gulls. 

 

Table 2.2. Productivity indices (PI= F/CS*100) for Herring Gulls and Lesser Black-backed Gulls breeding at 

Texel, 2006-2012. Qualifications (poor <10%, moderate 10-50%, good >50%) according to World Seabird 

Union and Circumpolar Seabird Group protocols (CSG 2010). 

Herring Gull 2006 2007 2008 2009 2010 2011 2012 

Clutch size (CS)  2.71 2.58 2.86 2.69 2.81 2.77 2.64 

Fledglings (F)  0.62 0.80 1.10 0.81 1.33 0.48 1.04 

PI (%)  23 31 38 30 47 17 39 

Qualification moderate moderate moderate moderate moderate moderate moderate 

Lesser Black-backed Gull 2006 2007 2008 2009 2010 2011 2012 

Clutch size (CS)  2.75 2.73 2.84 2.80 2.80 2.82 2.59 

Fledglings (F)  0.26 0.46 0.35 0.37 0.71 0.69 0.57 

PI (%)  9 17 12 13 25 24 22 

Qualification poor moderate moderate moderate moderate moderate moderate 

 

 

The annual cycle 

 

The annual cycle of birds is made up of a sequen ce of life-history stages: breeding, moult and 

migration. Relationships between events in one period of the annual cycle and behaviour in 

subsequent seasons are important determinants of individual life histories and population 

dynamics (Bogdanova et al.  2011). Each stage is thought to have evolved to occur at the optimum 

time (Dawson 2008). Climate change has advanc ed the phenology of many organisms (Both et al.  

2005, Møller et al.  2009). Migratory animals face particular problems because climate change in 
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the breeding and the wintering range may be asynchronous, preventing rapid response to 

changing conditions. However, studying such associations is challenging, given the difficulties in 

following individuals across seasons, particularly in migratory species (Bogdanova et al.  2011). 

 Nearly all seabirds are colonial and have synchronously timed breeding cycles within 

colonies (Hamer et al.  2002). The timing of breeding has often been proposed as a vital aspect of 

breeding success. Some studies have indicated that, although breeding early generally leads to 

greater overall survival of chicks, several important interactions among egg 'quality', parental 

quality as well as early laying may affect breeding success (Arnold et al.  2006, Drent 2006, Drent 

et al.  2006). Although the timing and duration of  the period of full gonadal maturation is 

principally controlled by photoperiod (Gwinner 1975), non-photoperiodic cues could modulate the 

exact time of laying (Perrins 1970, Dawson 2008). Ambient temperatures could influence laying 

dates by affecting the availability and quality of food (Perrins 1979). Lesser Black-backed Gulls and 

the Herring Gulls experience similar photoperiodic cues and weather conditions in the prospecting 

phase. If the onset of laying would vary independently between the two species, other factors, 

such as food availability around the colony or the condition of the birds following a wintering 

period, could be more important. 

 The annual cycles of Herring Gulls and Lesser Black-backed Gulls breeding at Texel are 

characterised by returns from wintering areas to the breeding grounds in late March, c. five-month 

breeding periods that last until August, a complete post-nuptial moult and a retreat to the 

wintering areas in the course of September and October (Appendix 4, AppFigs. 4.1-2). 

 

Laying dates -  At Texel (2006-2012), Herring Gulls commenced laying in late April, on average 

one week before Lesser Black-backed Gulls (Table 2.1). Herring Gulls breeding in the Wadden Sea 

at Terschelling were found to have advanced their laying dates between the late 1960s and the 

late 1980s (Spaans et al.  1987, 1997b). Clutch initiation in  Herring Gulls at  Terschelling was 

studied just before and after a dramatic increase in the numbers of breeding pairs (1966-1969: 

6000-8000 pairs, 1983-1984: 21,000-21,500 pairs). In 1983-1984, Herring Gulls bred, on 

average, 5-9 days earlier than in 1967-1969 (1967-1969: 18-19 May, 1983-1984: 10-14 May). 

The studies at Texel showed that the onset of breeding in Herring Gulls has advanced even further 

(7 May ± 2.2 d, n= 7), and seemed breed earlier every year (Appendices 3-4). 

 For Lesser Black-backed Gulls, comparative information on laying dates is sparse. 

Bukaci �� ski et al.  (1998) reported a median laying date of 10-12 May for birds nesting at 

Terschelling in 1992, which is similar to the current mean laying date at Texel (Table 2.1). From 

2006 to 2012, with the ever earlier laying Herring Gulls, the actual laying dates of Herring Gulls 

and Lesser Black-backed Gulls at Texel were increasingly out of sync ( AppFigs 4.4-5). A comparison 

of earlier (<2000) and later (>2000) re-sightings  of colour-ringed Lesser Black-backed Gulls 

suggest that, in recent years, movements towards the colony in spring are delayed by c.  on month 

(Chapter 5). A late spring return leaves little time  to restore the body condition that is needed to 

breed successfully. Colony visits in the prospecting phase are a gradual process (prospecting birds 

are extremely shy at first and do not stay overnight within the colony). At Texel, in both species, 

colony visits occurred in favourable (still) weather after late February, but increased in frequency 

and duration only after late March. Colour-ring re-sightings in Lesser Black-backed Gulls showed 

that cumulative return rates within the colony, in the prospecting phase, were similar between 

years and for males and females (Chapter 5).  

 

Colony departures  - the onset of autumn migration or the dispersal away from the breeding 

grounds commenced in July and August, again in both species. GPS tracking data collected for 

Lesser Black-backed Gulls indicated that succe ssful breeders abandoned the colony when the 

chicks were c.  50d of age and capable of flight ( AppTable 4.3). The autumn movement to the south 

had a different start in immatures (early), adults (intermediate) and juveniles (late). Juveniles 

remained near the breeding colony to a later date than adults ( AppFig. 4.3), and post-fledging chick 
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care (Holley 1986) must therefore have been minimal. A similar difference in timing was found in 

Herring Gulls, but this time based on colour-ring readings (Chapter 6). In Lesser Black-backed 

Gulls, it could be established that immature (non-territorial) birds travelled earlier southward than 

failed breeders (the timing of which was similar to successful breeders). This could point at the 

importance of a prolonged presence at established territories: post-breeding territorial defence. 

Future possibilities to breed may be enhanced in failed breeders, if territories are continued to be 

occupied and defended throughout the breeding season. A comparison of earlier (<2000) and later 

(>2000) resightings of colour-ringed Lesser Black-backed Gulls indicated that in recent years 

movements away from the colony were more advanced earlier in autumn. Adult birds did not 

linger around for much longer after the breeding season, but left immediately (Chapter 5). 

 

Wing moult - Investment in one activity usually occurs at the expense of another (Bridge 2006). 

In seabirds, the moult of flight feathers and breeding are generally thought to be mutually 

exclusive, because adults need to be at their most efficient when feeding young (Harris 1971). 

Wing moult introduces gaps in a wing, resulting in reduced flight efficiency and manoeuvrability 

(Swaddle & Witter 1997, Hedenström & Sunada 1999, Bridge 2003). These effects may be 

especially detrimental to seabirds that rely heavily on flight for capturing prey. 

 The post-nuptial moult starts within the colonies, but is completed either in wintering 

areas or at autumn stopovers. Gulls, that sequen tially replace their primaries, temporarily have 

gaps in their wings that will vary in size and position(s) during the course of the moult. 

Hedenström & Sunada (1999) investigated the aerodynamic effects of moult gaps, and modelled 

the effect gap size and position. Both had a de trimental effect on aerodynamic performance as 

measured by lift curve slope, effective aspect ratio and the aerodynamic efficiency of the wing. The 

effect was largest when the moult gap was well insi de the wing (i.e. the earliest stages of wing 

moult in gulls), because the circulation declines close to the wing tip. 

 The onset of primary moult at Texel was different between the two species, with a start 

in Herring Gulls c. 1.5–2 month earlier than Lesser Black-backed Gulls (during laying and 

incubation rather than during chick care; Appendix 4). Half way incubation (late May), two-thirds 

of the Herring Gulls had developed a moult gap inside the wing. The earliest Lesser Black-backed 

Gulls to shed inner primaries were seen in late June to mid-July ( AppFigs. 4.9-10), which is the 

second half of chick care. Hence, the “most detr imental effects” of wing moult (the onset, the 

inner wing gap) were timed differently in both species: around hatching in Herring Gulls and 

during chick care in Lesser Black-backed Gulls. A study of the foraging ecology was required to 

evaluate how the onset of primary moult coincided with (changes in) the exploitation of particular 

resources and foraging activities in either species. 

 In August, clubs within the colony and nearby roosts and bathing places were littered 

with loose feathers. Contour feathers as well as  ‘flight feathers’ (primaries, secondaries and tail 

feathers) were dropped during preening. With a 6 month period to complete the primary moult 

(Ginn & Melville 1983), a start mid-July as in Lesser Black-backed Gulls would mean that the last 

primary is renewed in December, i.e. in the wintering areas ( AppFig. 4.3). Active primary moult 

occurs during long-distance migration in other words, but birds may interrupt the moult so as to 

migrate without gaps in the wings (Harris 1971, Muusse et al.  2011). Herring Gulls would have 

completed primary moult about on average one month earlier, but would still be in active moult 

during their dispersive movements to wintering areas. 

 

Seawatching results - An analysis of seawatching data revealed a relatively high abundance of 

Herring Gulls in coastal waters during chick-ca re. Herring Gulls are recorded year-round by 

seawatchers, but a large proportion of the winter ing birds are “foreign birds” breeding further 

north and east (see also Coulson et al.  1984, Speek & Speek 1984). As will be shown in Chapter 6, 

most of the Herring Gulls breeding in the Wadden Sea spend their winter further to the south in 

The Netherlands, in Belgium and in northern France. Most adults move away from their breeding 
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grounds, move south in August and return in February/March; a passage that goes undetected by 

seawatchers. The numbers of Herring Gulls at sea in May are relatively low and numbers of 

Herring Gulls increased to peak in late June/early July, when seawatchers recorded high numbers 

of Herring Gulls following trawlers (Platteeuw et al.  1994). In August, numbers of Herring Gulls 

observed at sea declined markedly, indicating a contraction away from the North Sea coastal 

waters when the breeding colonies are abandoned (Appendix 4, AppBox 4.2). 

 

Winter dispersal and migratory movements 

 

Migration has evolved in many organisms (Alerstam 1990). The basic driving forces for migration 

are ecological and biogeographic factors like seasonality, spatiotemporal distributions of resources, 

habitats, predation and competition (Alerstam et al.  2003). The benefit of increased resource 

availability will be balanced by costs associat ed with the migratory process in terms of time, 

energy and mortality (Alerstam et al.  2003). Bird migration has been studied by means of ringing 

for over 100 years (Jenni & Camphuysen 2001). Th e use of colour-rings was a major and more 

recent breakthrough, allowing individuals to be observed and recognised from a distance (Shedden 

et al.  1985, Raevel & Duponcheel 1993, Meininger 1999, Rock 1999). New technological advances, 

especially tracking with satellite PTTs and GPS-loggers, have further revolutionised the studies of 

bird migration (Georges et al.  1997, Birdlife International 2004, Gill et al.  2008, Hebblewhite & 

Haydon 2010, Shamoun-Baranes et al.  2012). The two study species, large gulls of more or less 

similar size, represent different migration strategies. These alternative migratory strategies were 

not key parts of the Kelderhuispolder research project, but the differences between the two 

species are highly distinct an require at least some understanding and evaluation (Appendix 5) : 

 Herring Gulls  breeding in northern Norway, in Russia and in the Gulfs of Bothnia and 

Finland are mainly migratory, but those breeding in The Netherlands and in many other parts of 

temperate Europe are generally considered dispersive or semi-residents (Landsborough Thomson 

1924, Parsons & Duncan 1978, Glutz von Blotzheim & Bauer 1982, Cramp & Simmons 1983, Kilpi 

& Saurola 1984, Olsson 1988, Calladine 2002, Bosman et al.  2012). In the early days of the gull 

studies at Texel, an important and so far underexplored dataset was kindly provided by Arie 

Spaans: ringing details and 86,247 subsequent sightings of 3124 colour-ringed Herring Gulls 

marked as chicks in 12-14 colonies in The Netherlands between 1986 and 1988 (100 per annum 

per colony; Camphuysen 2008c). One-fifth (20.5%) of all sightings originated from the home-

ranges (areas within a radius of 5km around the ringing place). Only 0.8% of all sightings were at 

over 300km from the natal colony. The maximum di stance travelled did not vary much between 

adults, immatures, and juveniles, but the timing  of outward and return movements was different 

for each of the age categories. With reference to studies in other European countries, it was 

concluded that Herring Gulls breeding in The Netherlands occupied a mid-position between 

dispersive and sedentary tendencies (Chapter 6).  

 Lesser Black-backed Gulls  are essentially migratory throughout their range 

(Landsborough Thomson 1924, Schüz 1933, Baker 1980, Glutz von Blotzheim & Bauer 1982, 

Cramp & Simmons 1983, Kilpi & Saurola 1984, Alerstam 1990, Rock 2002, Bosman et al.  2012, 

Hallgrimsson et al.  2012). For Lesser Black-backed Gulls, migratory movements could be 

evaluated based on a combination of colour-ring sightings (mainly ringed 1986-1995), modern 

colour-ring data (ringed 2006-present), satellite tracking (SOVON/IfV Vogelwarte Helgoland; 

2007-2011; Klaassen et al.  2011) and GPS loggers (UvA/NIOZ; 2008-2012; Appendix 5). 

Sightings of Lesser Black-backed Gulls ringed in The Netherlands were reported from The 

Netherlands, Belgium, France, Federal Republic of Germany, the United Kingdom, Italy, the Iberian 

Peninsula, and NW Africa (Algeria-The Gambia). The representation of adult Lesser Black-backed 

Gull colour-ring sightings in France, Portugal and Spain is overwhelming, indicating that these are 

probably the main wintering areas for birds breeding in The Netherlands (details in Appendix 5). 

Note, however, that ring-reading effort in NW Africa is comparatively low. Winter sightings were 

typically southwest of the breeding grounds (95% of all winter sightings south of 51°N in a narrow 
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band to the SW of the ringing grounds (median direction of migration 207°, range 95% 188°-

219°; Camphuysen et al.  2009). Recoveries in Italy, Algeria, and even those along the Spanish 

east coast can be considered extra-limital ( AppFig. 5.5). Of birds carrying Argos satellite PTTs 

ringed at Vlieland that wintered in Portugal, Spai n or Morocco, the date of crossing of the Bay of 

Biscay was used as an indicator of the timing of their major legs of autumn and spring migration 

towards and from their final destinations in winter. Autumn migration (25 autumn crossings 

logger) was considerably more variable in timing (mean 12 October ± SD 44.1d) than spring 

migration (29 crossings documented; 25 March ± 16.6d; AppTable 5.2, AppFig. 5.7). 

 

Juvenile long-distance migration - Juvenile Lesser Black-backed Gulls colour-ringed at Texel 

left their breeding grounds later than older birds and wintered on average on further away than 

subadults and adults ( AppFig. 4.3). Individuals may have an innate predisposition to explore 

wintering areas primarily in a particular compass direction (external orienting cues, probably of the 

earth's magnetic field; Gwinner & Wiltschko 1978). Baker (1980) termed the initial movements of 

juveniles “exploration” rather than the more ofte n used “post-fledging dispersal”. Baker suggested 

that this phase of exploration aims at establishing a familiar area within, or beyond, the normal 

breeding range of the species in order to identify suitable places at which breeding can be 

attempted later in life. He considered the first autumn migration of a young bird as a continuation 

of that exploration process. “ Young birds in particular alternate migration units in the standard 

autumn direction with movements back along, and sideways from, the standard track or direction. 

Spring migration is a repeat of the autumn process. ” (Baker 1980). Southward movements in 

autumn by colour-ringed juvenile Lesser Black-backed Gulls were indeed a seemingly gradual, 

more time consuming process than in adults and immatures (2-5cy birds). We did not find many 

deviations from the standard directio ns of autumn movements, however. 

 

Colour-rings versus modern instrumentation - As stressed in Chapter 6, enthusiast ring-

readers (volunteers, amateur bird-watchers mostly) te nd to collect data in areas where the reward 

( i.e.  the frequency of colour-ring sightings) is high (e.g. refuse tips, harbours, breakwaters, 

beaches, and other areas where gulls occur in large flocks and can be read rather easily). Hence, 

the results show primarily where the ring-readers  go. Nevertheless, the migratory flyways have 

been documented with great success with colour-ring sightings. The sample size that is possible 

with colour-rings and the fact that all age-categories can be ringed and monitored together 

compensate for the most obvious shortcomings. If the question is which habitats  the birds use, 

satellite PTTs, GPS loggers and ‘similar’ devices are invaluable because the results are independent 

of the activities of observers. The birds are cont inuously tracked; some even for many years.  

 The logger data have demonstrated that Lesser Black-backed Gulls forage while underway 

to and from their breeding areas. Klaassen et al.  (2011) observed that numerous stopovers are 

used and that their overall progress is relatively slow in comparison with most other migrants. The 

data suggest, however, that most birds return in time to be able to participate in the prospecting 

phase ( i.e. during  late March), although some birds do not arrive earlier than late April (Appendix 

4). The interpretation of logger data is not always that straightforward, and it is an ongoing project 

to try and disentangle logger data into useful components of presumed or apparent [foraging] 

behaviour (Shamoun-Baranes et al.  2010, 2012ab, Bakker et al.  2012). 

 Most Herring Gulls winter so close to the breeding colony that a single day’s flight would be 

enough to return. Some colour-ringed gulls with well known winter-“territories” near the breeding 

grounds were seen to travel to and forth the breeding colony on subsequent days prior to territory 

establishment. A single GPS-tagged Lesser Black-backed Gull utilising important stop-overs in 

winter in the UK returned briefly to England after a first return to the colony in spring. The results 

suggest that birds that have returned in spring still use a wide range of foraging opportunities, 

prior to the actual prospecting and laying phase within the colony. Unfortunately, there is no direct 

information on the arrival condition of potential breeding birds and if there would a need for 
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females to enhance their physical condition by replenishing stores (fattening up) prior to egg-

laying. Given the variations in the onset of laying discussed earlier (details in Appendices 3-4), this 

could be highly relevant information that will for now remain as a pending question. 

 

Annual survival and Balance per Annum 

 

The rate at which a population fluctuates depends not only on the fecundity ( B) but also on the 

survivorship (or mortality rates, D) of individuals that belong to that population (Tinbergen 1953, 

Harris 1970, Davis 1975, Newton 1989, Aebischer & Coulson 1990, Perrins et al.  1991, Newton 

1998, Siriwardena et al.  1999, Weimerskirch 2002, Skalski et al.  2005). 

 Lesser Black-backed Gulls and Herring Gulls are long-lived seabirds. Based on ringing 

recoveries, the maximum recorded life-span of Herring Gulls is 32 years and 1 month (Helsinki 

71386) and of Lesser Black-backed Gulls 32 years and 9 months (London GM.02212; Perdeck & 

Speek 1963, Staav & Fransson 2006, Staav 2008, AppBox 6.1). Wild birds usually live only a small 

fraction of their potential life-span and differ in this respect markedly from (modern western) man 

and from animals in captivity (Lack 1954). Annual survival rates in large gulls, as in many 

seabirds, vary around 85-95% (Coulson & Butterfield 1986, Pons & Migot 1995, Schreiber & 

Burger 2002), while those of young (juvenile) bird s are normally considerably lower. The minimum 

age of first breeding in large gulls is usually between 4 and 5yrs (Glutz von Blotzheim & Bauer 

1982, Cramp & Simmons 1983) and gulls can therefore often breed several times in their lives. 

Given a life-expectancy of somewhere between 10 and 20 yrs, anything between 5 and 15 

breeding attempts would be realistic. 

 Actual survival rates are technically difficult to estimate (Clobert & Lebreton 1991). An 

important research question was, however, is the annual survival in line with expectations based 

on recent population trends? In Chapter 7 the apparent survival ( i.e.  survival confounded by 

permanent emigration; White & Burnham 1999, Allard et al.  2010) was estimated on the basis of 

re-sightings of colour-ringed birds within the colony. Apparent survival was assessed for adults of 

both species using re-sightings of colour rings deployed at Texel (details in Appendix 6 and 

Chapter 7). It appeared that the annual survival  of Lesser Black-backed Gulls was substantially 

higher than that of Herring Gulls. In Herring Gulls, a mean apparent annual adult survival of only 

79% was found in females and 86% in males. Appa rent survival for both sexes combined varied 

between 81% and 100% (mean �§91%) in Lesser Black-backed Gulls. Contrary to the earlier 

measurements of fecundity were the differences in annual survival between the two species more 

in line with expectations based on recent population trends. 

 

Staying alive: the need for self-maintenance  - The GPS tacking studies in Lesser Black-backed 

Gulls breeding at Texel revealed the occasional occurrence of exceptionally long or distant foraging 

trips that were difficult to explain in a context of optimal foraging. The characteristics, the 

frequency, and the possible triggers of these exce ptional trips were examined in comparison with 

thousands more regular, shorter trips, in the context of reproductive performance and chick 

growth (Chapter 8). Exceptionally long and distan t trips occurred irregularly, but every breeding 

season, and in most tracked individual birds. The hypothesis that exceptional trips were conducted 

only by failed breeders, but not by active breeders during incubation or chick care, had to be 

rejected. Exceptional trips in active breeders were relatively rare when the chicks were still young 

and highly vulnerable (<10d of age), however, and occurred mostly when chicks were large 

enough to be no longer in immediate need of adult company at the colony. Tracking data had 

revealed earlier that not all time spent at sea is used to forage and feed, but also to rest for hours 

on end (Shamoun-Baranes et al.  2010). Allocating time to rest on such trips could be an important 

aspect in the process of individual recovery fr om stressful periods, enhancing the individual 

survival probabilities and thereby future reproductive opportunities. Evidence is provided that 

these extraordinary trips provided additional time for individual birds (self-maintenance or self-
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provisioning, replenishing exhausted resources) rather than extra provisioning for the chicks. The 

reproductive success in birds that performed exceptional trips was not compromised, pointing at 

compensatory behaviour by partners. The results, a by-product of GPS tracking studies, are 

interpreted as evidence that time needed for individual maintenance by the parents themselves 

was important during breeding. 

 During breeding, the environmental conditions may deteriorate, or individual birds may be 

unable to meet the energetic demands of their offspring for other reasons. Several breeding 

attempts by gulls nesting at Texel have been given up and the chicks were left to starve to death 

( AppFig. 3.11). It is tempting to believe, as Chapter 8 will show, that individual birds sometimes 

temporarily  give up (leaving the burden of chick care to  the partner), just to restore condition, and 

resume chick care after such a break. It would pr ovide that third possibility between giving up a 

breeding attempt to enhance the likelihood of indivi dual survival and to continue an attempt while 

risking an earlier death. 

 

Intermittent breeding and floaters -  As potentially long-lived seabirds, a current breeding 

attempt will have to be evaluated by both parents against the likelihood of individual survival and 

a future reproductive success (Weimerskirch 2002). Under poor conditions (low resources, poor 

individual condition), birds may forego breeding altogether. While both gulls have been described 

as ‘annual breeders’ (Cramp & Simmons 1983), it appeared that in anyone season at Texel a 

considerable number of adults did not breed, even though territories had been occupied and 

defended and nest bowls had been constructed in the prospecting phase (see also Calladine & 

Harris 1997). On average less than half the colour-ringed Lesser Black-backed Gulls (46.8 ± 

15.8%) and two-thirds of the Herring Gulls (66.3 ± 11.4%, AppTable 6.3) that returned to the 

breeding colony in any given year was subsequent ly demonstrated to breed. The results suggest 

that Lesser Black-backed Gulls at Texel breed on average once every 2.1 years. For Herring Gulls, 

a breeding frequency of once every 1.5 years can be estimated. 

 The nest counts at Texel in 2009-2011 resulted in high numbers of well-constructed nests 

in which no eggs had been laid. These sites were  often occupied by territorial non-breeding pairs 

(ringed and unringed), were initially defended, but abandoned (or rarely visited) later in the 

season. Prospecting seabirds explore their future  breeding place and obtain information about the 

colony. Decisions to forego breeding may relate to individual condition, or to foraging conditions in 

the prospecting phase (or expected  conditions during chick care). 

 New (unringed and therefore anonymous) birds that bred, apparently filled sites that were 

at or near territories previously taken by other adults. A pool of non-breeding adult birds 

(“floaters”) can buffer density fluctuations within  a breeding population (Calladine & Harris 1997). 

If the availability of resources (food or nest site s) increases, members of that pool may attempt to 

breed. Floaters may comprise a large fraction of  any bird population, and can be quick to fill 

breeding vacancies (Zack & Stutchbury 1992). Floaters regularly visit breeding territories which 

presumably allows them to assess the availability and quality of nesting territories. In many 

colonial seabirds, non-breeders remain in flocks separate from the breeding colonies (Hudson 

1985), while older age classes of floaters are more likely to visit the breeding sites (Birkhead & 

Hudson 1977). It is unclear how this behaviour may influence their subsequent success in gaining 

a territory and a mate (Zack & Stutchbury 1992). Th e issues of recruitment, (adult) non-breeding, 

and intermittent breeding, are topics of current investigations. These issues require a long-term 

data set with colour-ringed birds that can be individually monitored over time. 

 Adults that had skipped one or more breeding season typically re-established territories 

close to or exactly at the initial breeding location. Intermittent breeding has been recorded or 

suspected for both species of gulls (Drost et aL  1961, Kadlec & Drury 1968, Migot 1992, Pons & 

Migot 1995, Calladine & Harris 1997). Drost et al.  (1961) estimated 25% non-breeding in Herring 

Gulls (male 21%, n= 122, female 28%, n= 150) breeding in Wilhelmshaven (FRG). In 11% of the 

cases, both partners skipped a season simultaneously. Kadlec & Drury (1968) estimated that that 
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15-30% of the adult Herring Gulls in New England (Canada) did not breed in any given year. 

[Chabrzyk & Coulson (1976) and Coulson et al.  (1982) commented that this last figure may have 

been inflated because it included 5-7 year old birds that have not yet bred]. Data obtained by a 

Leslie matrix model on demographic changes in French Herring Gulls suggested that a large 

proportion (c. 50%) of potentially mature birds did not breed (Migot 1992). In a later paper, Migot 

compared breeding parameters before and after the closing of a large refuse tip where breeders 

used to find most of their food (Pons & Migot 1995) and found only c. 2% non-breeders. Calladine 

& Harris (1997) found that 33-37% of adult Herring Gulls and 34-40% of adult Lesser Black-

backed Gulls with previous breeding experience failed to breed in 1993-1994 respectively. About 

half of these birds failed to breed in both years. 

 

Immature mortality – While adult Herring Gulls from Texel were characterised by their relatively 

low annual survival (Chapter 7), preliminary results suggest that young birds faced similar 

problems (Appendix 6, AppFig. 6.5). Vercruijsse (1999) found that at least 22% of all fledglings 

from his study colony at Schouwen in the 1990s reached the age of potential first-breeding (5 yr). 

Only 6% of the Herring Gulls that fledged from th e Kelderhuispolder at Texel reached that age. In 

Lesser Black-backed Gulls at Texel the number of fledglings that reached sexual maturity (14%) 

was more than twice that of Herring Gulls; a difference that is reflected in the number of 

confirmed recruits of either species in the Kelderhuispolder in 2010-2012. 

 

Recruitment and the Balance Per Annum - For a breeding population to remain stable, the 

breeding birds have to produce enough young that  survive to breed themselves, to replace adults 

that die (Perrins 1991). With the adult annual survival rate roughly known (Chapter 7), it is 

possible to deduce the proportion of young that mu st survive to breed in a stable population (at 

equilibrium, the number of young surviving per pa ir to breed must equal twice the annual adult 

mortality). Birkhead and Sears (quoted in Perrins 1991) calculated the Balance Per Annum  (BPA; 

the difference between the number of chicks per pair surviving to breeding age and the number of 

adults dying per pair per year). 

 Using preliminary results of colour-ring data (details in Appendix 6), it was estimated that 

from the first three cohorts (2006-2008), only 20% of the chicks (51 out of 254) of Lesser Black-

backed Gulls and 13% of Herring Gulls (15 out of 114) had survived to potential breeding age 

( AppTable 6.1). Based on a mean fledging rate of 0.49 fledglings pair -1  (Table 2.1), the 20% 

juveniles of Lesser Black-backed Gulls that reached sexual maturity would result into 0.10 chicks 

pair -1  as potential recruits. Considering an annual adult mortality of 0.18 adults pair -1  (annual 

survival 91%; Chapter 7), the BPA would be -0.08 in Lesser Black-backed Gulls. With a mean 

fledging rate of 0.88 fledglings pair -1  in Herring Gulls, but with a higher juvenile mortality (87%), a 

marginally higher 0.12 chicks pair -1  would reach the age of sexual maturity. The higher adult 

mortality of c. 0.35 adults pair -1  (mean annual survival 82.5%) would lead to a BPA of -0.23 in 

Herring Gulls: 

 
Individuals pair -1 annum -1  fledglings  adults dead juv. breeding age BPA 

Lesser Black-backed Gull 0.49 0.18 0.10 -0.08 

Herring Gull 0.88 0.35 0.12 -0.23 

 

In the absence of significant numbers of immigrants ( I ), both populations may thus be considered 

unstable or declining, but the former mainly as a result of low reproductive success, the latter 

mainly as a result of lower annual survival. Rather few genuine “recruits” (prospecting birds and 

confirmed breeders) have been demonstrated to have returned to the Kelderhuispolder colonies 

(Appendix 6). If the BPA assessments were based on only these birds, it would be considerably 

lower. The evidence for low levels of immigrants ( I ) and emigrants ( E) is provided in Appendix 6. 
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Foraging ecology 

 

Animals feed selectively. Food selection poses questions about decision rules to behavioural 

ecologists, about species diversity to the community ecologist and about niche segregation to 

evolutionary ecologists (Hughes 1993). Foragers shou ld specialise on energetically high-value food 

that can be easily handled and consumed (profi table prey). If such prey items are scarce, 

absolutely or as a result of interspecific competition, lower valued prey items must be included in 

the diet. Competition for food reduces the availa bility and quality of food because it reduces 

forager encounter rates with preferred prey item s (Sih 1993). Optimal Diet Theory (ODT) predicts 

that food depletion or reduced access to resources as a result of intense competition should result 

in broader diets (Sih 1993). Competition could also lead to spatial segregation of competing 

predators, whether or not associated with dietary shifts.  

The catholic foraging habits of large gulls, certainly Herring Gulls, are legendary (Glutz von 

Blotzheim & Bauer 1982, Cramp & Simmons 1983, Pierotti & Good 1994), but how flexible these 

birds actually are is not that clear. Starvation events are not uncommon in large gulls, suggesting 

that when a given resource is in short supply, it may be difficult to quickly shift to another 

untapped or underexplored opportunity. What is clear, however, is that at the species level, 

Herring Gulls and Lesser Black-backed Gulls in most North Sea colonies are generalists, not 

specialists (Bergman 1960, Ehlert 1961, Harris 1965, Andersson 1970, Spaans 1971, Dernedde 

1994, Nogales et al.  1995, Garthe et al.  1999b, Bellebaum et al.  2000, Dierschke & Hüppop 2003, 

Kubetzki & Garthe 2003, Coulson & Coulson 2008, Bustnes et al.  2010, Calvino-Cancela 2011). 

Currently, both Herring Gulls and Lesser Black-ba cked Gulls species are abundant, widespread and 

therefore significant components of the North Sea and Wadden Sea coastal ecosystems. In the 

historical overview in this thesis (Appendix 2), a variety of factors is listed, many of which (may) 

have affected adult survival, reproductive success and population dynamics at least to some 

extent. Large gulls, just as many other large bird species, have no serious predators as adults, and 

the availability of food is thus probably an important limiting factor (Lack 1954). A better insight in 

the foraging ecology of both species was therefore considered an important aspect of the studies, 

assuming that the carrying capacity of not just the intertidal, but also marine and terrestrial 

ecosystems had been shaping the most recent population trends (Spaans 1992). Underlying the 

studies of the foraging ecology of both species was the ambition to quantify food consumption in 

the context of the carrying capacity of coastal and nearshore ecosystems. To be able to do so, 

species-specific prey preferences, differences in prey profitability, and patte rns and trends in prey 

availability have to be quantified. One of the firs t questions to be answered was considerably more 

basic: what exactly do the two gulls eat and when? The aim of this work was to assess the 

“mainstream” foraging activities of the popula tion at large, the occurrence of individual 

specialisations in foraging behaviour and prey choice, and the demographic consequences of these 

aspects. 

There is a rooted belief that ‘ gulls eat just anything ’, which basically implies that an 

investigation of the foraging habits would be of little interest. But even if the feeding habits for the 

population at large may best be described in terms of “ taking almost anything available of suitable 

size, texture, etc. ” (Snow & Perrins 1998), a simple literature review shows that this is an over-

simplification. Neighbouring colonies often differ in the composition of the utilised prey. Individual 

birds tend to specialise and rarely explore the comp lete spectrum of dietary possibilities that would 

characterise the species. It was the aim to combine information of foraging behaviour collected at 

sea (much of which collected prior to 2006) with diet ary data collected during colony studies (since 

2006). The use of electronic instruments and colo ur-rings provided a more direct link between 

foraging habitats, dietary biases, reproductive success and other vital rates. 

 

Prey types  – From the extensive dietary information presented in Appendix 7 it is obvious that 

while both species are generalists, there are clear preferences for certain prey types. In the egg 
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phase, 246 different prey species or types were encountered, 48% of which were found in the diet 

of both gulls (overlapping resources). The 55 “uni que” prey of Lesser Black-backed Gulls and 74 of 

Herring Gulls were all rarely encountered (frequency of occurrence <1%). Three commoner prey 

species were characteristic for Herring Gulls (absent in the prey spectrum of Lesser Black-backed 

Gulls) : Mussels Mytilus edulis  (70%), Common Shore Crab Carcinus maenas (7%), and Cockles 

Cerastoderma edule (4%). During chick care, 2 80 different species or types of prey were found, 

51% of which in the diet of both species. In to tal 47 rare prey species occurred only in Lesser 

Black-backed Gulls, 88 only in Herring Gulls. Rather  many prey types were frequent (frequency of 

occurrence 1-25%), common (26-50%) or staple f ood (>50%) in one species, but rare in the 

other. Mussels (54% in Herring Gulls) we re again non-overlapping commoner prey.  

Of particular interest for the comparative study was the overlap  in frequently or commonly 

occurring prey types (Table 2.3). Marine fish was the most important prey for Lesser Black-backed 

Gulls throughout the breeding season, but it was an important component of the diet of Herring 

Gulls during chick care in particular (cf. Spaans 1971, Chapter 9, Appendix 7). The fish list of both 

species is dominated by likely discarded specie s (demersal roundfish and flatfish; Appendix 7, 
AppBox 7.6) and points at a potential area of competitive interactions between the two gulls: 

foraging opportunities behind commercial trawlers (Camphuysen et al.  1995; Appendix 7, AppBox 

7.7-7.9). The more fatty, energy rich fish species (sandeels Ammodytidae, clupeids Clupeidae, 

mackerels Scomber scombrus, Trachurus trachurus ) are more frequently encountered in the prey 

samples of Lesser Black-backed Gulls than in those of Herring Gulls, even during chick care 

(details in Appendix 7). In the list in Table 2. 3, “unidentified insects” and even “Coleoptera” 

(beetles) are rather diffuse groups in which the exact prey choice could in fact have been 

completely non-overlapping. All the other prey types are identified to species or genus level and 

these include terrestrial resources (earthworms Lumbricus terrestris , maize Zea mays , and eggs 

and chicks of other gulls in the colony), and various species of crustaceans.  

 

Table 2.3. Overlapping prey spectra. Listed are prey  species of which the frequency of occurrence was >1% 

(frequent or common) in both Lesser Black-backed Gu lls and Herring Gulls during  the eggphase and during 

chick care. Source: n= 10,234 prey samples, Kelderhuispolder 2006-2011. Details in Appendix 7. 

Group Eggphase Post-hatching 

Insecta unident insect unident insect 

Coleoptera spp Coleoptera spp 

Oligochaetes Lumbricus terrestris 

Crustacea Crangon crangon 

Liocarcinus holsatus Liocarcinus holsatus 

Pisces Sprattus sprattus 

Merlangius merlangus Merlangius merlangus 

Trachurus trachurus Trachurus trachurus 

Ammodytes 

Pleuronectes platessa Pleuronectes platessa 

Limanda limanda Limanda limanda 

Solea solea 

Aves large gull egg large gull egg 

large gull pullus 

Plantae Zea mays Zea mays 

 

 An overlap in frequently taken prey species is still no sure sign of resource competition. 

Peaks in egg consumption (a form of cannibalism) within the colony were different between the 

two predator species and actually mirrored specie s-specific differences in the timing of laying 

rather than just the availability of eggs in the colony ( AppFig. 7.1). Under the same conditions, the 

slightly larger Herring Gull would be expected to select and consume slightly larger sized prey than 

Lesser Black-backed Gulls, for as far as these prey would fall within the swallowing capacities of 
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these birds (Swennen & Duiven 1977, Camphuysen 1994b, AppBox 7.8-9). In fact, Whiting 

Merlangius merlangus and flatfish Pleuronectiidae transported into the colony by Herring Gulls 

breeding at Texel were substantially smaller than those captured by Lesser Black-backed Gulls 

(Appendix 7). Only the mean size of Swimming Crabs Liocarcinus holsatus fitted the expectation 

based on size-differences of the two predators. A direct comparison of size classes consumed by 

gulls is tricky if the purpose  of the prey is left out of consideration (e.g. brought in to provision the 

chick, or taken by the adults themselves). However, all the available evidence, including data 

corrected for size-adjustments during chick care, suggests that Herring Gulls explored fish 

resources with different prey size characteristics than Lesser Black-backed Gulls. 

 

Competition for prey  – An important question that could not be answered during studies within a 

breeding colony was: what happens if the two species compete for similar prey. At-sea studies of 

discards consumption (prey preferences, size select ion, competitive quality) of both species were 

analysed, using data that had been collected years earlier, in the same general area, onboard 

commercial trawlers and onboard fisheries resear ch vessels. During sessions of experimental 

discarding, the success rates of the two species as scavengers could be compared directly 

(Appendix 7, AppBox 7.7-9, Chapter 11, Camphuysen 1994b). 

In seabird feeding frenzies at the trawl of fishing vessels, with both species present in 

substantial numbers, Herring Gulls were on average more successful than Lesser Black-backed 

Gulls. Herring Gulls were capable of swallowing a wider range of size categories and tended to 

select on average slightly larger prey than Lesser Black-backed Gulls, as could be expected from 

the differences in body size. The differences were small, but consistent in all sessions of 

experimental discarding where both species were represented, in spring and in summer, near 

breeding colonies and further offshore. The results of the discard experiments on board a 

commercial beamtrawler in summer in the North Sea just to the north off the Frisian islands 

(details in AppBox 7.8) were indicative for a dominance hierarchy among scavengers with Great 

Black-backed Gulls at the top, Herring Gulls second, and Lesser Black-backed Gulls third in rank. 

The differences between Herring Gulls and Lesser Black-backed Gulls in foraging success were 

small, but consistent (see also results of discard experiments on board research vessels; AppBox 

7.9). Herring Gulls took relatively many morsels of offal (success indices 1.33 versus 0.73) and 

gadoid roundfish (SI 1.34 versus 0.87) in compar ison with Lesser Black-backed Gulls, suggesting 

that the former was most successful in getting easy (smooth) prey with a higher calorific value 

than the latter. Lesser Black-backed Gulls took si gnificantly more (spiny) gurnards than Herring 

Gulls (SI 1.27 versus 0.35; AppBox 7.7). There was no evidence that Lesser Black-backed Gulls 

outmanoeuvred Herring Gulls as scavengers behind fishing vessels. The results of discard 

experiments behind trawlers in summer in the Southern North Sea indicated that, within the 

dominance hierarchy established behind the boat during hauling and catch sorting, Great Black-

backed Gulls were at the top, Herring Gulls rank ed second and Lesser Black-backed Gulls ranked 

third (from a combination of success indices and vulnerability to kleptoparasitism; AppBox 7.7-9). 

 

Changes in resources - Feeding opportunities and other environmental factors have changed 

over decadal scales, and gulls must have adapte d in order to survive and breed successfully. 

Seabirds respond mostly with variations in diet, foraging behaviour and reproductive success 

rather than with adult survival rate to changing environmental conditions (Cairns 1987, 

Montevecchi 1993, Jones et al.  2002). Cairns (1987) suggested that seabird survival rates are low 

only when their prey is extremely scarce, rise quickly with slightly improved feeding conditions, 

and are constant in moderate to good feeding conditions (Jones et al.  2002). Penniman et al.  

(1990) referred to the element of plasticity exhibited by Western Gulls Larus occidentalis , and their 

ability to fall back on a predictable food supply  of offal and garbage when marine food was not 

readily available. Their expectation implied that there always is that apparently untapped resource 

available in case of a shortage of more natural or preferred prey. One could wonder if such an 

underexploited resource indeed exists. 
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Seasonal changes in prey availability are just another challenge these birds have to cope 

with. The gull studies at Texel would need to iden tify the exact location of the foraging areas and 

the actual resources, to assess the energetic constraints involved in successful foraging and 

feeding for breeding birds. The first years of study were important to identify prey items and to get 

a feel for intra-specific variability, intra-season variability and the variability between seasons. The 

next step was to gather information on the whereabouts of foraging gulls. Once we have collected 

firm data on both these aspects, the next step will be to try and quantify the most important 

resources, followed by assessing resources of alternative prey. 

The dietary studies of Herring Gulls breeding in the Kelderhuispolder were sufficiently 

detailed to assess intra-pair variations in prey choice throughout the breeding season (Appendix 

7). Differences in reproductive success between pairs with different prey spectra could be 

examined. Inter-pair dietary specialisations (withi n and between the different phases of breeding) 

were studied empirically and related to fecundit y parameters in Herring Gulls (Chapter 9). It 

appeared that the overall dietary spectrum and the level and incidence of dietary specialisation 

changed when the energetic demands increased during chick care. Prior to hatching, most pairs 

focussed entirely on bivalve prey, but 25% of the pairs had distinct dietary biases. During chick 

care, chick growth and fledging rates were strongly correlated with the amount of fish prey 

provided, prey spectra diversified overall and fewer specialists were detected. Particularly low 

chick growth rates were found in pairs that had a dietary bias towards crustacean prey. Intra-

population niche variation meant that individual s within the same population were subject to 

different selective pressures, which can be benefi cial in periods of major environmental change. 

Lesser Black-backed Gulls generally produced rather fewer prey remains around the nest, 

and intra-pair differences were therefore more difficult to quantify. The results summarised in 

Appendix 7 suggest, however, that marine fish prevailed throughout the breeding season and the 

differences between pairs were seemingly smaller (or less obvious). 

 

Sexual differences in provisioning - Combining GPS tracking data with dietary information and 

reproductive status we found sexually distinct foraging strategies in Lesser Black-backed Gulls, 

that were maintained throughout incubation and chick-care (summarised in Chapter 10). 

Individuals differed in foraging behaviour and foragi ng range, trip duration and the proportion of 

time at sea increased with structural size of the bi rds. During foraging trips, the marginally larger 

males travelled farther from the colony than females, spent more time in the North Sea. The 

differences between the sexes might be considered ends along a continuum of individual variation 

in foraging behaviour (Bolnick et al.  2003). Even with only 34 tracked individuals, the habitat use 

varied from almost completely terrestrial to completely marine habitat use, suggesting a tendency 

of individuals to specialize on particular foraging areas, at least during the breeding season. 

Males were apparently feeding mostly for fish (discards at offshore trawlers) in a 

competitive setting with other scavengers, but with few alternative resources nearby. Females 

foraged predominantly on land, accessed a wider variety of resources and must have had a 

broader prey spectrum. In the Wadden Sea, however, they utilised shrimp fishing vessels in deep 

gullies near the colony. The foraging distribution of female Lesser Black-backed Gull overlapped 

more with that of the more powerful Herring Gulls, which would involve inter-specific competition 

for discards at shrimpers. 

 

The utilisation of marine habitats 

 

The offshore distribution of seabirds has been one of the prime subjects of long-term studies in the 

North Sea (Reid & Camphuysen 1998). In summer, Herring Gulls and Lesser Black-backed Gulls 

are largely confined to nearshore waters (Camphuysen & Leopold 1994, Stone et al.  1995). In 

winter, Lesser Black-backed Gulls have more or less abandoned these latitudes, while Herring 

Gulls are much more widespread throughout th e North Sea. In Appendices 7-8 the offshore 
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distribution of large gulls is characterised. Topics include (1) the offshore distribution from ship-

based surveys (from Camphuysen & Leopold 1994, updated), (2) a comparison of the two gulls 

feeding at fishing vessels throughout the North Sea and year-round, and (3) the consumption of 

discards throughout the North Sea (from Camphuysen et al.  1995), (4) natural, offshore, multi-

species feeding associations for fish prey (from Camphuysen & Webb 1999), and (5) novel findings 

based on recent tracking studies, including (6 ) sex-specific foraging strategies (Camphuysen et al.  

under review), and (7) observations of gulls resting at sea (Shamoun-Baranes et al.  2010).  

The data presented in Appendix 8 have further emphasised the status as summer visitor 

(and passage migrant) of Lesser Black-backed Gulls in the North Sea. Their abundance between 

October and March is low, also in recent years, despite an apparently increased tendency to winter 

in the UK and in the French Channel area (acco rding to Alerstam 1990). In spring and summer, 

Lesser Black-backed Gulls occur further offshore th an Herring Gulls (notably in the NW North Sea). 

Herring Gulls occur year-round, but are widespread in the North Sea only in winter when they are 

distributed throughout the North Sea, in inshore as well as in offshore waters and even including 

the central North Sea. The SOVON Satellite PTTs failed to show extensive use of marine resources 

by Herring Gulls, apart from frequent visits to coastal breakwaters (coastal shellfish on hard 

substrate). This was true in winter as well as during the breeding seasons and it casts doubt over 

the reproductive status of birds that do scavenge at offshore trawlers in summer and on the 

breeding origin of the birds occur within the North Sea in winter. 

 

The southern North Sea as a foraging area- The southeastern North Sea is currently one of 

the most important areas for Lesser Black-backed Gulls in western Europe (Skov et al.  1995, 

Stone et al.  1995; Appendix 8). It is this area where beamtrawlers are operating most intensively 

and are the dominant fishery (Rijnsdorp et al.  1998, Jennings et al.  2001, Hutton et al.  2004). The 

establishment of a so-called “Plaice-box” (a partially closed area in the North Sea, established in 

1989 to reduce the discarding of undersized Plaice Pleuronectes platessa  in the main nursery 

areas) has banned larger beamtrawlers from nearshore areas off the Frisian Islands (Pastoors et 

al.  2000), but smaller vessels occur throughout coastal waters of the southern and southeastern 

North Sea, the Western Wadden Sea included (see also Appendix 9). The smaller beamtrawlers are 

allowed to fish within 12 nm of the coast and within the plaice box (a closed area used to reduce 

fishing mortality) but large beamtrawlers of (>300 HP) are allowed to fish only outside the 12 nm 

limit and outside the plaice box. The seabirds at  sea surveys confirmed that Lesser Black-backed 

Gulls in summer are by far the most numerous sca vengers at distant beamtrawlers (Chapter 11, 

Appendix 8). GPS logger data confirmed that Less er Black-backed Gulls visit both the nearshore 

fishing grounds as well as those several dozens of miles from the coast. For breeding Herring 

Gulls, the more distant large beamtrawlers are too far offshore to be of interest. The observations 

on board a commercial beamtrawler in the 1990s in the German Bight, however, showed that 

rather large flocks of fully mature Herring Gull s join these fleets at distances away from the 

colony. Their status of these birds is unclear, but it is possible that non-breeding adults (parts of 

the floater population) utilise these offshore foraging opportunities. 

The marine habitats of Lesser Black-backed Gulls breeding at Texel include the shallow and 

turbid nearshore coastal waters (0-10m depth contours) immediately bordering the beaches and 

the island Noordhaaks, the still shallow, but gradually deeper waters to the west towards the 

Brown Ridge (Bruine Bank; 10-30m deep). In summer, under calm conditions, the most turbid 

nearshore waters are separated from the deeper wa ters by a distinct front (the coastal front). 

Foraging gulls (Lesser Black-backed Gulls included) often tend to concentrate their attention at the 

front and foraging conditions are often different within and beyond that zone. To fully appreciate 

the behavioural differences in these respective areas, the GPS logger data will need to be analysed 

in considerable detail (currently ongoing project with the Bouten group of the IBED/University of 

Amsterdam in which accelerometers will be used to “assess” the behaviour of tagged individuals 

with high resolution settings). A third area is the boundary between the mixed waters of the 

Southern Bight and the thermally stratified waters of the Central North Sea: the Frisian Front area 
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(Pingree & Griffiths 1978, 1980, Creutzberg 1989,Markones et al.  2008). Lesser Black-backed 

Gulls are common in the Frisian Front area (Chapter 11), but birds from Texel are probably poorly 

represented (GPS tagging results, AppFig. 8.9). How exactly important areas for seabirds should be 

separated from less important ones is the topic of Chapter 13. Ship-based survey and tracking 

data provided two complementary perspectives of marine habitats. Data loggers are normally fully 

independent of observer effort (recording data also at night), but for example species interactions 

cannot (yet) be derived from the data obtained. Instrumented individual birds from one or more 

breeding colonies give no information about the whereabouts of the rest of the population: other 

breeding birds from nearby or distant colonies, non-breeding adult birds as well as immatures. A 

combination of tracking data with ship-based surveys (and special attention for behaviour 

patterns) is therefore recommended. 

 

The utilisation of intertidal and terrestrial habitats 

 

The international Wadden Sea (Denmark, Germany an d The Netherlands), with a surface area of c. 

10,000 km², represents the largest marine wetland in Europe. Wetlands of comparable size are 

rare elsewhere in the world (Wolff 1976). The characteristic hydrographical properties of the area, 

combining a high primary production with addition al import of organic matter create the primary 

food source on which high densities of crustaceans, fish, birds, and marine mammals are 

dependent. Benthic macrofauna are an integral component of the Wadden Sea ecosystem and they 

provide food sources to humans an d many animal species (Compton et al.  2012). Many of the 

birds are shorebirds and waterbirds that use the Wadden Sea either as a wintering area, or as a 

stop-over between wintering and breeding grounds. It was an ambition to set up studies on 

waterbirds utilising the Wadden Sea also during the breeding season, in order to evaluate effects 

of fluctuations in prey stocks on demographic parameters more directly. 

The Herring Gull is, or was, the second most important molluscivorous bird species in the 

Dutch Wadden Sea in terms of annual flesh consumption (Smit & Wolff 1981, Cadée 1995). The 

Lesser Black-backed Gull is a newcomer in Dutch nearshore waters. Both species breed in high 

numbers on the Wadden Sea islands must be considered important (apex) predators/scavengers in 

the coastal zone and within the Wadden Sea. The results of the study presented Appendix 9 

indicate that the intertidal resources are the principal domain of Herring Gulls. Intertidal areas 

around Texel were almost exclusively exploited by Herring Gulls (Appendix 7 and 9). Shore crabs 

and bivalves typically exposed during low tide at intertidal mudflats, are common prey for Herring 

Gulls, rarely taken by Lesser Black-backed Gulls. This is nothing new, except that the recent 

tracking studies revealed that Lesser Black-backed Gulls from Texel do forage in the Wadden Sea 

in considerable numbers, but almost exclusively in the deeper gullies where fishing vessels 

operate. There was no evidence for Lesser Black-backed Gulls searching for prey on Wadden Sea 

mudflats or that they were commonly foraging in any of the other intertidal areas. On the North 

Sea beach, however, moribund Atlantic jackknife clams Ensis directus were commonly utilised by 

Lesser Black-backed Gulls, but during these ephemeral mass strandings the birds were clearly 

outnumbered by Herring Gulls.  

 

Breakwater mussels - Herring Gulls nesting at Texel appeared to utilise the resources on 

breakwaters along the mainland coast of Noord-Holland (mainly mussels Mytilus edulis , exposed 

during low tide) in great numbers. These hard substrate mussels attracted Herring Gulls from 

Texel particularly in summer and must be seen as the most important intertidal foraging area for 

them. It is a predictable and large resource (low tide) with few competing species (low numbers of 

Oystercatchers and some other waders). There was a distinct seasonal pattern in numerical 

abundance of foraging gulls from Texel on the mainland coast breakwaters (details in Appendix 9). 

Based on year-round ring-reading effort, numbers of  birds from Texel were lowest in winter (Dec-

Mar), while a marked increase occurred in Apr-May, followed by a slight dip in Jun-Jul, and a peak 



Chapter 2 Study results summarised 27 

 

period from late July through September. In fa ct, Herring Gulls from around the country were 

attracted to this area, numbers were particularly high in August-September. 

 From recent observations in the Marsdiep area, a seasonal pattern in body mass index 

(BMI, gAFDM mm -3  10 6) could be deduced with a peak in ‘mussel quality’ in May-July and a distinct 

dip in January-March (Appendix 9). A rapid increase in mussel BMI in spring coincided with 

increasing exploitation rates of the Noord-Holland  breakwater mussels by adult Herring Gulls from 

the Texel colonies. When the mussel BMI gradually declined in late summer, however, the 

numbers of foraging Herring Gulls continued to increase, until they fell in line with a continuing 

decline in mussel BMI in autumn and early winter. The peak in numerical abundance of adult 

Herring Gulls occurred just after  the peak in mussel condition. An explanation for this “mis-match” 

is that this sector of mainland coast is attractive for Herring Gulls for more reasons than just the 

availability or quality of mussels. Large roosts ar e formed in the area on beaches, on the dikes, 

and in the hinterland (arable land and grasslands  with limited human disturbance). Aug-Sep is a 

phase during which large gulls undergo a complete  (post-nuptial) moult and the easy and nearby 

access to mussels (of still rather high quality) pr obably is an attractive bonus for these birds. 

 

Inland resources  - Terrestrial resources are shared by both species, but the exact overlap (or 

differences) in prey choice needs further attention. Sewage plants, cities, rubbish dumps, 

meadows, and agricultural fields offer resources that are commonly shared between the two 

species. There is a poorly documented but widespread belief that large gulls increase in numbers 

on inland foraging areas, backed up by an increase in inland breeding attempts (Vegelin 1989, Van 

der Helm 1992, Cottaar 1994, 2002, Poot 2008). From mammalian prey found in diet studies at 

Texel, Vlieland and elsewhere in The Netherlands, it could be demonstrated that both gull species 

do indeed utilise resources on the mainland (Chapter 14, Appendix 9). Specialised coastal nesting 

birds and a majority of individuals in an inland colony were found to feed on mammals frequently. 

Most mammalian prey may have been obtained on inland fields, during farming activities, some 

may have been captured within the colonies , and some were scavenged at roadsides. 

The importance of landfill areas for Herring Gulls is (or was) beyond doubt (Spaans 1971, 

Burger 1981, Coulson et al.  1987, Belant et al.  1993, Duhem et al.  2005). This anthropogenic 

source of food has often been assumed to have fa cilitated the marked increase of populations of 

scavenging seabirds and as such have been responsible for the success of gulls in Western Europe 

(Spaans 1971, Kihlman & Larsson 1974, Horton et al.  1983, Blokpoel & Spaans 1991, Pons 1992, 

Vermeer 1992, Pons 1994, Kilpi & Oest 1998, Bellebaum et al.  2000, Ratcliffe 2004). As shown in 

Appendix 2 and 9, the availability of domestic refu se from landfill areas within The Netherlands has 

declined markedly in recent decades as a result of changes in waste management (Werkgroep 

Afvalregistratie 2007). In countries like Portugal and Spain but also within the UK large and 

accessible open landfill remains the predominant method of waste disposal (Anon. 2001, Price 

2001). Target waste management percentages for individual countries within the European Union 

vary greatly: i.e.  France and the Netherlands dispose only c.  10% of their waste via landfill, 

whereas the United Kingdom has set the limit at 60% (Anon. 2001). Hence, as an overwinter 

resource, landfill areas may still be important for (migratory) Lesser Black-backed Gulls, but much 

less so for the largely resident or dispersive Herring Gulls. 

 

A bias in foraging distribution - One striking result of the recent colour-ring projects and 

tracking studies of birds breeding at Texel was the relatively large number of sightings of both 

species of gulls to the south and southeast of the study colony ( AppFigs. 8.8, 9.2). The northern 

half of the Island Texel was apparently visited by a small number of birds from the 

Kelderhuispolder and Geul colonies. The high number of foraging gulls on the northern half of 

Texel and off the NW and NE coasts were apparently birds breeding on other colonies on the island 

or, as also found in the satellite PTT tracking da ta, were birds from Vlieland (IfV & SOVON unpubl. 

data; AppBox 5.1). An explanation for the S-orientation of the gulls breeding at the southern tip of 
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the island (also an explanation for the large number of breeding pairs in these colonies) could be 

the recent history Red Foxes in the dune areas of Zuid- and Noord-Holland (Appendix 2). Ground-

nesting is now virtually impossible, but the feedin g opportunities are likely similar as before. Gulls 

from the dunes in Zuid-Holland have probably moved to the industrial areas of Maasvlakte and 

Europoort, while those from Schoorl and Callantsoog have moved to safe havens in IJmuiden and 

at Texel. Their feeding areas off the mainland coast (in case of the birds from Texel between 

IJmuiden and the island itself) are still important. 

 

Pulling the strings together 

 

The next 12 chapters are topical papers, most of which have touched upon in this introduction. 

Considerably more material is included in the Appendices 1-10. The conclusions are drawn in a 

synthesis (Chapter 15), which is a final chapter just preceding the appendices and the list of 

references, where the research questions formulated at the beginning of the studies are 

addressed. It is clear that not all questions could be answered at this stage and new issues have 

emerged in the course of the project. The synthe sis therefore also addresses new research needs: 

overseeing the data that were collected over th e past field seasons, considering the results and 

patterns found, what type of data should be given priority in future studies of the same population. 
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Abstract Cyclic fluctuations in chick growth were found in two species of seabirds, large gulls Laridae, 

breeding sympatrically in the southern North Sea. Sim ilar drops and gains in body mass in many inspected 

nests during subsequent visits, indicating alternating periods of low and more favourable provisioning. Body 

mass increments of chicks were significantly reduced in weekends, especially at higher age when energetic 

demands are high. A weekly rhythm in commercial fishing effort matched these patterns exactly. Both seabirds 

are ecological generalists, but a single prey resource, fi sh prey provided as discards from trawlers, appeared 

crucial during the final phase of chick-rearing. Populati on-level consequences are foreseen for both species if 

the European Common Fishery Policy will succeed in th e otherwise much needed instigation of sustainable 

fisheries. 

 

Key words:  fisheries discards – scavenging seabirds – fitness consequences – population dynamics – 

European CFP 

 

Introduction 

 

Many studies have shown that seabirds are sensitiv e to changes in food supply, and therefore have 

potential as monitors of fish stocks (Furness & Camphuysen 1997). However, responses vary 

among species and care must be taken when interpreting seabird data as proxies for fish 

abundance or vice versa. Most large gulls Laridae, for example, have opportunistic foraging 

strategies and a broad prey spectrum (ecological generalists). As a result, factors influencing 

foraging success and chick provisioning rates are usually not easy to identify and population 

dynamics may be difficult to interpret. 

In the Netherlands, as in most countries around the North Sea, recent population trends of 

two such ecological generalists, Lesser Black-backed Gulls Larus fuscus and Herring Gulls Larus 

argentatus , can be characterised by prolonged periods of exponential increase followed by a 

stabilisation or even a decline in breeding numbers (Spaans 1998a). The timing was different, 

however, with Herring Gulls peaking in the late 1980s and Lesser Black-backed Gulls in the early 

21 st  century (Van Dijk et al.  2010). Herring Gulls have declined since the early 1990s, while 

numbers of Lesser Black-backed gulls are now stabilis ing or in decline. In counts of breeding birds 

in the same area, examined year by year, almost any pattern of fluctuation can be found (Newton 

1998). Populations of long-lived seabirds such as  large gulls, however, normally remain fairly 

stable through time. Life history theory predicts that long-lived (‘K-selected’) species mature late, 

have small clutches, few large offspring, make sm aller reproductive efforts and have a high adult 

annual survival probability (MacArthur & Wilson 1967, Pianka 1970, Stearns 1992). Population 

declines may therefore become apparent only after many years of breeding failures. Population 

status may be assessed more directly by measuring vital rates, such as reproductive success or 

annual survival (Eberhardt 2002, Gaston et al.  2009). In an attempt to understand recent 

population dynamics of Lesser Black-backed Gulls and Herring Gulls in the southern North Sea, the 

foraging ecology, breeding success and demography were investigated in a comparative study in 

one of the largest mixed colonies of the western Wadden Sea, At Texel (The Netherlands) in seven 

consecutive breeding seasons (2006-2012). 



30 Cyclic, synchronised chick starvation events  Chapter 3 

��

In most colonies in the North Sea, Lesser Black-backed Gulls appear to be more marine 

orientated and travel further offshore on foraging trips than Herring Gulls (Camphuysen 1995a, 

Garthe et al.  1999a). While at sea, both species are primarily scavengers for discards behind 

fishing vessels (Garthe et al.  1996), although more natural prey (including swimming crabs, nereid 

worms, pelagic fish) may also be important (Schwemmer & Garthe 2005, Luczak et al.  2012). 

Herring Gulls also rely heavily on resources in the intertidal zone, preying upon bivalves and 

intertidal crustaceans. The intertidal zone is rarely exploited by Lesser Black-backed Gulls. Both 

species forage also on inland sites (mainly insects, fruits, mammals, and domestic refuse; 

Camphuysen et al.  2006, 2010). In the present study, in line with earlier reports (Harris 1965, 

Götmark 1984, Garthe et al.  1999b, Dierschke & Hüppop 2003), there was no shortage of 

evidence of ecological differences between the two taxa. Despite these differences, however, 

developing chicks of both species experienced cyclic, and often synchronised episodes of starvation 

(a collective and substantial loss of mass in chicks), pointing at some single, perhaps shared, key 

resource. In this contribution the characteristics, likely cause(s), and population-level implications 

of these episodes of starvation are evaluated. 

 

Methods 

 

This study was carried out in part of a large mixed colony of Lesser Black-backed Gulls Larus 

fuscus (LBBG) and Herring Gulls Larus argentatus  (HG), in the Kelderhuispolder on Texel (Frisian 

Wadden Sea islands, The Netherlands 53°00’N, 4°43’E). Within the colony at large, approximately 

11,500 pairs of Lesser Black-backed Gulls and just  over 5000 pairs of Herring Gulls are breeding. 

The breeding colony is situated at the crossroa ds of the western Wadden Sea and the southern 

North Sea. Strong tidal currents flow through a narrow passage between the mainland (Den 

Helder) and the island, and the main foraging areas for this population include open sea (fish and 

benthic fauna, including fisheries discards), freshwater ponds, tourist resorts (including 

restaurants), agricultural land, sewage plants, rubbish tips and mainland cities. 

Ecological data were collected from April to August, 2006-2012. Prior to egg-laying the 

colony was visited with increasing frequency until the first eggs were found along a preset trail 

leading through the prime breeding habitats. Data on timing, clutch size and hatching success 

were collected annually from c. 80 marked nests in each species (Camphuysen & Gronert 2010a). 

In order to monitor chick development and survival after hatching, c. 20 (HG) or c. 40 (LBBG) 

randomly chosen nests were surrounded by a 50 cm high, about 16-25m 2 wide enclosure of 2cm 

mesh chicken wire halfway incubation. Nests were monitored every third day, until all enclosed 

young had either died or fledged (at 40d of age). Rainy days were avoided by conducting a control 

one day earlier or later (weather dependent). To  minimise disturbance within the colony the 

observers (max 4 per visit) stayed close together during the work and chicks were removed from 

their enclosures during the measurements. Measurements included age since hatching (d), various 

assessments of structural size and development (head length, bill length, wing length, tarsus 

length, moult) and body mass (g). Food samples (spontaneously regurgitated prey remains) were 

collected from territories throughout each breeding season. In this paper, frequencies of 

occurrence of main prey types are presented (Barrett et al.  2007), based on 10,647 food samples 

(5143 LBBG, 5504 HG) collected in 2006-2012, only to demonstrate species-specific differences in 

main prey types prior to an post-hatching at th e study colonies. A full analysis of the diet is 

beyond the scope of this contribution. 

During 2006-2012,  total of 376 nests were monitored from hatching to fledging or failure 

(263 LBBG, 113 HG), holding 799 chicks (565 LBBG, 234 HG). Body mass increments (g d -1 ) were 

based on two subsequent weighings within 3d in tervals (range 1-4d). The three day measurement 

rhythm resulted in a more or less even covera ge of effort over the week (2006-2012, 149 field 

days in total, Mon, 21x; Tue, 22x; Wed, 25x; Thu,  21x; Fri, 23x; Sat, 17x; Sun, 20x). A total of 

10,786 weighings of developing chicks were performed (6656 for Lesser Black-backed Gulls, 4130 
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for Herring Gulls), leading to 5393 assessments of body mass increments. Chicks that died or were 

predated at a very young age (<15d) were exclud ed from the analysis of the occurrence of mass 

losses with increasing age in Table 1. Due to a more favourable survival of Herring Gull chicks, on 

average 8.8 mass increments chick -1  were assessed in Herring Gulls, against 5.9 chick -1  in Lesser 

Black-backed Gulls. Individual pairs (‘nests’) ca red for 1, 2 or 3 offspring. For each measuring 

date, therefore, the overall mean growth incremen t was calculated using mean growth increments 

for each nest as individual values. 

 Synchronised starvation events were characterised as dates on which litters, overseeing all 

monitored nests of a species (including all chicks, irrespective of later fledging success), on 

average had lost mass from one weighing session to the next (a negative overall growth 

increment). On the other extreme end, collective ‘g rowth spurts’ (mass gain) were dates on which, 

on average, litters had gained at least 30 g day -1  from one weighing session to the next. At least 5 

nests per species needed to be monitored to obta in an acceptable value on collective decline or 

increase. To illustrate examples of synchronisation in mass increments (collective mass losses or 

gains), the body mass measurements for all chicks  known to have fledged were plotted against 

date of measurement. A mean body mass was calculated for all these chicks combined, from the 

point that most chicks had hatched.  

 Actively breeding Lesser Black-backed Gulls were known to forage mainly within an 80km 

range around the colony; relatively rarely at greater distances (unpubl. GPS data monitoring 

>2000 foraging trips of 34 individuals; Shamoun-Baranes et al. 2010, Camphuysen et al.  2012, 

Shamoun-Baranes et al. 2012). Information on fishing fleet presence within a 80km radius around 

the colony was obtained from the Ministry of Ec onomics, Agriculture and Innovation (black-box 

data). Summer data (April-August) were selected from daily information covering 2006-2010. All 

vessels used for the analysis were bottom trawlers (shrimpers and larger beam trawlers). The 

number of vessels present per day within that area was used as a proxy for the availability of 

discards within the foraging range. 

 

Results 

 

Egg laying and hatching - Mean egg-laying (± SD) in Lesser Black-backed Gulls varied from 10 

May ± 4.2d in 2008 to 18 May ± 4.9d in 2012. Mean egg-laying in Herring Gulls was always earlier 

and this varied from 4 May ± 4.5d in 2011 to 10 May ± 5.5d in 2006. The difference in laying peak 

between the two species amounted to 5d in 2006, 2d in 2007, 3d in 2008, 6d in 2009, 9d in 2010 

and 2011 and 11 d in 2012. The mean date of hatching differed more or less accordingly: a 

variation between 5 Jun (2008) to 14 June (2012) in Lesser Black-backed Gulls and 31 May (2011) 

to 6 June (2006). The difference in timing between the two species, was smaller in the first four 

seasons (2-6d difference) than in the last three (9-11d difference). 

 

Chick growth - The body mass of chicks would typically slowly increase immediately after 

hatching, conform the expected sigmoid growth cu rve, and this increase accelerated between 5-

20d of age (a period of near-linear growth). Few chicks that would survive at least two weeks of 

age were found to have lost mass between two subsequent weighings in the first 15 days of their 

lives (2.3% of 915 observations of body mass increments in Lesser Black-backed Gull chicks were 

negative, 0.9% of 655 records in Herring Gull chicks). Body mass losses between subsequent 

weighings became more frequent with increase age, until between one third (Herring Gull) or 

nearly half (Lesser Black-backed Gulls) the increments close to hatching were negative (Table 

3.1). Between hatching and fledging (at 40d of age), in total 14.3% of all body mass increments of 

Lesser Black-backed Gulls (n= 2390) and 13.4% of all Herring Gulls (n= 1824) turned out to be 

negative. Fledging chicks that could be measured had attained a mean (± SD) body mass of 674 ± 

136g (max 920g, n= 76) in Lesser Black-backed  Gulls and 791 ± 144g (max 1063g, n= 91) in 

Herring Gulls. 
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Table 3.1. Measurements of body mass increments (n), the average and peak increments (g chick d -1 ) with 

age, and the occurrence of weight losses (n, %) calculated for chicks that reached at least two weeks of age, 

Kelderhuispolder colony, 2006-2012. 

Age 1-5 6-10  11-15  16-20  21-25  26-30 31-35 36-40  

Measured increments LBBG 187 362 366 442 364 290 233 146 

HG 152 242 256 308 252 250 217 147 

Average gain (g chick d -1 ) LBBG 11.5 20.2 23.5 21.6 16.5 13.3 10.0 3.3 

HG 12.7 21.2 27.9 27.6 21.8 10.9 7.8 8.9 

Peak gain (g chick d -1 ) LBBG 26.7 78.5 56.7 82.0 70.0 70.3 74.3 62.0 

HG 35.0 54.7 60.7 75.0 115.0 71.7 80.0 75.0 

Mass losses (n) LBBG 4 5 12 32 71 76 76 66 

HG 1 1 4 11 29 72 75 52 

Mass losses (%) LBBG 2.1 1.4 3.3 7.2 19.5 26.2 32.6 45.2 

HG 0.7 0.4 1.6 3.6 11.5 28.8 34.6 35.4 

��

Table 3.2. Events of collective body mass reductions (mean <0 g chick day -1 ) in Lesser Black-backed Gulls and 

Herring Gulls, Kelderhuispolder 2006-2012. Increments are expressed as g chick mass day -1 , and the number 

of monitored nests, the mean  age of chicks under care and the proporti on of nests (%) in decline are provided. 

Species Date Day Nests Age Increment Nests in decline 

LBBG 29/06/2008 Sun 7 26.2 d -9.4 g d -1 57% 

13/07/2008 Sun 7 35.6 d -3.7 g d -1  71% 

05/07/2009 Sun 15 26.2 d -3.6 g d -1  47% 

11/07/2009 Sat 14 32.8 d -3.5 g d -1  43% 

11/07/2010 Sun 24 33.0 d -8.4 g d -1  67% 

03/07/2011 Sun 24 23.4 d -1.0 g d -1  42% 

09/07/2011 Sat 21 28.9 d -0.9 g d -1  67% 

15/07/2011 Fri 15 34.0 d -21.8 g d -1  100% 

HG 04/07/2006 Tue 6 25.8 d -1.8 g d -1  67% 

13/07/2008 Sun 5 35.7 d -16.7 g d -1  100% 

05/07/2009 Sun 9 31.9 d -14.3 g d -1  89% 

27/06/2010 Sun 16 26.1 d -7.5 g d -1  63% 

03/07/2010 Sat 14 31.9 d -1.1 g d -1  43% 

03/07/2011 Sun 9 32.8 d -1.6 g d -1  67% 

01/07/2012 Sun 17 28.5 d -9.8 g d -1  76% 

��

Collective growth reductions and growth spurts - Even in the earliest years, it was noted that 

substantial mass losses, but also substantial mass gains (growth spurts), often involved many 

chicks at the same time, but not necessarily both species simultaneously (examples in Fig. 3.1). 

Serious starvation events (overall chick mass increment negative, usually more than 50% of all 

monitored nests involved) were recorded 8x for Le sser Black-backed Gulls and 7x in Herring Gulls 

(Table 3.2). The starvation events typically o ccurred on Saturdays and Sundays and three events 

involved both species simultaneously (Sun 13/07/2008, Sun 05/07/2009, and Sun 03/07/2011). 

The mean age of chicks involved was rather high (30.2 ± 4.0d, range 23-36d). By contrast, 23 

events of particularly strong body mass gain (overall >30g chick day -1 ) were recorded  (10x LBBG, 

13x HG; Table 3.3). Growth spurts typically oc curred on weekdays (Tue-Fri) and five events 

involved both species simultaneously (Wed/Thu 21-22/06/2006, Wed 28/06/2006, Thu 

12/07/2007, Wed 18/06/2008, and Tue 06/07/2 010). On average (±SD), 59 ± 11% of all 

monitored nests were involved in these spurts and the mean age of chicks involved was on 

average slightly lower than in starvation events (21.9 ± 8.6d, range 10-35d). 

 

A cycle in growth spurts and periods of poor provisioning - Highlighted events appeared to 

be exponents of a consistent trend with reduced growth in weekends and enhanced growth rates 
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Table 3.3. Events of substantial bo dy mass gain (mean >30 g chick day -1 ) in Lesser Black-backed Gulls and 

Herring Gulls, Kelderhuispolder 2006-2012. Increments are expressed as g chick mass day -1 , and the number 

of monitored nests, the mean age of chicks under care  and the proportion of nests (%) involved in growth 

spurts are provided. 

Species Date Day Nests Ag e Increment Nests involved  

LBBG 22/06/2006 Thu 18 14.3 d 32.5 g d -1  61% 

28/06/2006 Wed 14 19.4 d 37.4 g d -1  79% 

22/06/2007 Fri 10 16.5 d 32.5 g d -1  70% 

12/07/2007 Thu 9 35.3 d 30.0 g d -1  44% 

18/06/2008 Wed 38 12.6 d 30.4 g d -1  50% 

06/07/2010 Tue 28 28.3 d 35.2 g d -1  64% 

14/07/2010 Wed 14 35.2 d 33.5 g d -1  50% 

30/06/2011 Thu 26 19.9 d 30.2 g d -1  46% 

06/07/2011 Wed 21 25.9 d 30.4 g d -1  71% 

04/07/2012 Wed 11 19.4 d 32.6 g d -1  45% 

HG 21/06/2006 Wed 6 11.4 d 32.9 g d -1  67% 

28/06/2006 Wed 8 17.1 d 34.2 g d -1  63% 

15/06/2007 Fri 9 14.5 d 32.1 g d -1  33% 

12/07/2007 Thu 6 31.5 d 31.5 g d -1  67% 

12/06/2008 Thu 15 10.2 d 31.1 g d -1  53% 

18/06/2008 Wed 17 15.2 d 32.4 g d -1  59% 

25/06/2008 Wed 17 22.2 d 33.1 g d -1  59% 

10/07/2008 Thu 9 35.0 d 34.0 g d -1  67% 

17/06/2009 Wed 13 16.2 d 33.0 g d -1  54% 

08/07/2009 Wed 8 34.1 d 39.1 g d -1  75% 

15/06/2010 Tue 17 15.5 d 30.9 g d -1  53% 

06/07/2010 Tue 12 34.2 d 35.1 g d -1  67% 

21/06/2011 Tue 11 20.7 d 31.4 g d -1  64% 

 

on week days (Fig. 3.2). In both species, this pattern was strong in older chicks (>15d of age). 

Only in Lesser Black-backed Gulls was this pattern apparent also in chicks of the younger age 

groups. The observed pattern in growth must result from substantial and structural differences in 

chick provisioning during weekends relative to week days. 

 

Diet - The most frequently encountered prey items in Lesser Black-backed Gulls, in the 

prospecting and egg phase just as well as during chick care were marine roundfish and flatfish 

(Table 4). Common prey items, considerably less  important in energetic terms, were insects, 

polychaetes (mostly nereid worms), and crustaceans (mostly swimming crabs Liocarcinus  spp.). 

Birds (mostly eggs and chicks of conspecifics or Herring Gulls), mammals, plant materials and 

domestic refuse all contributed to the diet. In He rring Gulls, the most frequently encountered prey 

items were bivalves (mostly mussels Mytilus edulis , crushed in pellets or intact in chickfeeds), 

crustaceans (mostly shore crabs Carcinus maenas  and brown shrimp Crangon crangon) , and fish. 

Domestic refuse, birds (again, mostly gull chicks and eggs), insects, plant material, mammals, 

polychaetes and various other less important items all contributed to the diet. In energetic terms, 

bivalve prey, fish, crustaceans and domestic refuse formed the bulk of their diet. In both gull 

species, the most frequently encountered fish prey species (in declining order) were Whiting 

Merlangius merlangus , Plaice Pleuronectes platessa , Dab Limanda limanda , Dover Sole Solea 

solea , Horse Mackerel Trachurus trachurus , sandeels Ammodytes  spp., Grey Gurnard Eutrigla 

gurnardus , and Dragonet Callionymus lyra . With the exception of perhaps Horse Mackerel but 

certainly sandeels, these are all species that were most likely taken as discards behind bottom 

fishing trawlers (beamtrawlers and shrimpers). 
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Figure 3.1. Examples of synchronised starvation events  in Herring Gulls and Lesser Black-backed Gulls in 2009 

and 2010. Body mass measurements of individual chic ks known to have fledged (or reached 40d of age), 

connected by (smoothed) lines to highlight synchronisatio n in starvation events. The thick black line provides 

the overall body mass development of all (fledged) chicks combined; sharp declines indicate starvation events 

as in Table 1. 

 

Fleet activities - Fleet activities (the presence or absence of beamtrawlers and shrimpers) were 

derived from the VISSTAT database of the Dutch Ministry of Economics, Agriculture and Innovation 

(EL&I). Within a wide radius around the island , from April to August, 2006-2010, the number of 

active fishing vessels was fairly constant within and between seasons. A slight peak in fishing 

effort in June occurred (mean ± SD 64.8 ± 49.3 vessels day -1 ), relative to the other months 

(mean 53-54 vessels day -1 ; Fig. 3.3). In anyone season, however, a very strong weekly pattern in 

fleet size occurred, with high numbers of boats at sea Monday through Thursday, a much reduced 

number (mostly homeward bound) on Friday, and ne ar to nothing on Saturdays and Sundays (Fig. 

3.4). This pattern clearly matches the common routine of Dutch fishing fleets: marketing fish on 

Fridays, ship repairs and provisioning on Saturdays,  a rest for the crew on Sundays and a return to 

sea either Sunday night or Monday morning for a week (effectively 4-5 days) of fishing. 
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Figure 3.2. Mean chick bo dy mass increments (g d -1 ) during the week in young (1-14d) and older chicks (15-
40d) of Herring Gulls and Lesser Black-backed Gulls at Texel, 2006-2012. 
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Figure 3.3. Bottom trawl fisheries around Texel (mean 
vessels per day per month) , from black box data Apr-
Aug, 2006-2010).  

Figure 3.4. Bottom trawl fisheries around Texel 
(vessels per day), from black box data Apr-Aug, 
2006-2010).  
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Table 3.4. Diet of Lesser Black-back ed Gulls and Herring Gulls in the pros pecting and egg phase (Pre-Hatching) 

and during chick care (Post-Hatching) based on freque ncy of occurrence (%) of prey items encountered in 

pellets, chickfeeds and boluses; Kelderhuispolder colonies 2006-2012. 

Lesser Black-backed Gull Herring Gull 

Pre-Hatching Post-Hatchingt Pre-Hatching Post-Hatching 

Insects 22 14 5 5 

Polychaetes 24 9 2 1 

Oligochaetes 4 3 1 1 

Echinoderms - 0 1 3 

Snails 1 1 1 0 

Gastropods 3 1 1 0 

Bivalves 0 1 77 58 

Cephalopods 0 0 - 0 

Crustaceans 20 26 11 24 

Marine roundfish 64 61 8 19 

Freshwater roundfish 0 0 3 2 

Marine flatfish 60 41 5 15 

Birds 3 8 8 11 

Mammals 1 1 2 1 

Plants 9 11 6 6 

Domestic refuse 6 6 8 18 

Miscellaneous 1 1 1 2 

Number of samples examined 2503 2640 2838 2666 

 

 

Discussion 

 

The period of exponential growth in the Dutch Le sser Black-backed Gull population followed, with 

some delay, a major fleet conversion from otter tr awlers to beamtrawlers as the dominant fishing 

vessels in the Dutch fleet (Spaans 1998b, Rijnsdorp et al.  2008). Beamtrawlers are notorious in 

their excessive discards production (Jennings & Kaiser 1998, Innes & Pascoe 2010), and Lesser 

Black-backed Gulls became dominant scavengers at beamtrawlers in summer in the southern 

North Sea (Camphuysen 1995a, Garthe et al.  1996). An exponential growth in Herring Gulls was 

thought to result mostly from increased protection in combination with an ample supply of 

anthropogenic prey resources (particularly open refuse dumps) in the 1970s and 1980s (Spaans 

1998c). Breeding success deteriorated and numbers declined in recent decades and although 

refuse dumps became less and less accessible in that same period, it is unclear if this is the sole 

explanation for that trend (hence the studies at Texel). 

Many factors may influence food availability and in generalist seabirds it may be 

particularly difficult to assess which factors are most important. Strong winds may hinder fishing at 

sea, high tides may reduce the availability of intertidal prey, rain may enhance earthworm 

availability, sunny and warm weekends may provide ample opportunities to exploit tourist resorts, 

to name just few factors affecting foraging opportunities. The results of this study suggest that, 

despite a wide range of feeding opportunities and prey types, some (shared?) key resources affect 

provisioning rates and ultimately also the fecundity of Lesser Black-backed Gulls and Herring Gulls 

heavier than others. With chick growth rates (reflecting fluxes in provisioning by the parents) as 

proxies for prey availability, the observed weekly cycle must reflect a similar fluctuation in this 

resource. Apart from synchronised episodes of st arvation (always during weekends) did we find 

synchronised growth spurts (always on week days ). Only commercial fisheries have a periodicity 

that can explain the strong, cyclic synchronisation in chick growth as found during the studies on 

Texel. The three day rhythm in measurements meant that a chick mass measured on Monday was 

normally based on provisioning rates of the chicks  on Friday night, Saturday, Sunday and Monday 
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early morning. High body mass increments coincide d with a large fishing fleet at sea, whereas low 

values were found when the fleet was more or le ss completely off effort and in harbours. Other 

factors, such as adverse weather, certain rich alternative resources or shifts in fleet distribution 

may either mask or enhance the effects of week ly reductions (weekends) and increases (during 

the week) in discards production, but there is no other key resource or influencing factor with the 

same consistent periodicity. The effect became stro nger in later phases of chick care (chicks >15d 

of age), which will be a reflection of the in creased energetic demands of the offspring and 

increasing difficulties for parents to collect sufficient prey to provision the chicks. 

For Lesser Black-backed Gulls, a strong reliance on discards does not come as a surprise. 

The starvation events suggest that in the absence of discards, alternative prey is not readily at 

hand. The long series of years with poor repr oductive success at Texel (Camphuysen & Gronert 

2010a and seasons thereafter; Camphuysen unpubl. data ) could indicate that discards as a 

resource is not as plentiful as before. For Herring Gulls, in which intertidal shellfish and 

crustaceans are important prey items, the effect of a periodicity in discards provisioning comes 

more as a surprise. Apparently, alternative prey resources can again not compensate for the 

reductions in supplies during weekends. Spaans (1971) and several other authors reported shifts 

in diets of breeding Herring Gulls after hatching and these shifts invariably meant that more fish 

was taken during chick care than in the egg phase (Pierotti & Annett 1987). Camphuysen ( in 

press ) found that prior to hatching, most Herring Gull pairs breeding at Texel focussed entirely on 

bivalve prey, but 25% of the pairs had distinct dietary biases. The overall dietary spectrum and 

the incidence of dietary specialisation changed wh en the energetic demands increased during chick 

care: chick growth and fledging rates were strongly correlated with the amount of fish prey 

provided, prey spectra diversified overall and fewe r specialists were detected. Fish prey during 

chick care is apparently crucial to boost breeding success, despite several hundreds of other, 

alternative prey types. Fisheries discards are thus important for both gulls, which explains the 

synchronised patterns of growth and starvation in the two species. 

The annual cycle of birds is made up of a sequence of life-history stages: breeding, moult 

and migration (Dawson 2008). Each stage has evolved to occur at the optimum time, and there is 

selective pressure to restrict breeding attempts to  the time of year when food on which young are 

dependent is sufficiently abundant (Dawson 2008). The results presented here suggest that while 

two species relied on the same or a similar resource during chick care, the onset of laying (and 

thus the timing of hatching and chick care) varied  independently. Seasonalities in fisheries effort 

could influence the timing of breeding, but in fact, the data show that fishing effort was fairly 

constant through the summer. Perrins (1970), found that many birds laid too late for the offspring 

to profit fully from seasonal peaks of food abundance, and suggested that the proximate cause 

was a shortage of food for the female when form ing the eggs (the food constraint hypothesis). 

Drent (2006) suggested in response that laying date may be best considered as an individually 

based compromise, with exact timing subject to local environmental control (individual 

optimisation hypothesis). Lesser Black-backed Gulls are a migrant species (Ens et al.  2009, 

Hallgrimsson et al.  2012), whereas Herring Gulls are at best dispersive (Camphuysen et al.  2011). 

Migratory birds can be affected by other aspects influencing the timing of laying than more or less 

resident or dispersive species, and the observed  differences in timing between the two may have 

another background.  The earlier laying date of Herring Gulls would make the observed June peak 

in fishing effort more beneficial for this specie s than for the later breeding Lesser Black-backed 

Gulls. 

The importance of discards for certain species of seabirds has been described in many 

parts of the world (Furness et al.  1992, Oro & Ruiz 1997, Votier et al.  2004). Predicting the 

response of seabird communities to changes in discard rates is problematic and requires additional 

data to elucidate the confounding effects of other, more ‘natural' ecological processes (Votier et al.  

2004). According to Camphuysen (1995a), Lesser Black-backed Gulls (offshore) and Herring Gulls 

(nearshore) in the southern North Sea would lean on different fleet segments for as far as discards 

are concerned. Subtle dietary differences (not reported here) would support that suggestion: 
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brown shrimp and very young flatfish (typical shrimper discards/spills wihin the Wadden Sea and 

nearshore) are commoner prey for Herring Gulls than  they are for Lesser Black-backed Gulls. By 

contrast, Polinices polianus  (syn. Lunatia alderi ), a marine gastropod and secondary prey (taken 

by flatfish or gadoids as prey), is commonly encountered in Lesser Black-backed Gull prey 

samples, but rarely in Herring Gulls. This gastropod has the highest biomass values (and, hence, 

the highest encounter rates) at greater distances from the shore, where large beamtrawlers 

operate. 

Beamtrawl fisheries in general, but particularly the larger offshore beamtrawlers, are an 

inefficient fishing technique in terms of gasoline consumption per kg fish marketed (Thrane et al.  

2009). Environmental concerns (excessive amounts of discards produced, effects on the seafloor, 

gasoline consumption) and soaring gasoline prices have made this type of fishing progressively 

less popular in recent years. The European Common Fisheries Policy now actively stimulates 

reductions, or even a total ban, in discards production and promotes more sustainable, 

“environmentally friendly”, fishing techniques (Penas 2007). As a result, more and more 

beamtrawlers are currently being decommissioned (Rijnsdorp et al.  2008), first and foremost the 

large, offshore vessels. Given a reduction in fleets size and a future reduction in the amount of 

discards, a contraction of scavenging seabirds towards the fewer remaining discards producing 

vessels may be foreseen, enhancing the inter-specific competition at trawlers, much as it was 

expected to occur by Noordhuis & Spaans in the late 1980s (Spaans & Noordhuis 1989, Noordhuis 

& Spaans 1992). A re-analysis of seabird distribution data in the southern North Sea could already 

show that the two species today mix more frequent ly in competing groups at trawlers than they 

did some decades ago (Camphuysen 1995a). The observed periodic declines in provisioning rates 

within the breeding season are likely to deepen in future years in both species of gulls, except 

where alternative resources could be exploited. Th e current shifts in attention by these gulls to 

inland prey types (and recent inland colonisations) may be signs of a shift in attention resulting 

from the recent gradual reductions in fleet size and a decline in the amount of discarded material 

(Camphuysen et al.  2010). 

Overexploitation by fisheries is one part of the huge dilemma that humans face in an 

increasingly resource-limited world (Clover 2004). Many seabirds, around the world, have profited 

from overfishing, either as a consequence of removing large predatory fish by commercial 

fisheries, or as scavengers, utilising the exce ssive amounts of discards produced (Camphuysen & 

Garthe 2000, Tasker et al.  2000). We must seek sustainability, even if we may not be able to 

diversify our consumption indefinitely (Heffeman 2009). The current breeding population of large 

gulls in the western Wadden Sea, insofar sustained mostly by discards from bottom trawlers, may 

be seen as unnaturally high. A substantial population decline following a significant reduction in 

discards production can be foreseen but may be an acceptable price to pay. 
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Abstract  We used a supplementary feeding experiment to investigate if parents would decrease provisioning 

effort in response to a reduction of the nutritional requirements of their chicks in a large colony of Lesser 

Black-backed Gulls Larus fuscus . Previous breeding seasons were characterised by high levels of chick 

predation (60-65% of hatchlings) and low fledging rates (0.26-0.45 chicks pair -1 ). Food supply often limits 

aspects of reproduction in seabirds and by supplementing chick provis ioning, we hoped to increase parental 

nest attendance and to reduce chick predation rates. To measure nest attendance, adults were instrumented 

with radio-transmitters. The results were ambiguous: nest attendance of supplemented pairs was enhanced in 

one study plot, but reduced in  another. Our hypothesis that food provisioning would increase the time available 

for nest attendance (lowering predation rates and el evating fledging success) was not supported. Chick 

predation was high and growth rates were not en hanced by the supplementary feeding. Although 

supplemented birds fledged more young than controls, the difference was not significant. Chick predation and 

fledging success were significantly different between study plots. Factors such as autocatalytic interactions and 

collective, site-specific differences in the ability to defend chicks successfully from attacking adults will need 

more attention in future research. 

 

Key words:  Larus fuscus , Laridae, trade-off, food stress, ARTS, fe eding experiment, chick mortality, seabird, 

population decline, high colony density, chick production, autocatalytic interactions 

 

Introduction 

 

A considerable proportion of pre-fledging mortality in gull colonies is attributed to cannibalism and 

inter-specific chick predation (Parsons 1971, Davis & Dunn 1976, Fetterolf 1983, Watanuki 1988, 

Velarde 1992). Chick predation is one of the apparent disadvantages of coloniality (Hunt & Hunt 

1976, Gochfeld 1985, Wittenberger & Hunt 1985). It can be widespread and involve many adults 

(Hunt & Hunt 1976) or restricted to a few, specialised individuals (Parsons 1971). Chick predation 

includes infanticide, cannibalism (chicks of conspecifics) and predation of chicks of related species 

breeding sympatrically (Moreau 1923, O'Connor 1978, Urrutia & Drummond 1990). 

Feeding conditions can alter trade-off decisions between current & future reproduction and 

within the current reproduction (Martin 1987; Linden & Møller 1989; Stearns 1992; Roff 2002). 

Under poor feeding conditions adult birds may not breed at all, lay smaller or fewer eggs, delay 

breeding until sufficient energy reserves are stored, decrease chick provisioning or chick defence, 

or reduce energy investment for their own maintenance at the cost of adult survival (Martin 1987, 

Safina et al.  1988; Monaghan et al.  1989, Pons & Migot 1995; Suddaby & Ratcliffe 1997, Dijkstra 

et al.  1990, Hanssen et al.  2005, Nager et al.  2001). Parental birds have to balance energy 

budgets between nest attendance to prevent chick predation, and time spent foraging to maintain 

themselves and their chicks. A balance between time allocated to nest attendance and foraging 

activities by breeding adults can significantly affect fledging rates (Bukacinski et al.  1998; Hatch 

1990; Weidinger 1998; Weimerskirch 1995; Weimerskirch et al.  1995). The optimal response to 

food stress can differ between species, individuals and specific conditions (Stearns 1992). Long-
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lived species are expected to invest less in current reproduction when this comes at the expense of 

adult survival and life-time reproductive success (Drent & Daan 1980; Goodman 1974; Williams 

1966). Food limitation is therefore thought to influence trade-off decisions mainly within the 

current reproduction of long-lived birds (Stearns 1992).  

The Lesser Black-backed Gull Larus fuscus population in NW Europe has increased 

exponentially in recent decades, leading to numerous new colonies with high nesting densities 

(Spaans 1998b, van Dijk et al. 2010). Demographic studies in 2006 and 2007 showed that Lesser 

Black-backed Gulls breeding in one of the larges t colonies in the Wadden Sea at Texel (The 

Netherlands) had, at peak population levels, very low reproductive success (0.26-0.45 chicks 

fledged pair -1 ) mainly as a result of exceptionally high levels of chick predation (60-65% of 

hatchlings predated; Camphuysen & Gronert 2010a). Reductions in breeding success in colonial 

nesting birds are often related to high nesting densities through competition for resources such as 

food or nest sites.  

In this study we examined whether food stress contributed to the elevated levels of chick-

predation at Texel via a reduction in the levels of nest attendance, assuming that food limitation 

reduced the time available for parental nest atte ndance during chick care. Food availability and 

food limitation are very difficult to determine for generalist species such as Lesser Black-backed 

Gulls (Cramp & Simmons 1983), but by carrying out a supplementary feeding experiment, we 

artificially enhanced chick provisioning. Supplemen ted pairs were expected to increase the time 

spent at their territories (a reduction of foraging  time), thereby reducing chick-predation risks, 

resulting in higher survival rates for their offs pring and higher fledging success (nest-attendance 

hypothesis). Alternatively, if parents would not ad just their territory attendance, we expected that 

chicks in supplemented nests profited directly from an increase in food supply, thereby leading to 

higher growth rates (chick growth hypothesis). 

 

Methods 

 

Study area and monitoring - This study was carried out in a mixed colony of Lesser Black-

backed Gulls and Herring Gulls Larus argentatus  in the Kelderhuispolder on Texel (Frisian Wadden 

Sea islands, The Netherlands 53°00’N, 4°43’E). The breeding colony is situated at the crossroads 

of the western Wadden Sea and the southern North Sea. Strong tidal currents flow through a 

narrow passage between the mainland (Den Helder) and the island, and the main foraging areas 

for gulls include open sea (fish and benthic fauna, including fisheries discards), freshwater ponds, 

tourist resorts (including restaurants), agricultural land, sewage plants, rubbish tips and cities. 

Within the study area, approximately 11,500 pairs of Lesser Black-backed Gulls and just over 5000 

pairs of Herring Gulls are breeding. Lesser Black-backed Gull nests were monitored within two 

study plots of flat grassy terrain (‘ Foot Sea dunes’  and ‘ Valley’ ), located in prime breeding habitats 

with high nest densities ( c.  0.08 nests m -2 ) but differing in reproductive output.  

Ecological data were collected from April to August 2008 (Table 4.1). Prior to egg-laying 

the colony was visited with increasing frequency until the first eggs were found along a preset trail 

leading through the prime breeding habitats. For all study plots, data on timing, clutch size, 

hatching success, chick growth and fledging success were collected, in accordance with 

methodology used in 2006 and 2007 (Camphuysen & Gronert 2010a). Nest cover was classified 

using standardised criteria, ranging from no cover to well covered by vegetation (categories coded 

1-7). To monitor chick development and survival after hatching, groups of nests were surrounded 

by a 50 cm high, about 16-25m 2 wide enclosure of 2cm mesh chicken wire in mid- incubation. 

Chicks were re-ringed just before fledging, with a steel tibia ring and engraved colour-ring with 

four letters on the tarsus, to allow individual identification at distance in later stages of life 

(Camphuysen 2008c). Nests were monitored until all enclosed young had either died or fledged (at 

40d of age). Young missing chicks were logged as ‘predated’ when enclosures did not show any 

signs of possible escapes, or as ‘unknown’ when the chick wire fence was clearly damaged and  
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Table 4.1.  Egg laying, clutch size and clutch volumes, egg predation, hatching success, chick predation and 

fledging rates in Lesser Black-backed Gulls breedin g in Kelderhuispolder, Texel, 2006-2008 (from Camphuysen 

& Gronert 2010a).  Only results for non-supplemented nests are shown.  

  2006 2007 2008 

Egg laying Median egg laying 11-May 08-May 09-May 

 25-75% laying dates 9-13 May 4-15 May 7-12 May 

Clutches Clutch size± SD 2.75±0.54 2.73±0.52 2.84±0.49 

  N nests (57) (79) (98) 

 3-egg clutch volume ± SD (cm 3)* 226±17 224±17 224±15 

  N nests (46) (61) (87) 

Eggs Predation 29.0% 15.0% 14.4% 

 Hatched 61.2% 78.1% 73.4% 

  N eggs (183) (233) (278) 

Chicks Predated 60.3% 66.7% 63.4% 

 Fledged 14.3% 21.0% 16.9% 

  N hatchlings (63) (81) (71) 

 Fledged pair -1 0.26 0.46 0.35 

  N nests (35) (37) (34) 

* Following Barth 1968 and Spaans & Spaans 1975 

 

escapes were likely. Nests with ‘unknown’ chick fate  were excluded from data analysis (n= 1). The 

recorded fate was changed if later evidence proved the initial description was wrong. Nests were 

monitored every third day. Rainy days were avoided by either conducting a visit one day earlier or 

later. To minimise disturbance within the colony the observers (max 4 per visit) stayed close 

together during the work.  

 

Supplementary feeding experiment - A supplementary feeding experiment was conducted in 

both study plots. In each, four enclosures were erected fencing off four nests each (32 nests in 

total). Nests of adult birds within the prime breeding areas of the colony were selected based on 

similarity of geographical position, nesting density, laying date, clutch size, egg volume and nest 

cover. Two enclosures with 4 nests in either st udy plot received additional fish, while the two 

other, otherwise similar enclosures served as controls. Supplementary feeding commenced three 

days before expected hatching and continued until th e chicks had died or fledged (i.e. 40 days of 

age). Clusters of nests rather than individual nests were enclosed and received the same 

treatment.  

To reduce the risk of food stealing by conspeci fics or Herring Gulls, thawed fish was provided 

in portions next to the nest under an artificial shelter (wooden cover on sticks, 0.1.x 0.2 x 0.1 m). 

Supplemented food was accessible for both adults  and chicks within a territory. Supplemental 

feeding was carried out mainly in the afternoon when  routine nest visits took place, to avoid extra 

disturbance of the colony as well as immediate regurgitated food supplements. We used Capelin 

Mallotus villosus , a non-native fish of the smelt family as food supplement, with a high energy 

content (5 kJ g -1 ), comparable to fatty, high quality fish species like Sprat Sprattus sprattus and 

Herring Clupea harengus , which are common Lesser Black-backed gull prey. Capelin remains could 

easily be distinguished and tracked back in pellet s or food boluses. Observations of supplemented 

nests and dietary analysis of food remains throughout the study area revealed that food stealing 

must have been very rare (Camphuysen et al.  2008). 

A food supplement comprised 50% of the daily energy demands of one parent and the number 

of chicks that were alive during the previous ne st visit. Supplements were provided only every 

third day, thus corresponding to approximately 1/ 6 of the daily energy requirement per nest. The 

mass of fish needed per supplement was calculated based on the energetic content of Capelin, an 

assimilation efficiency of 80% (Drent et al.  1992; Ritz et al.  2005),  energy requirements using the 

field metabolic rate during the breeding season for parental demands (Camphuysen 1996), and 

the metabolisable energy for chick energy demands (Drent et al.  1992). To adjust food 
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supplements to specific energy demands within the breeding season, we estimated the maximum 

chick demand over a weekly period to the nearest 50 kJ from a diagram available for the closely 

related Herring gull (Drent et al.  1992), because similar data is lacking for Lesser Black-backed 

Gulls. Food supplements ranged from 206g fish at the start of the feeding experiment to 806g fish 

for a nest with three chicks just before fledging.  

 

Nest attendance - To investigate parental attendance at the nest site, we taped a 2g radio 

transmitter (0.3% of body mass) onto two central tail feathers. Nest attendance, which is assumed 

equal to the time present in the colony, was detected continuously in a ‘scan’ of available radio 

frequencies (20sec per frequency, 32 frequencies, 10min scan) using an automatically recorded 

radio station (ARTS) fed by a solar panel and rechargeable batteries (Rogers et al.  2006). Breeding 

results of 2006 and 2007 showed that the chance of  nest desertion was relatively high when both 

parents were captured for ringing or tagging. To minimize the chance of nest desertion, only one 

parent per nest was caught and equipped with a radio transmitter, using nest cages during the 

incubation period. All radio tagged birds were also ringed and colour-ringed to allow for individual 

identification at distance. Nest attendance is defined here as the proportion of time an adult bird 

spends near the territory relative to the total time during the chick care period while the 

transmitter was operational. 

Using large scale graphical inspection of daily means for the signal, noise and ratio of 

signal/noise, we determined the reception range for each radio. Radio tagged birds that either lost 

their transmitter or with very poor radio signals, were excluded from the analyses (n= 9). For 

radio transmitters that worked only part of the chick rearing period, only data from the non-

operational period was excluded from analysis (n= 3). To control for quality differences between 

radio transmitters, we defined for each radio transmitter an individual threshold-ratio level (range 

1.3-1.5) to determine presence-absence of a bird  near the nest site. This was based on detailed 

graphical inspection of the deviance for signal, noise and ratio signal/noise together with 

calibration sightings of radio transmitted birds in the colony (n= 11 birds, n= 28 sightings). 

 

Statistical analysis - In order to confirm our assumptions of low colony productivity and the 

spatial discrepancies in productivity between plots we compared results from 2006 and 2007 with 

2008, for all non-supplemented nests monitored. Differences in breeding success, chick starvation, 

and chick predation rates between study plots and seasons were examined using using Maximum 

Likelihood ANOVA (Generalized Linear Models, GLM), assuming a Poisson distribution. Chick 

predation rate and breeding success were expressed as proportions of the number of hatched eggs 

in a nest.  

Excluding 9 nests with poor radio data, only 23 nests could be used for a more rigorous 

statistical analysis. To avoid pseudo replication and to account for the fact that nests within 

enclosures are not independent, we used mixed models with enclosure included as a random 

intercept (Crawley 2007; Quinn & Keough 2002; van de Pol & Wright 2009). We first tested 

whether nests in our treatment groups and study plots differed à priori in nest quality, by fitting 

Linear Mixed Models (LME) separately for laying date, hatching date, egg volume and nest cover, 

with treatment, study plot and treatment*study plot as fixed factors and enclosure as a random 

intercept. Nest cover was the only term that di ffered à priori and was therefore included as a 

covariate in the starting models during hypothesis testing (Treatment*Study plot F1,4 =25.29, P= 

0.007). A Generalized Linear Mixed Model (GLMM) with binomial distribution and logit link function 

was used to analyze the effects of feeding treatm ent and study plot on attendance, chick predation 

and breeding success. To examine if our food tr eatment enhanced the level of nest attendance 

during the chick phase we used a starting model for nest attendance that contained treatment, 

study plot, treatment*study plot and sex as fixed factors and enclosure as a random intercept. To 

investigate whether chick predation and breeding success were affected by treatment via nest 

attendance, the starting models contained treatm ent, study plot, treatment*study plot as fixed 
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factors, enclosure as a random intercept, nest attendance during chick rearing and nest cover as a 

covariate. All models were reduced to minimal adequate models using backwards elimination of 

non-significant terms in order of their significance (Table 4.2). Significance was assessed by 

comparing models differing in one term pair-wise using Maximum Likelihood. Significance levels 

were set at P <  0.05, and all tests where 2-sided. Treatment, study plot and the random intercept 

were always kept in the model. Statistical packages used were SPSS 12.0, 16.0 and the R-package 

‘lme4’. Because estimated degrees of freedom for GLMMs with binomial errors are not calculated in 

the R-package ‘lme4’ , exact test statistics and P-values cannot be given. Parameter estimates, 

approximations of P-values and test statistics obtained by REML describe the effects of terms 

within the final model.  

Conventional growth curves could not be fitted,  because a large amount of the chicks died 

early in this study, and only a small number of growth measures were available (Gallego Garcia 

2008; Bolton 1991). Instead, we used the linear phase of the growth curve of body mass to 

describe chick mass increment. Although this ph ase actually occurs between chick age 5-20d 

(Bolton 1991; Gallego Garcia 2008), we used data only until age 15d since not many chicks in our 

experiment survived to 20d. To ensure the independence of chick measurements, one mass 

measure per chick was randomly selected ( cf.  Oro et al.  1996). Since our data on chick mass 

increment with age is very sparse and graphical in spection showed strongly overlapping regression 

lines for both treatment groups and study plots, these data were not further analysed. 

 

Results 

 

Reproductive performance and cannibalis m in the Kelderhuispolder colony - Three-egg 

clutch volumes (cc), hatching rates (eggs nest -1 ), levels of chick predation (chicks nest -1 ) and 

fledging rates (chicks pair -1 ) for 2006-2008 according to the monitoring programme are presented 

in Table 4.1. All parameters were similar between seasons. The difference in reproductive 

performance between the two study plots in 2008 ( Foot Sea Dunes  0.07 and Valley  0.83 chicks 

pair -1 ) was similar to 2006 (0.09 and 0.58 chicks pair -1 , respectively) and 2007 (0.07 and 0.73 

chicks pair -1 , respectively). The difference between the two study plots over the three-year period 

was almost ten-fold and highly significant (Foot Sea dunes 0.09, Valley 0.82 chicks pair -1 , GLM 

X² 1= 26.7, P< 0.001). The difference in reproductive success between the two study plots was 

primarily caused by differences in predation rates (GLM X² 1= 7.45, P< 0.01; Fig. 4.1). The number 

of chicks that died from starvation or disease was similar between the two study plots (GLM X² 1= 

1.36, n.s.). In 2008, successful  nests were clumped together in the Foot Sea dunes study plot. 

Within the Valley study plot, a successful cluster of nests occurred, but successful nests were more 

or less randomly distributed over the entire area. Successful patches in an otherwise failing 

subcolony characterised the breeding results in the Foot Sea dunes study plot also in 2006 and 

2007. 

 Cannibalised eggs or chicks were found at 35% of 85 monitored Lesser Black-backed Gull 

nests and at 37% of 73 nests of Herring Gulls in  2008. Specialised cannibals feeding on chicks 

included two Herring Gulls and two Lesser Black-backed Gulls, all breeding in the high density 

parts of the Lesser Black-backed Gull colonies. Othe rwise, such prey items (gull eggs and chicks) 

were widespread and involved many individual pairs. As in other seasons, many chicks were killed 

away from territories, and were often scavenged  only much later. The involvement of many 

individual adult birds was further illustrated by vari ous sightings of active kills with more than one 

attacking bird involved, including sightings of guar ding adults that were outnumbered by attackers 

and that failed to protect more than one chick at the time. 

 

Nest attendance - We examined whether our food treatment enhanced nest attendance levels of 

parents (Table 4.3). Only treatment*study plot ha d a significant effect on nest attendance (GLMM 

binomial X² 1 = 4.258, P= 0.039), while treatment, study plot, sex of the parent and nest cover did 
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not (Table 4.3, Table 4.2A). On average, food -supplemented parents carrying a radio-transmitter 

in the colony did not spend more time at the territories than control pairs (Fig. 4.2A), but the 

response appeared to differ between study plots (Fig. 4.2B; Table 4.3A). Nest attendance in 

supplemented pairs was higher than in control nests in the Valley  study plot (supplemented: 

0.47±0.07; controls: 0.36±0.05 relative time spent near the nest). In contrast, supplemented 

nests in the Foot Sea Dunes study plot showed lo wer attendance levels compared to control nests 

(supplemented: 0.26±0.03; controls: 0.32±0.07 relati ve time spent near the nest). The observed 

difference of treatment as a main effect was not significant, however ( t -test: Valley: t 10  =-1.351, 

P=  0.206; Foot Sea Dunes: t 9 = 0.793, P=  0.458). The relative time that parents spent near the 

nest site was slightly higher in the Valley study plot than in the Foot Sea Dunes area (Fig. 4.2C), 

but the difference was again not significant ( P > 0.1; Table 4.3A). 

 

 

Table 4.2. Shown are all parameters used to select the minimal adequate model to examine the effects of food 

supplementation on (A) nest attendance, (B) chick pred ation, (C) breeding success.  Terms expressed in bold 

stayed in the final model. 

 Variable �¹ ² df P 

A Nest cover 1.818 1 0.366 

 Sex of the parent 0.635 1 0.426 

 Treatment * Study plot 4.258 1 0.039 * 

 Treatment    

 Study plot    

B Treatment * Study plot 0.209 1 0.647 

 Nest cover 0.640 1 0.424 

 Nest attendance 1.712 1 0.191 

 Treatment 1.745 1 0.187 

 Study plot 4.462 1 0.035 *  

C Nest cover 0.085 1 0.771 

 Treatment * Study plot 0.435 1 0.510 

 Nest attendance 1.756 1 0.185 

 Treatment 1.982 1 0.159 

 Study plot 4.333 1 0.037 * 

�¹ ²-Values and significance levels were obtained using Maximum Likelihood during model selection, when a term was deleted 

from the model. Terms are presented in the order they dropped fr om the model. * level of significance P< 0.05. Enclosure is 

always included as random intercept. 

 

 

Table 4.3.  Effect of experimental feeding on (A) Nest attendance, (B) Chick predation and (C) Breeding success 

in a population of Lesser Black-backed  Gulls at Texel. Presented are: pa rameter estimates and approximations 

of significance levels of fixed effects and interactions in the minimal adequate model obtained by GLMM using 

REML. Symbols refer to si gnificance levels of P approximations : *** = P<  0.001, ** = P<  0.01, * = P<  0.05, · = P ~  

0.05. 

Parameter �¨  SE ( �Ã) z-value Papproximation   

A Intercept -0.621 0.189 -3.291 0.001 *** 

 Treatment*Study plot 0.892 0.377 2.368 0.018 * 

 Treatment -0.317 0.267 -1.189 0.234  

 Study plot -0.145 0.267 -0.543 0.587  

B Intercept 4.829 2.192 2.203 0.028 * 

 Treatment -2.343 1.909 -1.227 0.220  

 Study plot -3.792 1.983 -1.912 0.056 ·  

C Intercept -4.804 2.112 -2.275 0.023 * 

 Treatment 2.421 1.834 1.321 0.187  

 Study plot 3.596 1.903 1.889 0.059 ·  

Model summary of the minimal adequate mode l with enclosure as random intercept. 
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Figure 4.1 Hatching, predation and fledging success a ccording to the monitoring programme in the Foot Sea 

Dunes (14 nests) and the Valley (12 nests), for all supp lemented pairs (16 nests) and all controls (16 nests) 

and for supplemented pairs and controls in either Foot Sea Dunes or Valley Study (mean ± SE). 

 

 

 

A B C 

Figure 4.2. Mean nest attendance rates (± SE) over the whole chick rearing period in which transmitters were 

operational as obtained by 10 min intervals in relation to (A) Feeding treatment, (B) Feeding treatment in each 

study plot, and (C) Study plots. 

 

 

A B  

Figure 4.3. Chick growth rates of mass increment of ch ick during age 5-15 days in relation to (A) Feeding 

treatment, (B) Study plot. Dots represent one random ly selected mass measurement per chick during the 

linear growth phase. 
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Predation & breeding success - Supplemental feeding did not lead to a significant reduction in 

chick predation ( P > 0.1; Table 4.3B), even though chick predation levels were on average much 

higher in the control nests (78±8%) than in the food supplemented nests (53±14%) in both 

studyplots. On average, 0.91±0.29 chicks pair -1  fledged per supplemented nests and 0.50±0.23 

chicks pair -1 fledged in control nests, but the difference was not significant (Table 4.3).  

The difference between study plots in predation rates and breeding success is also present 

in our restricted experimental dataset of 23 nests (respectively P= 0.056 and P= 0.059; Table 

4.3B), and fits the large spatial discrepancy in productivity seen in the last 3 years. Predation rates 

were particularly high in the Foot Sea dunes, where controls did not fledge a single chick and 

where even supplemented pairs produced fewer fledglings than controls in the Valley study plot 

(Fig. 4.1). In the Valley, 47.2±11.8% of chicks fledged compared to 16.7±9.8% in the Foot Sea 

Dunes. This corresponded to 1.08±0.29 chicks nest -1  in the Valley and 0.27±0.14 chicks nest -1  in 

the Foot Sea Dunes (Fig 4.1).  

 

Nest-attendance versus ch ick growth hypothesis - We expected nest attendance and chick 

predation to be negatively correlated, but we could not confirm this hypothesis. A model including 

nest attendance did not significantly explain any more variation in predation rates than a model 

with only treatment and study plot (GLMM binomial: P> 0.19). Also, the model positing effects of 

food supplementation on fledging success via chan ged levels of nest attendance performed worse 

than the same model without nest attendance (GLMM binomial: P> 0.15; Table 4.2C). The mass 

increment was on average 21.6 g d -1  (R²= 0.78) during the linear period of chick growth. A 

graphical inspection of chick mass increment over the age period 5-15 days revealed strongly 

overlapping growth rates for the treatments (Fig. 4.3A) and study plots (Fig 4.3B). Therefore, we 

did not perform further statistical tests. 

 

Discussion  

 

The reproductive performance of Lesser Black-backed Gulls in 2008 in our study area was similar 

to the earlier seasons (2006-2007), with low fledging rates, high chick predation rates, widespread 

cannibalism and a huge difference in breeding success between the two study plots. By 

supplementing chick provisioning, we hoped to increase parental nest attendance and to reduce 

predation rates as a side effect. Cook & Hamer (1997) investigated the existence of a causal 

relationship between the nutritional status of nestlings and the subsequent rates of food 

provisioning by their parents in Atlantic Puffins Fratercula arctica . Chicks given supplementary food 

received less frequent meals than controls, with th e effect that the total amount of food received 

by the experimental group (parental delivery plus  supplementary food) was similar to the amount 

delivered by parents in the control group, indicati ng compensatory regulation of provisioning by 

parents in the experimental group. A similar response was reported by Gjerdrum (2004). Our own 

results were more ambiguous: nest attendance of supplemented pairs was enhanced in one study 

plot, but slightly reduced in the other. Attendance  levels of control nests during the experiment 

amounted to 32% in the Foot Sea Dunes and 36% in the Valley. These values are similar to 

attendance levels reported for Lesser Black-backed Gulls during chick rearing at Terschelling 

(Dutch Wadden Sea) in the mid-1990s (Bukacinski et al.  1998). With similar nest attendance, 

Bukacinski’s study revealed considerably lower predation rates than our study and higher 

reproductive success (Bukacinski et al.  1998). 

In a supplementary feeding experime nt at Terschelling (Bukacinski et al.  1998), pairs in which 

chicks provided additional food fledged significantly younger than control pairs (Bukacinski et al.  

1998). In our study the results were not significan t, even though food supplementation on average 

doubled the breeding success. Given lack of signific ance in the treatment effect in our experiment, 

one might wonder if enough food has been supplemented to detect differences. The amounts of 

fish supplemented in our study,  c.  1/6 of the daily energy requirement of the whole nest, were 
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similar to supplements provided in other feeding experiments that yielded significant effects of 

treatment on reproductive success (Bukacinski et al.  1998; Ritz et al.  2005; Verboven et al.  2003). 

In our studies, supplemented chicks were ev idently hungry and eagerly consumed all food 

supplements almost immediately after provisioning. Possibly, the parents in our experiments have 

experienced the additional food as an “unpre dictable resource” (food was supplemented every 

third day and not on a daily basis), and therefore did not change their attendance behaviour much. 

Model selection indicated that attendance levels did not help to explain chick predation and 

fledging success of Lesser Black-backed Gulls in our experiment. Thus, our main expectation that 

reduced foraging would increase birds’ nest attendance and lead to lower predation rates and 

higher fledging success, could not be supported. Although we designed a balanced experiment that 

contained 32 territories initially, several nests and radio-tagged birds had to be excluded from the 

analysis, resulting in a total of only 23 nests. This reduced the power of the analysis and the 

possibility to confirm any effect that was presen t. Because differences between treatment groups 

seem rather large (e.g. 78±8% predation rates in control nests vs. 53±14% in food supplemented 

nests) and most often tended in the expected, we cannot confidentially reject the ‘attendance’-

hypothesis. 

In our feeding experiment, daily chick mass increments appeared unaffected by our 

treatment. In contrast, in an otherwise very si milar experimental set-up at Terschelling in the 

1990s, Bukacinksi et al.  (1998) found, that in supplemented nests, chicks showed higher daily 

mass and wing-length increments resulting in a higher fledging mass at an earlier age than control 

chicks. In our study area, chick growth measurements of 2006-2008 showed that the most 

pronounced fluctuations in development and mass occurred after c. 20 d of age (Gallego Garcia 

2008). Gallego Garcia (2008) suggested that this is the time when chicks in our study area 

undergo a critical period. Since very few chicks survived the first 15 days, a response of growth 

rates to food limitation may have been missed. In  that case, we expect already shortly before d15 

to see a differentiation between treatment groups and study site, which is not the case. We 

therefore reject the ‘growth’-hypothesis provisionally. 

Trade-offs appear when resources are limited (Stearns 1992). Lesser Black-backed Gulls are 

food generalists, utilising a wide range of pr ey items (Cramp & Simmons 1983), and are assumed 

to be relatively well adapted to food limitations. When part of their prey spectrum is scarce, they 

could potentially shift their attention towards a resource that is more plentiful. Nevertheless, high 

quality food is very important in the chick-rearin g period to meet the energetic demands of chicks, 

and intra-specific competition may be high in large colonies. Food samples at Texel revealed that 

Lesser Black-backed Gulls concentrated their foraging  efforts on (marine) fish prey throughout the 

season (Camphuysen et al.  2008). Studies at the nearby isla nd Tersche lling (Noordhuis & Spaans 

1992) have demonstrated that higher quality prey (i.e. fatty fish) was most important in the chick-

rearing period. A switch to prey types of a higher calorific content was not found, or was at best 

very weak, at Texel (Camphuysen et al.  2008). Throughout the breeding season, a large 

proportion of prey consumed and provisioned to the chicks at Texel were discards, produced by 

commercial beamtrawlers off the Dutch coast: rather lean fish with calorific values <4 kJ g -1  such 

as flatfish and gadoids. 

Poor reproductive output and high levels of chick predation are important indicators of food 

limitation in seabird colonies (e.g. Hamer et al.  1991; Martin 1987; Strann & Vader 1992). Very 

low breeding success of Lesser Black-backed Gulls in northern Norway (72-100% chick mortality) 

was attributed to food shortages (Strann & Vader 1992). Fetterolf (1983) found that food-stressed 

chicks in Ring-billed Gulls Larus delewarensis  were subjected to the highest levels of intra-specific 

attacks and predation. The breeding success of Less er Black-backed Gulls at Texel was very low in 

comparison with that in other European colonies (range 1.8-2.4 fledglings pair -1 ; Garthe et al.  

1999; Nager et al.  2001; Royle 2000; Royle & Hamer 1998; Verboven et al.  2003). That food 

supplies may have limited the reproductive success at Texel in 2006-2008 is not unlikely, given 

the recent population increase that continued over several decades (Spaans 1998b, van Dijk et al. 

2010). Meanwhile, since the early 1990s, fishing effort around Texel has declined steadily 
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(Rijnsdorp et al.  2008), which will have increased the intra- and inter-specific competition at 

trawlers (Camphuysen et al.  2008). In fact, in recent years, fishing effort in a wide radius around 

the colony declined seasonally in the course of July (Camphuysen et al. 2008), so that the intra-

specific competition for discards must have increased particularly in the critical phase of chick-

rearing (Drent et al. 1992; Gill & Hatch 2002). 

 

Study plot differences and chick defence - The low fledging rates were caused by very high 

predation rates, which were consistently much higher in one study plot than in the other (2006-

2008; Table 4.1). Thus, the observed inconsistenc ies of the effect of supplementary feeding 

between two study plots deserve attention. Adults  in the Valley showed an increase in nest 

attendance when supplemented with food, while the opposite occurred in the Foot Sea dunes. 

Chick growth rates were similar between the two study plots, suggesting that provisioning rates 

were similar. Also, nest attendance at control nests was similar in both study plots, while chick 

predation and fledging success differed significantl y. Parents in the Foot Sea Dunes study plot 

were apparently less effective to prevent chick predation and several field observations indicated 

that many adults were actively involved in the a ttacks.  In the Foot Sea Dunes, successful nests in 

all years (2006-2008) were clumped in an otherwis e more or less completely failing subcolony, 

while in the more productive Valley, successful nests were more randomly distributed (scattered in 

between unsuccessful breeding attempts). Possibly, pairs in the Valley were more capable to 

fledge a brood alone, while Foot Sea Dunes pairs only managed to defend and fledge broods when 

clustered with other pairs that also defended territories. Individual birds may differ in numerous 

aspects, including foraging efficiency, diet, parental  quality, acquisition and allocation of energy, or 

in many other aspects (Stearns 1992). But while individual birds may differ in their trade-off 

decisions, it would require a collective response to  explain the structural differences in breeding 

success between the two areas.  

The study plots at Texel were selected in 2006 for their apparent similarities (nesting 

densities, species composition, habitat, geographical position within the colony), knowing that 

colony studies using poorly chosen study plots may end up with non-representative data for the 

population at large (Stowe 1982). We have no in formation on age composition, individual quality 

or experience of the birds breeding in either area, but breeding birds in immature plumage are 

entirely absent. Habitat selection is a hierarchical decision-making process (Kim & Monaghan 

2005b), and it is not unlikely that birds of similar quality live together within a sub-area in large 

colonies.  

Autocatalytic interactions between members of an animal group can be an important factor 

in the organisation of their collective activity (Deneubourg & Goss 1989). The interactions between 

individuals and their environment allow different collective patterns and decisions to appear under 

different conditions, with the same individual behaviour. This could lead to situations where the 

same stress factors have a different outcome. A consideration of social dynamics and an analysis 

of apparently collective decisions in breeding seabirds may enhance our understanding of group 

behaviour. 
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Abstract Selective pressure will restrict breeding attempts to the time of year when food on which young are 

dependent is sufficiently abundant. Lesser Black-backed  Gulls mostly utilise (offs hore) marine habitats and 

fisheries discards are the most important source of food . Seasonalities in fisheries effort could thus influence 

the timing of breeding. We examined the timing of firs t returns, prospecting, egg- laying, hatching, chick care, 

when the breeding areas were abandoned in autumn, and changes therein over th e years in Lesser Black-

backed Gulls. The birds were geographically segreg ated by age throughout the annual cycle. Southward 

autumn movements had a different start in immatures (ear ly), adults (intermediate)  and juveniles (late), and 

juveniles wintered furthest to the south. The timing of  spring migration was early in adults, intermediate in 

immatures, and late in juveniles. We found no evidence that one of the sexes returned earlier and prospecting 

breeders in the colony were synchronised with Herring Gu lls. Herring Gulls, however, laid on average well in 

advance of Lesser Black-backed Gulls and have advanced the onset of breeding since the late 1960s with two 

weeks. Median laying in Lesser Black-backed Gulls has not advanced in recent years. The seasonality in 

fisheries effort could not adequately explain the onset of breeding, but an annual rise in effort in June coincided 

with the earliest phase of chick care. A comparis on between older (<2000) and more recent data ( �• 2000) 

indicated a marked change in the timing of migration in autumn and spring and an overall shortening of the 

time spent at breeding latitudes by one month. Since 2000, adult Lesser Black-backed Gulls departed earlier 

and returned later on breeding latitu des than before, while there was no delay in laying date. There was no 

evidence for a seasonal  shortage of food from fisheries sources in spring, but a general decline of fisheries is 

expected to have intensified intraspecific competition at trawlers and must have been responsible for the low 

reproductive success found in recent  years. Apparently, returning breed ing birds have utilised foraging 

opportunities while under way in spring (energy minimising migration strategy) or in wintering areas in recent 

years, rather than on resources that  are now available in shorter supply ar ound their colony. A later return did 

not compromise the timing of laying. 

 

Key words : Larus fuscus  – annual cycle – timing of breeding – migration strategy – trawl fisheries 

 

 

Introduction 

 

The annual cycle of birds is made up of a sequen ce of life-history stages: breeding, moult and 

migration (Dawson 2008). Seasonal differences in food availability often lead to a life-history 

strategy that includes migration (Ramenofsky & Wingfield 2007). Each stage has evolved to occur 

at the optimum time, but migratory birds can be affected by shifts in global climate patterns or 

prey resources. This emphasizes the need to know how events throughout the annual cycle 

interact (Sillett et al.  2000). When early breeding would be advantageous, spring migrants may be 

time stressed (Drent et al.  2006). There is intense selective pressure to restrict breeding attempts 

to the time of year when food on which young are dependent is sufficiently abundant (Dawson 

2008). Perrins (1970), however, found that many birds laid too late for the offspring to profit fully 

from seasonal peaks of food abundance, and sugge sted that the proximate cause was a shortage 

of food for the female when forming the eggs (the food constraint hypothesis). Laying date may 

therefore be best considered as an individually  based compromise, with exact timing subject to 

local environmental control (individua l optimisation hypothesis; Drent 2006). 
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Lesser Black-backed Gulls Larus fuscus are relative newcomers as breeding birds in The 

Netherlands (Spaans 1998b). They are migratory bi rds, wintering mainly in France, the Iberian 

Peninsula, and northwest Africa (Harris 1962,  Speek & Speek 1984, Rock 2002). Lesser Black-

backed Gulls currently breed sympatrically with Herring Gulls Larus argentatus  in The Netherlands, 

often in large, mixed colonies. Herring Gulls have  a comparatively restricted wintering range (The 

Netherlands, Belgium and northern France; Camphuysen et al.  2011), which could be a 

disadvantage for the migratory Lesser Black-backed Gulls when territories have to be secured in 

spring. 

Lesser Black-backed Gulls breeding in The Netherlands have been described as piscivorous 

seabirds, mostly utilising marine habitats (Sp aans & Noordhuis 1989, Camphuysen 1995a). In fact, 

considerable amounts of food are taken from terrestrial sites (Cramp & Simmons 1983, Chapter 

14, Appendix 9), but fisheries discards are the mo st important source of food for these birds 

(Camphuysen 1995a, Camphuysen et al.  1995, Garthe et al.  1996). A more thorough knowledge 

of the seasonality, area use, population size, and timing of breeding (chick care) is vital to 

comprehend the effects of seasonal trends and current declines in fishing effort and fleet size 

(Poos 2010). Proposals in the European Common Fisheries Policy aim at modifying beamtrawl 

fisheries into a more environmentally friendly industry (Rijnsdorp et al.  2008, 2011; Schou 2011). 

One aspect of this modification will be to sign ificantly reduce the production of discards, which 

would radically alter food availability from this relatively predictable, anthropogenic resource in 

future years. This may have a profound effect  on the annual cycle and breeding performance of 

Lesser Black-backed Gulls in the (near) future. 

We were interested if early returns would facilitate early laying dates, and if the timing of 

departure and return to the breeding grounds were correlated with seasonal variations in 

resources. From a 25 year colour ring progra mme (1986-2011) and recent colony studies (2006-

2011), we explored the timing of breeding and di fferences in timing and migratory range between 

age categories (juveniles, immatures and adults ) and sexes, and between failed and successful 

breeders. We assessed when the birds returned to  their breeding grounds, when prospecting birds 

arrived within the colony, the timing of egg-laying, hatching and chick care, and when the 

breeding areas were subsequently abandoned in autumn. 

 

Methods 

 

Between 1986 and 1988, 94 Lesser Black-backed Gulls were ringed opportunistically as chick 

during a large campaign to colour-ring Herring Gulls (50 individuals in 3 colonies in 1986, 32 birds 

in 4 colonies in 1987, and 12 birds in 3 colonies in 1988; Camphuysen et al.  2011). Two of these 

chicks were ringed in Callantsoog, 1 in Europoort, 4 in Schoorl, 28 at Terschelling, and 59 in 

Wassenaar. Between 1989 and 2005, another 369 birds were colour-ringed: 69 in Europoort, 89 at 

Maasvlakte, 182 in IJmuiden, 4 at Texel, and 25 at Terschelling. Of these 369 birds, 62.3% were 

ringed as fledglings, 3.8% as immature breeding birds, 27.6% as breeding adults, and age at 

ringing was unknown for the rest (6.2%). During 2006-2011, as part of yet another ringing 

scheme, 1112 Lesser Black-backed Gulls were colo ur-ringed: 3 in Leiden, 307 in IJmuiden, 741 at 

Texel, and 61 at Vlieland. Of these, 32.3% were ringed as breeding adults, 0.1% as breeding 

immature, and 67.6% as fledglings. Total ringing effort over this 25 year period (1986-2011) 

amounted to 1575 individual birds (68.3% ringed as chicks or fledglings). Of 450 breeding birds 

that were sexed during ringing, 51.6% were female s, and 48.4% were males. With two clusters of 

data as a result of more intensified ringing effort (450 birds ringed 1986-1996, 1112 birds ringed 

since 2006; only 13 birds ringed 1997-2005) we could explore differences in timing over the years. 

Seasonal patterns were evaluated separately for adult Lesser Black-backed Gulls seen prior to 

2000 and since. Because the subsets of colonies be tween these two periods were rather different 

(see above), mean distances to the natal colonies (km) rather than mean latitudes were 

calculated. 
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Sightings of colour-rings were all entered into our database by a central database manager 

upon receipt, while each entry was immediately examined in the context of previous sightings. 

Because the movements of many individual birds were characteristic, ‘‘unusual’’ records (outliers 

in time or space) were double-checked, and observers were consulted, where needed, to confirm 

sightings. During this procedure, misreporting s were found where misreadings or colour-fading 

had been an issue. Where uncertainties remained, records were omitted. To correct for individual 

and area-specific differences in sighting-frequencies, we calculated the annual/monthly mean 

geographical position of sightings for all individual birds. Exact sightings locations were used to 

study the overall direction (°) of migratory movements and distances (km) away from the colony 

or wintering sites. We calculated the mean (SD, median, 1 st  and 3 rd  quartiles, n) latitude (°N) of 

sightings for each month to study the approximate distance away from the natal colonies of 

particular groups of birds (age, sex). 

The age categories used included juveniles (first year birds, from fledging in July through 

June in the 2 nd calendar year), immatures (from July in 2 nd calendar year until Dec in 5 th  calendar 

year) and adults (>5 th  calendar year, or fully adult plumage if ringed as a breeding bird with 

unknown age). Adult breeding birds were sexed wh en captured by using biometrics, following 

procedures described by Coulson et al.  (1983). Differences in mean latitudes between periods, 

sexes or age groups were investigated with a t -test assuming independent samples (two-tailed 

tests). 

Returns of prospecting birds within the colony were studied only at Texel in recent years 

(2007-2011). The breeding biology and timing were studied in a large mixed colony in 

Kelderhuispolder, a dune area south of De Geul at Texel (53°00’N, 04°43’E). Lesser Black-backed 

Gulls became established as breeding birds in 1970, when about 1000 pairs of Herring Gulls 

nested in the area. The study area was visited every three days from mid-April to early August to 

record the presence of colour-ringed birds, laying  and hatching dates, the period of chick care, 

diet, chick growth and fledging success (Camphuysen & Gronert 2010a). Visits from late March on 

were to record the earliest presences of colour -ringed birds prior to egg-laying. The total number 

of individual colour-ringed birds seen between March and July was used as a proxy of the returned 

birds and serial sessions of ring-reading from late March through May (the prospecting phase) 

were used to assess when the majority ( c. 90%) had first arrived in the colony. Colony visits in 

April 2008 (3x) were less frequent than in the other seasons (2007 14x, 2009 12x, 2010 17x, 

2011 18x). Colony visits in May were more frequent (2007 36x, 2008 19x, 2009 24x, 2010 23x, 

2011 26x), but relatively less time was available for ring reading due to all other activities. 

To quantify the fishing effort, data from th e VISSTAT database were used. VISSTAT is a 

database for logbook data implemented by the Dutch Fisheries Inspection (AID) from 1990 

onwards. It contains trip data from all vessels landing and marketing in Dutch harbours. Trip data 

consist of a vessel identification, vessel length an d power (kW), gear type, days at sea, departure 

and arrival time, ICES rectangle in which most fishing occurred and marketed volume (mass) of 

fish. Gear types extracted for this study were beam trawls (TBB), bottom otter trawls (OTB), 

bottom pair trawls (PTB), Nephrops trawls (TBN ), bottom shrimp trawls (TBS), non-specified 

bottom trawls (TB), mid-water otter trawls (OTM), mid-water pair trawls (PTM), mid-water shrimp 

trawls (TMS), non-specified mid-water trawls (T M), otter twin trawls (OTT), non-specified otter 

trawls (OT), non-specified pair trawls (PT), non-specified other trawls (TX), miscellaneous gear 

(MIS) and gear not known or not specified (NK). Only fishing effort data from ICES rectangles 

34F3, 34F4, 34F5, 35F3, 35F4, 35F5, 36F3, 36F4 and 36F5 ( i.e.  an area north of 52 �q30’N, south of 

54 �qN, east of 3 �qE and west of 6 �qE) are considered here. Fisheries in the area are essentially day 

and night activities, lasting 5 days (Mon-Fri) or  11 days (Mon-Sun-Thu) per trip. By summing the 

number of vessels at sea around mid-day (i.e. 12:00h), we derived a daily measure of fleet 

presence (effort expressed as ‘vessel days’), which was assumed to be a proxy of discards 

production. 
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Results 

 

Annual migration from colour-ring sightings - Adult Lesser Black-backed Gulls abandoned 

breeding latitudes in August (starting late July),  immediately after fledging (Fig. 5.1). There was 

no difference between the sexes (mean latitude August t 380 = 1.43, n.s.), and no difference 

between failed and successful breeders (mean latitude July t 60= -1.03, n.s., August t 27= -0.77, 

n.s.). Wintering sightings locations, without exce ptions and all age categories included, were at 

lower latitudes than breeding areas and 90% of wintering observations in Nov-Feb (n= 700) 

occurred in a narrow range of angles to the south- southwest of the breeding colonies (mean ± SD 

200° ± 23.0°, median 201°, 90% within 177°-221°). In mid-winter (Dec-Jan), the majority of 

adult birds had reached wintering latitudes (mean c. 42°30’N, Table 5.1, i.e.  Portugal and south 

Spain). There was no difference between the sexes in mean latitude until March ( t 314 = -2.12, P<  

0.05) and April ( t 672 = -3.36, P< 0.001), when females tended to be observed slightly closer to the 

breeding grounds than males. A single January sighting (13 Jan 1996, IJmuiden), three reports 

from 1-10 February, 5 from 11-20 February, an d 13 from 21-29 February are the earliest 

documented returns to The Netherlands. Nearly  
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Figure 5.1. Boxplot of the annual cycle of migration in (A) adult, (B) juvenile, and (C) immature Lesser Black-

backed Gulls based on colour-ring sightings through the ye ar by latitudes (°N). Mean latitudes (as indicated by 

black dots within the boxplots), are combined in (D) to  further illustrate differenc es and similarities between 

the different age groups. Adults are now split into females and males. 
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Table 5.1. Mean ± SD degree latitude ( °N) and number of monthly sighting-positions (n) of juvenile, immature 

and adult Lesser Black-backed Gulls colour-ringed du ring 1986-2011 in The Netherlands. The difference in 

mean latitude between juveniles and immatures, adults and immatures and adult females and adult males was 

tested ( t -test; significance: *** = P<  0.001, ** = P<  0.01, * = P<  0.05, n.s. = P �•  0.05). 

Jul�� Aug�� Sep�� Oct�� Nov�� Dec�� Jan�� Feb�� Mar�� Apr�� May�� Jun��

Juveniles��

52.9±0.

3�� 52.7±0.5

50.4±3.

9��

43.7±5.

3 

39.5±6.

4��

37.7±5.

7��

37.1±4.

2��

37.6±4.

0��

39.0±6.

8��

41.4±7.

0��

50.8±4.

2�� 52.4±0.9

n�� 907�� 536�� 79�� 40�� 33 20 24 15 11 11�� 56�� 406

Juv/imm�� *** �� *** �� * �� n.s.�� n.s. * n.s. n.s. * *** �� ** �� n.s.

Immature

s��

51.6±2.

5��

49.0±5.

4��

47.8±5.

2��

44.6±6.

3��

41.6±5.

0��

40.7±3.

6��

38.5±4.

3��

39.6±3.

0��

45.7±5.

6��

51.1±4.

3��

52.5±1.

0��

52.4±0.

8��

n�� 119�� 77�� 37�� 50�� 37 30 23 21 24 62�� 121�� 89

Ad/imm�� *** �� *** �� n.s.�� n.s.�� ** * *** *** *** * �� n.s.�� *

Adults��

52.6±0.

5��

51.4±3.

2��

47.4±6.

1��

46.4±6.

1��

44.7±6.

1��

42.5±5.

9��

42.3±4.

7��

44.0±5.

5��

51.5±3.

0��

52.5±0.

7��

52.6±0.

4��

52.6±0.

4��

n�� 702�� 443�� 187�� 143�� 111 106 97 68 311 908�� 1288�� 978
� � � � � � � � � � � � � � � � � � � � � � � � � �

Ad��female��

52.6±0.

5��

51.1±3.

6��

45.7±6.

4��

46.1±5.

8��

44.6±6.

4��

44.1±5.

8��

42.3±5.

6��

44.5±5.

6��

51.7±2.

9��

52.6±0.

4��

52.6±0.

4��

52.7±0.

4��

�� 301�� 181�� 65�� 62�� 51 36 25 24 141 404�� 558�� 418

Fem/male�� n.s.�� n.s.�� ** �� n.s.�� n.s. * n.s. n.s. n.s. n.s.�� n.s.�� n.s.

Ad��male��

52.6±0.

6�� 51.5±3��

48.3±5.

8��

46.3±6.

4��

44.8±5.

7��

41.6±5.

9�� 42.1±4�� 44±5.4��

51.3±3.

2��

52.5±0.

7��

52.6±0.

3��

52.6±0.

3��

�� 366�� 240�� 109�� 69�� 53 62 62 39 150 460�� 665�� 519

��

Table 5.2. Timing of breeding of Lesser Black-backed Gulls at Texel, 2007-2011. 

2006�� 2007�� 2008�� 2009�� 2010�� 2011�� 2006�r11��
First��egg�� 04��May�� 29�rApr 01��May 30�rApr 04��May 01��May�� 29�rApr

Peak��egg�rlaying�� 10�r15/5�� 6�r15/5 7�r12/5 9�r15/5 11�r16/5 10�r16/5�� 8�r15/5

Median��egg�rlaying�� 12��May�� 09��May 10��May 12��May 14��May 13��May�� 11��May

Breeding��period�� 16/5�r5/6�� 16�r31/5 13/5�r2/6 16/5�r5/6 16/5�r5/6�� 17/5�r5/6�� 16/5�r4/6

Incubation��(d)�� 26.7±1.6�� 26.7±1.3 26.5±1.4 27.2±0.7 26.6±1.6�� 26.3±1.5�� 26.7±1.4

First��hatchling�� 01�rJun�� 22��May 29��May 28��May 30��May 27��May�� 22��May

Peak��hatching�� 6�r11/6�� 1�r11/6 3�r13/6 6�r13/6 6�r12/6 6�r12/6�� 5�r11/6

Median��hatching�� 08�rJun�� 05�rJun 06�rJun 08�rJun 09�rJun 09�rJun�� 08�rJun

Chick��care��(40d)�� 12/6�r22/7�� 12/6�r22/7 14/6�r24/7 14/6�r24/7 13/6�r23/7�� 13/6�r23/7�� 12/6�r22/7

First��fledgling�� 17�rJul�� 10�rJul 10�rJul 14�rJul 11�rJul 10�rJul�� 10�rJul

 

all birds had returned to at least the vicinity of  the breeding grounds in April and only very few 

sightings are known from areas far south of the breeding area in May and June (Fig. 5.1). 

 Juveniles (fledglings) tended to linger around in the breeding areas until late August 

(adults versus juveniles t 463 = -8.83, P< 0.001), were still on average significantly to the north of 

adults in September ( t 224 = -4.78, P< 0.001; Table 5.1, Fig. 5.1). Significantly lower mean 

latitudes were reached by juveniles in October ( t 71= 2.68, P<  0.01), illustrating a fairly rapid long-

distance movement during September (late September – early October) which continued in 

October and November. Juveniles wintered on average 600 km further to the south/southwest 

than adults (juveniles Dec-Jan c. 37°30’N, Table 5.1). 

 Immatures moved towards the breeding grounds in summer, but as cohort they never 

quite made it to the latitudes of their natal colonies (adults and immatures were closest in June, 

t 91= 2.54, P<  0.05; Fig. 5.1). A distinct southward movement was detected in July, ahead of most 

adults ( t 120 = 4.34, P< 0.001). The difference between adults and immatures faded away in 

September ( t 58= -0.51, n.s.) and October ( t 84= 1.77, n.s.), possibly as a result of shared stop-

over use in France or Northern Spain (44-49°N latitude). Immatures travelled on average further 

to the south than adults, to mean latitudes ( c. 39°30’N) that were intermediate between wintering 
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latitudes of adults and juveniles. The difference in mean wintering latitudes between juveniles and 

immatures was not significant, however (Table 5. 1). Return movements of immatures towards the 

breeding grounds (or areas nearby) were c.  one month later than returns of adult birds, but one to 

two months earlier than juveniles. Only in June were mean latitudes of sightings of juveniles (2 nd  

calendar year birds) similar to those of immatures ( t 141 = -0.07, n.s.). 

 

Prospecting birds in the colony at Texel  - The earliest confirmed returns into the Texel colony 

were colour-ringed birds observed on 22 March 2009 (2) and 31 March 2008 (4). Sightings of 

colour-ringed birds from Texel elsewhere within The Netherlands (nearby colony locations) point at 

first returns from the wintering areas in late Februa ry (22 February as earliest date). Some of the 

birds that were first seen in late March in the colony had already returned to The Netherlands 

more than three weeks earlier. More than 85% of all colour-ringed birds that returned to Texel in 

anyone season were detected in April (Fig. 5.2). Around egg-laying (median 11 May), over 95% of 

adults that returned in anyone season had been detected. 

We failed to detect a difference in return dates between the sexes (mean ± SD first colony 

sightings females 17 Apr ± 16.3d, males 18 Apr ± 16.9d, t 328 = -0.92, n.s.; Fig. 5.3). Sightings of 

prospecting recruits have been uncommon events during the studies at Texel, but included 3cy 

(4x), 4cy (10x), and 5cy (6x) individuals. One particularly early 3cy bird was first observed 13 

April 2009, 
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Figure 5.2. Return rates (cumulative %, 

SD) of individual co lour-ringed Lesser 

Black-backed Gulls ringed as adults 

(2006-2010) in five-day periods during 

late March, April and May at Texel, 2007-

2011. Return rates were based on the 

total number of colour-ringed individuals 

known to have returned at least once to 

the colony (Mar-Aug).  

0

20

40

60

80

100

Mar 1�r5 6�r10 11�r15 16�r20 21�r25 26�r30��
Apr

1�r5 6�r10 11�r15 16�r20 21�r25 26�r31��
May

female

male

��

 

 

 

 

 

Figure 5.3. Return rates (cumulative %, 

SD) of colour-ringed male and female 

Lesser Black-backed Gulls ringed as adults 

(2006-2010) in five-day periods during 

late March, April and May at Texel, 2007-

2011. Return rates were based on the 

total number of colour-ringed individuals 

known to have returned at least once to 

the colony (Mar-Aug). 
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Figure 5.4. The annual cycle of 

migration in adult Lesser Black-backed 

Gulls by distance to natal colonies 

(km), prior to and since 2000, based 

on colour-ring sightings through the 

year (see Table 5.3 for standard 

deviations and sample sizes). ��
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Figure 5.5. The annual cycle of trawl 

fisheries around Texel (vessel days), 

2006-2010. ��

��

four 4cy individuals were first seen during the last  week of April. First (confirmed) returns could be 

as late as 25 July (a 4cy individual), however. First confirmed returns tended to advance with 

increasing age (3 rd  calendar year 18 May ± 33.8d, n= 4; 4 th  calendar year 16 May ± 28.3, n= 10, 

5th  calendar year 20 April ± 13.0, n= 6), but the sample size is too small to draw firm conclusions. 

 

Timing of breeding - Breeding was highly synchronised, with a laying peak (1 st -3 rd  quartile 

around the median) of eight days (2006-2011 rang e 6-10 days; Table 5.2). There were very few 

relaying attempts when nests were plundered (1 0% of 539 nesting attempts failed to produce 

hatchlings; range 2006-2011 7-18%). Only 3% of all nesting attempts were new attempts after an 

earlier clutch had been lost (range 0-10%). Median  egg laying was consistently in the second week 

of May (median 11 May, 1 st-3 rd  quartiles 8-15 May). The mean incubation period for all monitored 

eggs, irrespective of laying sequence (n= 1188) am ounted to 26.7±1.4 days (range for individual 

eggs 21-36 days; Table 5.1). Median hatching was consistently around 8 June (2006-2011 range 

5-9 June, overall median 8 June, 1 st-3 rd  quartiles 5-11 June), but the first hatchlings could be 

found as early as 22 May (Table 5.1). Chicks were (arbitrarily) considered to have fledged at an 

age of 40d after hatching, which would lead to a main period of chick care from 12 June to 22 July 

and early fledglings around 10 July. 

 Early returns (colour-ring sightings) into the colony did not involve birds with a particularly 

early laying date. The mean (± SD) laying date of first eggs in early birds (prospecting confirmed 

prior to 10 April; 12 May ± 4.8d) was not significantly different from the overall, colony mean (11 

May ± 5.2d; t 85= 0.62, n.s.). 

Table 5.3. Mean ± SD distance (km) from natal colony and number of monthly sighting-positions (n) of adult 

Lesser Black-backed Gulls observed during 1986-1999 (old data) and 2000-2011 (new data). The difference in 
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mean distance between “old” and “new” sightings was tested ( t -test; significance: *** = P<  0.001, ** = P<  

0.01, * = P<  0.05, n.s. = P �•  0.05). 

Jul�� Aug�� Sep�� Oct�� Nov�� Dec�� Jan�� Feb�� Mar�� Apr��

Ma

y�� Jun��
1986�r

1999��

9±2

8��

112±27

5��

287±45

3��

591±70

3��

687±63

1��

1043±63

0��

1128±99

9��

391±56

8�� 17±80�� 9±46�� 8±25��

5±1

6��

n�� 171�� 148�� 77�� 53�� 31 29 20 22 174�� 411�� 418 281

Old/New�� n.s.�� n.s.�� *** �� * �� ** n.s. n.s. *** *** �� n.s.�� *** n.s.

2000�r

2011��

9±6

8��

165±42

6��

786±84

2 

848±79

1�� 1053±7711204±7651248±5461124±624

182±46

6��

15±9

1�� 3±17��

4±1

8��

n�� 570�� 351�� 135�� 106�� 98 95 95 63 209�� 672�� 1006 740

��

Changes over time - Adult Lesser Black-backed Gulls ringed and observed prior to 2000 were 

characterised by a slower departure and towards hi gher wintering latitudes than birds in recent 

years, followed by an earlier and highly synchron ised return to the breeding grounds (a V-shaped 

curve; Fig. 5.4). Since 2000, adult Lesser Black-backed Gulls have moved earlier and faster away 

from the colonies, but returned (also highly sy nchronised) about one month later (a U-shaped 

curve). Observed distances away from the natal colonies during autumn and spring migration in 

the older and more recent data were highly significant (Table 5.3). 

 

Trends and seasonal fluctuations in resources - The seasonal pattern in fishing activity 

around Texel, based on 29,808 trips during 2006-2010, is illustrated in Fig. 5.5. Fisheries effort 

was fairly constant over the year, but was slightly more variable in winter than in summer. Fleet 

size around Texel in March (R S= 0.50), April (R S = 0.20), nor in May (R S = 0.30, all n= 5, n.s.) 

correlated with the median laying date in each of these years. In many years, summer fisheries 

effort peaked in June (hatching of eggs and early chick care of Lesser Black-backed Gulls at Texel) 

and subsequently declined over July and August (f inal stages of chick care and fledging). Total 

effort of the Dutch beamtrawl fleet (the main offshore fishery in the area) steadily declined with 

6.5 ± 5.9% per annum between 1995 and 2008 as a result of decommissioning and other factors 

(overall decline 59%; Rijnsdorp et al.  2008, A. Rijnsdorp pers. comm. ).  

 

Discussion  

 

Lesser Black-backed Gulls were geographically se gregated by age throughout the entire annual 

cycle, rather than showing a geographic age- related cline only in the wintering areas ( cf. Jorge et 

al.  2011). The autumn movement to the south had a different start in immatures (early), adults 

(intermediate) and juveniles (late). The finding that immature (non-territorial) birds travelled 

earlier southward than failed breeders (the timi ng of which was similar to successful breeders) 

could point at the importance of a prolonged presence at established territories. Future possibilities 

to breed may be enhanced in failed breeders, if territories are continued to be occupied and 

defended throughout the breeding season. Juvenile birds were found to winter significantly further 

to the south than adults, and had no tendency to migrate towards the natal colony region until 

very late in spring or early summer. Juveniles arri ved some four months later than adults near the 

latitudes of their natal colonies (in summer rather than spring), following a rather slow spring 

movement to the north. Immatures left the breed ing latitudes ahead of adults, used the same 

stop-over latitudes in autumn, wintered further to the south/southwest, and returned to the 

breeding grounds approximately one month later than adults. In October adults, immatures and 

juveniles were reported from similar latitudes, in Britain and northern France, where stop-overs 

were used by many birds, prior to the final leg to the wintering grounds further to the south. 

Colour-ring readings in autumn were mostly at landfill areas, sewage plants, pig farms, and in 

roosts at beaches in England and France. October is the only month in which there was no 

significant difference in latitude of sightings between age groups (Table 5.1). For adult and 



Chapter 5 The annual cycle of a scavenger 57 
 

immatures, these stopovers could be important to finalise the post-nuptial (complete) moult, the 

onset of which is during chick care and fledgi ng in breeding adults (Barth 1975, Verbeek 1977c, 

Cramp & Simmons 1983). 

With increasing age, the annual cycle of Lesser Black-backed Gulls appeared increasingly 

synchronised towards long-distance movements in a shorter time span. Spring migration 

comprised a rapid, highly synchronised (sexes) mo vement to the north. Adults returned to the 

vicinity of breeding colonies in the course of a few weeks during mid-Feb to mid-Mar. The onset of 

breeding (egg-laying) followed a prospecting phase of well over one month during which territories 

gradually became occupied (late March to early Ma y). We found no evidence that one of the sexes 

returned ahead of the other, and the prospect ing phase of males and females for as far as 

appearances within the colony are concerned was identical. As potential competitors for breeding 

space with Herring Gulls, the disadvantage as a result of long-distance migration in spring was 

apparently limited. Adult Herring Gulls return to breeding latitudes from December and January 

onwards, with a more complete return no t before March and early April (Camphuysen et al.  2011). 

The first actual colony visits at Texel by both species occurred in late March and early April were 

more or less simultaneously. Such early presence s within the terrain had a short duration, the 

birds involved were wary and easily flushed, and they did not stay overnight ( cf.  Spaans 1971). 

Herring Gulls, however, laid on average well in advance of Lesser Black-backed Gulls (average 4 

days, range 2-9 days 2006-2010; Camphuysen & Gronert 2010a). In line with earlier studies (e.g. 

Calladine 1997), Camphuysen & Gronert (2010a) found  that the breeding habitat characteristics 

were different in either species, so that the actual inter-specific competition for territories may not 

have been particularly intense. 

Bukaci �� ski et al.  (1998) reported a median laying date of 10-12 May in Lesser Black-

backed Gulls nesting at Terschelling in 1992, which is similar to the current median laying date at 

Texel (Table 5.2). Sympatric Herring Gulls have si gnificantly advanced the onset of breeding since 

the late 1960s (mean laying first eggs Tersch elling 1967-69: 19-20 May (S paans & Spaans 1975), 

Terschellin g 1983-84: 12 May (Spaans et al.  1987), Texel 2009-11: 3-5 May (Camphuysen & 

Gronert 2010a and unpubl. data )). Historical information for Lesser Black-backed Gulls is short in 

supply, but data collected by Bukaci �� ski et al.  (1998) and ourselves do not indicate a similar 

trend: median laying in Lesser Black-backed  Gulls has not advanced in recent years. 

Klaassen et al.  (2011) found that migrating Lesser Black-backed Gulls stopped frequently 

on travel days to forage, both in autumn an d in spring. These frequent and long migratory 

stopovers resulted in a low overall migration speed; among the lowest recorded for migratory 

birds. Hence, female Lesser Black-backed Gulls ma y be able to replenish body stores needed for 

laying while underway to the breeding grounds (c apital breeders rather than income breeders; 

Drent & Daan 1980, Drent 2006). Yet, a one and a half month pre-laying period at the breeding 

latitudes, as found in our study, should be sufficient to add the body stores needed for egg 

formation and still lay timely (income rather than capital breeders). 

A comparison between older and more recent ringing data suggest that there has been a 

marked change in the timing and progress of migr ation both in spring and in autumn. Prior to 

2000 (when populations increased exponentially), birds returned about one month earlier on 

breeding latitudes than they did in recent years (when populations were stabilising). After breeding 

in recent years, adult Lesser Black-backed Gulls moved earlier and faster to the wintering areas 

than they did in the recent past. Effectively, th is change means that foraging areas at breeding 

latitudes were fully used by adult Lesser Black-backed Gulls for at least 5 months prior to 2000, 

but only for 4 months in recent years. The difference was apparently primarily at the expense of 

the pre-laying (prospecting) period (Feb-Mar). 

If the timing of breeding in a generalist feed er as a Lesser Black-backed Gull had anything 

to do with the (peak) availability of resources during chick care and fledging, we may need to 

focus on the most important resource. The population increase of Lesser Black-backed Gulls in The 

Netherlands follows an earlier, steep increase in beam trawl fishing effort in the southern North 

Sea that took place between the early 1960s and the late 1990s (Rijnsdorp et al.  2008). Even 
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though the exact contribution to the energetic de mands of Lesser Black-backed Gulls breeding in 

coastal colonies in The Netherlands is unknown, it is evident that discards produced mostly by 

beam trawlers is a very important resource (Camphuysen 1995a, Camphuysen et al.  1995, Garthe 

et al.  1996). Recent studies at Texel have confirmed that marine fish is the single most important 

prey of breeding Lesser Black-backed Gulls, of which 69% were probably discards (mainly 

demersal gadoids and flatfish), 28% were possi bly discards and only 3% were most likely non-

discards (Camphuysen et al.  2008). Discards were also the most important prey in Lesser Black-

backed Gulls studied at Terschelling in the 1980s and 1990s (Spaans & Noordhuis 1989, Noordhuis 

& Spaans 1992, Bukaci �� ski et al.  1998). Most these fish were obtain ed at offshore fishing vessels 

(Camphuysen 1995a, Camphuysen et al.  1995), an industry that is essentially year-round with 

fleet distribution patterns governed by catch rates, economic factors, and public holidays (Fig. 5.5; 

Poos 2010). Fishing effort within the foraging ra nge of the study colony at Texel did not peak 

around breeding such that seasonal fluctuations in fishing effort could not explain any aspect of 

the annual cycle of area usage by Lesser Black-backed Gulls. Within seasons, fisheries effort 

peaked in June and (slightly) declined later in summer. This decline may have led to higher levels 

of intraspecific competition during later phases of chick care, while the annual peak coincided with 

early chick care. The high price of fuel and the re latively low biomass of flatfish jeopardised the 

survival of the large beam trawl fleet in the area, which declined since the late 1990s (Rijnsdorp et 

al.  2008). The prospects of the fleet are further thre atened by attempts to reduce the impacts of 

this fishery on the ecosystem (e.g. reduce discards; Schou 2011), which will increase the 

intraspecific competition for prey in breeding Le sser Black-backed Gulls and put pressure on the 

breeding population as it is now. Other resources may gain importance during this process, which 

may affect the timing and seasonality of Lesser Black-backed Gulls in future years. 

Adult Lesser Black-backed Gulls have delayed their return to breeding latitudes in recent 

years (Fig. 5.4), but there is no evidence for a delay in laying date. Fishing effort early in the 

season is not very different from effort later in summer, and there is no evidence for a seasonal  

shortage of food from fisheries sources in spring. The overall trend of a fisheries decline, however, 

is likely to put pressure on resources of a population that has increased exponentially for so many 

years. An earlier departure and later return of adult Lesser Black-backed Gulls is therefore 

interpreted as an adjustment to relatively poor resources on the breeding grounds in recent years 

(which is consistent with poor reproductive success in recent years; Camphuysen & Gronert 

2010a). Female gulls will have to rely more on fo raging opportunities while under way in spring or 

in wintering areas (capital breeders), which could explain the energy minimising strategy reported 

by Klaassen et al.  (2011). 
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Abstract  The Herring Gull population in The Netherlands went through phases of exploitation, protection, 

persecution, and again (partial) prot ection during the 19th and 20th centuries. Numbers of breeding pairs 

peaked in the 1980s at c. 90,000 pairs, at which point a colour-ringing campaign was organised to evaluate 

dispersal and distribution patterns. He rring Gulls were ringed as chicks, predominately near-fledglings, in 12 

colonies in 1986 (1,247 individuals), 13 colonies in 1987 (1,354 individuals), and 14 colonies in 1988 (1,396 

individuals). Between 1986 and 2009, of 3,997 Herring Gull chicks colour-ringed, 3,124 individuals (78.2%) 

were seen and reported at least once, while 453 (11.3%) were recovered dead. In total, 86,247 ring-readings 

of living gulls were received and processed, origin ating from 1,358 locations by 868 observers. One-fifth 

(20.5%) of all sightings originated from the home-range s (areas within a radius of 5km around the ringing 

place). Only 691 sightings (0.8%) were reported at  over 300km from the natal colony (10.7% at 6-10km, 

8.9% at 11-25km, 17.7% at 26-50km, 22.9% at 51- 100km, 14.4% at 101-200km, and 4.1% at 201- 300km). 

Colony-specific differences in travel ling distance, dispersal rate, and direction of movements suggested a 

grouping of colonies in three: (1) eastern Wadden Sea is lands (Rottumeroog-Vlieland), with significantly higher 

dispersal rates and movements mostly towards south-west to south-east, (2) Texel and the four colonies along 

the mainland coast (Callant soog-Wassenaar), with shorter mean range and movements mostly to the south, 

and (3) colonies in the Delta area (Europoort- Saefting he) with rather short range movements and dispersal in 

many directions. The maximum distance travelled did not vary much between adults, immatures, and 

juveniles, but the timing of outward and return moveme nts was different for each of  the age categories. Adult 

birds reached their greatest mean di stances on average one month earlier than immatures, which in turn 

arrived at this point one month earlier than juveniles. These age-specific differences were enhanced in spring, 

when birds were moving towards the (natal) colonies , but when adults moved on average closer and two 

months ahead of immatures, which in turn moved earlier and closer to the natal home-range than juveniles. 

With reference to studies in other European countries, Herring Gulls breeding in The Netherlands occupied a 

mid-position between dispersive and sedentary tendencies. 

 

Key words: Larus argentatus – colour-ringing – dispersal – timing – distribution – long-term trends 

 

Introduction 

 

Palaearctic Herring Gulls Larus argentatus , with the exception of more migratory populations 

breeding in northern Scandinavia and Russia, are known as either resident or dispersive to a 

varying degree (Glutz von Blotzheim & Bauer 1982, Cramp & Simmons 1983). Seasonal dispersal 

patterns have been shown to vary with age as well as with breeding area (Landsborough Thomson 

1924, Eaton 1933, Schüz 1933, Coulson & Butterfield 1985, Calladine 2002). In The Netherlands, 

where the species is generally regarded as a common resident or at best a short-distance migrant 

(CNA 1970, Bijlsma et al.  2001), a review of migratory movements and dispersal patterns of 

Herring Gulls has thus far only been undertaken on the basis of metal ring recoveries (Spaans 

1971). Tinbergen (1952) reported an apparent discrepancy between the results of an early 

analysis of ringing results (Drost & Schilling 1940), describing Herring Gulls as residents with some 

dispersal in all directions after the breeding season, and observations of endless streams of 

southbound Herring Gulls along the coast and called for data. Spaans (1971) also concluded, that 
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during the 1950s and 1960s, after the breeding season, Herring Gulls dispersed in all directions, 

“more or less random around the ringing localities”, and that only birds from Texel in their first 

year moved predominantly to the south. 

Herring Gull population in The Netherlands went through phases of exploitation, protection, 

persecution and again (partial) protection in the late 19 th  and throughout the 20 th  centuries 

(Spaans 2007). In the early 20 th  century, the breeding population was small ( c. 2,500 pairs) and 

colonies were frequently raided by humans in search of eggs (food) and feathers (fashion). This 

changed around 1912, when protective measures were implemented to safeguard colonies from 

egging and other forms of disturbance and the demand for seabird feathers had come to a halt. 

The population increased from the mid-1910s to c. 15,000 pairs in the late 1930s (12.2% increase 

per annum; Spaans 1998c). By that time, howeve r, even conservationists became concerned 

about the impact of what was called an “overpopulation” of Herring Gulls. Measures to restrict the 

number of nesting Herring Gulls were taken and in the absence of immediate success, this 

developed into a systematic campaign of destruction. From 1947-1966, some 90,000 adults were 

either shot or poisoned and some 500,000 eggs were destroyed (Spaans 2007). In the mid-1960s, 

this type of destruction came to an end. It stopped because the effect of culling was 

‘disappointing’, but also because of an alarming decline in breeding success of a number of 

seabirds and marine mammals in the Wadden Sea area, due to intoxication, following continuous 

leakages of pesticides (e.g. dieldrin, aldrin) by Shell Chemie in Botlek near the mouth of the River 

Rhine (Koeman et al.  1969). The Herring Gull population, which had peaked at 24,000 pairs in 

1954 when the persecution was intensified, had dropped to some 16,000 pairs in the mid-1960s. 

Following the relaxation of persecution, af ter the late 1960s, the population rapidly 

increased, to reach an all time high of nearly 90,000 pairs in 1984 and 1985 (11.5% increase per 

annum; Spaans 1998c). Now that the Herring Gull population was so large, investigations into the 

whereabouts of gulls from each of the major colonies were instigated. A large-scale colour-ringing 

programme (plastic colour-rings with inscriptions that could be read from a distance, for gull 

studies a rather novel tool at the time) seemed the most appropriate approach to achieve that 

goal (Spaans & De Wit 1985, Noordhuis 1989). The colour-ringing campaign, in which c.  100 large 

chicks were marked annually in each of 12-14 participating colonies, lasted from 1986 through 

1988. The colonies have been rather different in thei r fate since this project started: some are still 

intact and with roughly the same number of breed ing pairs, others were abandoned within a few 

years after the ringing campaign, others increase d markedly and again other colonies declined 

(Spaans 1998c). The wealth of information that has accumulated over the years following this 

colour-ringing campaign is now fit for analysis and this paper evaluates the first results. 

The sightings of colour-ringed individuals ob served between 1986 and 2009 were analysed 

in search of patterns of dispersal and seasonal movements, and differences between colonies, 

cohorts and age categories therein. Specific questions addressed are: (1) Is there evidence for 

migration (i.e. regular seasonal journeys) in Herring Gulls that fledged from colonies in The 

Netherlands, or are movements usually irregular and mostly in response to for example weather or 

prey resources? (2) Do these Herring Gulls move in all possible directions away from the natal 

colonies, or is there a tendency to travel in a set direction? (3) What is the difference between 

annual and seasonal movements of juvenile, immature, and adult Herring Gulls? (4) Is there a 

difference between colonies or regions with resp ect to the distance and direction of (annual or 

seasonal) movements ( cf. Coulson and Butterfield 1985)? Finally, (5) do Herring Gulls in winter 

completely mix, or is there a difference in wintering areas for birds originating from different 

breeding colonies or breeding regions? 

 

Material and methods 

 

Herring Gulls were ringed as chicks, mainly near-fledglings , in 12 colonies in 1986 (1,247 

individuals), 13 colonies in 1987 (1,354 individuals), and 14 colonies in 1988 (1,396 individuals). 
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Table 6.1. Numbers of Herring Gull chicks colour-rin ged during 1986-1988, and estimated breeding populations 

between 1985 and 2005 (rounded figures; SOVON & Waterdienst unpubl. data ). Trends in breeding numbers of 

colonies since colour-ringing took plac e are indicated as well, and qualified as either increasing (+), stable (±), 

declining (—), or having collapsed († ). Strong trends are indicated by do uble symbols. The bottom line refers 

to the total number of chicks colour-ringed (left) and the total Dutch breeding population estimates (pairs), 

including other colonies as well (right). 

 
Numbers ringed  Number of breeding pairs  

Colony 1986  1987 1988 Totals   1985 1990 1995 2000 2005 Trend  

Rottumeroog 103 103 105 311  5,600 3,500 3,200 2,400 2,800 — 

Rottumerplaat 105 105 100 310  2,800 6,200 2,100 1,700 1,300 —— 

Schiermonnikoog 105 105 105 315  5,000 5,200 4,800 7,200 3,100 ± 

Ameland 102 105 104 311  2,000 3,000 2,500 3,600 4,900 ++ 

Terschelling 103 105 105 313  16,900 16,000 11,700 5,000 3,200 —— 

Vlieland 105 105 106 316  12,500 10,000 8,000 3,100 4,700 —— 

Texel 103 104 105 312  8,800 9,500 7,600 6,500 6,100 ± 

Callantsoog 105 104 104 313  1,500 730 1,400 510 350 —— 

Schoorl 102 99 103 304  3,200 1,200 25 0 0 †  

IJmuiden 
  

105 105  300 1,400 1,100 1,400 1,500 ++ 

Wassenaar 105 104 40 249  5,100 200 0 0 0 †  

Europoort 104 105 105 314  1,300 5,000 7,800 7,000 5,000 ++ 

Schouwen 105 105 104 314  7,250 1 7,400 4,000 3,000 2,300 —— 

Saeftinghe 
 

105 105 210  6,100 7,000 8,500 8,000 8,000 ± 

Total 1,247 1,354 1,396 3,997   88,850 77,150 70,000 62,800 53,000 — 
1a 1987 count was preferred over an unreliable estimate of 13,000 pairs in 1985 (see  Vercruijsse 1999 for further details).  

 

The 14 colonies (Fig. 6.1), the number of chicks ringed in each colony, and the years during which 

colour-ringing took place in of each of the sites are listed in Table 6.1. Colonies were categorised 

as having collapsed  ( † ) if they ceased to exist within 15 years after ringing (Wassenaar and 

Schoorl), as declining  (—) when 50% or less of the population remained in the early 21 st  century 

when compared to the late 1980s and early 1990s (Rottumeroog, Rottumerplaat, Terschelling, 

Vlieland, Callantsoog, and Schouwen), stable  (±) if the population remained within ±50% of the 

number of breeding pairs during ringing (Sch iermonnikoog, Texel, Saeftinghe), and as increasing  

(+) if the number of breeding pairs had more than  doubled in recent years in comparison with the 

situation during the ringing campaign (Ameland, IJmuiden, Europoort; Table 6.1). 

 

Colour-rings -  The rings used, one on each tarsus, were large and conspicuous; colours deployed 

included blue, red, green, orange, white, yellow, and black (Camphuysen 2008c). Inscriptions 

were a single letter (A, B, D, G, H, J, L, N, P, S, T, X, Y and Z), a number (1, 2, 4, 7, 9) or one to 

three parallel bars (-, =, �²). The inscription was repeated three times so that a ring could be read 

from all angles of observation; the bars ran around the ring (horizontally). For notation, the 

protocol suggested to mention the left ring first, followed by the right ring, and to use B for blue 

and Z for black. Furthermore, it was suggested to write — for single bar, F for double bar and 3 for 

triple bar inscriptions. No metal ring was added. Th e position of the rings (left or right tarsus), the 

colour, and the inscriptions formed unique code combinations (further referred to as ‘ring-codes’). 

The plastic rings were prone to wear and many rings were eventually lost. Incomplete 

codes were omitted from the analysis (1,706 sigh tings of 170 incomplete ring-codes), except in 

rare cases where local knowledge permitted us to enter the correct original code for sightings of 

well-known individuals that had lost one of their rings. Fading colours formed a second problem. 

Ring loss became a frequent issue after 10 calendar  years, ring fading occurred in some colours 

after six years. Colours of rings were not randomly distributed over the various colonies/ringing 

years. Yet, differences in sightings probability we re site-specific rather than colour-specific, and 

sightings rates were rather similar for colours with different ‘hardiness’ (dark rings being 
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apparently slightly stronger than light colour rings) within subregions, while they were rather 

different between areas with simi lar ‘hardiness’ of the rings. 

Sightings of colour-rings were all entered by a central database manager upon receipt, 

while each entry was immediately examined in the context of previous sightings. Because the 

movements of many individual bi rds were characteristic, ‘‘unusual’ records (outliers in time or 

space) were double-checked and observers were consulted where needed, to confirm sightings. 

During this procedure, numerous misreportings were found where colour-fading had been an 

issue. Where uncertainties remained, records were omitted. It was soon found that individuals 

were so site-faithful throughout their annual cycle (both in winter and in summer), that outliers 

were easy to spot. In later years, therefore, with more prolonged individual dispersal patterns at 

hand, further checks for consistency were perfor med during which at least several hundreds of 

records (probably <0.5% of all reported sightings)  were either corrected or deleted. All these 

thorough checks have made that the database, despite its large size and numerous contributors, is 

now relatively ‘free’ of errors. 

 

Age and plumage -  Herring Gulls were labelled as juveniles during the entire first year since 

ringing (July of 1 st  calendar year until June of 2 nd calendar year). Immatures are Herring Gulls in 

2nd (Jul-Dec), 3 rd  (Jan-Dec), and 4 th  (Jan-Dec) calendar year, whereas older birds were referred to 

as adults. For the summer analyses (Apr-Aug or Apr-Sep), however, all 2 nd calendar year 

individuals (at least 10 months old in that season) were included with the immatures. 

 

Analysis -  With all gulls ringed as chicks, the exact age was known for all birds of which a 

complete ring code could be read during later encounters. For each sighting, date, observer, and 

location were logged, while distance (km) and angle (°) from the natal colony were calculated for 

each locality and used for further analysis. Angles were subsequently grouped into octants (N, NE, 

E, SE, S, SW, W, and NW), while distances were either used as they were measured (km), or 

grouped into categories. Data were analysed on  the basis of spatial or temporal patterns in 

sightings. Reported sightings were either plotted exactly (latitude-longitude co-ordinates; 1’ 

resolution), or grouped (within certain popular ring-r eading locations, or particular distance zones) 

for analysis. All sightings within 5km from the ringing location were labelled as ‘home-range’ 

records. For each of the sightings, distance to the nearest North Sea coast was calculated (km), in 

order to facilitate the analysis of inland movements. Distances were grouped into categories for 

analysis. Sightings within 5km from the North Sea coast were taken as ‘coastal reports’. 

In order to analyse the dispersal rate ( r) from the natal colonies, sightings within the 

home-range were omitted. The rate of dispersal has been calculated using the method described 

by Coulson and Brazendale (1968) for Cormorants Phalacrocorax carbo . The sightings were 

grouped into equal distance zones from the na tal area (50km intervals). To avoid pseudo-

replication and to have individual birds as units ra ther than individual sightings, the representation 

of birds, as a proportion (%) of all sightings of th at individual, within each of the distance bins was 

assessed and the average representation for all indi viduals within each of the distance bins was 

subsequently determined. The percentage of birds recorded within each zone, plus those recorded 

at greater distances from the natal colonies were determined, and the logarithm of these numbers 

plotted against distance. A linear relationship would imply that a constant proportion of the birds 

which enter a zone remain in it, irrespective of the distance to the colony. This constant ( r), or the 

rate of dispersal, may vary between different age categories of gulls, or between gulls from 

different colonies or areas, and can be calculated (± standard error) in the same manner as the 

average annual survival rate in birds (Lack 1 943, Parsons and Duncan 1978). The dispersal rate r  

is provided to illustrate and quantify whether th e dispersal of a particular category of birds was 

greater or smaller than another. 

Some sites were particularly productive with sightings (‘mega-sites’). For example, a 

frequently explored site such as the Tilburg refuse tip alone yielded 8,606 observations of 795 
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ring-codes. Another site, IJmuiden harbour, yielded 4,529 sightings of 557 individual birds over 

the years. Twelve clusters of such ‘mega-sites’ (i.e. groups of particularly productive sites within 

the same general area; Fig. 6.1, Table 6.2) were analysed to investigate the representation of 

individual colonies in each of them, in a further attempt to discover colony-specific dispersal and 

movements. Some of these clusters produced sigh tings over a distinctly shorter period of years 

than the others (Wieringermeer 1987-1995, inland areas southern Netherlands 1988-1996, 

Belgian refuse tips 1986-1995; Table 6.2). Because in some colonies fewer chicks were ringed 

than in others, correction factors were needed to avoid underrepresentation of certain ringing sites 

in the analysis: Rottumeroog (x0.92), Rottumerplaat (x0.92), Schiermonnikoog (x0.91), Ameland 

(x0.92), Terschelling (x0.91), Vlieland (x0.90) , Texel (x0.92), Callantsoog (x0.91), Schoorl 

(x0.94), IJmuiden (x2.72), Wassenaar (x1.15) , Europoort (x0.91), Schouwen (x0.91), and 

Saeftinghe (x1.36; see Table 6.1). 

 

Table 6.2. Clusters of ‘mega-sites’ (sites from where at least 100 sightings of colour-ringed Herring Gulls were 

reported; see Fig. 6.1), with for ea ch cluster the number of sightings and ring-codes during winter and 

summer, and in total. 

Winter (Oct-Mar) Summer (Apr-Sep) Total 

Nr. ‘Mega-site’ clusters Period Si ghtings Codes Sightings Codes codes 

1 Germany, refuse tips and sewage works 1987-2003 168  85 2 2 86  

2 Groningen and Drenthe, refuse tips 1986-2009 3,462  599 1,354 468 744  

3 Central Wadden Sea and refuse tip Terschelling 1986-2003 179  58 2,184 341 360  

4 Wieringermeer, refuse tip 1987-1995 1,444  296 1,413 259 396  

5 Coast northern Noord-Holland 1986-2009 4,341  476 9,471 786 901  

6 Amsterdam 1986-2003 217  59 72 36 79  

7 Mainland coast from IJmuiden to the south 1986-2006 9,425  1,020 10,154 903 1,301  

8 Inland areas southern Netherlands, refuse tips  1986-1996 7,863  739 3,092 516 883  

9 Zeeland, refuse tips and coastal sites 1986-2008 2,745  474 3,466 465 621  

10 Inland refuse tips Belgium 1986-1995 666  318 163 105 348  

11 Belgian coast (coastal sites) 1986-2009 555  134 748 170 225  

12 French coast (coastal sites) 1988-2008 919  189 240 95 205  
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Fig. 6.1. Colonies (Rottum through Saeft-

inghe) of Herring Gulls where chicks were 

colour-ringed during 1986-1988 (see also 

Table 1). 

Rottum refers to Rottumerplaat and Rottumeroog 

in the east. Figures refer ‘mega-sites’, including (1) 

German refuse tips and sewage works, (2) refuse 

tips Groningen and Drenthe (Usquert, Veendam, 

Wijster), (3) central Wadden Sea, also including 

refuse tip at Terschelling, Harlingen harbour, and 

Griend, (4) refuse tip in Wieringermeer, (5) 

northern Noord-Holland (Julianadorp-Camperduin, 

coastal sites), (6) Amsterdam, (7) mainland coast 

south of and including IJmuiden (IJmuiden-Hoek 

van Holland, coastal sites), (8) inland areas 

southern Netherlands (refuse tips Breda, 

Geldermalsen, Tilburg, Waalwijk), (9) Zeeland 

(refuse tips and coastal sites), (10) inland refuse 

tips in Belgium (Antwerpen, Helchteren, Mont-

Saint-Guibert, Vlierzele), (11) Belgian coast 

(coastal sites), and (12) French coast (coastal 

sites).  
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Table 6.3. Sightings with age of Herring Gull ch icks colour-ringed in The Netherlands during 1986-1988 

(number and proportion of ring-codes). 

Colony Juvenile Immature Adult N ringed 

Rottumeroog 231 (74.3%)  138 (44.4%)  79 (25.4%) 311  

Rottumerplaat 171 (55.2%)  115 (37.1%)  62 (20.0%) 310  

Schiermonnikoog 195 (61.9%)  126 (40.0%)  72 (22.9%) 315  

Ameland 162 (52.1%)  96 (30.9%)  55 (17.7%) 311  

Terschelling 259 (82.7%)  120 (38.3%)  87 (27.8%) 313  

Vlieland 264 (83.5%)  129 (40.8%)  74 (23.4%) 316  

Texel 262 (84.0%)  164 (52.6%)  119 (38.1%) 312  

Callantsoog 244 (78.0%)  197 (62.9%)  137 (43.8%) 313  

Schoorl 243 (79.9%)  213 (70.1%)  183 (60.2%) 304  

IJmuiden 100 (95.2%)  78 (74.3%)  64 (61.0%) 105  

Wassenaar 99 (39.8%)  76 (30.5%)  58 (23.3%) 249  

Europoort 238 (75.8%)  208 (66.2%)  142 (45.2%) 314  

Schouwen 268 (85.4%)  202 (64.3%)  153 (48.7%) 314  

Saeftinghe 157 (74.8%)  120 (57.1%)  70 (33.3%) 210  

Total 2,893 (72.4%)  1,982 (49.6%)  1,355 (33.9%) 3,997  

 

Results 

 

Sightings and recoveries - Between the summers of 1986 and 2009 (23 years), of 3,997 

Herring Gull chicks colour-ringed, 3,124 individuals (78.2%) were read and reported at least once, 

while 453 (11.3%) were eventually recovered dead. In total, 86,247 ring-readings of living gulls 

were received and processed, originating from 1, 358 locations and by 868 observers. In all, 72.4% 

were reported at least once as juveniles (range 39.8-95.2%), 49.6% as immatures (30.5-74.3%), 

and 33.9% as adults (17.7-61.0%; Table 6.3). Rottumerplaat (colony declined), Ameland 

(increased), and in particular Wassenaar (collapsed) produced relatively few ring-readings in all 

age categories (Table 6.3). Most reported sightings came from coastal areas (in particular the 

mainland provinces of Noord-Holland and Zuid-Holland), and from refuse tips in the north-eastern 

part of the country and in the province of Noord- Brabant. An overwhelming majority of 93.6% of 

all sightings came from The Netherlands (n= 86,247; 3,073 ring-codes), 3.5% from Belgium (614 

ring-codes), 2.1% from France (292 ring-codes), and 0.7% from Germany (214 ring-codes). Only 

five sightings were reported from Denmark (3 bird s), 1 from Poland (1 bird) and 3 from the United 

Kingdom (3 birds). 

 

Distances - One-fifth (20.5%) of all reported sightings (n = 86,247) originated from the home-

range areas. Only 691 sightings (0.8%), including 144 birds (3.6%) were reported at distances of 

over 300km from the natal colony (10.7% 6- 10km, 8.9% 11-25km, 17.7% 26-50km, 22.9% 51-

100km, 14.4% 101-200km, 4.1% 201-300km). Wintering birds were reported on average at c.  

80-95 km from the natal colonies, with a tendency  for birds from the Wadden Sea area to travel 

further away (Table 6.4). Adults in summer were normally seen within 20-40 km from their natal 

colonies, but long-distances (200-500 km) were still frequently reported during the breeding 

season for all colonies (Table 6.5). 

Exceptional distances (>500 km) were covered by three individuals. O2WJ (ringed at 

Rottummeroog) was seen as a juvenile at the refuse tip of Boismont, Somme (506 km from natal 

colony), and as an adult on the mudflats ne ar Le Crotoy, Somme (504 km), France. WLZA 

(Callantsoog) was found dead in its 3 rd  calendar year at Courseulles-sur-Mer, Calvados (529 km), 

France. WTZB (Callantsoog) was sighted in its 4 th  calendar year at Kolobrzeg, Baltic coast (736 

km), Poland. The two birds seen alive were re-sig hted later, much nearer to the natal colony: 

O2WJ until 2008 (20 yrs), WTZB until 1995 (7 yrs). 
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Table 6.4. Mean and maximum distances (km) from the natal colony in winter (Oct-Mar) with age of Herring 

Gulls ringed as chick in The Netherlands during 1986-1988. 

Colony Juvenile Immature Adult 

mean max mean max mean max 

Rottumeroog 98 506 69 478 107 504 
Rottumerplaat 97 370 95 484 128 300 
Schiermonnikoog 101 451 103 485 152 442 
Ameland 137 426 159 461 156 432 
Terschelling 119 406 133 412 167 412 
Vlieland 101 417 143 404 151 414 
Texel 99 388 105 388 95 357 
Callantsoog 69 327 77 736 56 333 
Schoorl 68 350 78 339 54 349 
IJmuiden 53 292 52 326 24 327 
Wassenaar 27 172 52 289 66 287 
Europoort 54 431 60 262 64 264 
Schouwen 80 366 90 262 63 354 
Saeftinghe 57 221 52 264 44 199 

Overall 83 506 91 736 95 504 

 

Table 6.5. Mean and maximum distances (km) from the na tal colony in summer (Apr-Sep) with age of Herring 

Gulls ringed as chick in The Netherlands during 1986-1988. 

Colony 2 cal yr 3 cal yr 4 cal yr Adult 

mean max mean max mean max mean max 

Rottumeroog 105 473 72 349 44 274 20 504 
Rottumerplaat 101 376 72 373 61 237 61 237 
Schiermonnikoog 132 338 81 354 86 399 57 338 
Ameland 142 426 57 330 79 265 74 264 
Terschelling 79 406 72 397 59 226 53 203 
Vlieland 63 380 63 292 52 222 59 419 
Texel 74 351 64 376 65 344 49 376 
Callantsoog 37 327 39 327 39 327 28 350 
Schoorl 43 308 43 315 45 313 28 347 
IJmuiden 46 292 53 327 17 282 5 327 
Wassenaar 40 182 69 167 45 187 50 287 
Europoort 60 429 59 231 50 231 45 264 
Schouwen 78 223 72 227 51 213 18 227 
Saeftinghe 49 224 52 225 49 177 40 198 

Overall 75 473 62 397 53 399 42 504 

 

The mean distance from the natal colony through the year fluctuated most strongly in 

Herring Gulls from the eastern Wadden Sea islands (Rottumeroog-Vlieland), with a mean range of  

160 km away from the natal colonies in winter an d a gradually closer approach of the home-range 

areas in summer with increasing age (Fig. 6.2A). Herring Gulls from Texel and the four colonies 

along the mainland coast (Callantsoog-Wassenaar) were seen at a mean distance of 80-100km in 

winter and at considerable shorter distances to the natal colonies in immature stages in summer 

than seen for immatures in the previous group (Fig. 6.2B). In the Delta area (Europoort-

Saeftinghe), rather smaller differences in me an range between summer and winter were found, 

particularly in younger birds (within 50-70km from the natal colonies), but a more distinct 

seasonal pattern in distances was found in adults (Fig. 6.2C). Long-distance movements (>200km 

from the natal colony) were more common in the first group of colonies (12.9% of all sightings, 

20.6% of all ring-codes) than in colonies situated along the mainland coast (2.6% and 16.5%, 

respectively), and in the Delta area (1.4% and 11.7%, respectively). 

Dispersal rates ( r) in winter (Oct-Mar) and summer (Apr -Sep) according to age for each of 

the 14 colonies are shown in Table 6.6. Winter dispersal rates were remarkably similar for each of  
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Fig. 6.2. Mean distance (km ± SE) from natal colony 

from fledging up to and in cluding adult stage (A) for 

Herring Gulls colour-ringed as chick at the eastern 

Wadden Sea Islands Rottumeroog-Vlieland (n= 

18,902 sightings), (B) at at Texel and in the mainland 

coast colonies Callantsoog-Wassenaar (n= 45,467 

sightings), and (C) in the Delta area colonies 

Europoort–Saeftinghe (n= 21,869 sightings) during 

1986-1988. The x-axis gridlines indicate 9 half-yearly 

periods ( from July of the year of ringing). 

the three age categories (adults versus 

immatures, t 26  = 0.1, n.s.; immatures versus 

juveniles t 26  = 1.13, n.s.), but in summer, 

immatures dispersed further than adults ( t 26  = 

1.84, P< 0.05). In all age categories and 

seasons, dispersal rates of Herring Gulls from 

Rottumeroog-Vlieland significantly exceeded 

those of the other colonies (Texel–Saeftinghe; 

Table 6.6). 

 The mean distance of winter 

movements away from the natal colony did not 

change with age (0-23 years, log-transformed 

mean distances in winter, excluding home-

range sightings (y) against true age in years 

(x); y= 0.52x + 74.273, r² 23 = 0.03), but the 

maximum reported distances declined 

gradually, suggesting a progressively smaller 

winter range at older age (y= -14.627x + 

555.09, r² 23 = 0.49). The difference in dispersal 

range between colonies in the north-east and 

those in the rest of The Netherlands (north-

west and south-west; see Fig. 6.2) and the 

annual cycle of departure and return towards 

the home-range remained intact during at least 

the first 10 years of life, after which a seriously 

reduced sample size (a combination of ring loss 

and mortality) led to a more confusing picture 

(Fig. 6.3). The difference in dispersal distance 

between colonies in the north-western region 

(Fig. 6.2B) and those in the south-west (Fig. 

6.2C) disappeared when the birds matured, 

leading to a highly similar seasonal pattern in 

range of adult birds in either region. 

 

Direction of movements  - The analysis of 

flight directions away from the natal colonies 

showed that most colonies, with the exception 

of those situated in the Delta area (Europoort-

Saeftinghe), have a distinct southerly or south-

westerly component (occasionally south-east)  
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Fig. 6.3. Mean distance (km, log 10 - 

transformed) from the natal colony 

with increasing age for Herring Gulls 

colour-ringed as chick at the 

eastern Wadden Sea Islands 

Rottumeroog-Vlieland (NE), at Texel 

and in the mainland colonies 

Callantsoog–Wassenaar (NW), and 

in the Delta colonies Europoort–

Saeftinghe (SW). Mean distances 

were calculated for each month over 

a period of 16 years. 
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Table 6.6. Dispersal rates ( r  ± SE; see methods for explanation) for va rious categories of Herring Gulls colour-

ringed as chick in The Netherlands during 1986-1988, based on 50km distance bins up to 250 km away from 

the natal colonies. The three lower lines are groupings of colonies with highly similar values and t -test results 

( *P < 0.05, ** P< 0.01, *** P< 0.001). 

Nr. Colony Winter dispersal rates (Oct-Mar) Summer dispersal (Apr-Sep) 

Adult Immature Juvenile Adult Immature 

 r SE  r SE  r SE  r SE  r SE 

1 Rottumeroog 0.65 ±0.13 0.60 ±0.12 0.63 ±0.12 0.35 ±0.07 0.58 ±0.13 

2 Rottumerplaat 0.61 ±0.12 0.62 ±0.03 0.60 ±0.07 0.48 ±0.10 0.50 ±0.07 

3 Schiermonnikoog 0.64 ±0.08 0.61 ±0.07 0.64 ±0.11 0.41 ±0.07 0.57 ±0.08 

4 Ameland 0.74 ±0.08 0.71 ±0.10 0.60 ±0.09 0.52 ±0.09 0.62 ±0.02 

5 Terschelling 0.73 ±0.06 0.67 ±0.10 0.60 ±0.09 0.47 ±0.05 0.59 ±0.07 

6 Vlieland 0.66 ±0.10 0.58 ±0.12 0.44 ±0.14 0.55 ±0.10 0.47 ±0.04 

7 Texel 0.47 ±0.12 0.52 ±0.11 0.48 ±0.14 0.38 ±0.08 0.42 ±0.09 

8 Callantsoog 0.47 ±0.12 0.51 ±0.09 0.52 ±0.15 0.25 ±0.09 0.48 ±0.09 

9 Schoorl 0.41 ±0.05 0.49 ±0.08 0.52 ±0.09 0.35 ±0.05 0.46 ±0.07 

10 IJmuiden 0.50 ±0.10 0.44 ±0.12 0.42 ±0.06 0.48 ±0.07 0.39 ±0.10 

11 Wassenaar 0.42 ±0.14 0.35 ±0.11 0.24 ±0.11 0.41 ±0.09 0.24 ±0.12 

12 Europoort 0.53 ±0.08 0.58 ±0.09 0.48 ±0.07 0.40 ±0.12 0.46 ±0.05 

13 Schouwen 0.43 ±0.14 0.50 ±0.14 0.44 ±0.10 0.32 ±0.09 0.45 ±0.10 

14 Saeftinghe 0.29 ±0.13 0.43 ±0.08 0.36 ±0.11 0.23 ±0.11 0.34 ±0.06 

Colonies 1-6 0.67 ±0.04 0.63 ±0.04 0.58 ±0.04 0.46 ±0.03 0.56 ±0.03 

Colonies 7-14 0.44 ±0.11 0.48 ±0.10 0.43 ±0.10 0.35 ±0.09 0.40 ±0.08 

t 12  1-6 versus 7-14 6.59 *** 4.62 *** 3.28 ** 2.58 * 3.86 * 

 

Table 6.7. Direction of sightings (1986-2009) at distances of over 5 km from natal colonies during the winter 

period (Oct-Mar; %, n= 36,039 sightings) of Herring Gu lls (all age classes combined) ringed as chick in The 

Netherlands during 1986-1988. Predominant directions (>25%) shaded and bold. 

N NW W SW S SE E NE Sightings  

Rottumeroog 0 1 20 76 2 0 1 1,662 

Rottumerplaat 1 29 40 20 9 0 1,480 

Schiermonnikoog 2 21 35 41 1 1 1,825 

Ameland 3 44 26 22 4 0 1,370 

Terschelling 0 4 23 39 17 17 1 1,678 

Vlieland 7 79 7 4 2 2,163 

Texel 4 79 15 1 1 3,267 

Callantsoog 1 13 79 0 5 1 5,694 

Schoorl 9 11 73 2 5 0 5,359 

IJmuiden 11 56 29 1 1 2 1,105 

Wassenaar 11 33 4 18 1 33 1,828 

Europoort 2 0 1 15 9 28 3 41 3,253 

Schouwen 0 32 14 15 28 11 3,037 

Saeftinghe 11 2 8 3 1 8 1 64 2,318 

Total 3 0 1 18 48 12 6 11 36,039 

 

in their movements, and this applies to both th e winter (Table 6.7) and summer reports (Table 

6.8). Most (78%) of the sightings during the winter were south from the natal colonies. The 

proportion was highest for the ten northern colonies. With longitudes ranging from 6°35’E 

(Rottumeroog) to 4°42’E (Callantsoog), some degree of spatial segregation in wintering areas 

between colonies is suggested. There was, however, a split in the main direction between colonies, 

with birds from Rottumeroog-Schiermonnikoog mainly moving to the south and south-east, and 

those from Ameland-Vlieland mainly to the south and south-west (Fig. 6.4). Vlieland could also be 

included in another cluster of colonies (with Texel, Callantsoog, and Schoorl, in which 70-80% of 

all winter sightings were directly south of the breeding colonies. Directions of gulls that had fled- 
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Table 6.8. Direction of sightings (1986-2009) at distances of over 5 km from natal colonies during the summer 

period (Apr-Sep; %, n= 32,488) of Herring Gulls (all age classes combined) ringed as chick in The Netherlands 

during 1986-1988. Predominant directions (>25%) shaded and bold. 

N NW W SW S SE E NE Sightings  

Rottumeroog 0 10 23 57 8 0 1 866 

Rottumerplaat 5 36 41 9 8 0 773 

Schiermonnikoog 10 21 24 32 8 4 873 

Ameland 8 64 11 8 9 839 

Terschelling 0 7 40 29 11 13 1 1,085 

Vlieland 14 43 1 39 3 1,571 

Texel 3 69 19 6 4 3,584 

Callantsoog 6 17 67 0 4 6 5,826 

Schoorl 29 11 50 1 5 4 4,856 

IJmuiden 21 55 14 1 1 9 930 

Wassenaar 18 42 2 11 2 26 2,056 

Europoort 6 0 1 15 6 21 1 51 3,554 

Schouwen 26 21 7 34 12 3,827 

Saeftinghe 21 6 13 1 0 6 1 52 1,848 

Total 9 0 2 20 37 8 9 14 32,488 

 

Table 6.9. Proportion (%) of colour-ringed Herring Gull s from 14 Dutch colonies within 12 clusters of ‘mega-

sites’ (see Fig. 6.1, Table 2) in winter (Oct-Mar). Representation was based on the number of ring-codes, 

corrected for differences in ringing e ffort between colonies of origin. Colo nies indicated in shaded and bold 

were particularly well represented ( �• 10%). For header abbr eviations: see text. 

1 2 3 4 5 6 7 8 9 10 11 12 

FRG Gr WdC  Wr NH Ams  ZH Brab  Zeel Binll Bcst  F 

Rottumeroog 12 25 3 3 1 3 1 3 1 

Rottumerplaat 30 20 5 5 1 3 2 3 1 2 2 

Schiermonnikoog 19 20 2 4 2 2 2 4 2 3 3 2 

Ameland 9 11 17  5 2 5 3 4 3 3 1 3 

Terschelling 12 13 20  8 2 4 5 1 2 2 

Vlieland 10 4 26  9  9 7 7 5 3 4 5 2 

Texel 2 1 3 17  13  22  10  8  3 3 3 6 

Callantsoog 1 1 10  18  26  25  14  9  4 6 9 6 

Schoorl 2 2 5 16  25  17  15  10  6 8 11  7 

IJmuiden 5 7 9 20  7 13 10 15  14  

Wassenaar 1 2 4 8 7 6 4 3 3 3 

Europoort 1 1 2 3 5 8 10  13  10 8 11  14  

Schouwen 1 2 1 1 4 8 23 12 27  29  

Saeftinghe 1 14  27 33 10  11  

n= 78 551 55 286 469 55 1100 756 529 355 143 199 

Area in grey ( �¶) 82 89 73 60 64 64 69 55 72 55 75 68 

 

ged in the five southern colonies (IJmuiden-Saeftinghe) were more to north and north-east than 

those that had fledged in the other colonies. In fact, in all but one colonies (the exception being 

IJmuiden), few birds moved straight to the south (Table 6.7; Fig. 6.4).  

 These patterns were more or less retained in summer (Table 6.8), when sightings from 

Herring Gulls originating from the easternmost three Wadden Sea islands were mostly to the south 

and south-east, from Ameland and Terschelling mostly to the south-west, from Vlieland, Texel, 

Callantsoog and Schoorl mostly to the south (but note 39% of the Vlieland birds to the east of the 

natal colony, and rather frequent sightings north of the natal colony of birds originating from 

Schoorl). Most sightings of birds from the Delta area were to the east and north-east. Summer 

sightings from birds originating from the (collapsed) Wassenaar colony were most diverse, with 

44% to the north and north-east, and 42% to the south-west of the natal colony. 



Chapter 6 Seasonal dispersal in Herring Gulls 69 
 

NORTH SEA

BELGIUM

FRANCE

UK

GERMANY

A
 

NORTH SEA

BELGIUM

FRANCE

UK

GERMANY

B
 

NORTH SEA

BELGIUM

FRANCE

UK

GERMANY

C
 

NORTH SEA

BELGIUM

FRANCE

UK

GERMANY

D
 

Fig. 6.4. Direction of sightings (1986-2009) at distances of over 5 km from natal colonies during the winter 

period (Oct-Mar; n= 36,039 sightings) of Herring Gulls (all age classes combined) colour-ringed as chick in 

Rottumeroog-Schiermonnikoog (A); Ameland-Vlieland (B); at Texel and in Callantsoog-IJmuiden (C); and in 

Wassenaar-Saeftinghe (D). 

 

The results of travelling distances (Fig. 6.2), dispersal rates (Table 6.6), and directions of 

movements (Tables 7-8) suggest a grouping of colonies in three. The first group is formed by the 

eastern Wadden Sea islands (Rottumeroog - Vlieland), with the longest seasonal movements away 

from natal colonies in winter and a gradually closer approach to the natal colonies in summer with 

increasing age, significantly higher dispersal rates (Table 6.6) and movements mostly in directions 

varying from south-west to south-east. A second group of colonies comprises Texel and the four 

colonies along the mainland coast (Callantsoog-Wassenaar), with a mean range of 80-100km in 

winter, considerably shorter distances to the natal colonies in immatures in summer than in 

immatures from the previous group, and mostly movi ng strictly to the south. Finally, colonies in 

the Delta area (Europoort-Saeftinghe) show rath er smaller differences in mean range between 

summer and winter in younger birds, a distinct seasonal pattern in adults, short range 

movements, and a dispersal in many directions. 
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Dispersal from the perspective of the main wintering areas - From the perspective of sites 

from where particularly large numbers of sightings were reported (clusters of ‘mega-sites’; Fig. 

6.1, Table 6.2), it is clear that most were visite d during the winter by birds from all 14 breeding 

colonies. All clusters of ‘mega-sites’, however, we re particularly important for certain (groups of) 

colonies (Table 6.9). Sightings of Dutch Herring Gulls at German refuse tips and sewage works 

(FRG, cluster 1) were dominated by birds originating from the Wadden Sea islands (Texel 

excluded; 91% of all reported rings). Only a handfu l of birds originated from colonies in the west. 

Refuse tips in Groningen and Drenthe (Gr, cluster 2) were dominated by Herring Gulls from 

Rottumeroog-Terschelling (89%), with only rare reports of birds from IJmuiden-Saeftinghe. Local 

birds were most frequently represented in the central Wadden Sea (WdC, cluster 3), with most 

Herring Gulls originating from Ameland, Terschelling, Vlieland, and, slightly odd, Callantsoog 

(73%). At the Wieringermeer refuse tip (Wr, 4), wintering Herring Gulls were dominated by birds 

ringed on Vlieland, Texel, and in Callantsoog and Schoorl (60% of all birds seen). The mainland 

coast between Julianadorp and Camp erduin (NH, cluster 5) received mainly Herring Gulls from 

Texel, Callantsoog, and Schoorl (64%). In Amster dam (Ams, cluster 6), sightings were dominated 

by birds from Texel, Callantsoog, and Schoorl (64%). The absence of birds from nearby IJmuiden 

is striking. The mainland coast between IJmuiden-Hoek van Holland (ZH, cluster 7) had sightings 

being clearly dominated by Herring Gulls originatin g from Texel, Callantsoog, Schoorl, IJmuiden, 

and Europoort (69%). Inland refuse tips at Breda, Geldermalsen, Tilburg, Waalwijk (Brab, cluster 

8) were attended by a rather wide variety of birds (minimum colony representation 3%, maximum 

14%), with 55% from colonies in the west, but as wide apart as Texel, Callantsoog, Schoorl, 

Europoort and Saeftinghe. In clusters 9-12, Herring Gulls originating from southern colonies 

(Schoorl–Saeftinghe) dominated: 82% in Zeeland (refuse tips and coastal sites; Zeel, cluster 9), 

74% at Belgian refuse tips (Binll, cluster 10), 78% along the Belgian coast (Bcst, cluster 11), and 

77% along the French coast (F, cluster 12). Birds from Wassenaar, even after correction for 

ringing effort, were not commonly represented in any of these 12 areas. Relatively high numbers 

were seen at some inland refuse tips (cluster 8, 6%), along the coast of Zuid-Holland (i.e. 

immediate surroundings of the home-range, cluster 7, 7%), and in Amsterdam (cluster 6, 8%; 

Table 6.9). 

 Using a similar approach, but with all sightings (including sightings outside the clusters of 

‘mega-sites’ as well) within Germany (214 ring-codes reported), Belgium (614 codes), and France 

(292 codes), a clear split in regions was found. In Germany, 74% of all reported ring- codes 

originated from the easternmost five Wadden Sea Islands (85% from all Wadden Sea islands 

combined). In Belgium and France, the representati on of Dutch colonies was rather similar, with 

61% from the southernmost five colonies (IJmuiden-Saeftinghe) in Belgium and 64% in France 

(79% and 82%, respectively, when birds from the two next colonies in line (Schoorl and 

Callantsoog) are also included. 
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Fig. 6.5. Seasonality in mean 

distance (km ± SE) from natal 

colony (n= 86,247 sightings) for 

adult, immature and juvenile 

Herring Gulls (all colonies 

combined) colour-ringed as chick 

in The Netherlands during 1986-

1988. 
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Fig. 6.6. Seasonality in dispersal for (A) adult, (B) 

immature, and (C) juvenile Herring Gulls (all colonies 

combined) colour-ringed as chick in The Netherlands 

during 1986-1988. Shown are proportions of sightings 

within the home-range and within 50 and 100km from the 

natal colony (n= (A) 26,158 sightings of adults, (B) 

33,518 immatures, and (C) 26,258 juveniles). 
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Fig. 6.7. Seasonality in inland dispersal for (A) 

adult, (B) immature, and (C) juvenile Herring 

Gulls (all colonies combined) colour-ringed as 

chick in The Netherlands during 1986-1988. 

Shown are proportions of sightings within 

distance bands measured from the North Sea 

shoreline (n= (A) 26,212 sightings of adults, (B) 

32,456 of immatures, and (C) 30,268 of 

juveniles). 

 

Seasonality and age - The maximum distance travelled away from the natal colony did not vary 

much between adults, immatures, and juveniles, but the timing of outward and return movements 

was different for each of the age categories (Fig. 6.2). Adult birds returned towards the colonies 

from December and January onwards, with a relatively fast return in March and April, whereas 

young immatures did not even tend to travel towards the natal colony region until very late in 

spring or early summer. Adult birds reached their greatest mean distances on average a month 

earlier than immatures, which in turn arrived a month earlier than juveniles (Fig. 6.5). These age-

specific differences are enlarged in spring, when mean distances were progressively closer to the 

natal colony, but in which adults moved on average closer towards the home-range and two 
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months ahead of immatures, which in turn were earlier and closer to the home-range than 

juveniles (Fig. 6.5). 
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Fig. 6.8. Seasonality in inland dispersal (A) for adult Herring Gulls 

from eastern Wadden Sea colonies (Rottumerplaat-Vlieland; n= 

2,814 sightings), (B) from Texel and the mainland coast 

(Callantsoog-Wassenaar; n= 16,653 sightings), and (C) from the 

Delta area colonies (Europoort-Saeftinghe, n= 7,745 sightings), 

colour-ringed as chick during 1986-1988. Shown are proportions of 

sightings within distance bands measured from the North Sea 

shoreline.  

 Home-range sightings of 

adult Herring Gulls peaked in May 

(nearly 60%) and were lowest in 

Nov-Dec (9%; Fig. 6.6A). Some 

40% of all sightings of adult birds in 

winter were at distances over 

100km from the natal colony. In 

immatures, considerably lower 

proportions of home-range 

sightings were found in all months, 

but the fraction seen within 100km 

from the natal colony was quite 

similar to that in adults (Fig. 6.6B). 

Juveniles abandoned the home-

range later than the other age 

groups, and less than 10% of the 

sightings of juveniles originated 

from within the home-range in any 

month after August of the first 

calendar-year (Fig. 6.6C). The 

period in which 35-40% or more of 

the sightings came from distances 

at over 100km from the natal 

colony lasted from Dec-Jan in 

adults, from Jan-Feb in immatures, 

but from Jan-Apr in juveniles. 

 

Inland movements - Adults and 

immatures, all colonies combined, 

showed a bi-modal pattern in 

sightings with respect to the 

distance to the nearest North Sea 

coast (Fig. 6.7). The peak at sites 

within 5km from the North Sea 

coastline in May can best be 

explained by home-range returns 

(all natal colonies being coastal), 

but a distinct second peak occurred 

in Aug-Sep, during wing moult, 

after the breeding season. The 

percentage of coastal sightings of 

juveniles declined gradually during 

the first autumn, and some return towards the coast was witnessed in April and May, as in 

immatures and adults, but with fewer sightings near the natal home-range areas (Fig. 6.7). 

 When it is clear that only mainland and Delta gulls (Texel-Saeftinghe) show the bi-modal 

seasonality, with the strongest tendency to stay in coastal habitats for birds originating from 

Texel–Wassenaar (Fig. 6.8). A high proportion of Herring Gulls from Rottumerplaat – Vlieland were 

observed at greater distances from the North Sea coast, particularly in winter, followed by a return 

in April through June. The post-breeding peak in coastal habitats was less obvious, although a 

decline in sightings occurred after September. 
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Discussion 

 

Studies of the migratory movements of Herring Gulls in Europe have been based on field 

observations (Sluiters 1939, Tinbergen 1952, Meltofte and Faldborg 1987), ringing recoveries 

(Landsborough Thomson 1924, Spaans 1971, Jørgensen 1973, Prüter 1984, Calladine 2002), only 

occasionally on reported sightings of colour-rings (Rock 1999, Klein 2001, Markones and Guse 

2007), and, more recently, on data downloads of electronic devices such as satellite and radio 

transmitters attached to free-flying gulls (Ens et al.  2009). Each method has advantages as well as 

disadvantages and the results are complementary rather than stand-alone descriptions of 

migratory pathways and dispersal patterns. Colour-ringing programmes have an advantage over 

traditional ringing recoveries given the multiple sightings of individual birds (without the need to 

retrap) over a large number of years, and generally  provide a much larger sample size (number of 

individual birds monitored) than high-tech method s currently used to track individual birds (Ens et 

al.  2009). A disadvantage is that colour-ringing data are influenced by spatial and temporal 

patterns in observer effort, which is true for metal ringing data as well. As a result, colour-rings of 

Herring Gulls are seldom read at sea (birds usually in flight or swimming) or in other important 

foraging areas such as on mudflats in the Wadden Sea area, where birds occur in relatively low 

densities and where ring-reading is not very profitable from the point of view of the observers.  

 

Bias resulting from ring-reading effort - Enthusiast ring-readers (volunteers, amateur bird-

watchers mostly) tend to collect data in areas where the reward ( i.e.  the frequency of colour-ring 

 

Table 6.10. Top-10 ring-readers (A-J) and individual nu mber of ring codes observed, % of all ring-reports, 

number of individual ring codes found, % of all codes av ailable, number of visited locations and % of all ring-

report locations. 

Observer Rings read % rings read  Codes % codes Locations % locations 

A 16,842 19.5 1,338 33.5 222 16.3 

B 6,076 7.0 634 15.9 57 4.2 

C 5,813 6.7 742 18.6 55 4.1 

D 4,481 5.2 507 12.7 37 2.7 

E 4,226 4.9 436 10.9 51 3.8 

F 3,745 4.3 489 12.2 39 2.9 

G 3,733 4.3 642 16.1 47 3.5 

H 3,482 4.0 662 16.6 28 2.1 

I 3,001 3.5 639 16.0 105 7.7 

J 2,870 3.3 681 17.0 87 6.4 

54,269 62.9 1,975 49.4 501 36.9 

 

Table 6.11. Top-10 ring reading sites and individual num ber of ring codes reported, % of all ring-reports, 

number of individual ring codes found, and % of all codes available. 

Location Type Rings read % rings read Codes % codes 

Tilburg, refuse tip Dump 8,606 10.0 795 19.9  

IJmuiden, harbour Harbour 4,529 5.3 557 13.9  

IJmuiden, IJbunker colony Colony 3,838 4.5 124 3.1  

Wieringermeer, refuse tip Dump 2,857 3.3 396 9.9  

Camperduin, beach site Beach 2,848 3.3 561 14.0  

Schouwen, breeding colony Colony 2,477 2.9 218 5.5  

Scheveningen, harbour Harbour 2,055 2.4 438 11.0  

IJmuiden, beach site Beach 2,021 2.3 502 12.6  

Breda, refuse tip Dump 1,959 2.3 444 11.1  

Katwijk aan Zee, river mouth Beach 1,924 2.2 477 11.9  

33,114 38.4 1,828 45.7  
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sightings) is considerable. Refuse tips, harbours, breakwaters, beaches, and other areas where 

gulls occur in groups and can be read rather ea sily are strongly preferred by them. The top-10 

ring-readers of the Herring Gull programme described in this paper together have reported 54,269 

sightings (62.9% of all 86,247 reports). They found  nearly 50% of all ring codes ever deployed, 

while visiting ‘only’ 36.9% of all 1,358 sites from which colour-ringed Herring Gulls have ever been 

reported alive (Table 6.10). The top-10 ring-reading sites, where 33,114 sightings originated from 

(38.4% of all reported sightings), produced 1,828 ring codes (45.7% of all ring codes deployed). 

These locations included two harbours (IJmuiden and Scheveningen), three refuse tips (Tilburg, 

Wieringermeer, Breda), three beach locations (Cam perduin, IJmuiden, Katwijk aan Zee), and two 

particularly well-studied colonies (Schouwen and IJmuiden; Table 6.11).  

Because there are regional differences in the likelihood that colour-rings were found and 

reported, we have analysed the data not only from the perspective of the natal colonies (“where 

did they go”), but also from the perspective of the sighting areas from where many rings were 

reported (“from where did they come” and “how are different breeding areas represented within a 

sample of sightings somewhere”). After review ing the data from these two angles, we feel 

confident that questions such as “is there eviden ce for migration in Herring Gulls breeding in The 

Netherlands” and “do Herring Gulls move in random directions away from their breeding grounds?” 

can be addressed. 

 

Migration versus dispersal - Bird migration, as regular seasonal journeys undertaken by birds, 

is marked by its annual seasonality (Berthold 2001). Migrants tend to breed in area A and perform 

a seasonal migration to overwinter in area B. The seasonality of movements according to the 

colour-ring sightings was strong, as a characteristic of true bird migration, but the home-range 

and immediate surroundings of natal colonies were never completely abandoned outside the 

breeding period. Dispersal refers to movements aw ay from an existing population through simply 

moving from one habitat patch into the next. If it is accepted that dispersal is a random movement 

with respect to distance, the distribution can be represented by a mathematical relationship which 

describes the smaller numbers of sightings at progressively greater distances from the natal 

colony. Coulson and Brazendale (1968) expressed this relationship as pj = r j , where j  is the 

number of distance zones from the colony, pj is the proportion of birds moving beyond the outer 

limit of zone  j , and r is a constant for each colony being the proportion entering each zone and 

moving beyond (Table 6.6). A linear relationship between the percentage of birds recorded within 

each distance zone, plus those recorded at greater distances from the natal colonies (the logarithm 

of these numbers plotted against distance), would imply that a constant proportion of the birds 

which enter a zone remain in it, irrespective of the distance to the colony. In case of a true 

migration, it would be impossible to predict the ex tent and position of the wintering area from the 

more local sightings. The sighting data of our colour-ringed Herring Gulls have thus provided more 

evidence for colony- or area-specific dispersal than for true seasonal migration. 

 

Distance and direction of movements - Dutch colour-ringed Herring Gulls were rarely observed 

at over 300 km from the natal colony, and pred ominately moved in a southerly direction away 

from their natal colonies. Note, however, that dispersal in northerly or north-westerly direction 

away from most colonies could not be recorded due to an absence of observation possibilities 

within the North Sea. Lack of observers also make s sightings within the Wadden Sea itself a rather 

rare event (Ens et al.  2009). Hence, while there is a strong seasonality in the whereabouts of 

Herring Gulls relative to the natal colonies, the observed patterns have been influenced by the 

(abundant or persistent) presence, scarcity, or ev en complete absence of observers; a problem for 

every ringing scheme. Our data suggest that ther e are distinct differences in wintering areas 

between birds originating from the North-east (l onger range, predominantly south-west, south, 

and south-east), the North-west (intermediate ra nge, predominantly to the south) and the South-

west (shortest range, frequent movements in most directions; Fig. 6.2, Table 6.7). The 

overwhelming majority of winter sightings of the ten northernmost colonies (Rottumeroog-
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IJmuiden) is south (south-west through south-east) from the natal colony, even despite suitable 

habitats to the east and north-east. With the same predominant direction of dispersal of Herring 

Gulls from different colonies, spatial segregation of main wintering grounds is inevitable and was 

indeed found. While the likelihood for an eastern bird was probably relatively higher in the central 

west of the country, as a result of differences in ob server effort, we still find consistent patterns in 

dispersal between colonies (Table 6.9). 

The fact that dispersal rates were higher in the more northerly colonies than in the 

southern subset also has some geographical cont ext. Birds from colonies on Wadden Sea islands 

often roost on the mainland to the south of the colony, but these birds have to cover some 

distance in comparison with mainland birds, because of the mere presence of the Wadden Sea 

basin where they cannot roost. Suggested groupings based on range, dispersal rate, and directions 

of movements would include six colonies in the North-east (Rottumeroog-Vlieland), five colonies in 

the West and North-west (Texel-Wassenaar), and three colonies in the South-west (Europoort- 

Saeftinghe). The step between the first group of co lonies and the second is larger than the step 

between the second group and the third. A geogra phical explanation for this difference could be 

the existence of the Wadden Sea. Ring-reading activi ty is low within that basin, so that the mean 

distance travelled calculated for birds from the Wadden Sea islands may be biased (exaggerated) 

as a result of a spatial gap in observer effort. Yet, the much greater tendency to abandon home-

range areas by gulls from the Wadden Sea area could be an argument to label these birds as 

short-distance migrants rather than as dispersive. 

 

Dispersal and age - With increasing age, Herring Gulls arrive earlier within the home-range each 

spring, until a regular pattern of approach (Feb-A pr), shortest range (May-Jul), departure (Aug-

Oct), and longest range (Nov-Jan) relative to the natal colonies is achieved. Age-specific 

differences in mean travelling distance, however,  were relatively small (Fig. 6.2), and winter 

dispersal rates were similar for all age groups. 

Adults and immatures showed a bi-modal pattern in sightings with respect to the distance 

to the nearest North Sea coast (Fig. 6.7). Post-breeding peak numbers within 5km from the North 

Sea coast were found in Aug-Sep, just after the breeding season, when adults are engaged in 

post-nuptial (complete) moult. It is interesting to note that in this period at-sea sightings of 

Herring Gulls throughout the North Sea are at their lowest (Camphuysen and Leopold 1994, Stone 

et al.  1995). Lensink (2002) reports a coastal ‘summer migration’ from Jun through early Aug and 

explains these movements as ‘birds abandoning colonies’. According to this author, autumn 

movements do not start before October, with a pe ak in early December and inland movements in 

autumn have a median value of one week later th an coastal displacements. All this would fit the 

picture emerging from our colour-ring sightings (Fig. 6.7): Herring Gulls finalise their wing moult 

(which has commenced during breeding) at coastal sites, disperse to some extent and later in 

autumn and winter into inland habitats (colour-ring sightings) and to the open sea (as suggested 

from ship-based surveys; Camphuysen and Leopold 1994) and return to the coast (and colonies) 

in spring. 

Since 1990, there were six years during which sightings from inland sites at 50-100km 

from the coast were frequently reported. Most sightings were from refuse tips, which became 

unavailable for gulls one after the other through changes in waste management (open refuse tips 

were closed or covered up, gulls were actively scared away with the help of falconers, and organic 

waste materials were increasingly separated from other waste products and processed elsewhere). 

In the next period (1997-2003), with many more deep inland sightings mostly at German refuse 

tips, the peak may have been an observer effect (most sightings are from only few dedicated, but 

apparently temporarily active observers). 

 The exceptional season, 1995-1996, with a very high proportion of winter sightings of 

adult Herring gulls at coastal locations, was the coldest winter in the entire series (IJnsen index De 

Kooy, data KNMI, De Bilt). For a second group of seasons with high proportions in coastal areas 
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(2001-2002 through 2003-2004), however, winter conditions were mild as in most of the other 

years. The colour-ring sightings cannot support the suggestion that Herring Gulls have a stronger 

tendency to disperse inland in mild seasons (SOVON 1987). After 2003, winter sightings of colour-

ringed adult birds were typically within a na rrow band of 25km from the North Sea coast. 

 Spaans (1971) high-lighted the attraction of inland refuse tips as ‘relatively recent food 

sources’. Many of these sites are now defunct and therefore unattractive to Herring Gulls that have 

subsequently declined in numbers and must have redistributed themselves in winter since the 

1980s and 1990s. If the observer bias cannot be held responsible for the decline in sightings at 

inland localities since winter 2001-2002, the stronger tendency to overwinter in coastal areas may 

have been the result of this change in waste management within the country. Between 1986 and 

2001, the proportion of winter sightings from refuse tips has fluctuated between 25% and 63% 

(mean ± SD 39.8 ± 15.4%, n= 36,179 sightings; 1996 with only 5.1% excluded), but this fell to 

less than 1% in nearly all years since (9.3 ± 8.1%, n= 316 sightings). Van Waeyenberge (2003) 

reported that Belgian Herring Gulls tended to visit rubbish dumps less frequently in the course of 

their lifetime, suggesting a change in food choice wi th age rather than in food availability. A similar 

tendency was reported by Vercruijsse (1999), suggesting that adult Herring Gulls preferred a more 

natural habitat and natural (i.e. mostly intertidal) prey. 

Herring Gulls breeding in The Netherlands seem to occupy a mid-position between being 

dispersive and sedentary; they certainly are not clearly migratory. Of all sightings, 99% were 

reported from distances less than 300km away from the natal colony. Yet, even within a small 

country like The Netherlands, there is evidence fo r a stronger tendency to cover some distance in 

winter for birds originating from the more northerly colonies than from colonies further to the 

south. The conclusions by Spaans (1971), that the gulls disperse in all directions and that the 

distribution of the autumn and winter recoveries is more or less random around the ringing 

localities, are not supported by the present stud y. We found colony-specific and age-specific 

patterns in dispersal and timing, and predominantly southward dispersal for most colonies after 

breeding. Belgian Herring Gulls also dispersed mostly in a southerly direction and generally 

covered only small distances (van Waeyenberge 2003). However, the Dutch Delta area was one of 

the main wintering areas, indicating northward an d north-eastward dispersal similar to the birds 

nesting in Saeftinghe. Furthermore, the coastline of northern France and the Belgian coast itself 

were the most important areas. As in The Netherlands, immature birds returned later to the 

breeding grounds in spring than adults. 

Landsborough Thomson (1924) described the movements of Herring Gulls in Britain as 

dispersal, with every gradation of distance but mostly within the limits of the British Isles. The 

greatest distance travelled found by him was c. 960 km. He failed to find regularity in movements 

with regard to timing or direction. Parsons and Duncan (1978), however, found that dispersal was 

predominantly in a southerly direction. There wa s no difference between the proportion of young 

and adult birds recovered inland, nor in range, except in summer when adults had returned to 

their coastal home grounds. The seasonality and range found by Parsons and Duncan (1978) for 

juvenile, immature, and adult Herring Gulls ringed on the Isle of May was remarkably similar to 

that in The Netherlands. They also explained th e movements in terms of directional dispersal, 

rather than a migration from the natal colony. Calladine (2002) confirmed that Herring Gull 

dispersal had a marked tendency for southward autu mn movements. He also found slight regional 

variations in the distances moved between breeding and wintering areas, with birds from Ireland 

being more sedentary than birds from northern and south-west Britain. Drost and Schilling (1940) 

in an early analysis concluded that German Herring Gulls did not migrate but dispersed irregularly, 

with a maximum distance of 550 km from the natal colony. They also failed to find a structural 

difference in dispersal range for juvenile, immature, and adult gulls. Gabrey (1996), on the 

contrary, recorded a monthly mean distance of c. 1,600km in winter for juvenile Herring Gulls 

ringed in breeding colonies in the Great Lakes (USA), but distinctly shorter mean distances in 

immature (700km) and adult (500-800km) birds. We failed to find a difference between age 

groups in terms of travelling distance for Herring Gulls colour-ringed within The Netherlands. 
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Finnish Herring Gulls were found to migrate (abandoning breeding grounds), with a mean winter 

distance of winter recoveries of 737km in adult birds (range 24-1,336km) and 634km in juveniles 

(range 19-1,019km; Kilpi and Saurola 1984). As in the Dutch data, juveniles were found to 

perform a return migration in spring, but 2-3 months  later than adults. Juveniles tended to stay far 

south of the natal area in their first summer (Kilpi and Saurola 1983a). So, again, no difference in 

range between adults and juveniles, but a difference in timing and in tendencies to return to home 

grounds in the first years after fledging. 

 Only three sightings, from the British Isles were received of three birds colour-ringed 

between 1986 and 1988, suggesting that the southern North Sea acts as an effective barrier for 

Dutch Herring Gulls. Speek and Speek (1984) listed quite a number of recoveries in the UK of 

Herring Gulls ringed within The Netherlands, bu t their analysis was seemingly ‘polluted’ by 

misidentified chicks (actually Lesser Black-backed Gulls, see also Spaans 1971). Stanley et al.  

(1981) listed 28 recoveries mainly in south-eastern counties of England. Calladine (2002) showed 

that many Herring Gulls originating from north-east Scotland and east England were recovered in 

The Netherlands and gave further indications for North Sea crossings by Herring Gulls from 

Scandinavia, The Netherlands, and Belgium. While it is probable that birds from Dutch colonies 

occur regularly on the south and east coasts of England (Stanley et al.  1981, Calladine 2002), we 

can only conclude that on the basis of our colour-ring sightings, the British Isles are normally off-

range for Dutch Herring Gulls. 

Klein (2001) reported on 14,500 sightings from Herring Gulls colour-ringed as chicks in 

Mecklenburg-Vorpommern (western Baltic, Germ any) between 1991 and 1999. Winter sightings 

confirmed that c.  75% of the gulls remained within the western Baltic area, that 20% moved 

inland, and 5% travelled towards the North Sea coast and down to Pas-de-Calais in France. With a 

distinctly larger range (e.g. mean distances in winter 300-400km from the natal area in immature 

birds), similar aspects of timing were found, with juveniles departing later from the breeding 

grounds than older birds, and a less pronounced tendency (later and fairly distant to the home 

grounds) to return in the next spring for juveniles was obvious. He also found that gulls originating 

from the Rostock area dispersed less far than birds from other colonies and explained this fact by 

more readily accessible, year-round food sources.  He finally concluded that female Herring Gulls 

had a greater ‘mobility’ than males, which also returned earlier in the home-ground regions. Most 

of these aspects (with the exception of a sexual di fference in dispersal strategy) were corroborated 

by our work in The Netherlands, albeit at slightly different scales and with slightly different 

patterns due to local conditions. 

 Kilpi and Saurola (1983b) examined pre-migration movements of coastal Finnish Herring 

Gulls after the breeding season and found that adults primarily exploited the nearest possible 

feeding sites upon leaving the colonies. This fi nding resembles the peak in occurrence of adult 

birds in coastal sites (as profitable feeding areas close to the breeding colonies) in The Netherlands 

in early autumn, prior to the dispersal to winter gr ounds. It is likely that such areas provide easy 

meals for birds actively engaged in post-nuptial (complete) moult, minimising the needs for 

energetically expensive foraging flights. 

��
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The migratory movements of Lesser Black-backed Gulls br eeding at Texel have not been analysed in sufficient 

detail yet (but see Klaassen et al.  2011 for birds breeding on the neighbouring Wadden Sea island Vlieland). 

Some preliminary results for the birds monitored at Texel are provided in Appendix 5 of this thesis. Some of 

the material presented in this Appendix, together with data collected in the Moerdijk colony (Noord Brabant), 

has been used as a contribution to  a recently published study on the migratory movements of Lesser Black-

backed Gulls breeding in Iceland: 

Hallgrimsson G.T. 1,2* , H. Gunnarsson 3, O. Torfason 4, R-J. Buijs 5 & C.J. Camphuysen 6 2012. 

Migration pattern of Icelandi c Lesser Black-backed Gulls Larus fuscus graellsii : 

indications of a leap-frog system . J. Ornithol. DOI 10.1007/s10336-012-0816-4. 

 
1Institute of Biology, University of Iceland, Sturlugata 7, 101 Reykjavik, Iceland; 2Reykjanes Environmental Research Institute, 

Gardvegur 1, 245 Sandgerdi, Iceland, * Correspondence author  e-mail: gunnih@hi.is; 3Bjarkaras 23, 210 Gardabaer, Iceland; 
4Alfholt 34, 220 Hafnarfjordur, Iceland; 5Buijs Eco Consult, Philips van Dorpst raat 49, 4698 RV Oud-Vossemeer, The 

Netherlands; 6Royal Netherlands Institute for Sea Research, P.O. Box 59, 1790 AB Den Burg, Texel, The Netherlands 

 
On the species level the non-breeding distribution and th e migration patterns of most European birds are well 

known. In contrast, the knowledge of the contribution  of different breeding populations to particular non-

breeding sites (migratory connectivity) is far more li mited. We studied the non-breeding distribution of 

individually colour-ringed Lesser Black-backed Gulls (Larus fuscus graellsii) from Iceland and aimed for 

information on their migration pattern (leap-frog, chain migration, random mix). Most birds were resighted in 

Portugal, inland Spain and northwes t Africa. No statistical difference was found according to age on the 

latitudinal winter distribution although 1st winter bird s were on average 2  farthe r south. Both 2nd and 3rd 

calendar year (cy) birds performed a northward spring  migration but spent the su mmer at significantly lower 

latitudes than adults. The autumn migration for adults  was earlier compared with 1st cy birds. A direct 

comparison of resightings from birds ringed in Iceland and the Netherlands showed that these populations are 

not likely to contribute much to the wintering population in the UK. A striking difference was discovered in 

proportions of resightings in France, Iberia and northw est Africa. Birds from the Netherlands and Iceland were 

equally likely to be found in Iberia while Dutch birds were much more likely to be seen in France and Icelandic 

birds more likely to be seen in no rthwest Africa. These results indicate that Icelandic birds leapfrog both the 

Dutch and UK populations to some extent.  
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Abstract We investigated apparent survival ( i.e.  survival confounded by permanent emigration) on the basis 

of a colour-ring programme in which individual Lesser Black-backed Gulls Larus fuscus and Herring Gulls Larus 

argentatus could be monitored over time. The work was cond ucted in a large, mixed colony in the western 

Wadden Sea (Texel), where measures of fecundity were collected simultaneously. In Herring Gulls, we found a 

mean apparent annual adult survival of 79% in females and 86% in males. Additive year effects rather than 

sex provided highest model support in  Lesser Black-backed Gulls, in which apparent survival for both sexes 

combined varied between 81% and 100% (mean �§91%). The breeding success in Lesser Black-backed Gulls 

was significantly lower than that of Herring Gulls. Lesser Black-backed Gulls experienced four consecutive 

breeding seasons with very low fledging rates (2006-2009) as a result of cannibalism (60-67% of all 

hatchlings). Chick predation was generally lower in Herring Gulls. A strong population increase in Lesser Black-

backed Gulls coincided with substantial population declines in Herring Gulls in the Wadden Sea in the late 20 st  

and early 21 st  century. In Lesser Black-backed Gulls, apparent survival declined with about 10% in the last two 

study years, which could, in combination with the low fecundity, halt the current population increase. We 

suggest that future work should concentrate on underexplored aspects affecting fecundity and survival such as 

intermittent breeding and sexual  differences in migration, foraging and breeding effort. 

 

Key words:  apparent survival, fecundity, Larus fuscus , Larus argentatus , population trends, sexual 

segregation, food limitation 

 

Introduction 

 

Lesser Black-backed Gulls Larus fuscus  and Herring Gulls Larus argentatus  nest sympatrically in 

several large colonies throughout the Danish, Ge rman and Dutch Wadden Sea (Hagemeijer & Blair 

1997). In the late 20 st  and early 21 st  century a strong population increase in Lesser Black-backed 

Gulls coincided with a substantial  population decline in Herring Gulls (Spaans 1998ab, Aarts et al.  

2008, van Dijk et al.  2010). Inspired by these contrasting developments, a comparative study of 

the feeding ecology, breeding biology and demography of the two species commenced in 2006. 

Our studies were conducted in one of the largest of these mixed colonies, at Texel (The Nether-

lands) and involved measurements of phenology (arrivals, laying date), reproductive success (in-

cluding clutch size, egg volume, egg and chick predation, chick growth and breeding success), plus 

a colour-ring programme to assess site-fidelity, recruitment rates and annual survival. Particularly 

relevant for studies of population dynamics are parameters such as fecundity ( i.e. fledging rates), 

population densities, rates of immigration and em igration, recruitment, and survival (Clobert & 

Lebreton 1991). 

Adult annual survival is a key parameter affecting population trends among long-lived, 

generally philopatric species (Tinbergen 1953, Harris 1970, Davis 1975, Perrins et al.  1991). We 

investigated apparent survival ( i.e.  survival confounded by pe rmanent emigration; White & 

Burnham 1999, Allard et al.  2010) on the basis of our colour-ring programme in which individual 

birds could be monitored over time. We assessed th e influence of year, year of capture, sex, and 

sex-year interactions on apparent survival and re-sighting probabilities using program MARK 
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(White & Burnham 1999, 2010), and compared our findings with previously published survival 

estimates of large gull species with similar or contrasting population trends. 

 Food supply plays a major role in animal population dynamics and is often an important 

factor limiting breeding success and surviv al (Martin 1987, 1995, Pons & Migot 1995). In 

generalist feeders, such as large gulls (Cramp & Simmons 1983), food supply is notoriously 

difficult to assess. The observed long-term declines in the Herring Gull population are generally 

assumed to have been caused by changes in hum an waste management (covering up landfill areas 

that provided easy accessible food; Spaans 1998b). The most marked changes therein occurred 

several decades ago, and the continuing population decline in recent years would suggest that 

other factors are currently important. The favourable breeding success of Herring Gulls in recent 

years (Camphuysen & Gronert 2010a) was not in accordance with current population trends and 

the present study was to investigate if levels of annual survival were perhaps reduced. The 

population increase of Lesser Black-backed Gulls, notorious scavengers at fishing vessels in the 

breeding season (Camphuysen 1995a), mirrored the increase in beamtrawl fleet capacity off the 

Dutch coast (Spaans 1998a). Breeding success of Lesse r Black-backed Gulls was very low in recent 

years and this study aimed at investigating levels of annual adult mortality. This gull species face 

changes in the European Common Fishery Policy that are gradually effectuated (smaller fleets, less 

discards to be produced; Schou 2011) and high gasoline prices that will all lead to reductions in 

fishing effort (Rijnsdorp et al.  2008). Given these conditions, we expect negative effects on the 

tendency to breed (birds in poor condition may forego breeding), fecundity and on annual adult 

survival. 

 

Methods 

 

Study area and population trends - Ecological data were collected April to August, 2006-2011 

in Kelderhuispolder, Texel (53°01’N, 04°43’E), western Wadden Sea, The Netherlands, in a large 

mixed colony with approximately 11,500 breeding  pairs of Lesser Black-backed Gulls and 5000 

pairs of Herring Gulls Larus argentatus . The colony is situated at the crossroads of the western 

Wadden Sea and the southern North Sea. Strong tidal currents flow through a narrow passage 

between the mainland (Den Helder) and the island. The main food resources are fish (including 

fisheries discards), benthic fauna, terrestrial infauna, and domestic refuse. The main foraging 

areas include open sea, intertidal areas (mudflat s and coastal breakwaters exposed at low tide), 

freshwater ponds, tourist resorts (including restaurants) and agricultural land. And at slightly 

larger distance the gulls frequent sewage plants, rubbish tips and cities. Lesser Black-backed Gulls 

became established as breeding birds in the early 1970s, at a time when about 1000 pairs of 

Herring Gulls nested in the area. Herring Gulls increased to just over 10,000 pairs in 1986 and 

declined since to c.  5500-6000 pairs in 2006 and 2007, when our studies commenced. Since 

colonisation, Lesser Black-backed Gulls have slowly increased to some 2000 pairs in 1992, but the 

population exploded to just over 14,000 pairs in 2003-2006 (reconstruction from Staatsbosbeheer 

(State Forest Management) unpubl. ann. Re p. 1967-1990 and SOVON LSB seabird colony 

database 1991-2007). 

The study area Kelderhuispolder is a valley of 8 ha surrounded by higher dunes (preferred 

by nesting Herring Gulls) covered with Marram Ammophila arenaria , Sea-buckthorn Hippophae 

rhamnoides , and Elder Sambucus nigra  (Camphuysen & Gronert 2010a). The valley itself is mostly 

covered with grass, including stands with taller Marram, patches with short vegetation, and 

occasional Elder bushes. Field work commenced early April and lasted until mid August, covering 

the entire breeding period from prospecting to fledging. Prior to egg-laying (mid-April) the colony 

was visited with increasing frequency until the first eggs were found along a preset trail leading 

through each of the study plots into prime Herri ng Gull and Lesser Black-backed Gull habitats. 

Nests were marked with a numbered wooden pole and the geographical position (latitude, 

longitude) of each nest was record ed with a handheld Garmin V GPS. 
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Ringing and re-sightings - Breeding gulls were trapped at the nest, roughly half-way incubation 

after we had established that a clutch was comple ted and fully incubated. Each gull was ringed 

with an steel band on the right tibia, and on the left tarsus fitted with a 35mm colour ring of 

10mm diameter made of Polymethyl methacrylate (PMMA; a thermoplastic), engraved with a white 

inscription of 4 characters (F.xxx for females, M. xxx for males). A total of 180 Lesser Black-backed 

Gulls and 119 Herring Gulls were ringed between 200s6 and 2010, but 26 Lesser Black-backed 

Gulls fitted with GPS loggers were excluded from the analysis (Table 7.1). Sex was assessed using 

head and bill measurements (Coulson et al.  1983) and the birds were aged using plumage 

characteristics (Olsen & Larsson 2003, Svensson & Grant 2009). All birds were weighed to the 

nearest gram. 

Marked gulls were monitored (re-sighted) using spotting telescopes and binoculars during 

almost daily visits to the colony between April and August. For analysis, multiple observations of 

an individual were collapsed to a single ‘occasion’ per year, effectively requiring one single sighting 

to be recorded as ‘alive’. Nonetheless, frequent observations were made within the colony to 

minimise identification error and to reduce the possibility of missing ringed individuals. Sightings 

were also reported outside the colony, mostly by  dedicated birdwatchers, both in The Netherlands 

and elsewhere in Europe and NW Africa (Camphuysen et al.  2011). Only sightings within the 

colony were used to estimates apparent adult survival, but the other reports were used to check 

whether particular individuals were still alive even if sightings within the colony were lacking 

(Table 7.1). 

 

Table 7.1. Reduced m-array (Burnham et al. 1987) summarising capture–mark–re-sight data from Lesser 

Black-backed Gulls and Herring Gulls marked as breed ing (sub-)adults and monitored at Kelderhuispolder, 

Texel, from 2006 to 2011. Releases include newly colour-ringed individuals and previously marked birds seen 

alive within the colony in a particular year. Confirme d survival in 2011 (n, %) was based on all sightings 

recorded (anywhere in Europe), for all birds. 

Lesser Black-backed Gull  Encountered for the first time after release Confirmed  

  Ringed Released 2007  2008  2009  2010  2011  Total  alive 2011 %  

2006 23 23 22  1    23  10 43.5  

2007 24 46  40  2   42  18 75.0  

2008 39 80   66  7  73  22 56.4  

2009 53 121    97  1 98  38 71.7  

2010 15 119         91  91  14 93.3  

Totals  154 389           327  102 66.2  

 

Herring Gull Encountered for the first time after release Confirmed  

  Ringed Released 2007  2008  2009  2010  2011  Total  alive 2011 %  

2006 7 7 4  2    6 4 57.1  

2007 12 15  12  1   13  5 41.7  

2008 19 33   23  3  26  11 57.9  

2009 37 61    48  3 51  27 73.0  

2010 44 95         65  65  34 77.3  

 Totals 119 211           161  81 68.1  

 

 

Fecundity - We used fledging rates as measure of fecund ity. To assess fledging rates, randomly 

chosen (groups of) nests in enclosures were monitored. A total of 368 nests were monitored (252 

Lesser Black-backed Gulls, 116 Herring Gulls; Table 7.1). Nests were enclosed during late 

incubation, by fencing off an area of at leas t eight square metres using 50cm high, 2cm mesh 

opening chicken wire. Enclosures included vegetation to provide cover for the offspring to hide. 

Chicks were marked with a numbered aluminium ring on day 1 and subsequently measured and 

weighed every third day (outside the enclosure) until they were either dead (e.g. predated) or 

fledged. Chicks of around 30-40 days old and capa ble of leaving and entering the enclosures, were 
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colour-ringed on the left tarsus (with similar rings as the adults but with a different code, starting 

with either P or K) and marked with a steel ring  on the right tibia. Chicks of 40d of age were 

considered ‘fledged’, even when they sometimes refused to leave the enclosure at that age. The 

fate of chicks was assessed, separating birds that died from starvation or disease from those that 

were killed and predated. The latter category included small chicks (<30d) that disappeared 

without a trace from the enclosures, if no evidence for escape could be found. Reproductive 

success was expressed as the number of fledg lings per (monitored) pair (fledglings pair -1 ). 

Statistical analysis - Following an assessment of goodness-of-fit (GOF), re-sighting and apparent 

survival probabilities were investigated using the capture/mark–re-sighting data. Single state, 

open-population, live-encounter, Cormack-Jolly-Seber (CJS) models specified in software program 

MARK were applied (White & Burnham 2010). Since only six summer seasons (or sampling 

occasions) were available and because sample sizes were fairly small, violations of the basic 

assumptions may have been difficult to detect with GOF tests (Choquet et al.  2009). Transience is 

a source of heterogeneity resulting from permanen t emigration from the study area or death by 

some individuals following marking. Trap-dependence can originate from individuals in a 

population that are relatively easy (“trap-happy”) or difficult (“trap-shy”) to detect and observe in 

the field. Transience and trap-dependence were assessed using the GOF tests 3.SR and 2.CT in the 

U-Care 2.2 program (Choquet et al.  2009). The null hypothesis under these tests was that newly 

released and previously marked animals are subseq uently re-sighted within the colony with the 

same probability. To test for the effect(s) of gr ouping data, we conducted GOF tests for pooled 

data for each species and separately for each sexes within species. 

The CJS model accounts for differences in surv ival rates between successive time periods 

(in our case breeding seasons), cohorts or sexes (Lebreton et al . 1992). A ‘life history’ was 

compiled for all colour-ringed individuals, including releases (first year sightings) and re-sightings 

in subsequent years within the colony. On the basis of individual re-sighting histories, PROGRAM 

MARK calculates the likelihood that an individual is observed within a given period (p) and a 

survival rate ( �- ), which is the likelihood that an individual has not left the population or is not 

dead. Various versions of the CJS model were examined, differing in the extent to which survival 

and re-sighting rates were held constant ( �- (.) and p(.) respectively) or whether they were 

considered year-dependent, sex-dependent or year and sex dependent ( �- (t) and p(t) 

respectively). The results were corrected for slight over-dispersion of the data using the value of 

the goodness of fit parameter �G (based on 100 bootstraps; web-based manual to MARK; Anderson 

et al.  1994). Akaike’s Information Criterion (AIC; Anderson et al.  1998, Anderson & Burnham 

1999) was used to determine the version of the CJS model that gave the best fit to the data. In 

accordance with model weights and evidence ratios presented by Burnham & Anderson (2002), 

only models within 6 AIC c units of the top model ( �©AIC c = 0) were considered for this assessment; 

all others were considered as unsupported by the data. Values reported are means ± SE. For tests 

of independence, the adjusted G-statistic ( Gadj ;  Sokal & Rohlf 1981) and X²-tests (White & 

Burnham 2010) were used. 

 

Results 

 

Age and sex of marked birds - Both species of gulls breeding at Texel seem to recruit at a 

relatively advanced age and incubating birds with immature plumage characteristics are relatively 

rare. All incubating Lesser Black-backed Gulls that were trapped were in full adult summer 

plumage. Seven (5%, n= 145) trapped and marked Herring Gulls were sub-adults (4 th  (5x) or 5 th  

calendar year (2x)). One Lesser Black-backed Gulls trapped in 2009 appeared to have been ringed 

as a chick in 2005, but this bird did not show any plumage features indicating its age (5 th  calendar 

year), suggesting that some young breeders (recruits) may have been overlooked. One individual, 

trapped in 2008, had been ringed as an adult while wintering in Worcestershire (UK) in 1993 and 

must have been at least 19 years of age when it was colour-ringed at Texel. Another 11 trapped 
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Lesser Black-backed Gulls had been ringed as chicks elsewhere or in earlier years at Texel and 

these birds averaged 11.8 ± 1.9 years of age (range 9-15 years). Four Herring Gulls were 

captured that appeared to have been ringed as chicks, respectively 8, 10, 14 and 19 years earlier 

(average 12.8 ± 4.9 years of age). In total, 85 marked incubating Lesser Black-backed Gulls 

(55.2%, n= 154) and 57 Herring Gulls (47.9%, n= 119) were sexed as females. In either case, 

the sex ratio was not significantly different from even (G adj  = 0.83 and 0.10 respectively, df= 1, 

n.s.). Two documented cases of colour-ring loss occurred during 2006-2011, both of which were 

‘solved’ by reading the metal tibia ring (one was re-ringed). Three further birds were re-ringed 

because the colour-ring was either damaged or too badly worn. 

 

Table 7.2. Models and selection criteria used to dete rmine support for competing mo dels and their effects on 

Lesser Black-backed Gulls (top) and Herring Gulls (bottom). 

Lesser Bl-backed Gull models AICc �© AIC c AIC c weight Model likelihood NP Deviance 

(1) �- (year) p(year) 423.09 0 0.573 1 9 53.156 

(2) �- (year) p(.) 424.06 0.98 0.352 0.614 6 60.388 

(3) �- (.) p(year) 429.44 6.35 0.024 0.042 6 65.762 

(4) �- (year + sex) p(year) 429.68 6.60 0.021 0.037 14 49.105 

(5) �- (.) p(.) 430.11 7.02 0.017 0.030 2 74.624 

(6) �- (sex) p(.) 432.14 9.05 0.006 0.011 3 74.620 

(7) �- (year capture) p() 432.14 9.06 0.006 0.011 3 74.624 

Herring Gull models AICc �© AIC c AIC c weight Model likelihood NP Deviance 

(1) �- (.) p(.) 291.07 0 0.322 1 2 60.143 

(2) �- (sex) p(.) 291.43 0.35 0.329 0.839 3 58.437 

(3) �- (year capture) p() 293.07 1.99 0.145 0.369 3 60.078 

(4) �- (.) p(year) 294.62 3.55 0.067 0.169 6 55.340 

(5) �- (sex) p(year) 295.32 4.25 0.047 0.120 7 53.898 

(6) �- (year) p(.) 297.04 5.96 0.020 0.051 6 57.754 

(7) �- (year + sex) p() 303.59 12.5 0.001 0.002 11 53.387 

 

Table 7.3. Estimates of apparent survival and re-sighting probabilities from year to year (2006–2011) from 

models 1 in Table 7.2 for Lesser Black-backed Gulls, and apparent survival between  the sexes and re-sighting 

probabilities as a constant from models 2 in Table 7.2 for Herring Gulls. 

Group Interval/occasion Estimate SE 95% CI 

Survival probabilities ( �- ) Lesser Black-backed Gull   

 2006-2007 Fixed = 1.0   

 2007-2008 0.919 0.041 0.795-0.971 

 2008-2009 0.932 0.033 0.831-0.975 

 2009-2010 0.812 0.036 0.732-0.872 

 2010-2011 0.874 197.1 nd 

Re-sighting probabilities (p)   

 2006-2007 0.956 0.042 0.750-0.994 

 2007-2008 0.949 0.035 0.820-0.987 

 2008-2009 0.887 0.040 0.783-0.945 

 2009-2010 0.988 0.012 0.918-0.998 

 2010-2011 0.874 197.1 nd 

Survival probabilities ( �- ) Herring Gull   

 Females 0.787 0.049 0.676-0.868 

 Males 0.864 0.038 0.771-0.923 

Re-sighting probabilities (p) 0.871 0.036 0.784-0.927 

 

Goodness of fit - Heterogeneity (due to, e.g. “transience” or “trap-dependence”) was negligible 

in our dataset: 20 releases (11 Lesser Black-backed Gulls, 9 Herring Gulls) eluded detection on the 

first occasion following release (upper diagonals, Table 7.1). Otherwise, birds that returned were 

usually detected in the first season following release (lower diagonals, Table 7.1). The birds that 

did not return within two years were never seen again. Indeed the GOF test results indicated that 

there was no evidence for transience or trap-dependence in either species, whether tested 

separately for either sex or for pooled data (Transience test 3.SR: Lesser Black-backed Gull, 
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standardized log odds-ratio (SLOR) females  = 1.18, P = 0.12, SLOR males  =-0.07, P= 0.53, SLOR pooled  

= 0.57, P= 0.28; Herring Gull, SLOR females  = -1.50, P = 0.94, SLOR males  =0.57, P= 0.28, SLOR pooled  

= 0.13, P= 0.4; Trap-dependence test 2.CT: Lesser Black-backed Gull SLOR females  = -0.81, P = 

0.42, SLOR males  =n.d., SLOR pooled  = -1.28, P= 0.20; Herring Gull SLOR females  = 0.18, P = 0.86, 

SLORmales  =-0.99, P= 0.32, SLOR pooled  = -0.68, P= 0.50). We concluded that the CJS model was 

acceptable. 

 

Factors affecting survival and re-sighting - Only models fitted to assess structure in the 

survival process within 6 AICc units of the top model were considered (Table 7.2). The simplest 

model ( �- (.) p(.)), yielded slightly but not significantly higher mean apparent survival estimates for 

Lesser Black-backed Gulls (mean 0.87 ± SE 0.03, CI 0.81-0.91, SE and CI corrected for �G 1.85) 

than for Herring  

Table 7.4. Fecundit y (fledglings pair -1 ) and chick mortality in Lesser Black-backed Gulls and Herring Gulls, 

Kelderhuispolder, Texel, 2006-2011. 

Lesser Black-backed Gull 2006 2007 2008 2009 2010 2011 

Chick predation 60.3% 66.7%  63.4% 62.3% 35.4% 49.3% 

Chick mortality 25.4% 12.3%  15.5% 17.9% 34.8% 19.7% 

Chicks fledged 14.3% 21.0%  16.9% 17.0% 28.6% 31.0% 

(n) hatchlings 63 81 71 106 161 71 

Fledglings per pair 0.26 pr -1  0.46 pr -1  0.35 pr -1  0.37 pr -1  0.71 pr -1  0.69 pr -1  

(n) nests 35 37 34 49 65 32 

Herring Gull 2006 2007 2008 2009 2010 2011 

Chick predation 33.3% 39.1%  25.0% 51.2% 20.0% 16.7% 

Chick mortality 42.4% 8.7%  25.0% 7.0% 21.8% 46.7% 

Chicks fledged 24.2% 52.2%  50.0% 39.5% 58.2% 36.7% 

(n) hatchlings 33 23 44 43 55 30 

Fledglings per pair 0.62 pr -1  0.80 pr -1  1.10 pr -1  0.81 pr -1  1.33 pr -1  0.48 pr -1  

(n) nests 13 15 20 21 24 23 

 

Gulls (0.83 ± 0.03, 0.76-0.88, �G corr. 0.97). Re-sighting probabilities in Lesser Black-backed Gulls 

were 0.94 ± 0.02, (CI 0.87-0.97) and 0.87 ± 0.04, (CI 0.75-0.93) in Herring Gulls. In Lesser 

Black-backed Gulls, models including additive year effects (models 1 and 2) provided highest 

support; the simplest model, or models assessing the effects of sex or year of capture were not 

supported by the data ( �©AIC c >6 units). The top model, fitted to assess annual variation in re-

sighting probability, was not significantly different from the slightly simpler, second best model in 

which a constant re-sighting rate was assumed (model 2, Table 7.2; �¹ ² 1= 7.32, P= 0.06). We 

selected �- (year) p(year) as top model for this species, and estimates of apparent survival and re-

sighting probabilities from 2006 to 2011 are provided in Table 7.3. The large standard errors for 

the last survival and resighting probabilities suggest that these parameters were not identifiable 

(Lebreton et al.  1992). 

In Herring Gulls, the simplest model provided an adequate description of the data. The 

model including a sex effect on survival scored second best, and was not significantly different 

from the simpler top model (Table 7.2; �¹ ² 1= 1.76, P= 0.185). This second model deviated only 

0.4 �©AIC c units from the first model. Adding the effect s of year of capture on survival or a year 

effect on re-sighting probability to our models did not lead to further improvements (models 3-5). 

Particularly those models in which a year effect on survival was assumed were not supported by 

the data (models 6-7; Table 7.2). We used the second model for this species ( �- (sex) p(.)), 

because it was not significantly different from the top model and biologically plausible (see 

Discussion). Estimates for apparent survival of each sex and pooled re-sighting probabilities are 

provided in Table 7.3. The reason for our choice is that we wish to explore the causes of an 

apparently fairly substantial sexual difference in apparent annual survival in our future studies (see 

Discussion). 
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Fecundity - The mean breeding success in Lesser Black-backed Gulls (mean ± SD 0.47 ± 0.19 

fledglings pair -1 ) was significantly lower than in Herring Gulls (0.86 ± 0.31) at Texel ( t 10= -2.58, 

P=0.027; Table 7.4). This pattern was consistent, except in 2011 when the breeding success in 

Herring Gulls was exceptionally low, while Lesser Black-backed Gulls fledged relatively many chicks 

in comparison with most other seasons. Lesser Black-backed Gulls experienced four consecutive 

breeding seasons with very low fledging rates (2006-2009) as a result of high levels of chick 

predation (cannibalism; 60-67% of all hatchlings).  Chick predation was generally lower in Herring 

Gulls, and the lowest reproductive success was found when levels of chick mortality as a result of 

starvation and or disease were high (2006, 2011). 

 

Discussion 

 

Overall adult survival in Lesser Black-backed Gulls were higher than in Herring Gulls, but declined 

in recent years. In Herring Gulls, the annual survival of adults was different between the sexes: 

notably lower in females. Documented longevity records based on ringing data show that both 

species are long-lived taxa (Schreiber & Burger  2002) and we had expected similar annual adult 

survival rates.  

Year effects were found to mostly affect survival in Lesser Black-backed Gulls (ranging from 

0.81-1.0; model 1). A mean value of 0.91 over this five-year study period agrees with an earlier 

estimate of 0.91 ± 0.12 for Lesser Black-backed Gulls in the United Kingdom (Wanless et al.  

1996). Life history theory predicts that parents sh ould value their own survival over that of their 

offspring in long-lived species such as seabirds (Erikstad et al.  1998, Ghalambor & Martin 2001). 

Data currently available on fecundity and adult survival in several seabird populations suggest a 

negative relationship between the two (Weimerskirc h 2002). The shape of the relationship is likely 

convex, similar to the classical figure represen ting the optimisation of the trade-off between 

survival and fecundity or other vital rates (Cody 1966). Cody (1966) proposed a model in which by 

the " Principle of Allocation " maximum contribution to future generations would be achieved by 

those individuals which utilise, to increase K (carry ing capacity), some of the energy conserved by 

reducing r (the reproductive rate). Hence, if food becomes scarce, adults should reduce their 

breeding effort rather than jeopardise their residual reproductive value (Drent & Daan 1980, 

Martin 1995). For Herring Gulls, annual estimates of apparent survival could not be provided based 

on the current datasets. 

We have evidence that a substantial number of prospecting Lesser Black-backed Gulls at 

Texel did forego breeding in some years (no subsequent sightings during the breeding season, 

numerous empty nests in the colony where eggs were never laid). Our fecundity measure is based 

on birds that did breed ( i.e.  laid eggs), while the annual survival is measured over all colour-ringed 

adults that returned to the colony and were seen ; whether they bred or not in later years. Given 

the observed trends and inverse relationship between fecundity and survival, we feel that more 

attention must be given to intermittent breeding in these birds (Calladine & Harris 1997, Cam et 

al.  1998). Non-breeding behaviour may constitute an adaptive mechanism which allows 

maximization of life-time reproductive success in a fluctuating environment (Aebischer & Wanless 

1992). 

In Herring Gulls, based on the second best model, we found a mean apparent annual adult 

survival of 0.79 in females and 0.86 in males (m odel 2). Other studies of the mean adult annual 

survival using capture/mark-re-sighting models in Herring Gulls arrived at similar or slightly higher 

rates as in our males: 0.87 ± 0.03 (Canada; Allard et al.  2006), 0.88 ± 0.13 (UK; Wanless et al.  

1996), 0.88 ± 0.01 (France; Pons & Migot 1995), and 0.91 ± 0.02 (Canada; Breton et al.  2008). A 

sex difference in apparent annual survival in th e Herring Gull came as an unexpected result. The 

studies at Texel, now using advanced GPS loggers, have demonstrated a strong sexual segregation 

in foraging Lesser Black-backed Gulls in summer (Camphuysen et al.  submitted), a phenomenon 

that has unfortunately not been investigated fo r Herring Gulls. A sex difference in resource 
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exploitation in the Herring Gull breeding at Texel is not unlikely, however. Greig et al.  1985 

reported different foraging strategies in male an d female Herring Gulls breeding in the UK. Bosman 

et al. (2012) examined whether, and to what extent, bo dy size and/or sex-specific differences in 

competition for resources (e.g. breeding territories  or winter food) shaped variation in migration 

distance and timing of sexually mature males and females of Herring Gulls breeding in Belgium. 

They found that the larger males migrated furt her from the breeding colony, whereas migration 

distance was independent of body size in adult females. Allometry partly explained the sexual 

segregation in migration behaviour Herring Gulls and the observed latitudinal segregation between 

wintering males and females may reflect sex-specific niche specialization, with potential 

repercussions for the annual survival. With our current data, an explanation for the observed 

differences in survival between the sexes remains speculative. Future work will need to reveal 

differences in breeding strategies or other traits between male and female Herring Gulls that could 

help explain the observed sexual differences in annual survival. 

The lower survival in Herring Gulls than in Lesser Black-backed Gulls could result from 

different levels of emigration, the second component next to true survival determining apparent 

survival. We used only encounters within the colony for this study. There were no confirmed 

sightings of birds colour-ringed as adults breeding in any other colony (true emigration), but if we 

were to use all  sightings, collected anywhere within th e flyway of either species, 7% more 

encounters would have been available (6% more in Lesser Black-backed Gulls, 9% more in Herring 

Gulls). This difference was not significant; G adj  = 0.13, df =1, n.s.). and differences in (apparent) 

emigration rates did not explain the difference be tween the two species. Lesser Black-backed Gulls 

are migratory, wintering generally several thousa nds of kilometres south of the breeding grounds 

(in this case mostly at the Iberian Peninsula and in NW Africa; Camphuysen et al.  2009, 

Hallgrimsson et al.  2012). Herring Gulls are dispersive or short-range migrants, wintering mostly 

in The Netherlands, in Belgium or in northern France, and migrating hundreds of kilometres rather 

than thousands (Camphuysen et al.  2011). It is unclear how long distance migration or short-

distance dispersal would influence annual adult survival differently. These gulls could potentially 

forage everywhere along their flyways: there are no  crossings of endless deserts, vast stretches of 

water, or other inhospitable areas required in either species. The availability of resources in 

wintering areas or during autumn or spring migration could still be a factor of importance. 

Alternatively, differences in survival could be related to the food supplies and the effort exerted by 

individual birds during breeding. Several authors concluded that adult mortality in large gulls 

reaches its maximum at the end of the breeding season (Pons & Migot 1995 and references 

therein). 

Changes in fishing practices are only gradually  effectuated, and while Lesser Black-backed 

Gulls breeding at Texel are currently almost certainly food-stressed (Camphuysen under review ), 

this did not (yet) translate into a reduced annual adult survival. The current reproductive success 

of both species, on average much higher in Herring Gulls than in Lesser Black-backed Gulls (Table 

7.4), would suggest that the contrasting population trends may soon be reversed. However, the 

differences in adult survival between the two species are such that this conclusion cannot be 

drawn. For a breeding population to remain stable, parent birds have to produce enough young 

that survive to breed themselves, to replace adults that die (Perrins 1991). From the adult annual 

survival rate, it is possible to deduce the proportion of young that must survive to breed in a 

stable population (at equilibrium, the number of  young surviving per pair to breed must equal 

twice the annual adult mortality). We will need to continue the concurrent colour-ringing 

programme of fledglings to be able to assess recruitment rates and age of first breeding, to be 

able to model current and forecast future population trends. 
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Abstract  Tracking studies of seabirds occasionally reveal exceptionally long or distant foraging trips that are 

difficult to explain within a context of optimal foraging theory. We examined the characteristics, the frequency, 

and the possible triggers of such unusual trips in comparison to thousands of other, more regular trips, and in 

the context of reproductive performance and chick growth in a central-place foraging seabird, the lesser black-

backed gull Larus fuscus . The hypothesis that exceptional trips were  conducted exclusively by failed breeders, 

but not by active breeders during in cubation or chick care, had to be re jected. Exceptionally long and distant 

trips occurred irregularly but annually, in many individual birds and in all phases of breeding. Evidence is 

provided that additional time for individual maintenance (e.g. self-provisioning, replenishing exhausted 

resources) rather than extra effort in chick provisioning (a chick starvation hypothesis) was an important 

factor. Exceptional trips in active breeders were relatively rare when the chicks were still young and highly 

vulnerable (<10d of age). The reproductive success in birds that performed exceptional trips was not 

compromised, pointing at compensatory behavior of the mate and/or flexibility in the system. 

 

Key words:  tracking studies, Larus fuscus , central-place foraging, self-maintenance, foraging range 

 

Introduction 

 

In the last 20 years, bio-logging science has revolutionized the ability to record the fine-scale 

foraging behavior and habitat use of seabirds (Weimerskirch et al. 1994, 2003, Bost et al. 2008, 

McLeay et al. 2010). Seabirds constitute a group of marine top-predators that may disperse over 

wide spatial ranges on foraging trips or while on migration and that are therefore difficult to study 

with more conventional means. Deployments of  satellite PTTs and GPS loggers have been 

instrumental in revealing migratory pathways (Ristow et al. 2000, Guicking et al. 2001, González-

Solís et al. 2007), but also in temporal patterns and trends in the foraging range and time budgets 

of breeding seabirds during different phases of the reproductive cycle (Catard et al. 2000, Cherel 

et al. 2000, Boersma et al. 2002). The Lesser Black-backed Gull Larus fuscus  is a seabird that has 

markedly increased in numbers in much of Europe over the past decades. Migration routes of 

several subspecies have been studied recently with satellite telemetry (Pütz et al. 2008, Klaassen 

et al. 2011), and satellite PTTs and GPS loggers have been used to study foraging distribution and 

behavior in the breeding season (Ens et al. 2009, Camphuysen et al. 2010, Shamoun-Baranes et 

al. 2010). In one of these studies, conducted in 2007 using Argos/GPS PTTs, unexpectedly long 

and distant trips were recorded (Ens et al. 2009). These extraordinary trips could last several days 

and covered hundreds of kilometers, while most  of the documented foraging trips were 

considerably shorter in duration and covered much shorter distances (Ens et al. 2009, 

http://www.sovon.nl/default.asp?id=408). In a study focusing on migration of the same 

individuals, Klaassen et al. (2011) documented additional examples and described them as pre- 

and post- migratory trips. In the absence of comprehensive data on the breeding status of the 

tagged individuals, these outliers were assumed to involve individuals that had lost their clutch or 

chicks and that were therefore relieved of parental duties within the colony. The analysis of the 
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data of foraging distribution was hindered by  uncertainties regarding these unexpectedly long 

journeys and a clear question arose: what is an unusual trip and what is not? 

 In a seminal paper on the concepts of home range and territoriality Burt (1943) suggested 

the following definition of home range: “…that area transversed by the individual in its normal 

activities of food gathering, mating, and caring for young. Occasional sallies outside the area, 

perhaps exploratory in nature, should not be considered as in part of the home range.”  While such 

extreme excursions (sallies or forays) may not be common within a species, they do occur in 

numerous taxa although often excluded from analysis when the focus is on the home range or 

“normal” foraging movements of an animal (e.g. Salsbury and Armitage 1994; Gjertz et al. 2000; 

Guilford et al. 2008, Schofield et al. 2010). Our understanding of the functions of such movements 

is limited. In the context of breeding, it has b een suggested that such excursions may help an 

individual replenish their own energy stores (Weimerskirch et al. 1997; Weimerskirch et al. 2003; 

Schofield et al. 2010), prospect for new breeding locations (Schofield et al. 2010), participate in 

extra-pair copulations (Norris & Stuchbury 2001) or simply to gather food for chicks in alternative, 

more distant areas when local resources are diminishing (Ashmole's halo; Birt et al. 1987). 

Lesser Black-backed Gulls are omnivorous seabirds, with a wide variety of prey items 

(Cramp & Simmons 1983). Foraging in the breeding season occurs mostly at sea, but also on land 

(Camphuysen et al. under review). As many seabirds, Lesser Black-backed Gulls are long-lived 

species that have bi-parental chick care (Bennett & Owens 2002). In our study, the foraging 

whereabouts of active breeding birds were studied with advanced GPS loggers. Breeding status 

and reproductive success of the tagged birds were carefully monitored, and we aimed at 

documenting the duration and range of foraging excursions throughout each of the phases of 

breeding, throughout the breeding season. Given the experiences described for an earlier project 

(Ens et al. 2009), we were alert to carefully document breeding conditions (breeding status, clutch 

and chick condition) continuously. This would enable us to examine the context of “exceptionally” 

long or distant trips and to evaluate (probable) cause and effect.  

The period of chick care is generally viewed as a bottleneck in the reproductive cycle, 

because of frequent feeding visits that are required to meet the energetic demands of developing 

offspring (Drent & Daan 1980). Exceptionally long or distant trips are difficult to understand in a 

context where foragers are assumed to optimize feeding efficiency and to minimize their absences 

from the colony, certainly during incubation (warming eggs) and early chick care (defending 

chicks; Stephens & Krebs 1986, Maurer 1996). We therefore hypothesized that exceptionally 

distant or abnormally long trips (such as those logged at Vlieland in earlier years) were conducted 

only by failed breeders, given the constraints imposed on active breeders raising chicks. If indeed 

active breeders were involved, we hoped that a combination of the breeding data (e.g. condition 

and survival of the chicks) and the trip destination (e.g. characteristics of foraging area) could 

provide support for one of two potential drivers of such trips: 1. extra parental effort to support 

chicks (chick starvation hypothesis), or 2. extra effort for self maintenance (self-care hypothesis). 

 

Methods 

 

Study area -  The study was conducted in a breeding colony on the island of Texel The 

Netherlands (53°00’N, 04°43’E) at the crossroads of the western Wadden Sea and the southern 

North Sea. Strong tidal currents flow through a narrow passage between the mainland (Den 

Helder) and the island, and the main foraging areas include open sea (fish and benthic fauna, 

including fisheries discards), intertidal areas (mudflats and coastal breakwaters exposed at low 

tide; benthic fauna), freshwater ponds, tourist resorts (including restaurants), agricultural land, 

sewage plants, rubbish tips and cities. Within the study area, approximately 11,500 pairs of Lesser 

Black-backed Gulls and just over 5000 pairs of Herring Gulls Larus argentatus  are breeding. 

Breeding data within the colony were collected during April to August over six consecutive 

breeding seasons (2006-2011). The birds were tagged in 2008-2011. 
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Breeding data -  To monitor breeding status and breeding success in the colony, nests were 

marked each year during egg laying and marked  nests were either monitored until hatching, or, 

after a random selection of nests, enclosed with 50 cm high chicken wire to assess chick growth 

and fledging rates (Camphuysen & Gronert 2010a). Nests were visited every third day, throughout 

the breeding season (laying to fledging), but only in favorable weather (i.e. not during rain or 

storm; visits could be entirely skipped or postponed/be earlier by as much as one day at most). 

During each nest visit the following attributes we re recorded: date of laying and egg size, clutch 

size, egg losses, hatching date, chick growth, fledging rates and/or chick mortality. Breeding 

phases analyzed in this study in chronological order were (1) incubation, (2) hatching, (3) chick 

care (first 40 days after hatching) and (4) fledging (chick care within colony > 40 d). ‘Active 

breeders’ were involved in any of these four phases of egg/chick care. Individuals that lost eggs or 

chicks were considered ‘failed breeders’ from the date that all eggs or chicks were lost.  

 

GPS tracking - Half-way incubation (with completed, incubated clutches), adult breeding 

individuals were trapped at the nest using a walk  in trap, ringed and colour-ringed with a green 

35mm polymethylmethacrylate (PMMA) ring (10mm diameter), on the left tarsus, engraved with a 

white inscription of 4 characters (F.xxx for fema les, M.xxx for males). Adult males are on average 

larger than adult females, and the sexes were separated on the basis of body measurements 

(head plus bill length) with only 5% expected misidentification (Coulson et al. 1983). In 2008 – 

2011, 34 individuals (16 females, 18 males) were tagged with a GPS logger and tracked with the 

UvA-BiTS tracking system (see www.uva-bits.nl for more details about the tracking system). The 

GPS tracker was mounted with a harness on the ba ck of a bird. Birds were released immediately 

after the tag was fitted on the bird. The tracki ng system enables changing the measurement 

frequency while the tag is on the bird. In general a GPS fix was taken every 5 – 15 minutes, 

during the day and night throughout the entire breeding season. Occasionally, high resolution 

measurements were taken (every 3 – 30 s). The tag is powered by four solar cells and a 65 mAh 

lithium polymer battery and gaps in the data occurred when the battery was not sufficiently 

recharged or the GPS timed out before a fix could be made. Trips with data gaps of more than one 

hour duration were omitted from the analysis. Sing le birds of individual pairs were tagged to avoid 

excessive stress during breeding attempts. To obtain some information on the activities of partners 

during incubation, a temperature logger (DS1921G Thermochron iButton, Maxim, USA) was placed 

in the nest that recorded nest temperature every 15 minutes. 

 

Ethical notes –  Following recommendations by Casper (2009), potential impact on the birds due 

to instrumentation with the GPS tags was minimised. During tagging, we captured single birds at 

the time, using a nest cage, which was continuously monitored and removed if the bird did not 

enter the trap within 20 minutes (considered "trap-shy"). Attempts to capture "trap-shy birds" 

were repeated no more than once (hours late r, or the next day), before an attempt was 

abandoned altogether. Once a bird was trapped it was removed from the cage, carried in a dark 

bag (obstructing views to the outside), and im mediately ringed, measured and weighed by a 

licensed ringer (<5 minutes handling time). During tagging, the bird was restrained by an 

assistant (holding wings, tail and feet together in one hand, head and bill in the other hand, while 

blindfolding the bird with a ringing bag while care fully preventing a blockade of the airways), and 

the harness adjusted to individual size and deploy ed by the ringer. After rigorous checks of the 

attachment (no restriction of wing movements and ot her body parts, proper fit of straps) the bird 

was released within 15-20 min after being captured (total handling, including ringing). The mass of 

the 18g tag amounted to 2.1% of the body ma ss of the average tagged individual (mean mass 

862.5 ± 99g), or 2.8% of the body mass of the smal lest tagged individual (650g). Birds normally 

returned to the nest within 1-2 hours after taggin g. The loggers were retained on the birds after 

the breeding season to monitor migratory movements and wintering locations for at least one 

year. Once loggers stopped functioning they were removed if the bird could be recaptured. 

Removed loggers show only minor abrasion of back coverts and downy feathers, with no major 
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skin lesions. In the first year of study, one bird  was entangled in the harness and died a few days 

after release. The tagging protocols were subseque ntly reviewed and revised to ensure that the 

risk for entanglements was further minimised, and there were no further problems with the 

harness recorded. In the field studies, we did not observe abnormal behaviour by tagged birds; 

furthermore they did not abandon nests and conti nued to breed. However return rates the next 

year were slightly lower than controls (this paper). The disturbance of the colony during visits 

were minimized by using a small team that stayed together on all occasions and by shortening the 

visits to enclosures (and nest sites) by swiftly removing chicks from the pens, measuring them at 

distance in a quiet area, and by swiftly returning them after that. The effect of this procedure had 

been monitored from a hide in the 2007 seasons, showing that the effects of these disturbances 

were minimal (van Nus 2007). 

 

Chick growth -  Enclosures were visited every third day, and all chicks were captured, measured, 

weighed and returned to the enclosure (or collected when found dead). Gallego Garcia (2008) 

tested four growth models to describe changes in body mass and structural size with age of chicks 

of Lesser Black-backed Gulls at Texel. The best fitting growth model for body mass (using Akaike’s 

information criterium, AIC), was a logistic growth model with 3 parameters: 

ktb
a

y ����
� 

�"1  

where y is the mass (g) at time t  (d), a is the upper asymptote (g), b is the value of t  at the point 

of inflection of the curve and k is the growth rate. The logistic growth model predicts accelerating 

growth of chicks at an early age (which occurre d between 5 and 20d of age in the data; Gallego 

Garcia 2008). Reduced growth rates occurred in older chicks. We used age-specific chick growth 

rates (g d -1 ) measured when (or within a day) parents departed or returned from exceptional trips 

and during normal trips. The measurements around departure would indicate if chicks at that time 

were in a poor condition or if they developed normally according to the growth model. Growth 

rates that coincided with returns (again within 1 day) were seen as indicators of trends in chick 

growth during exceptional absences of the part ner carrying a logger. These growth rates were 

calculated on the basis of mass differences between subsequent measurements (3 d).  

 

Data processing -  Following Camphuysen et al. (under review), the time-series of single GPS-

points were grouped into three types of activity bo uts per individual bird: ‘nest bouts’, ‘short trips’ 

and ‘long trips’. We defined a ‘nest bout’ as a continuous period where an individual stays at its 

nest or territory (i.e. continuously within a circle with a 150 m radius around the nest, which is 

within the dune valley where the colony is located). We define a ‘short trip’ as a continuous period 

where an individual moves out of the 150 m circle but stays within a 3 km radius from the nest 

before returning to the nest (beaches, roosts and bathing places, but no important foraging areas 

within this ring). And finally we define a ‘long trip’ as a continuous period where an individual 

moves out of the 150 m circle and travels more than 3 km from the nest before returning (a long 

trip begins once the distance from the nest was >150m and ended once the bird was �”  150 m 

from the nest). Within the 3 km zone the birds sp end almost all their time on bathing and resting, 

while foraging occurred nearly exclusively outside of the 3 km zone. The analysis for this 

contribution was based on completely logged ‘lon g trips’ only (i.e. excluding trips that were 

interrupted as a result of battery failures). If  the breeding status of the individual bird was 

uncertain, these data were removed from further analysis: The current analysis is based on 2199 

‘long trips’ performed by 34 different individuals, known to be either actively breeding or to have 

failed, during April-August, 2008-2011.  

 

Terminology -  For each individual data point (GPS position) we assessed the (great circle) 

distance (km) to the nest. For each trip, we calculated the total duration (h) of a trip and the 
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range as the maximum distance to the nest (km). After assessing duration and range of all 2199 

logged foraging trips, the upper 1% of each parameter were defined as ‘exceptional trips’. ‘Normal 

trips’ were all foraging trips that fell within 99% of trip durations or ranges. After preliminary 

analysis we included an extra class of trips, these were trips that were not only exceptionally long 

but also covered highly unusual distances (>250km  from the nest) and were labeled as ‘freak 

trips’. Summary of trip definitions: 

 

�x Range maximum distance (km) from the nest per trip 

�x Duration duration (h) of trip from time it left the territory to the time it returned 

�x Short trip range <3 km from territory (presumed roost visit) 

�x Long trip range >3 km from territory (presumed foraging trip) 

�x Normal trip 99 th  percentile of duration or range of long trips  

�x Exceptional trip >99 th  percentile of duration or range of long trips  

�x Freak trip exceptional trip, but with a range >250 km  

 

Data analysis -  We tested differences in the duration (h) and range (km) of normal long trips 

between sexes within each breeding phase and wi thin each sex between breeding phases with a 

Student’s t -test. Differences between observed and ex pected frequencies of exceptional trips 

between sexes and between birds of different reproductive status were evaluated with an adjusted 

G-statistic (G adj , Sokal & Rohlf 1981). Differences in habitat use on long trips (normal versus 

exceptional), based on the time spent (h) during long trips on the North Sea, within the Wadden 

Sea, on the Continental mainland (Netherlands, Germany, Belgium and France), within the United 

Kingdom, or on the island Texel were also evaluated with a G-statistic, comparing observed time 

budgets during exceptional trips with expected values based on normal trips conducted by the 

same individual birds. 

We plotted and modeled chick growth rates (g d -1 ) against age (d) for all chicks with 

parents carrying GPS loggers. Chick growth rates that coincided with ‘exceptional trips’ were 

compared with those measured when foraging trips were ‘normal’ using an analysis of covariance 

(ANCOVA). Differences in age distributions of chicks under care during ‘normal trips’ and chicks 

cared for during ‘exceptional trips’ were investigated with a two-sample Kolmogorov-Smirnov test. 

 

Results 

 

Foraging trip characteristics -  In active breeding birds, nearly two–thirds of all trips had a total 

duration of less than 6 hours (69% in females, n= 1013; 57% in males, n= 866), while nearly all 

trips were complete within one day (98% in females, 97% in males). Trip durations were similar 

during the egg and the chick phase, within each sex (males: t 406.3  = 2.150, P = 0.03, females t 977.0  

= 0.762, P = 0.45), but failed breeders made highly variable, but on average significantly longer 

trips (chick phase versus failed breeders, males: t 190.4 = -3.694, P< 0.001; females t 185.7 = -4.230, 

P< 0.001). Slightly less than half of all recorded trips in failed breeders had a duration of <6 hours 

(51% in females, n= 176; 44% in males, n= 144), while 85% of the trips in both sexes were 

completed within 24 hours. Only 25 trips (n= 2199) had a duration of more than 48 hours 

(‘exceptionally long’; Fig. 8.1A). 

In active breeding females, 80% of all foraging trips were within 30km of the nest (n= 

1013), while only 45% of the trips logged for males remained within that short range of the colony 

(n= 866). Nearly all trips of both sexes, however, remained within a maximum distance of 100km 

from the nest site (99% in breeding females and in males). Adult males travelled significantly 

further away from the nest site than females during the egg phase (mean ± SD 30.6 ± 34.7km, 

n= 256 for males, 17.2 ± 12.8 km, n= 325 for females; t 310.2 = -5.871, P< 0.001) and during chick 

care (32.8 ± 19.5km, n= 610 for males, 21.5 ± 23.1km, n= 688 for females; t 1233.6 = -8.537, P< 

0.001). In females that had failed as breeding birds, 67% of all foraging trips were within 30 km of 

the nest (n= 176), while 50% of the trips logged for males remained within that short range of the 
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colony (n= 144). The mean trip range was similar between the sexes in failed breeders 

(34.2±35.0 km, n= 144 for males, 27.0 ± 51.9km, n= 176 for females;  t 307.5 = -1.479, P= 0.14), 

and just as in the active breeding birds, nearly all trips of failed birds from both sexes remained 

within a maximum distance of 100k m from the nest site (98% in females and in males). Only 21 

trips (n= 2199) had a maximum distance of more than 100km (‘exceptionally distant’; Fig. 8.1B). 

 

Exceptional trips -  The distribution of all long trips according to range and duration is 

summarized in Table 8.1. In total 38 trips were designated as exceptional or freak trips (8x 

exceptionally long and  distant, 17x long but nearby, 13x sh ort but distant; Figs. 2-3). The number 

of exceptional trips (38 in total) recorded per year was in accordance with expectations based on 

the annual total number of foraging trips (G adj = 0.92, df= 3, n.s.). Exceptional trips were 

particularly rare in birds engaged in incubation (1 case observed, 10 expected), commoner during 

chick care (18/23), but more frequent than expected in failed breeding birds (19/5; G adj  = 15.8, 

df= 2, P<  0.001). Trips of an exceptional duration (irrespective of range; n= 25) were logged for 

males and females according to expectation given the number of documented trips for either sex. 

However, exceptionally long trips were significantly more frequent in failed breeders (18 observed 

cases, 4 expected) than in active breeders (7 cases, 21 expected; G adj = 17.5, df=1, P<  0.001). 

 

Table 8.1. Foraging trips (n= 2199) sorted by range (max distance to nest, km) and duration (h), for breeding 

females and males (left) and for failed birds (right). Trips in shaded area are of exceptional range (>100km), 

long duration (>48 h), or both. 

Breeding 

females  

<
1 h 

1-6 h 

6-12 h 

12-18 h 

18-24 h 

24-48 h 

48-96 h 

>
96 h 

�¶ 

Failed 

females  

<
1 h 

1-6 h 

6-12 h 

12-18 h 

18-24 h 

24-48 h 

48-96 h 

>
96 h 

�¶ 

0-10 km 46 262 33  2         343    1 49  9 2         61  

10-20 km 5 245 51  16 2 2     321    1 23  10  4   1     39  

20-30 km   79 49  10 1 2     141      6 7 2 2       17  

30-40 km   51 40  16 5 2     114      9 11  1 3 11 4   39  

40-50 km   8 17  11 3 1     40        3 1 2 3 2   11  

50-60 km   2 10  4 3       19      1 2 1     1   5 

60-70 km   1 3 2 2 2 1   11                    0 

70-80 km     5 4 2 1     12              1     1 

80-90 km     1     2     3                   0 

90-100 km       1         1                   0 

100-250 km       3   3 1   7                   0 

>250 km               1 1                 3 3 

�¶ 51 648 209  69 18 15 2 1 1013    2 88  42  11 7 16 7 3 176  

Breeding 

males 

<
1 h 

1-6 h 

6-12 h 

12-18 h 

18-24 h 

24-48 h 

48-96 h 

>
96 h 

�¶ 

Failed 

males 

<
1 h 

1-6 h 

6-12 h 

12-18 h 

18-24 h 

24-48 h 

48-96 h 

>
96 h 

�¶ 

0-10 km 26 71 3           100    1 20  4 2   1     28  

10-20 km 2 139 14  2         157      17  2 4     1   24  

20-30 km   96 31  2 2 1     132      11  3 3 1 2     20  

30-40 km   120 88  27 8 2     245      10  6 3 3 2     24  

40-50 km   29 46  23 8 8     114      4 8 3 2 4     21  

50-60 km   8 28  9 7 3 1   56        1 4 4 3 3   15  

60-70 km   2 16  3 3 2 1   27        2 2 1       5 

70-80 km   3 4 5 7 4 1   24        1       1   2 

80-90 km   1 1 1   1     4             1 1   2 

90-100 km                 0                   0 

100-250 km     1 2 1 2     6             1 2   3 

>250 km             1   1                   0 

�¶ 28 469 232  74 36 23 4 0 866    1 62  27  21 11 14 8 0 144  

 
Trips spanning an exceptional range (irrespec tive of duration; n= 21) were logged for 

males and females, active breeders and failed birds, according to expectation given the number of 

documented trips for either sex or reproductive status. Distant trips were slightly more frequent 
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than expected in failed birds relative to active breeders, but the difference was not significant 

(G adj = 1.17, df=1, n.s.). A total of 16 trips covered maximum distances between 100 and 250 km 

from the nest and these involved 7 breeding females, 6 breeding males, and 3 failed males. Of 

these trips, 13 were completed within 48 hours (12 by breeding birds, one by a failed bird), the 

other three trips took up to 74 hours (3.1d) to be completed (overall mean trip duration 31.2 ± 

19.2h; range 12-74h, n= 16). All 19 exceptional trips by failed breeders had a relatively long 

duration, but 10 trips remained within a normal distance range. In contrast, only one out of 19 

exceptional trips by active breeders were within normal range (1 long and nearby, 3 short and 

distant, 15 long and distant). 

 

Table 8.2. Exceptional foragi ng trips by active breeding birds (n= 19), in cluding 2 “freak trips” (see Fig. 8.3). 

Listed are colour-ring code of bird carrying GPS logge r, duration (h) and range (km) of exceptional trip, 

mean±SD duration (h) and range (km) and total number (n) of ‘normal’ trips by that same individual, age (d) 

and number of chicks at departure, mean growth rate (g d -1 ) of the chicks around departure and body mass 

developments (plus trend) measured after the exceptional trip (n.d. = no data). The number of fledglings for 

each breeding attempt is provided in the far right column. 

  Exceptional trip   Normal trips (mean±SD)  Chicks Growth rates (g d -1 ) n 

Ring Duration Distance   Duration (h) Distance (km) n=  age (n) Dep Return trend 1 fledged 

F.AAU 13.3h 132km  5.0±6.0 17.7±13.8 88  26-27 (3) +41.0 n.d. �� 2 

 46.8h 136km      27-28 (3) n.d. +7.9 ��  

F.ABN 35.6h 139km  7.3±6.6 23.7±17.5 73  33 (1) -4.3 n.d. ? 1 

F.AKK 2 194.7h 357km  4.9±4.3 23.2±12.3 89  32 (1) +38.3 +62.0 3 �� 1 

F.AKN 50.2h 61km  7.4±5.9 25.5±15.3 64  12-13 (2) +28.5 +18.9 �� 2 

F.AKV 13.6h 105km  4.9±4.0 23.0±18.0 101  13-14 (3) +14.3 +33.1 �� 2 

 16.1h 124km      19-20 (3) -4.2 +40.5 ��  

 25.4h 169km      34 (2) +0.5 +13.3 ��  

F.APP 62.1h 105km  4.7±4.0 16.7±17.2 57  15-16 (2) n.d. n.d. ? 0 

M.ACV 67.5h 68km  8.8±6.9 26.8±14.4 32  8 (1) +18.0 † �� 0 

M.AMJ 16.3h 101km  6.8±5.3 33.5±15.0 296  36 (1) -12.7 n.d. ? 2 

 52.9h 75km      54 (1) n.d. n.d.   

M.AMK 30.3h 109km  3.8±3.0 23.1±15.9 96  17 (1) +19.0 +31.0 �� 1 

 26.3h 115km      37 (1) +8.0 -23.3 ��  

M.AMP 21.9h 105km  4.6±4.1 24.1±17.2 80  17 (1) -3.0 48.0 �� 1 

 10.8h 111km      20 (1) +48.0 -1.0 ��  

 16.6h 112km      28 (1) +5.5 +5.0 ��  

M.APJ 84.1h 58km  6.3±6.0 25.7±16.5 92  52 (1) n.d. n.d.  1 

M.APN2 89.7h 533km  8.2±6.6 35.5±17.8 29  (eggs) n.d. n.d.  0 
1) �� = substantial mass gain, �� stabilized mass, �� substantial mass loss, † death; 2) Freak trips: very distant and very long; 3) 

Marked mass increase prior to return  points at compensatory behavior of partner 
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Fig. 8.1. (A) Trip duration (h) and (B) trip range (maximum distance away from the nest, km) in Lesser Black-

backed Gulls, including actively breeding females (Fbr , n= 1013 trips) and males (Mbr, n= 866) and in failed 

breeders (Ffail, n= 176; Mfail, n= 144). 

 

Within this dataset, five “freak trips” were identified (0.2%, n= 2199; Fig. 8.3). Three of 

these trips were documented for two females that were failed breeders at the time of the trips 

(colour-ring codes F.AAW and F.APP (2x), duration  5.0-7.3d, trips across the southern North Sea 
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into England, maximum distance 409km). The othe r trips were completed by an incubating male 

(colour-ring code M.APN; duration 3.7d, range 533 km and into the English Channel) and a female 

during chick care (colour-ring code F.AKK, prior to fledging of the chick; duration 8.1d, range 

357km and into northern France). 
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Fig. 8.2. Exceptional trips by Lesser Black-backed Gulls (duration >48 hours and/or distance 100-250 km 

distance from the nest site), left active breeders (n= 17 trips), right failed breeders (n= 16 trips); 2008-2011. 

The colony at Texel is indicated with an asterisk; WS = Wadden Sea. 
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Fig. 8.3. “Freak trips” of Lesser Black-

backed Gulls (>250 km distance from 

the nest site and duration > 48 h, n= 

5). Colour-ring codes, breeding status 

and total duration (d) are indicated for 

each trip. The colony at Texel is 

indicated with an asterisk. 

 

Exceptional trips by active breeding birds - Twelve different individuals (6 males, 6 females) 

embarked on 19 exceptional or freak foraging trips during active breeding (egg- or chick care; 

Table 8.2). One trip was in the egg phase and all other trips were during chick care. In the earliest 

phase of chick care (chicks <10d old), exceptional trips were still rare (a single case: an 8 d old 

chick that died during the absence of the parent; Table 8.2). The majority of the exceptional trips 

occurred when chicks under care were more than 10 days old and the age distribution of chicks 

during normal trips was significantly different from the age distribution of chicks during exceptional 

trips (Two-sample Kolmogorov-Smirnov test D = 0.36, P- =  0.004). Nine of these 12 pairs 
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managed to fledge young (75%; Table 8.2), and among those that failed were pairs in which 

exceptional trips occurred in the egg phas e and in the very early chick phase. 

Chick growth rates around departure in the 18 exceptional trips that occurred during chick 

care were positive on nine occasions, negative or close to zero in five cases, and unknown in the 

other four trips. Chick growth rates associated with the return of parents that had conducted an 

exceptional trip were positive in nine cases, negative in three cases (including one chick that had 

died), and unknown in six cases. Growth rates asso ciated with departures of exceptional trips (fil-

led circles) and chick growth rates associated with ‘normal’ trips (open circles) are plotted against 

chick age (Fig. 8.4). The distribution of growth rate s measured at the start of 'exceptional trips' did 

not deviate from growth rates measur ed during ‘normal’ trips (ANCOVA, F3, 390 = 1.242, P > 0.05). 

 

y��=���r0.02x2 +��0.74x��+��11.3
R²��=��0.04

�r60

�r40

�r20

0

20

40

60

80

0 10 20 30 40 5

G
ro

w
th

��ra
te

��(g
��d

�r1
)

Chick��age��(d)

0

10

20

30

40

50

60

70

80

90

100

F��Breeding��
Normal

F��Breeding��
Exceptional

M��Breeding��
Normal

M��Breeding��
Exceptional

Failed��
Exceptional

%
��o

f��f
o

ra
gi

n
g��t

im
e Texel��inland

Mainland��in

Wadden��Sea

North��Sea

Fig. 8.4. Chick growth rates (g d -1 ) with 

chick age (d), measured at 3-day intervals 

for nests with single parents carrying a 

GPS device. Growth rates for chicks at the 

start of exceptional trips and freak trips 

are indicated by filled symbols. 

Fig. 8.5. Time spent (%) in terrestrial habitats on Texel or the 

Continental mainland, or within marine habitats in the Wadden 

Sea and the North Sea during ‘normal’ and ‘exceptional’ trips by 

Lesser Black-backed Gulls, male and females separated for active 

breeders, sexes combined for ‘exceptional trips’ in failed 

breeders. In failed breeders, 8% of  the time was spent on land in 

the UK (included in “Mainland inland”). 

 

Habitat choice - Considering all logged foraging trips (2008-2011), actively breeding Lesser 

Black-backed Gulls concentrated their efforts on the North Sea (52.7%), followed by the 

Continental mainland (18.9%), the island Texel itself (14.6%), and the Wadden Sea (13.8%, n= 

12,128h of trip time). Failed breeders spent more time on land during foraging trips in which they 

continued to visit the colony at regular intervals (North Sea 42.5%, terrestrial habitats on 

Continental mainland and in UK 40.3%, Texel 10.5%, Wadden Sea 6.7%; n= 4296h of trip time). 

Active breeders engaging in exceptional trips spent more time on the North Sea than they 

normally would, but in failed birds, individuals spent more time on land (Figs. 2, 5). The observed 

difference in time spent in the four main foraging habitats on normal trips versus exceptional trips 

was particularly strong in females (G adj = 117.8, df=3, P<0.001), but highly significant also for 

males (G adj = 33.0, df=3, P<0.001; Fig. 8.5). In breeding females, the time spent at sea during 

exceptional trips came mainly at the expense of time spent within the Wadden Sea and on Texel, 

but the relative time spent on the Continental mainland increased (a total time budget very similar 

to males on ‘normal trips’), while in breeding males the increase in time spent at sea came at the 

expense of all other habitats (Fig. 8.5). 

 

Partner response -  Compensatory behavior by the partners was difficult to demonstrate with a 

3-day interval of chick measurements (most exceptional trips during breeding were <72h in 

duration; Table 8.2). During the freak trip perfor med by male M.APN during incubation (duration 

3.7d), however, the nest temperature remained more or less constant and well above ambient 

temperature (nest temperature logger data), indicating that his partner had fully compensated for 
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his absence. During a freak trip conducted by female F.AKK that lasted more than one week 

(duration 8.1d, range 357km), an initial body mass decline in the single chick under care shortly 

after departure was followed by a marked growth spurt (body mass increase) prior to the return of 

the female parent, that must have been entirely caused by prey deliveries by the male partner 

(full compensation). 

 

Discussion 

 

Many earlier tracking studies have produced as tonishing and often unexpected results regarding 

the duration and range of foraging trips by seabirds (Benvenuti et al. 1998, Prince et al. 1998, 

Birdlife International 2004, Casey 2005). Data logg ers revealed that many animals travel further, 

dive deeper and apparently work harder than anyone ever had imagined and researchers may 

have had to reconsider traditional concepts and methods of estimating of home range and space 

use (Burt 1943; Kie et al. 2010). In the current study, we were particularly interested in the 

outliers; unusually long or distant foraging trips in comparison with the majority of trips conducted 

by a species. An overwhelming majority of the fo raging trips of Lesser Black-backed Gulls breeding 

in one of the largest colonies in the Wadden Sea were within 80 km from the nest with a trip 

duration of (considerably) less than 48 hours (Fig. 8.1). Multi-day trips, certainly those beyond 

100km from the colony, were rare. Our data show th at trips of anomalously long duration or range 

were not the exclusive domain of failed breeders. For active breeders, trips of an exceptionally 

long duration could be risky (chicks unguarded  for longer periods), while trips covering a 

particularly long distance could be at a higher cost to the adult, if energy expenditure would 

increase per unit time. We therefore focus the discussion on the exceptional trips by active 

breeders: what could have been the incentive, and what was the effect of the absences? 

Foraging trips in breeding birds serve two pr ominent needs: self-maintenance (including 

rest, personal care and self-provisioning) and chick provisioning. In species with bi-parental care, 

the decision to return to the nest by any one parent is a compromise between an animal's own 

needs and foraging success, the energetic requiremen ts of chicks under care, and the necessity to 

relieve the mate attending the clutch or chicks. This decision will be different in different phases of 

the breeding season: nest attendance is more urge ntly required during incubation (to keep eggs 

warm and guard from predation) and early chick phase (to guard and protect chicks from 

predation) than when chicks are close to fledging. If the participation of both parents is necessary 

for the breeding attempt to be successful, then parents should either compensate for decreased 

partner effort, or abandon the breeding attempt altogether (Jones et al. 2002).  

 

Long trips to meet urgent needs of the offspring?  - One reason for particularly long or distant 

foraging trips would be an urgent need to find adequate food for starving chicks that cannot be 

obtained in the traditional way (on “normal trips”): a chick starvation hypothesis. If the underlying 

problem would be local depletion, we would expe ct many active breeders to respond and change 

their foraging behavior. We have no evidence for concerted action indicating a colony wide 

response to prey depletion, and the exceptional trips were recorded irregularly in all study seasons 

and all phases of breeding. Individual speciali zations (in prey choice or feeding grounds), 

experience, or competitive abilities could lead to differences between pairs in chick condition. We 

assumed that disruptions in chick growth would pr ovide indications of pair-specific reductions in 

chick provisioning in such cases. Body mass losses of the offspring, or reduced growth could 

trigger exceptional action. Our chick measurements suggest that while some trips occurred when 

growth rates of the offspring were low, the majo rity of the well-documented trips occurred when 

growth rates were favorable (Table 8.2). Periodic declines in chick growth were very common in 

this colony (Fig. 8.5), and only four exceptional trips commenced when chicks were actually losing 

weight. The distribution of chick growth rates corrected for chick age during departures of 

exceptional trips was not different from that during normal trips. Arguably, our selection of 
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‘exceptionality’ based on trip duration and distance may be a poor indicator for parental responses 

to food-stressed chicks. Increasing foraging effort in areas with ‘richer’ prey could be another 

parental response. In this study, active breeding birds spent more time at sea during exceptional 

trips than during normal trips (Camphuysen et al. under review), suggesting an increase in the 

proportion of marine prey items. However, ba sed on the chick growth rates before and after 

exceptional trips and in comparison to normal trips, we can only reject the chick starvation 

hypothesis as an explanation for the occurrence of most exceptional trips. 

 

Long trips for self -provisioning?  - If the exceptional trips of the Lesser Black-backed Gulls in 

the present study were mainly for self-maintenance  and the restoration of individual reserves, we 

could understand an increase in duration (extra care, extra self-provisioning as a time consuming 

factor). Why a trip should cover an exceptional range is less clear, however, except when this 

would lead to highly profitable feeding conditions, better than anything nearer the colony. 

Weimerskirch et al. (2003) found that Blue Petrels ( Halobaena caerulea ) alternated short foraging 

trips where they maximized food provisioning to chicks with long trips where the adults gained 

mass themselves. A similar strategy was also found in Wandering Albatrosses ( Diomedea exulans ), 

where adults initiated long trips when their mass declined (Weimerskirch et al. 1997). It would 

have been very useful to measure individual condition of the Lesser Black-backed Gulls tagged at 

Texel around departure and return (for example by weighing the adult birds), but that data is not 

available and would be difficult to collect without excessive disturbance. Long and distant trips, to 

explore alternative resources of food, at some di stance to the most hectic of feeding frenzies 

nearer the colony, could suffice to restore rese rves. Covering an exceptionally large distance and  

fight hard for prey would be an energetically expensive ‘solution’ to restore personal resources. 

However, the tracking data have al so revealed that not all time spent at sea is used to forage and 

feed, but also to (seemingly) rest while afloat for hours on end (Shamoun-Baranes et al. 2010). 

Allocating time to rest on such trips could be an important aspect in the process of individual 

recovery from a stressful period. 

Failed breeders, even those that keep frequent ing the colony, often congregate on roosts, 

sometimes at considerable distances from the colony (in case of Texel, often on beaches and 

agricultural land on the Continental mainland). Sleeping, preening and molting are key activities 

on such sites. The increase in time spent on land  in failed breeders (including those on exceptional 

trips; Figs. 2, 4) is consistent with these field observations. The sympatric breeding Herring Gulls 

Larus argentatus  more or less avoid trips to the North Sea during the most intense period of post-

nuptial (complete) molt (Jul-Sep; Camphuysen & Leopold 1994), probably because flight capacities 

are temporarily reduced (Hedenström & Sunada 1999). A similar inclination could emerge in 

Lesser Black-backed Gulls when the nesting attempt had failed: rest and personal care, molt and 

incidental colony visits, with a reduced incentive to forage at sea.  

 

Consequences for the chicks -  Our results indicate that most exceptional trips conducted by 

active breeders occurred when chicks were older than 10 days, which is after their most vulnerable 

period. Birds that performed trips earlier (eggs or  young chicks) failed to fledge any offspring. 

Breeding failure was a common outcome of breeding attempts at Texel in recent years. Out of 225 

pairs monitored during chick care (2006-2011), only 73 (32%) managed to fledge offspring 

(Camphuysen & Gronert 2010a, updated with 2011 data). Of 34 pairs with one parent bird 

carrying a GPS logger, 14 pairs (41%) fledged young. In the 20 birds that failed to raise chicks, 

only three conducted exceptional trips, while in 14 individuals that did fledge chicks, nine made at 

least one exceptional trip (G adj  = 2.71, df=1, P> 0.05). This would suggest that even if exceptional 

trips are not immediately beneficial for the young, they do not necessarily have a negative impact 

on the breeding attempt. Our sample size is sma ll, but the results suggest that exceptional trips 

are postponed until the risks for chicks to remain unguarded have declined. 
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Consequences for the partner -  In species with bi-parental care, there will often be a conflict of 

interest between the male and the female over the division of incubation, chick-provisioning and 

care (guarding). With limited resources to divide among reproduction, growth, and self-

maintenance, this generally results in a trade-off for individual parents between current and future 

reproductive success (Stearns 1992, Jones et al. 2002). At Texel, at least in recent years, the risk 

for breeding Lesser Black-backed Gulls to lose eggs or chicks is very high; cannibalism is a 

widespread problem in this colony ( �§54% of the young lost through predation) and breeding 

success is very low (Camphuysen & Gronert 2010a). Fairly frequent periodic and collective declines 

in growth rates of chicks and rather high rates of starvation (an additional �§23% of the chicks 

starved to death; Camphuysen & Gronert 2010a) sugge st that food is not always plentiful around 

Texel. In other words, in this colony there is a high risk of breeding failure with only a small 

decrease in parental effort. 

Many models of bi-parental care assume that breeding success is a continuously increasing 

but decelerating function of parental effort (above  a certain level of care, chick survival increases 

by diminishing amounts as combined parental effort increases). Alternative models have been 

proposed suggesting that in certain situations breeding success may be an accelerating function of 

biparental care (Winkler 1987, Ratnieks et al. 1996, Jones et al. 2002) and a small decrease in 

parental effort would could result in a high chance of breeding failure. It is in these cases that 

parents should fully compensate for their partner unless their condition falls below a certain 

threshold. Such a system can be expected in a dense seabird colony with a high predation level 

such as the colony in this study. If chick atte ndance is a key issue in the success of breeding 

attempts, the distance covered during an exceptional trip is of lesser importance (flight speeds 

over 70 km h -1  have been logged during our studies), but trip duration is important. Camphuysen 

(et al. under review) showed that males carrying GPS loggers tended to make significantly longer 

foraging trips, alternating with significantly long er bouts of nest attendance, than females in all 

stages of breeding (in failed breeders only the dura tion of nest bouts). If these differences persist 

within pairs, it is unavoidable that eggs and chicks are unattended at times. Thus during 

exceptional trips by any one of the partners, mates are expected to compensate for these 

absences by increasing the time spent within th e colony, at the expense of self-maintenance and 

provisioning. Compensation may be partial (which is considered evolutionary stable in bi-parental 

care), or, as Jones et al. (2002) suggest for such systems, complete unless partners reach their 

abandonment threshold.  

It is a serious flaw in our project that only one parent per pair had been tagged, but some 

of our data do demonstrate that partners did indeed compensate for prolonged absences of their 

mates (‘freak trips’ by incubating male M.APN and by female F.AKK during late chick care). Few of 

our exceptional trips were long enough to enable us to prove that partners compensated for the 

absences in terms of provisioning, and our nest sampling schedule was too coarse to monitor the 

effect of incoming parents after long excursions. Gi ven that the colony is food-stressed as a whole, 

mono-parental care is probably insufficient to raise chicks, but our data suggest that none or few 

of the absences have been disastrous for the breed ing attempts. In future studies we will have to 

reconsider the need to tag both partners at a nest, in order to shed more light on compensating 

behavior of partners facing exceptional trips performed by their mate. 

 

The effect of tags -  If the tags themselves would cause tr ouble, such that tagged birds made 

extraordinary foraging trips, is an issue that is difficult to test in the absence of controls. Phillips et 

al. (2003) examined the effects of satellite tag deployment in albatrosses and found that some 

individuals slightly extended their foraging trips, but affected birds nonetheless commuted to 

representative foraging areas. Other studies of albatrosses and petrels recorded extended trip 

durations and, in some cases, high rates of nest desertion following PTT attachment (literature 

review by Phillips et al. 2003). Breeding success and fledging rates of our study birds were not 

significantly different from control pairs (this st udy), but return rates of tagged birds (based on 

color ring re-sightings and logger data; 2008-2010 67%, n= 28) to the colony one year later were 
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lower than expected from assessments of apparent survival ( �3= 0.87 ± 0.02) and detection 

probabilities (p= 0.94, ± 0.18) within the colony (Camphuyse n & Gronert 2012). Annual survival 

or return rates were apparently compromised in birds carrying GPS loggers. All recorded 

exceptional trips in our gulls, however, were isolated anomalies in otherwise “rhythmic” foraging 

routines (numerous shorter, less distant trips). Thus, these trips can be seen as sporadic incidents 

rather than continuous signals of prolonged physic al stress. We did not find a negative correlation 

between breeding results and the occurrence of  exceptional excursions, which would have 

supported the hypothesis of physical stress. Loggers (just as any other attachments) are likely to 

have at least some handicapping effect on the birds involved, however, and abnormal behavior 

induced by devices such as these can never be completely excluded. 

 

In summary - The exceptional trips and freak trips as defined in this study were difficult to 

predict (for us), with likely repercussions for the partners. Anomalous trips occurred in active 

breeders as well as in failed birds. The exact characteristics of these trips were different between 

failed birds and active breeders, with an increased attention to marine resources in breeding birds 

as an important feature. From the data gathered in this study, we hypothesize that self 

preservation is an important trigger of exceptionally long/distant foraging trips and not the urgent 

needs of the offspring. Parents seemingly avoided the early phase of chick care, when chicks are 

most vulnerable for intra-specific attacks (cannibalism) within the colony. In future studies we 

propose that other, more modest deviations from “normal” routine flights are investigated in the 

context of chick growth rates with the highest possible resolution on the individual level. What is 

an extravagant action for one bird may be a defaul t strategy for another. Evidently, optimality in 

foraging behavior is more than feeding efficiently and cutting foraging trip time as short as 

possible to rejoin the chicks. 

 

 

 

 

Territorial Lesser Black-backed Gull carrying GPS logger and colour-ring, shortly after release (CJ Camphuysen) 
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Lesser Black-backed Gull carrying GPS logger in fl ight, 20 June 2009, Kelderhuispolder (CJ Camphuysen) 
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Abstract  Intra-population niche variation means that indivi duals within the same population are subject to 

different selective pres sures, which can be beneficial in periods of environmental change. Inter-pair dietary 

specialisations were studied empirically and related to fecundity parameters in a generalist seabird recovering 

from a multi-decadal population crash. The overall diet ary spectrum and the level and incidence of dietary 

specialisations changed when the energetic demands increa sed during chick care. Prio r to hatching, most pairs 

focussed entirely on bivalve prey, but 25% of the pair s had distinct dietary biases . During chick care, both 

chick growth and fledging rates were positively correlate d with the amount of fish prey provided. Prey spectra 

diversified overall during chick care and fewer specialists were detected. Particularly low chick growth rates 

were found in pairs that had a diet ary bias towards crustacean prey.  

 

Key words:  Dietary specialization, intra-population niche variation, generalist feeders, fecundity, foraging 

strategies 

 

Introduction 

 

Many apparently generalised species are in fact composed of specialised individuals that use a 

small subset of the population's resource distribution (Bolnick et al.  2002). Individual specialisation 

has potentially important ecological, evolutionary, and conservation implications (Bolnick et al.  

2003). Individual variation in the diet can affect components of fitness, such as fecundity and 

survival rates and may correlate with factors like timing of reproduction, clutch or litter size, and 

parental quality. It may affect the survival and growth of offspring through differences in 

provisioning rates, the calorific value of certai n prey types, or through the amount of time 

available for parents to stand guard against predators (Watanuki 1992, Irons 1998).  

Intra-population niche variation means that in dividuals within the same population can be 

subject to different selective pressures. “Phenotypically intermediate” individuals may experience 

stronger intraspecific competition and hence have lower fitness than dietary specialised 

conspecifics. The effect of individual specialisation is of particular interest when studying 

populations stressed by major environmental changes. Over a six year study period, patterns and 

biases in diet choice were investigated in relation to reproductive performance in a generalist 

seabird, the herring gull Larus argentatus in the western Wadden Sea. These herring gulls are 

currently recovering from a prolonged period of po pulation decline, associated with major changes 

in resources (Spaans 1998, van Dijk et al.  2010). Reproductive success was found to vary 

considerably between seasons, but also within seasons between pairs (Spaans & Spaans 1975,  

Spaans  et al.  1987, Camphuysen & Gronert 2010a). There was no a priori  information on the level 

of dietary specialisation that occurred within the study colony, nor on any effects that this could 

have on reproductive success. The study was cond ucted under the expectation that the birds were 

ecological equivalents (Bolnick et al.  2003). 

Variations in diet choice were investigated and related to timing (egg laying), clutch size, 

clutch volume, hatching success, cannibalistic pressure, chick growth and fledging rates. Dietary 

switches may be attributed to changes in the avai lability of resources, or to preferences of the 
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predators themselves and are essentially state dependent (Houston 1993). A marked seasonal 

variation in the diet of wild animals can be ex pected, even within the breeding season itself 

(Spaans 1971, Pierotti & Annett 1987, Annett & Pierotti 1989). During breeding, parents adjust 

foraging efforts to meet the energetic demands of developing offspring. I therefore compared 

dietary specialisations during the pre- and post-hatching periods. 

 

Materials and Methods 

 

Study area - The study was conducted in a breeding colony on the island of Texel, The 

Netherlands (53°00’N, 04°43’E), at the crossroads  of the western Wadden Sea and the southern 

North Sea. Strong tidal currents flow through a narrow passage between the Continental mainland 

and the island, and the main foraging areas include open sea (fish and benthic fauna, including 

fisheries discards), intertidal areas (mudflats and coastal breakwaters exposed at low tide; benthic 

fauna), freshwater ponds, tourist resorts (including restaurants), agricultural land, sewage plants, 

rubbish tips and cities. Within the study area, approximately 11,500 pairs of Lesser Black-backed 

Gulls and just over 5000 pairs of Herring Gulls breed sympatrically.  

 

Reproduction - Breeding data within the colony were collected during April to August over six 

consecutive breeding seasons (2006-2011). To monitor breeding success in the colony, nests were 

marked during egg laying, and marked nests were either monitored until hatching, or, after a 

random selection of nests, enclosed with 50cm high chicken wire to assess chick growth and 

fledging rates (Camphuysen & Gronert 2010a). Nests were visited every third day, throughout the 

breeding season (prospecting to fledging). Duri ng these visits, the following attributes were 

recorded: date of laying and egg size, clutch size, egg losses, hatching date, chick growth, chick 

mortality, and fledging rates. Breeding phases analysed in this study in chronological order were 

(1) prospecting, (2) laying (3) incubation, (4) hatching, (5) chick care (first 40 days after 

hatching) and (5) fledging (chick care within colony >40d). 

Hatchlings were marked with uniquely num bered aluminium rings (replaced by numbered 

stainless steel rings and engraved colour rings just prior to fledging). During enclosure visits, all 

chicks were captured, measured, weighed with an electronic balance to the nearest 2g and 

returned to the enclosure (or collected when dead). Growth rates (g d -1 ) were calculated on the 

basis of mass differences between two measuremen ts and the weighing interval. Chicks were 

considered to have fledged at 40 days of age. Several growth models were tested to describe chick 

growth. The best fitting model (using Akaike’s information criterium, AIC) for body mass in chicks 

of Herring Gulls at Texel, based on pooled measurements collected in 2006-2008, was a logistic 

growth model with 3 parameters: 

ktb
a

y ����
� 

�"1
 

where a is the upper asymptote, b is the value of t  at the point of inflection of the curve, �" for 

Euler’s number and k is the growth rate (Gallego Garcia 2008). Body mass increments accelerated 

a few days after hatching and gradually slowed do wn after 20 days of age (sigmoid growth curve). 

In order to compare growth rates of chicks cared for by parents with different dietary 

specialisations, growth rate (g d -1 ) was defined as the slope of the linear regression line between 5 

and 20 days of age (Oro et al.  1996). This is a period during which the chicks of large gull species 

grow almost linearly (Vermeer 1963, Spaans 1971, Hunt &  Hunt 1976, Gallego Garcia 2008). Only 

chicks that reached 20d of age were used in  this analysis (5 measurements per chick). 

 

Diet - Given that the net result of foraging efforts of both parents combined would affect breeding 

success (Herring Gulls have bi-parental care), th e present study focused on nesting pairs rather 

than on individual birds. The diet study at Texel was based on regurgitated prey (pellets, other 
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regurgitated matter, boluses during handling of the birds or chicks, and chick-feed deliveries; 

Barrett et al.  2007 ) found near the (marked) nests of individual pairs. Pellet analysis has been 

used widely on many species and the method has been tested extensively both with captive birds 

fed known diets, and against other diet study methods (Barrett et al.  2007 and references 

therein). The method is non-invasive, relatively simple and can provide large samples over time. 

“Frequency of occurrence” was used in this study, as recommended by Barrett et al.  (2007), which 

is the percentage (frequency) of pellets (“sample-units”) in which a particular food item occurred. 

Samples were labelled with sample number, ne st number and date and were stored frozen 

prior to analysis. The logged dates were assigned to the nest-specific breeding phase, later simpli-

fied to either “egg-phase” (pre-hatching, collected during prospecting, laying, and incubation) or 

“chick phase” (post-hatching, collected during hatc hing, chick care, and fledging). Nests (individual 

pairs of birds) selected for the analysis yielded at least 10 food samples during one breeding 

season (2006-2011, 172 nests studied, 4119 prey samples collected, mean 23.9 ± 16.1 samples 

per nest, range 10-143). The random selection of nest sites to monitor fledging success made that 

some pairs were included more than once for different seasons. These pairs were treated as 

independent samples (representing the population at large), just as the other pairs. 

Samples were defrosted in the laboratory and food remains were collected and identified 

during a microscopic inspection (Olympus SZ51). All items were identified to the lowest possible 

taxon, measured and quantified (number of individuals) when possible.  Relatively minor problems 

arise in pellet studies as a result of secondary consumption of prey (the pellet may contain 

remains of prey present in the digestive tract of the organism consumed by the bird). The problem 

is probably small, and some evident cases have been excluded from the analysis (Electronic 

Appendix). A second problem is the ‘pollution’ of samples with materials that were blown in by the 

wind ( i.e.  plant seeds from local flora), that were accidentally picked up from the ground while 

sampling (sand, grit, plant material, remains from other pellets), or that were ingested by the bird 

as a vehicle to regurgitate tiny hard parts ( i.e. grasses to help excrete setae of earthworms, jaws 

of Nereid worms, or very small fish bones). Likely prey items such as vegetables, fruits, nuts and 

herbs from human waste materials, all countryside berries, and corn (Triticum, Poaceae and Zea 

mays ) were included, but all other plant remains were excluded from the analysis.  

After identification, prey items were grouped: Insects (including spiders and woodlice for 

convenience), Nematods, Polychaetes, Oligochaetes, Sponges, Echinoderms, Snails, Gastropods, 

Bivalves, Cephalopods, Barnacles, Crustaceans, Ma rine fish, Freshwater fish, Non-passerine birds, 

Passerine birds, Mammals, Plants, Seaweeds, Do mestic refuse, Non-food, and Miscellaneous. The 

prey spectrum of the 172 selected nests was compared with the overall prey spectrum based on all 

samples taken in the colony in these years (n= 5542 samples).  Based on the species 

identifications some further categories could be identified, including common fisheries discards, 

cannibalistic prey, freshwater fish prey, common in tertidal prey, and agricultural land prey. The 

area of origin for individual prey items was assessed as either Marine (North Sea or Wadden Sea), 

Intertidal (Wadden Sea), Terrestrial (the island Texel or the Continental mainland), or 

Anthropogenic (selections in Electronic Appendix). 

To investigate the dietary spectrum of pairs that failed to raise chicks and those that were 

successful, the present study pooled all food samp les collected during chick care for nests that 

fledged young (n= 71 nests, 1428 food samples), for pairs in which all or most chicks were 

predated (n= 19 nests, 113 samples) and for pairs in which most or all chicks had starved to 

death (n= 18 nests, 179 samples). Because of the smaller sample size in failing pairs, only the 

top-4 prey categories were considered and the obse rved frequencies of occurrence of prey types in 

pairs that had failed were compared with an expectation based on the frequency of occurrence of 

prey types in successful pairs. 

 

Statistical analysis - A hierarchical, agglomerative, polythetic cluster analysis in r  ( R Foundation 

for Statistical Computing, version 2.10.1; 2009-12-14 ) was applied to investigate the similarity of 
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individual nests according to their dietary data (Legendre & Legendre 1983, Krebs 1989). The 

analysis was based on grouped diet data, in which the rarest groups were omitted (Terrestrial 

snails, Marine gastropods, Cephalopods, Barnacles, Plants, Seaweeds, and Non-food). The 

frequency of prey items for each individual nest was used as an independent observation. The first 

cluster analysis involved nests that produced sufficiently dietary information prior to hatching 

(mean ± SD 14.0 ± 11.2 prey samples samples, range 5-98), relevant for the egg phase; n= 134 

nests) followed by a second cluster analysis ba sed on nests that had produced sufficient samples 

during chick care and fledging (23.1±12.4, 5-63 prey samples), relevant for the chick phase; n= 

73 nests). Characteristics of the groupings of nests, called the dietary bias , were indicated by 

listing the top three (max) dominant prey componen ts in order of importance . The results were 

tabulated.  

Dietary spectra were compared with a X²-test. Rank Spearman Correlations were 

calculated to investigate trends in laying, Pearson correlation coefficients were calculated to 

investigate correlations between laying dates, egg volumes, chick growth rates and fledging rates 

and significance was accepted at the P<  0.05 level. 

 

Results 

 

Reproductive success - There were no significant differences between years in overall clutch 

size, brood size, and hatching success, but chick gr owth rates and fledging success were relatively 

low in 2006 and 2011 (Table 9.9.1). Overall, egg-laying was highly synchronised (1 st  and 3 rd  

quartiles three days around the median), but the laying date advanced significantly between 2006 

and 2011 (R S= -0.96, df=6, P<  0.01, 1-tailed). There were no correlations between laying date 

and clutch size or mean egg-volume (or three-egg clutch volume). Fledging rates varied from 0.48 

pr -1  in 2011 to 1.33 pr -1  in 2010 (Table 9.1). Growth rates (g d -1 ) and fledging rates (fledglings 

pair -1 ) were positively correlated ( r= 0.75, t 4= 3.17, P< 0.05 ). 

 

Prey spectrum and foraging habitats - The prey spectrum of Herring Gulls nesting at Texel is 

summarised in Table 9.2. Individual samples (pellets) could contain as many as 13 different prey 

species, representing up to 8 taxonomic groups, from all four areas of origin (n= 5542 samples). 

Based on the frequency of occurrence, the most important genuine prey items in declining order 

were marine bivalves (68.2%), marine fish (18.2%), crustaceans (16.9%), domestic refuse 

(12.8%), and non-Passerine birds (9.7%). Insects, freshwater fish, mammals, echinoderms, 

oligochaetes, and polychaetes were less frequent, but still relatively important prey items. The 

 

Table 9.1. Summary statistics of Herring Gull breeding success and timing at Texel, 2006-2011. 

2006 2007 2008 2009 2010 2011 

First��eggs�� 02�rMay�� 26�rApr 25�rApr 23�rApr 26�rApr�� 24�rApr

Peak��egg�rlaying�� 07�r11��May�� 04�r11��May 05�r10��May 04�r09��May 02�r08��May�� 01�r07��May

Median��egg�rlaying�� 09�rMay�� 09�rMay 07�rMay 06�rMay 05�rMay�� 04�rMay

Clutch��size�� 2.71��±��0.51�� 2.58��±��0.69 2.86��±��0.43 2.69��±��0.56 2.81��±��0.48�� 2.77��±��0.50

�� (n)��nests�� (42)�� (55) (69) (65) (58)�� (56)

3�regg��clutch��volume��(cc)�� 247.0��±��23.3�� 241.9��±��24.1 249.1��±��22.4 241.3��±��23.5 248.1��±��20.2�� 248.4��±��21.0

�� (n)��nests�� (31)�� (38) (58) (48) (49)�� (48)

Eggs��hatched�� 79.8%�� 63.7% 68.1% 70.3% 81.8%�� 64.9%

�� (n)��eggs�� (114)�� (146) (213) (175) (170)�� (154)

Chick��growth��rate��(5�r20d)�� 23.0��±��1.4��g��d�r1�� 25.0±1.5��g��d�r1 27.2±0.9��g��d�r1 28.4±1.4��g��d�r1 27.8±1.2��g��d�r1�� 23.9±1.8��g��d�r1

�� (n)��hatchlings�� 12�� 18 32 23 37�� 19

Chicks��fledged�� 24.2%�� 52.2% 50.0% 39.5% 58.2%�� 36.7%

�� (n)��hatchlings�� (33)�� (23) (44) (43) (55)�� (30)

Fledglings��per��pair�� 0.62��pr�r1�� 0.80��pr�r1 1.10��pr�r1 0.81��pr�r1 1.33��pr�r1�� 0.48��pr�r1

�� (n)��nests�� (13)�� (15) (20) (21) (24)�� (23)
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Table 9.2. Prey spectrum of Herring Gulls breeding Kelderhuispolder, Texel, 2006-2011 based on prey samples 

at all studied nests (left) and at selected nests, in total, and prior to and after hatching of the eggs (see text). 

Nematodes, sponges, cephalopods, barnacles, and seaweeds (very rare  taxa) were excluded from further 

analysis. 

All nests Selected ne sts Selected ne st and breeding progress 

Group Frequency % Frequency % Egg-phase 1)  % Chick-phase 1)  % 

Insects 2)  323 5.8 235 5.7 112 5.7  115 5.5  

Polychaetes 81 1.5 40 1.0 13 0.7  25 1.2  

Oligochaetes 55 1.0 42 1.0 9 0.5  31 1.5  

Echinoderms 88 1.6 69 1.7 16 0.8  53 2.5  

Terrestrial snails 52 0.9 40 1.0 27 1.4  11 0.5  

Marine gastropods 25 0.5 12 0.3 9 0.5  3 0.1  

Marine bivalves 3778 68.2 2733 66.4  1507 76.8  1191 57.0  

Crustaceans 936 16.9 695 16.9  192 9.8  491 23.5  

Marine fish 1010 18.2 746 18.1  178 9.1  557 26.6  

Freshwater fish 145 2.6 123 3.0 61 3.1  47 2.2  

Non passerine birds 538 9.7 478 11.6  249 12.7  221 10.6  

Passerine birds 38 0.7 28 0.7 4 0.2  22 1.1  

Mammals 92 1.7 72 1.7 53 2.7  17 0.8  

Plants 344 6.2 274 6.7 138 7.0  121 5.8  

Human waste 708 12.8 507 12.3  117 6.0  387 18.5  

Miscellaneous 65 1.2 54 1.3 11 0.6  43 2.1  

Non-food 831 15.0 635 15.4  483 24.6  140 6.7  

 

Nematodes 1 0.0 

Sponges 1 0.0 

Cephalopods 3 0.1 3 0.1 1 0.1  2 0.1  

Barnacles 8 0.1 8 0.2 0.0  7 0.3  

Seaweeds 17 0.3 9 0.2 2 0.1  7 0.3  

Sample size 5542 4119 1963 2091 

1) excluding 65 samples of “off-duty” birds that had lost their entire clutch or all chicks; 2)  including spiders and woodlice 

 

prey spectrum found in the colony at large was not different from that in the 172 selected nests 

with >10 prey samples per site available ( X² 16= 18.6, P= 0.288). When comparing the egg-phase 

and chick-phase periods at selected nest sites, it became obvious that the relative importance of 

bivalves and mammals declined during chick care, while the frequency of occurrence of marine 

fish, crustaceans and domestic refuse doubled or tripled (Table 9.2). The difference in prey spectra 

(egg-phase versus chick-phase) was highly significant ( X² 16= 785.3, P< 0.001).  

By far the most abundant bivalves were Mussels Mytilus edulis , in which the frequency of 

occurrence declined from 71.5% prior to hatching  of the eggs to 54.4% during chick care. The 

second (American razor clam Ensis americanus , 8.0% and 4.1%) and third most abundant bivalve 

prey (Cockle Cerastoderma edule , 3.1% and 0.5%) declined even more markedly after hatching. 

Trivial amounts of Brown Shrimps Crangon crangon  were found prior to hatching (0.3%), while 

5.3% of prey samples collected during chick care  contained remains of shrimps. The frequency of 

occurrence of Common Swimming Crabs Liocarcinus holsatus  (1.3 versus 6.9%) and Shore Crabs 

Carcinus maenas  (7.6 versus 11.7%) increased more or less simultaneously. At least 36 species of 

marine fish were identified. Co mmon fisheries discards were by far the most abundant fish prey 

encountered (91% of samples containing fish  prey, n= 746), supplemented with clupeids 

Clupeidae, Horse Mackerel Trachurus trachurus , and sandeels Ammodytes. 

 

Dietary biases in the egg phase - Prior to hatching, that is during prospecting, laying, and 

incubation, bivalve prey overwhelmingly dominated the collected samples (frequency of occurrence 

77%). Gull eggs (13%), crustaceans (10%), marine  fish (9%), and domestic refuse (6%) were 
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Fig. 9.1. Similarity of 134 Herring Gull nests based on dietary information (>5 prey samples analysed) 

collected during incubation, Kelderhuispolder (Texel), 2006-2011. 
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Fig. 9.2. Mean deviation in days 

(±SD) relative to the colony 

median laying date for 9 clusters 

of pairs of Herring Gull 

differentiated on the basis of 

their dietary bias  (numbers refer 

to clusters indicated in Fig. 9.1). 

Negative values indicate 

advanced breeders, positive 

values indicate late nesting 

birds)  

 

other common prey items. The cluster analysis revealed that most nests sites were characterised 

by high frequencies of bivalve prey, but with some small clusters of nests with more specialised 

pairs mainly feeding on crustaceans, mammalian prey or eggs ( �™ 12 nests, clusters 1-3; Fig. 9.1). 

A group of 20 nests were characterised by a complex mixture of prey items (cluster 4), all other 

clusters were highly dominated by bivalve prey (Table 9.3). 

Deviations of the median laying date were prominent in two clusters of rather specialised 

nests. Birds with cannibalistic preferences (clust er 3) commenced laying relatively late, whereas 

specialised pairs concentrating on crustacean prey (cluster 1) were rather advanced in comparison 

with the majority of pairs breeding at Texel; Fig. 9.2). The two outliers in laying date on either end 

(the advanced crustacean specialists and the delayed cannibals) were also characterised by larger 

clutches (3.3 resp. 3 eggs clutch -1 ), larger eggs (3-egg clutch volume 288 ± 14.1 resp. 266 ± 24.5 

cc, mean egg 89 ± 12.5 resp. 89 ± 8.3cc), higher hatching success (80.0 resp. 90.5%), and more 

hatchlings per clutch (both 2.7 clutch -1 ) than all other clusters. 

 

Dietary biases during chick care - The cluster analysis revealed a large number of nests with 

rather complex prey mixtures of (mainly) bivalves, crustaceans, marine fish, and domestic refuse 
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in different compositions, and relatively few genuinely specialised pairs (Fig. 9.3). An exceptional 

pair concentrated on freshwater fish species (outlier cluster 1), only two pairs concentrated on 

crustaceans as prey (cluster 2; Fig. 9.3). A third cluster, characterised by cannibalistic prey (eggs 

and chicks of conspecifics and of Lesser Black-ba cked Gulls), comprised six territories. After 

hatching, the frequency of bivalve prey had declin ed markedly (54%), while marine fish (27%), 

crustaceans (23%), and domestic refuse (21%) gained importance (Table 9.4). 

 Chick growth rates were especially low (<25 g d -1 ) in nest clusters with a dietary bias 

involving substantial amounts of crustaceans as prey (clusters 1, 2, and 9), except when also 

substantial amounts of marine fish were provided (cluster 5; Fig. 9.4). The fastest chick growth 

was recorded in pairs that provided substantial amounts of marine and/or freshwater fish 

(frequency of occurrence fish prey >24%; clusters 1, 5, 6, 7, and 8; Table 9.4). Fledging rates 

also varied markedly between the identified clusters, and a strongly positive correlation was found 

between the reproductive success (fledglings pair -1 ) and the frequency of occurrence of fish prey 

(Fig. 9.5). 

 

Successful pairs versus failing pairs - From pooled data (all food samples collected during 

chick care), it appeared that 71 successful pairs provisioned their chicks mainly with bivalves 

(frequency of occurrence 52.2%), marine fish (27. 9%), crustaceans (23.4%), and domestic refuse 

(23.1%, n= 1428 prey samples; Table 9.5). Based on these frequencies of occurrence, pairs that 

failed provided the offspring with more than ex pected bivalves and less than expected domestic 

refuse (Table 9.5). Marine fish an d domestic refuse were poorly represented in diets of pairs that 

 

Table 9.3. Dietary biases based on a cluster analysis of prey samples collected at 134 Herring Gulls during 

incubation where at least 5 samples could be checked: cluster, bias characterisation, frequency of occurrence 

(%) of 13 prey types, and number of  nests involved (see Fig. 9.1). 

Cluster�� Bias��

Insect��

P
olych��

O
ligoch��

E
chino��

B
ivalve��

C
rust��

M
arF

ish��

F
rF

ish��

C
annib��

A
ves��

M
am

m
��

W
aste��

M
iscell��

N
ests��

1�� Crustacean�� 0�� 0�� 0�� 0�� 7�� 98�� 2�� 0�� 5�� 0�� 5�� 2�� 0�� 3��

2�� Mammalian/bivalve�� 2�� 0�� 0�� 0�� 30�� 6�� 6�� 4�� 2�� 0�� 69�� 7�� 0�� 2��

3�� Cannibalistic/bivalve�� 5�� 0�� 0�� 0�� 38�� 3�� 10�� 0�� 72�� 0�� 0�� 1�� 1�� 7��

4�� Bivalve/mixed�� 15�� 2�� 2�� 0�� 63�� 29�� 18�� 19�� 4�� 1�� 2�� 13�� 2�� 20��

5�� Bivalve/mar��fish�� 7�� 1�� 1�� 1�� 87�� 9�� 21�� 1�� 5�� 0�� 1�� 10�� 1�� 26��

6�� Bivalve/echino�� 0�� 0�� 0�� 27�� 95�� 5�� 0�� 0�� 0�� 0�� 0�� 0�� 0�� 1��

7�� Bivalve/crust/refuse�� 6�� 2�� 0�� 1�� 92�� 6�� 6�� 0�� 3�� 0�� 1�� 9�� 0�� 23��

8�� Bivalve/crust�� 5�� 0�� 0�� 0�� 95�� 5�� 3�� 0�� 0�� 0�� 1�� 0�� 0�� 19��

9�� Bivalve���� 0�� 0�� 0�� 0�� 97�� 0�� 1�� 0�� 0�� 0�� 0�� 3�� 0�� 33��

���� ���� 6�� 1�� 0�� 1�� 77�� 10�� 9�� 3�� 13�� 0�� 3�� 6�� 1�� 134��

 

Table 9.4. Dietary bias es based on a cluster analysis of prey samp les collected at 73 Herring Gulls during chick 

care where at least 5 samples could be checked: cluster, bias characterisation, frequency of occurrence (%) of 

13 prey types, and number of ne sts involved (see Fig. 9.2). 

Cluster�� Dietary��bias��

Insect��

P
olych��

O
ligoch��

E
chino��

B
ivalve��

C
rust��

M
arF

ish��

F
rF

ish��

C
annib��

A
ves��

M
am

m
��

R
efuse��

M
iscell��

N
ests��

1�� Freshwater��fish�� 0�� 0�� 0�� 0�� 11�� 6�� 0�� 80�� 0�� 0�� 0�� 3�� 0�� 1��

2�� Crustacean�� 0�� 0�� 0�� 0�� 19�� 100 0�� 0�� 2�� 0�� 0�� 0�� 0�� 2��

3�� Cannibal/bivalve�� 5�� 3�� 1�� 0�� 54�� 5�� 19�� 0�� 57�� 1�� 1�� 6�� 0�� 6��

4�� Crustacean/bivalve�� 0�� 0�� 0�� 9�� 64�� 73�� 6�� 0�� 0�� 0�� 0�� 3�� 0�� 2��

5�� Crustacean/mar��fish�� 4�� 1�� 0�� 3�� 17�� 74�� 43�� 4�� 0�� 3�� 1�� 9�� 6�� 3��

6�� Mix�� 9�� 1�� 4�� 2�� 33�� 25�� 46�� 1�� 4�� 3�� 2�� 34�� 5�� 21��

7�� Bivalve/mar��fish/crust�� 4�� 0�� 1�� 5�� 74�� 20�� 32�� 2�� 5�� 0�� 0�� 11�� 1�� 13��

8��

Bivalve/refuse/mar��

fish�� 6�� 1�� 1�� 1�� 62�� 11�� 21�� 0�� 3�� 0�� 0�� 48�� 3�� 12��

9�� Bivalve/crust�� 0�� 0�� 0�� 4�� 86�� 16�� 8�� 0�� 3�� 1�� 0�� 6�� 0�� 13��

���� ���� 5�� 1�� 1�� 3�� 54�� 23�� 27�� 2�� 11�� 1�� 1�� 21�� 2�� 73��
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had starving chicks. Growth rates of chicks from pairs that failed to fledge any offspring were 

notably lower than those from pairs that were successful, particularly so during the first phase of 

rapid growth (5-10d of age; Table 9.5). 

 Common additional prey types found around the nests of successful breeders were gull 

chicks and eggs (cannibalistic prey types; 10.9%), insects (4.7%), echinoderms (3.1%), and 

freshwater fish (2.7%, n= 1428). Chicks and eggs (cannibalistic prey) were particularly common 

around nests in which the chicks were predated  (29.2%, n= 113), but uncommon around nests in 

which the chicks starved to death (3.9%, n= 179). Of  twelve rather specialised pairs identified for 

the egg phase (Fig. 9.1, clusters 1-3), five pairs were monitored during chick care. One early 

nesting crustacean specialist persisted on that prey choice and failed to fledge offspring. Two late 

nesting pairs with a “cannibalistic/bivalve” bias (Fig. 9.3, cluster 3) persisted on that diet during 

chick care and managed to fledge young. Two further pairs switched to a diet that was rich in 

marine fish and both fledged young. Of nine rather specialised pairs identified for the chick phase 

(Fig. 9.3, clusters 1-3), only four had produced sufficient prey samples during the egg phase to be 

analysed; three of which are mentioned above. Th e most extreme outlier (cluster 1), however, 

focussed almost entirely on freshwater fish during chick care and raised two fledglings in 2011. 

This particular pair (with male and female colour-ringed) had also been monitored in 2009 (when 

one fledgling was raised), and that nest was includ ed in cluster 5 (Fig. 9.3; Crustacean/marine fish 

bias). In 2009, freshwater fish made only a tr ivial contribution to the diet of this pair. 
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Fig. 9.3. Similarity of 73 Herring Gu ll nests based on dietary information (>5 prey samples analysed) collected 

during chick care, Kelderhuispolder (Texel), 2006-2011. 

 

Discussion 

 

Herring Gulls are generalist carnivores at a species level (Cramp & Simmons 1983), but individual 

birds may forage specifically at extreme ends of the entire prey spectrum (Harris 1965, Spaans 

1971, McCleery & Sibly 1986, Pierotti & Annett 1987). Prior to hatching, most pairs (76%) 

concentrated on bivalve prey (frequency of occurrence >85%; Table 9.3) with little else 

(“ecologically equivalent” pairs; Bolnick et al.  2003). About one quarter of the studied pairs clearly 

deviated from this scenario (inter-pair “niche variation”; Bolnick et al.  2003). Twelve highly 

specialised pairs deviated not only in prey choice, but also in timing of laying (relatively early and 

late), clutch size (large), egg volume (large) and hatching success (high): non-trivial effects on 

ecological processes. 

 The next phase of breeding, chick provisioning, clearly required different skills, illustrating 

the importance of state (Houston 1993). Overall pr ey spectra diversified and fewer specialists were  
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Table 9.5. Observed and expected dietary composition of  Herring Gulls that failed to breed successfully. The 

expectation of dietary composition was based on the fre quency of occurrence of prey types (n, %) in food 

samples collected during chick care around 71 nests that  did successfully fledge young (left data column). 

Estimates of chick growth were calculated for chicks  that reached a minimum age of 10d and 20d, using 

growth rates (g d -1 ) measured between 5-10d and 5-20d of age respectively. 

Nest success Fledged Predated Starved 

Nests (n) 71 19 18 

Food samples chick care (n) 1428 113 179 

Chick growth rate d5-10 (g d -1 ±SE) 22.4 ± 1.3 17.9 ± 3.5 13.1 ± 3.9 

Chicks 10d (n) 160 32 36 

Chick growth rate d5-20 (g d -1 ±SE) 25.1 ± 0.6 18.7 ± 2.0 21.7 ± 2.2 

Chicks 20d (n) 125 4 12 

Primary prey (freq) n % obs (n) exp (n) obs (n) exp (n) 

Bivalves 746 52.2% 71 59 114 94 

Crustaceans 334 23.4% 18 26 40 42 

Domestic refuse 330 23.1% 10 26 12 41 

Marine fish 398 27.9% 34 31 40 50 

X² 3 9.7 P= 0.02 18.4 P<0.001 
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Fig. 9.4. Chick growth rates (g d -1  ±SE) for 

offspring between 5 and 20d of age for 9 clusters of 

pairs of Herring Gull differentiated on the basis of 

their dietary bias (numbe rs refer to clusters 

indicated in Fig. 9.3).  

Fig. 9.5. Relationship between fledging rates and the 

occurrence of fish prey (%) in prey samples collected 

during chick care for 9 clusters of pairs differentiated on 

the basis of their dietary bias  (numbers refer to clusters 

indicated in Fig. 9.3).  

 

detected. The same or very similar dietary biases as in the egg phase, such as a preference for 

crustaceans, could now lead to poor growth rates of the chicks (Fig. 9.4) and lower fledging 

success (Fig. 9.5). Chick growth and fledging rates were strongly correlated with the amount of 

fish prey provided and pairs either switched to a dietary spectrum that included prey that was rich 

in energy, or they failed to fledge offspring. Ea rlier in the breeding season, a diet biased towards 

bivalve prey was apparently sufficient for self-maintenance (affecting the condition of the parents 

only). The advance in the onset of breeding relative to most other birds (Fig. 9.2), and the large 

clutches and high egg volume in crustacean-biase d breeding pairs, did not translate into high 

breeding success, except when a dietary shift could be made to increase the amount of fish prey 

and/or domestic refuse during chick care. 

 The general importance of intertidal foraging habitats for Herring Gulls was evident in all 

phases of breeding. Nearly all marine bivalv es, most crustaceans and numerous invertebrates 

must have been obtained in habitats that fall dr y at low tide (North Sea shoreline breakwaters, 
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Wadden Sea mudflats, gullies, and dikes). The dietary spectra were generally more complicated 

during chick care than during pre-laying and incubation, indicating that many Herring Gulls 

redirected at least some of their foraging flight s to exploit alternative feeding opportunities. The 

bivalve prey bias in the dietary spectrum of the failed breeders was relatively strong, indicating 

that they either were unable to, or failed to sw itch to different prey. Intertidal invertebrates are 

often considered a less accessible (tidal regime), less energetic, generally more fluctuating 

resource than for example domestic refuse (Sibly & McCleery 1983ab, Pons 1994, Pons & Migot 

1995), but of a high spatial and temporal predictab ility. Most fish prey that characterised the diets 

of successful birds must have been obtained at near-shore fleets bottom-trawlers (targeting 

flatfish and shrimps) within the western Wadden Sea and/or in the North Sea coastal zone (1-5km 

offshore), where Herring Gulls in summer are do minant scavengers and effective kleptoparasites 

(Hüppop et al.  1994, Camphuysen 1995a, Walter & Becker 1997). In the absence of suitable 

landfill areas within the home range, much of this must have been obtained in cities ( i.e.  on street 

markets or from rubbish bins), or from tourist resorts. 

 The current situation in the western Wadden Sea is a recovery of Herring Gull breeding 

success to historical values (Spaans & Spaans 1975). With the fledging rates now measured (all 

other demographic factors assumed the same), th e population could resume growth (Camphuysen 

& Gronert 2010a). Annual adult survival is high, bu t there is currently no evidence for recruitment 

at an early age (virtually all nesting birds are in full adult plumage; Camphuysen & Gronert 2012). 

Domestic refuse is only sparsely available, compared to the 1960s and 1970s (Spaans 1971), 

because open refuse dumps within normal foragi ng range were covered up long ago (Werkgroep 

Afvalregistratie 2007). Fisheries are declining and so  must the availability of discards (Rijnsdorp et 

al.  2008). Intertidal benthic prey has apparently (r e-)gained importance for Herring Gulls breeding 

in the western Wadden Sea, but the molluscivorous  landscape has changed markedly as a result of 

multiple factors (Beukema & Cadée 1996, Beukema & Dekker 2005, Dekker & Beukema 

submitted). The bivalve prey spectrum of Herr ing Gulls has altered more or less accordingly 

(Spaans 1971, Camphuysen et al.  2008, 2010, this study). 

 The pattern of food availability is an important environmental factor, influencing annual 

productivity, survival and thereby population dynamics (Kim & Monaghan 2006). Next to prey 

availability has prey quality received increasing attention in recent years (Bowen et al.  1995, Nehls 

2001, Silva et al.  2001, Wanless et al.  2005, Whitfield 2008). To complicate things further: 

experience pays. Life-history theory predicts that, in long-lived organisms, effort towards 

reproduction will increase with age, and research  from oviparous vertebrates largely supports this 

prediction (Paitz et al.  2006). None of these factors are mutually exclusive. Herring gulls breeding 

in The Netherlands, increased from a few thousand breeding pairs in the beginning of the 20th 

century to a maximum of 89,000 pairs during the mid 1980s (Spaans 1998), but numbers have 

declined since. Decreased food availability may have caused this decline, but supporting data are 

scarce. Spaans (1971) demonstrated the importance of domestic refuse as an additional source of 

food for Herring Gulls breeding at Terschelling (W  Wadden Sea), at a time when the population 

increased rapidly (late 1960s). Covering up refuse tips has probably been an important factor 

influencing that recent population decline. Bukacinska et al.  (1996) studying the same colony in 

that period of decline (early 1990s) highlighted the importance of fish in the chick phase: 

successful pairs ate more fish and chicks of conspecifics than unsuccessful ones. 

The demographic implications of dietary specialisations are notoriously difficult to study in 

the field, because biases become only apparent over time, and may be expected to change in 

different phases of breeding. A further challenge will be to translate prey choice in energetic values 

and protein contents (Hughes 1993, Bowen et al.  1995) and to assess prey availability and prey-

species specific intake rates. This study showed that genuine specialisations were relatively rare, 

but with varying fitness consequences in either direction. In the colony studied here, aspects such 

as age, experience and ‘tradition’ (or dietary consistencies and inconsistencies for individual pairs) 

may be evaluated in years to come, when more recruits have returned and when many more pairs 

can be monitored for a number of years. A striking result was the poor breeding performance in 
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pairs that focussed on intertidal crustaceans (mostly common shore crabs) during chick care. Low 

energy and/or parasite infestations may play some role here, and field or laboratory experiments 

will be required to solve this issue. It is remarkable that in the population as a whole, crustacean 

prey increased in frequency of occurrence when comparing diets in the egg-phase with those in 

the chick-phase. 

An important difference between successful breeders and failing pairs in the current study 

was the frequency of fish prey during chick care (cf. Bukacinska et al.  1996). About half the pairs 

monitored in the chick phase (clusters 1, and 5-7, Fig. 9.3) managed to boost chick growth rates 

above average ( �§30 g d -1 ) on a diet in which the frequency of occurrence of fish prey was well 

over 30% (Table 9.4). Annett & Pierotti (1999) reported that Western Gulls Larus occidentalis  

adopting a diet of fish had significantly higher long-term reproductive success than individuals 

specialising on domestic refuse. The fact that so few Herring Gulls returned with fish prey during 

prospecting and incubation, suggests that these prey  are either hard to come by, or not essential 

for self-maintenance. The 2011 season was the worst on record for Herring Gulls in this study 

(0.48 fledglings pair -1 ; Table 9.1), indicating a scarcity of suitable prey such as marine fish during 

chick care. It is therefore of interest to note that  the outlier specialist pair (cluster 1, Fig. 9.3) 

deviated in 2011 from a dietary bias measured for the same pair in a previous season (cluster 5, 

with marine fish as important component in 2009). This pair focussed in 2011 almost entirely, and 

highly successfully (2 fledglings), on a generally rather rarely exploited resource: freshwater fish. 

A rare illustration indicating that individual pairs can indeed be flexible and may specialise to turn 

a potential disaster into success. 

 

 

 

 

 

Colour-ringed Herring Gull foraging on moribund En sis directus, 9 October 2011,Wijk aan Zee (Maarten van 

Kleinwee) 
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Appendix to Chapter 9. 

 

Categorisation and grouping of prey items encountered in Herring Gull food samples, Texel, 2006-2011. 

Group Origin Observed species in Herring Gull prey samples 

Insects Terrestrial Adelocera murina , Aelia acuminata , Agonum, Aphodius, Carabidae, Cidnopus aeruginosus , Coccinellidae, 
Coleoptera, Curculionidae, Dermaptera, Diptera, El ateridae, Formicidae, Harp alus, Hymenoptera, Lema, 
Lepidoptera, Melanotus rufipes , Micraspis 16-punctata , unident. moth, Musca domestica , Phyllopertha 
horticola , Prosternon tessellatum , Pterostichus, Scarabaeidae, Sigara  sp, Tipulidae, unident. insects, moths 

Spiders Terrestrial unident. spiders [ rare; for convenience included under “insects” in analysis ]  

Nematods Undetermined unident. Nematoda  

Polychaetes Marine Aphrodita aculeata , Lanice conchilega , Nereis  sp., Nereis diversicolor , Nereis longissima , Nereis succinea , 
Nereis virens  

Oligochaetes Terrestrial Lumbricus terrestris or any other abundant earthworm species 

Sponges Marine unident. Porifera  

Echinoderms Marine Asterias rubens, Echinocyamus pussillus, Ophiura ophiura 

Snails Terrestrial Cepaea hortensis , Cepaea nemoralis , Cornu aspersum , Lauria cylindracea , unident. snails 

Gastropods Marine Hinia reticulata , Hydrobia ulvae , Littorina littorea , Littorina saxatilis , Polinices catenus , Polinices polianus  

Bivalves Marine Abra tenuis, Cerastoderma edule, Crassostrea gigas, Donax vittatus, Ensis americanus, Lutraria lutraria, 
Macoma balthica, Mya arenaria, Mytilus edulis, Petricola pholadiformis, Scrobicularia plana, Spisula solida, 
Spisula subtruncata , unident. bivalve,  Venerupis senegalensis 

Cephalopods Marine Allotheutis subulata, Loligo vulgaris, Sepia officinalis 

Barnacles Marine Balanus  spp., Balanus crenatus  

Crustaceans Marine Cancer pagurus, Carcinus maenas, Carcinus/Liocarcinus, Crangon crangon, Hemigrapsus pensillatus, 
Hemigrapsus sanguineus, Idotea pelagica, Jassa marmorata, Liocarcinus depurator, Liocarcinus holsatus, 
Nephrops norvegicus, Pagurus bernhardus, Palaemon serrator,  parasitic Copepod, Portumnus latipes , unident. 
Decapoda 

Crustaceans Terrestrial unident. woodlice  [ rare; for convenience included under “insects” in analysis ] 

Marine fish Marine All marine roundfish species: Agonus cataphractus, Alosa fallax, Ammodytes, Ammodytes marinus, 
Ammodytes tobianus, Belone belone, Callionymus lyra, Clupea harengus, Cyclopterus lumpus, Dicentrarchus 
labrax, Echiichthys vipera, Eutrigla gurnardus , fish eggs, Gadus morhua, Hyperoplus lanceolatus, Merlangius 
merlangus, Myoxocephalus scorpius, Osmerus eperlanus Pholis gunnellus, Pomatoschistus minutus, Scomber 
scombrus, Sprattus sprattus, Syngnathus acus, Syngnathus rostellatus, Trachurus trachurus, Trigla lucerna, 
Trigla/Eutrigla, Trisopterus luscus, Trisopterus minutus,  unident. bony roundfish, unident. gadoid, Zoarces 
viviparous  

  All marine flatfish species:  Arnoglossus laterna, Buglossidium luteum, Limanda limanda, Platichthys flesus, 
Pleuronectes / Limanda, Pleuronectes platessa, Scophthalmus maximus, Solea solea , unident. flatfish 

Freshwater fish Terrestrial Abramis brama, Perca fluviatilis, Stizostedion lucioperca, Lepomis gibbosus, Rutilus spp. , Rutilus 
erythrophthalmus, Rutilus rutilus , unident. freshwater fish  

Non passerine 
birds 

Terrestrial Anser anser, Calidris maritima , Fulica atra chick, Larus argentatus chick, Larus fuscus  chick, unident.large gull 
egg, unident. large gull chick, Morus bassanus stomach [beached bird?], unident. non-passerine birds  

Passerine birds Terrestrial Anthus pratensis, Columba palumbus, Curvus monedula, Passer domesticus, Sturnus vulgaris, Turdus merula,  
unident. passerines  

Mammals Terrestrial Erinaceus europaeus, Lepus europaeus,  mice droppings, Microtus oeconomus, Microtus/Arvelicola, Mus 
musculus, Oryctolagus cuniculus, Rattus norvegicus, Talpa europaea,  unident. mammal 

Plants Terrestrial Claytonia perfoliata  seed, Convolvus  sp seed, Elaeagnus angustifolia , Epilobium hirsutum  seed, Galium aparine  
seed, Stellaria media  seed, Taraxacum  sp. seed, Ammophila arenaria , Carex seed, Cornus mas  seed, 
Empetrum nigrum  berries, Juncus seed, Poaceae, Poaceae seed, sheep pellets, Triticum seed, Ulmus  sp. 
leaves, Ulmus  sp. seed, unident grass seed, unident. Plantae, unident plant seed, Zea mays 

Seaweeds Marine Ceramium rubrum , Enteromorpha, Ulva lactuca 

Domestic refuse Anthropogenic Actinidia deliciosa  seed, Allium cepa , aluminium foil, apple, apple seed, balloon, beef, bread, bread seeds, 
broken glass, cat food, cheese, chicken, chicken egg, chicken soup, chillipepper seeds, china, french fries, 
cigarette filter, crisps, deep fried fish, fishing hook, frikandel, garlic, gherkin, Hippoglossus hippoglossus,  
human vomit, mace (nutmeg), meat, meats and sausages, medal with ribbon, melon seed, metal waste, 
mobile phone, mutton, orange peel, Panicum miliaceum  seed, paper, paraffin, party nuts, pencil, pistachio 
nut, plastic, plastic chips fork, plasti c coffee stirrer, plastic doll, plasti c fishing bait, plastic foil, plastic 
fragments, plastic line, thread, plastic objects, plastic packaging, plastic pellets, plastic toys, polystyrene, 
pork, potato, rice, rubber, salmon, sausage skin, sport-tape, tallow, textiles, tigerprawn, tomato, unidentif 
fruits, unident. refuse, vegetables, Vitis vinifera  fruit, Vitis vinifera  seed, walnut, wood, Zea mays  seed  

Non-food  Sheep wool, fossil shell grit, rock grit 

Miscellaneous Terrestrial Miscellaneous unident. matter, unident. organic matter  

Common fisheries discards Agonus cataphractus, Allotheutis subulata, Aphrodita aculeata, Arnoglossus laterna, Asterias rubens, 
Buglossidium luteum, Callionymus lyra, Cancer pagurus, Crangon crangon, Cyclopterus lumpus, Echiichthys 
vipera, Ensis americanus, Eutrigla gurnardus, Gadus morhua, Limanda limanda, Loligo vulgaris, Merlangius 
merlangus, Myoxocephalus scorpius, Nephrops norvegicus, Ophiura ophiura, Pagurus bernhardus, Platichthys 
flesus, Pleuronectes platessa, Polinices polianus, Scom ber scombrus, Scophthalmus maximus, Sepia officinalis, 
Solea solea, Spisula subtruncata, Trisopterus luscus, Trisopterus minutus,  unident. flatfish, unident. gadoid, 
Zoarces viviparus  

Cannibalistic prey chick Larus argentatus , chick Larus fuscus , unident. large gull egg, unident. large gull chick  

Freshwater fish prey Abramis brama, Perca fluviatilis, Stizostedion lucioperca, Lepomis gibbosus, Rutilus spp. , Rutilus 
erythrophthalmus, Rutilus rutilus , unident. freshwater fish 

Common intertidal prey Abra tenuis, Carcinus maenas, Carcinus/Liocarcinus , Cerastoderma edule, Cr assostrea gigas, Ensis 
americanus, Hemigrapsus pensillatus, Hemigrapsus sanguineus, Jassa marmorata, Lanice conchilega , Macoma 
balthica, Mya arenaria, Mytilus edulis, Nereis  sp., Nereis diversicolor , Nereis succinea , Nereis virens,  
Scrobicularia plana  

Agricultural land prey Lumbricus terrestris, sheep pellets, Zea mays, sheeps wool (most insects?), Triticum seed, Poaceae seed 

Sample pollution (local flora)  Claytonia perfoliata  seed, Convolvus  sp seed, Elaeagnus angustifolia , Epilobium hirsutum  seed, Galium aparine  
seed, Stellaria media  seed, Taraxacum  sp seed, Urtica  sp  

Presumed secondary prey Hinia reticulata , Hydrobia ulvae , Polinices polianus 
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Abstract Intra-specific differences in foraging behaviour ca n have fitness consequences, especially during the 

breeding season. We combined GPS tracking data from 34 individual Lesser Black-backed gulls ( Larus fuscus ) 

encompassing 2199 foraging trips with dietary informatio n and reproductive status to test the influence of 

breeding status and sex as well  as structural size on foraging behaviou r. We found sexually  distinct foraging 

strategies in a generalist seabird, that were maintain ed throughout incubation an d chick-care. The marginally 

larger males travelled farther from the colony than females, spent more time in the North Sea, and remained 

longer at the nest during nest bouts. Males fed mostly on fisheries discards at offshore trawlers with few 

alternative resources nearby. Females foraged predominan tly on land or in the Wadden Sea, where they had 

multiple foraging options including nearshore shrimpers.  Individuals differed in foraging behaviour along a 

continuum of predominantly terrestrial to predominantly ma rine foragers. Foraging range, trip duration and the 

proportion of time at sea increased with wing length. Our findings did not support the usual inference that 

sexual segregation is mediated primarily by differences in  competitive strength (i.e. di fferences in size) as both 

sexes foraged in competitive environments around fish ing vessels. Females, accessed a wider variety of 

resources and a broad prey spectrum, by exploring a whol e suite of foraging opportunities and habitats nearer 

the colony. Different behavioural strategies (a combinatio n of individual specialisation and sexual segregation) 

during breeding may increase an individual’s lifetime reproductive success through risk partitioning, by 

reducing resource competition between sexes (and within  pairs), or by reducing the risk of unbalanced food 

provisioning, none of whic h is mutually exclusive. 

 

Key words : breeding, foraging, GPS, individual specialisation, Larus fuscus , lesser black-backed gull, sexual 

dimorphism 

 

Introduction 

 

An important aspect of foraging ecology is the extent to which individuals within a population 

exploit food resources in a different manner (Bolnick et al. 2003). Levels of individual 

specialisation vary among species and populations, reflecting a range of behavioural, physiological, 

and ecological mechanisms that generate intra-population variation (Bolnick et al. 2003, Bearhop 

et al. 2006). Specialisation can be attributed to inter- or intraspecific competition and specialists 

may exclude generalists or opportunists if they use resources more efficiently (Enoksson 1988, 

Futuyma & Moreno 1988). Differences in fora ging performance between species or between 

individuals within species are often ascribed to the influence of body size on foraging efficiency and 

competitive ability on feeding grounds (Greig et al. 1985, Pons 1994, Phillips et al. 2004). 

Provision of food is a major component of parental investment. Many species have bi-

parental care, but in sexually dimorphic taxa, male and females need not contribute equally to the 

provisioning of the young (Bennett & Owens 2002). Differences between the sexes may be related 

to sexual differences in ability to obtain food (Rose 1994, Remis 1999) or sexual segregation in 

habitat use (Conradt 2005), which are not mutually exclusive. Differences could result from social 

dominance and competitive exclusion (i.e. of smaller females by larger males), or niche 

specialisation arising from differences in morpho logy or reproductive role (Greig et al. 1985, 

Phillips et al. 2004, Bearhop et al. 2006, Székely et al. 2007). 

Many studies of sexual segregation have been of species in which males and females can 

be distinguished visually (Scheel & Packer 1991, Gonzalez-Solis et al. 2000). With satellite 
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transmitters and data loggers it has recently become possible to examine individual foraging 

behaviour and habitat specialisation of animals that are monomorphic, or in which sexes cannot be 

distinguished reliably in the field conditions (Lewis et al. 2002, Thaxter et al. 2009, Elliott et al. 

2010). In the Lesser Black-backed Gull Larus fuscus  adult males are on average only slightly larger 

than females (Coulson et al. 1983). Sexing these gulls visually in the field is at best unreliable. 

Lesser Black-backed Gulls are generalists with a wi de variety of prey items, including vertebrates 

and invertebrates of suitable size, plant materi al, and rubbish (Cramp & Simmons 1983). Foraging 

occurs at sea as well as on land.  

In this study we investigate the relative importance of different foraging areas and the 

influence of breeding status, structural size and sex on foraging behaviour, for Lesser Black-

backed Gulls in the Wadden Sea. We used GPS tracking information to quantify individual 

utilisation of foraging habitats and combined this with the reproductive status of these birds 

throughout the breeding season. We studied the diet from regurgitated matter in the colony, and 

inferred individual dietary specialisations and foraging techniques from abundant and characteristic 

prey types encountered in each habitat. We expl ored individual variation in habitat usage and 

foraging behaviour, assuming that within the population of a generalist species, individuals may be 

specialised and that only between-individual variation could comprise the population's niche width 

(Bolnick et al. 2003). We expected that foraging behaviour or habitat selection could change 

during the breeding season or when compared to non-breeders, due to the varying constraints on 

time and energy between different breeding phases. As sexual dimorphism is not very strong in 

this species, we hypothesised that the overall foraging distribution between sexes would be 

similar.  

 

Methods 

 

The studies were conducted from a breeding colony on the island Texel (The Netherlands, 53°00’N, 

04°43’E) at the crossroads of the western Wadden Sea and the southern North Sea. . Within the 

study area, approximately 11,500 pairs of Lesser Black-backed Gulls are breeding. The main 

foraging areas for this population include open sea, intertidal estuarine areas, freshwater ponds, 

tourist resorts, grasslands, arable land, and urban areas. Data were collected from April to August 

in four consecutive breeding seasons (2008-2011). 

 

Breeding data - To monitor breeding status and breeding success, nests were marked during egg 

laying. Marked nests were visited every third da y, throughout the breeding season (laying to 

fledging), to monitor reproductive status (condition of eggs and/or chicks) and fledging rates 

(Camphuysen & Gronert 2010a). Breeding phases used in this study were (1) incubation and 

hatching, (2) chick care (first 40 days after hatching) and fledging (>40 d), and (3) failed breeders 

(birds that had lost their clutch or brood from the day their breeding effort failed). 

 

GPS tracking - A total of 34 breeding adult gulls (Appendix A) were tracked using UvA-BiTS GPS 

loggers (see Shamoun-Baranes et al. 2011 for details). Adult breeding individuals were trapped at 

marked nests half-way through incubation, using a walk in trap. The sexes were separated on the 

basis biometrics (head plus bill length) with only 5% expected misidentification (Coulson et al. 

1983). Other measurements includ ed bill de pth (at base, 0.1mm), tars us (mm), wing length 

(mm), and body mass (g). The birds were color-ringed and an 18g solar powered GPS tracker was 

mounted with a harness on the back of the bird. Device and harness weighed less than 3% of the 

body mass of the birds. Birds were released imme diately after the tracker was fitted on the bird. 

The tracking system enables changing the measurem ent frequency while the tag is on the bird. In 

general, a GPS fix was taken every 5–20 minutes during the entire breeding season. The tag is 

powered by four solar cells and a 65 mAh lithium polymer battery and gaps in the data occurred 

when the battery was not sufficiently recharged or the GPS timed out before a fix could be made. 
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Data processing - The time-series of consecutive GPS-points were grouped into three types of 

activity bouts per individual bird: (1) ‘nest bouts’, (2) ‘short trips’ and (3) ‘long trips’. A nest bout 

was a continuous period at the nest or on terri tory (presence within a 150 m radius around the 

centre of the colony). Bathing places and roosts occurred within c. 3 km around the study colony 

(identified from visual observations of colour-ringed birds). Within this range there are very few 

suitable feeding areas except feeding opportunities within the colony itself (e.g. cannibalism), or 

berries and insects in the surrounding dunes. We  defined a short trip as a period where an 

individual left the colony (moved out of the 150 m radius) but stayed within a 3 km radius from 

the nest before returning to the colony. Finally lo ng trips were defined as continuous periods where 

an individual moved out of the 3 km radius before  returning to the colony. As there are very few 

feeding opportunities within 3 km of the nest, fora ging is associated almost exclusively with long 

trips. Any activity bouts with an interval of 60 minutes or more between two consecutive GPS-

locations were excluded from further analysis. In addition, if the breeding status was uncertain for 

specific bouts these were removed from further analysis. In total, 6859 complete activity bouts 

were used in further analysis (3493 nest bouts, 1167 short trips, and 2199 long trips). 

 Potential foraging areas around the colony are (1) North Sea, including the coastal zone 

and beaches, (2) Wadden Sea, (3) Continental mainland areas and, (4) the island Texel. Each 

individual GPS position was assigned to one thes e four areas. The first two areas would provide 

marine or intertidal prey types, the other two would provide terrestrial prey. The time interval 

between consecutive GPS positions was used to calculate the proportion of time spent within 

certain habitats. 

 

Data analysis  – For each activity bout, we calculated the duration (h), and for each long trip we 

also calculated maximum (great circle) distance to the nest (km) as well as the proportion of time 

spent in one of the four main habitats described above. Using a linear generalised mixed effects 

model (Pinheiro & Bates, 2000) we tested the effect of sex and breeding status on the duration of 

nest bouts, short trips, long trips and on the fora ging range of long trips. The response variables 

were available per trip and nested within each individual bird. Therefore, individual bird was 

treated as a random component, while the other predictor variables (sex and breeding status) 

were treated as fixed factors in the model. The response variables in our analyses have a skewed 

distribution, with means approximately equal to the standard deviation. These distributions were 

modelled using a Poisson model with over dispersion (in the normal Poisson model, the mean is 

equal to the variance) and were fit using the maximum likelihood criterion. After fitting the 

models, model residuals were evaluated graphically. Only models with acceptable residuals and 

significant parameters (at the 0.05 level) were retained. The results of the significant models are 

reported by listing the optimal parameter values for each variable on their normal scale (i.e. not 

log-transformed) with accompanying 0.95 confidence intervals. All calculations were conducted in 

R (Pinheiro et al. 2012, R Development Core Team, 2011). 

Differences in time allocation (h) per habi tat between sexes were evaluated with the 

adjusted G-statistic (G adj ;  Sokal & Rohlf 1981). Furthermore, to explore individual variability in 

foraging behaviour (long trips) and the potential relationship with body size we compared mean 

foraging range (km) and trip duration (h) during long trips to the wing length (mm) of each 

individual using a linear model. We also compar ed the relationship between mean proportion (%) 

of time spent at sea or on land (%) to wing le ngth (mm) using a generalised linear model with a 

logit transformation and a quasi-binomial link function. Comparisons with wing length were 

conducted for active breeding and failed breeders separately. 

Linking diet and foraging areas - We inferred foraging strategies by combining information on 

general diet composition of gulls at the colony level with the habitats where these prey could be 

found. Tracking data were used to quantify wher e individuals spent their time. Diets were studied 

from spontaneously regurgitated matter (pellets, regurgitated indigestible food remains), from 

food boluses produced during handling of adults  and chicks, and from chick-feed sub-sampled 

within the territories. During colony visits, marked territories were inspected for the presence of 

discarded prey items and these were individually  bagged, numbered, and kept frozen for later 
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analysis. A total of 5157 prey samples were collected, containing 240 different prey types. Prey 

samples were analyzed visually with a light microscope (Olympus SZ51), ensuring that even very 

small remains (such as earthworm setae, minute otoliths, and largely digested bread) were 

detected. With pellets, boluses and regurgitated matter, some easily and fully digested prey is 

overlooked (e.g. white bread, ice cream, soft ti ssue invertebrates), but none of these soft prey 

types was considered very important. A full analysis of the diet was beyond the scope of this 

contribution, and the occurrence of prey types or pr ey species is simply expressed as frequency of 

occurrence (%) calculated over all samples. 

 
Table 10.1. Duration of nest bouts an d short trips (h) in male and female Lesser Black-backed Gulls during 

different breeding stages. Values  are mean ± SD, sample size. 

 

Incubation/ 

hatching 

Chick care/ 

fledging 

Failed 

breeders 

All phases 

Nest attendance     

Males 
7.5 ± 6.3 3.6 ± 3.3 4.9 ± 4.4 4.9 ± 4.8 

n= 436 n= 846 n= 254 n = 1536 

Females 
5.4 ± 4.7 3.0 ± 2.8 3.4 ± 3.3 3.7 ± 3.6 

n= 514 n= 1008 n= 435 n = 1957 

Short trips     

Males 
0.8 ± 0.9 0.9 ± 1.1 0.8 ± 1.1 0.8 ± 1.0 

n= 145 n= 226 n= 98 n = 469 

Females 
0.9 ± 0.7 1.0 ± 1.0 1.1 ± 1.4 1.0 ± 1.1 

n= 158 n= 293 n= 247 n = 698 

 
 Parameter value (0.95 CI) Table 10.2. Parameter values and 

0.95 confidence intervals (i.e. the 

model-output translated to values 

(h) for each category) resulting 

from generalised linear mixed 

models on the combined effect of 

sex and breeding status on foraging 

trip characteristics and the duration 

of nest bouts (only significant 

models are listed in this table). (a) 

Duration of nest bouts, (b) duration 

of foraging trips (this model only 

includes breeding status, sex was 

not significant) and (c) foraging trip 

range. 

 

a) Duration of nest attendance (h) 

Female – Incubation 5.7 (5.0 – 6.4) 

Female – Chick care 2.9 (2.7 – 3.1) 

Female – Failed 3.3 (3.0 – 3.6) 

Male – Incubation 7.5 (6.3 – 9.0) 

Male – Chick care 3.9 (3.3 – 4.7) 

Male – Failed 4.4 (3.6 – 5.2) 

  

b) Duration of foraging trips (h) 

Incubation 7.0 (5.0 – 8.2) 

Chick care 6.3 (5.6 – 7.2) 

Failed 12.9 (10.7 – 15.6) 

  

c) Range of foraging trips (km) 

Female – Incubation 18.3 (15.7 – 21.4) 

Female – Chick care 20.7 (18.7 – 22.8) 

Female – Failed 26.0 (22.5 – 30.1) 

Male – Incubation 28.0 (22.6 – 34.6) 

Male – Chick care 31.5 (25.5 - 39.0) 

Male – Failed 39.7 (32.1 - 49.1) 

 

 

Results 

 

Nest bouts and short trips -  The mean (± SD) duration of nest bouts was 4.9 ± 4.8 h ( n = 

1536) for males and 3.7 ± 3.6 h ( n = 1957) for females (Table 10.1). For both sexes, mean nest 

bouts were longer during incubation and hatching than during chick care and fledging. The linear 

mixed model revealed that the combined effect of sex and breeding status on nest bout duration 

was relatively large and statistically significant (Table 10.2). For example during incubation, 

females spent on average 5.7 h per nest bout at the territory, whereas males spent 1.8 h (or 
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32%) per nest bout more in the colony. During chick care the nest bouts were significantly shorter 

for both sexes, but males still spent 1.0 h (or 35%) more per nest bout than females near the 

nest. Failed breeders continued to spend time at the nest, but failed breeders spent a little more 

time per nest bout during chick care but less time during incubation than active breeders during 

colony visits. The mean duration of short trips (a ssumed to be trips to roosts) was 0.8 ± 1.0 h for 

males ( n = 469) and 1.0 ± 1.1 h for females ( n = 698; Table 10.1). There was no statistically 

significant effect of sex or breeding st atus on the duration of short trips.  

 
Table 10.3. Foraging trip characteri stics of male and female Lesser Black-backed Gulls during different 

breeding stages. Upper panel mean and maximum foragi ng range, mean trip duration ± SD per sex and 

breeding phase. The mean foraging range is the mean of the maximum distance away from the nest calculated 

for each of the long trips. Middle panel shows northe rn-/southernmost an d eastern-/westernmost geographical 

co-ordinates visited on foraging trips.  

 Incubation/hatching Chick care/fledging Failed breeders 

 Males  Females  Males  Females  Males  females  

Number of birds 18 16 11 15 6 7 

Number of trips 256 325 610 688 144 176 

Trip duration (h) 8.2±8.6 6.0±5. 4 6.9±7.1 5.6±9.4 13.6±16.1 13.3±22.7 

Mean range (km) 30.6±34.7 17.2±12.8 32.8±19.5 21.0±23.1 32.4±26.0 27.0±51.9 

Max range (km) 532  69  115  357  195  409  

Max latitude 53°20’N 53°23’N 53°56’N 53°34’N 53°20’N 53°23’N 

Min latitude 49°32’N 52°28’N 52°05’N 49°59’N 51°47’N 51°30’N 

Max longitude 04°56’E 05°18’E 05°37’E 05°24’E 07°25’E 05°08’E 

Min longitude 01°09’W 03°54’E 03°09’E 02°34’E 02°50’E 01°52W 

% time North Sea 78.4% 28.6%  65.4% 36.9% 66.4% 22.6% 

% time Mainland 13.6% 21.2%  24.9% 14.2% 21.0% 56.4% 

% time Texel 4.5% 29.3% 4.6% 23.7% 9.4% 11.5% 

% time Wadden Sea 3.6% 21.0% 5.1% 25.2% 3.3% 9.5% 

 
 

Foraging trip characteristics -  The main characteristics of long trips (assumed to be foraging 

trips) are summarised per sex and breeding phase in  Table 10.3. An overwhelming majority of the 

long trips (99% ; active and failed breeders includ ed) were within 80 km from the nest with a trip 

duration of less than 24 hours (96%). Foraging areas were mainly to the southwest (North Sea), 

south (North Sea and terrestrial areas), southeast (Wadden Sea and terrestrial areas) and east of 

the colony on the island Texel. In active breeding birds, nearly two–thirds of all trips had a 

duration of less than 6 hours, while nearly all trips had a duration of less than 12 hours. The linear 

mixed model revealed that sex did not have an effect on the duration of long trips, whereas 

breeding status did (Table 10.2). The estimated tr ip duration during incubation was 7.0 h whereas 

failed breeders spent almost twice as much time per trip. The generalised linear mixed model for 

foraging range revealed that the combined effect of sex and breeding status was relatively large 

and significant at the 0.05 level (see the model coe fficients with 0.95 confidence intervals in Table 

10.2). In all phases, males travelled farther than females and both sexes travelled farther during 

chick care than incubation. The foraging range was longest for failed breeders. The proportion of 

time spent in different habitats varied between individuals representing a continuum of habitat use 

from almost exclusively terrestrial to almost exclusively marine (Fig. 10.1). The proportion of time 

spent in the main habitats was significantly different between the sexes, during breeding 

(incubation: G adj  = 1211.5, df=3, P<  0.001; chick rearing: G adj  = 1611.8, df=3, P<  0.001) as well 

as when comparing failed breeders (G adj  = 910.8, df=3, P<  0.001). Males spent between two-

thirds and three quarters of their time at sea (North Sea), whereas females divided attention 

between each of the main habitats (Table 10.3). Actively breeding females spent, in total, half 

their foraging time within the Wadden Sea area: partly in the Wadden Sea itself (21% during 

incubation, 25% during chick care), partly on Wadden Sea island Texel (resp. 29% and 24%). 

Seven females that had lost either clutch or chicks substantially increased the time spent on 

terrestrial habitats on the mainland during long trips (56% relative to 16% when still actively 
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breeding) and reduced their time spent within the Wadden Sea, on Texel and at the North Sea 

(G adj  = 448.1, df=3, P<  0.001). Six males that had failed spent less time at the North Sea and 

somewhat increased their time in terrestrial areas (Mainland and Texel; G adj = 59.9, df= 3, P< 

0.001) in comparison with the time spent in each habitat while still actively breeding. Males spent 

very little time in the Wadden Sea during active breeding (4%) and after failing (3%). 
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Fig. 10.1. Indi vidual time 

spent (%) on long trips 

during active breeding (egg 

or chick care) in each of four 

main habitats (North Sea, 

Wadden Sea, terrestrial 

areas on the Mainland, and 

on the island Texel), sorted 

by an increasing amount of 

time spent at sea. Colour-

ring codes (x-axis) of 

females start with F, males 

start with M ( n = 34 

individuals, 1879 foraging 

trips, 2008-2011). 
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Fig. 10.2. Long trip 

characteristics versus wing 

length (as proxy for structural 

size) and sex of individual 

Lesser Black-backed Gulls 

carrying GPS loggers as active 

breeding birds (2008-2011). (A) 

mean trip duration (h), (B) 

mean range (km), (C) 

proportion of time on the North 

Sea, (D) proportion of time on 

land (Texel and continental 

mainland combined). Males 

indicated with filled symbols, 

females with open symbols ( n = 

34 individuals, 1879 foraging 

trips). Solid lines are predictions 

from linear (A,B) and 

generalised linear models (C,D), 

P < 0.01 in all subplots.  

 

Morphology and foraging characteristics -  In active breeding birds, significant positive 

correlations were found between wing length (as a proxy of structural size) and mean duration of 

long trips (LM, F 1,32  = 7.75, p < 0.01; t 32= 2.79, P < 0.01, Fig. 10.2A) and mean foraging range 

(LM, F 1,32  = 25.42, p < 0.001; t 32= 5.04, P < 0.001, Fig. 10.2B). No correlations were found 

between wing length and mean duration of long tr ips or mean foraging range in failed birds. In 

active breeding birds, a significant positive co rrelation was found between wing length and the 

proportion of time spent at sea during long trips (GLM, F 1,32  = 33.22, p < 0.001; t 32= 5.27, P < 

0.001, Fig. 10.2C) and there was a significant negative correlation between wing length and the 

proportion of time spent in terrestrial habitats (i.e. on Texel and on the continental mainland) 
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(GLM, F 1,32  = 16.05, p < 0.001; t 32= -3.82, P < 0.001, Fig. 10.2D). For failed breeders, no 

significant correlations were found between wing leng th and proportion of time at sea or on land. 

Linking diet and foraging areas -  Food samples ( n = 5162) usually revealed a mix of species or 

prey types, often of different origin. Overall, 88% of all prey samples contained at least some prey 

of marine origin and the diet of Lesser Black-ba cked Gulls breeding at Texel was overwhelmingly 

dominated by demersal North Sea fish (Appendix B). Most fish must have been obtained while 

competing for prey behind beam-trawlers. Most of the marine crustaceans found were various 

species of swimming crabs, that commonly swim at the surface in the North Sea and that are 

captured by plunge-diving. Prey from intertidal resources was rather rare (represented in 2% of 

the samples). Intertidal polychaetes (43%), crustaceans (37%), and bivalve flesh (18%) were the 

most frequently encountered intertidal prey in these samples. On land, the diet and expected 

foraging conditions are considerably more complex. Prey types from terrestrial or anthropogenic 

sources were found in 1842 prey samples (36%). The most frequently encountered terrestrial prey 

were insects (50%), plant material, seeds or fruits (20%), seabirds (mostly other gull chicks; 

20%), domestic refuse (16%), earthworms (11%) and small mammals (3%). On land, Lesser 

Black-backed Gulls had a varied prey choice with differences in resource accessibility and 

availability. 

The frequency of occurrence of marine fish in the diet was higher than expected from the 

time spent by the tagged birds in the North Sea. By contrast, the amount of intertidal prey was 

much smaller than anticipated from the time spent (notably by females) within the Wadden Sea. 

From exploratory analysis it appeared that in the Wadden Sea, Lesser Black-backed Gulls spent 

almost no time over intertidal mudflats (not even at high tide), but focused almost exclusively at 

deeper gullies where trawlers operated. Shrimp trawling is the predominant trawling fishery in the 

Wadden Sea, producing superficially similar discards as North Sea trawlers. 

 

Discussion 

 

Our tracking studies revealed that the foraging activities of Lesser Black-backed Gulls from Texel 

were concentrated within a fairly limited range (< 80km), but with considerable individual 

variation in habitat preferences (Fig. 10.1). A clear sexual segregation in foraging habitats was 

found, with males spending significantly more ti me in the North Sea than females, and with 

females spending more time on land and within the Wadden Sea. Foraging males travelled on 

average further from the colony than females, al though they did not spend more time away per 

trip. Males spent more time at the nest per nest bout than females. These differences persisted 

throughout the breeding stages. If breeding faile d, both sexes spent more time away from the 

colony and travelled farther away. The habitat segr egation persisted in failed breeders, with males 

spending more time at sea than females. Females th at had failed spent relatively more time on the 

mainland than during active breeding. 

Levels of parental investment are the product of a simultaneous resolution of conflicts of 

interest between parents and offspring (survival, fitness; Royle et al. 2004). We therefore had 

expected that, due to a trade-off between the amount of time allocated to different activities such 

as self-provisioning, chick provisioning and reduction of predation risk, certain characteristics of 

foraging behaviour would change in the course of a season. Nest bout duration declined 

significantly from incubation to fledging in both males and females, while roosting and bathing 

time (short trip duration) remained constant, thus more time could be spent on foraging during 

chick care. However, while trip duration also de clined during chick care, mean foraging range 

increased in females and males during the breeding season. This suggests that individuals made 

more frequent yet shorter trips, while travelli ng further and spending relatively more time 

searching for food per trip. These changes in beha viour during the breeding season indicate an 

increase in foraging effort in response to incr easing energetic demands of the developing chicks 

(Drent & Daan 1980). Similar changes in behavior between different stages of the breeding season 

have been noted in other seabirds (Clarke et al.  1998, Phillips et al.  2004, Paiva et al.  2008). 
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Contrary to our initial expectations, several aspects of foraging behaviour differed between 

the sexes. Foraging trip range differed significan tly between the sexes during active breeding, but 

not in failed breeders. Males spent relatively more time in the territory than females per nest visit, 

which may indicate that males spent more time in nest (or chick) defence than females. 

Alternatively, the presence at the territory is important for males to safeguard a site for future 

breeding opportunities within the colony. A marked increase in nest-bout duration in males of 

which the breeding attempt had failed would be consistent with the latter hypothesis. Males 

generally travelled farther from the colony than females during active breeding and spent more 

time at sea, differences that were significant throughout the breeding season, but that were most 

prominent in the incubation phase (Table 10.3). The more distant foraging trips by males could 

result from a different foraging habitat preference  between the sexes . A difference in habitat use 

could lead to habitat or niche segregation between the sexes at the macro-scale and our findings 

present evidence for both. 

 To gain a better understanding of individual specialisation and potential niche segregation 

between the sexes we combined information from tracking data on habitats visited with 

information from dietary analysis. Active breeders, overall, spent 67% of the time on long trips in 

marine habitats (North Sea and Wadden Sea combined) and 34% in terrestrial areas (Texel and 

Continental mainland). While not all that time is necessarily spent actively foraging and feeding 

(e.g. Shamoun-Baranes et al. 2011), three main foraging habitats call for attention: terrestrial, the 

North Sea and the Wadden Sea. Deduced from foraging locations, the tracking data indicate that 

individuals have dietary specialisations that are maintained over long periods. Nearly all prey 

samples collected in the colony contained at least some prey of marine origin, while just over one-

third contained food that was most likely picked up on land. Prey items from the intertidal zone 

were rare. Most of the marine prey were demersal  fish species, many of which are normally only 

available to Lesser Black-backed Gulls as discards behind beamtrawlers, the predominant offshore 

trawling fishery in this part of the North Sea (van Beek et al. 1990, Camphuysen 1994b) or behind 

shrimp trawlers, the predominant fishery in the Wadden Sea (Tiews 1978, Walter 1997). From the 

combined data (tracking and dietary data) we conclude that gulls (mostly females) foraging within 

the Wadden Sea did not or rarely exploited the area-characteristic intertidal resources available at 

low tide but must have mainly been scavenging behind shrimpers in that area. Foraging 

movements in the Wadden Sea area were highly concentrated in deeper gullies, the areas where 

shrimp trawler fleets operated, confirming that suggestion. 

Differences between sexes might be considered ends along a continuum of individual 

variation in foraging behaviour (Bolnick et al. 2003). Even within only 34 tracked individuals, our 

tracking data revealed that habitat use varied between individuals along a range of almost 

completely terrestrial to completely marine ha bitat use (Fig. 10.1), suggesting a tendency of 

individuals to specialise on particular foraging areas, at least during the breeding season. While 

studies of resource use and population dynamics often treat conspecific individuals as ecologically 

equivalent, individual specialisation has been shown in a large range of species distributed across a 

broad range of taxonomic groups. A diverse array of physiological, behavioural, and ecological 

mechanisms could generate intra-population variation and between-individual variation in some 

cases may comprise the majority of the populati on's niche width (Bolnick et al. 2003). In our 

study, the structural size of the birds may at least in part influence individual specialisation. During 

active breeding, the proportion of time spent at  sea, trip duration and trip range increased 

significantly with increasing wing length (Fig. 10.2). 

Overall body size could be an aspect of impo rtance driving sexual segregation in foraging 

habitats and foraging specialisation. Morphology, especially mass, wing load and aspect ratio, has 

important consequences for flight performance and flight energetics with cruising flight speeds and 

energy expenditure scaling with mass and wing load (Norberg 1990, Alerstam et al. 2007, 

Pennycuick 2008). Wind speeds at sea are often higher than over land, already close to the 

surface, due to the low surface roughness at sea (Stull 1988). Thus birds with higher cruising 

speeds may have an advantage at sea because they  could compensate for a broader range of wind 

conditions (Chapman et al.  2011). Sexual differences in foraging behaviour of parents have been 
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observed in a number of sexually size-dimorphic animals, with the usual inference that sex-specific 

differences are mediated primarily by differences in body size (Gonzalez-Solis et al.  2000, Phillips 

et al. 2004). Scavenging at fishing vessels does involve intense inter- and intraspecific competition 

(Furness et al.  1988, Camphuysen 1995a). Large, powerful seabirds, generally, forage more 

optimally under these conditions than smaller ones (Hudson 1989, Camphuysen et al. 1995), 

which could explain the more extensive use of marine resources (beam-trawlers) by (large) males 

than by (smaller) females. With larger seabirds foraging with greater success at trawlers, the 

observed differences in resource utilisation between male and female Lesser Black-backed Gulls 

may be driven by differences in physiological performance. However, while offshore trawlers (in 

summer) in the Southern North Sea are traditionally the domain of Lesser Black-backed Gulls with 

few competitors of equal strength (Camphuysen 1995a ), flocks of scavenging seabirds associated 

with near-shore shrimp trawlers, certainly those within the Wadden Sea, are numerically 

dominated by larger, more powerful Herring Gu lls (Walter & Becker 1994, Camphuysen et al. 

1995). In other words, female Lesser Black-backed Gulls faced (and would normally be 

outnumbered by) even stronger competitors at shri mp trawlers than they would when they were 

joining male conspecifics at offshore beam-trawlers. A higher manoeuvrability of the small and 

relatively slender female Lesser Black-backed Gulls facing Herring Gulls around moving nearshore 

trawlers could be beneficial for them (cf. Strann & Vader 1992). 

Foraging on land requires rather different skills. Several of the most frequently 

encountered prey items (insects, seabirds, plant material, oligochaetes, mammals; Appendix B) 

are not normally captured during mass feeding frenzies under stress from strong inter- or intra-

specific competition. Most natural prey items on land are taken rather opportunistically, under the 

influence of particular weather conditions (insects, earthworms), seasonal trends (ripening fruits), 

or agricultural activities (small mammals, cereals, insects, worms). Anthropogenic resources 

included landfills (waste disposal), sewage plants (water treatment) and urban areas. Small 

feeding frenzies are formed in some of these co nditions, where larger (more powerful) and smaller 

(more manoeuvrable) individuals have different prospects, but with abundant opportunities for 

profitable feeding for less competitive birds (Greig et al. 1985, Rock 2005). 

In our study, differences in foraging behaviour, foraging areas and prey obtained in these 

areas suggest that, in general, males and females provision for their young differently and adults 

alter their foraging strategy when not breeding. Support for this hypothesis was provided by a 

marked shift in prey choice, deduced from foraging habitat utilisation, as well as foraging range in 

female Lesser Black-backed Gulls that had lost their chicks (Table 10.3). Sexual differences in 

parental care, foraging behaviour and food provisioning in some seabirds are well known but 

poorly understood (Weimerskirsh et al. 1997, Clarke et al.  1998, Thaxter et al. 2009). These 

differences cannot always be attributed to sexual dimorphism (Lewis et al. 2002). These and other 

findings (examples listed in Elliott et al. 2010) highlight the need to investigate sexual differences 

in the foraging behaviour of seabirds and other species more closely. Testing alternative 

hypotheses that do not rely only on differences in body size could provide better explanations of 

the observed differences between the sexes. Elliott et al.  (2010) proposed that risk partitioning 

may contribute to the prevalence of sex-specific behaviours in monomorphic animals and that 

patterns are likely context specific rather than species specific. The possibility that the use of 

different behavioural strategies by each parent may increase reproductive success for both 

partners through risk partitioning is seldom considered. In Brünnich’s Guillemots Uria lomvia , 

during the period of biparental care, males were feeding on “risk-averse” prey (consistent across 

time and space), whereas females fed on “risk-pr one” prey. Models suggested that mixed-risk 

pairs had higher success than “risky” or “riskless” pairs. A similar scenario could be true for Lesser 

Black-backed Gulls, where the more powerful males tended to feed in a competitive setting at sea 

with few alternative resources nearby, but where females utilised fishing vessels nearer the 

colony, with a substantial risk of failure (when outcompeted by Herring Gulls), but near a whole 

suite of alternative foraging opportunities on land. In long lived species such as the gulls, the 

combination of individual specialisation and sexual segregation during the breeding season may 

increase an individual’s lifetime reproductive su ccess by reducing the risk of competition between 



122 Sex-specific foraging strategies  Chapter 10 
��

sexes (and hence within a pair) or reducing the risk of unbalanced food provisioning, neither of 

which are mutually exclusive. Individual variation in body structure, experience and learning, will 

provide proximate drivers for individual specialisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Lesser Black-backed Gull pair, Kelderhuispolder 4 May 2011 (CJ Camphuysen) 

Males (R) are on average larger, heavie r and more powerful than females (L) 



Chapter 11 Competitive scavenging, efficient flight 123 
 

11.��Herring��Gulls��and��Lesser��Black�rbacked��Gulls��feeding��at��fishing��vessels��in��
the��breeding��season:��competitive��scavenging��versus��efficient��flying��
 

Published Ardea 83(2): 365-380 (1995). 

 

Camphuysen C.J. 

 

Royal Netherlands Institute for Sea Research, NIOZ, P.O. Box 59, 1790 AB Den Burg, Texel, The Netherlands, 

E-mail: kees.camphuysen.nioz.nl 

 

Abstract  The distribution and feeding range of Herring Gull s and Lesser Black-backed Gulls breeding on the 

Dutch Wadden Sea islands were assessed, using results of ship-based surveys in the southern North Sea. The 

occurrence of both species in association with commercial fishing vessels is described in relation to distance to 

the coast and distance to the colonies. The feeding range of Lesser Black-backed Gull s (95% of all birds within 

135 km of the colony) was considerably larger than that of Herring Gulls (95% within 54 km), and this 

difference could not be expl ained by differences in flight capaciti es. Feeding success and vulnerability to 

robbery of both species as scavenge rs at fishing vessels are described. Neither the vulnerability to robbery 

indices, nor the feeding success indices of both spec ies did support earlier suggestions that Lesser Black-

backed Gulls may have outcompeted Herring Gulls at (nearshore) fishing vessels. The feeding range of Lesser 

Black-backed Gulls could not solely be  explained by a general avoidance of Herring Gulls near the coast, nor by 

the presence fishing vessels fu rther offshore in comparison with the coastal zone. It is concluded that the large 

feeding range was motivated by a third, but unknown fa ctor. The reduction of fisheries near the coast has 

probably led to a reduction in feeding oppo rtunities for scavenge rs near the coast. 

 

Key words: competitive scavenging, disc ards, beamtrawl fisheries, Larus fuscus , L. argentatus , flight capacity 

 

Introduction 

 

Breeding numbers of Herring Gulls Larus argentatus on Terschelling (one of the major gull colonies 

in the Netherlands) increased from 6-8000 pairs in the late 1960s to just over 21,000 pairs in 

1982-83, but subsequently declined to less than 15,000 pairs in 1992 and 1993 as a result of poor 

breeding success (Noordhuis & Spaans 1992, Van Dijk et al. 1994, Koks 1994). Lesser Black-

backed Gulls L. fuscus in the same colony increased from a few hundred in the late 1960s to 

13,000 pairs in 1985 (68% of the total Dutch popula tion) and subsequently stabilised on some 

11,500-13,350 pairs in 1992 and 1993 (Van Dijk et al. 1994, Koks 1994). Hence, the ratio 

between numbers of gulls breeding on Terschelling has changed in favour of the latter species. 

Lesser Black-backed Gulls primarily feed on ma rine fish (Noordhuis 1987), whereas the diet of 

Herring Gulls is more diverse and includes many kinds of (marine) fish, marine invertebrates, 

terrestrial animals, carrion and refuse, grain and berries (Spaans 1971). During 1985-1987, the 

occurrence of marine fish in the diet of Herring Gulls amounted to only 14% of levels found in 

1966-68 (Noordhuis 1987, Spaans & Noordhuis 1989). The diet of both Herring and Lesser Black-

backed Gulls includes several demersal fish species which cannot normally be caught by plunge 

diving, but which commonly occur in the bycatch of  beamtrawlers. It was therefore concluded that 

part of the fish brought ashore by these gulls was obtained at fishing vessels in the North Sea. The 

increase in numbers of breeding Lesser B1ackbacked Gulls on Terschelling was assumed to have 

forced Herring Gulls to concentrate more on othe r food resources than be fore (Noordhuis & Spaans 

1992). This change in feeding habits of the Herring Gull and the increased intra-specific 

competition were hypothesized to have contributed to the decline in breeding success which has 

taken place compared to the late 1960s (Spaans & Noordhuis 1989). Studies in West Scotland, 

however, indicated that Lesser Black-backed Gulls were approximately two times more successful 
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than Herring Gulls as scavengers behind fishing vessels (Furness et ai. 1988). In this paper an 

analysis of sightings of scavenging gulls at fishing vessels is presented, with special emphasis on 

feeding areas during the breeding season and around the breeding colonies, particularly off 

Terschelling. Results of experimental discarding of fish from a commercial beamtrawler in summer 

1993 were analysed to obtain information on inte rspecific competition of these gulls at fishing 

vessels in the area. The analysis was meant to investigate whether the suggestion that 

interspecific competition between Lesser Black-backed and Herring Gulls at fishing vessels may 

have forced the Herring Gulls towards exploiting  other sources of food could be supported. 

 

Study area and methods 

 

The area under study in this analysis was bordered by 53°-55°N latitude, and 3°-7°E longitude 

(Fig. 11.1), including the coastal zone of all Dutch Wadden Sea islands up to the Dogger Bank in 

the northwest. Shown in Fig. 11.1 are a system of shipping lanes off the Wadden Sea islands, 

which runs roughly from west to east and in which most shipping traffic is concentrated and the 

position of a plaice-box, established in the late 1980s to protect immature flatfish. Within the 

shipping lanes, fishing is not prohibited, but the area is unattractive to fishermen because of heavy 

traffic in a relatively narrow strip and because of specific traffic regulations which also apply to 

fishing vessels. Large beamtrawlers (>300 Hp) are not allowed to fish within 12 miles (c. 22 km) 

from land and heavy beamtrawlers are not allowed to use the Plaice-box in summer. 

Approximately between 53°30'N, 4°E and 54°N, 5°E, the Frisian Front area is located, an enriched 

zone which attracts piscivorous seabirds and fisheries (Leopold 1991). 

 

 

Fig. 11.1. Counts of groups of 

scavenging seabirds at commercial 

fishing vessels and research vessels 

in the southern North Sea in 

summer (May-August, 1987-1993, 

n = 169 counts). Shown are the 

outer borders of shipping lane 

north of the Wadden Sea islands 

and the plaice-box (dotted lines; 

see text). Plots include counts of 

seabirds onboard fisheries research 

vessels (n = 8), onboard a 

commercial beamtrawler (n = 62), 

counts of associated birds at 

nearby, actively fi shing commercial 

fishing vessels during ship-based 

surveys at sea (n = 67) and birds 

associated with commercial fishing 

vessels as recorded from the shore 

(n = 32).  
 

Since 1987, the distribution of seabirds in the southern North Sea has been studied by 

means of ship-based surveys, organised by the Ne therlands Institute for Sea Research (NIOZ), the 

Dutch Seabird Group (NZG)/Tidal Waters Division of  the Ministry of Transport, Public Works and 

Water Management (DGW) and the Institute for Forestry and Nature Research (IBN-DLO). 

Seabirds were counted during steaming in a strip-transect aside the ship (used to assess numbers 

per km 2) and in a 180° scan ahead of the ship (used to assess numbers per km travelled; cf. 

Tasker et al. 1984). During these surveys, fishing vessels were recorded when any seabirds were 

associated and all birds in these flocks were identified and counted (Camphuysen 1993a). In 1992 
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and 1993, additional information on the occurrenc e of scavenging seabirds was collected by means 

of observations of inshore commercial fishing vessels from coastal sites, during fishing onboard 

fishery research vessels, and onboard a commercial beamtrawler. For each count of seabirds 

attending a trawler during May-August, the distan ce to the nearest coast and the nearest (large) 

colony was calculated. Coastal colonies of Herring Gulls and Lesser Black-backed Gulls occur on 

most Wadden Sea islands (Table 11.1) and scattered along the mainland coast. In order to 

estimate feeding ranges during the breeding season, the distance to the nearest colony and the 

presence of adult Herring and Lesser Black-backed Gulls were assessed for each count of seabirds 

attending a trawler and for each 10-minute count during ship-based strip-transect counts at sea in 

summer (May-August 1987-1993). Densities at sea of Herring Gulls and Lesser Black-backed Gulls 

(around Terschelling only) in relation to the nearest colony were modelled. Densities were 

calculated in radial strata of 1 km width around colonies. The relative abundance of adults of these 

gulls at sea (n/km 2) with increasing distance to the colony were modelled, assuming that counts 

were Poisson-like-distributed by calculating the expected mean density as a function �Ë = �Ë0.e-

a.distance  of the distance, obtained by maximising the likelihood. Dimensions needed for flight 

calculations were taken from adult gulls found dead on Texel and from literature. BASIC 

programmes were used to calculate fuel consumption in relation to distance of flight for both 

Herring and Lesser Black-backed Gulls (Prog_1a in Pennycuick 1989). 

 

Table 11.1. Breeding numbers (pairs) and number of colo nies of Herring Gulls and Lesser Black-backed Gulls 

on the Dutch Wadden Sea islands in 1993 (Koks 1994 an d Dijksen 1996), and geographical positions of 

colonies used for feeding range calculations. 

  Herring Gull Lesser Black-backed Gull 

Waddensea islands  9 colonies 40,644 p 8 colonies 19,398 p 

Rottumeroog 53°32.5’N, 6°35.0’E  3256p  145p 

Rottumerplaat 53°32.5’N, 6°27.0’E  2525p  115p 

Schiermonnikoog 53°30.0’N, 6°16.0’E  4295p  4295p 

Ameland 53°27.5’N, 5°53.0’E  2609p  109p 

Terschelling 53°26.0’N, 4°59.0’E  14,860p  13,350p 

Vlieland 53°17.5’N, 4°59.0’E  9907p  1007p 

Griend   30p  - 

Texel, De Muy 53°08.5’N, 4°47.5’E  3162p  377p 

Texel, De Geul 53°00.0’N, 4°43.5’E  8000p  1500p 

 

Fishery waste comprises offal (waste from gutted, marketable fish), undersized roundfish, 

undersized flatfish, damaged marketable fish and benthic invertebrates. Onboard a commercial 

2000 Hp beamtrawler in June-August 1993, samples of fish, offal and invertebrates were taken 

from the discards fraction of the catch. The it ems were identified, total lengths of fish were 

measured to the nearest cm, and discarded into the sea while the catch was sorted and gutted 

(thrown into to the steady trickle of discards produc ed by the ship's crew). Attempts by seabirds to 

pick up and swallow items were recorded into a ta pe recorder, noting the species and age class of 

the bird taking the item, whether the item was eaten, dropped or stolen. If it was stolen, the same 

notes were made for the second and subsequent birds, until the item was finally lost (sunk) or 

swallowed. During these discarding experiment s the numbers and age classes of scavenging 

seabirds of each species were recorded so that  fish consumption could be related to scavenging 

flock composition (cf.  Hudson & Furness 1988, Camphuysen et al.  1993, Camphuysen 1993b). 

Feeding success of scavenging Herring Gulls and Lesser Black-backed Gulls at the trawl were 

compared, also in relation to other scavengers commonly occurring at the trawl (Fulmar Fulmarus 

glacialis , Great Black-backed Gull Larus marinus  and Kittiwake Rissa tridactyla ), and feeding 

strategies were described. Frequencies of robbing of experimentally discarded items by one bird 

from another were assessed, in order to evaluate the dominance hierarchies at the trawler. A 

'vulnerability to robbery index' (number of experi mental discards stolen from a species divided by 
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the number of experimental discards stolen by that species) was calculated for all species 

commonly occurring at the trawler. Feeding'success rates' of scavengers are defined as the 

proportion of discarded items of a particular type  that are consumed by a species, divided by the 

proportion of all scavenging birds at the vessel of that species. Thus, if all seabirds are equally 

successful in obtaining discards the success index will be 1.0 for each species. A success index 

greater than 1.0 indicates that the species in question obtained a greater proportion of the 

discards than expected from the numbers present.  The number of discards expected to be eaten 

was calculated (on the basis of the numerical abundances of each scavenging seabird species) and 

compared with observed numbers using a X2-test (with the null hypothesis of equal success for all 

species). 

 

 

Fig. 11.2. Distribution of Herring Gulls at sea (n km -1 

travelled) during chick rearing, June-July 1987-1993 

(modified after Camphuysen & Leopold 1994).  

Fig. 11.3. Distribution of Lesser Black-backed Gulls at 

sea (n km -1  travelled) during chick rearing, June-July 

1987-1993 (after Camphuysen & Leopold 1994).  

 

 

Observations 

 

Herring Gulls and Lesser Black-backed Gulls at sea - Herring Gulls were mainly restricted to 

the zone of 25 km from the nearest shore (Fig. 11.2, Table 11.2). Densities (n/km2) of adults 

during ship-based strip-transect counts declined with a rate of 8.2% per km away from the coast 

within the study area from a mean density of 1.74/km² within 1km from the coast (Poisson 

regression; y = 1.735e (0.082 . dcst) ; where dcst= distance to the nearest coast in km). Beyond the 

shipping lanes, Herring Gulls were quite rare duri ng most of the summer. Adult gulls predominated 

in most areas, but immatures were relatively numerous at over 100 km from the coast (Table 

11.2). Comparatively large numbers were seen at over 50 km from the shore to the northwest of 

Texel and Vlieland, an area rich in offshore installations (Placid Field and associated installations). 

Large gulls are known to roost on oil and gas platforms in considerable numbers during most of 

the year (Tasker et at. 1986), but those associated with offshore installa tions during the breeding 

season are probably non-breeding birds. Lesser Black-backed Gulls were more widespread and 

occurred also in large numbers at substantial distances from the coast (Fig. 11.3, Table 11.2). 

Densities (n/km 2)  of adult Lesser Black-backed Gulls during ship-based strip-transect counts 

declined at a rate of 2.9% per km away from the coast from a mean density of 1.74/km 2 within 1 

km from the coast (Poisson regression; y = 1.737e (O.029 . dcst) ). In contrast to Herring Gulls, this 

species occurred frequently beyond the shipping lanes and in the Frisian Front area. Around 90% 

of all Lesser Black-backed Gulls were adults, except at great distances from the coast (Table 11.2). 
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Table 11.2. Observer effort  (number of 10-minute counts and km tr avelled), relative abundance of Herring 

Gulls and Lesser Black-backed Gulls at sea (n/100km), and the proportion of adults (%; sample size in 

parentheses) in six distance zones to the nearest coast, May-Aug 1987-93, 53-55°N, 03-07°E. 

   Herring Gull Lesser Black-backed Gull 

Zone Counts ( n) Distance (km) n/ 100km  % adult ( n) n/ 100km  % adult ( n) 

0-5 km 701 1710 228.7 88.8% (1843) 229.5 89.9% (1974) 

5-10 km 370 988 107.0 91.8% (485) 220.6 97.1% (1047) 

10-25 km 499 1614 37.2 83.1% (260) 95.5 90.3% (1610) 

25-50 km 859 2768 10.4 78.9% ( 71) 85.2 94.4% (1370) 

50-100 km 1362 4624 1.9 97.7% (861) 35.4 92.5% (1273) 

>100 km 1141 4356 0.5 33.3% ( 15) 3.4 57.1% ( 98) 

 

Zone Distance (km) Fishing vessels ( n ) n/ 100km  Table 11.3. Relative abundance 

(number per 100 km travelled) 

of commercial fishing vessels in 

six distance zones to the 

nearest coast, from ship-based 

surveys, May-Aug 1987-93, 

53-55°N, 03-07°E.  

0-5 km 1710 13 0.8 

5-10 km 988 5 0.5 

10-25 km 1614 6 0.4 

25-50 km 2768 15 0.5 

50-100 km 4624 16 0.3 

>100 km 4356 12 0.3 

 

Table 11.4. Observed and expected frequencies of occu rrence of ~1O Herring Gulls or Lesser Black-backed 

Gulls in flocks of scavenging seabirds attending fishing vessels and proportion of adults (%; sample size in 

parentheses) in six distance zones to the nearest coast, May-Aug 1987-93, 53-55°N, 03-07°E. Stem counts 

include sightings of commercial fishing vessels during ship-based surveys and from the coast, counts at the 

stem of fishing research vessels and counts onboard a commercial beamtrawler (Fig 11.1). Expected 

frequencies are based on total number of counts at fishing vessels in each zone, within 100 km from the coast. 

The null-hypothesis of equal distribution of fishing vess els and groups of>10 gulls in this area was tested ( �¹ ²-

test). 

  Herring Gull Lesser Black-backed Gull 

Zone Stern counts ( n) obs exp % adult ( n) obs exp % adult ( n) 

0-5 km 45 27 11.8 93.7% (1843) 16 27.1 99.6% (268) 

5-10 km 5 5 1.3 98.3% (119) 3 3.0 99.2% (260) 

10-25 km 6 3 1.6 90.0% (10) 4 3.6 72.7% (11) 

25-50 km 51 2 13.3 93.6% (79) 37 30.7 94.2% (8526) 

50-100 km 46 3 12.0 93.0% (43) 32 27.7 94.6% (6657) 

>100 km 16 0 0 ( )    

Total (<100km) 153 40 40 93.8% (3841) 92 92 94.6% (15,722) 

�¹ ² 4  22.1   3.6   

P<  0.001   n.s.   

 

Herring Gulls and Lesser Black-backed Gulls at fishing vessels  - Commercial fishing vessels 

were widespread, but occurred in relatively high numbers within 5 km from the nearest coast and 

just around the edge of the plaice-box. The lowest number of fishing vessels observed per km 

travelled were found at >100 km from the coast (0.28/100km travelled; Table 11.3). Within 5 km 

from the shore, the chance of spotting a fishin g trawler was 2.7x higher (0.76/100km). Herring 

Gulls were particularly abundant at inshore fishing vessels, with small numbers occurring in flocks 

of scavengers beyond the shipping lanes (Fig. 11.4). Of 81 records of Herring Gulls at fishing 

vessels, 17 records were of groups of over 100 in dividuals (21%). Of these, 16 occurred within 4 

km from the nearest coast, one group was found at  7 km from the coast. Groups of >10 Herring 

Gulls were also clearly concentrated near the shore (80% within 10 km from the coast, n =40; 

Table 11.4). Observed frequencies of occurrence of such groups in five distance zones off the coast 

were significantly different from expected frequencies, based on total lumber of counts at fishing 

vessels in each zone :X² 4 22.1, P< 0.001). The largest concentration of Herring Gulls at a trawler 
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were 800 individuals associated with a shrimper off Texel (21 rune 1993). Adults predominated in 

all zones :93.8%, n = 3841; Table 11.4). Small numbers of Lesser Black-backed Gulls occurred at 

fishing vessels near the shore, but large groups were seen scavenging at fishing vessels in the 

vicinity of the major colonies at Texel and Terschelling (Fig. 11.5). Numbers of Lesser Black-

backed Gulls in association with offshore fishing vessels were usually larger, often including 

several hundreds of birds in a single count. Obse rved frequencies of occurrence of groups of �• 10 

Lesser Black-backed Gulls at fishing boats were not significantly different from expected 

frequencies, based on total number of counts at fishing vessels in each zone ( �¹2
4 =3.6, n.s.; Table 

11.4). The largest concentration of Lesser Black-backed Gulls at a trawler comprised 1060 

individuals at only 2 km from the shore (8 July  1987, unidentified trawler, off Ameland). In all 

areas, adults predominated (94.6%, n = 15 722; Table 11.4). 

 

  

Fig. 11.4. Abundance of Herring Gulls at fishing 

vessels off the Dutch Waddensea islands, May-August 

1987-1993 (n = 81 records). Counts of associated 

seabirds at fishing vessels where Herring Gulls were 

not positively identified ar e indicated by small dots.  

Fig. 11.5. Abundance of Lesser Black-backed Gulls at 

fishing vessels off the Dutch Wadden Sea islands, 

May-August 1987-1993 (n = 122 records). Counts of 

associated seabirds at fishing vessels where Lesser 

Black-backed Gulls were not positively identified are 

indicated by small dots.  

 

Distance to nearest colony - Modelling the densities of adult Herring Gulls at sea in 1 km strata 

around the nearest colonies resulted in similar patterns as described for densities with increasing 

distance to the nearest coast ( y = 2.591 . e (-0.086 . dcol) ,where dcol = distance to the nearest colony 

in km). Around Terschelling, distance to the coas t was of greater importance than distance to the 

colony, as can be concluded from a decline of 8.4%  per km away from the colony perpendicular to 

the coast and 0.4% per km away from the colony along the coast ( y =2.07 . e (-(0.004 . dcol) - (0.084 . 

dcst)) ). The largest colony of Lesser Black-backed Gulls within the study area is found on 

Terschellin g (nearly 70% of the Wadden Sea breeding po pulation of 16,600 pairs in 1992; Van Dijk 

et ai. 1994). Densities ( y) at sea around Terschelling dropped gradually, from 3.7/km 2 within 2 km 

from the colony with a rate of 3.5% per km away  from the colony perpendicular to the coast and 

2.1% per km away from th e colony along the coast ( y = 3.706 . e (-(0.021 .dcol) - (0.014· dcst) ; Fig. 11.6). 

Fuel consumption in relation to distance of flight Lesser Black-backed Gulls are relatively longer 

winged than the heavier Herring Gull (Table 11.5). As a result, Lesser Black-backed Gulls have 

potentially a 13% wider feeding range than Herring Gulls, using calculations from Pennycuick 

(1989). In both species, differences in wing length are significant between sexes (Table 11.5). 

Therefore, female Herring Gulls have potentially a 13% longer range than conspecific males, and 

female Lesser Black-backed Gulls have an 11% longer range than males of the same species. The 

differences in fuel consumption per unit distance , however, are rather small and are even quite 

similar in female Herring Gulls and male Lesser Black-backed Gulls (3.80 kJ/km at maximum range 

speed; Table 11.6). Hence, the different feeding rang e of both species around Terschelling, as ind- 
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Table 11.5. Biometrics 1 and energy requirements 2 during the breeding season of  adult Herring Gulls and Lesser 

Black-backed Gulls. 

Species Herring Gull Lesser Black-backed Gull  

 Sex Mean ± SE n Sex Mean ± SE n Source 

Mass (Wales) male 972 ± 13.1 47 male 894 ± 11.3  38 Verbeek 1977a 

 female 835 ± 11.7 35 female 780 ± 11.9  41  

(Germany)  male 1051 80 male   Cramp & Simmons 1983 

 female 864 80 female    

(Britain)  male 977 ± 11.3 36 male 880 ± 13.0  22  

 female 813 ± 12.2 32 female 755 ± 10.4  31  

Wing length male 423 ± 1.2 75 male 425 ± 1.4 59 Verbeek 1977a 

 female 400 ± 1.1 63 female 407 ± 1.1 71  

Span male 1409 ± 6.5 29 male 1408 ± 6.2  35 Verbeek 1977a 

 female 1325 ± 7.0 29 female 1332 ± 5.7  35  

Wing area male 2106 ± 23.4  28 male 2053 ± 20.3  29  

 female 1838 ± 21.7  25 female 1848 ± 16.8  30  

Energetic requirements      

Mass male 1000   male 890    
(for calculation)  female 850   female 770    

BMR male 307.6kJ   male 282.4kJ   cf.  Aschoff & Pohl 1970 

 female 273.0kJ   female 253.9kJ    

Daily req. male 1538kJ   male 1412kJ   cf.  Drent & Daan 1980, 

 female 1365kJ   female 1270kJ    Ellis 1984 
1Measurements in mm; mass in grams; area in cm 2; wing load in g cm -2 ; 2The relationship between BMR (kJ) and mass (W in 

kg) in non-passerines is: BMR = 307.6·W 0.734  (Aschoff & Pohl 1970). Seabirds from high latitudes have a greater BMR than 

tropical seabirds (Ellis 1984): assumed is 1.25 BMR for this latitude. The ener gy requirements of adults during the breeding 

season are estimated at 4 (1.25 BMR) (cf.. Drent & Daan 1980). 

 

 

Fig. 11.6. Adult Lesser Black-

backed Gulls at sea (n km -2 ) 

with increasing distance to the 

Terschelling colony, from ship-

based strip-transect counts, 

May-August 1987-93 (data in 

Camphuysen & Leopold 1994). 

Shown are mean densities per 

stratum (+) and the expected 

mean density as a function �Ë = 

�Ë0.e - �. .distance  of the distance, ob-

tained by maximising the 

likelihood, assuming Poisson-

like-distributed counts (solid 

line). Inset: impression of 

densities around Terschelling 

resulting from this analysis. 

 

 

icated by a 8.4% decline in number per km perpendi cular to the coast for Herring Gulls (95% of all 

gulls within 54 km of the colony) and a 3.5% decline per km for Lesser Black-backed Gulls (95% 

of all individuals within 135 km), is difficult to  explain by interspecific differences in flight 

performance (Fig. 11.7). Feeding strategies at fish ing vessels Behind fishing vessels, either Herring 

Gulls, or Lesser Black-backed Gulls were the numerically dominating species. The more powerful 

Great Black-backed Gulls formed a small minority and Kittiwakes occurred in numbers only near 

the colony at Helgoland. Fulmars were usually sca rce and the individuals that turned up behind 

boats were usually moulting individuals (i.e. nonbreeding birds or failed breeders; Cramp & Sim-
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mons 1977) in poor physical condition (fat reserves depleted). Skuas were absent or occurred in 

very small numbers. As a result, many fights for scraps were between Herring Gulls and Lesser 

Black-backed Gulls (31.4% of all recorded fights, n = 806). Scavenging commenced when the 

trawler resumed towing after having brought a catch on deck. Sorting and gutting marketable fish 

took place at a speed of approximately 5-7 knots. Herring Gulls and Lesser Black-backed Gulls 

took discards mainly close to the ship, constantly being on the wing and making shallow plunge-

dives into the water. Attempts to pick up and swallow discards were successful in 82.7% of all 

cases in Lesser Black-backed Gulls (n = 1956) and in 82.4% of all cases in Herring Gulls (n = 

848). Prey selection and feeding success at the traw l The discards fraction in beamtrawl fisheries, 

estimated at 5-10 kg of fish and benthic invertebra tes on each kg of landed fish (Van Beek 1990, 

Camphuysen 1993b), is dominated by benthic inve rtebrates and flatfish. Benthic invertebrates 

were usually ignored by both Lesser Black-backed and Herring Gulls (0.3% consumed, both 

species combined; n = 2540; Table 11.7). Overall consumption rates of flatfish, roundfish and offal 

by these two gulls were respectively 30.5% (n = 1044), 70.7% (n = 1101) and 65.9% (n = 

1217). Herring Gulls and Lesser Black-backed Gulls overlapped with respect to species and size 

selection of fish at the trawl (Camphuysen 1994a).  The number of flatfish taken by the two species 

was in accordance to expectation based on their relative abundance at the trawl ( �¹ 2
1= 3.0, n.s.). 

Herring Gulls, however, took significantly more offal particles than expected ( �¹2
1= 18.03, P < 

0.001) and Lesser Black-backed Gulls took significantly more roundfish ( �¹2
1= 10.93, P < 0.001). 

Compared with other scavengers at the trawl, Herring Gulls could be classified as offal specialists, 

second only to the highly manoeuvrable Kittiwakes (Table 11.8). Herring Gulls obtained also more 

gadids than expected on the basis of numbers present at the trawl. Lesser Black-backed Gulls 

were particularly successful picking out gumards, equalled only by Great Black-backed Gulls which 

tended to obtain the larger fish  by robbing the smaller species.  

 

Table 11.6. Comparison of mean wing span, mass, minimum power speed (V mp  in m s -1 ), maximum range 

speed (V mr  in m s -1 ) and fuel consumption (kJ km -1 ) in Herring Gulls and Lesser Black-backed Gulls (cf. 

Pennycuick 1989). 

Species Herring Gull Lesser Black-backed Gull 

 Sex Mean  Sex Mean  

Span male 1409  male 1408  

 female 1325  female 1332  

Mass male 1000  male 890  

 female 850  female 770  

Vmp male 9.1 m s -1   male 8.7 m s -1  

 female 8.9 m s -1   female 8.5 m s -1  

Vmr male 15.1 m s -1   male 14.5 m s -1  

 female 14.7 m s -1   female 14.1 m s -1  

kJ km -1 male 4.36  male 3.80  

 female 3.80  female 3.36  

 

Table 11.7. Consumption of benthic inve rtebrates, flatfish, offal, and roundfish by Lesser Black-backed Gulls 

and Herring Gulls scavenging at a commercial beamtr awler, southeastern North Sea, June-August 1993. 

Expected numbers are based on relative abundance of th ese gulls at the trawl (mean Lesser Black-backed Gull 

338, Herring Gull 54 individuals). 

  Herring Gull Lesser Black-backed Gull  

 offered ( n) obs exp obs exp Consumption 

Benthic invertebrates 2540 0 1 7 6 0.3% 

Flatfish 1044 30 44 288 274 30.5% 

Offal 1217 175 110 627 692 65.9% 

Roundfish 1101 66 107 712 671 70.7% 
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Vulnerability to robbery  - Of 342 fish handled by Herring Gulls and 959 fish handled by Lesser 

Black-backed Gulls, 50 and 104 fish respectively were stolen by other birds, 24 and 86 fish were 

dropped, and 268 and 769 fish were consumed ( �¹2
2= 4.275, n.s.). Up to seven scavengers 

handled individual discards. With regard to the first three birds handling a fish, numbers of Herring 

Gulls and Lesser Black-backed Gulls conformed expectation based on their relative abundance at 

the trawl ( �¹ 2
1= 0.023, n.s.). The number of Herring Gulls handling fish for the 4th-7th time was 

significantly higher than expected  on the basis of numbers present ( �¹ 2
1= 4.121, P < 0.05), 

suggesting that Lesser Black-backed Gulls gave up earlier. The vulnerability to robbery index of 

Herring and Lesser Black-backed Gulls, indicate d that the latter lost 2.2x more fish through 

robbery than it obtained by robbing other species, whereas Herring Gulls obtained 1.4x more fish 

by kleptoparasitising other species than they lost through robbery. Hence, Lesser Black-backed 

Gulls were clearly more vulnerable to robbery than Herring Gulls. 

 

Table 11.8. Success indices of (common) scavenging seabirds at a commercial beamtrawler, June-July 1993. 

Success index calculated as number of items consumed divided by expected number of items based on 

numbers of birds at the trawl. The difference between the expected number of items consumed was compared 

with observed number, using a X²-test (with the null hypothesis of equal feeding success for all species). 

 

Species 

Birds at the trawl 

mean ± SE 

Offal  

(595) 

Flatfish  

(126) 

Gurnards  

(275) 

Gadoids  

(120) 

Northern Fulmar 5.7 ± 0.7 0.96 0.00 0.69 2.38 

Herring Gull 118.3 ± 19.2 1.33 1.09 0.35 1.34 

Lesser Black-backed Gull 369.8 ± 46.1 0.73 1.00 1.27 0.87 

Great Black-backed Gull 23.5 ± 4.9 0.00 1.65 1.26 2.12 

Black-legged Kittiwake 26.4 ± 4.9 4.26 0.16 0.00 0.00 

�¹ ² 4  107.6 5.9 38.2 11.4 

P<  0.001 n.s. 0.001 0.05 

 

 

Fig. 11.7. Percentage of total numbers of adult 

Lesser Black-backed and Herring Gulls at sea 

per radial stratum (km) with increasing 

distance to the colony on Terschelling. Total 

numbers were calculated from the expected 

mean density per stratum, obtained by 

maximising the likelihood, assuming that 

counts were Poisson- like distributed. Arrows 

indicate the range within which 95% of the 

calculated numbers at sea were found (grey 

arrow = Herring Gull, black arrow = Lesser 

Black-backed Gull).  

Discussion  

 

Breeding success, and also breeding numbers, are

probably regulated through a density-dependent  

reduction in reproductive output resulting from

reduced rates of food provisioning of chicks (cf.  

Furness & Birkhead 1984, Brandl & Gorke 1988). The

provision of Herring Gull chicks at Schiermonnikoog

with supplementary food in 1987 led to increases in  

reproductive output, resembling that of gulls breeding

on Terschelling in the 1960s (Van Klinken 1992). The

provision with supplementary food of Lesser Black-

backed Gulls on Terschelling in 1992 increased the

reproductive output in comparison with a control  

group of gulls (Spaans et al. 1994). However, this was  

not the case in 1993, when Clupeids were more

abundant off the coast than in 1992, indicating that

the present low breeding success in most years is

caused by a shortage of food. Reductions in the

availability of marine fish may have been caused by

changes in the shoaling behaviour of pelagic fish, fish

stock collapses, declines in fishing effort and thus in

the amount of discarded fish, or by increased intra-

and interspecific competition of gulls at sea as a result  

of numerical increase of Herring and Lesser Black- 
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backed Gull populations. Scavenging behind fishing vessels is a common feature in both Herring 

and Lesser Black-backed Gulls. The sightings of Herring and Lesser Black-backed Gulls at fishing 

vessels during the breeding season indicate that the coastal zone is shared by these birds with 

respect to trawler visits, but with Herring Gulls numerically predominating within 5 km from the 

shore. The absence of Lesser Black-backed Gulls at many fishing vessels with Herring Gulls in the 

coastal zone, except near large colonies such as on Terschelling, indicates that this species 

generally avoids the nearshore area where Herring Gulls predominate. Further offshore, Lesser 

Black-backed Gulls are dominating and considering the numbers found at sea off the Frisian 

islands and numbers associated with offshore fishing vessels, this gull is primarily an offshore 

species. For scavenging gulls, the advantages of vi siting fishing vessels near the coast are obvious. 

Short feeding trips leave more time for adults to guard the chick, an important factor behind good 

breeding results (cf. Van Klinken 1992, Spaans et al. 1994). Birds that stay near land can soar 

along the dunes, waiting for fishing vessels within  their field of vision, whereas the search for 

fishing vessels at sea requires prolonged period s of horizontal flapping flight. The energy 

requirements of horizontal flapping flight in large gulls may be as much as 7.5x the basal 

metabolic rate (BMR), whereas gliding flight costs only 3.lx BMR (Baudinette & Schmidt-Nielsen 

1974, Ellis 1984). Finally, birds that stay near the coast have more possibili ties to swap feeding 

areas (scavenging at fishing vessels, fishing at sea, feeding in the littoral zone, on land or in the 

Wadden Sea), whereas birds that fly out to sea can only choose between fishing and scavenging. 

Data presented in this paper suggest that many Lesser Black-backed Gulls venture much further 

out to sea than expected from Herring Gull densities or anticipated numbers of fishing vessels. 

Densities of Lesser Black-backed Gulls at sea declined 3% per km away from the colony on 

Terschelling (Fig . 11.6), indicating a maximu m feeding range of over 135 km (95% of all birds 

within 135 km of the colony). Such a feeding ra nge is well above that found by Pearson (1968) 

and a single feeding trip would take nearly 7 hours of constant flight (at 40 km/h). The ability of 

Lesser Black-backed Gulls to fly greater distances than Herring Gulls has been acknowledged 

before (Verbeek 1977a, Strann & Vader 1992) and the wing loading of Herring Gulls is such that 

they seem better off feeding closer to the colony (Verbeek 1977a). However, the differences in 

fuel consumption per unit distance are rather sm all (Table 11.6) and the differences in flying 

distance are much larger than can be explained from  inter-specific differences in the energetic cost 

of flight. In each species, differences in wing length are significant between sexes, from which it 

can be concluded that females are better adapted to fly longer distances than males. Indeed, in 

Lesser Black-backed Gulls on Terschelling, the mean duration of absence of breeding adults ranged 

from 85-90 minutes in males and 110-130 minutes in females (Spaans et al. 1994). It is important 

to emphasize that feeding trips of a duration of 7 hours have not been recorded in the Terschelling 

colony (A.L. Spaans pers. comm.). Although large groups of scavenging adult Lesser Black-backed 

Gulls were common at the far end of the maximum feeding range, the breeding status of these 

birds is thus uncertain. Considering the breeding po pulation of the two species on the Wadden Sea 

islands (Table 11.1) and the total number of gulls at sea calculated from densities derived from 

strip-transect counts, it can be estimated that a minority of the nesting Herring Gulls 

(approximately 1:7) and virtually all Lesser Black-backed Gulls feed at sea. However, the 

assumption that all adults at sea off the Wadd en Sea islands are associated with any of the 

breeding colonies may be wrong. In Herring Gulls it was found that part of the mature adults 

which show up in a colony early in the breeding season fail to start breeding or lose the eggs 

before hatching (Drost et al. 1961). The mere presence of adult birds at great distances of 

breeding colonies could thus be misleading when feeding ranges of breeding adults are estimated. 

The differences in length of the feeding range of  Herring Gulls and Lesser Black-backed Gulls, 

however, is clearly reflected in the spatial aggregation of (large) colonies of both species (cf. 

Furness & Birkhead 1984): far apart in Lesser Blac k-backed Gulls, close by in Herring Gulls (Table 

11.1, Spaans 1987a, SOVON unpubl. data). Abundance estimates of Lesser Black-backed Gulls and 

fishing fishing vessels at sea showed that large numbers of gulls are found in areas which were not 

particularly rich in fishing vessels (Table 11.2-3), certainly not richer than the inner coastal strip. A 
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long feeding range indicates that either inter-specific competition is intense over a wide area along 

the coast (cf. Brandl & Gorke 1988), or that the trips are initiated by something else. The reason 

for moving that far out to sea, which cannot be fully explained by the relative abundance of fishing 

vessels, nor by avoidance of Herring Gulls, woul d than probably be another, offshore food 

resource. Recent studies in colonies have indicated that pelagic shoaling fish such as small 

Clupeids feature prominently in chick diets of Lesser Black-backed Gulls (Spaans et al. 1994) and 

such fish become only rarely available as disca rds in beamtrawl fisheries. Moreover, breeding 

success on Terschelling collapsed in the mid-1980s and remained low since that time, with the 

exception of 1986 and 1993, years in which small Clupeids were rather abundant in food pellets of 

Lesser Black-backed Gulls (Noordhuis & Spaans 1992, Spaans et al. 1994). Future studies will 

have to show whether shoaling fish such as Herring are in fact the main target of Lesser Black-

backed Gulls moving away from the coast, with discards at fishing vessels as an additional source 

of food. Fishing effort in the North Sea has increased enormously during this century particularly 

since the second World War (Daan et al. 1990). Despite an overall increase in fisheries, however, 

fishing effort in the southern North Sea has locally been reduced. The establishment of 'shipping 

lanes' in the late 1960s (changed in April 1987), may have removed quite substantial fisheries out 

of a ca. 15 km wide band off the Wadden Sea islands. Now that shipping intensities have increased 

during the last 25 years this effect may have gained importance. Secondly, in 1989, the regulation 

that large beamtrawlers were no longer allowed to fish within 12 miles (ca. 22 km) from land or 

within the plaice-box has removed substantial fisheries away from the coastal zone. These 

measures have probably reduced fishing effort and,  hence, the availability of discards and offal for 

scavengers in the coastal zone. Breeding success of both Herring Gulls and Lesser Black-backed 

Gulls has declined in recent years and although food shortages were the key factor (Spaans et al. 

1994), it is uncertain whether a possible reduction in fishing effort in the coastal zone has been 

responsible. Lesser Black-backed Gulls still feed mainly on marine fish, and may have expanded 

their feeding range, whereas Herring Gulls change d feeding habits and concentrated more on the 

littoral zone. Neither the vulnerability to robbery indices, nor the feeding success indices of both 

species did support the suggestion that Lesser Black-backed Gulls may have outcompeted Herring 

Gulls at (nearshore) fishing vessels. Future research will have to concentrate on natural feeding 

concentrations of these gulls off the Wadden Sea islands.  
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As can be seen throughout this thesis, fisheries discar ds are an important resource  for both Herring Gulls and 

Lesser Black-backed Gull in the southern North Sea. The upcoming reform of the EU Common Fisheries Policy 

will be the biggest change in European fisheries manageme nt for a generation. A centra l plank of this reform is 

a proposed ban on discards, to aid the creation of econ omically and environmentally sustainable fisheries. This, 

together with a global trend for declining discards, may have unforeseen knock-on consequences for the large 

number of scavenging seabirds that consume this plentiful subsidy. A general expectation of the potential 

consequences of a EU discards ban on scavengi ng seabirds is provided in this paper. 

 

Bicknell A.W.J. 1, D. Oro 2, C.J. Camphuysen 3 & S.C. Votier 1,4 * 2013. Potential consequences of 
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Sea Research (NIOZ), PO Box 59, 1790 AB Den Burg, Texel, The Netherlands; 4Environment and Sustainability Institute, 

University of Exeter, Penryn, Cornwall, UK; * Correspondence author : stephen.votier@plymouth.ac.uk. 

 
Discards have shaped many aspects of  seabird foraging, distri bution, and population dy namics. Here we review 

these effects and consider the potential for both negative  and positive impacts of di scard reforms for seabirds, 

with particular focus on the EU, an d propose recommendations for on-goi ng research and conservation. EU 

seabird scavengers are dominated by a relatively small numb er of large generalist taxa. Many of these occur at 

globally significant numbers within the EU, but may be able  to buffer a decline in disc ards by switching to feed 

on alternative foods. A discard ban may have negative consequences by creating a food shortage for 

scavenging birds. Some species may offset this by feed ing more on other birds, with potentially negative 

population-level impacts, or  by moving into novel environments. Bene fits of a discard ban may be a reduction 

in seabird bycatch in fishing gears, as well as a reduction in populations of large generalist species that 

currently dominate some seabird communities. Synthesis and applications. Reform of the Common Fisheries 

Policy and global discard decline ar e essential components towards creating sustainable fisheries, but may 

have both detrimental and beneficial effects on seabird communities. The nature of these impacts is still poorly 

understood, highlighting the need for detailed long-term seabird monitoring, as well as building resilience into 

populations through policy measures th at incorporate remedial action on ma jor seabird conservation priorities. 

Research should focus on understanding how seabird fora ging, in terms of functional responses and searching 

behaviour, are influenced by both ch anging discards and natural fish prey  availability, and how they impact 

upon fitness. It is also essential to link individual-level responses with population, community and ecosystem-

level change. Understanding these links is fundamenta l to on-going seabird management and conservation.  
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Abstract Adult Lesser Black-backed Gulls were followed duri ng the breeding season using a high resolution 

GPS tracking system. Little is known about the foraging movements of these birds and what they do when they 

are away from the colony. The study revealed intriguing  yet infrequent behavioural patterns showing that birds 

would sit on the sea surface drifting passively with the tidal current for several hour s, resting at sea rather 

than in the breeding colony. The potential function of the observed patterns is discussed as well as the 

relevance of these observat ions for other species. 

 

Keywords:  drift, GPS tracking, Larus fuscus , resting at sea, tidal current  

 

Introduction 

 

With recent developments in high resolution GPS and other activity logging technologies, it is now 

possible to measure the movements and behaviour of animals in great detail providing exciting 

new opportunities for behavioural and physiological research of free ranging animals (Ropert-

Coudert & Wilson 2005, Rutz & Hays 2009, Robinson et al.  in press). Such detailed measurements 

can record infrequent yet fascinating behaviours  that can reveal new aspects of behavioural 

ecology (e.g. Houghton et al . 2008a). As part of a long term study on gull resource selection and 

breeding success on Texel, a Wadden Island in the Netherlands, we studied the foraging 

movements of adult Lesser Black-backed Gulls Larus fuscus  during the breeding season in 2008 

using a novel GPS bird-tracking system. Although in formation exists about the prey preferences of 

different individuals in the colony as well as activity around trawlers for this area (e.g. 

Camphuysen 1995a, Garthe et al.  1996, Camphuysen et al.  2010), very little is known about the 

foraging movements of these birds and what they do when they are away from the colony. This 

paper describes an intriguing yet infrequent be havioural pattern revealed during the tracking 

study. During several trips to the North Sea smoot h curved trajectories were recorded with very 

slow movement (< 4 km h -1 ) lasting several hours. We explored this behaviour within the context 

of their daily movements and the local tidal currents.  

 

Methods 

 

The prototype bird tracking system used in this study was developed at the University of 

Amsterdam and consists of 18 g solar powered GPS tags, with a wireless ZigBee transceiver that 

communicates with a base station located in the cent re of the breeding colony. Data logged on the 

GPS tags were downloaded to the base station and new measurement settings were uploaded to 

the tag. Thus the system enables remote measurem ent flexibility while the tag is on the bird. The 

GPS tag measures and logs GPS x,y,z positions (geographic position and altitude above mean sea 

level), sensor temperature and air pressure, and GPS diagnostics (e.g. fix time, number of 
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satellites in view). The locations of the birds we re measured at intervals ranging from 3–450 sec, 

during the day and at night. We varied the measurement interval to enable measuring movement 

at different temporal and spatial scales and capture different types of behaviour while minimizing 

gaps in the data due to temporarily low battery voltage, which can result from extensive high 

resolution measurements.  

Five adult Lesser Black-backed Gulls, three ma les and two females were trapped and fitted 

with GPS tags between 24 May and 4 June, 2008 (Table 12.1) in the Kelderhuispolder breeding 

colony on the island of Texel (53°00’N, 04°43’E), The Netherlands. The GPS tags were attached to 

the back of the birds using a teflon 3-strap permanent backpack harness configuration with one 

strap fitting across each wing and one strap below the crop. Birds were immediately released 

following biometric measurements of the wing, ta rsus and body mass and secure placement of the 

tags. The tags weighed less than 3% of the mass of  each bird at the time of capture (mean 848 g, 

range 650-960 g). The birds continued to breed after being fitted with the tags and were tracked 

for several weeks until they left the breeding colony . Four of the five birds were observed in the 

colony and commenced breeding in the following seas on and one bird (tag 54) was found dead in a 

garbage dump in France with no external signs of cause of death.  

 

Table 12.1. Overview of Lesser Black-backed Gull tracki ng data obtained from the GPS loggers during the 2008 

breeding season. Data from the start of the tracking seas on until the last GPS record within the colony are 

included. Number of fixes includes fixes with and without altitude. 

Logger ID Sex Deployment Days tracked  Fixes Max dist (km) %at sea 

45 M 31 May 2008 12 4784 82.0 45.5 

51 M 24 May 2008 29 6651 78.6 33.5 

52 F 4 June 2008 39 5391 83.7 43.6 

54 F 2 June 2008 18 7161 44.6 6.0 

 

Table 12.2. Overview of smooth curved trajectories du ring which birds sat at the sea surface and moved at 

speeds below 4 km/h (Fig. 12.1) for 4-6 hours. Start and end date and time (GMT) of the observation is 

recorded as well as the behaviour directly before an d after the event. Measurements were collected in 2008. 

Passive drift of ID 45 and 52 are shown in Fig. 12.1. 

Logger ID Start date and time End date and time Activity before Activity after 

45 7 June 21:00  8 June 2:26 Flew from colony Returned to colony 

51 8 June 13:31  8 June 19:37  Foraged at sea Foraged at sea 

52 7 June 20:41 8 June 01:46 Foraged at sea Foraged on mainland 

52 11 June 20:49  12 June 03:10 Foraged at sea Foraged at sea 

52 23 June 20:24  24 June 01:59 Foraged at sea Returned to colony 

52 30 June 20:42  1 July 01:16 Foraged at sea Foraged at sea 

 

 Speed and direction of the birds were calcul ated between consecutive GPS-positions. To 

calculate the amount of time spent in different locations, only data with an interval �” 10 minutes 

between fixes were used, to remove long time inte rvals if fixes were occasionally missing. A buffer 

with a 200 m radius around the colony was used to calculate the amount of time spent in or near 

the colony and to designate the start and end of a trip. Trips with a large gap between consecutive 

locations (>30 minutes) were excluded from the analysis of mean trip duration and maximum 

distance from colony. Following an exploratory anal ysis of speed distributions, speed was used to 

categorize behaviour as stationary (<1 km h -1 ), floating or walking (1-4 km h -1 ), or flying (>4 km 

h-1 ). These thresholds were further supported by considering measured altitudes in combination 

with speed (in general measured altitude < 20 m AGL and speed <4 km h -1  were considered non-

flight) and based on aerodynamic theory, these speeds would be too low to sustain flight 

(Shamoun-Baranes & van Loon 2006, Pennycuick 2008). Due to tag failure, one of the birds was 

only tracked for 2 days and thus removed from further analysis, although it was still observed 

breeding in the colony during the course of the study. The Zuno Model (Rijswijk, The Netherlands, 
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Rijkswaterstaat) was used for assessing the tidal currents along the North Sea coast of the 

Netherlands. Currents were calculated with the Dutch Continental Shelf Model (Gerritsen et al.  

1995) with a grid size resolution of 1/12°N and 1/8°E. The flow fields were linearly interpolated to 

the time and location of the bird provided by the GPS tags. 

 

 

Fig. 12.1. Foraging and resting moveme nts of Lesser Black-backed Gulls, br eeding on Texel (white open circle), 

The Netherlands. Locations with an associated speed �”  4 km h -1  are indicated in yell ow and represent when 

birds are stationary, walking or floating, higher speeds are indicated in red. (A) 4953 GPS positions of a female 

gull (logger ID 52) from 4 June 2008 through 15 July 2008 and there are four episodes of extended passive 

drift recognisable (drift lasting 4-6 hrs); (B) boxed area enlarged showing one case of passive drift of the gull 

(yellow points and arrows) superimposed on tidal curr ent speed and direction (black arrows) 30 June 2008 

20:42 GMT to 1 July 2008 1:16 GMT; (C) 4784 GPS positions of a male gull (logger ID 45) from 31 May to 11 

June; (D) shows the one case of extended passive drift in this bird from 7 June 21:00 GMT to 8 June 2:26 

GMT.  

 

Results and discussion 

 

During the breeding season, three of the four birds foraged regularly in the North Sea, up to 80 

km away from their colony (Table 12.12.1, Fig. 12.1a and 12.1c) whereas one gull (tag 54, Table 

12.12.1) spent most of its time on land. Although some trips lasted several days the mean trip 

duration for all birds was 7.9 ±9.0 h (SD, n = 78). Gulls spent 43% of their time in the breeding 

colony. Of the time spent outside of the colony 35 % was spent stationary, walking or floating.  

During several trips to the North Sea intrigui ng smooth curved trajectories were recorded 

for 4-6 hours. Based on the very low speeds (<4 km hr -1 ) and altitudes measured (<20m), birds 
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sat at the sea surface during this time (Fig. 12.1). The movements occurred during both day and 

night and were only observed for birds regularly fo raging at sea (tags 45, 51, 52). In total six of 

these trajectories were recorded (Table 12.2), however, trajectories of shorter duration were much 

more common although not included in the current study. We compared the speed and direction of 

the six trajectories to tidal current speed and direction. Based on the strong similarity between the 

bird movements and tidal currents, it is clear that the birds were passively riding the currents (Fig. 

12.1b and d) for several hours. The movements coin cided with slack tide, thus the turning of the 

tide resulted in curved trajectories. Although we did not have additional measurements of the 

birds’ activity, the passive and long uninterrupted drift with the tidal current and lack of vertical 

movement strongly suggest that birds were resting during this period.  

The movement patterns in this study were recorded during the incubation and hatching 

phase of breeding while colony attendance is a ssumed important to guard the clutch or newborn 

chicks (Cadiou 1999). Within the study colony, this seemed particularly relevant given the 

exceptionally high levels of chick predation observed (c. 60% of the hatchlings). However, similar 

to other colonial seabird studies (Irons 1998, Lewis et al.  2004) we found that partners did not 

always coordinate foraging trips leaving ch icks unattended at times (C.J. Camphuysen, 

unpublished data ). Animals and particularly birds can retain a certain level of vigilance during 

sleep and thus potentially reduce the risk of ne st predation when resting in the colony (Lima et al.  

2005, Siegel 2008). Bearing this in mind, and the fa ct that the maximum distance from the nest 

during foraging trips was 80 km, requiring less than 2 hours of flight to return to the nest, we 

would expect birds to rest in the colony when possible during the breeding season. This raises 

questions regarding the potential importance and function of such behaviour. Thus we also 

considered the activity of the birds before and af ter the resting period. If birds sleep during these 

trajectories and sleep is homeostatically regulated (Rattenborg et al.  2009), then a relationship 

might be found between the duration of resting an d previous foraging activity (e.g. Weimerskirch 

& Guionnet 2002). In this study, different behaviours were observed: birds returned directly to the 

nest or continued to forage after drifting at sea; on one occasion a bird left the colony drifted at 

sea for several hours and then returned to the nest  (Table 12.2). With our preliminary data we can 

only speculate about the possible function and advantages of such behaviour. Resting at sea may 

allow birds to reduce their vigilance providing an opportunity for more complete behavioural 

shutdown and hence improved brain maintenance (Lima & Rattenborg 2007). Resting and sleep is 

an important part of the daily ti me budget of animals, however, little is known about how often, 

where and when animals sleep and rest in the wild (Lima et al.  2005, Henson et al,  2007, Siegel 

2008). Sleep is rarely measured directly in free-living animals (Rattenborg et al.  2008), although 

based on visual observations or activity sensor  data (e.g. Ropert-Coudert & Wilson, 2005) it can 

be inferred from behavioural indicators such as posture, eye closure (e.g. Schwilch et al.  2002, 

Amlaner & Ball 1983), buccal oscillations (Houghton et al.  2008b) or diving behaviour (Miller et al.  

2008, Mitani et al.  2010). Alternatively, resting at sea may reduce exposure to ectoparasites 

(Danchin 1992) or provide an opportunity to digest food before continuing with other activities 

such as foraging for chicks (Ropert-Coudert et al.  2004). Other colonial seabird species are known 

to rest and even drift for some time on the se a surface during the breeding season, although 

detailed information about the entire trajectory is often lacking (e.g. Weimerskirch et al.  2002, 

Ropert-Coudert et al.  2004, Guilford et al.  2008). Thus the phenomenon of long resting bouts at 

sea, away from the nest, may be  more common than realized.  

  In future research we will include measurements of tri-axial acceleration and consider 

both long as well as shorter duration drift movements. When estimating foraging energetics and 

time-energy budgets of individuals, distinguishing different types of movement, such as passive 

drift from active movement or di fferent flight strategi es (e.g. Shamoun-Baranes & van Loon 2006), 

is essential. Advances in biotelemetry, exchange of data for comparative analysis, and analysis of 

common as well as rare events will greatly fac ilitate our understanding of behavioural ecology, 

stimulating new research questions and reviving old ones. 
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Abstract  The identification of marine areas of importance for seabirds is a challenge, because it is often 

unclear how birds are using the different areas in which they occur. Species differ in  habitat choice, foraging 

behaviour and feeding range, but also in tendencies to roost at sea or to utilize resting places closer to or even 

on land. Because the designation of marine protected ar eas (MPAs) for seabirds should bear relevance to the 

ecological importance of these region s, simple presence/absence information is not sufficiently accurate and 

could even be misleading. Large amounts of data have  been collected to assess distribution patterns of 

seabirds around the world. Two sources of data are hi ghlighted here: ship-based surveys and sensor data from 

instruments attached to individual birds. Recently developed protocols to systematically record seabird 

behaviour at sea during ship-based surveys and novel tracking technology that facilitate spatio-temporal 

quantification of space use and identification of behaviou r will be evaluated in the context of MPA designations. 

We present some limitations of traditional techniques and exciting possibilities of new protocols and the latest 

generations of electronic devices attached to seabirds . These advanced approaches in data collection and 

spatial analysis will reveal important ecological inform ation that will enhance our understanding of offshore 

seabird distribution and activity which can guid e the designation of marine protected areas.  

 

Key words:  Marine Important Bird Areas, Seabird behavi our, Census techniques, Data integration 

 

Introduction 

 

Though the benefits of marine protected areas (MPAs) are now widely accepted (Gaines et al. 

2010a), less than one percent of the entire oceans ' surface today is protected and only a small 

portion of this is managed effectively (Gjerde & Breide 2003; Halpern et al. 2010). MPAs have 

been described as a suite of tools developed in coastal waters to provide a framework for 

integrated area-based biodiversity conservation (Agardy 1994; Hoagland et al 2001; Gaines et al 

2010b). Effectively managed, they can maintain ecosystem structure and function, protect habitats 

and species, and enable sustainable use of resources (Gjerde & Breide 2003). The identification of 

MPAs for highly mobile seabirds is a challenge. MPA designs, certainly when areas of ecological 

significance are aimed for, should be guided by at least some understanding of the natural history 

and habitat requirements of seabirds protected within these areas (Bernstein et al.  1991, 

Hyrenbach et al.  2000). Geostatistical interpolation methods often combine environmental, 

hydrographic, or even ecological parameters with  abundance estimates to delineate sea areas of 

importance for seabirds (Skov et al. 2007; Wakefield et al. 2009). Information on key issues such 

as prey availability is usually lacking and certain proxies are chosen that would or could 

characterize the suitability of habitats (e.g. distan ce from the coast, water depth, frontal systems; 

Louzao et al. 2006, Yen et al.  2006, Garthe et al. 2007, Stevick et al.  2008), or be indicative of the 

presence of food (chlorophyll concentrations, salinity; Scott et al.  2010). These proxies may not be 

accurate and the results can thus be misleading. Moreover, abundance estimates of seabirds used 

in these models seldom discriminate between actively foraging animals and individuals that occur 

in certain areas for other reasons (e.g. on transit, resting, or otherwise). 
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Numerous papers report on observation protocols and techniques to enhance the accuracy 

of survey data (Gaston et al.  1987, Buckland & Turnock 1992, Spear et al.  1992, Spear et al.  

2004). The geostatistical interpolation techniques applied to survey data have been scrutinised, 

further developed and refined to improve the results (Robinson & Metternicht 2006, Certain et al.  

2007, Skov et al.  2007). However, rather few studies have addressed how the behaviour of the 

study animals could help identify the ecological significance of certain concentrations of animals, 

(Camphuysen & Garthe 2004). Would “high counts”, by definition, point at areas of ecological 

importance? We believe not, or at least not necessarily. High densities at offshore roosts, at 

crossroads in migratory pathways, in the main fo raging areas, or along the flyways to and from 

major colonies would all show up as “important areas” on distribution maps. In the absence of 

behavioural information, the specific use (or ecological significance) of any of these areas is rarely 

evident. 

Nowadays, seabird distribution data are collected more and more often with data loggers 

attached to individual birds. Concentrations of  tracks have been used to identify areas of 

significance (e.g. Grecian et al. 2012). However, while numerous ecologists deploying these 

instruments have seen the need for behavioural or physiological information during such 

movements (e.g. diving, travel speed, flight altitude , flight strategy, resting, feeding bouts; Wilson 

et al.  1992, Ropert-Coudert & Wilson 2005; Rutz & Hays 2009), such data have only occasionally 

been used by conservationists. High abundances (i .e. high densities of data points) have usually 

been taken as indicators of “areas of importance”, worthy of protection (Freeman et al.  1997, 

Georges et al.  1997, Wilson et al.  2009). Assuming that a MPA would have to be of ecological 

importance as a feeding area, or rather as a roost or any other function, information on the actual 

behaviour of animals is crucially important. A more comprehensive analysis of the data, utilising 

the collected information about behaviour at sea, could lead to more precise delineations of areas 

of ecological importance. 

The role and importance of incorporating animal behaviour in conservation biology is 

increasing (Buchholz 2007). Modern ship-based su rvey techniques and the latest generations of 

electronic devices attached to individual birds could easily provide information on animal 

behaviour. Collecting and using information on behaviour simultaneously with tracking/survey data 

would be the way forward. By doing so, a more comprehensive understanding of the ecological 

importance of marine areas with particularly high densities of seabirds would result. This would be 

an important step in an ecologically more meaningful designation of MPAs for seabirds. In this 

paper we provide examples of the type of informat ion, apart from densities, about bird behaviour 

that can be extracted using different measurement techniques (tracking studies or at-sea 

surveys). 

 Examples are provided based on combinations of ship-based surveys and studies using 

tracking devices within the North Sea. These pr ojects were all independent studies of seabird 

distribution and foraging activities in overlappi ng areas: in the NW North Sea (Northern Gannet; 

1991-2004) and in the Southern Bight (Lesser Black-backed Gull; 1978-2010).  

 

Data collecting techniques 

 

Foraging distribution of Northern Gannets in the North Sea - The foraging range and feeding 

behaviour of Northern Gannets (hereafter simply ‘Gannets’) around the Bass Rock (SE Scotland, 

56°06’N, 2°36’W) have been studied using ship-based surveys, in June–July during ten seasons 

between 1991 and 2004 in the northwestern North Sea (54–59°N, 3°W–2°E) (Camphuysen 

2011d). These surveys covered most of the feedin g range of Gannets nesting on the Bass Rock 

(Hamer et al . 2007). Counts were conducted in calm weather (wind speed <7 on the Beafort scale) 

when the vessel travelled at full speed (8–10 knots). A total of 9,972 km² were surveyed, 

travelling a distance of 33,601 km on effort, and 44,818 Gannets were observed. Standard 

counting techniques were applied (Tasker et al.  1984, Camphuysen et al.  2004), together with 
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systematic recording of Gannet behaviour as an essential part of the protocols (Camphuysen & 

Garthe 2004). Inspired by Ashmole (1971), 10 types of (feeding) behaviour were commonly 

observed in Gannets: Actively searching, Deep plunging, Shallow plunging, Scooping prey, Surface 

seizing, Scavenging at fishing vessel, Resting or  apparently asleep, Preening or bathing, Carrying 

nest material, and Being under attack by kleptoparasite (details in Camphuysen & Garthe 2004). 

Foraging flocks comprising more than one seabird species were named ‘multi-species (feeding) 

associations’, or MSFAs (Camphuysen & Webb 1999) . Associations between seabirds and marine 

mammals were recorded and the type of behaviour was described and logged (Camphuysen 

2011d). We will compare the survey data with a si multaneously conducted tracking study in which 

the at-sea distribution and behaviour of Gannets from the Bass Rock was monitored with satellite 

PTTs from Hamer et al.  (2000, 2007). In these studies, unfor tunately, the diving locations were 

not recorded, for example by means of time-depth recorders attached to the individual birds. 

 

Foraging distribution of Lesser Black-backed Gulls in the Southern North Sea - Using very 

similar techniques and protocols, the at-sea dist ribution and feeding behaviour of Lesser Black-

backed Gulls in the Southern North Sea was st udied between 1978 and 2008 (European Seabirds 

at Sea database and C.J. Camphuysen unpubl. data ). Systematic recording of behaviour was an 

essential part of surveys conducted since 1992. Behaviours commonly observed in Lesser Black-

backed Gulls were: Actively searching, Shallow plunging, Scooping prey, Surface seizing, 

Scavenging at fishing vessel, Resting or apparently asleep, Preening or bathing, and Being under 

attack by kleptoparasites. Associations between  gulls and fisheries were common and both the 

number of birds and the distribution and abundance  of fishing vessels involved were assessed and 

the type of behaviour was described and logged. Foraging at anthropogenic resources and 

opportunities (discards in fisheries, associations with offshore installations) was distinguished from 

‘natural’ foraging behaviour (i.e. independent of human activities). 

 In 2010, 14 adult Lesser Black-backed Gulls were trapped on nests and fitted with GPS 

tags (UvA-BiTS, Amsterdam) at the island Texel (53°00’N, 04°43’E), The Netherlands, to monitor 

the foraging distribution at sea and on land. The 17g GPS tags were attached to the back of the 

birds using a Teflon three-strap backpack harness configuration. The birds continued to breed after 

being fitted with the tags and were tracked for se veral weeks until they left the breeding colony 

and migrated south to their wintering areas. Data logged on the GPS tags were automatically 

downloaded to a base station within the colony (short range data transfer rather than the use of 

satellites). The tags measured geographical posi tion, altitude, instantaneous speed (m/s), sensor 

temperature and GPS diagnostics. The locations of the birds were measured day and night at 

intervals ranging from 3 to 450s (settings remotely adjustable via the base station). The tag also 

included a tri-axial accelerometer which measures acceleration in three axes: heave (Z), surge (X) 

and sway (Y). The measured acceleration includes a static and a dynamic component. Static 

acceleration is a measure of the incline of the accelerometer with respect to the earth’s 

gravitational field while the dynamic component is a result of body acceleration (see Shepard et al . 

2008 for further details)..From the accelerometer data, different activities (behaviour) of the 

tagged individuals could be monitored.  

 

Results 

 

Gannets at sea -  Ship-based surveys of gannets revealed a bell-shaped distribution pattern 

around the Bass Rock with gradual declines in densities with distance in any direction except 

towards land (Fig. 13.1). Mean densities of Gannets around the colony declined from >10 birds 

km -2  within 20 km of the colony to less than 0.2 birds km -2  at over 400 km. However, 66% of all 

recorded searching and actively feeding Gannets occurred in areas with very low densities of 

conspecifics, generally at more than 100 km away from the colony (Fig. 13.2). Because of the low 

densities of Gannets where most foraging occurred,  feeding opportunities were typically exploited 
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by relatively small flocks, with few competing birds. Intraspecific competition was thus less intense 

(and individual foraging success likely higher) than it would have been nearer the colony in areas 

with higher densities of conspecifics. Searching and feeding tactics of Gannets, as well as their 

foraging associations with other apex predators, were different between sea areas. Gannets joined 

nearshore multi-species foraging associations (MSFAs) around Wee Bankie and in a frontal zone 

bordering mixed nearshore waters off the east coast of Scotland (Fig. 13.2), where compact 

schools of small prey fish were herded towards the surface by diving auks (Alcidae). Associations 

of Gannets with marine mammals were typically an offshore phenomenon over thermally stratified 

water, generally at >100 km from the coast. 
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Fig. 13.1. A. Distribution pattern (n km -2  per 10’N x 20’E rectangle), and B. Proportion (%) of Gannets actively 

feeding around the Bass Rock (E Scotland, U.K.) in summer (June-July), based on ship-based surveys 1991-

2004. Associations with fishing vessels excluded. A rectangle indicates the position of major fronts and Wee 

Bankie (see text); 30 and 50m depth contours are indicated. ��

 

 A simultaneously conducted telemetry study confirmed that the entire range observed 

during ship-based surveys was indeed used by breeding birds originating from the Bass Rock 

colony. The maximum foraging range found was 540 km from the colony, and the mean furthest 

distance from the colony per trip was 232 km. Based on the assumption that Gannets feed 

throughout their foraging trips, Lewis et al. (2004) suggested that Gannets focused their foraging 

activity on areas that have characteristic bathymet ric features and on tidal mixing fronts that were 

probably associated with high primary production. While the results indicated that birds searched 

for food in a wide range around the colony, all high-density areas, including those immediately 

around the Bass Rock, were interpreted as areas where foraging took place. 

 

Lesser Black-backed Gulls at sea -  Ship-based surveys revealed that during breeding, Lesser 

Black-backed Gulls off the Dutch coast were common within c. 40 km of the coast, with local 

clusters and peaks in abundance in response to feeding opportunities. Lower densities occurred at 

greater distances away from the coast (>40 km) an d homing flights confirmed that breeding birds 

were also visiting the more distant areas (Camphuysen 1995a, Camphuysen et al.  2008). The 

distribution (densities) was patchy, largely as a result of large concentrations of birds recorded 
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around fishing fleets (clumped distribution patterns, including actively feeding birds associated 

with fishing vessels and resting flocks that were engaged in a feeding frenzy at a trawler earlier on 

a survey day (Fig. 13.3). However, when naturally feeding behaviour (exact plots of plunge-diving 

in natural feeding concentrations of birds) was plotted, two rather discrete areas of ecological 

importance emerged: an area along the coast an d within the 20m depth contour (influenced by 

eutrophic water from major rivers further to the south) and an area just beyond the 30 m depth 

contour in the north (the Frisian Front; a transition zone between mixed channel water and 

thermally stratified central North Sea water; Fig. 13.3). While using data on foraging behaviour, 

more ecologically relevant distribution data emerged than while using presence/absence data 

alone. These patterns were consistent over time. 
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Fig. 13.2. Relative abundance ( n km -1 ; 

bars) of Northern Gannets and the 

fraction of actively foraging birds 

observed (%, line) with increasing 

distance from Bass Rock based on June-

July ship-based surveys 1991-2004. ��
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Fig. 13.3. (A) Abundance estimates of Lesser Black-backed Gulls at sea (densities per 2x3’ rectangle) and (B) 

plotted locations of natural foraging a ggregations (dot size indicative of flock size) of Lesser Black-backed Gulls 

from ship-based seabird surveys in the southern North Sea, 1997-2008. In both subplots the 20m and 30m 

depth contours are shown. 

 

 The GPS tracking of actively breeding Le sser Black-backed Gulls revealed a fairly 

homogenous distribution pattern around the colony (Fig. 13.4). The maximum range and habitat 

utilisation (North Sea, Wadden Sea, mainland, the island Texel) were fairly constant between 

incubation and fledging, but was different in failed breeders (unusually long-distance trips occurred 

in the latter category). Active breeding birds spen t a substantial proportion of time on foraging 
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trips at sea (mean 34 % in females, 81% in males), but also foraged on land. The tracking data 

confirmed the frequent use of nearshore habitats, mostly to the south and southwest of the 

breeding colony. However, while a map of all tracks  provides an indication of the spatial range of 

movements during breeding, there is no information on areas within that range that were of 

special ecological importance for the birds (Fig. 13.4). Again, higher abundance estimates were 

found nearer the colony, which is mainly the result of higher numbers of transient birds leaving 

and approaching the colony during feeding trips. Gr ound speed provided some indication if a bird 

was flying, stationary or floating on the sea surface, providing further insight into how an area was 

used (Shamoun-Baranes et al.  2011). More direct evidence of the locations of active feeding 

behaviour could in this case be derived from either the temperature of the device, or the 

accelerometer. Single trip examples in which ei ther the temperature sensor (Fig. 13.5) or the 

accelerometer (Fig. 13.6) represented behavioural changes that indicate foraging activities are 

shown, to illustrate to potential of these instruments. By combining information on time and 

location with speed, temperature and/or acceleration, it can be determined where a bird is going, 

how long it spends in different places and what it is (likely) doing. By adding this information into 

the database, a quantitative analysis of (potential) feeding areas at sea is feasible. 
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Fig. 13.4. Time spent (h) on foraging trips by Lesser 

Black-backed Gulls around the main breeding colony at 

Texel (asterisk), The Netherlands (southern North Sea), 

from GPS tracking studies in 2008-2010, summed for 

2x3’ rectangles. Exact same area as in Fig. 13.3, but land 

“covered" with tracking data (coastline superimposed in 

white). 

Fig. 13.5. Single foraging trip from the colony at 

Texel (asterisk). Circles indicate GPS positions 

recorded, abrupt drops in logger temperature 

caused by cold seawater on the logger are 

indicative of potential feeding bouts (solid circles). 

Green areas represent the mainland and Texel.  

 

Discussion 

 

In the past decades, ecologists have witnessed vast improvements in our ability to collect seabird 

movement and distribution data through aerial  and ship-based surveys, through systematic 

observations of migrating birds from the shore an d more recently through bird-borne technology, 

such as through GPS or ARGOS-satellite systems. However, more data does not necessarily yield 

more understanding of seabird ecology (Hebblewith & Haydon 2010). Within the North Sea, ship-

based surveys have been designed originally to locate and quantify concentrations of seabirds that 

could be sensitive to sea surface pollutants, such as oil spills at sea (Tasker et al. 1984). Areas of 
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high abundance were translated into areas of high sensitivity to oil spills when vulnerable taxa 

were involved, and researchers were most concerned with birds touching water (by either 

swimming or plunge diving; Carter et al.  1993). These same seabird distribution data were 

consulted in later years to enhance our understandi ng of ecologically important bird areas, even 

though the data had not been collected exactly for that purpose. The urgency to collect 

behavioural data simultaneously was realised only decades later (Camphuysen & Garthe 2004). 

Meanwhile, areas of high abundance were seen as areas of high (ecological) importance, and the 

first atlases identifying marine IBAs simply converte d recorded densities into categories of ‘general 

importance’ to seabirds (Durinck et al. 1994, Skov  et al. 1995). 

 

 

Fig. 13.6. Single foraging trip of Lesser Black-backed Gull leaving and returning to the colony at Texel, The 

Netherlands (southern North Sea), with typical accelerometer patterns representing specific behavioural 

features. In panels A-D acceleration (y axis) is shown in g-force and time is shown in seconds (x-axis), with 

heave, surge and sway represented by green, red and blue  respectively. The following patterns are shown: (A) 

flapping flight, with a wing beat frequency of ~3.2 wi ng beats per second (blue symbols on map); (B) soaring 

flight (green symbols on map) (C) floating on the sea surface and bobbing in waves (yellow symbols on map), 

and (D) standing (red symbols on map). Potential feedin g activities were exclusively recorded at the far NW 

end of the trip. 

 

Case studies -  The Gannet data described in this paper and published by Hamer et al.  (2000, 

2007) are clearly complementary. While both data sets are in agreement regarding the foraging 

range around the colony, information on the feeding activities of birds would require a more 

integrated analysis (in which the pros and cons of either method are evaluated) to reach firm 

conclusions. The combined results are promising,  however, and regardless of whether or not the 

establishment of a marine protected area would be a sensible solution in Gannet conservation, the 

information on foraging activities would favour a different scenario than distribution data alone. 

Similarly, in a study of gannet colonies in eastern Canada (Montevecchi et al.  2012) different areas 

would be emphasized depending on how GPS and time depth data were analyzed. While all 

positional data acquired demonstrate general di stribution patterns, different patterns were 

revealed when focussing on the areas where the birds were actually foraging (as measured by 

dives). From combined dietary analyses and investigations of prey presence the 'important' areas 

for gannets could be defined and understood much better (Garthe et al.  2007). 

 The data provided on Lesser Black-backed Gulls are also complementary in nature. The 

ship-based surveys, that included a behavioural module in the observation protocols, have been 

successful in outlining different areas of ecological  importance (natural feeding concentrations in 
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nearshore waters and in a frontal system north of the breeding colony; fisheries related 

distribution patterns elsewhere) potentially for multiple populations. The GPS loggers could 

illustrate which birds from a particularly large colony within that area utilised these foraging 

habitats. The frontal systems to the north of the colony, important feeding areas according to ship-

based surveys, must have been exploited mostly by birds from other colonies or non-breeders. 

The information derived from temperature or accelerometer data on water contact, flight and rest 

will provide crucial further information on the at-sea  activities and whereabouts of birds in tracking 

studies. Again, key areas identified on the basis of overall densities would be different from 

important areas based on densities plus behaviour: combining data leads to different and certainly 

more precise conservation proposals or management decisions. 

 

Strengths and weaknesses of surveys and logger data - When designating and justifying 

marine protected areas, there is generally a need to know how many individuals use a particular 

area. One of the strengths of ship-based surveys is the capacity to estimate densities. However, 

densities may fluctuate due to factors such as resource availability, environmental conditions, or 

timing within the annual routine of individuals. Ship-based surveys should and can be repeated to 

at least account for inter and intra-annual environmental variability. Interpolation methods 

developed in recent years can be applied to reach standardised population estimates. In line with 

Camphuysen & Garthe (2004), we propose that behavioural data should always be collected as an 

integral part of seabird surveys with high priori ty. The European Seabirds at Sea database (ESAS 

database) was established to enhance the exchan ge of data between institutes and between 

countries and as a result large European sea areas have been mapped since the late 1970s. An 

integrated database, such as the ESAS database, can attract multiple users with diverse questions, 

and many users would profit from additional beha vioural information stored in the database. While 

atlases tended to be based on presence/absence data, more recent publications increasingly 

focussed on offshore areas of ecological significance and the surveys that record seabird behaviour 

as part of the standard protocol have proven to be very valuable (Camphuysen & Webb 1999, 

Schwemmer & Garthe 2005, Camphuysen 2011d). 

Seabird densities at sea are often influenced by other factors affecting the source 

population that are not directly observed in the survey area. Hence, information on where 

observed individuals are coming from is very useful. Information about the population source of 

the individual can be collected from individual tracking studies (satellite telemetry and GPS 

tracking). Individual tracking can provide information on what individual animals are doing and for 

how long. It can also provide information on how often birds visit specific areas in comparison to 

other areas. The benefits of deploying bird-borne technology for seabird research were appreciated 

first and foremost by ecologists working in seabird colonies. Radio-transmitters, satellite and GPS 

systems were used to reveal the generally unknow n foraging areas of these species (e.g. Georges 

et al.  1997, Ropert-Coudert & Wilson 2005, Hamer et al . 2009). Later, a variety of sensors and 

even animal-borne cameras were attached to seab irds recording dive depth, temperature, prey 

ingestion, wing motion, speed, flight altitude and even underwater images (e.g. Ropert-Coudert & 

Wilson 2005, Rutz & Hays 2009). Accelerometers or other devices can be used to classify 

behaviour of tracked individuals. The down side of  many of these studies was that the sample size 

was often small, the study period short, levels of individual specialisation of seabirds were often 

very high, and only a small subset of colonies was suitable to perform these studies, introducing a 

serious bias when sea areas have to be studied on large spatial scales, for example during the 

designation of a certain conservation status. Furthermore, initially, only large birds could be 

studied using such devices but technological impr ovements facilitated the development of much 

smaller devices so that now even much smaller seabirds can be instrumented. We may have 

overcome these problems now, or may do so in the very near future, now that more and more 

instruments are deployed. 

Seabird densities from at-sea surveys as well as presence/absence indications from bird-

borne loggers, without information about behaviour, can be misleading. In our examples, both 
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tracking data and ship-based survey results point at high density areas near colonies. Here, in 

fact, the majority of the birds are only or mostly in transit; travelling to and from feeding grounds. 

A better notion of foraging whereabouts at sea, for example by logging feeding frenzies during 

surveys, or the areas where foraging behaviour is most frequently observed with birdborne 

devices, would give more exact indications as to where the designation of protected areas could be 

most effective. Protecting areas where MSFAs developed frequently would even be beneficial for a 

variety of seabirds, exhibiting different foraging  techniques, rather than for a single species 

(Camphuysen & Webb 1999). 

Ship-based survey and tracking data pr ovided two distinct, yet complementary, 

perspectives of marine habitats (Louzao et al.  2009). Since tracking studies and ship-based 

surveys are often conducted independently it would be useful to merge these datasets to see if 

tracked individuals can be found in survey sites. When decisions have to be made, the specific 

qualities, opportunities but also shortcomings  of either technique should be evaluated. 

Instrumented individual birds from one or more breeding colonies give no information about the 

whereabouts of the rest of the population: other breeding birds from nearby or distant colonies, 

non-breeding adult birds as well as immatures. Ship-based surveys can usually not be taken as 

conclusive for a specific breeding colony or for local breeding birds in general unless an isolated 

colony is studied (e.g. Leopold et al. 1995). Individual seabirds can be extremely site-specific and 

site-faithful. Distribution patterns at sea vary as a function of time of day, breeding stage, season, 

tide and natural and anthropogenic food availa bility, and data loggers are normally fully 

independent of observer effort (recording data also at night). Species interactions cannot (yet) be 

derived from logger data. With regard to important bird areas at sea, we would propose that 

natural foraging opportunities are a key issue to be addressed, as well as sea areas important for 

(flightless) moulting birds, given that most (on-land) breeding sites are now well protected. 

 

Table 13.1. Pros and cons of different te chniques used in this study to investigate the distribution of seabirds at 

sea for the designation of ecologically important marine protected areas. MSFA = multi-species foraging 

association. 

 Densities at sea Foraging 

range of 

breeding 

birds 

Information 

related to 

breeding 

population 

Information 

related to 

all birds at 

sea 

Ecological 

significance 

(feeding area) 

MSFAs, feeding 

associations, 

resources, 

biodiversity 

Ship-based 

surveys – plain 

Very good Poor / 

indirect 

Poor Very good Poor / indirect Limited 

Ship-based 

surveys + 

behaviour 

Very good Poor / 

indirect 

Poor /limited Very good Very good Very good 

Satellite tracking 

plain 

Very limited 

(sample size and 

representation)  

Very good Very good Limited Poor / indirect Not known 

Satellite tracking 

+ time-depth 

recorder (only 

diving birds) 

Limited (sample 

size and 

representation)  

Very good Very good Limited Very good Not known 

GPS logger + 

accelerometer 

Limited (sample 

size and 

representation!)  

Very good Very good Limited Very good Not known 

��

Integration -  Agardy (1994) stated that truly effective marine conservation will require 

conservation biologists to adapt a functional approach and direct their efforts to protecting key 

ecological processes that are responsible for maintaining specific marine structures. Such an 

approach requires more than collecting inventories, it requires insight into complex interactions at 

the individual, population and ecosystem levels. Integrating different observation and analytical 

techniques will facilitate this approach. Clearly ea ch data source presented in this study provides 
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information at different spatial and temporal scales but also at different levels of ecological 

significance, from the individual to the population. While each dataset has its own advantages and 

limitations (Table 13.1), we see great potential in combining these tools to provide a more 

complementary dataset that can be used to assess the ecological significance of different marine 

areas. Even the largest efforts dedicated to either of the methods cannot match the advantages 

from combining these different approaches. As most researchers have limited funds and generally 

cannot collect data from multiple sources directly, over long periods of time and for large samples, 

collaboration is essential. While the importance of collaboration is not new, a cyber-infrastructure 

for the collection, storage, exchange and joint analysis of heterogeneous datasets (in short e-

science) is relatively new in ecology (Hey & Trefethen 2003; Halpin et al 2006; Coveney & 

Atkinson 2009) and can facilitate an integrative approach for conservation research. 

 

 

 

 

Ship-based surveys of seabirds at sea, referred to abov e, in which the behaviour and the foraging interactions 

of seabirds and marine mammals were studied simultaneously have provided valuable insight in the exact role 

that species play in multi-species foraging associations (MSFAs). The constellations of feeding frenzies around 

trawlers were remarkably different from those in flocks of predators attacking more natural prey, even 

although the dominance hierarchies may have been si milar (more powerful species taking larger prey and 

potentially outcompeting smaller species; smaller seabir ds being more manoeuvrable and faster in obtaining 

relatively small, easily ingested prey). The significance  of MSFAs for seabirds at sea has been described in a 

paper in which the role of Herring Gulls and Lesser Black-backed Gulls in feeding frenzies was touched upon as 

sideline: 

 

Camphuysen C.J. 1*  & A. Webb 2 1999. Multi-species feeding associations in North Sea 

seabirds: jointly exploiting a patchy environment.  Ardea 87: 177-198. 

 
1Royal Netherlands Institute for Sea Research, P.O. Box 59, 1790 AB Den Burg, Texel, The Netherlands, * Correspondence 

author e-mail: kees.camphuysen@nioz.nl; 2Joint Nature Conservation Committee, Dunnet House, 7 Thistle Place, ABl0 1UZ 

Aberdeen, Scotland. 

 
We studied the foraging distribution and the formation of multi-species feeding associations of seabirds and 

marine mammals off the British east  coast. The local top-predator community comprised c. 34 species of 

seabirds, two pinnipeds and eight cetaceans. It appeared that multi-species feeding associations (MSFAs), with 

rather low species richness and diversity, were commonly  formed around fishing vess els, were attracted by or 

otherwise associated with cetaceans (MSFAs with a generally low but more variable species richness and 

moderate diversity) and occurred over  natural resources, apparently mainly fish shoals (MSFAs with the 

highest species richness and diversity). Small, short-lived MSFAs were the commoner type, particularly those 

over natural prey (sandeels and small clupeoids). Black- legged Kittiwakes acted as catalysts in these flocks, 

Common Guillemots and Razorbills as  diving producers, apparently driving up fish towards the surface. The 

specific role of all other species joining in is described in general terms. MSFAs are prominent phenomena on 

the sea surface, guiding seabirds using visual cues for food finding. Secondly, the differentiation of feeding 

methods deployed in MSFAs may facilitate seabirds to reach prey that would otherwise be unavailable for 

them. The participation of scroungers in these flocks (e.g. Herring Gulls and Lesser Black-backed Gulls as 

common examples) normally ruined the MSFA formation in  no time, because the dist urbed auks gave up their 

synchronised feeding activities. 

See also: Camphuysen C.J., B. Scott & S. Wanless 2006. Distribution and foraging interactions of 

seabirds and marine mammals in the North Sea: multi-species foraging assemblages and habitat-

specific feeding strategies.  In: Boyd I.J., S. Wanless & C.J. Camp huysen (eds) Top predators in Marine 

Ecosystems: monitoring change in upper trophic levels: 82-97. Cambridge Univ. Press, Cambridge.  
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Abstract The occurrence of mammalian prey in the diet of two species of large gulls, Laridae, was investigated 

in order to quantify and compare the predation on mammals from coastal and inland colony sites. Coastal 

nesting specialised individual birds and a majority of individuals in an inland colony were found to feed on 

mammals frequently. The encountered mammalian prey in cluded Hedgehogs, shrews, voles, mice, moles, rats, 

Rabbits and Brown Hares. Most mammalian prey may ha ve likely been obtained on inland fields, perhaps 

during ploughing or similar activities of farmers, some may have been captured within the colonies, and some 

will have been the result of scavenging at roadsides. Many coastal mainland colonies of gulls have recently 

collapsed as a result of  persistent Red Foxes Vulpes vulpes  predation. In addition, gulls breeding along the 

coast in the Netherlands increasingly suffer from shor tages of food (mostly marine fish and intertidal 

invertebrates) during chick-rearing in  recent years. Inland breeding did be come more frequent and will further 

increase as a result of both factors, so that the gulls are expected to increasingly focus on alternative foraging 

habitats and prey species, mammals included. 

 

Key words :  Apodemus sylvaticus, Arvicola terristris, Clethr ionomys glareolus, Erinaceus europaeus, Lepus 

europaeus, Microtus arvalis, Microtus oeconomus, Mus domesticus, Oryctolagus cuniculus, Rattus norvegicus, 

Sorex araneus, Talpa europaea, predation,  Laridae, mammalian prey, diet 

 

Introduction 

 

Investigations into levels of predation of mammals would normally take the impact of raptors 

Falconiformes, owls Strigiformes, perhaps crows Corvidae, and certainly other (predatory) 

mammals into account (e.g. Lambin et al.  2000, Sundell 2002, Trout & Tittensor 2008). The 

reason why other potential predators have received much less attention could be that the 

mammalian part of their diets is considered to be trivial or at least insignificant. Recent work on 

the ecology of large gulls, generally considered omnivorous species (Cramp & Simmons 1983), has 

shown that this expected insignificance may not be true at all times or in all areas. For example, 

the food of coastal nesting Herring Gulls Larus argentatus  and Lesser Black-backed Gulls L. fuscus  

in The Netherlands consists predominantly of tida l invertebrates and marine fish, but individuals 

from inland colonies can be completely terrestrial in their feeding habits (Spaans 1998ab). 

Camphuysen et al.  (2006) showed that in one such case, a colony in Wormer & Jisperveld (Noord-

Holland), juvenile meadow birds and in particular various species of mammals were in fact highly 

important prey. 

Gull populations in The Netherlands are in a st ate of flux, both with regard to breeding 

numbers as with respect to their breeding dist ribution. Until recently, Herring gulls and Lesser 

Black-backed Gulls in The Netherlands were exclusively breeding in (large) colonies near the coast. 

Colonies of both species, that were established in dune areas along the mainland North Sea coast, 

have suffered from persistent predation by Red Foxes Vulpes vulpes  since the mid-1980s and 
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particularly in the 1990s, and many breeding areas were abandoned (Bouman et al.  1991, Spaans 

1998ab). The species started nesting on buildings in towns up to 25 km from the coast and in 

other inland locations. Further and deeper inland breeding colonisations have occurred since 

(Hustings & Vergeer 2002, Poot 2008). On top of th is: recent ecological studies have shown that 

coastal nesting Lesser Black-backed Gulls are increasingly facing food shortages during chick-

rearing and experience currently very low breeding success (Camphuysen et al.  2008ab). The 

shortage of food is seemingly worsened by a decline in fishing fleet size and novel (more 

sustainable) fishing techniques, so that further inland colonisations may be expected in the near 

future. With a significant proportion of mammalian prey in inland breeding gulls, this could lead to 

a forecast for an increasing predation pressure on mammalian populations. 

This contribution evaluates our current underst anding of the dietary preferences of coastal 

nesting and inland breeding large gulls with regard  to mammalian prey on the basis of recent diet 

studies. Which mammal species are taken, where and how could they be captured and what levels 

of dietary specialization were found to date are questions underlying the analysis. From the 

analysis we will speculate on possible changes in predation pressure on certain mammal 

populations as a result of the ongoing colonisation of inland breeding habitats by large gulls. 

 

Methods 

 

Foraging distribution and behaviour were assessed during direct field observations (1986-2009), 

from an analysis of colour-ringed Herring Gulls (Camphuysen et al.  in press & unpubl. data; 1986-

2009), and from high resolution positional data obtained with GPS-loggers on individual Lesser 

Black-backed Gulls (2008-2009). The diet was studie d on the basis of food remains found in three 

breeding colonies (2005-2009): 

 

Kelderhuispolder  (Texel) – A well-established, mixed colony with Herring Gulls and Lesser Black-

backed Gulls, studied since 2006, at the southern tip of Texel (Noord-Holland; 53°00’N, 04°43’E). 

Prior to egg-laying (mid-April) the colony was visited with increasing frequency along a preset trail 

through various study plots, leading through prime Herring Gull and Lesser Black-backed Gull 

habitats. Nests were marked with a numbered wo oden pole. Randomly chosen groups of nests 

were fenced off with an enclosure, in order to monitor chicks until fledging. Diets were studied 

mainly from spontaneously regurgitated matter (pellets, large chunks of regurgitated matter, 

partly eaten food remains), from food boluses pr oduced during handling of the birds, from chick-

feeds sub-sampled within the territories and from stomach contents of animals found dead. During 

each of the nest visits, territories were inspecte d for the presence of discarded prey items, and 

each of the items was individually bagged, numbe red, and kept frozen for later analysis. Food 

samples were collected from marked territories fr om the pre-laying phase until and including the 

fledging period (April to August), 2006-2009. The nesting stage was characterised for each 

individual marked territory, using the following terms: Pre-laying, Laying, Incubation, Hatching, 

Chick care, Fledging, or Predated. To enlarge the sample of prey-remains, colonies and associated 

club-sites were searched for pellets and prey remains at regular intervals of time. For these food 

samples, breeding stages were termed in accordan ce with the breeding stage of the majority of 

the monitored nests. 

 

Vliehors  (Vlieland) – A well-established, mixed colony of the same two species, in a dune valley of 

the Vliehors area (53°14’N, 04°55’E), studied irregularly since 2006 by SOVON. Food samples 

from marked territories of Herring Gulls were collected in 2006, stored in a similar way as 

described earlier, and analysed at NIOZ in 2008. The samples could in this case not be related to 

the breeding stage of the predators. 
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Fig. 14.1. Presumed main foraging range (based 

on colour-ring sightings) of Herring Gulls from 

Texel. Black dots are bird s ringed as chicks 1986-

1988 and seen as adults in summer since 1991, 

white dots are birds ringed as breeding adults in 

2006-2009 and seen in summer. The arrow points 

at the colony location. 

Fig. 14.2. Main foraging ra nge based on GPS positions 

of Lesser Black-backed Gulls from Kelderhuispolder, 

Texel. White dots are simplified (rounded) positions of 

birds tagged with GPS loggers in 2008. The arrow 

points at the colony location. 
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Fig. 14.3. Presumed main foraging range (based 

on Argos satellite tags) of Herring Gulls from 

Vlieland. Underlying data  are not presented (see 

for details:  

http://www.sovon.nl/default.asp?id=408) 

Fig. 14.4. Expected foraging range based prey items 

(marine discarded fish, pela gic shoaling fish, meadow 

birds, waterfowl, terrestrial mammals and freshwater 

fish) of Lesser Black-backed Gulls nesting in Wormer- & 

Jisperveld. 

 

Wormer & Jisperveld  (Noord-Holland) – A colony of Lesser Black-backed Gulls, situated in a 

nature area covering 18 km² (of which 0.7 km² is a protected area owned by 

Natuurmonumenten), between the towns De Rijp , Purmerend and Wormerveer (Noord-Holland; 

52°31’N, 04°50’E). The area consists mainly of marshland, grassland and open fresh water 

channels and is situated at c. 15 km from the North Sea coast. Lesser black-backed gulls colonised 

the area in 2000 and the breeding populati on is rapidly increasing (Camphuysen et al.  2006). The 

site was visited and searched for regurgitated prey during three successive visits in 2005 

(Camphuysen et al.  2006). All samples were taken during chick care from otherwise unmarked, 

non-monitored territories. 
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Table 14.1. Food samples analysed in search of mamm alian prey in colonies of Lesser Black-backed Gulls 

(LBBG) in Wormer & Jisperveld and at Texel (Kelderhuispolder), in colonies of Herring Gulls (HG) at Texel 

(Kelderhuispolder) and Vlieland. Some prey samples were from a hybrid gull pair on Texel or from unidentified 

predators (Lesser Black-backed or  Herring Gulls). 

Species Location chickbolus chickfeed  pellet  regurg  bolus  stomach  territory faeces n  

LBBG Wormer & Jisperveld 156 4 160  

Kelderhuispolder, Texel 205 253 3379 151 77 79 16 2 4162  

Hybrid Kelderhuispolder, Texel 3 5 8  

spec Kelderhuispolder, Texel 17 148 5 1 4 175  

HG Kelderhuispolder, Texel 120 686 2782 149 42 48 68 9 3904  

Vliehors, Vlieland 2 193 3 198  

325 944 6376 448 127 127 85 15 8447  

 

Food sampling - The total number of food samples analysed, including 4322 samples for Lesser 

Black-backed Gulls, 8 for a hybrid pair, 175 for unidentified large gull, and 4102 for Herring Gulls 

are listed in Table 14.1. Prey items were defrosted, sorted and analysed under a Olympus ZN51 

binocular microscope (8-40x magnification) in or der to find even minute prey items. Mammalian 

remains were usually identified with Husson (1962) or Kapteyn (1999), occasionally by using 

ordinary field guides. Dental aspects, specific bones or external characteristics (claws, spines, fur), 

and sometimes even intact mammals could be found in regurgitated prey remains. 

 

Foraging distribution and habitats - Unique colour-ring combinations or codes were used to 

individually identify birds within and outside the colonies (for details see Camphuysen 2008c; 

example on photo). Most ring-readings outside the colonies were by volunteers (amateur bird-

watchers mostly), whereas within colonies the pr esence of ringed individuals was monitored as 

part of the overall research. Summer sightings (A pr-Aug) of colour-ringed adult birds around the 

natal colonies were used to assess the foraging range during breeding. Some Herring Gulls from 

Vlieland were fitted with colour-rings but also with Argos satellite transmitters in 2007 and 2008 

(Ens et al.  2009). Results were downloaded from the internet to evaluate likely foraging areas in 

summer (http://www.sovon.nl/default.asp ?id=408; accessed 28 October 2009). 

For Lesser Black-backed Gulls, where colour-ring data are less useful, the foraging range 

and feeding habitats were deduced from GPS uploads obtained in two consecutive breeding 

seasons (2008-2009). Five (2008) and six (2009) breeding adults respectively were harnassed and 

fitted with a 17g GPS-logger, designed and developed by the Institute of Biodiversity and 

Ecosystem Dynamics, University of Amsterdam. Data were remotely downloaded from a base 

station erected within the colony and data-res olutions could be freely varied (via remote 

instructions) from one geographical position each three seconds at the highest rate to lower rates 

in order to save energy. Downloaded data were plotted on a Google Earth background, to obtain 

information on habitats and specific habitat-related activity patterns.  

 

Results 

 

Foraging range and feeding habitats - Herring gulls colour ringed at Texel were during the 

breeding season mostly re-sighted within 40-50km to the south of the colony (i.e. the northern 

part of Noord-Holland and the southern tip of Texe l). The sightings were mostly confined to coastal 

sites, which is likely a reflection of observer effort rather than true distribution (Fig. 14.1). The 

entire range of the species in the northern part of Noord-Holland is characterised by the frequent, 

albeit irregular occurrence of feeding frenzies in nearshore waters, in the intertidal zone, on 

agricultural land, in cities, in sewage treatment centres and on various other locations. Few of 

these situations are suitable for consistent ring-reading. Herring Gulls from Vlieland with satellite 

tags were mostly utilising breakwaters at Vlieland and mudflats to the south and southwest of the 

island. The northern half of Texel fell well with in their foraging realms (SOVON unpubl. data). 
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 Colour-rings are a less suitable method to assess the foraging distribution of true seabirds, 

such as Lesser Black-backed Gulls, but GPS logger data revealed that terrestrial feeding habitats 

are visited by most, and virtually exclusively by  some specialist birds (Fig. 14.2). The normal 

foraging range of tagged birds from Texel amounted to 40-80km to the south and southwest of 

the breeding colony at Texel. Terrestrial feeders often crossed the Marsdiep and entered mainland 

Noord-Holland through the Den Helder area, whereas return flights were mostly gliding flights 

along the dunes. Inland potential feeding areas were visited south to Hoorn (Noord-Holland) on 

regular feeding trips. 

 During the breeding season, Herring Gulls nesting on Vlieland were mostly found foraging 

at breakwaters on the beach, on intertidal mudfla ts to the south and southeast of the island, on 

the northern half of Texel and along the Afsluitdijk, a long barrier separating the Wadden Sea from 

the IJsselmeer (Fig. 14.3). There was relatively little evidence for terrestrial feeding from these 

satellite tracking data (http://www.sovon.nl/default.asp?id=408). 

 Lesser black-backed gulls nesting within the Wormer- & Jisperveld colony were ringed nor 

tagged and there is therefore no empirical data to assess their foraging range. The frequent 

occurrence of marine fish, the simultaneous (and frequent) occurrence of freshwater fish species 

and the overwhelming abundance of terrestrial prey in the form of mammals and birds would 

indicate that, centred around the colony, a considerable inland area, and some parts of the North 

Sea and the IJsselmeer were within normal feeding range (Fig. 14.4). 

Individual tracks of Lesser Black-backed Gulls carrying GPS loggers demonstrated the 

frequent use of coastal but also inland roosts in Noord-Holland and on the south tip of Texel as 

well as the frequent use of inland fields for roos ting and foraging. Linear patterns in tracks over 

agricultural areas suggested that the animals were following either linear structures (in a deep 

ploughed field for example), or a machine work ing the fields (Figs. 14.5-8). The logger data 

confirmed suggestions that Texel birds frequently joined inland concentrations of large gulls 

roosting or foraging in the northern part of Noord-Holland. There was little evidence for frequent 

use of land areas to the north of the breeding colony (i.e. most of Texel), but some gulls, 

incidentally, foraged on the island. 

 

Table 14.2. Frequency of mammalian prey in food sa mples (see Table 14.1) of Lesser Black-backed Gulls 

(LBBG) in Wormer & Jisperveld and at Texel (Kelderhuispolder), in colonies of Herring Gulls (HG) at Texel 

(Kelderhuispolder) and Vlieland. There were no mammalian prey found in a hybrid gull pair on Texel, but for 

some the predator (Lesser Black-backed or  Herring Gulls) remained unidentified. 

Location chickbolus�� chickfeed�� pellet regurg�� bolus stomach�� territory faeces�� Total�� Mammalian

LBBG Wormer & Jisperveld 70 2 72 45.0%  

LBBG Kelderhuispolder 2 30 2 34 0.8%  

Hybrid Kelderhuispolder 0 

spec Kelderhuispolder 2 2 

HG Kelderhuispolder 4 77 2 3 86 2.2%  

HG Vlieland 2 2 1.0%  

0 6 111 4 0 0 3 0 124 1.5%  

mammalian (%) 0.6% 1.7%  0.9% 3.5% 1.5% 

 

Dietary composition - Mammalian prey remains were most  commonly found in pellets, as 

regurgitated matter within territories (idenfied as either ‘chickfeed’, or ‘regurgitated matter’ or 

within territory samples of a mix of indigesitable prey remains labelled as ‘territory’; Table 14.2). 

Only a few hundred boluses (freshly regurgitated  matter during handling) were examined, and 

mammalian prey were just never encountered. Because of the sheer number of pellets collected in 

each of the colonies, the analysis will therefore focus on these as a source of information. With 

pellets being the most readily available source of information in all study areas and (in all 

seasons), the quantification of the entire dietary spectrum was based on these data only (Table 

14.3). 
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Table 14.3. Frequency of occurrence (n, %) of main prey  types in pellets, as the most readily available and 

common source of dietary information in all study co lonies. Worms include terrest rial, marine and parasitic 

types, Mollusca include gastropods (terrestrial and marine), bivalves and cephalopods (both marine), and 

under Fish both marine and freshwater types are included.  

Lesser Black-backed Gull Herring Gull 

Kelderhuispolder Wormer & Jisper veld Kelderhuispolder Vliehors 

Group n=  % n=  % n=  % n=  % 

Insects 609 18.2 6 3.8 245 8.9 13 6.7 

Spiders 3 0.1 0.0 4 0.1 0.0 

Worms 633 18.9 31 19.9 83 3.0 5 2.6 

Mollusca 116 3.5 1 0.6 2036 74.0 127 65.8 

Crustaceans 746 22.3 6 3.8 374 13.6 97 50.3 

Fish 2741 81.8 30 19.2 596 21.7 54 28.0 

Birds 227 6.8 33 21.2 252 9.2 2 1.0 

Mammals 30 0.9 70 44.9 76 2.8 2 1.0 

Plants 450 13.4 4 2.6 293 10.7 5 2.6 

Seaweeds 1 0.0 0.0 10 0.4 1 0.5 

Human waste 192 5.7 5 3.2 350 12.7 3 1.6 

Miscellaneous 151 4.5 3 1.9 393 14.3 28 14.5 

n= 3349 156 2750 193 

 

The dietary composition and the frequency of occurrence of mammalian prey was rather 

different between colonies (Texel and Vlieland as coastal colonies versus Wormer & Jisperveld as 

inland colony), and slightly different between spec ies within colonies (Texel; Table 14.2). The food 

samples collected at the inland colony (45% of which with mammalian prey) are clearly different 

from those collected in colonies situated in coastal areas. Mammalian prey were fairly insignificant 

in Herring Gulls from Vlieland (1.0%, n= 193) an d in Lesser Black-backed Gulls from Texel (0.9%, 

n= 3349), more substantial in Herring Gulls from Texel (2.8%, n= 2750) and very important in 

Lesser Black-backed Gulls from Wormer- & Jisperveld (44.9%, n= 156). 

Within colonies at Texel, high levels of individual dietary specialisation could only be 

recognised in Herring Gulls. During four consecutive seasons, 2006-2009, 1039 pellets were 

collected at 231 individual Lesser Black-backed Gull nest sites. Mammalian prey were found on 8 

sites (3.5%), whereas 11 of the pellets at individual nest sites (1.1%) contained mammalian prey. 

At the sites where mammalian prey were found at least once (n= 8), an average (± SD) of 1.38 ± 

0.7 pellets (max 3) with mammal remains were picked up. The exceptional Lesser Black-backed 

Gull site with 3 pellets containing mammalian prey was found to provide two species of voles 

(Bank Vole Clethrionemys glareolus  and Root Vole Microtus oeconomus ). 

In Herring Gulls in the same colony and years, 2399 pellets were collected at 225 

individual nest sites. Mammalian prey were found on 25 sites (11.1%), whereas 72 of the pellets 

at individual nest sites (3.0%) contained mammalian prey. At the sites where mammalian prey 

were found at least once (n= 25), an average (±SD) of 2.88 ± 5.2 pellets (max 26 pellets with 

mammalian prey at a single site ) with mammal remains were pick ed up. Five Herring Gull sites 

with more than 2 pellets holding mammalian remains included: 

�x ZM120,��a��territory��marked��in��2007,��26��pellets��containing��mammalian��remains;��all��Rabbits��Oryctolagus��cuniculus.��

�x ZM201,�� 2008,��10��pellets,��Rabbits��(7),��Brown��Rats��Rattus��norvegicus��(2),��and��unidentified��mammals��(1)��

�x ZM023,��2006,��4��pellets,��Rabbit��(1),��Root��Vole��Microtus��oeconomus��(2),��and��Brown��Rat��(1)��

�x ZM261,��2008,��4��pellets,��Rabbit��(1),��Root��Vole��(2),��and��House��Mouse��Mus��musculus��(1)��and��with��Rabbit��(1)��and��

Brown��Rat��found��in��chickfeed��samples��

�x ZM035,��2006,��3��pellets,��Rabbits��(2)��and��Root��Vole��(1)��

A brief description of prey items, the type of re mains and the frequency of occurrence for each of 

the main groups of mammalian prey: 
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Hedgehogs - European Hedgehogs Erinaceus europaeus  were found twice in pellets near two 

different Herring Gull territories at Texel, both in 2008 (3 June and 25 July, Entry Dunes, 

Kelderhuispolder colony). The first sample contained a skull and teeth plus smaller fragments, the 

second pellet contained spines, bones, teeth an d vertebrae. The remains were indicative for 

scavenged carcasses of mature Hedgehogs, rather  than for prey swallowed whole (e.g. Hedgehog 

cubs). A scavenged carcass of a fully grown European Hedgehog was found 14 May 2007 right in 

the middle of the colonies near a Herring Gull club site. This find was not included in the diet 

studies and it must have been an animal that was either found dead or killed by gulls within the 

colony, rather than transported through the air. 

 

Shrews - The Common Shrew Sorex araneus  was the sole representative of this group and there 

was only a single occurrence of this species: Wormer & Jisperveld, Lesser Black-backed Gull, 23 

June 2005 (complete regurgitated skeleton recovered). This prey item was found at a nest site of a 

bird clearly specialised in waterfowl and meadow birds (Mallard Anas platyrhynchos  2x, Lapwing 

Vanellus vanellus 1x, Black-tailed Godwit Limosa limosa  11x, and Redshank Tringa totanus  4x). 

 

Species Wormer & Jisperveld  Kelderhuispolder  Table 14.4. Mammalian prey of 

Lesser Black-backed Gulls at 

Wormer & Jisperveld and in 

Kelderhuispolder at Texel (shown 

are total number of prey samples 

with each species represented). 

Sorex araneus 1 

Talpa europaea 24 2 

Arvicola terristris 8 1 

Clethrionomys glareolus 1 

Microtus arvalis 8 

Microtus oeconomus 2 10 

Microtus/Arvelicola 21 10 

Apodemus sylvaticus 1 

Rattus norvegicus 1 

Lepus europaeus 9 

Oryctolagus cuniculus 1 5 

unidentified mammal 2 5 
 

Species Kelderhuispolder Vliehors Table 14.5. Mammalian prey of 

Herring Gulls in Kelderhuispolder at 

Texel and at Vliehors, Vlieland 

(shown are total number of prey 

samples with species represented). 

 

Erinaceus europaeus 2 

Talpa europaea 2 

Microtus oeconomus 7 

Microtus/Arvelicola 3 

Mus domesticus 2 

Rattus norvegicus 5 

Oryctolagus cuniculus 50 1 

mice droppings 5 

unidentified mammal 10 1 

 

Moles - The European Mole Talpa europaea  was a common prey of inland nesting Lesser Black-

backed Gulls (Wormer & Jisperveld, 24 (33%) out of 72 samples containing any mammalian prey; 

15% of all 160 prey samples analysed for that co lony). Many of the pellets with remains of 

European Moles contained some pitch-black fur and a subset of mole-bones, the humerus and jaws 

or skulls of which were used to assess the number of individuals taken. Single mole remains were 

spread over two individual pellets on at least two occasions. European Moles were found only 

incidentally in the Kelderhuispolder colonies, with two prey remains of Herring Gulls (2 out of 86 

samples with mammalian prey; Tabl e 14.4) and two further regurgitated parts of moles that could 

not be attributed to a particular gull species. There were few or no other prey species encountered 

in most “mole-pellets”, suggesting that the an imals were swallowed whole and formed a near-

complete meal prior to pellet production. However, one pellet from Texel contained remains of a 

mole, marine fish and Coleoptera (a mix of marine and terrestrial feeding activities) and at least 
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two pellets from Wormer- & Jisperveld contained remains of marine fish next to skeletal parts and 

fur of European Moles. European Moles formed no more than a tiny fraction of prey types found in 

these coastal nesting gulls. Apart from the fo od samples collected, mummified remains of 

European Moles were found occasionally in and around the Texel colonies (moles do not occur 

naturally on the island); not attributed to a particular gull species. 

 

Voles - At least four species were found: water vole Arvicola terristris , Bank Vole, common vole 

Microtus arvalis , and the endemic Root Vole M. oeconomus arenicola . Water voles were only found 

in pellets produced by Lesser Black-backed Gulls, including 8 samples (5%) from the inland colony 

Wormer- & Jisperveld (2005), and a single sample (0.02%) from Texel (2007). Common voles 

were exclusively found in the Wormer- & Jisperveld colony (200%), again being represented in 8 

different samples (5%). The endemic Root Vole was represented in food samples from both gulls, 

including positive identifications in two samples from Wormer & Jisperveld (1.3%), 10 samples 

from Lesser Black-backed Gulls on Texel (0.2%), an d 7 samples from Herring Gulls in that colony 

(0.2%). On Lesser Black-backed Gull pellet from Texel contained 4 lower jaws of Root Voles, but 

the other samples were all indicative for no more than a single vole in each. The Bank Vole was 

only once positively identified in a pellet from a Lesser Black-backed Gull at Texel (an intact 

individual regurgitated as chickfeed and rejected  by the offspring, 20 July 2007). Unidentified 

voles were found in 21 samples (13.1%) from Lesser Black-backed Gulls in the Wormer- & 

Jisperveld colony and in 10 samples from Texel (0.2%), whereas only three pellets of Herring Gulls 

from Texel were found to contain unidentified voles (0.08%). 

 

Mice - True mice were rarely enco untered. A single Wood Mouse Apodemus sylvaticus  was found 

in a pellet produced by a Lesser Black-backed Gull at Texel during laying (10 May 2009), while the 

House Mouse Mus domesticus  was recorded twice, both from Herring Gulls pellets produced during 

egg-laying in May 2007 and May 2008 at Texel. All three mice were swallowed whole and the 

pellet contained most of the skeleton, teeth, and fur. 

 

Rats - Brown rats Rattus norvegicus  were found in Herring Gulls pellets collected at Texel in June 

2006, June 2007, and May and June 2008 (laying, incubation, and chick-care), and in a single 

pellet produced by a Lesser Black-backed Gull in the same colony (May 2008, pre-laying). Within 

the colony large parts of rats were found occasionally, as rejected prey remains, not clearly 

associated with territories. Within pellets, teeth and bones were used for identification, while 

(grey) fur and nails were frequently encountered . Three of the ‘mammal specialist’ Herring Gulls 

produced pellets with remains of rats, which is a high representation given the small number (five) 

of pellets with rats found in the colonies as a whole. 

 

Brown Hares and Rabbits -  Brown Hares  Lepus europaeus  were found frequently (5.6% of all 

samples, n= 160), but exclusively, in the inland colony of Lesser Black-backed Gulls at Wormer- & 

Jisperveld. In most cases, some remains (mostly hi nd legs) were retrieved, of a size and with a 

bone structure suggesting that mostly very young  individuals were taken and transported into the 

colony. A single Rabbit Oryctolagus cuniculus  was retrieved in that same colony, but a mis-

identification cannot fully be excluded in this case. Rabbits were common as prey for Herring Gulls 

in Kelderhuispolder (50 samples, 58% of all food samples of Herring Gulls with mammalian prey, 

1.3% of all food samples), were occasionally found  in food samples from Lesser Black-backed Gulls 

in the same colony (15% of all samples with mammalian prey, 0.1% of all food samples) and 

Rabbits were represented in the smaller sample of food samples collected at Vlieland (Table 14.4). 

Two Herring Gulls at Texel had clearly specialised on Rabbits (see above), and one produced at 

least 26 pellets with remains of Rabbits in one breed ing season. This particular individual produced 

owl-like pellets, compact prey-remains, containing mostly fur and splintered bones. Young Rabbits 

(bone structure) were clearly represented, but ageing was not always possible. 
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Fig. 14.5. Foraging trips into mainland Noord-Holland 

of a Lesser Black-legged Gull with GPS logger from 

Kelderhuispolder, Texel. Dots represent individual GPS 

uploads. 

Fig. 14.6. Foraging trips to agricultural land on Texel 

of a Lesser Black-legged Gull with GPS logger from 

Kelderhuispolder, Texel. Dots represent individual GPS 

uploads. 

  

Fig. 14.7. Foraging activity on a field at Texel of a 

Lesser Black-legged Gull with GPS logger from 

Kelderhuispolder, Texel. Dots represent individual GPS 

uploads. 

Fig. 14.8. Foraging activity and roosting (cluster on 

the right) on fields in mainland Noord-Holland of a 

Lesser Black-legged Gull with GPS logger from 

Kelderhuispolder, Texel. Dots represent individual GPS 

uploads. 

 

Unidentified mammals - Most unidentified mammals were small rodents (voles or mice) or 

shrews, given the small bones and short fine fur encountered in Lesser Black-backed Gull pellets 

from Wormer- & Jisperveld (2x) and Kelderhuispolder (5x) and in pellets from Herring Gulls from 

the latter colony (9x). One Herring Gull pellet contained hairs of a large mammal (horse, deer?), 

while a single pellet found on Vlieland contained flesh and fur of an unknown mammal. Mice 

droppings (or at least droppings of small mammals) were found in 5 samples of Herring Gulls from 

Kelderhuispolder. While sample contamination might be expected in these cases (droppings from 

mammals scavenging regurgitated prey remains), it was the embedding of droppings within pellets 

that led us to believe that indeed the droppings were part of the regurgitated material. 

 

Mammalian prey and breeding phase -  For the Kelderhuispolder colonies, prey samples could 

be arranged according to breeding stage. The predators, Herring Gulls and Lesser Black-backed 

Gulls, produced a mirror image in frequency of occurrence of mammalian prey (Fig. 14.9), with 
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high frequencies prior to egg laying in Herring Gulls, but rather few mammals in food samples in 

Lesser Black-backed Gulls in that period. Relatively high frequencies of mammalian prey were 

found during incubation and hatching in Herring Gulls, whereas Lesser Black-backed Gulls did not 

produce a single pellet with mammals during egg-laying and had relatively high frequencies during 

chick-care (hatching – fledging). 
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Fig. 14.9. Frequency of occurrence (%) of 

mammalian prey through the breeding season in 

pellets collected from Lesser Black-backed Gulls and 

Herring Gulls, Kelderhuispolder, Texel, 2005-2009.  

 

Discussion 

 

The importance of mammalian prey - The proportion of mammals in prey samples obtained in 

different colonies was strikingly different. The colony in Wormer- & Jisperveld, where 45% of the 

collected prey samples were found to contain mamma lian prey, is situated at c. 15 km from the 

North Sea coast. Lesser black-backed gulls coloni sed the area in 2000 and the breeding population 

is rapidly increasing (Camphuysen et al.  2006). With a 40km foraging range around the breeding 

locality (not measured by anyone, but assumed from the feeding range in other colonies; Fig. 

14.4), a large part of agricultural land in Noord-Holland is within reach as a potential feeding area. 

The large numbers of meadow birds, moles and vole s indicate that the birds forage frequently on 

land, possibly in the immediate surroundings of the colony. The presence of marine fish and 

freshwater fish, however, shows that other ha bitats, including the open sea, are exploited 

simultaneously. 

 For gulls nesting in coastal colonies, the level of utilisation of inland foraging opportunities 

was until now much less clear. In an earlier study, Spaans (1971) demonstrated the abundant use 

of (uncovered) refuse dump sites in the provinces Friesland and Drenthe by Herring Gulls nesting 

at Terschelling, but found little evidence for ot her abundant terrestrial prey items, apart from 

insects. European Mole, Wood Mouse, and voles ( Microtus arvalis  or M. agrestis  and M. 

oeconomus ) were listed as rare, incidental prey species on Terschelling, while juvenile Rabbits 

were frequently encountered in years that Rabbi ts were abundant on the island. It was unclear 

whether most mammalian prey was locally obtained prey or prey flown in from the mainland. New 

data, including information derived from colour-ringed individuals and in particular the GPS logger 

data have demonstrated that some particular individuals from coastal colonies do in fact forage 

deep inland, at least occasionally. The data obtained at Texel, where the mole does not naturally 

occur, provide further evidence that at least some of the mammalian prey is flown into the 

colonies from abroad (in this case most likely from the Noord-Holland mainland). GPS logger data 

(Lesser Black-backed Gulls from Texel) and Argos satellite tracking data (both gull species from 

Vlieland) seemingly confirm (further analysis is required) that individual birds are highly faithful to 

particular foraging-sites or feeding habitats. Mammalian prey in coastal breeding lesser black 

backed gulls is currently rather rare, while it is slightly more frequent in Herring Gulls from Texel. 

The Herring Gulls from Vlieland (note small sample size) were near-completely focussed on 

intertidal, marine prey. 
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 The food samples provide information on the pr ey species and also to some extent on the 

age composition of mammalian prey. The underlying data are evidently biased, because swallowed 

whole prey are more likely to be retrieved from pellets (compact assemblages of indigestible 

remains) than for example fleshy bits scavenged from a road-kill. By using frequencies of 

occurrence and a similar methodological approach between colonies and different predator species, 

even although actual levels of predation may be incorrect (likely too low), apparent patterns in the 

utilisation of mammalian prey can still be evaluated. 

 

Where and how would mammalian prey be obtained - One could often only speculate as to 

where and how these prey were obtained. One important question would be: are they actively 

hunted, or is mammalian prey mostly taken by scavengers utilising carcasses found during 

foraging. In fact, (1) the prey may have been dead when utilised (scavenging behaviour), (2) it 

may have been sick or otherwise immobilised or sl ow and therefore more readily available, (3) the 

prey may have been (suddenly) uncovered and made available by for example human action 

(during ploughing fields or otherwise; aerial or gr ound pursuit behaviour), or (4) the prey could be 

captured alive by actively hunting gulls (active pursuit). Finally, mammalian prey could be stolen 

from or found as leftovers from other predators (for example from raptors or crows). Stealing from 

other, more specialised predators is a common phenomenon in such areas (Barnard & Thompson 

1985). Very few actual field observations exist, except the frequent occurrence of scavenging gulls 

along roads (road-kill utilisation). Most actively foraging gulls in agricultural areas (including 

meadows) are birds trampling for worms, birds co mpeting for prey behind machines working these 

areas, or birds searching for prey while walking in re cently worked or fertilised fields. It is difficult, 

certainly in the absence of direct observations, to speculate about the actual origin of the retrieved 

mammalian prey items. Herring and Lesser Black- backed Gulls are powerful animals, known to 

attack and kill surprisingly larg e prey at times (e.g. Camphuysen et al.  2009). Gut-feelings would 

suggest that mature and healthy Brown Hares and Rabbits are far too large and strong to be 

attacked, but for young or sick or weakened  animals, this might be very different. 

Some prey may be identified as “local prey”, including animals that may be available within 

the colony or within the immediate surroundings of  the breeding site, other prey may require more 

travel to obtain. Rabbits as prey at Texel tended to fluctuate in accordance with presence (from 

sightings) within the colony area, even though exact data were not kept. While scavenging at 

roadkills around the colony did occur (photo), most  Rabbits found at the territory of the specialised 

prey were expected to be targeted within the d une area, possibly within the colony even. Hares at 

Wormer- & Jisperveld are abundant within that entire nature area and these could also be 

considered local prey. The fact that most Rabbits at Texel and most Brown Hares at the mainland 

colony were seemingly rather young animals might indicate that these were often actually 

captured prey rather than carcass finds. 

 Hedgehogs are common as roadkills and these nocturnal animals are likely to be plentiful 

available as carcasses along roadsides (Texel and Vlieland included), but difficult to hunt and kill 

for gulls. One partly eaten carcass of an adult Hedgehog found within the colony at Texel would 

suggest, however, that these animals are occasionally exploited otherwise. 

 With respect to the presence of species in the immediate surroundings or even within the 

study colonies, it is clear that the strong representation of Root Voles at Texel and at Wormer & 

Jisperveld is in accordance with their endemic occurrence in either area. Voles, shrews and mice 

attract immediate attention of gulls standing in colonies when they briefly rush from one covered 

place to another over the open after disturbance ( pers. observ .). This behavioural response 

(alertness) is so immediate, that active chases of gulls towards these smaller mammals could be 

expected as soon as they leave cover for whatever reason. These animals could just as well be 

captured within colonies, in the immediate surroundings of breeding places, or in distant feeding 

areas. Only species composition within each of these areas would be indicative for the possible 

origin of certain prey. Unfortunately, the resolution of data on the occurrence and distribution of 
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mammals within The Netherlands is not very high (Broekhuizen et al.  1992) and for that reason, 

within the context of this contribution, we  did not explore this issue any further. 

Moles at Texel (or Vlieland for that matter) could only originate from the mainland so that 

these prey items must have been flown in from  distant feeding areas. Moles in the Wormer & 

Jisperveld area could just as well have been local prey. How does a gull capture moles, however? 

It is not entirely unlikely that gulls would monitor active mole runs and respond when moles push 

up the turf during one of their frequent checks of the run. There are some accounts of moles 

swallowed alive at least by Herring Gulls (Lyster 1972), which would suggest that such or a similar 

a technique has been developed among gulls. Lyst er (1972), incidentally, showed that such a 

strategy would not be without risk for the predator. Jansen (2007) described a form of symbiosis 

between moles and gulls, where Herring Gulls were seen to associate with moles pushing up turf, 

because the escaping response of earthworms triggered by the activity of the mole would make 

these worms an easy prey for the gulls. Possibly the mole would be targeted as soon as it became 

visible under these conditions. Alternatively, moles could be captured swiftly when they became 

uncovered during ploughing or other activities by farmers on their land.  

 

Forecasting an increase in ut ilisation of mammalian prey - Populations of herring and Lesser 

Black-backed Gulls have increased spectacularly in The Netherlands in recent decades, following 

phases of plundering, protection, persecution, an d again (partial) protection during the 19th and 

20th centuries (Spaans 1998ab, Spaans 2007). Mainland coast colonies, however, became under 

pressure in the mid-1980s when Red Foxes re-colonised the dune areas (Bouman et al.  1991, 

Spaans 1998ab).Many mainland colonies collapsed and inland breeding became more frequent. An 

aspect that would forecast a further change in breeding locations and foraging habits is the 

apparent decline in the availability of marine (f ish) prey for coastal breeding Lesser Black-backed 

Gull populations (Camphuysen et al.  2008a). While facing food shortages during chick-rearing, the 

attention of certainly Lesser Black-backed Gulls is likely to shift from marine foraging habitats 

towards terrestrial areas. Given the importance of mammalian prey in these areas, increased 

predation pressure and a stronger impact on mammal populations could then be expected.  

 

Conclusions and implications - Evidence is provided that mammalian prey is a significant prey 

for gulls nesting inland and for some specialised gulls in coastal colonies. Predation has usually 

been interpreted as being a compensatory morta lity factor, removing only the doomed surplus 

(Trout & Tittensor 2008). However, the number of mammals taken by gulls can be substantial 

(represented in up to 45% of all prey samples within some colonies). For a number of reasons 

mentioned earlier, the tendency to forage on inland locations by gulls will likely increase and as a 

result, predation pressure on various mammal species will be higher. In case of predation by gulls, 

however, for which scavenging is a common technique and where active hunts may be the 

exception rather than the rule, predatory levels are unlikely to quickly pose a major threat to 

mammal populations.  

Avoiding predators spatially or selecting safer habitats does improve survival prospects of 

potential prey animals. However, in the case of a new predator arriving on the scene (as with 

introduced alien predators), prey populations might lack the behavioural traits to escape predation 

efficiently. Fey et al.  (2006) provided evidence for a microhabitat shift of native prey animals 

(voles) caused by an alien predator, the American Mink Mustela vision  and similar shifts are likely 

to occur when large gulls increase substantially as potential predators. As generalist predators, 

gulls may be expected to switch to alternative prey when more usual resources decline below a 

certain point or when they enter new habitats. At the same time, they are likely to respond swiftly 

to population oscillations of mammalian prey (rodents for example) and may have a stabilising 

effect on vole or mice population dynamics (Andersson & Erlinge 1977, Hanski et al.  1991, Sundell 

2002). 
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15.��Synthesis��and��conclusions��

��

 

Lesser Black-backed Gull chicks, Kelder huispolder, 27 June 2011 (CJ Camphuysen) 

 

Many of the ecosystem studies conducted in the Wadden Sea with birds involved currently focus 

on relationships between migratory species (wader s, seaduck) and their resources (often benthic 

prey; Piersma et al.  1993, 1994, Van de Kam et al.  1999, Nebel et al.  2000, Van der Meer et al.  

2001, Piersma et al.  2001, Van Gils et al.  2003, 2005, 2006, Piersma 2007, Kraan et al.  2009). 

Detailed ecological studies of (pisci- or omnivorous) gulls and terns that breed in the Wadden Sea 

have been discontinued in recent decades (Spaans 1971-1998, Stienen 2006). It was the ambition 

to resume demographical and ecological studies of avian top-predators that not only forage but 

also breed in the (Dutch) Wadden Sea coastal ecosystem. 



162 Synthesis and conclusions Chapter 15 
 

 The studies reported in this thesis aimed at understanding the contrasting population 

trends of Herring Gulls and Lesser Black-backed Gulls breeding in the western Wadden Sea. The 

studies were conducted at and around the island Texel, where a large and accessible mixed colony 

was selected. It was assumed that the results would be representative for a larger segment of the 

Southern North Sea population and the international Wadden Sea, where similar trends have been 

reported (Spaans 1998abc, Garthe et al.  2000, Stienen et al.  2002, Hornman et al.  2011, 2012). 

The interest in population dynamics led to comprehensive measurements of fecundity and 

an evaluation of the key demographic processes (birth, death and migration), assessments of 

breeding densities, an detailed analysis of the di et of both species and a study of the foraging 

activities, including assessments of the distributi on of individuals at sea and in other foraging 

habitats. The studies provided insight in the ways in which demographic processes are influenced 

by environmental factors (Begon et al.  1990) and will help forecast future population develop-

ments. 

 

History of colonisations 

 

In the introduction of this thesis (Chapter 1, Ap pendices 1-2), a historical context is provided. A 

long history of colonisation, hybridisation, and range expansion under the influence of long-term 

climatic oscillations (including glacial cycles) underlies the present day distribution patterns and 

abundances. The complexity of phylogenetic relati onships with numerous gull taxa throughout the 

Northern Hemisphere has been hotly debated, mostly in the second half of the 20 th  century. Voous 

(1960) suggested that along the north-western co ast of Europe, the Lesser Black-backed rather 

than the Herring Gull originally was the autochthon ous form of a circumpolarly distributed group of 

large gulls: Lesser Black-backed Gulls were “driven away” by a Nearctic invader (the Herring Gull) 

and the recent colonisations of Lesser Black-back ed Gulls in Denmark (1920) and The Netherlands 

(1926) were recoveries of once lost territory. According to Voous (1960), that “invasion” by 

Herring Gulls took place during or shortly after the great glaciations. 

 More recent work, based on mitochondrial DNA variation among 21 gull taxa (Liebers et al.  

2004) and on models of gene flow relationships among 10 Lesser Black-backed Gull populations 

(Liebers & Helbig 2002), led to different conclusions. There was no genetic evidence for the 

colonisation of Europe by North American Herring Gulls. The Lesser Black-backed Gull ( Larus 

fuscus  group) was derived from a cachinnans -like ancestral population, probably in the Aralo-

Caspian basin, and spread from east (NW Siberia) to west within the Palearctic: a recent westward 

and southward expansion along with considerable  population growth. The differentiation of Larus 

fuscus into the subspecies intermedius  and graellsii  happened only recently (genetic uniformity 

and lack of population structure among the forms; Liebers & Helbig 2002). 

 

A final century of change 

 

Numerous factors may have influenced the populati on trends of gulls in The Netherlands over the 

last century (Appendix 2). Four major episodes of  change were identified, and these have been 

summarised in Chapter 1. There is little doubt that the historical exploitation of colonial seabirds 

around the world had a devastating effect on breeding populations (Croxall et al.  1984, Feare 

1984). 

"During the latter half of the nineteenth century man was exploiting birds on a scale never seen before or since. 

Armed with the new breech loading shotgun he killed excess ively for sport, for the pot, to fill a glass case with 

mounted specimens, or to adorn his womanfolk in egret and ostrich plumes and grebe furs. There was little 

chance for any species to be regarded as a serious pest for, even if some were harmful to agricultural 

production, a surfeit of cheap agricultural labour and means and willingness to kill gave sufficient psychological 

relief to the farmer's frustrations" 

(Murton & Wright 1968). 
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The relaxation of the Victorian exploitation with its ruthless destruction of wildlife is one of the 

main factors explaining the rapid growth of  many populations of (sea-)birds in the 20 th  century, 

large gulls included. Worldwide, many gull populations increased markedly in the 20 th  century (Del 

Hoyo et al.  1992). Range expansions and population increases are often attributed to the 

increased availability of (novel) anthropoge nic resources (Fisher & Lockley 1954, Voous 1960, 

Cramp et al.  1974). Humans have evidently influenced the trends in numbers of breeding gulls in 

Europe. Several commoner species became closely associated with man and his activities and 

became more or less dependent on anthropogenic food sources (Thearle 1968, Spaans 1971, 

Auman 2008). 

 Multiple causal factors have been at work simultaneously to effectuate population changes 

in each of these four episodes (Table 1.1, Appendix 2). Interactions of these causal factors make 

observed changes difficult to interpret. Following protective measures implemented in 1907 and 

1912 in The Netherlands, however, the existing breeding population of Herring Gulls increased 

immediately (Mörzer Bruijns 1956, Spaans 1971, Spaans 1998ac). The prompt effect of these 

conservation measures can be seen as evidence that human exploitation and persecution were 

important negative factors affecting gull populations in an environment with sufficient foraging 

opportunities for these birds. This suggests that populations were unnaturally low (suppressed) at 

the time. 

The population expansions and the new colonisations in the 20 th  century ( AppFigs 2.5-6, 

Box 2.3) occurred when the human population increased markedly, when industrialisation 

progressed, fisheries and agriculture modernised, and when marine pollution and euthrophication 

became significant issues. The increase in numbers  of breeding birds, whenever given the chance 

to breed undisturbed, will somehow have been rela ted to that variety of changes in the natural 

environment, most of which with a clear anthropogenic background. Not all colonising species were 

equally successful. The ecologically more specialised Little Gulls and Black-legged Kittiwakes have 

only fragile breeding populations. Gull breeding populations reached unprecedented levels in the 

late 20 th /early 21 st  century ( AppFig. 2.2; Herring Gulls peaked in the 1980s, Lesser Black-backed 

Gulls around 2005). Given the anthropogenic back ground of many environmental changes from 

which gulls have profited, it could be argued that populations levels became unnaturally  high. 

 

Species-specific responses  – Herring Gulls and Lesser Black-backed Gulls are phylogenetically 

related, sympatric species (Liebers et al.  2004). One way in which history is recorded in 

contemporary species is through similar adaptive responses to selective pressures (instances of 

parallel or convergent evolutionary change; Harvey & Pagel 1991). Animals of similar phenotype 

are likely to evolve similar responses to the sa me selective force, whereas different phenotypes 

may respond differently (Piersma & Van Gils 2011). In order to understand how phenotypically 

(dis-)similar the two study species actually are, some understanding of their species-specific 

adaptive responses was required. Comparative studies are inevitably based on correlational 

evidence and correlation is not causation. The problem of confounding variables can be reduced 

(not necessarily eliminated) by searching for the same relationships by different lineages (Clutton-

Brock & Harvey 1979, Harvey & Pagel 1991).  

 Herring Gulls have been the prime subject of campaigns of destruction between the 1930s 

and 1960s (Spaans 2007; Appendix 2), but po pulations increased immediately, whenever 

persecution relaxed. Lesser Black-backed Gulls first bred in the late 1920s, but numbers remained 

small until the late 1960s ( AppTable 2.2). Their population was either held down as a side-effect of 

the destruction of nests in Herring Gull colonies, or their resources (translated into fecundity and 

survival) may not have been large enough to st imulate a marked population growth. The recent 

spectacular population increase in Lesser Black-backed Gulls, when Herring Gull numbers reached 

peak population levels and subsequently declined, is therefore of particular interest. 
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Hypothesis reminder -  The recently contrasting population trends led to three hypotheses that 

were listed earlier in this thesis: 

 

(1)  Herring Gulls have changed their resource exploitati on patterns as a consequence of inter-specific 

competition with Lesser Black-backed Gulls. Herring Gulls have been forced to focus on less profitable 

prey (Noordhuis & Spaans 1992). 

(2)  Lesser Black-backed Gulls have filled an empty niche rather than outcompeted Herring Gulls. The 

population trends are unrelated. (Camphuysen 1995a, Garthe et al.  1999). 

(3)  Differences in foraging behaviour and food availabi lity outside breeding season are responsible for the 

marked differences in demographic trends in the two species (Kim & Monaghan 2006). 

 

Considering hypothesis (1), from the population reconstruction (Appendix 2) we learned that 

Lesser Black-backed Gulls outnumbered Herring Gulls for the first time around 2000. Hence, this 

hypothesis is less likely to be true for most of the 20 th  century (certainly <1970). For decades, 

Lesser Black-backed Gulls were either absent or si mply too rare to be able to outcompete Herring 

Gulls. In the mid-1980s, when the competitive exclusion principle was assumed to explain 

differences in fecundity between the two species (Noordhuis & Spaans 1992), Herring Gulls still 

outnumbered Lesser Black-backed Gulls by 3.7 : 1. If hypothesis (1) is to hold for that period, 

differences in competitive strength while feeding must have been considerable and easy to 

demonstrate in a simple experimental set-up. 

 To support hypothesis (2), a previously untapped or otherwise unavailable resource had to 

be identified that could be utilised solely or predominantly by Lesser Black-backed Gulls. With a 

population of Lesser Black-backed Gulls that remained low for more than 40 years after initial 

colonisations and a 75 fold population explosion since 1970 within the Wadden Sea, there is at 

least a temporal component that could provide clue s. This sudden success of Lesser Black-backed 

Gulls may still have (negatively) affected Herring Gulls, even if the two species would not compete 

for this novel resource, simply because they are generalist seabirds with overlapping dietary 

preferences. 

 Support for hypothesis (3) should be derived from differences in “wintering success” 

between the two species: differences in adult wint er survival and recruitment rates (juvenile and 

immature survival; Kim & Monaghan 2006). An increa sing population would require high levels of 

annual survival, while a decline could result from a relatively high winter mortality. 

 

Density dependent population regulation  – In populations that are kept in check by density-

dependent factors, reproductive rates vary inversely with population density (Lack 1954, Newton 

1998). Coulson et al.  (1982) hypothesized for Herring Gulls that parameters such as breeding 

success, the size of breeding birds and eggs, the ag e of recruitment, and the proportion of young 

returning to the colony to breed were all affected by the size of the population. Herring Gulls on 

the Isle of May (Scotland) decreased considerab ly in numbers from 1972 to 1981, as a result of 

culling. While the density of breeding birds decrea sed, the proportion of young returning to the 

colony to breed, body weight of breeding gulls, an d the volume of eggs increased, while the age of 

recruitment decreased. Spaans et al.  (1987) found the expected opposite when the effects of a 

markedly increased population size in Herring Gulls breeding at Terschelling were discussed: 

declines in breeding success and other parameters , as evidence for density-dependent population 

regulation. 

 The two best known forms of population regulation are (1) competition for resources, and 

(2) natural enemies (Lack 1954). If resources were pl entiful, competition may take effect only at 

high densities, imposing a ‘ceiling’ on population size, but the situation is more complex because 

density-dependence operates against a conti nually changing resource base (Newton 1998). 

Resource competition is expected to be absent or less important at low densities, but to take effect 

at high densities, imposing a ceiling on population size. Large gulls breeding on the Wadden Sea 
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islands have few natural predators now that the human kind has given up exploitation and 

persecution. There is little information on the ad verse effects of parasites on gulls (but see Van 

den Broek & Jansen 1970). Given the marked popu lation increase and the relative absence of 

predators, the form of population regulation that is expected to be most important in Lesser Black-

backed Gulls and Herring Gulls in the Wadden Sea area is (intra- and/or inter-specific) competition 

for resources. Competition for resources, within and/or between species, is the issue that will 

return most frequently in the discussions below. 

 

Colony life �Æ comparisons of reproductive success 

 

The study of the breeding biology in the Kelderhui spolder colony at Texel started in 2006, when in 

The Netherlands as a whole persecution and exploitation were much less severe or localised 

factors. Breeding densities were close to (HG) or at (LBBG) and all time high. The Kelderhuispolder 

colony itself is situated in a nature reserve and is strictly protected, inaccessible for the general 

public, and has no apparent problems with mammalian predators other than some feral cats. 

Natural disasters such as flooding (common elsewhere within the Wadden Sea) do not occur in this 

colony, shortening the list of factors that can contribute to breeding failures. Part of the dune 

reserve is grazed by horses and cattle (trampli ng an unknown proportion of nests of ground 

nesting birds), but the Kelderhuispolder itself is fenced off. The Herring Gull colony is fairly old and 

well-established (albeit declining in recent years); Lesser Black-backed Gulls colonised the area in 

the early 1960s and increased spectacularly in the late 1980s and 1990s (Dijksen 1996). 
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Fig. 15.1. Comparisons of vital rates describing the breeding success of sympatric Herring Gulls (horizontal 

axes) and Lesser Black-backed Gulls (vertical axis) in the Kelderhuispolder, 2006-2012: mean laying date, 3-

egg clutch volumes (cc), the proportion of eggs laid that hatched (%), the pr oportion of chicks lost as a result 

of depredation, numbers of fledglings per pair and annua l variations in body mass developments of fledglings 

(40d old) estimated with the 3 parameter logistic growth mo del (all data from Appendix 3). 

 

During our studies (2006-2012), the breeding success of Herring Gulls appeared to be 

consistently higher than that of Lesser Black-backed Gulls (Table 2.1, AppTables 3.3-3.4). This was 

contrary to the expectations given the most recent population trends. Between seasons, the 
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breeding success varied considerably in both species. Within seasons, even in the worst of years, 

at least some pairs of both species managed to fledge three chicks (the maximum score), but 

many pairs failed to raise chicks in any year. All relevant parameters describing the breeding 

success of either species are summarised in Appendix  3. Assuming that fluctuations in resources 

during breeding would affect fecundity, the fact  that reproductive success varied independently 

can be interpreted as a first indication that key re sources were different for either species. In fact 

none of the key parameters expressing breeding  success, perhaps with the exception of chick 

depredation, were somehow correlated between the two gulls (Fig. 15.1) 

 

Cannibalism - The reproductive success of Lesser Black-backed Gulls at Texel was strongly 

influenced by high rates of chick depredation (>60% in most seasons). Cannibalism (as a short for 

either intra- or inter-specific chick depredation) is a well known phenomenon in gull colonies 

(Moreau 1923, Brown 1967, Kadlec et al.  1969, Parsons 1971, Hunt & Hunt 1976, Fetterolf 1983, 

Spaans 1987, Watanuki 1988, Velarde 1992). Losses among eggs and young are often heavy 

(Lack 1954). In Paludan’s (1951) comparative study in Denmark, only c.  20% of the Herring Gull 

hatchlings and 5% of the Lesser Black-backed Gu ll chicks survived and fledged. Other examples 

are provided in Appendix 3. Intra-specific chick depredation is generally considered to be one of 

the apparent disadvantages of coloniality (Paynter 1949, Emlen 1956, Parsons 1971, Hunt & Hunt 

1975, Davis & Dunn 1976, Montevecchi 1977). 

 At Texel, there were differences between the two species in the proportion of chicks lost 

through cannibalism, but also with regard to th e timing of chick depredation. The difference in 

timing meant that mostly young chicks were lost in Herring Gulls but that also notably older and 

certainly more mobile chicks were depredated in Lesser Black-backed Gulls. Based on Paludan’s 

work published in 1951, Lack (1954) observed that chick losses were most serious during the first 

six days of life, but that two-thirds of the Herring Gulls and half of the Lesser Black-backed Gulls 

that survived at least 8 days “completed their de velopment” (fledged, in other words). Pooled data 

from Texel suggest that initial losses are similar: 29% of Herring Gull hatchlings (n= 298) and 

29% of Lesser Black-backed Gull hatchlings (n= 679), died within six days from hatching (a 

combination of birds that simply died and birds that were killed by conspecifics). Subsequent chick 

mortality, however, calculated over chicks that re ached at least six days of age, amounted to 38% 

in Herring Gulls (n= 213) and 66% in Lesser Black-backed Gulls (n= 484). Chick losses within the 

colony are only one aspect of potential recruitment (fledglings have to survive at least another 4-5 

years), but the observed differences in depredation rates between the two species called for an 

explanation.  

 

Individual cannibalism or a collective stress response - At Texel, egg stealing as a 

widespread phenomenon, but usually with few, specialised individual birds involved. Chick attacks 

were most profound in the higher density parts of the colony dominated by Lesser Black-backed 

Gulls and in the most dramatic cases, numerous adults were involved. 

 In an experimental set-up in 2008, the issue of chick depredation was studied in Lesser 

Black-backed Gulls (Chapter 4). Food supplements were provided that were assumed to lead to a 

more effective defence of the offspring, enhanced  chick growth, and reduced chick mortality. The 

treatment did not lead to significant results, but chick depredation levels tended to be higher in 

control nests than in food supplemented nests. Referees commented on the sample size in the 

experimental set-up as an explanation for non-significant results. While this may certainly have 

been a factor of concern, earlier experiments with similar set-ups and sample sizes yielded crisp 

results (Bukaci �� ski et al.  1998, Verboven et al.  2003). Camphuysen & Gronert (2010a) pointed at 

considerable differences in reproductive success between the two study plots involved in the 

experiments. A rapid spread of affected areas of  chick losses from one territory to the next was 

observed during the most serious outbreaks of cannibalism in 2006-2008, notably in the Foot Sea 

dunes study plot ( AppFig. 3.15). During the experiments in 2008, some clusters of supplemented 
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pairs and controls were situated together at the heart of a cannibalism outbreak. Other clusters, 

again supplemented and control pairs, were at the periphery of the most affected area and 

survived when the collective aggression halted. After such outbreaks of collective aggression, large 

parts of the colony were entirely cleared of chicks, while otherwise apparently similar parts of the 

colony still had chicks under care. 

 These “co-ordinated” cannibalistic outbreaks occurred relatively late in the breeding 

season, when chicks were mobile and when th e energetic demands were high. We therefore 

proposed that autocatalytic interactions between members of the animals in either plot may have 

been important in the organisation of their collective activity ( cf.  Deneubourg & Goss 1989). The 

idea was inspired by field observations, but backed  up by hide observations in another colony of 

Lesser Black-backed Gulls with high levels of egg and chick depredation (Davis & Dunn 1976). The 

observations at Skokholm (Pembrokeshire, UK) in dicated that the bulk of the egg losses arose 

through predation by nesting adult Lesser Black-backed Gulls on their nearest neighbours. Not 

infrequently the protagonist had lost its own clutch shortly before turning predator, and such a 

chain-sequence led to a steady build-up of a ggressive failed breeders and accounted for the 

observed seasonal increase in egg losses. 

 Interactions between individuals and their environment would allow different collective 

patterns and decisions to appear (Deneubourg & Goss 1989). This could lead to situations where 

the same stress factors have a different outcome. A consideration of social dynamics and an 

analysis of apparently collective decisions in breeding seabirds may enhance our understanding of 

the observed behaviour. What remained to be explained, however, was what  exactly triggered a 

cannibalistic outbreak of the scale witnessed almost annually in the Texel colonies. 

 

Cyclic fluctuations in chick growth and chick mortality  – During nest controls in the phase of 

chick care, developing chicks were weighed (g) and measured in order to monitor growth from 

hatching to fledging. Growth rates could be related to egg size (pre-hatch factors), but were 

primarily thought to provide information on provisioning rates during chick care (post-hatch 

factors). Annual variations in growth rates were small (Box 3.4) and annual fluctuations in mean 

growth rates between the two species were not related (R S= -0.21, n= 7, n.s.). Variations in body 

mass gained at 40d of age in Lesser Black-backed Gulls varied c. 150g between the year with the 

most favourable chick growth (2010, 778 ± 15g) and the season with rather modest growth 

(2011, 627 ± 12g). In Herring Gulls the modelled differences between years were smaller: an 80g 

difference between the most favourable season (2007, 845 ± 13g) and the worst (2010, 765 ± 

13g). The body mass at fledging was not or negatively correlated between the two species (R S= -

0.43, n= 7, n.s.). 

 Within seasons, cyclic fluctuations in chick growth were found: similar drops and gains in 

body mass in chicks from numerous monitored nests during subsequent visits, indicating 

alternating periods of low and more favourable provisioning (Chapter 3). Body mass increments of 

chicks were significantly reduced in weekends (Table 3.2), while remarkable spurts in growth 

occurred primarily on Tuesdays, Wednesdays and Thursdays (Table 3.3). These collective mass 

drops and gains occurred in both species and often simultaneously, but were most profound in 

older chicks (>15d of age), when the energetic demands are higher (Fig. 3.2). When Lesser Black-

backed Gulls were nesting much later than Herring Gulls (a 9-11d difference in the onset of laying 

between Herring Gulls and Lesser Black-backed Gulls in 2010-2012), the chicks of this species 

were initially too young to be affected by starvation events that were already experienced by the 

larger and older chicks of Herring Gulls. While levels of chick growth tended to be lower in 

weekends, chick depredation rates formed a mirror image, suggesting that the cannibalistic 

attacks by adults were related to the low provisioning rates (periods of food stress). Note that 

while cannibalism (now defined as killing conspecifics for food) commonly occurred (Box 3.7), 

most chicks were often simply stabbed to death and their carcasses were left behind (and 

sometimes scavenged later) during the most violent outbreaks. 
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 Assuming that the cyclic fluctuations in chick growth reflected cycles in provisioning rates, 

the fact that chick growth fluctuated simultaneously in both species suggests that some (key) 

resource was shared between the two or that different resources fluctuated in concert. The weekly 

rhythm in commercial fishing effort around Texel matched the fluctuations in chick provisioning 

best, even though starvation events did not occur every week. A weekly rhythm in fishing effort is 

characteristic for inshore and offshore bottom trawl fleets operated from The Netherlands (black 

box data; Chapter 3). 

 

Intermittent breeding and a pool of floaters – A striking feature at Texel were numerous well-

constructed, but empty nests in areas where Lesser Black-backed Gulls were breeding in high 

densities. In other words: everything according to plan (territoriality, nest construction), except 

egg-laying. Many colour-ringed adults (ringed in earlier years a breeding birds) returned to the 

colony in April (“in time”) as prospectors, but only part of these birds subsequently commenced 

laying. Intermittent breeding (non-breeding in “established adults”, birds that have bred before at 

Texel) was in fact common in both species at Te xel. Adult Lesser Blacked-backed Gulls were more 

frequently found to skip breeding season s than Herring Gulls (22%, against 15%, AppTable 6.3). 

Skipping two or more seasons was rare in Herring Gulls (1%) but not uncommon in Lesser Black-

backed Gulls (6%). Up to 75% of the prospectin g adults did forego laying in some seasons. 

 Seabirds (large gulls included) are typically long-lived species, with delayed maturation 

and low annual reproductive rates. Most seabirds live in stochastic environments where in some 

years the difficulties in producing offspring may be particularly great (Erikstad et al.  1998). 

Calladine & Harris (1997) suggested that if resources become limited, established breeders that 

have returned to the breeding grounds may give up  before laying and skip a season. Life history 

theory predicts that long-lived species should be restrictive in any increase of their current 

reproductive investment and adjust their effort in raising young according to their own body 

condition. With multiple breeding opportunities, in poor environmental conditions, maximum 

fitness is achieved either by not breeding at all, or by abandoning the brood (Stearns 1992). 

The body condition of an individual may infl uence the decision to breed (Drent & Daan 

1980), but multiple factors will contribute. Comm on factors include breeding performance in the 

previous season (Calladine & Harris 1997), food availability in the previous winter, resources 

around the breeding colony in spring, breeding experience (Wooller & Coulson 1977, Wooller et al.  

1990) and social aspects. Colour-ring readings suggested that Lesser Black-backed Gulls at Texel 

breed on average once every 2.1 years, those in the mainland colony IJmuiden once every 1.8 yrs. 

For Herring Gulls, breeding frequencies of once every 1.5 (Texel) to 1.6 years (IJmuiden) were 

estimated (Appendix 6). The colony filled up nevertheless in such years, albeit sometimes delayed. 

A pool of non-breeding adult birds ( floaters ) may buffer density fluctuations within an established 

breeding population (Calladine & Harris 1997). With  an intermittent breeding strategy of colour-

ringed adults and more or less constant breeding densities from year to year (as on Texel and in 

IJmuiden), floaters must have filled in vacancies. At Texel, these floater “replacements” typically 

involved adult birds (no immature plumage characteristics). Colour-ringing commenced in 2006 at 

Texel (in 2008 in IJmuiden), and a longer series of years is required to obtain better data on 

breeding frequencies. A longer time-series is also required to evaluate the tendency to breed in 

any given year relative to the repr oductive success in the year before. 

In most years, part of the established breeders did forego breeding while vacancies were 

filled by floaters. It is quite likely that individual condition rather than general environmental 

conditions has influenced the breeding incentive of returning, prospecting adults in most years. 

Nevertheless, a particularly high tendency to forego breeding in anyone season could point at a 

common underlying problem, affecting a large proportion of the prospecting adult birds 

(established breeders and  floaters). In 2012, when only a quarter of the (earlier established 

breeding) Lesser Black-backed Gulls that had returned commenced breeding, clutch volumes were 

significantly smaller than in other years. In other particularly late years (2010 and 2011) egg 

volumes were ‘normal’ Appendix 3). This could indicate that in 2012, when non-breeding was 



Chapter 15 Synthesis and conclusions 169 
 

grotesque (75%), a relatively large proportion of relatively inexperienced or lower quality breeders 

participated (Thomas 1983, Bolton 1991). Intermittent breeding has been documented in a 

number of seabirds (Hémery et al.  1968, Wooller et al.  1992, Calladine & Harris 1997, Mougin et 

al.  1997, Bradley et al.  2000). The decision to forego breeding (or abandon a breeding attempt) in 

anyone season is more likely to occur in a long- lived than in a short-lived species. "Sabbatical" 

periods lasted up to 7 years (mean 1.7yrs) in a well-studied population of Cory’s Shearwaters 

(Mougin et al.  1997). In Short-tailed Shearwaters Puffinus tenuirostris in Bass Strait (Australia) 

over 50 years of study, among individuals known to  be alive and to have bred before, on average 

14% of each sex were not present at their breeding colony in any one year (Bradley et al.  2000). 

Field experiments, intensified colour-ringing effort, and non-invasive body condition 

assessments in the prospecting phase are required to further explore the issue of non-breeding or 

intermittent breeding in Lesser Black-backed Gulls nesting at Texel. That so many seemingly adult 

floaters are available to fill in vacancies (empty territories or territories next to empty sites), 

leading to similar nesting densities in subsequent seasons, has consequences for our expectations 

regarding the actual population size based on simple colony counts. 

 

The avian calendar 

 

Each stage in the annual cycle is assumed to have evolved to occur at the optimum time 

(McNamara & Houston 2008). Adaptation to an environment implies adaptation to its, usually 

periodic, temporal variations (Gwinner 1975). This emphasizes the need to know how events 

throughout the annual cycle interact (Sillett et al.  2000, Leyrer 2011). Migratory birds will be 

affected by seasonal changes in resources and changes therein as a result from climate change 

(Both et al.  2005, 2006). 

 

Breeding on time  - There is selective pressure to restrict breeding attempts to the time of year 

when food on which young are dependent is sufficiently abundant (Lack 1968, Daan et al.  1988, 

Dawson 2008). Avian breeding generally coincides with seasonal peaks in food supplies (Lack 

1968), even though detailed studies suggest that  birds may breed on either the rising or the 

declining slopes of food availability (Daan et al.  1988, Daan 2006). If food peaks are important, 

early and late-nesting pairs would leave fewer of fspring than birds laying on the average date. 

Perrins (1970) observed that many birds laid too la te for the offspring to profit fully from seasonal 

peaks of food abundance, and suggested that the proximate cause was a shortage of food for the 

female when forming the eggs (the food constraint hypothesis ). 

 There were distinct differences between the tw o species in the timing of breeding at Texel 

and laying dates fluctuated seemingly independ ently (Appendix 4). Colour-ring re-sightings 

confirmed that the two species arrive at roughly the same date at breeding latitudes, and start 

visiting the colony apparently simultaneously in late March and early April (often in response to 

“fine weather”). Herring Gulls laid always earlier than Lesser Black-backed Gulls. Barth (1968) 

reviewed laying dates for both species in a number of colonies, ranging from Troms (N, 70°N) to 

Græsholm (DK, 55°N) and Skomer (Wales, 51°44’N ) and found a consistently earlier start of 

Herring Gulls in comparison with Lesser Black-backed Gulls. The difference in the onset of laying 

between the species generally increased from south to north and could be as much as 3 weeks to 

one month apart. At Texel, between 2006 and 2012 the two species were increasingly out of sync, 

with respect to the peaks of laying ( AppFigs. 4.4-5), but with Herring Gulls consistently earlier than 

Lesser Black-backed Gulls. 

 In birds, the most powerful ‘ Zeitgeber ’1 of circadian rhythms is the daily variation in light 

intensity (Gwinner 1973). In the prospecting phase (late March and the entire month of April), 

                                                 
1 Exogenous (external) cue that synchronizes an organism's endogenous time-keeping system (internal clock) to the earth's 
24-hour light/dark cycle (http://en.wikipedia.org/wiki/Zeitgeber)  
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both gulls were under the same photoperiodic regime, so that species-specific variability in the 

timing of laying would point at different mechanis ms of synchronisation. Temperature cycles seem 

to be of little importance as non-photic Zeitgebers  in homoiotherms, birds included (Gwinner 

1975), but cold-blooded (poikilotherm) benthic invertebrate prey may respond strongly on 

fluctuations therein (Honkoop & Beukema 1997, Honkoop 1998). 

Herring Gulls and Lesser Black-backed Gull on Texel relied on strikingly different resources 

during the prospecting and incubation phase (App endix 7). Hard substrate mussels on breakwaters 

along the mainland coast are an important resource for Herring Gulls breeding at Texel. These 

feeding grounds are abandoned by them in winter when the quality of mussels reaches its annual 

low (Chapter 6, Appendix 9). A rapid increase in mussel BMI is recorded in March and April (from 

3.7 to 6.8 gAFDM mm -3  10 6) and mussel quality peaks around 8 gAFDM mm -3  10 6 from May 

through July ( AppTable 9.4). Mussels are particularly important in the egg phase (Appendix 7), and 

a laying peak in early May coincides with top quality molluscs. These observations could be seen 

as support for Perrins’ food constraint hypothesis. 

 Lesser Black-backed Gulls at Texel do not feed on bivalves or any other intertidal 

invertebrates in the prospecting phase or during egg-laying. Pre- and post-hatching prey samples 

were in fact quite similar, with marine fish as th e dominant prey items in either phase of breeding. 

Their laying date has been rather variable in the years of study and the reason for these 

differences in timing remain unclear. Adult Lesser Black-backed Gulls breeding on Texel have 

somewhat delayed their return to breeding latitudes in recent years (Chapter 5). There is no 

evidence for a seasonal shortage of food from fisheries discards in spring, but an overall decline in 

fishing effort ( AppFig. 2.9) may put pressure on that population throughout the breeding season. 

Adults also appear to swiftly abandon the breeding area after the breeding season (Fig. 5.4 and 

GPS logger data). A late return to and an early departure from Texel could be a consequence of 

the overall more limited resources in recent years. When early breeding would be advantageous, 

long-distance migrants could be time stressed in spring (Drent et al.  2006). Klaassen et al.  (2011) 

found that migrating Lesser Black-backed Gulls (tagged on Vlieland) used frequent and long 

migratory stopovers, resulting in a low overall migration speed. Female Lesser Black-backed Gulls 

may thus rely on foraging opportunities while under way in spring or on food in their wintering 

areas ( capital  breeders; Drent & Daan 1980, Drent 2006) rather than on foraging conditions at 

breeding latitudes to reach breeding condition. 

 

Moult of flight feathers – Moult requires a variety of adjustments in the physiology, energetics, 

and nutrition of birds (Murphy 1996). Temporal overlap between breeding and primary moult is 

uncommon in bird species because of the great energy demands of each process (Payne 1972, 

Ricklefs 1974). Variation in patterns and timing of moult among groups of birds have been 

reviewed by Stresemann & Stresemann (1966), Payne (1972), King (1974) and others. Overlap of 

breeding and wing moult has been found in some seabird species (Carrick & Dunnet 1954, Furness 

1988, Barbraud & Chastel 1998). Most seabirds begin their annual post-nuptial moults in the final 

stages of breeding or shortly thereafter, when their body masses and lipid stores are low (Murphy 

1996 and references therein). In that final phase of chick care, endogenous nutrient reserves are 

minimal, and a low body mass during the period of moult may allow birds to (partly) offset 

impediments to flight resulting from the replacement of flight feathers (Coulson et al.  1983b, 

Hedenström & Sunada 1999). Birds that fail during a breeding season often start primary moult 

within a week of egg or chick loss. The selective advantage of delayed primary moult in breeding 

birds is to retain maximum wing efficiency while feeding young (Beck 1970). 

 At Texel, wing moult was recorded during ringing (adult birds incubating eggs; Appendix 

4), but so far, primary moult has been neglected as a constraint on breeding individuals. That 

Herring Gulls commenced primary moult during incubation, 1.5 - 2 months earlier than Lesser 

Black-backed Gulls (Chapter 2), is consistent with conclusions by Bridge (2006), that non-

migratory species are more likely to overlap breed ing and primary moult. Monitoring the progress 

of primary moult is difficult, certainly in the late r stages of breeding (post-hatching), when birds 
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cannot easily be captured and examined. With obse rvations at distance, the absence or growth of 

primaries can easily be monitored, but fine details, such as particular stages of arrested moult (cf. 

Muusse et al.  2011), are easily overlooked. 

 

Migratory movements and wintering conditions 

 

Dutch Herring Gulls are dispersive (Chapter 6), while Lesser Black-backed Gulls are essentially 

migratory using the westerly flyway towards the Iberian Peninsula and NW Africa (Appendix 5). 

Both species abandon the breeding grounds and do not visit the colony between September and 

mid-March. Some Herring Gulls remain at Texel or in nearby Noord-Holland, but generally 

speaking, alternative foraging grounds are utilised in winter by both species. 

 Spaans (1971) reported that Dutch Herring Gulls in the 1950s and 1960s overwintered 

closer to the breeding areas than earlier in the 20 th  century (significant results only for juveniles). 

The results obtained for the 1950s and 1960s show  broad similarities with the colour-ring re-

sightings analysed for the 1980s and 1990s (Chapter 6): dispersal in a more or less SW direction 

with higher numbers in coastal areas, along large rivers, in cities and south to the northern parts 

of France. More recent colour-ring re-sightings (birds colour ringed during 2006-2012 at Texel), 

indicate a westward and northward contraction of the wintering areas (Appendices 5, 9; AppFig. 

5.4). Nearly all recent sightings were in coastal provinces, probably because most inland landfill 

areas have disappeared ( AppFig. 9.10), and adults return earlier to breeding latitudes. These 

findings are backed up by satellite tracks of birds breeding at Vlieland. The Herring Gulls from the 

Wadden Sea islands must have encountered incr eased competition on their wintering grounds 

from more or less resident birds breeding in Zeeland, Maasvlakte and Europoort, where the 

population peaked nearly 20 years later than in the Wadden Sea area ( AppTable 2.2). The sites 

chosen in recent years were cities and coastal resorts in Noord-Holland and Zuid-Holland ( AppFig. 

9.11). It is unknown how important marine resources are in winter for Herring Gulls that breed on 

the Wadden Sea islands (no sea trips were recorded  in several years of satellite tagging). With a 

wintering range contraction, substantially reduced opportunities to feed at landfill sites, and 

increased intra-specific competition, the wintering conditions for Herring Gulls from the Wadden 

Sea must have deteriorated over the past decades. This finding would provide support for the 

hypothesis formulated by Kim & Monaghan (2006; Hypothesis #3). 

Alerstam (1990) stated “Gulls lead a fairly mobile life in winter and change their place of 

residence if the climate or the food supply deteriorates” . The saying “As free as a bird” does not 

apply to dispersive or migratory gulls - if it applies at all to any migratory birds (Piersma 1994) -, 

and this comment is certainly challenged with data provided in the present study. The Argos 

satellite PTTs, GPS loggers and the colour-ring re-sightings have all demonstrated that Lesser 

Black-backed Gulls and Herring Gulls are rather cons ervative and site-faithful individuals that tend 

to use the same stop-overs and wintering areas over and over again. Lesser Black-backed Gulls 

wintering in the UK suddenly moved towards a Medi terranean wintering area during particularly 

cold spells in winter, but there is no evidence that the birds are particularly mobile and 

“adventurous” when they have arrived at favourite stopovers or wintering areas. The colour-ring 

data suggest that immatures spend some 3-4 ye ars exploring a somewhat larger area between 

wintering and breeding grounds, gradually moving further to the north in subsequent summers 

(Chapter 5-6). Once a “decision” is made, preferre d sites are used over and over again indicating 

that intimate knowledge of the foraging and roosting conditions at stop-overs and in winter areas 

is advantageous. Levels of individual specialisation deserve particular attention in future studies, 

but the diversity and the spread of individual bi rds over a large range could minimise population 

level effects of localised declines in resources (the closure of individual dump sites or fisheries) or 

environmental disasters (e.g. major oil spills). 

 Wintering habitats of Lesser Black-backed Gu lls were rather diverse, ranging from open 

sea via harbours and coastal resorts to rice-fields, inland rivers, lakes and landfills (Appendix 5). 
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Certainly the large dumps in Portugal and Spain attract many thousands of scavenging gulls every 

winter. Portugal and Spain, until today, have low rates of domestic waste recycling and rely 

heavily on landfills. The low (human) population density and lower waste generation rate, as well 

as poor investments in waste management in the past, have resulted in this reliance on landfill use 

(Anon 2001). The wintering conditions for Lesser Black-backed Gulls do require attention in the 

near future, now that plans to close major landfill sites in these countries become effectuated 

(following EU regulations, within the framewor k of the Fifth European Union Action Programme, 

"Towards a sustainable development”; see also Appendix 9). Of the major landfill sites commonly 

used by Dutch Lesser Black-backed Gulls, Taboeira (Aveiro, PT) is one of the first to be closed 

down (T. van Nus pers. comm. ). 

 

Fecundity, annual survival  and recruitment (BPA) 

 

In calculating the population turnover for any species, it is important to know the rate at which 

new adults of breeding age are reproduced (Lack 1954). Fecundity is one aspect, but survival from 

one year to the next and recruitment rates are equally important (Chabrzyk & Coulson 1976, 

Begon et al.  1990, Bolton 1991, Stearns 1992, Skalski et al.  2005). Young birds have to survive at 

least the first 4-6 years of life to reach sexual maturity (Vercruijsse 1999,  Schreiber & Burger 

2002). Stable populations of large gulls are expect ed to lay clutches of approximately three eggs 

per pair, fledge about one chick per pair of which one fifth or a quarter survives long enough to 

reach sexual maturity and recruits, and with annual adult survival rates around 90% or better 

(Kadlec & Drury 1968, Harris 1970, Glutz von Blotzheim & Bauer 1982, Cramp & Simmons 1983, 

Perrins & Smith 2000). Few of these figures were met at Texel. 

 Lesser Black-backed Gulls in the Kelderhuispolder fledged rather few offspring each season 

(~0.49 pair -1 ), but their apparent adult annual survival rate (~0.91) was favourable. About 20% of 

the fledglings reached sexual maturity (0.10 pair -1 ), but the low fecundity led to a negative BPA 

(Chapter 2). More or less the opposite was found in Herring Gulls: comparatively favourable 

breeding results (~0.88 pair -1 ), but a low annual survival of adults and immatures  (Chapter 7, 

Appendix 6), leading to a strongly negative BPA (Chapter 2). Estimates of adult annual survival 

rates for Herring Gulls in other studies ranged from 88% to 94% (Chabrzyk & Coulson 1976. 

Coulson & Butterfield 1986, Migot 1992, Calladine & Harris 1997). Survival rates at Texel were 

notably lower, not only in adult Herring Gulls, but also in sub-adults. Only 13% of Herring Gull 

fledglings reached sexually maturity (0.10 pair -1  annum -1 ), against c. 20% in an earlier study in 

Schouwen (Vercruijsse 1999). If higher levels of reproductive success would relate to more energy 

spent by parents to the raising of young, adult su rvival would be compromised in actively breeding 

birds, but not in (immature) non-breeders. That also first year and immature survival were 

consistently lower in Herring Gulls points at common problems in the wintering areas affecting all 

cohorts. The low annual survival of Herring Gulls is thus likely a winter problem. If the 

deterioration of wintering conditions discussed earlier may had consequences for the annual 

survival Herring Gulls, it would have affected all age groups. Immature survival rates in Lesser 

Black-backed Gulls from Texel (14% of all fledglings) were at least twice higher than in Herring 

Gulls. This is in agreement with the relatively larger number of recruits in Lesser Black-backed 

Gulls recorded so far. The results indicate that overwinter survival is more favourable in Lesser 

Black-backed Gulls than in Herring Gulls. 

 Negative relationships between fecundity and adult survival indicate that the energy per 

individual parent devoted to the raising of yo ung comes at the expense of adult survival ( AppFig. 

6.1; Cody 1966, Weimerskirch 2002). In Lesser Black-backed Gulls, models fitted to assess 

structure in the apparent survival process that included additive year effects provided highest 

model support (Chapter 7). A negative relationship between apparent survival and fecundity could 

not be demonstrated, due to a small sample size, but the apparent survival tended to be higher 

following seasons with lower numbers of fledglings and vice versa (Fig. 7.3, Table 7.4). We have 
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little concrete information on the wintering conditions of Lesser Black-backed Gulls and the effect 

on (apparent) adult survival. However, a strongly reduced breeding success seems the more 

important negative factor in this species. 

 

Forecasting population change  - In species such as large gulls that may live over 35 years and 

that first breed between 4 and 7 years of age, a balanced and realistic picture of life, death and 

recruitment can only emerge from many years data (Begon et al.  1990, Lande et al. 2002, Skalski  

et al.  2005, Bijlsma et al.  2012). Adequate information comes from standardized population 

monitoring spanning decades rather than just a few years. For the colony at Texel, the data series 

is steadily growing, so that within a few years time properly parameterised population models can 

be constructed, perhaps even forecasting future population developments (see Conclusions). For 

now however, this was considered premature. 

It is obvious that the breeding populations of both species are currently not flourishing 

(Appendices 3-6). Even in Herring Gulls, where the reproductive success is often reasonably high, 

the rather high annual adult (apparent) mortality, the low survival of fledglings and the low 

recruitment rates (according to visual observations) lead to a strongly negative Balance Per 

Annum (BPA; Chapter 2). It is a small sample size, but the near-absence of even only prospecting 

“recruits” (colour-ringed visitors fledged in earlier years) and any nesting birds in immature 

plumage at Texel fed the suspicion that these colonies are “ageing”. 

If the negative BPAs are realistic (Chapter 2, note that many parameters have a slender 

factual basis as a result of small sample size), the population of Lesser Black-backed Gulls would 

be expected to half over a period of approxim ately ten years. However, density assessments for 

Lesser Black-backed Gulls in the Kelderhuispolder colony indicated a positive trend rather than a 

8% decline per annum (Appendix 3). An 8% decline is also not in accordance with the currently 

available population trends (Appendix 2). A 23% per annum decline in Herring Gulls would rather 

swiftly lead to (near-) local extinction! The density assessments for Herring Gulls within the study 

area (Appendix 3, AppTable 3.8) did suggest marked declines in breeding numbers (a 21% decline 

from 2009 to 2010, a further 13% decline in 2010-2011), and recent population counts indicated a 

continuing decline, at least at Texel (Appendix 2). Future monitoring and more solid (longer-term) 

estimates of annual mortality rates are required to confirm these findings. 

The calculations of apparent annual adult survival, and certainly those of immature 

survival and recruitment rates in this thesis must be regarded as preliminary results. Longer time-

series are required to obtain more robust values. In recent years there has been a great public 

demand for demographical data and in the absence of reliable estimates of annual survival, 

recruitment, and breeding success, models have too often been fed with parameters taken from 

literature (e.g. Maclean et al.  2007, Boon et al.  2010, Dirksen et al.  2012). While for some 

research questions a population model based on vital rates from another colony (or from more 

than one study) may yield useful results, in most case the outcomes will be misleading. 

 

What’s on the menu? 

 

As stressed earlier, at Texel and probably on all other Wadden Sea islands, resource competition is 

the most likely prime driver of current population trends. The spectacular increase in numbers of 

Herring Gulls in the 1970s-1980s and the continuing increase in Lesser-black-backed Gulls in the 

1990s, would not have happened in the absence of abundant food supplies. An accelerating 

population increase (when resources are plentiful) levels off when the carrying capacity of an area 

is approached. When resources are exploited to th e limits, density dependent regulation will lead 

to changes in demographic variables. The poor reproductive success in the late 1980s and 1990s 

in Herring Gulls and in more recent years in Lesser Black-backed Gulls were indications that 

essential resources became scarce (perhaps overexploited). In order to shed more light on the 

current foraging opportunities of both species in the western Wadden Sea, the composition of their 
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diet during breeding had to be analysed. These sympatric birds may share a breeding ground but 

not necessarily also their feeding grounds (Tasker et al.  1999). Inter-specific resource competition 

is more likely to occur with overlapping foraging  habitats. A detailed examination of their diets at 

Texel was a first but crucial step towards the identification of these feeding grounds.  

 

Composition of the diets - A bewildering variety of prey items was found in both species, but 

staple foods could be identified. From the dietary information presented in Appendix 7 it is obvious 

that both gull species are genuine generalists, but with clear preferences for certain prey types. 

The more marine orientation of the Lesser Black-backed Gull was evident, while Herring Gulls 

switched from almost entirely intertidal prey in  the early breeding season to more diverse and 

mixed diets including more marine fish during chick care. Individual pairs often adjusted their prey 

spectra during chick care, obviously in an attempt to meet the energetic requirements of the 

offspring. The dietary spectrum of Lesser Black-backed Gulls narrowed ( AppFig. 7.2; towards higher 

quality fish prey?), whereas that of Herring Gull s widened (Chapter 9). As a result, the dietary 

overlap and the likelihood of exploitative competition between the two species was more 

substantial during chick care than during prospe cting, egg-laying and incubation (Table 2.3). 

 

Foraging distributions, foragi ng techniques and digestion - Foraging theory suggests that 

birds should concentrate their foraging efforts where there is abundant, easily obtained, high 

quality food (Schoener 1971, Stephens & Krebs 1986, Wanless et al.  2005). For most seabirds, 

food is patchily distributed, difficult to find, sometimes distant, and ephemeral (Ashmole 1963, 

Diamond 1984). Animals that are foraging in gr oups might do better when exploiting patchy, 

ephemeral food, because individuals might learn ab out temporary local abundances of food, either 

by going to sites where others are already foraging , or by learning about new foraging techniques 

(Krebs et al.  1972).  

 The natural foraging techniques are varied and gulls forage in flocks as well as solitary. If 

individuals prefer to avoid variation in searchin g time while exploiting a patchy environment, 

flocking should be favoured (Caraco 1981). Differen t prey require different foraging techniques or 

even physiological adaptations and it is therefore quite understandable that individual birds tend to 

specialise on particular resources. The consumption of mussels and most other bivalves requires a 

well-developed muscular stomach (Herring Gulls crush shellfish in their gizzards; Cadée 1995); 

shellfish that need to be crushed internally simply cannot be taken opportunistically (Piersma et al.  

2002, Van Gils et al.  2005a). Specialised individuals manage to open Pacific Oysters or large 

Common Shorecrabs, but a majority of the birds is unable to do that and will have to move on in 

search of more suitable prey. Foraging for earthworms (rainy weather) and non-swarming insects 

(sunny summer weather) is more or less individualistic (interference nor exploitation competition), 

but the opportunities are seasonal and weather dependent. 

 

Competing for discards  – A high proportion of the fish brought ashore were demersal fish 

species that without doubt were obtained while scavenging at trawlers (notably beam-trawler and 

shrimpers; the dominant fisheries in the Southern  and German Bights). Successfully competing for 

fisheries discards requires physical strength or extreme manoeuvrability (two different options; 

Strann & Vader 1992, Camphuysen et al.  1995). An analysis of the competitive interactions of 

foraging gulls while scavenging for discards at trawlers has been provided in Appendix 7, based on 

earlier studies conducted at sea. The at-sea stud ies gave an important insight in the foraging 

behaviour and prey choices in a competitive setting: both species were confronted with the same 

prey in experiments with different numbers of co mpetitors, around the North Sea and through the 

year. If the foraging areas would overlap, Herring Gulls were expected to be more successful 

foragers. Based on these and other at-sea studies, it was concluded that: 

 
(1) discards are a prime source of food for both species when they are at sea, 
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(2) the slightly larger Herring Gulls are domina nt over Lesser Black-backed Gulls in direct 

confrontations (more wins than losses  in direct combat and vice versa), 

(3) in mixed flocks, Herring Gulls take slightly larger prey than Lesser Black-backed Gulls in 

accordance with species-specific differences in body size, and 

(4) prey choice (or better, the actual consumption) in mixed groups is slightly different between the 

two species, either as a result of different preferences, or resulting from interference 

competition (Garthe 1992, Camphuysen 1993, 1995, Camphuysen et al.  1993, 1995, 

Appendix 7). 

 

With this information, some of the most important results of the diet study could be interpreted. 

From the at-sea discarding experiments, it could be predicted that from a shared resource, Herring 

Gulls would bring in slightly larger fish prey than Lesser Black-backed Gulls. 

 Herring Gulls delivered smaller individuals of the same fish species than Lesser Black-

backed Gulls ( AppTable 7.5) and have a different prey species composition (Appendix 7). The size 

of some flatfish (small 0-group) and the frequent occurrence of Brown Shrimps Crangon crangon  

indicated that Herring Gulls commonly foraged behind (nearshore/Wadden Sea) shrimpers. Fish 

brought in by Lesser Black-backed Gulls, and some of the common secondary prey ( Polinices 

polianus ) found in prey samples, showed that Lesser  Black-backed Gulls mostly scavenged around 

(large) offshore beamtrawlers. Simple dietary information from regurgitated boluses in the colony, 

coupled with information from competitive strength and size selection during sessions of 

experimental discarding, suggests resource partitio ning rather than resource sharing. This issue 

will be explored below, after a brief discussion on  marine distribution patterns, seasonality, and 

species composition in different habitats. 

 

Catching fish (natural feeding) - Fish shoals near the surface have to be found first. The 

behaviour of gulls at sea (with predominantly whit e plumages, signalling presence at substantial 

distances) is quite similar to that of many other seabirds that profit from ephemeral foraging 

opportunities (gannets, boobies, tropicbirds, gulls , terns): a behavioural change of a conspecific, 

seen at distance, triggers an immediate response by birds within sight (Frings et al.  1955, 

Simmons 1972, Camphuysen 2011d). When one forager finds a patch, others immediately join the 

finder to share the food. To get the fish, partic ular skills are required, depending on the exact 

situation (Camphuysen & Webb 1999). Flocks of seabirds that develops over a large fish school will 

have the same or similar characteristics and dominance hierarchies as a flock of birds following a 

trawler. Such feeding opportunities are typica lly short-lived, and Lesser Black-backed Gulls 

together with Herring Gulls, in the area where this system is most extensively studied generally 

profited from producers and are often categorised as joiners or suppressors in multi-species 

feeding frenzies (MSFAs; Camphuysen & Webb 1999). Herring Gulls and Lesser Black-backed Gulls 

off the Scottish east coast were clearly aiming  for MSFAs while foraging (>80% of recorded 

offshore feeding activities in summer within MSFAs), indicating how important these relatively 

short-lived foraging opportunities can be. It is these (natural) fishing techniques that give access 

to energy rich, fatty prey species. 

 MSFA formation in Dutch waters is a much less studied phenomenon, but during ship-

based surveys in summers 2002-2009, only 3% Lesse r Black-backed Gulls and just below 1% of 

all Herring Gulls were seen to join MSFAs ( AppTable 8.5). The representation of fatty fish in the 

diets studied at Texel was low, suggesting that natural feeding frenzies over schooling fish as 

described above were uncommon. 

 

Food quality – Birds have to provide adequate food for themselves throughout the year, and for 

developing chicks in the second half of the br eeding season. Several studies have shown that 

adults select prey with a higher calorific value for their chicks than for themselves (Tasker et al.  

1999). 
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Most Herring Gulls focus on mussels during prospecting and incubation, while a shift to-

wards more energy rich prey (more fish) occurred during chick care. Most successful Herring Gulls, 

with on average more rapidly developing chicks, added substantial amounts of fish to the prey 

loads for their offspring. Pairs that continued to feed mussels were less successful and pairs that 

specialised on crustaceans (Common Shore Crabs) during chick care generally failed to fledge 

young (Chapter 9). Similar results were presen ted by Spaans (1971) and various other authors 

studying Herring Gulls around the North Sea (Ehlert 1961, Glutz von Blotzheim & Bauer 1982). 

Lesser Black-backed Gulls were expected to focus more on fatty fish during chick care 

(clupeids, sandeels), but also in the second half of breeding, mostly low quality (discarded) fish 

species were used for chick provisioning. Perrins & Smith (2000) investigated prey choice in Lesser 

Black-backed Gulls breeding on Skomer during a period of population decline. Earthworms 

Lumbricus terrestris  were important food items early in the season with a dietary shift to 

proportionally more fish (discards) during the chick rearing period. In later years, with fisheries 

discards apparently less and less available, birds continued to forage on mainland agricultural land 

during the chick rearing period. The years of worst breeding failure were exceptionally dry 

summers when also worms were difficult to find. When breeding success declined, the majority of 

chicks died within a week of hatching and most were clearly underweight. Their food, as judged by 

regurgitates, was mostly earthworms. While parents themselves were apparently able to survive 

on a diet of earthworms, they were unable to collect sufficient earthworms for a rapidly growing 

brood. 

 

Sexual segregation while foraging  – An important finding in Chapter 10 was that male and 

female Lesser Black-backed Gulls focused on different foraging habitats and with that also on 

different prey types. Sexual segregation in fo raging behaviour is widespread among sexually 

dimorphic marine vertebrates (Stauss et al.  2012) and these are often thought to be mediated via 

differences in dominance, foraging behaviour, flight efficiency and competitive ability (Wearmouth 

& Sims 2008, see discussion in Chapter 10). Sex-related differences in foraging behaviour have 

also been described for monomorphic species, such as Northern Gannets Morus bassanus (Lewis et 

al.  2002), and the underlying mechanisms are in fa ct poorly understood. The habitat use by 34 

tracked individuals of Lesser Black-backed Gulls from Texel, ranged from almost completely 

terrestrial to completely marine (Fig. 10.1), suggesting a tendency of individuals to specialise on 

particular foraging areas, at least during the breeding season. Males spent considerably more time 

foraging on the North Sea than females. Stauss et al.  (2012) suggested that differences during the 

breeding season can be attributed to sex-specific provisioning behaviour and differential parental 

roles, inter-sexual competition, or sex-specific habitat specialisation. A further suggestion was that 

nutritional investments by female into developing eggs could lead to sex-specific differences in 

prey choice (Carey 1996), but this option is pu t aside here, given that these sexual differences 

persisted throughout the breeding season (Chapter 10). It turned out to be impossible to link 

particular prey items to individual birds, and he nce to the ‘appropriate sex’, but the parameters 

summarized on Table 10.2 strongly suggest that sex-specific provisioning behaviour and 

differential parental roles could be of importance. The net result, however, sexual habitat/resource 

partitioning will be discussed below. 

 

Risk sensitive foraging - Foraging animals select resources in response to the probability 

distributions of rewards obtained and costs expend ed, rather than the expected energetic values 

alone (Caraco 1981). In Appendix 7, the most important prey types were categorised according to 

their availability, the expected competition while ex ploited, and the foraging techniques or skills 

required. The variety in prey items and foraging ha bitats is large and there is no need to repeat 

that information here. Further aspects that could have been added, however, are: physiological 

adaptations required (such as a muscular stomac h for crushing), the expected reward (expected 

intake rates, calorific value, and the costs involved to find and handle prey), and the risk of failure. 

Bateson (2002) observed that individual birds (European Starlings Sturnus vulgarus ) that were 
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offered a choice of a constant or a variable feeding option in an experimental setting, were either 

risk-averse or risk-prone. Whether animals were ri sk-averse or risk-prone appeared to depend for 

example on the energetic status of the forager, and the type of variance associated with the 

feeding options. 

 The common prey types taken by large gulls bree ding at Texel have an availability that is 

either cyclic (tidal rhythm, fisheries effort, se asonal), weather dependent, or unpredictable. The 

most predictable resources that require less competitive skills could be ranked as “risk adverse”. 

We could expect individual gulls, depending on their nutritional status or competitive strength, to 

select a resource with the most appropriate energetic return (cost/benefit). The choice will likely 

be different with a nest full of hungry chicks to care for. If we revisit the list of important prey 

items (Appendices 7-9), the following scenarios are seemingly relevant for our two sympatric 

predators: 

 

(1) Intertidal prey (molluscs, crustaceans) �Æ risk adverse, predictable resource, calorific value peaks 

May-July but fairly low (<3.5 kJ g -1 fresh mass), physiological adaptation required (muscular 

stomach), exploitation and interferenc e competition (Herring Gulls only). 

(2) Pelagic fish shools (herring, spra t, mackerel, horse mackerel, sandeels) �Æ risk prone, 

unpredictable resources, weather dependent, calorific value high (6.5 or >10 kJ g -1 ), facilitation 

may be required (sub-surface predators), flock feeding, dominance hierarchies, interference 

competition (most obvious in Lesser Black-backed Gulls). 

(3) Discards (gadoids, flatfish) �Æ risk prone, fairly predictable resource with weekly cycle in 

availability, weather dependent, calo rific value moderate (3.5-5 kJ g -1 ), flock feeding, dominance 

hierarchies, interference competition, potentially high rewards (Lesser Black-backed Gulls entire 

breeding season, Herring Gull during chick care, Herring Gull potentially more successful). 

(4) Discards (offal) �Æ risk prone, fairly predictable resource with weekly cycle in availability, weather 

dependent, calorific value high (>10 kJ g -1 ), flock feeding, dominanc e hierarchies, interference 

competition (Lesser Black-backed Gulls entire breeding season, Herring Gull during chick care, 

Herring Gull more successful). 

(5) Crustaceans (swimming crabs) �Æ unpredictable resource, weather dependent?, calorific value 

moderate (3.5 kJ g -1 ), exploitation competition, low rewards (both species opportunistically) 

(6) Nereid worms (polychaetes) �Æ unpredictable resource, weather dependent?, calorific value low 

(<3 kJ g -1 ), exploitation competition, high rewards in dense swarms only (opportunistically, 

most obvious in Lesser Black-backed Gulls) 

(7) Insecta �Æ unpredictable resource, weather dependent, exploitation competition, high rewards in 

dense swarms only (opportunistically, most obvious in Lesser Black-backed Gulls) 

(8) Oligochaetes (earthworms) �Æ unpredictable resource, weat her dependent, high rewards 

(opportunistically, most obvious in Lesser Black-backed Gulls, in winter seemingly more 

prominent in Herring Gulls) 

(9) Domestic refuse �Æ risk adverse?, fairly predictable resource, calorific value variable but 

potentially high, exploitation competition & do minance hierarchies (most obvious in Herring 

Gulls) 

 

The data collected so far suggest that most Herring Gulls on Texel “played safe” during 

prospecting, laying and incubation, but diversifie d (broader diet) and utilised more risk prone, 

energetically more profitable resources during chick care. Some individuals (or pairs rather) were 

found to choose different, “non-mainstream” pr ey, with different, positive or negative, 

demographic consequences (Chapter 9). In Lesser Black-backed Gulls, males apparently focussed 

on risk-prone, offshore resources while female conspecifics travelled shorter, towards areas with 

more predictable and more diverse foraging opti ons and prey types within short distances (risk 

averse behaviour; Chapter 10). There is currently  no information about sex-specific foraging 

strategies in Herring Gulls. 

A summary of principal resources (or main prey types) is provided in Appendix 10. As 

could be seen throughout this thesis, these two generalists are quite different in their dietary 

preferences and specialisations. Their diets are su pposed to be a reflection of their foraging 

habitats, and this aspect is discussed below, primarily from data presented in Chapters 10-14 and 



178 Synthesis and conclusions Chapter 15 
 

Appendices 5-9. In this part of the work, the bird s were joined and observed within their foraging 

habitats, notably at sea. 

 

Genuine “seagulls” ? 

 

Seasonal patterns and breeding origin of gulls at sea - From ship-based studies, it was 

concluded that nearly one million Herring Gulls occurred dispersed throughout the North Sea in 

winter (November-February; Appendix 8). In summer and autumn (May-October) numbers of 

Herring Gulls at sea dropped markedly. Seawatch ing data indicated a small nearshore peak in 

abundance of adult Herring Gulls in July (during ch ick care; Box 4.2); an aspect that was entirely 

missed by ship-based surveys in the area. More or less an opposite picture was sketched for 

Lesser Black-backed Gulls. These birds returned in March from wintering areas far to the south and 

dispersed over the European Continental shelf coasts, utilising virtually the entire North Sea. 

Numbers were highest March-August, when some 95% of all Lesser Black-backed Gulls were found 

in the eastern half of the North Sea, mostly within c. 50km of the nearest coast. In autumn and 

winter, the North Sea was largely abandoned by Lesser Black-backed Gulls. These opposite trends 

in abundance at sea (translated into proportions of  relative abundance) are sketched in Fig. 15.2. 

 In seasons when numbers of gulls were high at sea, both species had a strong tendency to 

gather around commercial trawlers. Schwemmer & Garthe (2005) discussed the at-sea distribution 

and behaviour of Lesser Black-backed Gulls in the German Bight. Most were associated with fishing 

vessels (25%; strongly aggregated), with high numbers in coastal waters associated with shrimp 

trawlers and at 40 to 60 km distance from the shore with beam trawlers. Birds actively searching 

for natural food (14%) were more evenly distributed and occurred widespread over the study area. 

Most prey items observed were crustaceans (85) and marine fish (39), which was in accordance to 

expectation based on prey samples collected at Amrum and Juist (Garthe et al.  1999, Kubetzki & 

Garthe 2003). Around Texel, the most substantial groups of foraging seabirds in natural feeding 

frenzies with Lesser Black-backed Gulls occurred in rather discrete water masses: a fairly narrow 

strip of nearshore waters off the mainland coast within the 20m depth contour and at the 

transition zone between Southern Bight waters and the more saline, clear central North Sea water 

around the Frisian Front (Chapters 11, 13). The exact marine habitat characteristics (one of the 

objectives of the entire research project) still require further attention. 

 

0

10

20

30

40

50

60

70

80

90

100

J F M A M J J A S O N D

P
ro

po
rt

io
n�

�(%
)��a

t��s
e

a

LBBG

HG HG

 

0

10

20

30

40

50

60

70

80

90

100

J F M A M J J A S O N D

P
ro

po
rt

io
n�

�(%
)��a

t��s
e
a

LBBG

HG HG

�Å Texel���Æ

�Å Texel���Æ

Nordic
winterers

Nordic
winterers

 

Fig. 15.2. Simplified species composition of Herring 

Gulls and Lesser Black-backed Gulls at sea, from ship-

based surveys in the southern North Sea 

Fig. 15.3. Hypothetical cont ributions of birds from Texel 

and “foreign” birds (passage  migrants and wintering 

gulls from Scandinavia) to the at sea populations. 

 

Who are all these birds and how do these temporal and spatial trends fit our hypotheses? 

The competitive scenario (hypothesis #1) suggested that Herring Gulls were forced to leave the 
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sea and moved towards intertidal and inland resources instead (Noordhuis & Spaans 1992). 

Herring Gulls were presumably assumed to return to the North Sea as soon as the Lesser Black-

backed Gulls had left for their wintering areas, but this is not specifically mentioned. The empty 

niche scenario (hypothesis #2) implied that Lesser Black-backed Gulls invaded an area or 

exploited a resource without any significant competition. Why would Herring Gulls give way for 

Lesser Black-backed Gulls prior to breeding, if marine resources are so important? How would they 

have been outcompeted at sea in the mid-1980s when Herring Gulls still outnumbered Lesser 

Black-backed Gulls?  

From the material presented in this thesis, we have in fact no evidence that Herring Gulls 

breeding in the western Wadden Sea utilise marine resources, apart from a brief phase during 

chick care, and they rarely venture out to sea beyond c. 10km (Chapter 10). One could wonder 

how correct the assumption is that Herring Gulls breeding on the Wadden Sea islands disperse into 

the open sea after breeding. Colour-ring re-sightings may be seen as useless to provide the 

evidence, but there is an overall wintering disp ersal to the south (Chapter 6). Spaans (1971) 

reported that Herring Gulls dispersed non-directionally in winter over a limited area, and that birds 

from Dutch colonies occur regularly on the south and east coasts of England. Non-directional 

movements would include flights to the north and west (open sea). Stanley et al.  1981 confirmed 

that some birds from Dutch colonies were found in southeast England, but an analysis of >86,000 

colour-ring sightings in later years indicated that flights to and from the UK were in fact quite rare 

(Chapter 6). Moreover, Herring Gulls from Vlieland that carried satellite PTTs for a number of years 

have provided no evidence that these birds utilised marine resources for any significant length of 

time ( AppFig. 5.3 ; Appendix 8). 

 From an analysis of ringing recoveries, body measurements, timing of primary moult and 

of arrival and departure, it is suggested that most Herring Gulls wintering inland in south-east 

England originate from breeding colonies in Arctic Norway and Russia (Stanley et al.  1981, Coulson 

et al.  1984). A move from Nordic countries towards the south-eastern parts of the UK involves a 

crossing of the North Sea and the timing sketched by Coulson et al.  (1984) would fit the seasonal 

pattern found in ship-based surveys covering  the North Sea at large very well (Stone et al.  1995). 

The seasonal return of (wintering) populations of  “Nordic” Herring Gulls, together with Great 

Black-backed Gulls breeding in that same general area, leads almost certainly to the annual 

increase in high densities of Herring Gulls offshore in the North Sea. Scandinavian Herring Gulls 

arrive in Britain in September and October, the proportion peaks in Dec-Jan and the birds depart 

abruptly in late Jan-early Feb. 

 A third scenario, therefore, would be that Nordic gulls, not our birds, occupy the same 

offshore areas in winter that our breeding Lesser Black-backed Gulls can occupy only in summer 

(Fig. 10.3). The nearshore peak in abundance of Lesser Black-backed Gulls in Aug-Sep and even 

most of the spring peak in Apri l recorded during seawatches ( Box4.2) would involve passage 

migrants from German, Danish and No rwegian colonies (Fig. 10.3; Kylin et al.  2011). In this 

scenario, Herring Gulls breeding in the western Wadden Sea briefly touch upon marine resources 

in mid-summer (to provision their chicks with high caloric value prey), but spend their winters 

mostly inland and in coastal areas south to Belgium and France (in line with colour-ring data and 

tracking results). Scandinavian and Russian Herring Gulls not so much leave the North Sea when 

they return to their colonies, but they abandon a large wintering range that includes  the North 

Sea. When Lesser Black-backed Gulls return in spring, they find a more or less empty sea: 

wintering Nordic Herring Gulls have just left. But a vacant niche? An answer on the question why 

Lesser Black-backed Gulls would have been so successful after  the 1960s and early 1970s is 

provided below. 

 

A vacant niche? - From the historical overview in Appendix 2, it appeared that the severely 

persecuted Herring Gulls increased promptly, when ever or wherever the levels of destruction 

declined. Apparently, resources to facilitate population growth were present. Lesser Black-backed 

Gulls did not increase much during all these years, but started to increase in the late 1960s and 
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the population exploded, some 40 years after the birds colonised The Netherlands. What marine 

resource could have been underexplored by birds, or what new  resource could have been 

responsible for the imminent success of these seabirds? 

 The introduction of “beamtrawlers” (quickly replacing otter-trawlers) may have been just 

that factor (Jennings & Kaiser 1998, Rijnsdorp et al.  2008). Double beam trawling, introduced in 

the early 1960s, proved a successful fishing method to catch deep burying flatfish, in particular 

Sole Solea solea  (Rijnsdorp et al.  2008). In less than 10 years, the otter trawl fleet was replaced 

by a highly specialised beam trawling fleet, despite an initial doubling of the loss rate of vessels 

due to stability problems. Engine power, size of the beam trawl, number of tickler chains and 

fishing speed rapidly increased and fishing activi ties expanded into previously lightly fished 

grounds and seasons. Beamtrawl fisheries became widespread in the south-eastern half of the 

North Sea, in an area bordering ‘suddenly’ flouri shing populations of Lesser Black-backed Gulls in 

Denmark, Germany, The Netherlands and Belgium. Double beamtrawlers produced unbelievable 

quantities of discards, more than  most other fisheries (Van Beek et al.  1990, Camphuysen 1994b, 

Fonds 1994a, Jennings & Kaiser 1998, Lindeboom & De Groot 1998) and discards from large 

beamtrawlers formed the main component of Le sser Black-backed Gulls breeding at the Wadden 

Sea islands in recent decades (Noordhuis & Spaans 1992, this thesis). Assuming a 5 year delay in 

population response (for fledglings to surviv e and return to breed), the expansion of the 

beamtrawl fleet and the increase in fisheries effort fits the population increase of Lesser Black-

backed Gulls through the 1960s, 1970s, and 198 0s (Fig. 15.4). As concluded by Tasker et al.  

(2003): “Perhaps the most important fishery induced impact on gull populations has been caused 

by the production of discards from commercial fisheries.” . Numerous examples were provided. The 

success story of Lesser Black-backed Gulls in the southern North Sea is just another example. 

The substantial decline in fisheries effort in more recent years could explain why current 

breeding success in Lesser Black-backed Gulls is low, why chick depredation rates are high, that 

cyclic starvation events and growth spurts run in concert with a weekly rhythm in fishing effort, 

why Lesser Black-backed Gulls increasingly forage inland (an unconfirmed proposition of numerous 

bird watchers in The Netherlands), and even why Lesser Black-backed Gulls in recent years could 

have a greater tendency to delay their return to the north and advance their move south to their 

wintering grounds. Herring Gulls, in the 1970s and 1980s still much more abundant than Lesser 

Black-backed Gulls, must have been unable to profit from the offshore fisheries. Over the years, 

the nearshore fleet composition changed: a “Plaice Box” became established in 1989 (Pastoors et 

al.  2000), essentially excluding fisheries with large bottom trawlers from fishing nearshore, and 

the main fishery off Terschelling became shrimp rather than flatfish orientated. Discards from 

shrimpers is currently more typical for Herring Gulls (Appendix 7, AppTable 7.5). 
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Fig. 15.4. Changes in the Dutch beamtrawl fleet 

effort (log-transformed horse power days), from 

1960 to 2008 (open circles; from Rijnsdorp et al.  

2008, updated by A. Rijnsdorp) and changes in the 

Wadden Sea breeding population of Lesser Black-

backed Gulls 5 years later (the population plot is 

shifted 5 positions to the left; black circles). 

 The high price of fuel and the relatively 

low biomass of sole and plaice jeopardised the 

survival of the large beam trawl fleet in recent 

decades. The prospects of  this fleet are further 

threatened EU directives to minimise the 

production of discards an d other impacts of this 

fishery on the ecosystem. 
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Competitive exclusion?  - Part of the argument to propose “competitive exclusion” as a factor to 

explain the decline in breeding success of Herring Gulls in the 1980s, was an observed decline in 

the frequency of occurrence of fish prey in Herring Gulls at Terschelling where Lesser Black-backed 

Gull numbers were increasing. The study by Noordhuis & Spaans (1992) in the 1980s, in which the 

diet was compared with that in the 1960s, showed that in the earlier period: 

 Herring Gulls ate much  more marine fish 

 Proportionally more fish originated from the North Sea (more from the Wadden Sea in the 1980s) 

Marine fish taken by Lesser Black-backed Gulls on Terschelling in the 1980s were of the same 

species and size classes as those eaten by Herring Gulls in the 1960s, suggesting that marine fish 

was still available. Moreover, they observed that  the size of the fish eaten (gadoids and Horse 

Mackerel) taken by Herring Gulls in the 1960s were of similar length as those consumed by Lesser 

Black-backed Gulls in the 1980s. Hence the conclusions that Herring Gulls were outcompeted. 

 It was explicitly stated that Herring Gulls were forced to forage at inshore shrimpers rather 

than at offshore fishing vessels. This argument fails to correct for changes in fleet size, shifts in 

fisheries effort and discards production: all of which changed markedly since the 1960s. There are 

no reasons to expect that discarded fish size within the various fleets remained the same, 

however. That Lesser Black-backed Gulls provisioned their chicks with the same species and size 

classes of fish in the 1980s as Herring Gulls in th e 1960s does not in itself prove that the former 

has been replaced by the latter in an area. In Chapter 11, the suggestion was put forward that the 

larger beamtrawlers were increasingly out of reach for the more inshore orientated Herring Gulls. 

 Given that in the mid-1980s Herring Gulls sti ll outnumbered Lesser Black-backed Gulls, the 

species-specific differences in competitive strength at the trawl must have been considerable to 

allow for competitive exclusion. Sessions of experimental discarding (summarised in Appendix 7) 

did not reveal a subordinate role of Herring Gulls  compared with Lesser Black-backed Gulls. The 

opposite was demonstrated to be true behind trawlers, time and time again (Garthe 1992, 

Camphuysen et al.  1995, Walter & Becker 1997). Also, there was no evidence for Herring Gulls 

being “outmanoeuvred” by the smaller and more agile Lesser Black-backed Gulls during these 

sessions of experimental discarding, as reported from Norway for the more slender nominate L. f. 

fuscus  (Strann & Vader 1992). 

 Between March 1993 and August 1994, the number and species composition of birds 

following shrimp trawlers were determined in the (German) Wadden Sea (Walter & Becker 1997). 

Most numerous as scavengers were Herring and Black-headed Gulls. Mew, Lesser Black-backed, 

Great Black-backed Gull, and commic terns Sterna hirundo/paradisaea  were represented in much 

smaller numbers. Herring gulls were the most successful scavengers: although representing only 

45% of all birds associated with the trawlers, they took 82% of all discards taken by scavengers. 

In this light, the sexual segregation in foraging  Lesser Black-backed Gulls referred to earlier, is 

paricularly interesting. Apparently, mostly female Lesser Black-backed Gulls from Texel are 

attracted to resources in deeper waters of the western Wadden Sea ( AppFig. 9.4). There is little else 

but shrimpers (dominated by Herring Gulls) in these waterways. Hence, while avoiding intra-

specific competition with the larger (more powerful) males behind beamtrawlers on the North Sea, 

these females run into inter-specific competition with on average even larger Herring Gulls behind 

shrimpers. Their foraging success behind shrimpers is  an urgent study subject that will be picked 

up in the same season as a (GPS) tracking study of Herring Gulls breeding on Texel (to be 

continued). 

 

Inland and intertidal foraging opportunities 

 

Both species utilise other foraging areas, both in winter and during breeding, details of which have 

been provided in Chapters 6, 8, 9, 10, and 14 and in Appendices 2, 5, 7, and 9. Evidence is 

provided that Herring Gulls utilise the intertidal zone to a much greater extent than Lesser Black-
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backed Gulls, where they capture rather different  prey. On land, Lesser Black-backed Gulls and 

Herring Gulls utilise slightly different resources, or co-occur in different constellations (one or the 

other species normally more numerous), which is cl early reflected in their dietary preferences. Two 

aspects require further attention and both refer to Herring Gulls in winter. 

 

Abandoning an intertidal resource in winter –  Within the Wadden Sea, Herring Gulls are 

important bivalve and crustacean consumers and high numbers occur year-round. Again, it is quite 

possible that breeding and wintering populations refer to different areas of origin; rather few 

colour-ringed individuals remain on Texel and Vlieland in winter (NIOZ colour-ring database), but 

the number of Herring Gulls utilising these areas in the non-breeding season are huge. Colour-ring 

reading is well possible at onshore roosts, but difficult on the mudflats themselves. Satellite 

tracking data (using birds from Vlieland) confirmed that most birds leave the Wadden Sea in 

winter and stay on the Continental mainland. A follow-up logger study, to quantify habitat use 

throughout the year, will be required to update and significantly improve existing information on 

the utilisation of resources within the Wadden Sea and other major estuaries. 

One of the most important feeding areas for Herring Gulls from Texel, the breakwaters 

along the mainland coast of Noord-Holland (musse ls) are mainly utilised by colour-ringed birds 

from Dutch colonies in (late) summer, suggesting that this resource is abandoned in winter. A 

seasonal peak in mussel quality might explain this seasonal pattern. However, there are still large 

numbers of Herring Gulls foraging along the tideline and on breakwaters in that area in winter and 

the near-absence “local” colour-rings suggests that these birds predominantly come from other 

breeding areas. Possibly, the poor quality mussels  are supplemented by other prey types by these 

gulls, including nearshore fisheries. Any trawler hauling a net within sight of the Dutch coast is 

immediately approached by hundreds, sometimes thousands of Herring Gulls, together with Great 

Black-backed Gulls, Mew Gulls and Black-headed Gulls. 

The exact wintering whereabouts of Herring Gulls breeding in the western Wadden Sea are 

an issue of importance given the recent population declines and the strong suspicion that wintering 

environments rather than resources during breedin g are an important factor. Colour-ring data and 

the sparse satellite tracking data both suggest that mainland resources are of prime importance 

for these birds (Appendix 9). The intertidal Wadden Sea is largely abandoned. 

 

Declines in the access to domestic refuse – The increase in numbers of Herring Gulls and the 

expansion of their breeding range in Europe and in North America has generally been attributed to 

garbage dumps, which provided a dependable food supply throughout the year, but particularly in 

winter (Drury 1965, Kadlec & Drury 1968, Spaans 1971, Drury & Kadlec 1974, Kihlman & Larsson 

1974, Burger 1977, Monaghan 1978). The results pres ented in this thesis suggest a contraction of 

the main wintering area of Herring Gulls breeding on Texel and Vlieland away from the favoured 

(and now mostly defunct) domestic refuse dumps in Brabant and Zeeland. Higher intra-specific 

competition for the available resources within a smaller wintering area may have been a 

consequence. Intra-specific competition at the traditional wintering grounds will also have 

increased as a result of the higher numbers of gulls breeding in the Dutch Delta area, many of 

which move only short distances away from their br eeding sites in winter (Chapter 6). In line with 

findings of Belant et al.  (1989) and Pons (1994), female (smaller, subordinate) Herring Gulls may 

have suffered disproportionally from this situation, which could explain the lower annual survival 

found in this sex (Chapter 7). For the moment, the available data seemingly support Hypothesis 

#3; a reduction in food availability in winter co mpromising the (overwinter) survival of all age 

classes of Herring Gulls breeding at Texel. 
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Fig. 15.5. Resource partitioning by 

Herring Gulls (HG) and Lesser Black-

backed Gulls (LBBG) breeding at Texel. 

The relative abundance within the 

colony amounts to 30% HG versus 70% 

LBBG. Intertidal mudflats are rarely 

visited by LBBG, commonly by HG, 

whereas the North Sea intertidal is 

utilised somewhat by LBBGs in the 

chick care phase. LBBGs outnumber 

HGs with increasing distances away 

from the coast, but close to the shore 

and in deeper parts of the Wadden Sea, 

HGs are more abundant. 

 

Resource partitioning 

 

According to niche theory, ecologically similar spec ies coexist by virtue of niche differences (Wiens 

1989). When wrapping up the abundant material discussed above, the following generalisations 

could be made: 

�x Lesser Black-backed Gulls were numerically dominating in continental mainland foraging 

sites, within the colony, inland at Te xel, and offshore on the North Sea. 

�x Despite their lower overall numbers as breeding birds, Herring Gulls numerically dominated 

over Lesser Black-backed Gulls in all intertidal  areas, including the deeper gullies (subtidal 

areas) of the Wadden Sea. 

�x At sea, with increasing distance to the North Sea shoreline Herring Gulls were increasingly 

outnumbered by Lesser Black-backed Gulls (cf. Camphuysen 1995). 

If the key habitats are seen as resources linearly ordered along a single dimension, the utilisation 

functions of each species can be portrayed as freq uency distributions on this dimension, indicating 

the proportion of resource use (Fig. 15.5; MacArthur & Levins 1967). In this graph the bars 

represent numerical abundance of each species, which could be taken as a proxy for resource use 

in ecologically similar and closely related species of roughly the same body size and energetic 

requirements. What actually is shared will be different in each  of the resources. The species’ 

exploitation strategies are apparently discretely segregated rather than opportunistic. The graph 

could even be amended by implementing the sexual  segregation reported for Lesser Black-backed 

Gulls. 

 Inter-specific competition and resource limitation is more often inferred than measured. If 

resources are abundant, overlap may be high without fostering competition (Pianka 1981, Wiens 

1989). In offshore multi-species foraging associations, the presence or absence of certain 

“competitors” ( producers )  can  make  the difference between a foraging opportunity or a waste of 

time for surface feeding species (commensal interactions; Camphuysen & Webb 1999). If food (or 

any resource) is an important limiting resource, communities or foraging assemblages should be 

structured on the basis of how food is partitio ned among species within the assemblage (Zwarts & 

Wanink 1984, 1993). Within the colony, both spec ies compete for nesting space, but the exact 

micro-habitat requirements differ slightly (Appendix 3). Herring Gulls and Lesser Black-backed 

Gulls foraging along the North Sea coastline, in the intertidal zone and on land share areas, but 

generally target different prey (Appendix 7) and ha ve different skills and a different physiology (a 

muscular stomach is characteristic for Herring Gulls). 

 Each of the habitats (or resources), linearly ordered in Fig. 15.5, are shared with different 

assemblages of competitors targeting the same or  similar prey (guilds). Within these guilds 
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dominance hierarchies become established and in most of the scenarios sketched below, Herring 

and Lesser Black-backed Gulls are among the largest (most powerful) species. The enormous 

variety of prey items require highly different skills and in each of these resources more specialised 

and efficient competitors may be encountered. 

 

�x The inland resource is a mix of opportunities (cit ies, meadows, arable land, sewage plants, refuse 

processing facilities) shared with different species assemblages, including two species of gulls (Black-

headed Gull and Mew Gull), various me adow birds, corvids, and Starlings 

�x The subtidal Wadden Sea resource is an area where shrimpers are targeted (4 species of gulls, 

Common Terns). Herring Gulls and Black-headed Gu lls are normally most abundant, female Lesser 

Black-backed Gulls were found to utilise this resource extensively (this thesis). 

�x The intertidal of the Wadden Sea has mussel- and cocklebeds (Oystercatcher, Common Eider), but 

also mudflat invertebrates including crustaceans and small bivalves (waders). Shell crushing 

behaviour (by dumping prey items such as bivalv es and crabs from mid-air) is only known from 

Herring Gulls. 

�x Inland Texel is another mix of opportunities with  tourist resorts, meadow s and other grasslands, 

arable land, sheep-feeders, and natural dune areas as  most characteristic habitats. Competing species 

are basically the same groups as mentioned for the continental mainland. 

�x Another foraging opportunity, not restricted to a particular area, but originating from land, are 

swarming insects (aerial pursuit). Competing specie s include Black-headed and Mew Gulls, Starlings, 

swallows, swifts and some other birds. 

�x The intertidal North Sea includes hard-substrate mussel beds on breakwaters (fully dominated by 

Herring Gulls, some Oystercatchers and Common Eiders as competing species) or the tideline and 

surf. Competing species on the tideline include some waders, Black-headed and Mew Gulls. In the 

surf, Common Eiders, at least four species of terns and summering Great Black-backed Gulls can be 

added. 

�x Off the coast, 4-5 species of gulls compete for natu ral foraging opportunities (marine fish, swimming 

crabs and invertebrates near the surface) and discard s (bottom trawlers). Herring Gulls, but often also 

Black-headed and Mew Gulls outnumber Lesser Black-backed Gulls in the first kms from the shoreline, 

but the proportions reverse at greater distances. Far offshore, some furthe r competing, scavenging 

species include Northern Fulmar Fulmarus glacialis , Northern Gannet Morus bassanus , and Black-

legged Kittiwake (even in summer), but here Lesser Black-backed Gull tend to be the numerically 

dominating species. 

 

It is unlikely that any individual gull would be equally successful in all these situations. A tendency 

to specialise on a subset of foraging opportunities is quite likely. Some resources are more distant 

than others and for gulls breeding at the south tip of Texel, the largest variety  of foraging 

opportunities (based on the number of habitats nearby) would be within a 10km radius around the 

colony. To complicate things, within each of these areas the two gull species negotiate a 

bewildering variety of predictable and less predictable (ephemeral) resources. Based on all 

available data presented in this thesis, the intra- and inter-specific resource partitioning of marine 

areas can be sketched as in Fig. 15.6. 

 Much less known is the use of resources at the Continental mainland by Herring Gulls and 

Lesser Black-backed Gulls nesting at Texel. Both species were found to regurgitate prey items that 

were typical the  mainland, because the availability on Texel was unlikely (Appendix 7). Herring 

Gulls produced more domestic refuse that may ha ve originated from cities. Lesser Black-backed 

Gulls were demonstrated to extensively forage in land (GPS logger data and probably outnumber 

Herring Gulls at most grasslands and areas with arable land (see also Camphuysen et al.  2006, 

Chapter 14). In future studies, GPS loggers will need to be used on Herring Gulls to be able to 

evaluate the relative importance of different foraging areas inland. 
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Fig. 15.6. Schematic 

representation of resource 

partitioning during breeding in 

Herring Gulls (HG) and Lesser 

Black-backed Gulls (LBBGs) 

from Texel as scavengers 

behind fishing vessels. The most 

numerous other seabird species 

in feeding assemblages in each 

area are provided. Sources: 

ship-based surveys, seawat-

ching data, GPS logger data, 

and dietary studie s at Texel.  

 

 

Overpopulations?  

 

Considerations by conservationists regarding a desired population size are remarkably inconsistent 

between taxa: all animals are equal but some are more equal than others (Orwell 1945). Liked and 

disliked animals are treated differently and many species of gulls (not all!) are black-listed for 

reasons that are not always easy to grasp. Throughout the 20 th  century, but even today, gull 

populations have been considered as being ”too large” (see specifically Mörzer Bruijns 1956; 

Appendix 2). Obviously, animals are more likely to come to be disliked when they interfere with 

the way in which we utilize our environment, compete with us for resources, damage our 

constructions or spread disease (Furness & Monaghan 1987). But how serious  is the actual 

damage or the discomfort inflicted by Herring Gulls and Lesser Black-backed Gulls in a country like 

The Netherlands? Exactly why gulls are generally disliked is not clear. Some education could help 

to reduce the most silly “problems” that people have with these birds. 

 Nature conservation is too often translated into management terms. “What can we do?”  is 

a common response if certain less-desirable population trends are presented. It is a reflex phrase 

if one disliked species feeds occasionally on (chick s or eggs of) a more appreciated one, even if the 

make-up of a natural ecosystem is basically just eat or be eaten (Forbes 1887, Paine 1966). “What 

have we done”  is a phrase heard less often, except when positive population trends in popular 

species are believed to be a direct result of our interferences (see Chase 1986 and Bijlsma 2012 

for further thoughts on this issue).  

Extensive culling took place in the UK (Coulson 1991), in Germany (Goethe 1964, Vauk & 

Prüter 1987) and in The Netherlands (Spaans 2007). Culling, justified on the grounds of a 

bewildering variety of reasons, including nature conservation (to protect vegetation, other wild 

birds), human properties (by protecting poultry or damage on houses), to reduce the risk of bird 
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strikes on aircraft, to reduce water pollution, to reduce the nuisance caused by gulls nesting in 

towns (vocalisations, nest defence behaviour), droppings on laundry, tearing up plastic rubbish 

bags or food remains on street sides; Tinbergen 1939, Blaak 1957, Goethe 1964, Thomas 1972, 

Coulson 1991, Harris & Wanless 1997, Perrins & Smith 2000, Spaans 2007). Between 1972 and 

1987 in Britain, nearly 100,000 Herring and Lesser Bl ack-backed Gulls have been killed (Coulson 

1991). Slightly earlier, in The Netherlands, from 1947-1966, some 90,000 adult Herring Gulls were 

either shot or poisoned and some 500,000 eggs were destroyed (Spaans 2007). Culling is a pretty 

pointless approach if the reason  for a large population (the carrying capacity in a system) is either 

not understood or not taken into consideration. A population increase levels off when the carrying 

capacity of an area is approached. When numbers are artificially reduced by culling but while the 

resources remain intact, density dependent regulation is expected to lead to changes in 

demographic variables: higher breeding success, higher recruitment rates, high survival. 

Unwanted side-effects of culling are commonly reported in the literature spanning at least one 

century: colonies disintegrated, while new settlements occurred, often in locations that were 

foreseen nor appreciated (Appendix 2 and references therein). Populations usually bounced back 

as soon as the persecution was halted. 

Roof-nesting gulls, notably in large cities but also in industrial areas, are now commonly 

seen as a nuisance. The phenomenon commenc ed in Europe somewhere half-way the 20 th  century 

(Strijbos 1942ab, Goethe 1958, Monaghan & Coulson 1977, Monaghan 1982, Rock 2005), but is 

currently widespread. The “city-phenotype”, afte r numerous generations of successful nesting, 

would probably not even recognise dune reserves as suitable nesting habitat anymore (Rock 

2005). If a problem with some gull population exists, it is wise to research relationships between 

breeders (fecundity, age composition, recruitmen t rate, population trends) and their foraging 

opportunities. City nesting gulls do not necessarily forage in cities. Gulls nesting on a small 

uninhabited island in IJmuiden commonly forage in Amsterdam ( unpubl.  colour-ring data). 

Persistent disturbances may simply spread a concentrated breeding population to various new 

locations. With regard to “gull problems” in cities and other areas, sorting out what the problem 

exactly is, which birds are involved and what the long-term  effect of a particular measure should 

would be a useful first step. 

Within The Netherlands we have the rather bizarre situation that not particularly well 

performing populations of Lesser Black-backed Gulls in the Wadden Sea area are currently strictly 

protected (Aarts et al.  2008, Janssen & Schaminée 2009), while large colonies that are doing 

rather well in the industrial area of Maasvlakte, Europoort, and Moerdijk risk total destruction 

because they “hinder us” (Lensink & Van Horssen 2009, Van Swelm 2011). The rationale behind 

this is not completely clear, but the environmental conditions and the carrying capacity of the 

respective areas are certainly not taken into account. It is highly likely, therefore, that both the 

consolidation of a large population in the Wadden Sea islands and the elimination of colonies in the 

Europoort region will fail. Nothing new…there have been numerous examples of ineffective 

countermeasures to keep gulls within arbitrary limits in the (recent) past (Appendix 2). 

 

Prospects 

 

As suggested in Chapter 2 of this thesis, a meta-population analysis is required to clarify why on a 

pan-European scale many populations have fluctuated or changed in concert. While the foraging 

ecology (or dietary ‘preferences’; a risky word) or even the reproductive success of the same 

species in two neighbouring colonies can be quite different, there are more or less similar 

population trends spanning much of the (NW) European population simultaneously. At least for the 

moment, this was considered an overambitious and potentially confusing sidetrack. 

 With regard to the utilisation of the Wadden Sea and inland resources, additional data are 

required. Colour-ring data are just not good enough and although the satellite PTTs yielded highly 

useful information (still awaiting proper analysis), it is evident that for a successful analysis of the 
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foraging energetic and habitat utilisations higher re solution data are needed. GPS loggers will need 

to be deployed on Herring Gulls to fill in  some gaps in our current understanding. 

 The step from “frequency of occurrence” towa rds actual intake rates (in energetic terms) 

has to be made in the studies of the foraging ecol ogy of both species. The data must subsequently 

be linked to each of the key foraging habitats of the study species. This may require a different 

set-up of the dietary work, and it certainly means that studies should focus on the 3-4 most 

important feeding areas for each species. The results should provide more insight in the relative 

importance of the open sea, the intertidal zone, the Wadden Sea and particular inland resources in 

energetic terms: costs and benefits. The modern data loggers currently used will provide the 

essential information on foraging costs (amount of time in flight, soaring, resting, and actively 

foraging in each habitat). This part of the study should pinpoint which areas are of ecological 

significance for each species. 

 The outbreaks of cannibalism require further attention and carefully designed experiments 

to disentangle the responsible factors that play a role in colonies with high breeding densities. 

Field work (perhaps including field experiments) an d additional colour-ringing is also required to 

answer some questions regarding the non- breeding of part of the population. 

 A continuation of detailed demographical studies is required to establish firmer estimates of 

annual survival rates, recruitment rates, the age of first breeding and levels of intermittent 

breeding. Population models can then be fed with so lid data. Data series of only 7 years in a long-

lived seabird, no matter how rare such datasets are, are in fact too short and many of the 

calculations and modelling must be regarded as “preliminary estimates”. As inspiring examples 

showing the possibilities of analysis now due (including seasonal patterns in the likelihood of 

survival), are recent studies on Red Knots (Leyrer 2011) and European Spoonbills (Lok et al.  2011, 

2012). 

 

Conclusions 

 

The results suggest that the recent population trends of Herring Gulls and Lesser Black-backed 

Gulls breeding in the Western Wadden Sea are more or less independent, even though the birds do 

compete for certain resources (no support for hypo thesis #1). Herring Gulls currently have more 

favourable breeding results, but relatively poor winter survival and recruitment rates. Following 

the decommissioning of numerous open landfill ar eas in the southern and central parts of The 

Netherlands and intensified intra-specific competition within their wintering range, winter mortality 

has increased and recruitment rates are subsequently lower than historically (supporting 

hypothesis #3). 

 Lesser Black-backed Gulls have profited from a fishing fleet modernisation in the 1960s: a 

rather unsustainable type of fisheries that has generated vast amounts of discards, and that 

peaked in the late 1980s and early 1990s. This re source must have been the expected “vacant 

niche” (supporting hypothesis #2). Winter conditions for this long-distance migrant are (so far) 

excellent. The problems that Lesser Black-backed Gulls currently face at Texel, low breeding 

success and high levels of cannibalism, are signs of food stress during breeding. The recent 

reduction in fishing effort leads to reductions in the amount of discards produced at sea; a key 

resource for this species. Further declines in discards as a resource can be foreseen because the 

European Commission proposed a complete ban on discarding, to be effectuated sometime 

between now and 2019. 

 Herring Gulls breeding at Texel also showed signs of reductions in provisioning rates during 

chick care, with cyclic reductions in chick growth alternating with growth spurts, suggesting that 

this species is under the same “weekend regime” as the Lesser Black-backed Gull. This weekly 

rhythm follows that in bottom trawl fishing effort. The structurally higher reproductive success in 

Herring Gulls than in Lesser Black-backed Gulls is probably the result of a wider dietary spectrum 

(more options) in the former species than in the latter. 
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 The availability of domestic refuse at dumps has been in decline for decades, influencing 

overwinter survival of Herring Gulls. The availab ility of fisheries discards will follow the same 

trajectory if EU directives become fully implemented in national legislation (Price 2001, Penas 

2007, Schou 2011). Summering Lesser Black-backed Gulls, can be foreseen to increasingly focus 

on alternative resources in years to come, which could even lead to increased inter-specific 

competition with Herring Gulls.  If the EU demanded changes in waste management on the Iberian 

Peninsula, in France and within the UK would become implemented, wintering Lesser Black-backed 

Gulls will lose another important resource. Marked population changes, declines most likely, can be 

foreseen. Noordhuis & Spaans (1992) reviewed population trends in the 1980s and 1990s and 

called “ The situation ...[that]… has developed over only 20 or 30 years …to be rather unstable .” A 

similar remark could be made today. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

That commercial fisheries around the North Sea produce c.  789,000 t of discards and offal annum -1 , supporting 

nearly six million seabirds, was highlighted in a paper published in 1996:  
 

Garthe S. 1,2* , C.J. Camphuysen 3 & R.W. Furness 4 1996. Amounts of discards in commercial 

fisheries and their significance as food for seabirds in the North Sea . Mar. Ecol. Progr. Ser. 

136: 1-11. 
 

1Institut für Vogelforschung 'Vogelwarte Helgoland', Inselstation, PO Box 1220, D-27494 Helgoland, Germany; 2Institut für 

Meereskunde, Abt. Meereszoologie, Düsternbrooker Weg 20, D-24105 Kiel, Germany, * Correspondence author , e-mail: 

sgarthe@ifm.uni-kiel.d400.de; 3Royal Netherlands Institute for Sea Research, P.O. Box 59, 1790 AB Den Burg, Texel, The 

Netherlands; 4Applied Ornithology Unit, University of Glasgow, Glasgow G12 8QQ, U.K.  

 

Most types of fishery produce discards and offal in considerable quantities which are fed upon by seabirds. This 

paper demonstrates the importance to seabirds of fishery waste in the North Sea. The total amount of fishery 

waste in the North Sea region is estimated at 62,800 t of offal, 262,200 t of roundfish, 299,300 t of flatfish, 

15,000 t of elasmobranchs and 149,700 t of benthic invertebrates annum -1 , representing 4 % of the total 

biomass of fish and 22% of the total landings This equals an energy value of about 3.4 X 10 12  kJ. Beam trawl 

fisheries discharge discards at the highest rates of all fishing fleets. Their discard  fraction is dominated by 

flatfish which are less favoured by seabirds because of their shape. In contrast, the amounts of discards from 

pelagic and gadoid fisheries are less, but fish species and lengths are more appropriate as food for seabirds. 

The number of seabirds potentially su pported by fishery waste in the North Sea is estimated to be roughly 5.9 

million individuals in an average sca venger community (composition in proportion to the seasonal abundance 

of scavenging species). During experimental discard st udies, the proportions of fishery waste consumed by 

seabirds was calculated. We estimated that the mass of  discards and offal consumed by birds during our study 

amounted to 55,000 t of offal (88%), 206,000 t of ro undfish (79%), 38,000 t of flatfish (13%), 2000 t of 

elasmobranchs (13%) and 9000 t of benthic invertebrates (6%).  
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consume too much of his time and still performed. I see it as a privilege that he paved the way for me to 

deliver this thesis at Groningen University, even th ough my background was unusual and largely inadequate, 

and I am honoured to have him as a promoter and friend. 

I’d like to thank my offspring, Daan and Marjolein,  and my wife Gepke, while I apologise for all my 

absences while being in the field or sitting behind a de sk. Gepke was fully aware of what happened and joined 

many excursions and trips. I trust that Daan and Marjol ein also learned to understand what fascinated me even 
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book is dedicated to you. 
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Data collections and short history 

 

Much of the research presented in this thesis is purely descriptive, which was considered an 

essential first step into a long-term project where the basics still needed to be elucidated. 

Obviously, a descriptive approach raises concerns  about correlations versus causations. Conceptual 

models will have to be developed, parameterised and rigorously tested in near-future work. This 

thesis should provide a solid basis for future (field-) experiments and more precise research 

questions. Underlying the work presented in this thesis are many years of field study and field 

experiments. Even though emphasis on gulls was a relatively recent aspect of my professional 

work on seabirds, ever since a personal fascination for seabirds began (on 18 October 1973, 

09:30h), I have been collecting and often published data that now came in as useful. I chose to 

exploit and use most these data and (parts of) pu blications that were based on them throughout. 

 

Seawatching  (1973-1988) Systematic seawatching, a technique of birdwatching that developed strongly in 

the late 1960s and early 1970s, formed the most important source of information on the seasonal occurrence 

and migratory movements of seabirds and waterfowl off th e Dutch coast. As a novel te chnique, at a time when 

powerful (often Japanese) binoculars suddenly became  financially affordable and in widespread use, 

seawatchers discovered that many true seabirds were in  fact much more common than previously though. The 

technique, in which effort-c orrected data were collected on a grand scale, also produced important insights in 

year-to-year fluctuations and seasonal patterns of mi gratory movements of true seabirds, waterfowl, waders, 

gulls and terns (Camphuysen 1985). Being heavily involv ed in seawatching in the 1970s, I was given the 

opportunity to work on the first co mprehensive publication reporting se awatching results, published as a 

special issue of Limosa  (Camphuysen & Van Dijk 1983). Co-workers in these early years of seawatching were 

Rob Bijlsma, Pieter Bison, Gerard Dumay, Mennobar t van Eerden, Jelle Van Dijk, Nick van der Ham, Frank 

Janssen, Joop Kooyman, Frits-Jan Maas, Anja van der Niet, Jan den Ouden, Peter Meininger, Maarten 

Platteeuw, Adri Remeeus, Jacques Ruinaard, and Kees Woutersen, building on on seawatching studies by 

pioneers such as Luit Buurma, Jelle van Dijk, and Frank de Miranda. While many of the more common species 

of gulls, notably Herring Gulls, were in fact ignored by seawatchers during their censuses ( “At none of the 

observation sites has this common species [Herring Gull]  been recorded systematically” ; Camphuysen & Van 

Dijk 1983), later observers (notably Nick van der Ham) have produced useful data from which the relative 

abundance in nearshore waters could be analysed.  

 

Beached bird surveys  (1977-2011) Systematic beached bird surveys (counts of dead birds that has washed 

ashore) commenced in the 1950s and 1960s, basically to demonstrate what damage was done by the frequent 

spillages of mineral oil into seas and oceans on the vulnerable wildlife living there. I became involved in these 

surveys in 1974 and have co-ordinated a national, ye ar-round beached bird monitoring programme since 1977 

till the present day (Nederlands Stookolieslachtoffer Onde rzoek, NSO). Key co-workers in the early years have 

been Chris Braat (Haarlem), Klaas van Dijk (Groningen ), Frank van den Ende (Amsterdam), Jan Andries van 

Franeker (Amsterdam), Kees de Graaf (Den Helder), Simon Hart (Zeeland), Gepke Jonker (Amsterdam), Ep 

van Hijum (Friesland), Frits-Jan Maas (Texel), Jan den Ouden (Amsterdam), Hans Schekkerman (Castricum), 

Jack van Velzen (Den Helder), but many, many others ha ve contributed over the years. Following a series of 

cyclostyled newsletters, a quarterly journal was issued to  report results to contribu tors, finally leading (via a 

merge with newsletters produced for seawatchers united  in the Club van Zeetrekwaarnemers) to the seabird 

journal Sula . A first comprehensive report on results of beached bird surveys in The Netherlands was produced 

in the late 1980s (Camphuysen 1989a), commissioned by Vogelbescherming Nederland (Zeist) and Werkgroep 

Noordzee (Amsterdam), followed by overviews in the mid- and late 1990s (Camphuysen 1995b, 1997) and a 

serious of topical papers, often addressing the (genera lly declining) effects of oil on seabirds (Camphuysen 

1998, Dahlmann et al.  1994, Camphuysen et al.  1999, Camphuysen & Heubeck 2001, Heubeck et al.  2003, 

Camphuysen 2010, 2011a). It became clear during this work, certainly when oil became less and less 

important as a cause of death among stranded seabirds , that factors such as cold weather (Camphuysen & 

Derks 1989), shortages of food causing oceanic birds to  starve and “wreck” (Blake 1984, Camphuysen 1989bc, 
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Camphuysen & Leopold 1996, Camphuysen 1992a, 2003), entanglements in marine litter (Camphuysen 1990a, 

1994c, 2001a, 2008b), or deviations in seabird abundanc e such as invasions (Camphuysen & Van IJzendoorn 

1988ab, Camphuysen 1992b, 1996, 2008a) could be important to explain certain events. Oil as a factor of 

interest was gradually pushed towards the background  and more ecologically relevant questions became 

addressed. Older sets of data, from diaries and pu blications produced in the first half of the 20 th  century, were 

located and included into the database. With a database  ready at hand, now spanning a period of over 110 

years (1901-2011), detailing the results of beached bird surveys over c. 71,500 km of (Dutch) coastline during 

which 270,200 dead birds have been found (including over 63,250 gulls), it was clear that some relevant 

patterns and trends should be anal ysed and included in this thesis. 

 

Seabirds at sea studies  (1985-2010) While seawatchers discovered many new aspects regarding the 

occurrence of seabirds and migrating waterfowl in Dutch waters, the urge to explore open sea became deeper 

and deeper. Early contacts with British investigators in the late 1970s and early 1980s (Barry Blake, Tim 

Dixon, Peter Hope Jones, Mark Ta sker and later also Andy Webb; th e Seabirds at Sea team, Nature 

Conservation Council, Aberdeen) led to a general consensus as to how ship-based offshore censuses should be 

performed. Standardisation of data collection was seen as a vital aspect, since the need to collaborate and 

share data between research institutes and countries ar ound the North Sea was foreseen in the early start of 

offshore seabird surveys. UK researchers could start in the late 1970s, but for us in The Netherlands, after 

some preliminary work in 1985, a start was facilitated on ly in the second half of the 1980s thanks to Henk 

Baptist (Dienst Getijdewateren, Zeeland), providing access on board MV Holland  for volunteers of the Dutch 

Seabird Group, and to Kees Swennen/Mardik Leopold, wh o opened up opportunities at NIOZ, Texel. Numerous 

surveys were conducted since, mostly between 1987 and today, onboard a variety of vessels of opportunity, 

exploring the North Sea and (sub-)Arctic  waters at first, (sub-)tropical and (sub-)Antarctic waters in later 

years. A strong coalition between Mardik Leopold and myself over the years, and an international network with 

co-workers in Norway (Arne Follestad), Denmark (Jan Durinck, Henrik Skov), Germany (Stefan Garthe, Ommo 

Hüppop, Phillip Schwemmer), Belgium (Eric Stienen, Henk Offringa, Ja n Seys), Portugal (Ivan Ramirez), Spain 

(Pep Arcos), and of course the United Kingdom (Jim Reid, Carolyn Stone, Mark Tasker, Andy Webb, James 

Williams and many others) led to the accumulation of a vast amount of data (European Seabirds at Sea 

database), and the production of a number of distribution atlases (Camphuysen & Leopold 1994, Stone et al.  

1995, Skov et al.  1995). 

 

Discards projects  (1992-1995) My professional career at the Royal Netherlands Institute for Sea Research 

commenced in 1992 when I was appointed by Mardik Le opold and Han Lindeboom to start investigating the 

effects of discards (unwanted biota dumped into the sea in commercial fisheries) on seabirds. A local or 

regional study onboard comm ercial beamtrawlers in the Southern Bi ght soon developed into a series of 

international, EC-funded research pr ojects, led by NIOZ, in which the effects of discarding on seabird 

populations throughout the North Sea were studied. Key co-workers in these discards projects have been Belen 

Calvo, Kenny Ensor and Bob Furness (Glasgow University , UK), Stefan Garthe and Ommo Hüppop (‘Vogelwarte 

Helgoland’, Germany), Jan Durinck an d Henrik Skov (Ornis Consult, De nmark), Genevieve Leaper and Mark 

Tasker (JNCC, UK), Arne Follestad (Norsk Institutt for Naturforskning, Norway), Henk Offringa and Chris Winter 

(NIOZ, Texel). 

 The results of these projects have been publ ished in three comprehensive reports (Camphuysen et al.  

1993, Camphuysen 1994a, Camphuysen et al. 1995) and a number of topical papers (Camphuysen 1993, 

1994, 1995, Garthe et al.  1996, Camphuysen & Garthe 1997, 2000). Still, however, a large amount of the data 

collected were ‘underexplored’. The results of all these ‘d iscards-projects’ are highly relevant to the studies of 

gulls (common scavengers at trawlers in the southern No rth Sea), and both publications and so far unpublished 

data have been used in this thesis. The projects ha ve produced two rather different types of data: (1) 

information on the at-sea distribution and species-specific tendencies to scavenge around fishing vessels, and 

(2) detailed information on consumption rates, species and size selection and dominance hierarchies among 

scavenging seabirds around trawlers at sea (inc luding the vulnerability to kleptoparasitism). 

 

Seabird offshore foraging ecology  (1995-2010) When the discards projects had finished, ship-based 

seabird surveys continued. Inspired by the discards proj ects, in which the simple counting and monitoring of 

seabirds per unit area were combined with ecological studies at sea, new tools were developed to investigate 

and quantify the foraging behaviour and interspecific f eeding interactions of seabirds at sea (Camphuysen & 
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Garthe 2004). The techniques paid off, and seabird surveys became considerably more meaningful over time 

(Camphuysen & Webb 1999). A new, large, EC-funded re search project aimed at studying predator-prey 

interactions in a marine ecosystem impacted by industri al fisheries for sandeels. In this project, the IMPRESS 

project, information from fisheries and fish stocks, oc eanographical features and prey availability, at-sea 

foraging performance of seabirds, se abird distribution patterns and breed ing success rates were combined. The 

study area was the east coast of Scotland, th e main prey species was the Lesser Sandeel Ammodytes marinus , 

the principal predators were Northern Gannet Morus bassanus , European Shag Phalacrocorax aristotelis, Black-

legged Kittiwake Rissa tridactyla  and Common Guillemot Uria aalge , the main fishery involved was the (Danish) 

industrial fishery. Although Larus -gulls did not form the prime target of ecological attention, quite some spin-

off of useful data accumulated (Camphuysen 2005, Camphuysen et al.  2006), particularly on the natural 

feeding behaviour of a whole range of seabirds and mari ne mammals at sea, whether or not in multi-species 

feeding frenzies or as solitary f eeders, that were tapped in Appendices 7  and 8  of this thesis. 

 

Breeding biology and foraging ecology of Laridae  (2006-2012). The main body of work underlying this 

thesis are the results from field studies in a mixed colony of Lesser Black-backed Gulls and Herring Gulls in 

Kelderhuispolder at Texel, where breeding biology, fora ging ecology and demography have been investigated. 

It was Jaap van der Meer, as head of MEE department (NIOZ) at the time, who suggested that these studies 

should commence. Two reasons were given: (1) a continuation of work such as under the EU IMPRESS project 

(linking breeding performance with food supplies and oceanographic/enviro nmental conditions at sea), but (2) 

while working in an ecosystem that was closer to the core activities of the NIOZ MEE department ( i.e.  the 

Wadden Sea and nearshore waters of the southern North Sea). 

 It was an ambitious undertaking, given the multi-di sciplinary work under IMPRESS with no less than 

11 research institutes and a multi-million Euro budget involved. The colony studies at Texel had to be set-up 

from scratch, basically alone, with a 4000 Euro per annum budget and the help  of few students  and volunteers. 

It should thus not come as a surprise that this mission is not yet completed. However, part of what has  been 

achieved is included in this thesis and this provides insight in the (current) dietary choices and preferences of 

the two study species, their foraging arena, foraging habitats and feeding range, their reproductive success, 

nesting densities, breeding habitat pref erences, breeding biology (timing, clutch volumes, clutch size, hatching 

and fledging success), cannibalistic behaviour, annual  survival and migratory movements. Since 2006, over 

1300 gulls have been colour-ringed (as fledglings or as adults) at Texel, and these will provide further data on 

annual survival, site fidelity, dispersal and migratory mo vements, recruitment rates and longevity in years to 

come. 

The advantage of an island population is the smalle r number of parameters that has to be taken into 

account in comparison with the mainland. Mammalian ground predators, for example, are scarce and the 

species list is shorter. The Red Fox , a species that arguably changed th e breeding opport unities for many 

ground-nesting species in much of mainland Noord- and Zuid-Holland, is absent at the island (…so far). 

Breeding colonies on Texel, at least currently, are generally quiet, situated as they are in fenced-off nature 

reserves, rather distant fro m popular tourist resorts and substantial human settlements. Food resources of 

island nesting gulls may be more restricted, given that fo raging habitats are less diverse than in most mainland 

areas. However, this had to be invest igated first, given that prey prefer ences, feeding habitats and foraging 

ranges were largely unknown at the start of this project. Finally, being on the same island as the research 

institute is a huge advantage, because even short spells of ‘favourable’ weather can be used efficiently for field 

work activities, independent as we are for bo atmen or other external  access arrangements. 

Co-workers students through the years have been Arnold Gronert (2006-2012, Sharon Boekhout 

(2006,student Larenstein, Leeuwarden), Vicky Hunt (2006, University Cornell, USA), Tim van Nus (2007, 

Larenstein, Velp), Janne Ouwehand (2008, RUG, Gronin gen), Natalia Gallego (2008, UvA, Amsterdam), Cosme 

Damián Romay Cousido (2009, Univ. A Coruña, Spain), Rim Lucassen (2010, RUG, Groningen), Estefania 

Velilla (2012, Univ. Maastricht), and Suzanne Poiesz (2012, UvA, 

 

Colour-ring studies  A large set of data was kindly provided by Arie Spaans, who had retired from Alterra 

(Wageningen), and this involved data that had accu mulated after three colour-ringing campaigns in 14 

different colonies of Herring Gulls in The Netherlands in the late 1980s (1986-1988). The database was in need 

of restoration and the network of ring-readers had to be  reassured that this their sightings of colour-ringed 

gulls were still (or over time now even more so!) impo rtant and useful. When this was completed, a gold-mine 

of information was accessible, simply awaiting analysis and publication, and still growing (van Kleinwee & 
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Camphuysen 2010). Key co-workers over the years, apart from the initiator of the project (ALS) himself, have 

been the ringers A. Bergfeld, C.M. Berre voets, D. de Bruyn, F. Cottaar, L.J. Dijksen, J. Jager, J. van der Kamp, 

G. Kasemir, R.T. Kiewiet, A. van Klinken, F. Nauta, E.O. Neve, B.A. Nolet, R. Noordhuis, C.J. Ooyevaar, K. de 

Rijk, N.D. van Swelm, R.J. Wanders, and A de Wit. Equa lly important, however, have  been the dedicated ring-

readers that have reported their sightings, including (top-10 only) H.J.P. Vercruijsse (16,857 sightings), A. 

Gronert (6043), A. van Poppel (5813), R. Costers (4377), K. Verbeek (4226), F. Cottaar (3770), B. Winters 

(3733), J. Rampen (3483), G. Goedhart (3000), and H.J.S. Verkade (2870). A first paper based on this 

material (on Herring Gull dispersal) was published recently (Camphuysen et al.  2011) and the data have 

further been explored in Chapter 6 , and Appendices 4  and 6 , addressing issues such as site-fidelity, annual 

survival and others. 

 

Dataloggers  It had always been a dream to be able to use modern data loggers, in particular to monitor the 

foraging whereabouts of the study species at sea in great detail (less so to monitor the migratory pathways 

and wintering areas, although the spin-off of the work in that direction turned out to be equally fascinating). An 

early opportunity, kindly provided in 2007 by Stefan Garthe (FTZ, Büsum), was se t left unused, because the 

need to recapture incubating gulls a few days after th e loggers were deployed was considered undesirable. I 

have been extremely fortunate to be able to collaborate in 2008-2012 with the research group of Willem 

Bouten at University of Amsterdam, who were able to provide high resolution GPS loggers, basically in 

exchange for access to a study colony and data. A furt her (financial) boost was given by a short research 

project commissioned by the Ministry of Transport and Public Works, in which the presence and abundance of 

Lesser Black-backed Gulls around windfarms at sea needed to be investigated (2010-2011; Camphuysen 

2011b). Key co-workers in the GPS-logger projects were Willem Bouten, Edwin Baaij,  Judy Shamoun-Baranes, 

and Emiel van Loon and results have been used througho ut this thesis from recently  published topical papers 

(e.g. Camphuysen et al.  2010, Shamoun-Baranes et al. 2010) and ongoing analyses. The logger deployments 

(devices with solar panels to recharge the batteries fro m which the data can be downloaded automatically by a 

receiver station in the colony, without the need to hand le the birds) have provided an enormous amount of 

data, that was vital to enhance knowledge of nest attend ance (daily time budgets), foraging range, foraging 

habitats, foraging flight patterns/fe eding activities, resting and preeni ng behaviour, and even migratory 

movements and (previously unknown) cent ral place foraging activities from temporary stop-over sites and in 

wintering areas. 
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Our attitude towards gulls  

 

In the early 20 th  century, Herring Gulls were thought to threaten the sheer existence of tern 

colonies (Van Dobben 1934, Thijsse 1936, Tinb ergen 1939, 1953, Mörzer Bruyns 1958). Famous 

Dutch naturalist Jan Drijver (1934) in his book “ Texel, het vogeleiland ” (Texel, the bird island) 

devoted an entire chapter on “ De meeuwen en hun wandaden ” (gulls and their misdeeds). 

Conservation measures, from which gulls had on ly just profited in the 1920s and 1930s, were 

openly regretted (see also Thijsse 1936). Rooth (1957) collected prey items in colonies of Herring 

Gulls, but failed to find the supporting evidence for the devastating effects of gulls on other birds: 

 “ Indien het nemen van jonge vogels als prooi door broedvogel-zilvermeeuwen een zodanige 

omvang zou hebben gehad, dat het voor het voortbestaan van de belaagde soorten van 

betekenis was geweest, was dat stellig bemerkt. 1”  

He was the first nor the last researcher who failed to find evidence that gulls were responsible for 

declining population trends in other species. In  1958, M.F. Mörzer Bruyns of the Institute for 

Nature Conservation and Research (RIVON) wrote an essay on “ Gulls which are a menace to other 

species ”. Herring Gulls were thought to “… endanger[ing] other breeding birds and in places even 

threatening them with extinction. ” A list was provided of 18 wild bird species, “poultry”, and two 

species of mammals of which eggs and/or young were taken by gulls. In the 1960s and 1970s, 

Herring Gulls were considered a threat for Common Eider Somateria mollissima  and Shelduck 

Tadorna tadorna ducklings (Tinbergen 1953, Hoogerwerf 1973, 1974). Swennen (1989), from a 

combination of observations and field experiments,  demonstrated that gull predation on ducklings  

only significantly affected weakened chicks during scarcities of food (the ‘unfit’). Ducklings that 

were able to find food, on more constantly favourable feeding sites (the ‘fit’) had a high chance to 

survive. 

 A rather different tone is used in “The Herring Gull’s World”  (Tinbergen 1953) and certainly 

in “Klieuw”  (Tinbergen 1948), where Herring Gulls are depicted as interesting, highly social and 

curious birds. There is a short chapter on the “g ull problem” in the first book, but Tinbergen was 

clearly more fascinated by the behaviour and family  life of these birds. His field experiments on 

chick behaviour are world-famous. In “Klieuw”  his observations were presented for a more general 

(and younger) audience. Both books have been reprinted several times and as Konrad Lorenz 

remarked in the foreword of The Herring Gull’s World : “If Karl von Frisch’s name will, for all future 

time, be associated with the honey-bee, Niko Tinbergen’s will always call to mind his work on 

gulls.”  Indeed, the behaviour, the postures, the vocalisations and the intra-specific clashes of the 

Herring Gulls studied at Texel reminded me consta ntly to Tinbergen’s comprehensive descriptions 

of the behaviour of these birds in his books an d in numerous papers (Tinbergen 1929abc, 1932ab, 

1936abc, 1937, Booy & Tinbergen 1937, Tinbergen 1948, 1949, Tinbergen &  Perdeck 1950, 

Tinbergen 1952, 1953, 1955, 1956, 1960ab, 1970, 1971, 1978). 

 

An overpopulation - Whatever ‘too many’ gulls is, and how many breeding pairs we should be 

willing to tolerate, is unclear. The Dutch human population is considerably larger than the breeding 

population of gulls ( AppBox 1.1). Tinbergen (1953) described the colonies of Herring Gulls on the 

Frisian Islands and in Holland and Germany as “overcrowded” and used the population levels at 

the time as an explanation for food shortages that apparently led to egg robbery and cannibalism. 

There were only some 20,000 pairs breeding in the entire country when the book was published 

(Appendix 2). Mörzer Bruijns (1958) considered  10,000 breeding pairs of Herring Gulls quite 

enough and saw this as the upper limit. If the censuses are correct, there are currently about 

                                                 
1 “ If Herring Gulls would regularly take young birds as prey and if that would have affected the populations of other birds, we 
would have noted.” (Rooth 1957) 
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150,000 pairs of Herring Gulls and Lesser Black-backed Gulls breeding in The Netherlands. Gulls 

have benefited from their abilities to invade new habitats and exploit new resources (Alerstam 

1990, Rock 2003, Kelcey & Rheinwald 2005, Rock 2005).  Animals come to be disliked when they 

interfere with the way in which we utilize the envi ronment, compete with us for resources, damage 

constructions or spread disease (Furness & Monaghan 1987). The opportunistic aspects of the 

behaviour of gulls coupled with a high local abundance makes that many consider them as pests 

(Furness & Monaghan 1987).  

 

Box 1.1 – Overpopulation? 
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Trends in the human population (n, left), and in Herring Gulls and Lesser Black-backed Gulls combined (n, pairs x2; 

same scale, right) in The Netherlands, 1900-2010. 

To put the marked population increase of Herring Gu lls and Lesser Black-backed Gulls throughout the 20 th  

century 1 in a perspective, the estimated Dutch human population 2 (left) was plotted on the same scale as the 

number of breeding pairs of Herring Gulls and Lesser Blac k-backed Gulls in The Netherlands combined (right). 

The gull populations are barely visible in the graph. Cu rrently, there are nine breeding pairs (Herring Gulls and 

Lesser Black-backed Gulls combined) per 1000 human inhabitants in The Netherlands. If we humans were to 

share the eggs for breakfast, it would mean one each…every 37 years. 

Source: 1this thesis, 2Centraal Bureau voor de Statistiek 2012  

 

 

Taxonomic considerations  

 

Currently, 54 species of gulls are recognised worldwide (Gill & Wright 2006), some 23 species of 

which that are known to occur at least occasionally in The Netherlands (Van den Berg & Bosman 

1999, Bijlsma et al.  2001, Wolf 2003, Ebels et al.  2006; Appendix 2). The subspecific identity of 

the Lesser Black-backed Gulls and European Herring Gulls nesting in The Netherlands may not 

seem to be of much significance in an ecological study. However, we might be able to understand 

more of the history of colonisation, hybridisation and range expansion if at least we knew where 

the colonising birds came from and how they are related to taxa already present in an area. The 

phylogenetic relationships with numerous taxa (subspecies or forms, or even distinct species 

according to some taxonomic conventions) around Europe, in the arctic and in the New World are 

highly complex and likely the result of long-term climatic oscillations, such as quaternary glacial 

cycles (Voous 1960, Liebers & Helbig 2002). 

 

Lesser Black-backed Gull Larus fuscus Linnaeus, 1758 

There has been a considerable uncertainty and de bate about the taxonomy of Lesser Black-backed 

Gulls colonising The Netherlands in the 1920s and 1930s (Brouwer 1927, Van Dobben 1931, Van 

Marle & Voous 1943). Snouckaert van Schauburg (1908 ) had listed only a single form (as a rare 
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winter visitor): Larus fuscus fuscus , the Lesser Black-backed Gull. Van Oordt & Verwey (1925), in 

their follow-up avifauna, made a distinction betw een the Scandinavian Lesser Black-backed Gull L. 

f. fuscus  (a passage migrant in Sep-Nov with single cases in January, May, and in summer) and 

the British Lesser Black-backed Gull L. f. affinis  (very rare, three examples). It should be noted 

that Lesser Black-backed Gulls of which a subspecific identity could not be ascertained were 

ignored in that work. These may have incl uded gulls of the ‘intermediate’ type.  

Van Marle & Voous (1943) looking into this matte r, concluded that a whole range of mantle 

colours occurred, but also that according to their museum experience, graellsii  and intermedius 

were probably inseparable in the field. Most Dutch and certain German (Niedersachsen) breeding 

birds were rather dark mantled, however, and it has later been suggested that in fact L.f. 

intermedius was involved rather than graellsii  (Brouwer & Haverschmidt 1928, Tinbergen 1929, 

much later also Rijsdijk 1968ab, Van Orden & Ooyevaar 1971, Hausmann 1969). Drijver (1957), 

however, remarked that Lesser Black-backed Gulls nesting on Texel all belonged to the ‘lighter 

British form’ ( Larus fuscus graellsii ). Authors like Van Orden et al.  (1967) copied this opinion and 

were rather firm in their conclusions not only that graellsii  was the breeding form on Texel, but 

also that intermedius  was a passage migrant and rare summer visitor with only a single record 

during the breeding period. This was repeated ten years later (Dijksen & Dijksen 1977, Strijbos 

1977). It was Rijsdijk (1968ab) who provided material (colour slides) on the basis of which it was 

concluded that intermedius  was nesting for the first time in The Netherlands in 1966 (two pairs 

near a Black-headed Gulls colony in Europoort) and 1967 (4 pairs, same place); a view that was 

promptly supported by prominent ornithologists of  that time (CNA). Dijksen (1996a), in a more 

recent review, listed all three forms (nominate included) for Texel, but did not draw any 

conclusions regarding the subspecific status of  breeding birds or passage migrants. Glutz von 

Blotzheim & Bauer (1982) also refrained from drawing firm conclusions, suggesting that L.f. 

intermedius  was the more likely subspecies in this pa rt of Europe, but that a comparative study 

covering the entire range between Denmark and Spain had to be awaited.  

Barth (1968) observed, from a fairly small sample size, that Herring Gulls L. a. argenteus 

and Lesser Black-backed Gulls L. f. graellsii breeding in France, Belgium and The Netherlands 

showed upperpart grey tones and biometrics that were intermediate between the British L. a. 

argenteus and L. f. graellsii and Scandinavian subspecies L. a. argentatus and L. f. intermedius . 

Muusse et al.  (2011), studying gulls at a Dutch colony ne ar Moerdijk, confirmed that a majority of 

Herring Gulls belonged to the pale ‘British form’, but found that the modal grey mantle tone of 
many Lesser Black-backed Gulls was closer to the population mean for intermedius from southwest 
Sweden than to (British) graellsii. Ring recoveries confirm that British graellsii  can be found 

breeding in several Dutch colonies, but the dark upperparts of many Dutch birds likely originate 

from Scandinavia (Muusse et al.  2011). 

Teixeira (1979) suggested that The Netherland s had been colonised simultaneously from 

the west (British graellsii ) and from the northeast ( intermedius  from Denmark and southern 

Scandinavia), and that both types had mixed su ch that subspecific identification was now 

impossible. It is unclear what the factual basis is for this idea. Cramp & Simmons (1983) simply 

listed The Netherlands under the breeding range for intermedius . Sangster et al.  (1999) concluded 

that the form intermedius  was not ‘diagnosably distinct’ from graellsii  and that intermedius had to 

be considered conspecific with  graellsii . In this paper they considered Lesser Black-backed Gulls L. 

graellsii  and Baltic Gulls L. fuscus  as being specifically distinct, based on differences in 

morphology, moult, and ecology. This position was abandoned only a few years later (Sangster et 

al.  2003), when studies were published in which mitochondrial DNA variations in gulls were found 

to indicate that fuscus , graellsii  and intermedius  shared the same haplotype, with no significant 

differences in haplotype frequency, and that the three forms had to be considered a single species, 

namely Lesser Black-backed Gull Larus fuscus  (Liebers & Helbig 2002) . 

Voous (1960) united all Palaearctic forms of th e circumpolarly distributed group of Lesser 

Black-backed Gulls and Yellow-legged Herring Gulls in one species: Larus fuscus . This group 

formed several complicated but continuous chains of populations, showing geographical variation 
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in the intensity of the mantle coloration. With the exception of the northeast Siberian forms they 

all had yellow legs. Voous (1960) concluded that  along the north-western coast of Europe, the 

Lesser Black-backed rather than the Herring Gull  must originally have been the autochthonous 

form of the circumpolarly distri buted group of large gulls. Voous suggested that Lesser Black-

backed Gulls were “driven away” by the Herring Gull (a Nearctic invader) and he considered the 

settling of the Lesser Black-backed Gulls in Denmark (since 1920) and in the Netherlands (since 

1926) recoveries of once lost territory. 

Based on a mitochondrial haplotype network (m odel of gene flow relationships among 10 

Lesser Black-backed Gull populations), however, Liebers & Helbig (2002) were able to evaluate the 

conflicting proposals regarding the origin and spread of Lesser Black-backed Gulls colonising 

Western Europe. Earlier proposals varied between an origin either from a cachinnans -like ancestor 

in the Aralo-Caspian basin (Mayr 1940) or from an atlantis -like source population in the NE Atlantic 

Ocean (Dwight 1922). Lieber & Helbig (2002) concluded that differentiation into intermedius  and 

graellsii  happened only very recently, as indicated by genetic uniformity and lack of population 

structure among these two forms. The paucity of contemporary mtDNA structure was considered 

to reflect “the historical legacy of a rapid an d recent westward and southward expansion from 

Fennoscandia along with considerable population gr owth”. The Netherlands, in other words, were 

colonised from the east and/or northeast rather than from the west (see also Liebers et al.  2004). 

 

European Herring Gull Larus argentatus Pontoppidan, 1763 

European Herring Gulls were part of the ongoing debate. While Dwight (1925) referred to two 

distinct species, Herring Gulls Larus argentatus  and Lesser Black-backed Gulls Larus fuscus , he 

was puzzled by the characters of Larus cachinnans  in the Aralo-Caspian basin: “ Unless we are 

prepared to consider the Herring-Gull (L. argent atus) and the Lesser Black-backed Gull (L. fuscus) 

one and the same species, because of cachinnans, the connecting link, we must consider 

cachinnans a full species combining the characters of both.”  Stegmann (1934) reviewed the issue 

(in a ‘somewhat revolutionary paper’; review in Ibis ) and drew conclusions on the basis of a then 

unique collection of birds including many individuals sampled in northern Europe and Asia. He 

united all gulls into a single species, Larus fuscus , with 16 forms or subspecies ( argentatus, 

argenteus, smithsonianus, thayeri, leucopterus (=  glaucoides), vegae, birulae, taimyrensis, 

atlantis, michahellisi, ponticus, cachinnans, mongolicus, californicus, brittanicus (=graellsii, = 

affinis), and fuscus ). Meinertzhagen (1935) closely followed this proposition, and enlarged the 

account of (known) winter quarters. It was realised that, while in Holland and in the UK forms of 

the Herring- ( argentatus ) and black-backed ( fuscus ) gulls were breeding in mixed colonies, they 

did not (or seldom) interbreed. Moreover, with a stronger tendency to breed in coastal localities in 

Herring Gulls rather than in Black-backed gulls , Meinertzhagen (1935) realised that ecological 

aspects (“habit”) and not only plumage would suppor t separation. Incidentally, the type locality for 

Larus fuscus argenteus  was Texel Island, Holland. 

 There was no long-lasting support for the view of a single species with 16 forms and 

Herring Gulls and Lesser Black-backed Gulls were generally separated as distinct species in most 

later publications. The debate continued as to whether atlantis, michahellis  or cachinnans, or any 

of the other forms were belonging to one or the other group or had to be considered full species 

(not further addressed here). Van Marle & Voou s (1943), while referring to Stegmann’s paper, 

reviewed museum specimens and concluded that Dutch breeding birds could be separated from 

Swedish (or Baltic) Herring Gulls on the basis of wing pattern an biometrics. They concluded that 

the Dutch population should be referred to as to Larus argentatus argenteus , whereas the birds 

from the Baltic (frequently wintering in The Netherlands) were L. a. argentatus . This view is still 

generally held, even though there is a considerable overlap in morphological characteristics of the 

two taxa, so that individual birds cannot always be identified with certainty. 

 Voous (1960) treated Herring Gulls as the Nearctic representative of a circumpolarly 

distributed group of Lesser Black-backed Gulls and Herring Gulls (the ring-species model). The 
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“Herring Gull ring-group” comp rised more than 20 taxa of large gulls (Dwight 1925, Mayr 1942, 

Glutz von Blotzheim & Bauer 1982); a connected series  of neighbouring populations, each of which 

could interbreed, but for which two “end” population s existed, too distantly related to interbreed. 

On the grounds of the conspicuous resemblanc e between the British and the North American 

Herring Gulls, Voous (1960) assumed that the Herring Gull was a recent colonist in northwestern 

Europe, having in various places driven out or at least numerically surpassed the original west 

European inhabitant, the Lesser Black-backed Gull . According to Voous, this colonisation took 

place during or shortly after the last great glaciations. 

 Based on mitochondrial DNA variation among 21 gull taxa, Liebers et al.  (2004) showed 

that members of the “Herring Gull complex” diff erentiated largely in allopatry following long-

distance-colonisation events. What earlier authors (Geyr von Schweppenburg 1938, Mayr 1942, 

Glutz von Blotzheim & Bauer 1982) regarded as ‘herring gulls’ turned out to be an assemblage of 

several distinct taxa, which were not each other’s closest relatives. Liebers et al.  (2004) found a 

circumpolar ring of interbreeding populations to ex ist but that the endpoints did not overlap. More 

importantly, Liebers et al.  (2004) found no genetic evidence for a closure of the circumpolar ring 

through colonisation of Europe by North American Herring Gulls. Closure of the ring in the opposite 

direction may be imminent today, however, with Lesser Black-backed Gulls about to colonise North 

America (Howell & Dunn 2007). 

 

The fossil record 

 

Gulls (Laridae) are a bird family within the order Charadriiformes and are closely related to twelve 

families of wading birds (Jacanas Jacanidae to Se ed Snipes Thinocoridae), sheathbills Chionidae, 

skuas Stercorariidae, terns Sternidae, skimmers  Rynchopodidae and auks Alcidae (Del Hoyo et al.  

1996). The Cretaceous Ichthyornis (>65Ma) was believed to be a small, gull or tern-like bird with 

teeth (Marsh 1872ab). It is currently assumed to have been an ecological equivalent of modern 

seabirds, close to the ancestry of modern birds,  but representing an independent lineage (Clarke 

2004). Ichthyornids appear to have been a side bran ch of bird evolution that died out, leaving no 

descendants (Dixon 2007). Charadriiforms have a scanty Paleogene record in Europe (Mayr 2009). 

Gull ancestors, “ Larus” elegans  and “ L.” totanoides are known from the Upper Oligocene of France 

(28-34 Ma; Hugueney et al.  2003; Mourer-Chauviré et al.  2004). Both species have an abundant 

fossil record in early Miocene French fossil sites. These birds were small, the size of small terns, 

with fairly long legs (16-23 Ma; Mayr 2009). The exact phylogenetic affinities of these birds with 

respect to extant Laridae and Sternidae still need to be determined (Mayr 2009). 
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Gearing up gulls with GPS loggers is a delicate process that has to be done both quick but careful; a result is shown on page 

99, shortly after release. Excessive preening at a bathing place is a first response of these birds, immediately after being 

handled. 
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“Schoon ‘er eene aanmerkelijke verfcheidenheid onder de Zee-Meeuwen is, munt deeze toch 

genoegzaam uit, door de Kleur en Grootte. Buiten  twyfel is het de Allergrootfte Aschgraauwe 

Meeuw van Ray, in ’t Engelsch  Herring-Gull, dat is de Hari ng-Meeuw genaamd…Nestelen en 

broeden overvloedig op ’t Eyerland aan Texel, [waar] hunne Eyeren aldaar in menigte opgezogt 

worden, zynde niet alleen goed tot fpyze, m aar ook by fommigen een lekkere verfnapering” 1 

 

Nozeman & Houttuyn 1797 

 

 
Herring Gull (“Groote Zee-meeuw, Laru s cinereus”), an abundant breeding bi rd of Eyerland, Texel, where their 

eggs are collected in large numbers. Illustration in Nozeman & Houttuyn 1797 (Photo Bert Aggenbach, NIOZ).  

 

Herring Gulls were common breeding birds in The Netherlands in historical times, at least since the 

18 th  century. At Texel they certainly bred on Eyerland (“egg-land”), but probably also elsewhere. 

Early authors had difficulties with the identificati on and taxonomy of gulls. As late as in 1826, 

immature or juvenile forms were often described as separate taxa ( AppBox 2.1). Apart from being 

uncertain about the identification of species, some early authorities relied on second hand 

information regarding the breeding occurrence of bi rds and failed to rigorously check their sources 

(Dijksen 1996b, Eigenhuis 1996). Despite all uncertainties, however, there is little doubt that at 

least the European Herring Gull Larus argentatus argenteus (hereafter simply Herring Gull)  and the 

Black-headed Gull [ formerly Larus]  Chroicocephalus ridibundus were native, colonial breeding birds 

for centuries. 

 

Gull populations in the 19 th  century  The status of most gull species in The Netherlands before 

1900 is still quite unclear. Herklots (1853), summarised existing knowledge for the mid-19 th  

century, suggesting that four species of gulls we re breeding in The Netherlands at the time ( AppBox 

                                                 
1 Even though there is a considerable variety in sea gulls, this species is exceptional because of its colour and size. Without 

doubt, this is the largest, pale grey gull mentioned by Ray, Herring-Gull in English. Breeds in large numbers on the Eyerland a t 

Texel, where the eggs are collected to serve as food or snack (Nozeman & Houttuyn 1797).  
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2.2). Albarda (1897), only listed Herring Gull and Black-headed Gull as breeding birds. The Mew 

Gull Larus canus was described as a winter visitor, of which a breeding colony was found on Texel 

in the past (“ vroeger ”). Earlier claims of nesting Great Black-backed Gulls Larus marinus on Texel 

(Houttuyn 1763, Schlegel 1852, 1854-58, 1860ab) were regarded erroneous (“eene dwaling”). The 

status of the Lesser Black-backed Gull Larus fuscus , a species for which we have no breeding 

evidence in historical times (unless confused with Great Black-backed Gulls), is perhaps even more 

obscure. Herklots (1853) and Schlegel (1860ab) both referred to this species as a migrant in 

autumn, with young birds as uncommon winter visitors. Schlegel (1878) adds that Lesser Black-

backed Gulls ( “Kleur volkomen als bij de Mantelmeeuw, maar de poot en geelachtig, en hierdoor, 

zoo als door de mindere grootte gemakkelijk van de voorgaande te onderscheiden” 2) breed in 

Britain, but are otherwise distributed as the Great Black-backed Gull. He is not very clear about a 

possible breeding status within The Netherlands ( “broedt zelfs aan de kusten van Groot-Brittanje, 

maar, zoo als het schijnt, niet aan de onze, alwaar zij gewoonlijk in September aankomt en 

doortrekt 3” ). Snouckaert van Schauburg (1901) reports the shooting of an adult in October 1900 

in Hornhuizen (Groningen) and comments: “ Van deze soort, die bij ons te lande niet talrijk 

voorkomt, worden slechts zelden oude exemplaren  waargenomen; meest worden jeugdige vogels 

in het grauwe kleed aangetroffen. ” 4 

 

Box 2.1 – The “Wagel dress” 

 

The “Wagel”, known as the Great Grey Gull or 

Grisard or Burgo-master Larus nævis  from 

Linnaeus, was in fact the juvenile Great Black-

backed Gull (or any other large gull, given that “the 

young of all the British Gulls,  ..., for the first year or 

two,...appear in the Wagel dress”). Bewick (1826) 

had just realised that Wage l’s were immature gulls. 

“We have continued the name and description of 

this bird as a distinct species, though it is now 

familiarly known to be the young of the Black-

backed Gull. We may observe here that the young 

of all the British Gulls, except perhaps the 

Kittiwake, and Black-headed Gull, have the whole 

plumage more or less spo tted with ash grey on a 

dull white; for the first year or two, they all appear 

in the Wagel dress, scarcel y differing in anything 

but in shade and size.” 

The “Wagel dress”  

Source : Bewick T. 1826. A history of British Birds, Vol. II. Edw. Walker, Newcastle 

 

Apparently, a steep decline in the breeding po pulations of gulls occurred after the mid-19 th  

century. At Texel, colonies of Herring Gulls at  De Hors [the current study area] and near Den 

Hoorn colonies disappeared around 1890 (Drijver 1934). Some were known to breed in low areas 

of Dijkmanshuizen and in Mielanden, but becaus e the eggs were taken by humans, isolated 

breeding attempts usually failed. Around 1900, only two species of gulls were still able to breed in 

The Netherlands (Black-headed Gull and Herring Gull), but the populations were small.  

 

Colonisations in the 20 th  century  - In the 20 th  and early in the 21 st  centuries, eight new species 

of gulls colonised or tried to colonise The Netherlands. A total of 22 species occur at least 

occasionally in our region, of which ten as breeding species (Hustings & Vergeer 2002; 

                                                 
2 Colour as in black-backed gull, but feet distinctive yellowish and smaller 
3 Breeds even along the coast in Britain but, apparently, not alon g our coasts, where she normally arrives as a passage migrant 
in September  

4 Of this species, that is uncommon in our country, adult individuals are rarely seen; most are young birds in a dull plumage.  
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Box 2.2 – Gulls in The Netherlands in the 19 th  century 

Herklots 1 summarised existing knowledge for the mid-19 th  century as follows, suggesting that four species bred 

in The Netherlands (presumed breeding species in bold): 

Larus marinus , Linné, 

   De Mantelmeeuw 

Great Black-backed Gull “Broeit, in zeer klein getal, op de duinen langs onze 

kusten. Standvogel” [ Breeding in small numbers, 

resident ] 

Larus fuscus , Linné, 

   De kleine mantelmeeuw 

Lesser Black-backed Gull “In het najaar, op den doortrek langs onze kusten. 

De jongen overwinteren niet zelden.” [ Passage 

migrant; young birds overwinter] 

Larus argentatus , Brünnich, 

   De Zilvermeeuw 

European Herring Gull “Broeit in de duinen. Standvogel” [ Breeding, 

resident ] 

Larus canus, Linné, 

   De kleine zeemeeuw 

Mew Gull “Broeit in de duinen. Standvogel” [ Breeding, 

resident ] 

Larus glaucus, Brünnich, 

   De burgemeester  

Glaucous Gull “Na zwaren noordweste storm, in het koude 

jaargetijde” [ Storm-driven winter visitor ] 

Larus tridactylus,  Linné 

   De drieteenige meeuw 

Black-legged Kittiwake “In het koude jaargetijde, op den doortrek aan onze 

zeekust” [ Winter visitor, coastal ] 

Larus ridibundus , Linné 

   De kokmeeuw 

Black-headed Gull “Broeit op de meren…, Verhuist in het najaar” 

[ Breeding inland lake, migration in autum ] 

Larus capistratus , Temminck 

   De kleine kokmeeuw 

species unknown “Op den doortrek, in het koudere jaargetijde, langs 

onze zeekusten” [ Winter passage, coastal ] 

Larus minutus , Pallas 

   De dwergmeeuw 

Little Gull “In den zomer waargenomen, somtijds, zeer 

zeldzaam, op den doortrek in het najaar aan het 

zeestrand” [ Summer sightings, rare in autumn 

along the coast ] 

Source:  1Herklots J.A. 1853. Bouwstoffen voor eene Fauna van Nederland, onder medewerking van onderscheidene Geleerden 

en Beoefenaars der Dierkunde. Eerste Deel. E.J. Brill, Leiden. 

 

Camphuysen & de Vreeze 2005; Boele 2012; AppBox 2.3). The process of colonisation by gulls 

often began with interbreeding between the ne wcomer and closely related established taxa. 

Brouwer (1927), Tinbergen (1929), van Dobben (1931) and Voous (1946) found Lesser Black-

backed Gulls hybridising with Herring Gulls in the late 1920s. The first Mediterranean Gulls 

Ichthyaetus melanocephalus  breeding in The Netherlands hybridised with Black-headed Gulls in 

1933 (Vijverberg 1935). Breeding of Yellow-legged Gulls Larus michahellis was first established in 

1985, when a male was found nesting with a Lesser Black-backed Gull, and another with a Herring 

Gull, in the large mixed colonies of the port of Rotterdam (Europoort and Maasvlakte; Van Swelm 

1998). As soon as the number of individuals of the colonising species increased, the phenomenon 

died out or became rare. No known hybrid pairs were formed during first breeding attempts of 

Little Gulls Hydrocoloeus minutus , Great Black-backed Gulls Larus marinus  or Black-legged 

Kittiwakes Rissa tridactyla . 

Current winter visitors, passage migrants and vagrants (12 species) originate mostly from 

the New World (4) and the high arctic (5), with some representatives from Asia (2) and the 

Mediterranean (2) ( AppFig. 2.1). It is speculative to forecast any further colonisations, but given 

climate change, these would more likely originate from the Mediterranean region (e.g. Slender-

billed Gull Chroicocephalus genei  or Audouin’s Gull Ichthyaetus audouinii ) rather than from the 

arctic. It is interesting to note that two Mediterranean species are recent additions, as vagrants, to 

several national lists in NW Europe and that in some cases these were either repeated sightings (of 

different individuals) or even flocks of birds rather than isolated events (Wolf 2003, Ebels et al.  

2006 and other recent reports). 

When reconstructing population trends over the 20 th  century, marked changes in 

abundance ( AppFig. 2.2) and species composition ( AppFig. 2.3) are found. Black-headed Gulls  

were the most numerous breeding species througho ut. During the first half of the 20th century, 

less than 50,000 pairs of Black-headed Gulls were nesting in The Netherlands (Van Dijk 1998). 

After decades of increase, the population peaked in the early 1980s at some 225,000 pairs. During 
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Box 2.3 – Gulls in The Netherlands since 1900 

All species of gulls observed in The Netherlands since 1900, including first breeding attempts (B, year). 

Breeding species are in bold, taxonomic conventi ons following the IOC Birdlist of the world 11 . 

Species Scientific name br First breeding or status 

Ivory Gull Pagophila eburnea (Phipps, 1774)   (vagrant, high arctic) 2 

Sabine's Gull Xema sabini (Sabine, 1819)   (passage migrant, high arctic) 3 

Black-l. Kittiwake Rissa tridactyla (Linnaeus, 1758)  B <2000 offsh. platf. 1 

Slender-billed Gull Chroicocephalus genei Brème, 1839   (vagrant, Mediterranean) 2 

Bonaparte's Gull Chroicocephalus philadelphia (Ord, 1815)   (vagrant, New World) 2 

Black-headed Gull Chroicocephalus ridibundus Linnaeus, 1766  B <1900 3-4  

Little Gull Hydrocoloeus minutus Pallas, 1776  B 1942 Friesland 6 

Ross's Gull Rhodostethia rosea (MacGillivray, 1824)   (vagrant, high arctic ) 2 

Laughing Gull Leucophaeus atricilla Linnaeus, 1758   (vagrant, New World) 2 

Franklin's Gull Leucophaeus pipixcan Wagler, 1813   (vagrant, New World) 2 

Mediterranean Gull Ichthyaetus melanocephalus Temm., 1820  B 1933 Schouwen 5 

Audouin's Gull Ichthyaetus audouinii Payraudeau, 1826   (vagrant, Mediterranean) 2 

Pallas's Gull Ichthyaetus ichthyaetus Pallas, 1773   (vagrant, Asia) 2 

Mew Gull Larus canus Linnaeus, 1758  B 1908 Rottumeroog 7 

Ring-billed Gull Larus delawarensis Ord, 1815   (vagrant, New World) 2 

Great Bl.-backed Gull Larus marinus Linnaeus, 1758  B 1993 Delta area 9 

Glaucous Gull Larus hyperboreus Gunnerus, 1767   (passage migrant, arctic) 3 

Iceland Gull Larus glaucoides Meyer, 1822   (passage migrant, arctic) 3 

European Herring Gull Larus argentatus Pontoppidan, 1763  B <1900 3-4  

Caspian Gull Larus cachinnans Pallas, 1811  B 2012 Amerongen 12  

Yellow-legged Gull Larus michahellis  J.F. Naumann, 1840  B 1985 Europoort 10  

Lesser Bl.-backed Gull Larus fuscus Linnaeus, 1758  B 1926 Terschelling 8 

References: 1Camphuysen & de Vreeze 2005, 2Van den Berg & Bosman 1999, 3Bijlsma et al. 2001, 4Snouckaert van 

Schauburg 1908, 5Vijverberg 1935, 6Brouwer & Haverschmidt 1942, 7Van Pelt Lechner 1908, 8Bouma 1929, Tinbergen 1929, 
9Vercruijsse & Spaans 1994, 10Van Swelm 1998, 11Gill & Donsker 2010, 12Boele 2012  
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Figure 2.1 Colonisation of The Netherlands by gulls since 1900 and the origin of species observed as passage 

migrants or vagrants (including five taxa from the Ne w World). Arrows indicate directions of colonisation; 

dashed boxes list species of which colonisations attempts are not known. 
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Figure 2.2 Reconstructed population trends (p) for 9 

species of gulls breeding in or colonising The Nether-

lands in the 20 th  century (multiple sources; see text). 

Figure 2.3 Species composition (%) for 9 species of 

gulls breeding in or colonising The Netherlands in the 

20 th  century (multiple sources; see text). 

 

the late 1980s and the early 1990s, however, a considerable population decline occurred. In the 

late 1990s, the population was estimated at 132,000 pairs, only 123,000 pairs were breeding in 

2005 (Van Dijk et al.  2007). Common or Mew Gulls  first nested in 1908 (Keijl & Arts 1998). 

Numbers remained low at first, but in the early 1960s, just over 1000 pairs were counted, mainly 

in the Wadden Sea area and in Noord-Holland. Nu mbers increased sharply in the 1970s, especially 

in de mainland dunes. In the mid-1980s, with over 11,500 pairs breeding, more than 50% were 

found in Schoorl (Noord-Holland). Red Foxes (re-) appearing in Noord-Holland drastically reduced 

the reproductive success and eventually also the number of breeding pairs (Woutersen 1992, 

Woutersen & Roobeek 1992). Mainland Mew Gulls dispersed, formed smaller colonies, and 

commenced breeding on roofs in towns. At the sa me time, numbers of breeding Mew Gulls slightly 

increased in the Wadden Sea and Delta areas (Keijl & Arts 1998). Between the mid 1980s ( c. 

11,500 pairs) and the late 1990s ( c.  6000 pairs), the Dutch population almost halved. Breeding 

numbers of Little Gulls  (Koks 1998), Mediterranean Gulls  (Meininger & Flamant 1998), Great 

Black-backed Gulls  (Koks & Jongenelen 1998), Yellow-legged Gulls  (Van Swelm 1998), and 

the offshore nesting Black-legged Kittiwakes  (Camphuysen & Vreeze 2005, Camphuysen & 

Leopold 2008) have thus far been relatively small.  Population trends of Herring Gulls and Lesser 

Black-backed Gulls are summarised below.  

 

Herring Gulls and Lesser Black-backed Gulls in The Netherlands in the 20 th  century 

 

In the sections now following, a chronological description of population developments of Herring 

Gulls and Lesser Black-backed Gulls is provided. Note that colony counts, summarised per decade, 

were not necessarily accurate. Census techni ques have seldom been documented and the 

reconstruction includes some interpolations of data in case of missing values. Many publications 

refer to breeding pairs, but it is usually unclear if active nests, occupied territories or simply the 

total number of birds divided by two (or any other factor) were presented. In this chronological 

overview, some of the driving factors are touche d upon, where appropriate, but the drivers are 

dealt with later in this appendix. 

 

1900-1910 (1300-2300 bp Herring Gull, Lesser Black-backed Gull not breeding) 

 Around 1900, a few thousands of Herring Gulls were breeding in The Netherlands and most colonies 

were exploited ( AppFig. 2.4). The small popula tion size in the late 19 th  century resulted from ruthless and 

widespread egg collecting, shooting, hunting, and pe rsecution (Spaans 2007). In 1907, the widespread egging 

was halted (“Vogelwet 1907”, Royal Decision July 1907). Permission was granted only under special 

circumstances, for example in so-called “Vogelarijen”. Successful nesting for Herring Gulls had in fact only 

been possible in situations where eggs were collected systematically, but only until a certain date, to allow for 

some reproductive success and to safeguard future yiel ds from the same site. Alba rda (1897) listed Herring 
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Gulls as “abundant residents, very common along the coast, breeding in colonies in the dunes”.  Snouckaert 

van Schauburg (1908) suggested that Herring Gulls were mostly breeding on ‘the islands’ (i.e. in the Wadden 

Sea), in dunes and on sand banks. Leege (1907), visiting the Dutch Wadden Sea islands in 1906, was much 

more precise and he concluded that fe w pairs of Herring Gulls bred at Texel, hundreds on Vlieland, few on 

Terschelling and Ameland, 50 pairs on Schi ermonnikoog and about 1000 pairs on Rottum. 

 

 

“Currently, it is almost impossible to find a nesting Herring 

Gull in spring and Sandwich Terns have not nested for years. 

We do see these terns foraging along the beach and in 

polders [?] , but they do not longer breed here. What could be 

the reason? 

 Obviously, the relentless persecution by man, who 

value short term profits higher than possible future revenues. 

While both species, Herring Gulls and Sandwich Terns, are 

seen as useful species, only the former enjoys protection by 

law.” 

 

 

 

Figure 2.4. Clipping from Texelse Courant, 9 

November 1902.  

 

Van Pelt Lechner (1900) had reported serious declines in the Rottum population, from c. 5000 pairs in 

1869 to less than 2500 pairs around the turn of the centur y. This decline had contin ued, partly because much 

of Rottum had been washed away by the sea (Lee ge 1907). Snouckaert van Schauburg (1908) does not 

provide information on Herring colonies in the Delta area or on the mainland, but Tesch (1907) mentions 

colonies in ‘the mainland dunes’ (“Hollandsche duinen”)  and near Hoek van Holland, but not at Texel. In fact, 

however, between 1900 and 1905 a few pairs of Herring Gulls were nesting west of Den Hoorn at de Hors on 

the south tip of Texel, but due to frequent disturbanc es and egging, the species disappeared (Anon. 1902, 

Drijver 1936). Herring Gulls nested at Schouwen, where e ggs had been collected in 1881, but the population 

around the turn of the century was probably rather small (Heerebout 1982, Werkgroep Avifauna Natuur- en 

Vogelwacht Schouwen-Duiveland 1986). Lesser Black-backed Gulls were described as winter visitors (Sep-Mar) 

in very small numbers with occasional reports in summer (Albarda 1897, Snouckaert van Schauburg 1908). 

 

1910-1920 (1350-2900 bp Herring Gull, Lesser Black-backed Gull not breeding) 

 Further protective measures were implemented around 1912 (“Vogelwet 1912”; Anon. 1912), and 

several colonies became protected as a result of private initiatives (Staatsboschbeheer, Vereeniging tot 

Bescherming van Voogels). For the first time in history, colonies could de velop without disturbance, and as a 

result, the numbers of Herring Gulls increased. Thijsse (1912ab), after a visit to the “Vogelarij” at Rottum, 

described the practice of “controlled egging” (allowed only after special permission until 15 June, 3-egg 

clutches remained untouched throughout, a single licenc e is provided) and the appare ntly successful measures 

to protect the colony by the warden of the island. It was also following this visit, however, that concerns were 

expressed that Sandwich Terns Sterna sandvicensis suffered from increased predation by Herring Gulls (Thijsse 

1912b). On the neighbouring island Schiermonnikoog, where 50 pairs of Herring Gulls bred, the colony was 

fully protected and an increase was foreseen (Woltman 1914). A few nests of Herring Gulls were found in dune 

areas between Zandvoort and Noordwijk (Verwey 1915), but large numbers occurred only in the more 

traditional sites. An increase in breeding numbers was reported from Den Haag (Van der Vliet 1918). 

Vijverberg (1917) is one of the first authors to mention anyt hing about the diet of Herring Gulls, in this case of 

birds nesting at Schouwen (Haemstede).  Apart from a single Common Starfish Asterias rubens , numerous 

pellets were found to contain crushed Common Mussel shells Mytilus edulis . 

 

1920-1930 (2700-13,500 bp Herring Gull, Lesser Black-backed Gull colonising, <10bp) 

 Numbers of breeding Herring Gulls steadily increased and new sites were colonised. Between 1925 

and 1930, the total breeding population amounted to 8000-10,000 breeding pairs in 20 colonies ( AppTable 2.1; 

Haverschmidt 1942, Mörzer Bruijns 1956). The entire coas tline had been colonised and Mörzer Bruijns (1956) 

specifically mentioned that these birds did not cause an y problems and that their numbers were therefore not 

too large. Relatively large Herring Gull colonies were known to occur at Rottum, Noorwestplaat, Schiermonnik- 
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Table 2.1. Estimated numbers of Herring Gulls breeding  in The Netherlands in the late 1920s to late 1950s 

(after Ardea 17: 14-18, Ardea 28: 96, Haverschmidt 1942 and Mörzer Bruijns 1958). 

Location 1926 1938 1948 1957 

Rottum 800 1000 2200 1150 

Noordwestplaat*) 275 175   

Schiermonnikoog 3500 4000 2000 1400 

Ameland 5 400 750 175 

Terschelling 1300 6000 1600 1750 

Vlieland 500 2500 800 900 

Texel 300 1800 4000 1800 

Callantsoog 30 800 1350 1200 

Schoorl n.d. 50 n.d. 970 

Bergen 250 500 400 150 

Heemskerk n.d. 3100 2000 1400 

Kennemerduinen n.d. n.d. n.d. 600 

Zandvoort n.d. n.d. n.d. 40 

Noordwijk 45 100 100 30 

Wassenaar 80 600 400 1000 

De Beer n.d. 0 n.d. 275 

Voorne 0 20 n.d. 0 

Scheelhoek 0 0 60 70 

Goeree 0 0 0 5 

Schouwen "100s" 5000 4000 1800 

Walcheren 0 0 0 45 

Saeftinghe 0 0 1 250 

Braakman    41 

 7085 26045 19661 15051 

Estimated 10000 26000 19000 15000 

*)��Not��separated��from��Rottum��in��later��years��

 

oog, Vlieland (Wadden Sea islands) and in Zwanenwate r (mainland coast Noord-Holland), smaller settlements 

occurred at Terschelling, Texel (Wadden Sea), Bergen (mainland Noord-Holland), Wassenaar (mainland Zuid-

Holland) and Schouwen (Delta area; Van Oordt & Verwey 1925). Between Noordwijk and Bergen, occasional 

breeding pairs were found. Meyendel (Wassenaar), where 250 breeding pairs were reported (Groot 1921, 

Schierbeek 1926, van Dijk et al.  1981, van Ommering & van der Salm 1990; Ardea  18:21, DLN 30: 244, Ardea  

25:82), was first mentioned as a breeding site, while Tinbergen (1939, cited in Van der Hammen 1978) 

indicated that Herring Gulls had occurred near Wassenaar as breeding birds “for centuries”. Bouma (1927), 

from the colony in Wassenaar, is the first to mentio n domestic refuse (margarine wrappings) and mammals 

(Rabbit Oryctolagus cuniculus ) as Herring Gull prey items. 

 In the mid-1920s, Lesser Black-backed Gull were still considered scarce winter visitors and passage 

migrants in small numbers (mostly Aug-Nov; Van Oordt & Verwey 1925). The first three breeding attempts of 

Lesser Black-backed Gulls were recorded in 1926 at Boschplaat, Terschelling (Bouma 1929, Tinbergen 

1929abc). In 1929, more or less isolated pairs of Lesser Black-backed Gulls were found nesting in at least 

three colonies of Herring Gulls: Schiermonnikoog (pos sible breeding; certain in 1934; Haverschmidt 1942), 

Terschelling (see above) and Schouwen (Rutten 1929).  On Haamstede on Schouw en, Lesser Black-backed 

Gulls were probably breeding in 1927 and 1928, whil e 3 pairs were found in 1929 (Haverschmidt 1942). 

Haverschmidt (1942) listed totals of 5 pairs (or nesting attempts) for 1927 and 1928, 6 in 1929, and 9 in 

1930. In 1928, a more accurate investigation at Terschelling indicated that the birds did not all belong to the 

same type: there was a considerable variation in mantle colours (Tinbergen 1929c). There were 5 birds 

resembling the intermedius -type, one bird was rather dark and appr oximated the nominate race in colour, 

while another was light with pale yellow legs. There were two other fairly dark birds, one of which was mated 

with a Herring Gull (three eggs). According to the wardens,  at Terschelling, chicks hatched in the first half of 

June. 

 

1930-1940 (13,500-26,000 bp Herring Gull, 10-20 bp Lesser Black-backed Gull) 

 Number of Herring Gulls breeding in The Netherlands continued to increase and with that concerns 

about what was described as ‘an overpopulation’ were expressed more and more often (Van Dobben 1934):  

Tenslotte zou ik graag de nadruk willen leggen op de wen schelijkheid, alle meeuwenkolonie's aan een contrôle te 

onderwerpen. Er zijn er b.v. in ons land, die nog onge stoord doorgroeien, omdat de schade ervan op het moment 

niet zoo gevoeld wordt. Later kunnen we  er echter de grootste last mee krijge n. Om in dit opzicht verrassingen te 
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voorkomen, hebben we immers de aangewezen taktiek, om verdere uitbreiding van het aantal meeuwen door het 

schudden van een funk percentage eieren, bv. 2 per nest, te voorkornen. In de laatste jaren heeft het geslacht 

Larus de vogelbescherming voor moeilijke problemen gest eld. De geweldige toename, in ons land vooral van 

zilver- en kap-meeuwen, aanvankelijk met vreugde begroe t, heeft tenslotte door het brutale ,,Draufgangertum" 

van deze vogels de vorm van een ware meeuwenplaag aangenomen. Andere vogels, die we graag willen 

behouden, zijn hierdoor dusdanig in het gedrang gekomen, dat een beperking van het aantal meeuwen 

noodzakelijk is geworden. Er is geen sprake van een uitroeien van de meeuwen. Zij moeten onze kusten blijven 

versieren, en de steden opvroolijken, en dat in groot aantal! Het gaat slechts om een beperking, misschien is het 

al voldoende, om verdere uitbreiding van het aanta l te voorkomen, en verplaatsingen te bewerken. 5 

 

Substantial settlements now occurred in dune areas in Noord- and Zuid-Holland (Ardea 28, 96 cit. in Zomerdijk 

et al. 1971and cit in Van Dijk et al.  1981). It was clear that an important anthropogenic resource for Herring 

Gulls were the numerous refuse dumps (every village ha d at least one, larger towns used a fair number of 

dumps; Binsbergen (1935). “Damage on eggs and chicks of other birds” inflicted by Herring Gulls, however, 

was now considered a serious problem (Mörzer Bruijns 1956). Many regional newspapers published public 

discussions about the (presumed) dama ge done by Herring Gulls. Even th ough some wardens argued that the 

evidence was lacking, and even while studies of the diet of these birds showed that chick predation was 

apparently negligible (e.g. Bakker 1937), for the general public, many scientists and conservationists alike, the 

damage done by Herring Gulls was evident, even  if their arguments were often subjective:  

“Het felle oog en de forse snavel maken duidelijk, dat va n nesten van andere vogels, welke door de Zilvermeeuw 

zijn ontdekt, weinig overblijft .” (subscript of photograph in Mörzer Bruijns 1956). 6 

Some 30 pairs of Herring Gulls were found nesting at Texel in 1919, 50 pairs in 1920 and around 1500 pairs in 

the early 1930s (Drijver 1934). Breeding gulls (Herring Gulls and Black-headed Gulls) were now considered a 

significant threat to other wildlif e and to farmer’s properties.  

“Zij zwermden uit de polders naar de boerderijen en de dorpen en kwamen al spoedig tot de ervaring, dat 

piepkuikens in smaak niet onderdoen voor leeuwerikjes en kievitjes, en dat het niet eens zoo moeilijk was een 

booze kloek te overrompelen… Zelfs de jonge musschen en spreeuwen onder de dakpannen, al was het ook in de 

kom der dorpen, waren niet meer veilig.”  (Drijver 1934). 7 

New, poorly planned initiatives were meant to turn the tide. Nest were disturbed an d eggs were removed, but 

while intended to stop the increase, these actions had an adverse effect: the few and dense colonies were 

disturbed, but more small colonies became established in other areas, even closer to human settlements in 

places. In 1938, persecution started at all existing colonies at the time, but again in a poorly organised set-up, 

so that more breeding pairs resettled and dispersed. The total Herring Gull population in 1938 was estimated 

at 25,800-26,300 pairs ( AppTable 2.1). The quality of this count was doubted, however, because counts were 

mainly done by “jachtopzieners” and reserve wardens “with variable interests” (Haverschmidt 1942). During 

1939, in some of the larger Herring Gull colonies owned and managed by the State Forestry Service, stringent 

control began to be organised by the Herring Gull  Commission, and about 10,000 adult Herring Gulls were 

killed by poison (strychnine nitrate; Mörzer Bruijns 1958). 

 Meanwhile, the population of Lesser Black-back ed Gulls expanded slowly. At the Boschplaat, 

Terschelling, numbers increased slowly (1930 9, 1931 10, 1933 10, 1936 14, 1939 14pairs; Haverschmidt 

1942). Mixed pairs (Herring Gulls x Le sser Black-backed Gull s) occurred annually sinc e 1928, and were still 

found in 1933, but not in 1936 and 1939. The species was found breeding at Schouwen in 1931 and 1939 [no 

figures] (Haverschmidt 1942), isolated pairs were found in Schoorl and probably at Texel in 1934 

(Haverschmidt 1942; Ardea 24, 55; cit. Zomerdijk et al.  1971). Breeding at Texel was confirmed in 1935, 

                                                 
5 Finally, I would like to emphasise the need to control all gull colonies. In our country there are colonies for example that ca n 

increase undisturbed, because the damage inflicted by the gulls is currently not so serious. We may get problems with them 

later, however. To avoid unpleasant surprises, we can minimize colony growth by killing (by shaking them) a fair proportion of 

the eggs, for example two per nest. In recent years the genus Larus has brought about difficult problems for conservationists. 

The enormous population increase, in our country mostly of Herring Gulls and Black-headed Gulls, initially welcomed with joy, 

turned into a gull plague, particularly because of the brutal be haviour of these birds. Other bird species, that we would also like 

to keep, have ran into trouble, so much so that a reduction of the number of gulls is inevitable. We wish to keep them as 

coastal birds and as visitors of our cities, in large numbers even. We are only suggesting a reduction of the growth of the 

existing population, or to make them move to areas where they do not cause problems. 
6 That bright eye and the heavy bill clearly show that nests of other birds, once detected by the Herring Gull, will be robbed  
7 They swarmed from the polders to the farmyards and the villages and soon discovered not only that small chickens taste just 

as nice as chicks of larks and lapwings, but also that the angry mother hen could be intimidated successfully. Even young 

sparrows and starlings hidden in nests under roof tiles, even those in villages, were no longer safe. 
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when a pair of Lesser Black-backed Gulls was found the Westerduinen (Makkink 1935), mixed pairs were found 

at Vlieland in that same year (Haverschmidt 1942). Makkink (1935) described the birds at Texel and concluded 

that “ the grey of the mantle was very light, considerably lighter than that of the birds … on the isle of 

Terschelling. The light was now favourable and in all po sitions the grey of the mantle appeared intermediate 

between the grey of Larus canus canus L. and of L. fuscus subsp. from Terschelling . On the spot where the bird 

alighted I found afterwards a secondar y, which I compared with the corresponding ones of a dozen adult birds 

in the Museum of Natural History at Leiden, which were all determined as L. fuscus affinis Reinh. ” 

 

1940-1950 (13,750-20,500 bp Herring Gull, 15-45 bp Lesser Black-backed Gull) 

 During the second World War, 1940-45, direct observations of gulls were sparse and no census 

could be made (Mörzer Bruijns 1958). The use of gull eggs by the general public increased markedly, 

particularly so at the end of the war when human re sources were at their minimum (Brouwer & Junge 1945, 

1946). But even in 1941, Strijbos (1941) reported that hardly a single Herring Gull fledged from the mainland 

colonies: egging was widespread and in a small town as Egmond, up to 200 egg collectors would depart each 

morning on egging “excursions”, taking any clutch they  encountered in the dune area (many other species of 

ground-nesting birds included). Still, and much to the re gret of the most fanatic, the widespread use of land 

mines made certain colonies no-go zones and Herring Gu lls could nest there relatively undisturbed (Mörzer 

Bruijns 1956). In 1947, colony census was organised. The to tal number of breeding pairs was not as high as in 

1939 (about 16,000 pairs were counted). In 1948 19,000 pairs were counted ( AppTable 2.1). After the war, by 

order of the National government, an intensified campai gn of systematic destruction of Herring Gulls began 

(Strijbos 1941, Mörzer Bruijns 1958, Braaksma 1968). At De Beer, Scheelhoek and Kwade Hoek, hundreds of 

gulls were shot and poisoned per annum (Ann Repo rts Natuurmonumenten, De Beer). Between 1946 and 1954 

so many eggs were destroyed that the entire “surplus production” was removed (Mörzer Bruijns 1956). As a 

result, the population increased only slowly. It was intended to keep part of the Wadden Sea (notably Vlieland 

and Griend) and within the Delta area at least De Beer and dunes areas at Voorne and Goeree “free” of Herring 

Gulls (Mörzer Bruijns 1956). The systematic persecution of Herring Gulls certainly prevented a successful 

colonisation in the northern parts of the Delta area (Meininger et al.  2000). In Noord-Holland, so far, breeding 

occurred almost exclusively in dune areas. From the late 1930s and early 1940s on, however, inland breeding 

attempts have been documented indicating a further range expansion (Oude Zeug 1939, Warmenhuizen 1941-

43, Geestmerambacht 1942; Van Oordt 1941, Zomerdijk et al.  1971). Perhaps as a result of frequent 

disturbances and egg-destructions within the major colo nies, Lesser Black-backed Gulls increased only slowly 

in numbers. Breeding at Meijendel was for the first time reported in 1946 or 1948 (Van Dijk et al. 1981, Van 

Ommering & van der Salm 1990). The total breeding populati on of Lesser Black-backed Gulls in the late 1940s 

numbered only 40-50 pairs (Teixeira 1979) 

 

1950-1960 (12,850-23,700 bp Herring Gull, 20-85 bp Lesser Black-backed Gull) 

 From 1949 to 1955, Herring Gull numbers fluctuated around an average of c. 19,000-20,000 pairs 

(Mörzer Bruijns 1958). A further expansion of breeding sites was recorded at Texel, where Herring Gulls were 

now nesting near De Geul and in the Slufter valley in the northwest of the island (Drijver 1957). The population 

showed a tendency to increase, although almost every year large numbers of eggs were taken and young and 

even adults were killed. At De Beer, between 1950 and 1960, annually some 431 ± 143.0 adult gulls were shot 

and poisoned (Ann Reports Natuurmonumenten; from Meininger et al.  2000). In 1954, 1955 and 1956 control 

measures were carried out more drasti cally throughout the country, especial ly in the larger colonies, because 

of the anticipated damage inflicted by Herring Gulls to other birds. Thousands (1954: 12,000; 1955: 10,000, 

1956:7,300) of breeding birds were poisoned with bread or an egg containing 50 mg of strychnine-nitrate laid 

out near the nests. The effect of the 1954 campaign  was noticeable in 1955 (breeding population 23,000 �Æ 

18,000) and that of 1955 in 1956 (18,000 �Æ 14,500). The campaign of 1956 seemed to be without effect 

( AppTable 2.1), although about 25% of the breeding population was killed (14,500 �Æ 15,000). It is suggested 

that the stabilisation, or even slight increase, had been caused by immigrating gulls from abroad. Mörzer 

Bruijns (1958 argued that “the stringent control on eggs and young in the Dutch colonies already carried out 

since 1946 and especially since 1954, made it improb able that these gulls originated from the Dutch 

population”. Control measures were continued in 1957 in attempts to reduce the breeding population to about 

10,000 pairs in the 1960s (Mörzer Bruijns 1958). 

 The total breeding population of Lesser Black-backed Gulls in the late 1950s still numbered less than 

100 pairs (Teixeira 1977). In the northern part of the Delta area, a first breeding of Lesser Black-backed Gulls 

at De Beer was recorded in 1957 (Ten Kate 1959). In Me ijendel, at least 10 pairs of (British) Lesser Black-

backed Gulls were reported to nest plus a mixed pair (Lesser Black-backed Gull x Herring Gull (Blaak 1957). 
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1960-1970 (13,600-23,600 bp Herring Gull, 25-825 bp Lesser Black-backed Gull) 

 In the early 1960s, several new factors influencing population trends were identified, including the 

effects of organochlorine pesticides (Koeman 2007) and a modernisation of the fishing fleet (Rijnsdorp et al.  

2008). Poisoning of (Herring) gulls, resulting from pollution of the Dutch coastal waters with organochlorine 

pesticides, became a serious issue during the 1960s, even though the effects were only studied in depth for 

terns Sternidae and Common Eiders Somateria mollissima (Spaans 1998b, Koeman 2007). Double beam 

trawling, introduced in the early 1960s, proved a successful fishing method to catch deep burying flatfish. In 

less than 10 years, the otter trawl fleet was replaced by a highly specialised beam trawling fleet. Engine power, 

the size of the beam trawl, the number of tickler chains and the fishing speed increased rapidly and fishing 

activities expanded into previously lightly fished grounds and seasons, enhancing foraging opportunities for 

scavenging seabirds on a grand scale (Rijnsdorp et al.  2008). In the mid-1960s, the destruction of adult gulls 

from “unwanted” colonies came largely to halt. In th e 1960s, a public environmental awareness developed, 

partly in response to the book Silent Spring  (Carsons 1962, Lytle 2007). It became more and more obvious 

that the continued development of industrialised countries reached a point at which an environmental crisis 

threatened the stability of the system (Singer 1968, Schaefer 1970). Our natural environment became 

something to protect (culminating into the 1970 European Conservation Year) rather than to ruthlessly exploit. 

With hindsight, this combination of factors in the 1960s and 1970s may have changed the tide for nesting 

gulls: a period of  rapid population growth followed ( AppFigs. 2.5-6). 

 

Table 2.2 Population trends (rounded, estimated number s) of Lesser Black-backed Gulls and Herring Gulls 

breeding in The Netherlands from 1960 to 2005 in the Wadde n Sea area, in coastal colonies on the mainland 

(Noord- and Zuid-Holland), in the Delta area and d eeper inland (from Spaans 1998ab, and SOVON database). 

Lesser Black-backed Gull  Herring Gull  

 Wadden Mainland  Delta Inland Totals   Wadden  Mainland  Delta Inland Totals  

1960 80 0  1 2 80  1960  6250  5460  1880 5 13590  

1965 170 20  0 0 190  1965  13690  1820  1470 1 16980  

1970 700 90  30 3 820  1970  16140  1460  2580 0 20180  

1975 4500 300  200 4 5000  1975  31610  2980  6390 1 40980  

1980 9670 1460  840 10 11980  1980  46520  7080  17040 110 70750  

1985 14540 2770  2070 20 19400  1985  54440  9970  24370 100 88880  

1990 13510 1770  9270 90 24640  1990  49910  3450  23760 20 77140  

1995 20780 980  18900 340 41000  1995  38090  2910  28130 460 69590  

2000 32610 1700  31610 950 66870  2000  29570  2150  28690 620 61030  

2005 53090 4310  33970 630 92000  2005  32710  3740  16110 170 52730  

 

 During the 1960s, Herring Gulls in mainland coloni es declined, and a marked increase was found on 

the Wadden Sea islands ( AppTable 2.2). In the Delta area, a substantial increase occurred in the late 1960s. 

Following the continuing disturbances  and destructions, Herring Gulls in mainland Noord-Holland bred almost 

exclusively in coastal dune areas (Zwanenwater 9 co lonies, totally 110p, Schoorl 245 pairs in 1969, Schoorl-

Egmond 10p, Egmond-Wijk aan Zee 70-100p). Counting colonies was difficult, as a result of the persistent 

disturbances of nesting locations. In Noord-Hollands Duinreservaat the population declined from from 500 to 

100 pairs between 1953 and 1965. The colony at Schoorl was still frequently disturbed, and while 800 pairs 

bred in 1967, only 245 pairs occurred in 1969. The total breeding population in the late 1960s in Noord-Holland 

was estimated at only 450-500p. (Zomerdijk et al. 1971). Shooting Herring Gulls was still commonplace within 

the dune areas and Van IJzendoorn (1968) reports “dozens”  of shot Herring Gulls found in Midden Heerenduin 

(Duin & Kruidberg near Castricum) in 1965-1967. Numbers in Zuid-Holland (Goeree-IJmuiden) reached an 

absolute low as a result of a combination of chemical pollution, destruction (Amsterdamse Waterleiding Duinen 

colony and De Beer), and culling (Wassenaar). The breeding site at Scheelhoek near Stellendam was 

increasingly unsuitable as a result of vegetation succession (Van Dijk et al.  1981). 

 From the mid-1960s on, numbers of Lesser Black- backed Gulls increased significantly in most 

colonies. On the Wadden Sea islands, the population increased from 80 to 700 pairs with a marked spurt at the 

end of the decade ( AppTable 2.2). In Noord-Holland, around 1969, 12 pairs were reported breeding in Schoorl, a 

few pairs were found between Wijk aan Zee and Egmond. The Zwanenwater Nature Reserve was referred to as 

“a former breeding area” (Zomerdijk et al. 1971). In Wassenaar, c. 23 pairs were breeding in 1960-67 (Van 

Dijk et al.  1981). A “few breeding pairs” were found in Eu ropoort in the mid-1960s (Rijsdijk 1968ab, cit in 

Meininger et al.  2000).  
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Figure 2.5. Reconstructed 

population trends (breed-

ing pairs) for Herring 

Gulls breeding in The 

Netherlands in the 20 th  

century (multiple sources; 

see text).  
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Figure 2.6. Reconstructed  

population trends (breed-

ing pairs) for Lesser 

Black-backed Gulls colon-

ising The Netherlands in 

the 20 th  century (multiple 

sources; see text).  

 

1970-1980 (20,200-70,750 bp Herring Gull, 825-12,000 bp Lesser Black-backed Gull) 

 The population of Herring Gulls “exploded”, from just over 20,000 in 1970 to well over 70,000 pairs 

in 1980 ( AppTable 2.2), as a result of substantial increases in all breeding areas. Several factors may have 

contributed to this trend: the systematic persecution was halted, chemical pollution (drins released in the 

Botlek area) with immediately lethal effects was much reduced, large open rubbish dumps became established 

all over the country providing a rich resource of food, and coastal fisheries with beamtrawlers intensified even 

further (Rijnsdorp et al.  2008). Spaans (1979b) reported a 14% per annum increase in breeding numbers of 

Herring Gulls. Within the Wadden Sea area, the increase was more prominent in the western part than in the 

eastern part, where the effects of chemical pollution in the 1960s had been smaller. The population in a single 

mainland colony (Meijendel) increased from 1183 pairs in  1973 to 3257 pairs in 1979 (Spaans 1980 cit. in Van 

Dijk et al.  1981), but most other colonies increased at similar rates (Geelhoed et al.  1998). Breeding numbers 

at the Maasvlakte increased from 450-500 pairs in 1977 to 1000 pairs in 1979, with another 200 pairs at 

Europoort. In Zuid-Holland as a whole (Goeree-IJmuiden), the population increased from c.  2000 pairs in 1975 

to c. 4900 pairs in 1979 (Van Dijk et al.  1981).A new colony was formed in the Grevelingen basin. 

 The increase in number of breeding Lesser Black- backed Gulls was even more spectacular. Spaans 

(1979a) reported a 30% per annum increase in breedi ng numbers and highlighted the end of systematic 

destruction of gull colonies as a vital factor. The largest coonies were now at Terschelling (8410 pairs in 1977, 

7350 pairs in 1978). The numbers of breeding Lesser Blac k-backed Gulls in Schoorl increased from 12 pairs in 

1969 to 21 in 1970. In Wassenaar, a rapid increase from 50 pairs in 1969, 80 in 1970, 406 in 1976 to 750 

pairs in 1979 was found (Spaans 1980, Van Dijk et al.  1981). Also the colony in Europoort increased rapidly 

(Meininger et al.  2000). Further developments included: first breeding in the Amsterdam Waterleiding duinen 

in 1972, 2 pairs in 1979, Kennemerduinen 1 pair in mid 1970s, 2 pairs in 1979, Maasvlakte 60-80 pairs in 

1977, 120 pairs in 1979 (Spaans 1980, Van Dijk et al.  1981). Breeding numbers in the Delta area increase 

from a mere 30 pairs around 1970 to 840 pairs in 1980. 

 Prior to 1968 the Red Fox Vulpes vulpes  was no more than a rare vagrant in mainland dune areas 

(Broekhuizen et al. 1992). Introductions of Red Foxes in the mainland dune areas occurred in the late 1960s 

and early 1970s. These foxes managed to establish viable populations and colonised new coastal areas 

between Den Helder and Hoek van Holland. The effects on  ground nesting gulls were  immediately obvious in 

(Bouman et al.  1991, Woutersen 1992). Gulls responded by a marked increase in the incidence of roof-nesting 

(Eulderink et al.  1990) and by emigration to neighbouring colonies (Texel, Maasvlakte/Europoort; Meininger et 

al.  2000). 
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1980-1990 (70,750-89,200 bp Herring Gull, 12,000-25,000 bp Lesser Black-backed Gull) 

 Population trends were more variable in this period. Herring Gulls peaked at around 90,000 breeding 

pairs in the mid- and late-1980s, but then stabilised or declined (Spaans 1998c, Dijken 1999 ). A population 

decline in the late 1980s was particularly strong in  mainland colonies (10,000 to 3500 breeding pairs; AppTable 

2.2). In the northern Delta area, Herring Gulls settled th at had been driven away fro m mainland colonies as a 

result from predation by Red Fox (1980-1995 explosive population growth to 10,000 pairs at 

Maasvlakte/Europoort; Meininger et al.  2000; Norman Deans van Swelm in litt.). The increase in breeding 

numbers of Lesser Black-backed Gulls slowed down after 1985, declines were found in mainland colonies in the 

same period, but breeding numbers in the northern De lta area quadrupled (Van Ommering & van der Salm 

1990, Geelhoed et al.  1998, Dijken 1999, Meininger et al.  2000; AppTable 2.2). Small inland breeding populations 

of Herring Gulls declined in the late 1980s, but continued to increase in Lesser Black-backed Gulls. 

 Ground-nesting gulls in Zuid-Holland and Noord- Holland continued to suffer from Red Fox predation. 

The breeding population of Lesser Black-backed Gull s at Meyendel, one of the most prominent sites in 

mainland Zuid-Holland, increased from 850 to 1800 breeding pairs between 1984 and 1988, but rapidly 

declined to 1140 pairs in 1989, 450 pairs in 1990, less than 100 pairs in 1991 and only  2 pairs in 1993. Herring 

Gulls at Meyendel peaked at 3100 pairs in 1987, but de clined to 1250 pairs in 1989, 170 pairs in 1990, 25 

pairs in 1991 and went more or less extinct thereafter (http://www.vwg-m.nl/soorten/Zilvermeeuw; accessed 

31 Jul 2011). It would be an oversimplification to blame all population trends in ma inland gull populations on 

Red Fox activities, but under pressure of this predat or (absent within the Wadden Sea area), many large 

colonies fell apart. New, smaller colonies were formed in industrial areas, in inland meadows, on roofs of 

buildings in major cities and on islands or relatively fox-free areas in the Delta area and in IJmuiden. Overall, 

the breeding numbers on the mainland declined markedly in both species (Spaans 1998abc). The virtual 

absence of nesting large gulls in much of mainland Noord-Holland (just south of Texel; Ruitenbeek & Cottaar 

2010ab) in the 1990s and in more recent years must therefor e be seen as an artefact. It is not the result of a 

scarcity of suitable breeding habitat.  

 

1990-2000 (62,800-85,000 bp Herring Gull, 25,000-67,000 bp Lesser Black-backed Gull) 

 A change in domestic waste management became established in The Netherlands, and many refuse 

dumps were closed as a result. Dump sites were largely covered up, and increasing amounts of waste were 

incinerated rather than dumped. Meininger et al.  (2000) observed that this trend coincided with a stabilisation 

and gradual decline of breeding numbers of Herring Gulls in the northern Delta Area after the mid-1990s. In 

1997, the largest colony in the country at that time (Saeftinghe, Westerschelde) numbered 10,000 breeding 

pairs (Spaans 1998c). Since the open refuse dump at Te xel was closed and covered up in 1992, the population 

declined by as much as 36%  in six years time (11,150 pairs in 1992, 7200 pairs in 1998; Dijksen et al.  1999). 

Herring Gulls in the Wadden Sea area declined from 50,000 pairs to less than 30,000 pairs in just one decade 

(Spaans 1998c, Dijken 1999). In coastal mainland colonies , Herring Gulls declined from 3500 pairs to just over 

2000 pairs in the same period. In the Kennemerland area (IJmuiden-Haarlem), in the early 1990s, 590 pairs of 

Herring Gulls were breeding, 85% of which in cities (mostly IJmuiden, some in Haarlem), and only 15% in 

dunes (Kennemerduinen and Midden Herenduin; Geelhoed et al.  1998). Numbers stabilised in the Delta area, 

while inland settlements increased spectacularly (20 pa irs in 1990, nearly 500 pairs in 1995, over 600 pairs in 

2000). Meanwhile, Lesser Black-backed Gulls continued to increase, from nearly 25,000 pairs around 1990 to 

c. 67,000 pairs around the turn of the century ( AppTable 2.2). Mainland colonies remained more or less stable, 

but in the Delta area and in the Wadden Sea district the increase continued. inland settlements increased 

spectacularly (90 pairs in 1990, 340 pairs in 1995, to 950 pairs in 2000). In the Kennemerland area (IJmuiden-

Haarlem), in the early 1990s, only 80 pairs of Lesser Bl ack-backed Gulls were breeding, nearly all (99%) in 

cities (mostly IJmuiden, some in Haarlem), and only 1% in dunes (Geelhoed et al.  1998). At Texel, with only 

2979 pairs nesting in 1995, a 73.3% increase occurred in only three years to 11,161 pairs in 1998. The 

authors explain this increase partly by  the decline of Herring Gulls (Dijksen et al.  1999). 

 

2000-2010 53,000-67,800 bp Herring Gull, 67,000-92,000 bp Lesser Black-backed Gull) 

 Around 2005, when the demographic studies at Texel were about to start, Herring Gulls breeding in 

The Netherlands had declined to c. 52,750 breeding pairs. With 32,700 pairs in the Wadden Sea area, this 

remained one of the key breeding areas. Around 3750 pairs nested in coastal areas of the mainland, just over 

16,000 pairs in the Delta area and only a few hund reds were known to breed further inland ( AppTable 2.2). 

Around 92,000 pairs of Lesser Black-backed Gulls were estimated to nest in The Netherlands (53,000 pairs in 

the Wadden Sea area, less than 4500 pairs in coastal colonies on the mainland, nearly 34,000 pairs in the 

Delta area and just over 600 pairs deeper inland. Inland colonisations continued to occur (Poot 2008), but 

numbers tended to remain fairly low. At Texel, there was no colony census in 2005, but in 2004 6024 
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territories of Herring Gulls were found (650 pairs at De  Schorren, all other pairs in dune reserves). Lesser 

Black-backed Gulls, all nesting in dune reserves, were estimated at 14,454 pairs in 2004. Considering the 

result of the only earlier census in this period, 6592 pairs of Herring Gulls and 13,426 pairs of Lesser Black-

backed Gulls in 2001, the former species was still considered to be in decline, while the latter continued to 

increase in numbers. By far the most important (mixed ) breeding colony was that in the Geul area (southern 

tip of the island), of which the Kelderhuispolder study colony forms an integral part. 

 

In summary - Following conservation measures, the Herring Gull population increased to c. 15,000 pairs in 

the late 1930s (12.2% increase per annum; Anon. 1918,  Spaans 1998c) and that increase was considered a 

problem. Measures to keep the breeding population at or around 10,000 pairs were partly successful, but this 

required relentless persecution, including the destruction or removal of clutches and the killing of thousands of 

adult birds. The widespread culling came to an end in the 1960s, when Herring Gulls (among other seabird 

species), notably those nesting in coastal mainland colo nies and in the western Wadden Sea, suffered from the 

effects of chlorinated hydrocarbons in the marine envi ronment. The releases or leakages of the most toxic 

substances came to a halt in the late 1960s. The number of Herring Gulls subsequently increased from around 

20,000 breeding pairs in the late-1960s to a maximum of nearly 90,000 pairs in the mid-1980s (11.5% 

increase per annum; Spaans 1998c). In the Delta area, th e number of breeding pairs stabilised in the 1980s, 

but then increased by 41% (2.8% per annum) to 31,000 pairs in 1996. In the Wadden Sea area, numbers 

stabilised during the 1980s, but then declined by 40%  (4.2% per annum) to 34,000 pairs in 1996. Herring 

Gulls on the mainland North Sea coast increased unti l the mid-1980s and then decreased by 79% (12.3% per 

annum) to 2100 pairs in 1996. 

 Thus, the population increase of Herring Gulls took place with two spurts of growth: from the mid-

1910s to the late 1930s, and from the late 1960s to the mid-1980s ( AppFig. 2.5). The period in between was 

marked by heavy persecution (Spaans 2007). Herring Gu lls occasionally nested inland during the 1940s 

(Strijbos 1942a) and have regularly done so from the 1960s onwards, with around 530 breeding pairs in the 

mid-1990s. Since the 1970s, the species has regularly nested on buildings in towns up to 25 km from the 

coast; in 1995-96 at least 1500 pairs were breeding on roofs of buildings (Spaans 1998c). Deeper inland, 

however, few birds bred successfully and th e population has thus far remained small. 

 Following a long period with small breeding numbers after the colonisation in the late 1930s, the 

Lesser Black-backed Gull increased strongly to 50,000 pairs in the mid-1990s (Spaans 1998b) and 

subsequently to c.  90,000 pairs in the early 21 st  century (Van Dijk et al.  2007; AppFig. 2.6). Until the mid 

1970s, breeding numbers were small and c. 70% were found in the Wadden Sea.  This proportion dropped to 

51% by 1991-96, while the relative importance of the Delta area increased from 4% to 47% (Spaans 1998b). 

The proportion of gulls breeding on the mainland Nort h Sea coast initially increased to 14% by 1985, but then 

fell to 2% by 1991-96. An important issue in mainland co lonies, both for Lesser Black-backed Gulls and Herring 

Gulls, was the introduction of Red Foxes into coastal dunes areas. Local ground-nesting birds dispersed or 

declined, roof-nesting increased, and many gulls emigrated from mainland colonies in Zuid-Holland towards the 

northern Delta area (Europoort/Maasvl akte) and from colonies in Noord-Holland to safer locations in IJmuiden 

and to Texel. Since the mid 1980s, Lesser Black-backed Gulls have regularly been found nesting on roofs of 

buildings up to 25 km from the mainland North Sea coast. In 1993-96, some 500 pairs were breeding on 

buildings (Spaans 1998b).  

 

Drivers influencing gull population dynamics 

 

Several drivers may affect population dynamics of gulls breeding in North Sea coastal ecosystems 

and in the Wadden Sea, and many of them have  been briefly touched upon in the chronical 

overview above. Examples are fisheries, pollutan ts, eutrophication, and invasive species in the 

marine environment, but there are also more terrestrial issues such as agriculture and waste 

management, or global factors such as climate change. Some drivers are important for some time, 

others continue to affect the functioning of marine systems. Some drivers boost populations, 

others cause declines or act more indirectly or have delayed effects, by affecting for example 

fecundity or recruitment rates. In the literature, many of these drivers have been treated as 

isolated actors inducing environmental change. Animal populations rarely show simple patterns of 

growth or decline, because complex mechanisms interact over time in intrinsically complex 

processes (Lebreton & Clobert 1991). Multiple drivers act in concert, and ecosystem responses 

may become amplified or suppressed. The effects of persecution, exploitation, mammalian 
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predation, domestic refuse dumps, fisheries, and chlorinated hydrocarbons have often been 

highlighted in published accounts. Issues such as eutrophication, climate change, oil pollution, 

severe winters, or other environmental conditio ns have so far not often been mentioned as 

important factors triggering population changes in  large gulls nesting in The Netherlands. What 

follows here is a brief overview of such environm ental conditions, human attitudes (changes in the 

conservation status and culling activities) and the economic changes in human society briefly 

touched upon before, that may have influenced the size of the breeding populations and the 

distribution of colonies throughout the 20 th  and early 21 st  centuries. 

 

Early exploitation – In the 19 th  century and around 1900, Herring Gulls colonies were frequently 

raided by humans in search of eggs (for food). Besides, gulls were shot for fun in coastal holiday 

resorts. Around 1912, protective measures were implemented to safeguard colonies from egging 

and other forms of disturbance and the demand for seabird feathers had come to a halt. As soon 

as the first protective measures became establis hed, the breeding population increased and new 

colonies became established. There is little doubt that the exploitation of seabirds, around Europe, 

in fact around the world, had a devastating effect on breeding populations (Croxall et al.  1984, 

Feare 1984). The relaxation of early exploitation is  probably one of the main factors explaining the 

rapid growth of many seabird populations through the 20 th  century. 

 

Early conservation  - There were some protective measures for gulls in the late 19 th  century, 

considering their ‘usefulness’ for agriculture and forestry ( “diersoorten, nuttig voor landbouw en 

houtteelt” ; Anon. 1880, 1892, 1893), but eggs were still taken from nests on a grand scale and 

adults were illegally shot. At Rottum, erosion and an associated decline of breeding habitat were 

considered issues leading to a steady population  decline (Leege 1907). Elsewhere, frequent distur-

bances and egging were thought to prevent Herring Gull colonies from increasing. In 1907, the 

widespread egging was halted (“Vogelwet 1907”, Royal Decision July 1907). Permission to collect 

eggs for human consumption was granted only under special circumstances, for example in so-

called “ Vogelarijen ” (see below). Protective measures were implemented around 1912 (“Vogelwet 

1912”; Anon. 1912), and several colonies became pr otected as a result of private initiatives 

(Staatsboschbeheer, Vereeniging tot Bescherming van Voogels). For the first time in history, 

colonies could develop without disturbance. At Texel, where Herring Gulls had disappeared as 

breeding birds around 1890 (a few birds were found nesting in 1912; Van Eecke 1912), a re-

colonisation occurred in 1914 (Drijver 1934). Nearly 30 pairs were found breeding in 1919, 50 

pairs in 1920 (Drijver 1920, 1934). Breeding was succe ssful, because the colony was protected by 

the Nederlandsche Vereeniging Tot Bescherming Van Vogels. The colonisation may have occurred, 

however, because Herring Gulls breeding at Zwanenwater (mainland Noord-Holland) were still 

persecuted in order to protect the vegetation. There is no doubt that the early conservation 

measures had a strong positive effect on the re productive success and survival of Herring Gulls 

nesting in The Netherlands, so much so, that the conservationists were ‘unpleasantly surprised’ by 

the unwanted side effects of a rapidly expanding population. 

 

Egging - After 1907, eggs of gulls and terns could no longer be collected for consumption, except 

in so-called “vogelarijen” with a special permission that had to be renewed annually (Thijsse 

1912a). At Rottum and the nearby Noordwestplaat (eastern Dutch Wadden Sea), egging was 

permitted until 15 June. Egging has a negative effect  on the reproductive success of birds, but in 

long-lived seabirds, the effects of egg removals are less devastating than direct kills of mature 

birds (Schreiber & Burger 2002). A new breedin g season would provide new reproductive 

perspectives. Moreover, the “vogelarijen” provided  protection of nests that would have been 

unavailable on other sites. Egging never stopped completely, but it became illegal. Most people 

currently believe that the eggs of gulls are not edible (“they taste like fish!”). While this is 

obviously not true, that rooted belief has greatly reduced the risk for gulls to loose their eggs. 
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Persecution and control  New settlements of Herring Gulls and the population increase in 

general were not welcomed by everyone. Early measures to protect breeding sites were 

questioned, because Herring Gulls were thought to relentlessly plunder nests and kill offspring of 

other birds (Thijsse 1912b, Drijver 1920, 1934, Mörzer Bruyns 1958). Even though evidence 

(apart from the occasional sighting of a kill)  was lacking, during the 1920s and 1930s, the 

pressure increased to bring the increase of Herri ng Gulls to a halt. During 1939, in some of the 

larger Herring Gull colonies, owned and managed by the State Forestry Service, stringent control 

measures were organised by the “ Herring Gull Commission ”, and about 10,000 adult Herring Gulls 

were killed by poison (strychnine nitrate). Larg e scale egging (or the destruction of eggs or 

embryos) became part of the campaigns that we re organised between the late 1930s and the mid 

to late 1960s (Mörzer Bruijns 1956, 1958). Eggs were taken on a grand scale during World War II, 

when the systematic destruction of gulls and their nests relaxed a bit, but when egg collectors 

removed virtually all eggs in certain areas (Strijbos 1941). Since the late 1960s, taking eggs of 

colonial seabirds is more or less illegal, but it still occurs locally for human consumption. There 

were indications that some reserve wardens, whether or not specifically instructed to do so, 

destroyed clutches of Herring Gulls to keep th e numbers down, but exact figures are unavailable. 

Shortly after the war, the Herring Gull population was shown to have slightly increased, 

even though almost every year large numbers of eggs were taken and young and adult birds were 

killed (Mörzer Bruyns 1958). Persecution was ther efore intensified. In 1946-1954 so many eggs 

were taken and both young and adult gulls were killed in The Netherlands every year, that the 

annual surplus was eliminated. During these years, the total population stabilised at about 20,000 

pairs, which was still twice the number conservationists “hoped” for and what was seen as an 

acceptable number of breeding pairs. Further measures to reduce the number of nesting Herring 

Gulls were taken and in the absence of immediate success, this developed into a systematic 

campaign of mass destruction in 1954, 1955 and 1956. Thousands (1954: 12,000; 1955: 10,000, 

1956: 7300) of breeding birds were poisoned by pl acing some bread or an egg containing 50 mg 

of strychnine-nitrate near the nests. The effect of the 1954 and 1955 campaigns was noticeable, 

but that of 1956 seemed to be without effect, even though c.  25% of the breeding population was 

killed. An unexpected increase of 7000 birds was a ssumed to be the result of immigrating by gulls 

from abroad. The control on eggs and young in Dutch colonies carried out since 1946 would make 

it unlikely that these 7000 were (only) Dutch recruits. From 1947-1966, some 90,000 adults were 

either shot or poisoned and some 500,000 eggs were destroyed (Spaans 2007). Cullings were 

particularly severe in colonies at Vlieland (18,000 adults killed), Castricum-Wijk aan Zee (15,000), 

and Schouwen (18,000; Spaans (2007; AppFig. 2.7). Between 1945 and 1966, approximately 

90,000 adult Herring Gulls were destroyed. 
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Even though the campaigns of destruction never yielded the results that were hoped for ( c. 10,000 

breeding pairs as a Dutch population and certain areas completely free from nesting Herring 

Gulls), it is quite evident that the inflicted mass mortality has suppressed the expansion and 

growth of colonies. In the mid-1960s, this type of systematic destruction came to an end. It 
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stopped partly because the success of systematic persecution was disappointingly small, but also 

because of an alarming decline in breeding succe ss of a number of seabirds and marine mammals 

in the Wadden Sea area, due to intoxication, following discharges of pesticides by Shell Chemie in 

Botlek near the mouth of the River Rhine (Koeman et al.  1969, Koeman 1971; see below). Large-

scale anti-gull measures were stopped in The Netherlands in 1967, and in Britain and Germany in 

the late 1970's (Vauk & Prüter 1987, Tasker & Becker 1992). Small-scale culling still occurred in 

areas where gulls were considered to pose a hazard to public health, but a marked increase in 

breeding numbers of Herring Gulls and Lesser Black-backed Gulls followed. 

Mammalian predators – Ground-nesting seabirds are vulnerable for mammalian predators 

(McChesney & Tershy 1998, Ratcliffe 2004). Intentionally released mammals such as cats, rabbits, 

pigs or goats have caused major seabird population declines, notably on (small) island populations 

around the world (Jones & Byrd 1979). The same is true for rats and mice (for example) that may 

have landed on islands unintentionally. For large gulls breeding in coastal areas in The 

Netherlands, until the late 1960s, there were no predators other than feral cats to (potentially) 

cause significant problems in colonies. Red Foxes were fairly common only in southeastern parts of 

the country (Limburg, east Noord-Brabant, Gelder land (Veluwe and Achterhoek), Overijssel and 

locally in Utrecht, Drenthe and SE Friesland (IJsseling & Scheygrond 1943, Broekhuizen et al.  

1992). For colonies along the mainland coast of Noord- and Zuid-Holland, this changed following 

some releases (apparently) of Red Foxes in Kennemerduinen and in Noordhollands Duinreservaat 

around 1968 (Broekhuizen et al.  1992). The animals managed to establish viable populations and 

the effect on ground-nesting birds in dune areas was substantial. In the late 1960s, 1970s and 

early 1980s, Red Foxes increased in numbers, colonised new coastal areas between Den Helder 

and Hoek van Holland. Locally, small numbers became established in the Delta area, but the 

effects on ground nesting gulls were most obvious in mainland colonies (Cottaar & Maassen 1989, 

Bouman et al.  1991, Costers 1992, Woutersen 1992, Keijl & Arts 1998). The Wadden Sea was free 

of Red Foxes (Mulder 1996) until an unfortunate, but deliberate release of a couple including a 

pregnant female at Vlieland in 2009 (Mulder 2011). Eight young were born on the island, but most 

animals were eliminated in a concerted effort between wardens and hunters (Mulder 2011). Many 

mainland colonies were plundered by foxes and eventually either fell apart (smaller settlements) 

or declined substantially. Gulls responded by a marked increase in the incidence of roof-nesting 

(Kooistra 1985, Eulderink et al.  1990, Van der Helm 1992, Cottaar 2004, Roobeek 2010, 

Gijsbertsen 2011) and by emigration to neighbou ring colonies (Schoorl and Callantsoog towards 

Texel, Meyendel and other Zuid-Holland dunes ar eas towards Maasvlakte/ Europoort), where foxes 

were either absent or where more or less fox-free ground could be colonised (Costers 1992, 

Meininger et al.  2000). 

 

Waste management – Around the 1930s, Herring Gulls were well known scavengers of rubbish 

dumps, that could be found near virtually every village and town (Binsbergen 1935). At the time, 

the economic situation made people value matter differently than today and rubbish dumps 

contained mostly organic waste and ashes that didn ’t serve any further purpose. Pigs, crows, gulls, 

starlings and sparrows were common visitors of these dumps. The smell of the village dumps in 

summer was legendary, so much so that even determined bird photographers refrained from 

getting close to these sites on warm days. The few observations that have been published suggest 

that mostly immature gulls, rather few adults, frequented these dumps in summer: “Den geheelen 

zomer waren er de jonge zilvers te vinden - die op de broedplaatsen geen boodschap hebben” ), 

while peak abundances of Herring Gulls on dump sites occurred in winter, when also the adults 

joined in (“ het hoogtepunt werd bereikt in de dagen na Kerstmis, ontelbare kippenkoppen en 

konijnenbotjes leveren voedsel aan de groote schare vogels ”; Binsbergen 1935). After the second 

World War, the economic situation gradually impr oved and disposable materials were developed 

that soon led to a huge amount of waste; a trend that has continued ever since (Thompson et al.  

2009). With a rapidly growing human population, and the associated need to build new houses, 
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Box 2.4 National change in waste management 

A change in waste management led to a decline in capacity and accessibility of open rubbish dumps. After 

1990, according, the number of actively used refuse dumps declined from 90 in 1991 to just over 20 in 2006 

and stabilised at that level (Figure). In fact, around 2006,  24 sites were still in use or in a start-up phase, 

another 17 were in final stages of decommissioning, and one site was closed only temporarily. From the 

perspective of scavenging gulls, the resource had been more concentrated  (fewer large sites), but was also 

less accessible (dump sites were earlier covered up). The total capacity of waste dumps amounted to 

58,000,000 m 3 in 2006, with important sites at relatively great distances from the coast (Overijssel, 

Gelderland, Noord-Brabant) and in Noord-Holland.  
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Refuse dump facilities in The Netherlands in 2006: number recently closed or being decommissioned, sites currently used or 

licensed for near-future use, and capacity  

Province Decommissioning Exploitation/start-up capacity (m 3) 

Groningen 5 1 c. 700,000 

Friesland 2 1 c. 1,300,000 

Drenthe 1 1 c. 5,250,000 

Overijssel 3 3 c. 8,500,000 

Gelderland 5 5 c. 8,800,000 

Flevoland 1 2 c. 4,000,000 

Utrecht 1 1 c. 2,500,000 

Noord-Holland 3 4 c. 7,800,000 

Zuid-Holland 1 2 c. 4,500,000 

Zeeland 1 1 c. 1,800,000 

Noord-Brabant 5 2 c. 7,100,000 

Limburg 8 1 c. 5,300,000 

Total 36 24 c. 58,000,000 

Sources: 1  CBS, PBL, and Wageningen UR 2011, 2Werkgroep Afvalregistratie 2007  

 

smaller dumps near villages were closed and larger ones, away from cities and villages, were 

opened. Spaans (1971) described mid-winter censuses at all (104) such large dumps in Friesland, 

Groningen and Drenthe in 1967 and found some 26,000 Herring Gulls foraging. On one particularly 

important site, the compost works of Vuilafvoer maatschappij NV (VAM) in Drenthe), where the 

organic refuse of some 1 million people was processed at the time, some 8000 Herring Gulls were 

present. Spaans (1971) found that numbers of gulls at dumps fluctuated considerably through the 

winter and that certain sites were more important than others. The total number of Herring Gulls 

feeding at the 104 refuse dumps in winter 1967/68 varied between 20,000 and 39,000 (or even 

50,000) individuals. When individual dumps were ranked according to the number of humans living 

nearby (assuming that dump size and thus the feeding resource for gulls would increase with a 

larger resident human population nearby), a po sitive correlation was found between numbers of 

inhabitants and the numbers of gulls at the dumps, which was thought to reflect the effect that the 

amount of available food had on the distributi on of scavenging gulls (Spaans 1971). While Spaans 

(1971) rejected the 0-hypothesis that the ti dal rhythm within the neighbouring Wadden Sea 

influenced the numbers of gulls at dumps, he showed that in fact there was a negative correlation 

between the area of exposed Cockle Cerastoderma edule beds (as a proxy for feeding possibilities 

on mudflats) and the number of gulls at dumps. 
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 The ringing programme of Herring Gulls in the 1980s produced sightings of 1807 

different individuals at 54 different landfill sites throughout the country. The same ringed birds in 

the 1990s produced sightings of 1337 individual birds at 46 different locations. In the 2000s, 

however, with most of the originally ringed individuals probably dead, but with new ringing 

programmes established, 105 individual birds were reported from only 8 refuse dump and waste 

processing plants: 

Groningen, vuilstort 53.20°N 6.62°E 

Wijster, vuilstort VAM 52.78°N 6.52°E 

Medemblik, vuilstort 52.77°N 5.07°E 

ICOVA vuilverwerking Kajuitweg 1 Amsterdam 52.41°N 4.83°E 

Barneveld, vuilstort 52.17°N 5.63°E 

Vuiloverslag Breda 51.60°N 4.77°E 

Bergen op Zoom, vuilstort 51.50°N 4.33°E 

Nieuwdorp, vuilstort Midden Zeeland 51.47°N 3.72°E 

In the 1970s and 1980s, open refuse dumps were in creasingly causing problems and illegal dumps 

of highly toxic waste materials were highlighted as scandals in the media. Costly clean-up 

operations were required and it was realised that national waste management simply had to 

change (Boersma et al.  1984). In the years following more and more open rubbish dumps were 

decommissioned ( AppBox 2.4), which meant that a rich resource for scavenging gulls gradually 

reduced in size. 

 

Climate change – Climate exerts an incompletely understood linkage with marine productivity 

through the transfer of energy from the atmosphere to an ocean surface layer of variable thickness 

(Kawasaki 1985). In that surface layer (the euphotic zone), several components of climate (solar 

radiation, wind, temperature) impact productivity. These variables are correlated, but their 

oceanographic implications and hence their impact on biological processes differ (Raymont 1963, 

Kawasaki 1985). Climate has always changed on the long geological time scales, but rarely so 

much and so rapidly as during the last century (Houghton et al.  1990, Folland & Karl 2001, Møller 

2011). Marked recent changes in the Northern Hemisphere were a widespread reduction in 

temperature variability, a decline in Arctic sea-ice extent, and the proportion of total precipitation 

derived from heavy and extreme precipitation events  over land in the mid- and high latitudes. 

Warming from 1910 to 1945 was initially concentrated in the North Atlantic and nearby regions. 

The Northern Hemisphere showed cooling during the period 1946 to 1975 while the Southern 

Hemisphere warmed (Climatic Research Unit and UK Met Office, Jones et al.  2001). North Atlantic 

cooling has recently reversed and the patterns of  global temperature change since the 1970s are 

related in part to the positive westerly phase of the North Atlantic/Arctic Oscillation, the NAO 

Index 8 (Folland & Karl 2001). 

As a natural cause of demographic change, climate may influence the breeding success of 

seabirds (Jouventin & Weimerskirch 1991, Reid et al.  1999, Durant et al.  2003, Frederiksen et al.  

2004). Seabirds characteristically have high adult survival rates, deferred maturity, and low 

reproductive rates and (some of) these parameters may be expected to be buffered against 

environmental fluctuations (Reid et al.  1999). The two case studies mentioned above suggest that 

easy to measure meteorological parameters have  affected seabird breeding success or mortality 

rates indirectly through changes in the food chain (Thompson & Ollason 2001, Sandvik et al.  

2005). The North Sea ecosystem undergoes cycles with marked changes, observed as altered 

biomass of individual species spanning a range of life forms from algae to birds (Corten 2001, 

                                                 
8 The North Atlantic Oscillation (NAO) is an important mode of variability of the atmosphere of the Northern Hemisphere. The 

NAO index is often defined as the difference of sea-level pressure  between two stations situated close to the "centres of actio n" 

over Iceland and the Azores. The NAO has a large climatic influence on the North Atlantic ocean and surrounding land masses 

and it is a major controlling factor in basic meteorological variables such as wind, temperature and precipitation throughout t he 

whole of Europe and eastern North America. Jones et al.  1997, Stephenson 1997, Folland & Karl 2001, Hurrell 1995, Fromentin 

& Planque 1996, Weyhenmeyer et al.  1997, Drinkwater et al.  2003, Reid et al.  1999, Levitus et al.  2000.  
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Beaugrand et al.  2002, 2003, Edwards & Richardson 2004). Many of the recent biological events 

(and probably many of the historical, less well known events) have been shown to be a response 

to coincident changes in oceanic input and water temperature (Reid et al.  2001). It is a long way, 

however, from shifts in atmospheric pressure vi a a change in water temperature to changes in 

biological resources and shifts in fecundity or survival in a given top predator. Long-term data 

series will be required to test the significance and causal relationships of any correlations found. 

Studies of the possible effects of climate change should always be considered against synergistic 

[acting together or strengthening] effects of ot her drivers of marine ecosystems (Philippart & 

Epping 2009). For ecologically different species, under influence of the same climatic events, the 

effect of climate change ca n be different as a result. 

The Northern Hemisphere has been warmer since 1980 than for any period during the last 

2000 years (Philippart & Epping 2009). Observations of the sea surface temperature (SST) from 

the western Wadden Sea, where the gull studies took place, have shown a steady warming trend 

between ~1980 and the early 21st century (Van Aken 2010). Philippart & Epping (2009) listed a 

whole range of possible consequences of climate change that could stress structure and 

functioning of the food web and may result in a cascade of effects. Extreme scenarios involved 

changes in the surface of tidal and subtidal  areas, between autotrophy and heterotrophy 9, between 

pelagic and benthic production, and between im port and export of energy and matter. An 

increased frequency of mild winters would favour macrobenthic species that are sensitive to low 

winter temperatures. The reproduction of warm-water species, such as Pacific Oyster Crassostrea 

gigas , might for example be stimulated by higher temperatures (Diederich et al.  2005). For other, 

cold water species, a warming trend is likely to cause problems. Examples would be the greater 

weight losses in bivalves during winter (as a result of continuing metabolic activity with higher 

temperatures) and reduced spatfall for bivalves such as Soft-shell Clam  Mya arenaria , Common 

Mussel  and Cockle  (Honkoop 1998, Beukema 2002) . Increases in precipitation within Europe and 

the consequential increase in river runoff and subsequent lowering in salinity may lead to shifts 

from marine to more brackish species such as a shift within polychaetes from lugworms ( Arenicola 

marina ) to nereid polychaetes ( Hediste diversicolor  and Alitta virens ; Zipperle & Reise 2007). 

These are just some examples of foreseen changes that would have an impact on resources of bird 

utilising the intertidal zone, such as Herring Gulls. 

Møller (2011) reviewed existing knowledge on climate change and birds. Numerous 

examples were discussed illustrating what changes have occurred already. Relevant for Laridae are 

questions regarding the rigidity of the annual cycle: what determines the duration of its 

component parts? Specific issues are the timing of breeding (prospecting, laying dates), clutch 

size, duration of incubation and the nestling pe riods, possible mismatches between food peaks, 

breeding date and an optimal timing of reproducti on, the duration of the breeding season and the 

wintering period, the timing and duration of migration. Further aspects include inter-specific 

competition, range expansions of similar species (potential competitors), and the abundance of 

prey (impoverished communities, alien invaders). None of these factors are necessarily 

problematic for gulls, but all aspects require phenotypic plasticity (Piersma & Van Gils 2011). What 

is problematic is that climate effects are translated into numerous changes in the food web, in all 

sorts of directions (even if just considering shifts in abundance), and that population-level effects 

on generalists such as large gulls will be notoriously difficult to disentangle. 

 

Severe winter weather  (cold winters and winter mortality)  -  Lesser Black-backed Gull migrate 

south and winter mortality cannot be measured wi thin The Netherlands. Herring Gulls, however, 

winter in The Netherlands, in Belgium and in northern France. The local breeding population 

around colonies may in winter have been replaced by wintering birds breeding further to the north, 

so that finds of carcasses in breeding areas may refer to individuals that originate from other parts 

                                                 
9 Autotroph = organisms able to synthesise organic matter from carbon dioxide with sunlight as an energy source (plants); 

Heterotroph = organisms unable to synthesise organic ma tter themselves (animals and bacteria); Baretta-Bekker et al.  1998 
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of Europe. From beached bird surveys in winter  (Nov-Apr) over the past 4 decades (1973/74 and 

2011/12) along the North Sea coast (34,362 km surveyed; 9348 Herring Gulls found dead, mean 

0.27 dead Herring Gulls km-1), a distinct increase in winter mortality was found in normal (0.38 ± 

0.00 km -1 , n= 3) and cold winters (0.56 ± 0.28 km -1 , n= 2) relative to mild seasons (0.23 ± 0.09 

km -1 , n= 28; AppTable 2.3). From a slightly shorter series of winter counts within the Wadden Sea 

area (1980/81-2011/12, 15,337 km surveyed, 4202 Herring Gulls found dead, 0.27 km -1 ), a 

similar effect could be demonstrated. Rankings an d categorisations of the IJnsen index are based 

on measurements at De Bilt. Along the coast (in this case an IJnsen index based on measurements 

collected at De Kooy near Den Helder), ‘normal’ and ‘cold’ conditions are relatively rare, and not 

only in recent years ( AppFig. 2.8). Wintering conditions for He rring Gulls are often assumed to have 

become more favourable in recent years (which would also explain why more and more Lesser 

Black-backed Gulls spend their winter in northe rn France, Belgium, the UK and even in The 

Netherlands in recent years), but the IJnsen index does in fact show only a gradual, non-

significant decline since the 1940s.  

 

Table 2.3 . Densities of dead Herring Gulls in winters of different quality based on the IJnsen index (measured 

at De Kooy) along the North Sea shore (left) and in  the Wadden Sea area (right), from NSO beached bird 

surveys (Dutch Seabird Group, CJ Camphuysen unpubl. data).  

Nov-Apr, North Sea shoreline, 1973/74-2011/12  Nov-Apr, Wadden Sea, 1980/81-2011/12  

Characterisation IJnsen Mean SD n= Characterisation IJnsen Mean SD n=  

Extremely mild <3.2 0.22 0.10  19 Extremely mild <3.2 0.26 0.12 16 

Very mild 3.3-5.7 0.27 0.07    7 Very mild 3.3-5.7 0.25 0.15   5  

Mild 5.8-9.7 0.14 0.04    2 Mild-Rather mild 5.8-16.6 0.31 0.10   7  

Rather mild 9.8-16.6 0.25 0.08    6      

Normal 16.7-28.4 0.38 0.00    3 Normal-Cold 16.7-44.3 0.39 0.11   4  

Cold 28.5-44.3 0.56 0.28    2      

n=    39 n=    32 
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Figure 2.8. IJnsen index for De Kooy (Den Helder, The Netherlands), Nov-Mar 1906/07-2011/12 (no value for 

1944/45). The IJnsen index is adopted for a quantitative classification of the winter temperatures, based upon 

the number of frost days ( v, Tmin  < 0°C), ice days ( y, Tmax  < 0°C) and very cold days ( z, Tmin  �” 10 °C). With 

these numbers, known for the winter season (November-March). The IJnsen index ( V) is calculated as V = 

33( v²/12100 + y/50 + z/30). For De Bilt (an inland location in The Netherlands), based on data collected in 

1707-1990, the severity of winters ranged from V <3.2 (extremely mild) to >82.1 (extremely severe, via 16.7-

28.4 (normal winters; Engelen et al.  2001). Compared with De Bilt, the me asurements at De Kooy indicate a 

fairly mild winter climate for the Dutch coas tal area (7 ‘cold’ winters in a century). 

 

Fisheries, discards - There are direct and indirect effects of fisheries on seabirds Tasker et al.  

2000). Seabird mortality from entanglements in fishing gear can lead to marked population 

declines (Zydelis et al.  2009, Anderson et al.  2011, Pascoe et al.  2011). On the other hand, 

seabirds benefit from fisheries, because many fishing activities increase the food supply or 
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enhance the availability of prey for birds. Th e practice of discarding unwanted fractions of a 

commercial catch is clearly beneficial for scavenging seabirds (Garthe et al.  1996). Furthermore, 

major shifts in fish stock composition, for exampl e due to overfishing of large predatory fish, have 

led to a (relative) increase in smaller fish, suitable for consumption by seabirds (Camphuysen & 

Garthe 2000; Camphuysen 2001b). In an ICES study released in 2003, Mark Tasker, Kees 

Camphuysen, Stefan Garthe and Tycho Anker-Nilssen reviewed the alteration of the composition of 

the [North Sea] seabird community by fisheries. It was concluded that gulls in the southeastern 

North Sea had obviously benefited considerably fr om fishery induced changes in food supply, but 

the effects coincided with several important aspects either stimulating or suppressing further 

growth of the population (Tasker et al.  2003). Moreover, negative and positive impacts of fisheries 

on seabirds can occur at multiple spatial and temporal scales. To make things more complicated, a 

single fishery can potentially have simultaneous positive and negative impacts on a species of 

seabird. 

 Earlier studies had demonstrated the importance of fish in the diet of large gulls, certainly 

in the chick phase (Harris 1965, Spaans 1971), but proving the scale of fisheries effects can be 

difficult, due to confounding and interacting combin ations with other anthropogenic effects or with 

oceanographic factors that influence the availability  of marine resources. Herring Gulls and Lesser 

Black-backed Gulls breeding in The Netherla nds have often been studied from a feeding 

community context (Spaans & Noordhuis 1989, Noordhuis & Spaans 1992, Camphuysen 1995). 

Throughout this thesis, however, evidence is provided that while these taxa do occur in (large) 

mixed colonies throughout Europe (nesting communities), their foraging ecology in most areas is 

quite different (Goethe 1955, Verbeek 1977a, Garthe et al.  1999). Nevertheless, some resources 

are shared and competed for (Camphuysen 1994b, 1995a). 

 Fisheries effects may act directly on species or indirectly by affecting the abundance of 

competitors in mixed feeding systems. While numbers  of seabirds breeding or feeding in a given 

area should reflect the carrying capacity of that re gion in terms of the amount of food available to 

them, prey availability is not the same as the si ze of prey stocks present in an area. Several 

factors influence the accessibility of prey for seabir ds and the profitability (in terms of intake rates 

achievable) of a given area. It is tempting to use fisheries statistics (such as landings data) to 

assess prey availability, but in fact these statisti cs may fluctuate independently of prey stock size 

and prey availability is also different for pred ator species using different foraging and feeding 

techniques (Ashmole 1971, Camphuysen & Garthe 2004). Fishery effects may be difficult to detect 

with simple population monitoring. However, shifts in prey availability may directly affect the 

reproductive output (chick growth, young fledged) , or activity patterns and time budgets of adult 

birds, well before any trends can be detected in  breeding numbers. This is the reason that the 

Kelderhuispolder studies have focussed on vital rates such as hatching and fledging rates, chick 

growth and the timing of events, rather than on the population size. In fact, it took a few years 

(and triggered by disappointment after overse eing existing population censuses) before 

assessments of breeding densities and populati on trends became part of the annual work. 

With regard to gulls, North Sea fisheries effects are assumed to have been largely positive. 

Large gulls are high on the list of incidental  entanglements in fishing gear (Camphuysen 1990, 

1994c, 2008b), but overall numbers are low and entanglements are unlikely to have an effect on 

the population level. Fisheries in the southern North Sea have become increasingly beneficial for 

scavenging seabirds after the early 1960s, when otter trawlers were replaced by a beamtrawl 

fleet. The marked increase in the number  of beamtrawlers in the 1970s and 1980s ( AppFig. 2.9) 

may have been of prime importance for the more offshore oriented Lesser Black-backed Gull. 

Camphuysen (1995) and Garthe et al.  (1999) suggested that Lesser Black-backed Gulls, who 

dominated in numbers at these offshore fleets, have filled that empty niche rather than have 

outcompeted Herring Gulls. In more recent years, bo th fleet size and fisheries effort declined with 

likely (negative) consequences for birds relying on  a steady supply of fisheries discards (Rijnsdorp 

et al. 2008, Poos 2010, Rijnsdorp et al.  2011; AppFig. 2.9). Several papers within this thesis report 

on the (presumed) effects of this recent decline in discards production on gull populations. 
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Figure 2.9. Dutch beamtrawl fisheries since the 

early 1960s, expressed as “horse power days” 

(from Rijnsdorp et al.  2008; updated by A. 

Rijnsdorp).  

Bivalve dredging -  In the Wadden Sea, a wetland of international importance, Common Mussel  

cultures occur in sublittoral areas, while mechanical cockle  fisheries were licensed annually after 

evaluation of available resources. In the 1990s and early 21 st  century, wintering Common Eiders 

Somateria mollissima and Oystercatchers Haematopus ostralegus experienced shortages of food 

coinciding with particularly intense mechanical fisheries for bivalves. Common Eiders were forced 

to increasingly use alternative resources in the North Sea ( Spisula subtruncata ; currently 

commercially extinct; Camphuysen et al.  2002). Numbers of dead Oystercatchers in winters 1975-

1996 varied with the number of cold days (severity of a winter) and prey biomass. High mortality 

was observed in the moderate winters of 1976 and 1991 (with low food stocks), and relatively low 

mortality in the cold winter of 1982 (a large food stock; Camphuysen et al. 1996). 
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Figure 2.10. Stock assessments of mussels 

and cockles (flesh mass) in the western 

Wadden Sea, 1976-2002. Mussels are 

mostly subtidal in this part of the Wadden 

Sea (after Brinkman & Smaal 2003).  

 

 Bivalves are important prey species for Herring Gulls foraging in the intertidal zone, but 

the effects of the mechanical fisheries nor natural fluctuations in bivalve stocks have never been 

evaluated for gulls. The declining mussel and cock le stocks in the western Wadden Sea may have 

had (negative) population level effects for Herring Gulls breeding at Texel and Vlieland, particularly 

so in the mid-1980s and early-1990s ( AppFig. 2.10). Suction-dredging of cockles had long-lasting 

negative effects on recruitment of bivalves, particularly the target species, in sandy parts of the 

Wadden Sea basin (Piersma et al.  2001). Large scale disturbances that destroy organisms with a 

role in maintaining habitat stability, such as the mussel and cockle beds in the Wadden Sea, are 

likely to result in slow recovery dynamics, particularly in wave disturbed soft-sediment habitats. 

Positive effects on foraging opportunities for gulls could result from mussel transports and 

(temporarily) exposed cultures. Some negative and some positive effects, only on Herring Gulls, 

are thus expected to (have) occur(red). 

 

Eutrophication - The enrichment of natural waters with inorganic nutrients, eutrophication, was 

formerly known only as a problem in freshwat er environments (Nelissen & Stefels 1988). In 

freshwater, an increased loading with inorganic nutrient salts (notably nitrogen [N] and 

phosphorus [P]) could strongly increase algal biomass. In certain parts of the North Sea, the 

Wadden Sea, and in other marine coastal areas, similar phenomena have been reported (Postma 
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1985, Beukema & Cadée 1986, 1987, Brockmann et al.  1990, Valiela 2006, Klein & van Buuren 

1992). From 1955 to the mid 1980s loads of both N and P in the Dutch coastal area, the Wadden 

Sea included, increased steadily (Gieskes & Kraay 1977). Increases in the amounts of N and P that 

have occurred in the North Sea mostly came from discharged sewage (both treated and untreated) 

and from farmland through both aquati c and airborne routes (Van der Veer et al. 1989; 

Brockmann et al.  1990, Tasker & Becker 1992). The actual amount of nutrients exported by fresh 

water and by air masses to coastal waters is related to the number of people (indiv. km -2 ) on the 

watershed (Valiela 2006). For the Southern Bight, the most obvious sources of this eutrophication 

are the rivers Meuse, Scheldt, Thames and Rhine, with the latter being by far the most important. 

Its annual discharge is around 70 km 3, or 70% of all the fresh water that reaches the Southern 

Bight. River Rhine drains those parts of industrialized western Europe that have the highest 

population density (Gieskes & Kraay 1977) . 

 Immediately after World War II, the river Rhine enriched the continental coastal waters 

only to a minor degree (0.1 kg sec -1  phosphate, 4 kg sec -1  nitrogen). In the early 1960s, however, 

phosphate-containing detergents came into use,  and by 1975 the nutrient averages were 0.7 kg 

sec-1  phosphate-phosphorus, and 12 kg sec -1  nitrogen. The total suppl y of phosphorus by the 

Rhine to the North Sea (50,000 tons annum -1 ) was now roughly half the amount that reached the 

southern North Sea each year through Dover Straits in 4000 km 3 of water of oceanic origin. In the 

1970s, domestic sewage accounted for 70% of the phosphorus in river Rhine; detergents alone for 

44%, the rest from industrial wastes and agricultural land drainage. 

 Suggestions that the increasing nutrient input into the southern North Sea would result in 

an increase in the primary production and how atmospheric, groundwater and riverine inputs of 

nitrogen, phosphorus and silicon influence coastal eutrophication pressures were evaluated by 

Gieskes & Kraay (1977) and Jickells (2005). In fact, patterns of long-term variability in the 

plankton of the North Sea were remarkably uniform over large areas. Clearly, the plankton part of 

the ecosystem responded in a standard, predictable way to large-scale changes in the environment 

not immediately associated with human activities. The gradual decrease in abundance of the 

colonial Phaeocystis poucheti  between 1948 and 1970 and the delay in spring production of 

Temora  and Acartia  since the early 1950s may have been related to a decline of sea temperatures 

on the European shelf in that period, but in the southern North Sea the annual fluctuations in the 

phytoplankton did not correspond to temperature variations in any season. In the region most 

strongly influenced by the eutrophic river Rhine, trends in the annual plankton fluctuations were 

similar to those in adjacent areas. However, th e decrease in diatoms and in copepods was less 

dramatic than elsewhere, while the increase in  microflagellates and other unidentified species 

between 1966 and the early seventies was greater than in any other region. It is possible that the 

increased fertilization of this area has stimulated phytoplankton and zooplankton production in the 

eastern part of the Southern Bight. 

An important effect of eutrophication, next to increased productivity in an area, is an 

increased risk of a complete system deterioration. In some areas of the North Sea (including the 

margins), excessive enrichment was found, and the consequential high primary production led to 

excessive sedimentation of decaying phytoplankton and to oxygen depletion in sediments and 

overlying water (Cadée 1986, De Jonge 1990, De Jonge & Essink 1991, Schaub & Gieskes 1990, 

Baretta-Dekker et al.  1998, Valiela 2006). 

The effects of eutrophication are particularly evident in areas with limited water exchange 

and significant nutrient input, and substantial areas of the southern North Sea were affected 

(Niermann et al. 1990). Annual primary production in the western Dutch Wadden Sea increased 

from c.  40 g C m -2  (1950s) to 150 (1960s) and over 500 g C m -2  (1986). The biomass of 

macrozoobenthos in the mid-1990s had more than doubled since 1970. Simultaneously, the meat 

yield of cultured Common Mussels  increased (de Jonge et al.  1996). The downside of enrichment 

was recorded also within the Wadden Sea ecosystems. In the Balgzand area, for example, oxygen 

values in the water became much reduced (Van Bennekom & Tijssen 1976) 
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Some eutrophication is likely to be beneficial  for certain seabirds. Flocks of gulls and other 

seabirds are commonly foraging near sewage outfal ls all around the North Sea. Eutrophication can 

lead to an increase in stock of invertebrates, which might be beneficial for seabirds feeding on 

them. An increased benthos supply in the Wadden Sea between the 1960s and the 1990s may 

have positively influenced the population dynami cs of gull populations in  that region (Beukema 

1989, Vauk et al. 1989). However, the reduction in nutrient supply has not been followed by a 

decrease in productivity and biomass of phytoplankton (Philippart & Epping 2009, QSR 4.2). 

 

Invasive species - Non-indigenous, exotic, or invasive marine species, have been found in The 

Netherlands for hundreds of years. Wolff (2005) listed more than 100 algae, cnidarians, worms, 

crustaceans, spiders, molluscs, bryozoans, tunicate s, and fish species that were found in coastal 

waters of the North Sea, in the Wadden Sea, or within the Oosterschelde and other estuaries in 

the Delta area (non-indigenous marine and estuar ine plant and animal species). At least 112 plant 

and animal species were known to have been introduced from elsewhere in the world (13 species 

of which from other parts of NW Europe; Stegen ga 2005, Wolff 2005). A category of dubious non-

indigenous species enumerated 37 species. The dispersal of exotic species can result from natural 

processes or from introductions (fouling species on ships' hulls, non-indigenous species in dry 

ballast or in ballast water, shellfish imports). Several Mediterranean and Ponto-Caspian species 

arrived via freshwater shipping canals. Some introductions were intentional and some involved 

escapes from captive populations (aquaria). Relevant for the present study (given the diets of 

large gulls), are bristleworms Polychaeta, crabs Decapoda, snails Gastropoda, bivalves Bivalvia, 

and fish Pisces. At least 11 ‘exotic’ species have or could have contributed to the diets of large 

gulls in The Netherlands: 

King ragworm Alitta  virens  (first recorded in 1915; currently common), 

Chinese mitten crab Eriocheir sinensis  (1929; currently abundant), 

Hairy-clawed shorecrab Hemigrapsus penicillatus  (2000; currently spreading), 

Japanese shorecrab Hemigrapsus sanguineus  (1999; currently spreading), 

Common slipper shell Crepidula fornicata  (1924; currently localised), 

Pacific oyster Crassostrea gigas  (1964; currently abundant), 

Atlantic jackknife Ensis directus  (1982; currently abundant), 

Soft-shell clam Mya arenaria  <1765; currently common), 

Big-scale sand smelt Atherina boyeri  (1964; currently localised), 

Black goby Gobius niger  (1964; currently localised), 

Gilt-head sea bream Sparus aurata  (2005; currently localised?). 

Of these, Alitta virens  and Ensis directus  are currently important prey items, notably for Herring 

Gulls. The two Japanes shorecrabs are increasing the Wadden Sea and are increasingly common in 

Herring Gulls diets in that area. The Atlantic  jackknife virtually re placed some native Ensis  species, 

and is currently more abundant than any of these has ever (known) to be. The Atlantic jackknife 

may therefore be considered an additional food source for gulls (see, however, Gmelig Meyling & 

Gittenberger 2006 for interactions of jackknif es with other molluscs). The King ragworm Alitta 

virens  and the Soft-shell clam Mya arenaria  are well-established non-indigenous species, first 

reported around 1915 and 1765 respectively. The othe r more important prey species, including the 

two Japanese shorecrab species, Pacific Oysters, Atlantic Jackknife and sand-smelt, are all from a 

relatively recent date of introduction to the Dutch fauna. The establishment of a viable population 

of Gilt-head sea bream Sparus aurata , first recorded in 2005, needs further confirmation. 

Gmelig Meyling & Gittenberger (2006) tabulate d the likely origin of 110 non-indigenous 

species, and found that 25% originated from other areas within the Atlantic Ocean, 5% from the 

Indian Ocean, 38% from the Pacific, 5% from the Ponto-Caspian region and 27% were from an 

unknown origin. As means of (likely) transport,  19% were fouling species on ships' hulls, 16% 

arrived with (commercial) shellfish transports, 9% in ballast waters, 2% in ship’s cargos, 4% via 

freshwater canals, and 5% were intentionally released. For the remaining 45%, the means of 

transport were different or unknown. Of these no n-indigenous species, 66% were now considered 
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well established, another 11% had become only recently established, 6% had disappeared after a 

short period of success, and 12% were not establ ished (another 5% unknown). Even though the 

first introductions date from several hundreds of years ago, Wolff (2005) as well as Gmelig Meyling 

& Gittenberger (2006), report a higher introduction ra te in recent decades. Some of this trend is 

the result of increased attention for invasive species (observer effort), but since 1978, at least 63 

species were introduced, of which a fa ir number only since the late 1990s. 

 

Box 2.5 – Chlorinated hydrocarbons in the 1960s 

Telodrin was an insecticide that was not used in Europe, but that was manufactured, together with many other 

pesticides, in a chemical industry in the Botlek area, near the mouth of the river Rhine. In August 1964, an 

explosion occurred in the factory and a large amount of telodrin leaked into the environment 1. In August 1965 

mussels were sampled at about 22 locations along the Dutch coast and in Oostende (Belgium). The residues of 

chlorinated hydrocarbons appeared to be highest near the mouth of the river Rhine (Zuid-Holland), and 

declined further to the north and northeast. This patter n corresponds with the outflow of the river water into 

the sea that moves alongside the Dutch coast in a NE direction and enters the Wadden Sea. 

Aldrin

>0.100

0.076-0.100

0.051-0.075

0.026-0.050

0.011-0.025

0.006 -0.010

0.001-0.005

<0.001

Telodrin

>0.200

0.101-0.200

0.051-0.100

0.026-0.050

0.006 -0.025

0.001-0.005

<0.001

Dieldrin

>0.100

0.076-0.100

0.051-0.075

0.026-0.050

0.011-0.025

0.006 -0.010

0.001-0.005

<0.001

Endrin

>0.100

0.076-0.100

0.051-0.075

0.026-0.050

0.011-0.025

0.006 -0.010

0.001-0.005

<0.001

Endrin Telodrin

Dieldrin Aldrin
 

Residues of Endrin, Telodrin, Dieldrin, and Aldrin (ppm) in  Common Mussels  sampled in autumn 1965 (data from Koeman 

1971). The source of these chemicals was a pesticides factory near Rotterdam 2-5 . 

References : 1Koeman et al.  1968, 2Koeman 1971, 3Duinker & Koeman 1978, 4Rooth 1980, 5Smit 1981 

Source: Koeman J.H. 1971. Het voorkomen en de  toxicologische betekenis van enkele chloorkoolwaterstoffen aan de 

Nederlandse kust in de periode 1965 tot 1970. PhD thesis, University of Utrecht. 

 

Marine pollution (1) Chlorinated hydrocarbons - Pesticides against diseases and insects 

(agricultural pests) developed during the second World War (1940-45) and were gratefully 

accepted and applied in The Netherlands. The da ngers of the use of pesticides for non-targets 

species, wild plants and animals (unwanted side  effects), were recognised in the 1950s (Mörzer 

Bruyns 1972). As so often, industrial interests prevailed and no serious action was undertaken. In 

the early 1960s, however, mass mortalities of piscivorous and molluscivorous birds in the Wadden 

Sea called for attention. Tissues of large numbers of dead terns, Spoonbills Platalea leucorodia , 

Herring Gulls, Common Eiders and other (sea-)birds were found to have elevated levels of telodrin, 

aldrin, dieldrin, endrin, and hexa chlorobenzene (Koeman 1971, Koeman et al.  1972ab, Rooth & 

Jonkers 1972, Swennen 1972). From a study on the mortality of Sandwich Terns in 1962-65, it 
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was concluded that the death of the birds was caused  by the lethal effects of telodrin and dieldrin. 

Studies on Common Eiders showed that incubating females were particularly susceptible to the 

toxic effects of chlorinated hydrocarbon compound s. Poisoning by telodrin and dieldrin in 1966-

1968 was their main cause of death (Koeman 1971). Experimental studies showed that the acute 

toxicity of telodrin and dieldrin was particularly high. 

The detection of relatively high levels of chlorinated hydrocarbon pesticides in tissues of 

marine birds in the Wadden Sea in 1964 gave rise to special investigations concerning the origin 

and the scale of the pollution, and the possible biological implications that these substances could 

have on the marine environment ( AppBox 2.5). For all chlorinated hydrocarbons, the highest 

concentrations were found in Zuid-Holland, just north of the mouth of Nieuwe Waterweg, with 

declining concentrations further north. Common Mussels in the Wadden Sea in 1965 contained on 

average 0.0026 ppm telodrin, 0.021 ppm diel drin, and 0.021 ppm Endrin. Much higher 

concentrations were found in fish prey of Sandwi ch Terns in the Wadden Sea (0.05, 0.27, and 0.14 

ppm respectively; Koeman 1971). 

The effects of the pesticides on breeding Herring Gulls are not well documented. According 

to Koeman (1971), ‘numerous dead gulls’, incl uding Herring Gulls, Mew Gulls, and Lesser Black-

backed Gulls, were found along the mainland coast of Zuid-Holland, but figures nor a data source 

were provided. When consulting the da tabase of beached bird surveys (CJC unpubl. data ), 

however, an apparently untapped dataset at the time, there is no evidence for a mass mortality. If 

Herring Gulls along the mainland coast would have died in large numbers in the 1960s, this would 

have been picked up by these surveys (counts in Zuid- and Noord-Holland relative to the other 

subregions). If the chlorinated hydrocarbons, partic ularly Telodrin levels, were responsible and the 

mortality was acute, a trend in densities as in AppBox 2.5 for Telodrin could even be expected. In 

fact, densities of Herring Gulls in the 1960s were more or less the same in all subregions, much 

lower than in the late 1970s and 1980s ( AppFig. 2.11). Spaans (1980) observed declines in Herring 

Gull colonies closest to the areas where concentr ations of chlorinated hydrocarbons in mussels 

were highest ( AppBox 2.5). Koeman (1971, citing Timmerman & Rooth 1965) referred to the colony 

of Herring Gulls at Wassenaar (Zuid-Holland), where numbers declined from 1580 pairs in 1964 to 

74 pairs in 1965. This is a rather drastic decline for a long-lived seabird such as the Herring Gull, 

which would suggest at a widespread mortality of adult birds (the vital part of a breeding 

population). If Herring Gulls were significantly affected by chlorinated hydrocarbons remains 

unclear. The incident coincided with ongoing persecution of gulls in several breeding sites in Zuid-

Holland, notably at the Wassenaar site. Herring Gu lls may have been affected, despite the absence 

of a fasting period during incubation such as in Common Eiders, because of their fish prey in which 

even higher concentrations of pesticides may have occurred, which is an essential part of their diet 

during chick care (Spaans 1971). 
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Fig. 2.11 Densities (n km -1 ) of dead Herring 

Gulls during beached bird surveys in The 

Netherlands in the 1960s and in some later 

decades (5-year means are provided). The 

shadings correspond with levels of chlorinated 

hydrocarbons in mussels in the study areas 

( AppBox 2.5). 

 

Source: NZG/NSO beached bird surveys, CJC 

unpubl. data  

Legal restrictions led to the elimination of the polluting effluents and a gradual recovery in 

the seabird populations of the Wadden Sea (Smi t & Wolff 1980, Becker & Erdelen 1987). Telodrin 

was no longer detected in mussel tissue shortly after the first sampling in the summer of 1965, but 

in 1966 and 1967 it was still present in fish, in terns' eggs at Griend, and in dead Common Eiders 
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on Vlieland (Koeman et al.  1968). The mortality in female Eiders peaked in 1965, but was no 

longer found after 1968 (Swennen 1972). After 1965 the levels of most substances, with the 

exception of PCB’s and DDE, gradually declined (Koeman 1971). 
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Figure 2.12. Logit oil rate in Herring 

Gulls found dead along the North Sea 

shoreline and within the Wadden Sea 

during beached bird surveys in winter 

(summarised for 5-year periods; note 

the first period is 8 years; NZG/NSO 

unpubl. data, CJ Camphuysen)  

 

Marine pollution (2) mineral oil -  Strandings of oiled seabirds have been a signal of the 

ongoing problem of chronic oil pollution in the North Sea since the beginning of the 20 th  century 

(Camphuysen 1989a). Overall numbers of beached birds are subject to enormous fluctuations, 

being the result of changes in the amount of oil spilled in the marine environment, currents, the 

frequency of onshore winds and variations in the numbers of seabirds in a given region 

(Camphuysen 1998, 2010). In contrast, oil rates, i.e.  the fraction of oiled birds of the total 

stranded, is relatively constant while specific for different species and regions ( AppBox 2.6). 

 As coastal seabirds with a strong tendency to roost onshore (reducing exposure), Herring 

Gulls are characterised by a strong decline in oil rates from chronic oil pollution ( AppFig. 2.12). In 

the 1960s, 1970s and 1980s c.  45-75% of the Herring Gulls found dead on the North Sea coast 

were contaminated with oil. Current rates are much lower (<20% along the North Sea coast, <5% 

within the Wadden Sea to 2% along the North Sea coast and <0.5% within the Wadden Sea; 

NZG/NSO unpubl. data, CJ Camphuysen). Lesser Black-backed Gulls migrate south in the winter 

period and miss the most critical season for chronic oil pollution in the North Sea (Camphuysen 

1989a). Oil-rates are generally calculated over inta ct corpses of birds: individual birds that had 

washed ashore while dead or dying (Camphuyse n & Van der Meer 1996). Recent studies have 

demonstrated a remarkable self-cleaning capacity in large gulls (Reijnders 1997, Camphuysen & 

Gronert 2010b, Camphuysen 2011a). The frequency of oil contamination may thus have been 

larger than indicated from beached bird surveys. Fo r large gulls, however, currently, oil pollution is 

a relatively trivial issue. 
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Box 2.6 – Seabirds and oil pollution 

Species-specific oil rates are thought to reflect the risk for birds, or for corpses of birds, to become oil fouled at 

sea and hence to mirror fluctuations in the amount of oil spilled in different regions 1. High oil rates are typical 

for mainly swimming, highly exposed seabirds in areas with frequent oil spills (e.g. around shipping lanes and 

near the major harbours); low oil rates are typical for mainly flying seabirds away from the busiest shipping 

lanes: 

Oil rates in some common seabird species around the North Se a, from beached bird surveys in The Netherlands, Germany, 

Denmark, mainland Britain (UK) and on the Shetland Islands, so rted by overall oil-rate in declining order. Life-styles as 

foraging seabirds and principal feeding habitats were added, after Camphuysen 1998.  

  NL FRG DK UK Shetlands life-style at sea habitat 

Divers 91 80 70 64 23 swimming nearshore 

Razorbill 83 70 93 61 12 swimming offshore 

Guillemot 82 70 82 58 13 swimming offshore 

Scoters 75 51 72 29  swimming nearshore 

Gannet 86 46 65 29 10 aerial offshore 

Grebes 62 79 78 46  swimming nearshore 

Fulmar 64 25 65 13 6 aerial offshore 

Kittiwake 80 15 52 18 4 aerial offshore 

Eider 25 45 52 27 12 swimming nearshore 

Larus -gulls 43 14 32 10 4 aerial nearshore 

Waders 4 6   4 0 aerial onshore 

A power analysis of the results of beac hed bird surveys demonstrated the sensitivity of these data as a tool to 

monitor trends in oil rates of stranded birds 2,3 . Rather subtle changes in oil rates could be demonstrated, 

indicating positive results of attempts to protect certain sea areas (e.g. the Wadden Sea) and a decline in oil 

rates over time 1. Grouped into 5-year periods, using logit-transformed percentage s of oiled birds, the oil rates 

of all bird species combined along the North Sea shor eline and within the Wadden Sea declined significantly 1,3 . 

Oil rates within the Wadden Sea were significantly lower than those on the North Sea coast ( t -test, t 9 = 3.3, 

P< 0.001 1. Lower oil rates within the Wadden Sea area than along the North Sea coast were found in each of 

the ecological subgroups: seabirds ( t 9 = 2.27, P = 0.02), coastal waterbirds ( t 9 = 4.39, P < 0.001), and 

landbirds ( t 9 = 2.08, P = 0.03). Seabirds had higher oil rates overall than coastal waterbirds and the declining 

trends in seabirds were less steep ( b = -0.17 to -0.18) generally than in coastal species ( b = -0.23). 

 Overseeing five decades of beached bird surveys, the proportion oiled (%) of all stranded birds has 

roughly halved along the North Sea shorelines, while this  proportion has declined by no less than 90% within 

the Wadden Sea area 1. Seabirds and coastal waterbirds both ha d high percentages of oil-contaminated 

carcasses in the 1960s and 1970s. This proportion fell much  faster in coastal waterbirds than in seabirds in 

subsequent decades. De clines were ranged from 30–40% in offshore  seabirds that typi cally occur abundantly 

in the sea areas where the most intensively used shi pping lanes are positioned (large auks, Black-legged 

Kittiwakes and Northern Gannet). Rather steep declines  (57–98%) were found in taxa that mostly occur close 

to the coast or within the Wadden Sea. Steep declines in oil rates were found in Larus-gulls (>80%), species 

that do occur widespread in the marine environment in winter but with a tendency to roost and sleep on land 

rather than on water (contrary to Black-legged Kittiwakes for example). The much speedier reduction in oil-

rates in coastal waterbirds, notably so within the Wadden Sea, results from a consistent special ‘treatment’ of 

nearshore waters and estuaries considering oil pollution (intensified aerial surveill ance, clean-up operations) 

that has seemingly been effective in reducing oil-rates. 

The effects of chronic oil pollution on seabirds we re documented for the first time in the early 20th 

century and levels of chronic oil pollution peaked  around the 1960s. Throughout the 1960s, 1970s and 1980s 4-

5, chronic oil pollution was a serious cause of death for many seabirds, but the situation has improved 

markedly since 1, 7-9 . 

References: 1Camphuysen 2010, 2Camphuysen & Van der Meer 1996, 3Camphuysen 1997, 4Bourne 1976, 5Camphuysen 

1989, 6Clark 2001, 7Camphuysen 1998, 8Oka et al.  1999, 9Lars et al.  2007 
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This appendix reports on the reproductive success of the sympatric Herring Gulls and Lesser Black-

backed Gulls, with emphasis on characteristics of the nesting habitat, nesting densities, egg 

production, chick growth, hatching and fledging rates, and annual fluctuations in levels of chick 

depredation at Texel between 2006 and 2012. When these studies commenced in 2006, breeding 

numbers of large gulls in the Wadden Sea were at an all time high of c. 90,000 breeding pairs. 

Breeding Herring Gulls in the Wadden Sea had just dropped in numbers by almost 40%, but the 

population of Lesser Black-backed Gulls peaked . After many years of strong and contrasting 

population trends, however, the populations seemed to stabilise (Stork 2007).  

 

Kelderhuispolder studies 2006-2012  

 

The study area is an undisturbed and ungrazed natu re reserve, part of a larger mixed colony (De 

Geul) on south tip of the island  Texel (53°00.5’N, 04°43.1’E; AppFig. 3.1). This colony had not been 

studied before. The colony was potentially accessible for research during all weather conditions 

and throughout the day, without logistic constraints such as boat trips or other access restrictions. 

There are few mammalian predators (feral cats, some small mustelids). The colony is situated 

within Natura 2000 area #2 “ Duinen en Lage land Texel ”, site codes NL2003060 (Duinen Vlieland, 

Waal & Burg, Dijkmanshuizen and De Bol) + NL9802001 (North Sea coastal zone). The Lesser 

Black-backed Gull (A183) is one of the bird species for which the area is li sted, with the objective 

to maintain a breeding population of c. 14,000 pairs within the area. 

50N

51N

52N

53N

54N

55N

56N

57N

58N

59N

60N

61N

4W 2W 0 2E 4E 6E 8E

Norway

France

Belgium

The��
Netherlands

Germany
England

Scotland

The��Channel

North��Sea

Skagerrak

East��Frisian��Islands

Texel

    

Fig. 3.1 Location of Texel in the North Sea at large and the location of the Kelderhuispolder colony (+) in the 

western Wadden Sea. 

The studies were conducted with a small re search budget, one student per annum and 

volunteer help, restricting possibilities, and choices had to be made to conduct the work in the field 

and in the laboratory most effectively. Issues of prime importance (each with specific underlying 

research questions) were insight in the reproductive success, annual survival, recruitment, and 

foraging ecology (i.e. diet as well as foraging whereabouts) of both species in order to explain the 

population dynamics and perhaps even to forecast near-future population trends. 
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Fig. 3.2. Study plots in the Kelderhuispolder colony mentioned in this thesis and in associated papers. A 

permanent depot was deployed where all ringing and fiel d work preparations could be done outside the core 

breeding range of the birds. A rece iver station (“Houston Control”, �� ) was erected to automatically collect radio 

signals (ARTS, 2006-2010) and GPS tracking data (2008-2012) from tagged birds. 
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Monitoring breeding success  - Herring Gulls were studied in three (later four) study plots: Entry 

Dunes (#2186), Roughs (#2188), and Sea dunes (#2189), plus in later years Valley ridge/HG 

club/Lookout as a separate area (##2348, 2349, 2484); AppFig. 3.2). In the Sea Dunes area, 

enclosures were never built and nests were followed only until hatching. The prime study areas for 

Lesser Black-backed Gulls were Valley (#2190) and Foot sea dunes (#2187), but in later years 

also the Lookout (#2484) area was used. During the prospecting phase in late April, a nest search 

was started and maintained every third day, along a pre-set trail through the prime study areas. 

Nests containing at least a single egg were marked (#), the habitat and the nest itself were 

photographed and described and a GPS position was recorded and filed (latitude, longitude). 

 In order to monitor breeding success, it was decided to assess laying dates (in later years 

also prospector arrival dates), clutch size ( n nest  -1 ), laying sequence (A, B, or C-eggs), egg 

volume (cc), egg depredation (%), egg mortality (%) and egg-hatching rates(%, n nest -1 ). When 

found, eggs were numbered in sequence of appe arance, measured (max Length x max Width), 

photographed (to document shell patterns), and the laying and hatching dates were assessed as 

precisely as possible. During nest visits, the number of eggs was counted, the ink-markings 

(numbers) were checked, and the condition of th e eggs was checked and recorded into a logbook. 

For each egg, a prediction was made of the expect ed day of hatching (assuming an 28d incubation 

period), but the exact duration of incubation (d) was calculated and used for analysis if the laying 

and  hatching dates were known. It was decided to annually monitor c. 80 nests of each species 

until hatching, and to randomly select a maximum of 40 nests to assess fledging rates. The colony 

is a well-vegetated area and newly hatched chicks would quickly disappear “out of sight” if they 

would not be stopped. Frequent measurements of chick growth, assessments of causes of 

mortality and accurate assessments of fledging rates were possible because we used chicken wire 

enclosures. The use of enclosures was a concrete  choice, even though unwanted side-effects may 

have affected data quality (Walsh et al.  1995), because it would provide detailed data on chick 

developments. Direct counts of unfenced plots can considerably under- estimate the true chick 

population; a warning issued by Walsh et al.  (1995) that we confirmed during these studies (hide-

observations by Tim van Nus in 2007 and Rim Lucassen in 2009). Because our aim was to obtain 

productivity data representative of the colony at large, enclosed plots should not be more or less 

susceptible to depredation than unenclosed sections of the colony. Fortunately, the 

Kelderhuispolder colonies are not (known to be) under stress from rat or other mammalian 

predators, in which case enclosure data might have been biased.  

 Enclosures were built in three study areas of Herring Gulls (Entry Dunes, Roughs, and 

Valley ridge/HG club/Lookout), but never in the Sea Dunes, which formed the outer boundary of 

the colony. Enclosures were built also in three study areas of Lesser Black-backed Gulls (Foot sea 

dunes, Valley, and Lookout), which was basically the high-density area of Lesser Black-backed 

Gulls in a large dune valley, surrounded by st eeper dunes where Herring Gulls were the more 

abundant species. Chicks were individually ring ed when they hatched, and checked every third 

day, to monitor the fate of each individual until fledging or until an ‘untimely’ death. During nest 

visits, all chicks were removed from an enclosure at once and kept in a cotton bag at some 

distance away from the site. The following da ta were collected during each nest visit: 

Chick condition Behaviour Docile and weakened or fit and active 

Health status Condition Any physic al damage or signs of attacks 

Bill Biometrics Tip to feathers (0.1mm) 

Head Biometrics Back of the head to tip of the bill (mm) 

Wing Biometrics Primaries (or down), stretched (mm) 

Tarsus Biometrics Length of the tarsometatarsal bone (mm) 

Body mass Biometrics Total mass when handled (g) 

Moult Development See Box 3.4 

Age  Days (d) since hatching 

Boluses (if produced during handling by either th e chicks or an adult) were bagged, numbered and 

collected, together with pellets and any chick-feed present in or near the enclosure was sub-
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sampled. The position of the enclosure relative to  the provisioning activities of the parents was 

reviewed during each visit, to ensure that ch icks received the prey delivered to them (when 

enclosures fail to include the “feeding ground” of  a nest, chick-feed may be deposited outside the 

fence by the parents). If needed, the position of the fence was adjusted and possible escape 

routes for the chicks (damaged parts of the fence) were repaired. 

 When chicks were not found during enclosure visits, four options were considered: (1) still 

present but well hidden in the vegetation, (2) escaped, (3) depredated, or (4) fledged. A first 

absence despite a thorough search, in the absence of physical evidence of a kill (a ringed carcass 

in on near the enclosure) or a likely escape (a damaged fence), was logged as “Not found”. If the 

chick was again not found three days later, the bird was logged as “depredated” (if clearly 

flightless) or as “fledged” (generally with chicks >35d of age with well developed flight feathers). 

If a chick was found dead, it was logged as “dead”  in the absence of any physical evidence for 

violent attacks, or as “depredated” if stab-wounds were evident or when the carcass was partly 

eaten (even if perhaps scavenged). In case of doubt, the death was logged as “unknown cause”. 

All carcasses, even those that were incomple te, were collected and deep frozen for later 

inspection. Field assessments of the cause of death (killed/depredated or ‘just died’) were verified 

in the lab. 

 Data gathered from birds in enclosures include hatching dates (allocating newly hatched 

chicks to the appropriate egg number), number of chicks under care ( n nest  -1 ), structural growth 

(mm d -1 ), mass gain (g d -1 ), chick depredation ( % ), chick mortality ( % ) and fledging rates( n pair -

1). Just prior to fledging, chicks were marked with  a permanent steel ring on the right tibia and an 

engraved, green PMMA colour ring on the left tarsus to allow for individual recognition at distance 

after fledging (Camphuysen 2008c). Engravings st arted with the letter P (prior to 2009) or K 

(2006-2012), followed by a dot and three more lette rs as a unique code. Birds were colour-ringed 

when the tarsus had reached a length of c. 60mm, or when the tarsus  joint was thin enough 

(young chicks have a thick tarsus joint, but when around 30-35d of age the leg becomes much 

thinner as in later life). 

We refrained from detailed observations in the colony, except during student projects in 

2007 and 2010, so that the parental activities with regard to nest attendance are incompletely 

known. To monitor presence/absence of adult bird s, however, radio tags were deployed in 2006-8 

on Lesser Black-backed Gulls and in 2006-10 on Herring Gulls, whereas GPS loggers could be 

deployed in 2008-2012 to monitor presence and absence of Lesser Black-backed Gulls ( AppTable 

3.1). Most these data still await further analysis, but results have been presented in Chapter 4, 8, 

10, and 12. 

 

Table 3.1 The deployment of radio tags and GPS loggers on gulls in the Kelderhuispolder, 2006-2012. 

Species device 2006 2007 2008 2009 2010 2011 2012 

Lesser Black-backed Gull radio 5 12 34 - - - - 

 GPS - (1) 6 6 15 9 10 

Herring Gull radio 4 8 10 10 - - - 

 

Table 3.2 Colour-ring activities in the Kelderhuispolder, 2006-2012. J = pullus, A = breeding adult, I = 

breeding subadult  (immature). 

Species Age 2006 2007  2008  2009  2010  2011  2012 Totals  

Lesser Black-bacled Gull A 22 24  46  61  29  14  29 225  

 J 69 102  81  83  109  109  70 623  

Hybrids J 3       3  

Herring Gull A 7 12  18  35  44  23  33 172  

 I    3  2 2 3 10  

 J 26 34  55  44  60  17  44 280  

Yellow-legged Gull A         1      1  
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Box 3.1 Sexing gulls: a non-invasive approach 

Male gulls are on average larger than females, but many measurements overlap 1-3 . A non-invasive method was 

used to sex individual (adult) gulls during handling, following John Coulson and co-workers 1. The means (±SD) 

of a number of biometric measurements  of male and female Herring Gulls and Lesser Black-backed Gulls from 

the British breeding population, indica ted that in both species, males are, on average, larger than females. 

These data were used in a discriminant analysis to inve stigate the accuracy of several body measurements as 

predictors of sex. In both species, head length (i.e. total length from the back of the head to the tip of the bill) 

emerged as the most accurate indicator of sex. The ac curacy of sexing Herring Gulls on the basis of head 

length was 95.8 ± 0.9% (mean ± SE, n= 480). In Lesser Black-backed Gulls the accuracy was 95.0 ± 2.0% 

(n= 121). Using the results of this study, we initially  used a cut-off point of head = 118 for Herring Gulls 

(males larger, females smaller) and 113 for Lesser Black-backed Gulls. 
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Frequency of occurrence of head lengths in Lesser Black-backed Gulls and Herring Gulls breeding in Kelderhuispolder, aged as 

adults or >4cy birds, and presumed sex, 2006-2012 4 

Over the years it appeared some birds were mis-sexe d, and these were often the “smaller males”. Lesser 

Black-backed Gulls breeding at Texel in The Netherlands are on average slightly larger those breeding in the 

UK1-3  and studied by Coulson 2. A plot of the frequency of occurrence of head-length showed a clear bi-modal 

pattern, but with head = 116 as a probably more approp riate cut-off point to separate two groups, or size-

classes of birds, hopefully sexes. We adopted 116 mm as a cut-off in 2011 and 2012 and tested the results 

with blood samples taken in 2012. Of 16 birds sexed wi th molecular techniques, the head length varied 

between 108 and 126mm, including females with a head length of 113 and 114 ( 5). Mature Lesser Black-

backed Gulls from various sources (all  collected in summer in The Netherlands), sexed by means of gonadal 

inspection, were found to have a mean (±SD) head length of 109.8 ± 3.3mm (range 103-114, n= 17) in 

females and 121.6 ± 2.8mm (range 116-127, n= 17) in males ( 6). Both the DNA work and the necropsies 

indicated that a cut-off point of 113mm based on UK birds was too low for Dutch individuals. Too few 

necropsied Herring Gulls were available for a meaningful comparison (7 adult females, mean ± SD head 111.7 

± 1.6, range 109-114mm, 6 males 123.3 ± 2.7, range 120-127mm) 6. The UK cut-off point seemed to have 

worked well for Dutch Herring Gulls and 118mm was used as a sex-discriminant throughout. 

References : 1Harris & Jones 1969, 2Coulson et al.  1983c, 3Cramp & Simmons 1983, Sources : 4biometrics of ringed adults, 

Kelderhuispolder 2006-2012 (CJC); 5sexing based on molecular techniques (DNA) at NIOZ molecular lab, courtesy Anneke Bol, 

Judith van Bleijswijk, and Pieternella Luttikhuizen (NIOZ); 6necropsies NZG/NSO 2004-2011 (CJC unpubl. data).  
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Apart from radio tags or GPS loggers, the presence , absence and territoriality of individual birds 

was monitored during sessions of (colour) ring-reading. Most ring-reading activities were 

scheduled when few other activities in the field were needed and ring-reading intensity was 

particularly low during the second half of incubation and during most of chick care. In all, between 

2006 and 2012 1314 gulls have been colour-ringed, including 842 Lesser Black-backed Gulls, 462 

Herring Gulls, 3 hybrids (LBBG x HG) and one Yellow-legged Gull Larus michahellis  ( AppTable 3.2). 

Results of ring-reading activities have been used to analyse the timing of returns, the participation 

in the breeding process, pair bonds, site fideli ty, annual survival and recruitment rates. During 

ringing, the adult and subadult breeding birds were sexed by using biometrical data, a non-

invasive method developed in the UK (Coulson et al.  1983c; Box 3.1). 

 

Breeding success in the Kelderhuispolder, 2006-2012  

 

The breeding results up to 2010 are summarised in Camphuysen & Gronert (2010a) and further 

updated in this appendix. Contrary to expectatio ns given the recent population increase, was the 

reproductive success of the Lesser Black-backed Gull often low, particularly as a result of high 

levels of chick depredation (cannibalism). In Herring Gulls, after many years of consistent decline, 

chick production was consistently higher. Updated with more recent data (2011-12), the 

reproductive success was as indicated in AppTables 3.3-3.4. 

 

Nesting habitat, nest cover - When nests were marked, the habitat and the amount of nest-

cover was described and photographed. A standardisation of these descriptions was introduced in 

 

Table 3.3. Breeding success of Lesser Black-backed Gulls, 2006-2012 

Breeding season 2006 2007 2008 2009 2010 2011 2012 

First eggs 04-May 29-Apr 01-May 30-Apr 04-May 01-May 04-May 

Peak egg-laying 10-15/5 6-15/5 7-12/5 9-15/5 11-16/5 10-16/5 16-22/5 

Median egg-laying 12-May 09-May 10-May 12-May 14-May 13-May 19-May 

Mean egg-laying ± SD 15 May±9.1 10 May±7.4 10 May±4.2 12 May±5.5 14 May±4.9 13 May±5.0 18 May±4.9  

Incubation (d) 28 28 28 28 29 26 26 

Breeding period 16/5-5/ 6 16-31/5 13/5-2/6 16/5-5/6 16/5-5/6 17/5-5/6 23/5-10/6 

First hatchlings 01-Jun 22-May 29-May 28-May 30-May 27-May 01-Jun 

Peak hatching 6-11/6 1-11/6 3- 13/6 6-13/6 6-12/6 6-12/6 11-15/6 

Median hatching 08-Jun 05-Jun 06-Jun 08-Jun 09-Jun 09-Jun 14-jun 

Chick care (40d) 12/6-22/7 12/6-22/7 14/6- 24/7 14/6-24/7 13/6-23/7 13/6-23/7 16/6-26/7 

First fledglings 17-Jul 10-Jul 10-Jul 14-Jul 11-Jul 10-Jul 10-Jul 

        

Clutch size 2.75±0.54 2.73±0.52 2.84±0.49 2.80±0.46 2.80±0.51 2.82±0.52 2.59±0.64 

(n) nests (57) (79) (98) (114) (88) (88) (97) 

3-egg clutch volume 226.4±17.1 224.0±17.1 224.1±15.1 221.2±17.6 226.6±15.7 222.5±20.5 218.5±17.5  

(n) nests (46) (61) (87) (94) (73) (74) (64) 

        

Failed clutches 7.9% 7.2% 10.2% 7.8% 7.7% 18.2% 24.7% 

Relaying attempts 9.5% 4.8%  - 1.7% 3.3% 1.1% 3.1% 

(n) nests (63) (83) (98) (116) (91) (88) (97) 

        

Egg depredation 29.0% 15.0% 14. 4% 14.9% 9.8% 19.2% 25.2% 

Egg mortality 7.1% 5.6% 11. 9% 7.9% 6.6% 10.0% 6.7% 

Hatching eggs 61.2% 78.1% 73. 4% 77.1% 83.6% 70.7% 68.1% 

(n) eggs (183) (233) (278)  (328) (256) (239) (254) 

        

Chick depredation 60.3% 66.7% 63.4% 62.3% 35.4% 49.3% 60.7% 

Chick mortality 25.4% 12.3% 15. 5% 17.9% 34.8% 19.7% 11.5% 

Chicks fledged 14.3% 21.0% 16. 9% 17.0% 28.6% 31.0% 27.9% 

(n) hatchlings (63) (81) (71) (106) (161) (71) (63) 

Fledglings pair -1 0.26 pr -1  0.46 pr -1  0.35 pr -1  0.37 pr -1  0.71 pr -1  0.69 pr -1  0.57 pr -1  

(n) nests (35) (37) (34) (49) (65) (32) (30) 
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2007 (Van Nus 2007). A first description involved the position in a dune landscape: at the top of a 

dune, along a slope (steep or gradual), or in flat valley areas ( AppTable 3.5). The position was 

judged by eye and the absence or scarcity of Lesse r Black-backed Gulls nests on dune slopes in 

the earlier years is an inconsistency in recording rather than a distinct change in nesting positions 

(Valley and Foot Sea dunes, their main nesting areas, have gradually sloping dunes, in earlier 

years often described as ‘flat areas’). Dune tops, however, highly distinct features in the 

Kelderhuispolder landscape, are typically occupied by Herring Gulls, not by Lesser Black-backed 

Gulls. 

A more fair comparison between the two species should take the area characteristics ( i.e. 

differences between study plots) into account. St eep dunes are characteristic of the Sea dunes, 

the Roughs, and the Entry dunes; areas where primarily Herring Gulls are nesting. Steep dunes 

are non-existent in the Valley (2190), the Foot se a dunes (2187) and in the Valley ridge and club 

areas (2348-9). Lesser Black-backed Gulls were almost completely lacking as breeding birds in the 

Sea dunes area, but in the Entry dunes and in the Roughs where both species co-occur, in 

comparison with Herring Gulls, the distribution of nests of Lesser Black-backed Gulls over dune 

tops slopes and valleys was significantly different (G adj = 26.9, df=2, P<  0.001). Similarly, nesting 

locations of Herring Gulls in the much flatter Vall ey, Foot sea dunes, Valley ridge and club areas 

were significantly different from an expectation based on the nesting positions of Lesser Black-

backed Gulls ((G adj = 12.8, df=2, P<  0.01), largely because of their greater tendency to nest on 

dune tops. Dune top nest positions in the Entry and Sea dunes, but also some of those in the 

Roughs, provide a spectacular overview over the landscape (sometimes even as far as the 

mainland coastline) and the colony at large, and dune-top nesting birds were normally the first in- 

 

Table 3.4. Breeding success of Herring Gulls, 2006-2012 

Breeding season 2006 2007 2008 2009 2010 2011 2012 

First eggs 02-May 26-Apr 25-Apr 23-Apr 26-Apr 24-Apr 27-Apr 

Peak egg-laying 7-11/5 4-11/5 5-10/5 4-9/5 2-8/5 1-7/5 4-10/5 

Median egg-laying 09-May 09-May 07-May 06-May 05-May 04-May 08-May 

Mean egg-laying ± SD 10 May±5.5 08 May±9.0 07 May±4.3 06 May±4.8 05 May±4.6 04 May±4.5 07 May±5.0  

Incubation (d) 28 28 27 29 29 27 27 

Breeding period 12/5-2/ 6 10-30/5 8/5-30/5 9/5-30/5 7/5-28/5 8/5-28/5 11/5-31/5 

First hatchlings 29-May 23-May 22-May 20-May 23-May 24-May 25-May 

Peak hatching 3-8/6 31/5-7/6 31/5-5/ 6 31/5-5/6 29/5-3/6 29/5-3/6 1/6-7/6 

Median hatching 05-Jun 03-Jun 03-Jun 03-Jun 31-May 31-May 3-jun 

Chick care (40d) 9/6-19/7 8/6-17/7 6/6- 16/7 6/6-16/7 4/6-14/7 4/6-14/7 8/6-18/7 

First fledglings 12-Jul 02-Jul 07-Jul 11-Jul 06-Jul 07-Jul 07-Jul 

        

Clutch size 2.71±0.51 2.58±0.69 2.86±0.43 2.69±0.56 2.81±0.48 2.77±0.50 2.64±0.65 

(n) nests (42) (55) (69) (65) (58) (56) (73) 

3-egg clutch volume 247.0±23.3 241.9±24.1 249.1±22.4 241.3±23.5 248.1±20.2 248.4±21.0 245.8±24.1  

(n) nests (31) (38) (58) (48) (49) (48) (54) 

        

Failed clutches 14.3% 16.1% 10.8% 10.8% 8.3% 25.0% 15.7% 

Relaying attempts - 1.8% 6.8% - 3.3% 5.4% 4.3% 

(n) nests (42) (56) (74) (65) (60) (56) (70) 

        

Egg depredation 18.4% 26.0% 18. 8% 13.7% 10.6% 14.9% 22.6% 

Egg mortality 0.9% 9.6% 13. 1% 15.4% 7.6% 20.1% 6.8% 

Hatching eggs 79.8% 63.7% 68. 1% 70.3% 81.8% 64.9% 70.5% 

(n) eggs (114) (146) (213)  (175) (170) (154) (190) 

        

Chick depredation 33.3% 39.1% 25.0% 51.2% 20.0% 16.7% 31.3% 

Chick mortality 42.4% 8.7% 25. 0% 7.0% 21.8% 46.7% 18.8% 

Chicks fledged 24.2% 52.2% 50. 0% 39.5% 58.2% 36.7% 50.0% 

(n) hatchlings (33) (23) (44) (43) (55) (30) (48) 

Fledglings pair -1 0.62 pr -1  0.80 pr -1  1.10 pr -1  0.81 pr -1  1.33 pr -1  0.48 pr -1  1.04 pr -1  

(n) nests (13) (15) (20) (21) (24) (23) (23) 
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Table 3.5. Nesting positions of Lesser Black-backed Gulls (LBBG) and Herring Gulls (HG) in the 

Kelderhuispolder dune landscape, 2006-2012. 

LBBG 2006 2007 2008 2009  2010  2011  2012  Totals  %  

Dune top 1   1  1   3 0.5  

Dune slope  3 25 49  35  68  75  255  39.3  

Flat area 62 80 73 66  55  30  25  391  60.2  

HG 2006 2007 2008 2009  2010  2011  2012  Totals  %  

Dune top 22 26 23 27  16  9 16  139  32.9  

Dune slope 13 19 43 31  31  28  33  198  46.9  

Flat area 7 11 8 7  12  19  21  85  20.1  

 

Table 3.6. Nesting positions of Lesser Black-backed Gulls (LBBG) and Herring Gulls (HG) within study plots (see 
AppFig. 3.2 for an explanation of plot numbers) in the Kelderhuispolder dune landscape, 2006-2012. 

LBBG 2186 2188  2190 2348-9  2484  2187  2189  Totals 2187-88 2190-2187 

Dune top 1 1    1   3 0.5% 4.4% 0.2% 

Dune slope 15 2  82  17  136  3 255  39.3%  37.8% 39.1% 

Flat area  26  163 6  47  149   391  60.2%  57.8% 60.7% 

Totals 16 29  245 6  65  285  3 649   n= 45 n=601 

HG 2186 2188  2190 2348-9  2484  2187  2189  Totals 2187-88 2190-2187 

Dune top 39 39    2 1 58  139  32.9% 33.2% 4.2% 

Dune slope 83 47  2 4  3 1 58  198  46.9%  55.3% 14.1% 

Flat area 3 24  10 29  8 11   85  20.1%  11.5% 81.7% 

Totals 125 110  12 33  13  13  116  422   n= 235 n=71 
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Fig. 3.3. Frequency of occurrence (%) of nests with different amounts of nest cover in the laying phase (during 

nest marking) within study plots (plot numbers in AppFig. 3.2), in Lesser Black-ba cked Gulls and Herring Gulls 

breeding in the Kelderhuispolder (N >5 per study plots, range ), 2006-2012. 

 

dividuals to alert (or inform) the colony about ‘ unwanted intruders’ (humans, dogs, cats), but not 

necessarily raptors or crows ( personal observations ). 

Using a 7-point scale to assess the amount of vegetation covering a nest ( AppFig. 3.2), 

overall, the amount of nest cover recorded at ne sts of Lesser Black-backed Gulls and Herring Gulls 

was similar (G adj = 3.66, df=6, n.s.). A majority of the nests (64.4% in Lesser Black-backed Gulls, 

n= 649, 61.1% in Herring Gulls, n= 422) was more or less half-covered (25-75% cover), and the 

clutch was usually visible with little difficulty from several angles and from above. Some 15% of 

the nests (14.2% in LBBG, 16.6% in HG) were more  or less completely open nests with at best a 

tuft of grass on one side. Only just over one tenth of the nests were well-covered (>75% nest 

cover; 12.0% in LBBG, 11.6% in HG) prev enting visual detection from above. 

Between study plots, the amount of nest cover at nests varied only slightly ( AppFig. 3.3). 

Between seasons, however, the amount of nest cover encountered at marked nests sites varied 

considerably ( AppFig. 3.4). Between species, these annual fluctuations were fully in concert, 

indicating that environmental conditions (vegetation growth) were responsible for the differences 
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between years. Individual birds or pairs that were  scored in subsequent seasons followed the exact 

same trend in nest cover as the population at la rge, supporting this hypothesis. As reported in 

Camphuysen & Gronert (2010a), hatching success and nest cover were positively correlated in 

both species. An update and different presentation of egg depredation rates relative to nest cover 

is provided in AppFig. 3.4 (including the 2011 and 2012 breeding seasons). Some 35-45% nests 

that were virtually without cover (open and <10%) lost at least one egg as a result of depredation 

. Around 20% of the nests with ‘proper’ nest cover lost at least some eggs. Around 30% of all eggs 

produced in open nests were depredated, agains t around 10% of the eggs in nests with more 

adequate cover. 

While mean nest cover showed similar fluctuations per season in both species, egg 

depredation rates varied independently from year to year. Annual fluctuations in mean nest cover 

( AppFig. 3.3) and annual fluctuations in egg depredation (%; AppTables 3.1-2) were not correlated 

( AppFig. 3.6). Hence, while the amount of nest cover of both species was similar, and while the 

amount of nest cover was positively correlated with levels of egg depredation within seasons, 

fluctuations in the availability of cover between seasons did not explain annual differences in egg 

depredation between species. Mean clutch size and nest cover were positively correlated in both 

species ( AppFig. 3.7). The on average smaller clutch size in open ground nests and nests with little 

cover could mean that young, inexperienced bird s may have been over-represented in these 

samples. This suggestion was not supported by the (few) immature Herring Gulls that were 

monitored during a breeding attempt (mean clutch size 2.82 ± 0.4 eggs nest -1 , mean nest cover 

3.9 ± 1.8, range 2-7, n=11).  
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Fig. 3.4. Annual variations in the mean (±SD) cover of 

nests in the laying phase (during nest marking), in 

Lesser Black-backed Gulls and Herring Gulls, 

Kelderhuispolder, 2006-2012.  

Fig. 3.5. Overall depredation rates (%) of all eggs laid 

(circles) or any egg in all nests (squares) versus nest 

cover during nest marking,  in Lesser Black-backed 

Gulls and Herring Gulls, Kelderhuispolder, 2006-

2012.  

0

5

10

15

20

25

30

35

3 3.5 4 4.5 5

P
ro

p
o

rt
io

n�
�o
f�
�e
g
g
s��p

re
d

at
e

d�
�(%

)

Mean��nest��cover��per��nest

LBBG

HG

 

2.55

2.6

2.65

2.7

2.75

2.8

2.85

2.9

2.95

1 2 3 4 5 6 7

M
e

an
��c

lu
tc

h�
�si

ze
��(e

gg
s��n

e
st

�r1
)

Nest��cover��(scale��1�r7)

LBBG

HG

 
Fig. 3.6. Annual variations in mean nest cover (based 

on scores on a 7 point scale) related to levels of egg 

depredation (%), Kelderhuispolder 2006-2012.  

Fig. 3.7. Mean clutch size (eggs nest -1 ) in nests with 

different amounts of nest  cover, Kelderhuispolder 

2006-2012.  
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LBBG A-egg y= 0.906 + 23.570 R²=  0.755  F= 132.5  df=  1, 43 P<0.0001 

 B-egg y= 0.937 + 23.225 R²=  0.643  F= 72.2  df=  1, 40 P<0.0001 

 C-egg y= 0.833 + 26.638 R²=  0.553  F= 72.9  df=  1, 59 P<0.0001 

HG A-egg y= 0.713 + 40.677 R²=  0.363  F= 11.4  df=  1, 20 P<0.005 

 B-egg y= 1.195 + 10.109 R²=  0.701  F= 46.8  df=  1, 20 P<0.0001 

 C-egg y= 0.819 + 28.836 R²=  0.762  F= 83.4  df=  1, 26 P<0.0001 

Fig. 3.8. Egg volume (cc) versus hatching body mass (g) in chicks Lesser Black-backed Gulls (LBBG) and 

Herring Gulls (HG) for which the exac t laying sequence and the body mass on the day of hatching are both 

known with certainty; Kelderhuispolder 2006-2012 (significance of linear trends indicated in tabulated data) 

Box 3.2 – Egg volume  

There are several, precise and less precise, means of assessing egg volumes 1-6 . In the studies at Texel a 

practical, easy and commonly used method was adopted in which the egg volume is calculated from linear 

dimensions (length and width) 

 Volume = kLB²         ( 7) 

Where L= maximum length, B= maximum width, and k = a constant. Differences in egg shape have been 

ignored, even though some eggs are considerably roun der or more pear-shaped than others. The constant (k) 

used was derived from Spaans & Spaans (1975) 8, to allow for direct comparisons with earlier Dutch 

(Terschelling) data: k = 0.5035  (based on 12 Herring Gull eggs). Alternatives, used in other studies are 

0.5084 (or 1.01x the ‘Spaans’-volume) 2 and 0.476 (0.95x) 9. 

Egg dimensions: length and width of eggs of Lesser Black-backed Gulls and Herring Gulls at Texel. Kelderhuispolder, 2006-

2012.  

LBBG Length (L) Width (B) L/B HG Length (L) Width (B) L/B 

mean ± SD 66.7 ± 2.8 46.9 ± 1.5 1.4 ± 0.1  69.6 ± 3.8 48.1 ± 2.2 1.4 ± 0.1 

min-max 57.5-75.9 41.6-51.6 1.2-1.7  36.8-79.0 24.7-54.5 1.2-1.7 

n= 1869 1869 1869  1226 1226 1226 

References : 1,2 Barth 1953, 1968 3,4 Tatum 1974, 1975, 5Hoyt 1979, 6Michel & Thompson 2003, 7Stonehouse 1966, 8Spaans & 

Spaans 1975, 9Harris 1964a. ��
 

Egg volume – Bolton (1991) found that chicks from large eggs were not only skeletally larger 

(tarsus length) but also heavier for their size than those from smaller eggs, both of which could 

contribute to increased chances of survival. He also found that parental quality was more 

important than egg size in determining chick survival, suggesting that correlations between 

survival and egg size found (by other workers in non-experimental situations) may be due to the 

confounding effect of parental quality. Gasparini et al.  (2004) considered relaying (in Black-legged 

Kittiwakes Rissa tridactyla ) one of three main competing components of quality associated with 

egg production, each of which could represent pare ntal quality. Assessments of laying dates, egg 

predation rates and the incidence of replacements clutches were an essential part of the studies at 

Texel. To test the hypothesis that chicks from la rge eggs are skeletally larger, heavier or even in 

better condition (heavier for their size) than chicks from smaller eggs, which could contribute to 

increased chances of survival, all eggs were measured. 
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Table 3.7. Egg volume (cc) versus skeletal size (head, tarsus, bill in mm) in chicks Lesser Black-backed Gulls 

(LBBG) and Herring Gulls (HG) for whic h the exact laying sequence and the body mass on the day of hatching 

are both known with certainty; Kelderhuispolder 2006-2012. 

Egg volume versus head length       

LBBG A-egg y= 1.806 - 10.419 R²= 0.364  F= 16.6  df= 1, 29 P<0.001 

 B-egg y= 2.086 - 24.686 R²= 0.273  F= 7.9  df= 1, 21 P= 0.01 

 C-egg y= 0.838 + 31.148 R²= 0.078  F= 3.5  df= 1, 41 n.s. 

HG A-egg y= 2.465 - 32.606 R²= 0.156  F= 3.1  df= 1, 17 n.s. 

 B-egg y= 2.256 - 25.354 R²= 0.153  F= 3.3  df= 1, 18 n.s. 

 C-egg y= 2.364 - 37.859 R²= 0.492  F= 24.2  df= 1, 25 P<0.001 

Egg volume versus tarsus length      

LBBG A-egg y= 1.550 + 34.206 R²= 0.284  F= 11.5  df= 1, 29 P<0.005 

 B-egg y= 3.300 - 10.253 R²= 0.327  F= 9.2  df= 1, 19 P<0.01 

 C-egg y= 1.974 + 19.674 R²= 0.283  F= 15.4  df= 1, 39 P<0.001 

HG A-egg y= 0.215 + 80.929 R²= 0.001  F= 0.0  df= 1, 16 n.s. 

 B-egg y= 1.686 + 38.549 R²= 0.072  F= 1.2  df= 1, 16 n.s. 

 C-egg y= 3.668 - 19.945 R²= 0.542  F= 28.3  df= 1, 24 P<0.001 

Egg volume versus bill length       

LBBG A-egg y= 1.301 + 51.557 R²= 0.054  F= 1.7  df= 1, 29 n.s. 

 B-egg y= 1.703 + 44.307 R²= 0.053  F= 1.2  df= 1, 21 n.s. 

 C-egg y= -0.439 + 78.242 R²= 0.005  F= 0.2  df= 1, 41 n.s. 

HG A-egg y= 5.348 - 11.247 R²= 0.414  F= 11.3  df= 1, 16 P<0.005 

 B-egg y= 1.634 + 52.200 R²= 0.042  F= 0.8  df= 1, 19 n.s. 

 C-egg y= 2.276 + 33.418 R²= 0.146  F= 4.3  df= 1, 25 P<0.05 

 

The correlation between egg volume (Box 3.2) and chick mass at hatching was highly 

significant for A-, B- and C-eggs in both species ( AppFig. 3.8). Correlations between egg volume 

and skeletal measuremens (head, bill, and tarsus) were positive, but seldom significant, perhaps 

largely because the sample size for specific (sequenced) eggs was still too small ( AppTable 3.7). 

Using the exact same dataset but ignoring laying sequence, all correlations were highly significant, 

except bill length in Lesser Black-backed Gulls. All chicks for which body mass and head length had 

been assessed at the day of hatching (212 Lesser Black-backed Gulls, 114 Herring Gulls) were 

used to evaluate the relationship between egg vo lume and structural size-corrected body mass at 

hatching ( AppFig. 3.9). The results confirm that chicks from large eggs are in better condition 

(heavier for their size) than chicks from smaller eggs. 
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LBBG y= 42.004 + 24.779 R²= 0.519 F= 226.4 df=  1, 210 P<0.0001 

HG y= 49.332 + 18.655 R²= 0.618 F= 180.8 df=  1, 112 P<0.0001 

Fig. 3.9. Egg volume (cc) irrespective of laying sequ ence versus skeletal size-corrected body mass (Mass / 

Head) at hatching in 1d old chicks of Lesser Black-backed Gulls (LBBG) and Herring Gulls (HG); 

Kelderhuispolder 2006-2012 (significance of linear trends indicated in tabulated data) 



274  Colony life Appendix 3  
 

2006 2007 2008 2009 2010 2011 2012

180

200

220

240

260

280
Lesser Black-backed Gull

Year

C
lu

tc
h 

vo
lu

m
e 

(c
c)

               
2006 2007 2008 2009 2010 2011 2012

180

200

220

240

260

280

300

Herring Gull

Year

C
lu

tc
h 

vo
lu

m
e 

(c
c)

 
Fig. 3.10. Annual fluctuations in 3-egg clutch volumes (cc, see Box 3.2) of Lesser Black-backed Gulls and 

Herring Gulls (HG); Kelderhuispolder 2006-2012. 

 

Slight variations in 3-egg clutch volumes between seasons have been reported in Camphuysen & 

Gronert (2010a). Updated information is provided in AppFig. 3.10 (2006-2012). Clutch volumes in 

Lesser Black-backed Gulls in 2012 (217.4 ± 15.2, n= 63), the lowest on record, were significantly 

below all other years combined (224.3 ± 16.2, n= 461; Welch Two Sample t-test t 82.6  = 3.34, 

P=0.001). The difference with clutch volumes in the second lowest year, 2009 (221.4 ± 16.0, n=  

95), was not significant, however ( t 138  = 1.602, n.s.). Clutch volumes in Herring Gulls in 2009 

(240.0 ± 23.7, n= 49), the lowest on record, were not significantly different from other years 

combined (246.7 ±21.4, n = 281; t 63.4  = 1.589, n.s.). 

 

Breeding densities Kelderhuispolder 

 

In 2009, 2010, and 2011, the colo ny was surveyed with a strip-transect census: two observers 

connected with an 8m long line walked along pre-set transects through the colony, counting well-

established nests with and without eggs or young (excluding “play-nests” on territories). The 

species were identified on the basis of prey remains found at the territory, or by direct 

observations of birds attending the nest (De Wit 1988, Camphuysen et al.  in press ). As a result of 

excessive workload in May, the chosen survey dates were often suboptimal. The survey in 2010, 

however was closest to the preferred date (which would have been 20-25 May for Herring Gulls, 

25-30 May for Lesser Black-backed Gulls given their laying dates). De results indicated a study 

population of c. 1000 pairs of Herring Gulls and 2000 pairs of Lesser Black-backed Gulls, with a 

nesting density of c.  360 pairs ha -1  ( AppTable 3.8). The censuses suggested a continuous decline in 

numbers of Herring Gulls and an increase in Lesser Black-backed Gulls. 

 

Table 3.8. Calculated breeding population ( n nests ha -1 ) of Herring Gulls (HG) and Lesser Black-backed Gulls 

(LBBG) in the Kelderhuispolder study area (incl. Hinterland  study plot) in 2009-2011 based on strip transect 

counts in the early HG hatching phase. The total area is 82,650m². 

Numbers 10/06/2009 27/05/2010 01/06/2011 

 Herring Gulls 1288 1023 890 

 Lesser Black-backed Gulls 1816 1986 2026 

 Totals 3104 3009 2916 

Densities    

 Herring Gulls ha -1 160 120 110 

 Lesser Black-backed Gulls ha -1  220 240 250 

 Totals ha -1  380 360 350 

Sample size    

 Surveyed 13153 m² 33376 m² 18566 m² 

 Sample (%) 16% 40% 23% 
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Nesting densities between study plots (based on the 2010 census with additional data from the 

2009 census for the Entry Dunes  study plot) varied from 180-700 nests ha -1 , with Lesser Black-

backed Gulls predominating in the areas with the highest nesting densities and with Herring Gulls 

in the areas with the lowest nesting densities ( AppTable 3.9). The percentage of well-constructed 

nests which did not contain eggs varied considerably from year to year. For Herring Gulls, the 

2009 survey was too late for a meaningful assessment of nest contents (many chicks had already 

ventured into the vegetation), but in 2010 20% (n= 413) and 2011 30% (n= 200) of the nests 

were empty. For Lesser Black-backed Gulls, empty nests were most numerous in 2009 (59%, n= 

289), but lower in 2010 (19%, n= 802) and 2011 ( 33%, n= 455). Most “empty” nests had never 

contained eggs and were not used later in the season (from personal field observations during nest 

monitoring). In fact, during these surveys, scheduled late May and early June, a substantial 

proportion of the territory holders had either left the colony or paid rather few visits. 

 A study of territory-holding gulls on a 0.41-ha study plot at Tarnbrook Fell (Lancashire, 

UK) in 1993 to investigate the occurrence of empty nests showed that of pairs that defended a 

territory and constructed a complete nest, 27% subsequently failed to produce eggs (O'Connell et 

al.  1997). From annual counts of Lesser Black-backed Gull nests at the Tarnbrook Fell during 

1981-1994, the mean percentage of nests which did not contain eggs was both high and 

remarkably constant from year to year (54±1.9%). Just as on Texel, most “empty” nests did not 

subsequently receive eggs. These pairs attended their territory significantly less frequently than 

pairs that produced clutches and achieved sign ificantly fewer mountings. Sixty percent of pairs 

constructed more than one nest, and 58% of all ne sts built received no eggs. The rather higher 

proportion of empty nests in the Lancashire surv eys results from a methodological difference: the 

Texel surveys counted only the best nest per territory, whereas O'Connell et al.  (1997) counted all 

empty nests (play-nests included). The 27% of pairs in the 1993 study plot that failed to lay eggs 

is much closer to the majority of the values obtained at Texel. 

Spaans et al.  (1987) reported an 3-fold increase in nesting densities of the same two 

species of gulls within a 6 ha study plot at Terschelling of 35 nests ha -1  in the late 1960s to 97 

nests ha -1  in the early 1980s and attributed a number of  changes to the change in nesting density 

(decrease in fledging rates, increase in egg and chick depredation rates, decrease in egg size and 

chick growth). While it is difficult to compare nesting densities between two study areas directly, 

the Kelderhuispolder censuses suggest that nest ing densities on Texel are indeed very high, 

possibly some 3.7x higher than at Terschelli ng in the early 1980s. Within the study area 

Kelderhuispolder, rather clear variations in nesting densities occurred, with possible repercussions 

for the egg/chick depredation rates and the reproductive success of the birds breeding there. While 

summarising all data over all breeding seasons (2006-12), nesting success at hatching (% of nests 

that hatched at least one egg) was lower for Lesser Black-backed Gulls in areas with the highest 

breeding densities. In Herring Gulls this effect was absent, but the variation in nesting densities 

was also much lower. Overall breeding success, co mparing nests that fledged at least one chick 

with nests that failed, tended to be higher in study plots with high densities than in low density 

areas. The results indicate that the effects of nesting densities on some vital rates are inconsistent 

and sometimes counterintuitive. 

 Jehl (1994) studied California Gulls Larus californicus  at Mono Lake, California, from 1984-

93. Numbers had increased 30-fold since 1916 and nesting densities were among the highest 

reported for the species. He found that the upper critical density approximated 5000 nests ha -1 , 

but even at 7700 nests ha -1 there was no effect on egg size, clutch size, or fledging success. 

Shorter (6-8 yr) sampling periods, however, would ha ve indicated that either positive or negative 

effects had occurred. Gulls evidently dispersed after the upper critical density was attained, 

because concentrations above the upper critical density did not persist into subsequent breeding 

seasons. Jehl (1994) observed that density effe cts are often inferred from comparing long-term 

changes in population size (as an index to de nsity) with various population parameters. He 

concluded that the role of nest spacing is best investigated by comparing the performance of birds 

nesting at different densities in the same year. 
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At Texel, we were unable to assess exact nesting densities annually because other 

activities were prioritised, but also because the fieldwork in colonies with high densities (but 

nevertheless hidden, difficult to detect nests) such as in Kelderhuispolder caused considerable 

disturbance. Therefore, the values presented in AppTable 3.9 are best seen as proxies of differences 

in breeding densities between study plots in the Kelderhuispolder for the entire study period. The 

variability of hatching and fledging rates between study plots and between seasons was 

considerable. When pooling the available data and assuming more or less constant densities, the 

correlation between densities of nests (both species combined) within study plots and egg 

depredation rates was positive, the correlation with hatching success was the reverse ( AppTable 

3.10). This was true for both species. Similar tendencies were found in chick depredation and 

fledging rates in Herring Gulls, but not trends were found in Lesser Black-backed Gulls in the 

phase of chick care ( AppTable 3.11). In Chapter 4 differences between study plots are discussed in 

more depth. Later data have confirmed that the two main study plots (Valley and Foot Sea dunes) 

experienced contrasting trends over time (in chick depredation levels and fledging rates), while we 

have no data to support the suggestion that nesting densities have reversed in either area (see 

also below under Chick depredation ). 

 

Table 3.9. Breeding densities (nests ha -1 ) of Herring Gulls (HG) and Lesser Black-backed Gulls (LBBG) in the 

Kelderhuispolder study plots based on strip transect co unts in the early HG hatching phase in 2010 (Entry 

dunes based on the 2009 census). 

Study plot Lesser Black-backed Gull  Herring Gull  Totals dominant 

HG club 530 160 700 LBBG 

Lookout 410 190 600 LBBG 

Foot sea dunes 460 120 580 LBBG 

LBBG-club 250 120 370 LBBG 

Valley ridge 250 60 310 LBBG 

Valley 220 90 310 LBBG 

Roughs 140 160 300 HG 

Entry dunes 80 190 270 HG 

Sea dunes 50 130 180 HG 

Total study colony 240 120 360 LBBG 

 

Table 3.10. Egg depredation rates ( n nest -1 ) and hatching rates ( n nest -1 ) in unnamed study plots with different 

nesting densities ( n ha -1 , both species combined) and different mean nest cover; pooled data, Kelderhuispolder 

2006-2012. 

Lesser Black-backed Gull   Herring Gull    

Density Nest cover Nests PredRate HatchRate Density  Nest cover  Nests PredRate HatchRate  

     180 4.1 111 0.5 2.0 

270 3.3 16 0.3 2.3 270 4.2 123 0.3 2.2 

300 3.9 9 0.6 2.9 300 3.9 97 0.5 1.9 

310 4.1 237 0.4 2.1 310 3.7 7 0.1 2.0 

320 3.9 8 0.3 2.4 320 3.5 21 0.6 1.6 

580 4.0 275 0.5 1.9 580 4.0 10 0.2 2.5 

600 4.2 73 0.5 2.1 600 3.7 10 0.6 1.6 

700 3.4 10 0.7 1.9 700 3.8 26 0.7 1.5 

 

Table 3.11. Chick depredation rates ( n nest -1 ) and fledging rates ( n nest -1 ) in study plots with different nesting 

densities; pooled data, Kelderhuispolder 2006-2012. 

Lesser Black-backed Gull     Herring Gull      

Plot Density Nests PredRate  FledgeRate  Plot Density  Nests PredRate FledgeRate  

Valley 0.031 131 1.18 0.63 Entry dunes 0.027 66 0.45 0.98 

Foot sea dunes 0.058 123 1.35 0.36 Roughs 0.030 35 0.66 1.26 

Lookout 0.060 38 0.84 0.71 HG-club e.o. 0.070 16 1.00 0.56 

  292 1.21 0.52   117 0.59 1.01 
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Box 3.3 - Testing growth models 

In a MSc-project, Natalia Gallego Garcia tested four growth models using developments of chicks of Herring 

Gulls and Lesser Black-backed Gulls from the Kelderhuispolder colony at Texel, using measurements obtained 

during 2006-2008. In all three years, body mass (g), head length (mm), bill length (0.1mm) and wing length 

(mm) were measured; in 2007 and 2008 tarsus length (mm) was also measured. The colony was visited with 

3d intervals from hatching until fledgi ng of the chicks. The exact age at wh ich chicks were capable of flight 

varied, but all individuals that reached the age of 40d we re recorded as fledglings. For both species, body mass 

and all measurements of only those bi rds that fledged were pooled across years, and used to model growth in 

time (d). The growth models were: 

(1) Logistic growth mo del with 3 parameters 
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a is  the upper asymptote, b is the value of t at the point of inflecti on of the curve, and k is the growth rate. 

 

(2) Logistic growth mo del with 4 parameters 
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a is  the upper asymptote, for small values of t , b i s the upper asymptote for big values of t , c is the value of t  

at the point of inflection of the curve, and k is the growth rate. 

 

(3) Gompertz growth model 
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a is the upper asymptote, b is the value of t at the point of inflecti on of the curve, and k is the growth rate. 

 

(4) von Bertalanffy growth model 

 �� ��ktay ����� �"1  

a is the upper asymptote, and k is a measure of the rate at which the growth rate declines 

 

An analysis of variance was used to make pair wise comparisons between models. The logistic model with 3 

parameters and the Gompertz model could not be compared using an ANOVA, because they have the same 

number of parameters and the same number of degrees of freedom (n parameters+1). The Akaike’s inform-

ation criterion (AIC) was also estimated for each model and each variable. When comparing two models, the 

smaller the AIC, the better the fit 1. When the ANOVA test showed no statistical differences between the models, 

the simplest model was chosen in this order: von Bertalanffy, being the simplest model, followed by the logistic 

with 3 parameters and Gompertz mode ls, and the more complex, the logist ic model with 4 parameters. When 

statistical differences were found, the model with the least AIC value was selected. 

 Both logistic models and Gompertz model fit the data of all variables. Von Bertalanffy model had a 

poor fit for body mass and did not fit wing length data for Herring Gulls, or wing length data for Lesser Black-

backed Gulls. The standard von Bertal anffy model used in the present study can be used to fit most growth 

data lacking an inflection point, but is not suitable for a sigmoidal growth pattern, like that of body mass and 

wing length. For this reason, the cu bic version of von Bertalanffy model 

 � � � �3
1 ktay ����� �" , 

often used to fit either length or weight data containing a growth inflection 2, was used only for these two 

variables. From all four models tested, the von Bertalanffy was the model with the least fit. Both logistic models 

and the Gompertz model had a good fit with the data used in this study. However, the choice of the best model 

should be made based on the obje ctives of the study and not based on the outcome of the statistical 

comparisons or the goodness of fit. For example, for the comparison of birds that starve to death, birds that 

were depredated, and birds that fledged, the use of the logistic or Gompertz model was inappropriate, as these 

methods require the estimate of the asymptote and cannot be applied to chicks that do not survive to fledging. 

There are two ways to solve this problem and therefore to  make comparisons of this sort. One way is to fit a 

linear model instead, by using only the points of th e linear phase of the growth curve. For body mass, for 

example, the regression should be made with the points  between day 5 and day 25. Th is method is suitable if 

the objective of the study is to compare only the growth rates of individuals 3, 4 . However, if the study is 

intended to compare the growth of chicks during their early days ( i.e.  <5d) or just prior to fledging ( i.e.  >25d), 

other modes should be chosen or ot her measurements should be taken. 
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 There were no significant differences between species in growth rates of body mass ( F=0.17, p=0.67), 

bill ( F=0.04, p=0.83), tarsus ( F=0.17, p=0.67), and head ( F=0.005, p=0.94). The growth rate of wing length 

was significantly higher in Herring Gulls than in Lesser Black-backed Gulls ( results  tabulated below ). The 

asymptote of the curve for all variables was larger fo r Herring Gulls than for Le sser Black-backed Gulls.  

Values of the parameters estimated from the logistic model. Asymptote (a), point of inflection (b) and growth rate (k) of 

Herring Gulls (HG), and Lesser Black-backed Gulls (LBBG) are given.  

 HG LBBG HG LBBG HG LBBG 
 a b k 

Mass 793.4 677.7 16.0 14.6 6.4 5.8 

Tarsus  65.4 64.8 5.4 5.0 8.5 7.8 

Bill 46.4 45.7 8.0 7.0 12.9 11.8 

Head 110.7 109.9 4.6 4.4 12.5 12.3 

Wing 338.0 329.5 25.1 22.3 8.5 7.8 

The results suggest that from hatching to  fledging, Herring Gull chicks grew faster than the offspring of Lesser 

Black-backed Gulls. However, the only significant diff erence found between species was wing length (taking 

more time to develop completely in Lesser Black-backed Gulls). The point of inflection of the wing curve is the 

latest of any measurement (25d fo r Herring Gulls and 22d for Lesser Black-backed Gulls) and at 40d, the 

asymptote is not yet reached. Clea rly, after fledging, the wing in both species keeps developing. 

 

References : 1Crawley 2007, 2Ricklefs 1967, 3Bolton 1991, 4Spaans 1971; Source : Gallego Garcia N. 2008 . Growth in chicks of 

Lesser Black-backed Gulls Larus fuscus and Herring Gulls Larus argentatus in the Kelderhuispolder colony, Texel.  MSc thesis, 

University of Amsterdam, Amsterdam, 26p p, CD. [MSc project 2008, supervision Emiel van Loon, Judy Shamoun-Baranes & 

CJC] 

 

 

Chick growth 

 

During nest controls in the phase of chick care, chicks were weighed (g) and measured in order to 

monitor growth. Initially, the measurements included head (back of the head to tip of the bill), bill 

(tip to feathers) and wing (flattened), but in 2007-2012 the tarsus was measured also. Over the 

years we obtained 32,142 measurements on 925 chicks ranging from 1-50d of age: 

 Chicks Head Bill Wing Tarsus Mass 

LBBG 647 3937 3922 3938 3591 4045 

HG 278 2394 2387 2392 2201 2410 

 

Growth rates could be related to egg size (pre-hatch factors), but were primarily thought to 

provide information on provisioning rates during chick care (post-hatch factors). Hunt & Hunt 

(1976) observed that in Glaucous-winged Gull Larus glaucescens , in years of both low and high 

food availability, chick survival was strongly correlated with growth rates. Also, chicks that grew 

slowly were more likely to be killed by neighbours than fast-growing chicks. Van Klinken (1992) 

failed to find differences in growth rates betwee n pairs that had received supplementary food and 

pairs that served as controls, but chick survival was considerably higher in pairs that had received 

extra food. Pugesek (1993) reported that hatching asynchrony in California Gulls Larus californicus  

resulted in initial mass differences between sibl ings that persisted and accelerated with time. 

Fledging success was unrelated to hatching asynchrony but was related to large offspring mass. 

Parental age was unrelated to hatching asynchrony but heavily influenced the brood's gain in 

mass. These are just some examples from a wide field of study and numerous publications to 

explain why attention was paid to chick growth ra tes. The contrasting population trends in the 

gulls studied (through changes in reproductive su ccess and survival), are most likely food-related. 

Periodic fluctuations in growth rates could be due to variations in the capacity of parents to provide 

sufficient food for the chicks (mirroring patterns in  food availability), but differences could also be 

attributed to a trade-off between present and future reproductive success (Villuendas & Sarzo 

2003). None of which is mutually exclusive. 
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The significance of the Wadden Sea for Herring Gulls,  both as a breeding and as a foraging area, is 

widely acknowledged (Smit & Wolff 1980, Van de Kam et al.  1999). Herring Gulls were listed 

among “the 32 most important estuarine birds sp ecies of the Wadden Sea” (Smit & Wolff 1980). 

The tideline and exposed mudflats in estuaries an d in the Wadden Sea are important feeding areas 

for them (Spaans 1971, Smit & Wolff 1981). To turn this fact around, the numbers of carnivorous 

Herring Gulls in an area like the Wadden Sea are so large that this species must be a factor of 

importance in the regional ecosystem. The mean number of Herring Gulls in the Dutch part of the 

Wadden Sea (based on shore-based waterbird counts) in the 1970s ranged from 15,000 in 

February-March to 40,000 between September and December (Smit & Wolff 1981). Using an 

average of 15,000 individuals per day (“bird days”) on tidal flats, deriving a BMR of 78 Kcal day -1  

(~3.7W) from a mean body mass of 990g, assumi ng a FMR of 5BMR, Smit (in Smit & Wolff 1981) 

calculated the daily consumption by Herring Gulls of 5 6 Kcal (21 6 kJ). A similar consumption was 

expected in subtidal areas. With Black-headed and Mew Gulls, Herring Gulls were calculated to 

account for 17% of the total bird consumption (11% in subtidal areas and 6% on tidal flats). 

Cadée (1995) calculated that Herring Gulls, with Red Knots Calidris canutus  and Common Eiders 

Somateria mollissima , are the most important avian shell-crushing predators that account for most 

of the shell fragments present in Wadden Sea sediments (leaving little room for physical factors). 

 Recent waterbird counts by SOVON in the Wadden Sea produced higher numbers of 

Herring Gulls in the late 1970s and 1980s (annual mean c. 60,000) than Smit & Wolff (1981), but 

indicated gradual declines in numbers since the early 1990s (Hustings et al.  2009, Hornman et al.  

2011). Currently, peaks in abundance are observed  directly after the breeding season (August-

September; c. 80,000 individuals) and in mid-winter (January-February; c. 100-120,000); 

relatively low numbers occur in November ( c. 30,000) and May ( c. 25,000). The energetic 

requirements during breeding (modern calculations such as in Box 7.2 arrived at ca.  30% higher 

values during breeding than those assumed by Smit & Wolff 1981) are such that Herring Gulls 

must still be considered a highly significant component of the Wadden Sea ecosystem. 

 High numbers of Lesser Black-backed Gulls breed on Wadden Sea islands of The 

Netherlands, Germany and Denmark (Fleet et al.  1994, Olsen 1992, Hälterlein 1998, Garthe et al.  

2000, Koffijberg et al.  2006). Three Natura 2000 areas within the Wadden Sea have been 

designated, with the high numbers of breeding Lesser Black-backed Gulls as important 

conservation issues (Janssen & Schaminée 2009). The importance of the Wadden Sea as a 

foraging area for this species is less well under stood, however. Lesser Black-backed Gulls were not 

listed among “the 32 most important estuarine birds species of the Wadden Sea” (Smit & Wolff 

1980). Van de Kam et al.  (1999) do acknowledge the substant ial breeding population, but do not 

provide information on the foraging ecology other than that Lesser Black-backed Gulls capture fish 

in the North Sea. The Lesser Black-backed Gull is not even mentioned as a species in a recent 

overview on migratory waterbirds in the (international) Wadden Sea (Laursen et al.  2010). Recent 

reports on waterbird counts in The Netherlands failed to specify numbers of Lesser Black-backed 

Gulls for the Wadden Sea area or to produce substantial species accounts in the text (Hustings et 

al.  2009, Hornman et al.  2011, 2012). 

 

The occurrence inland - The gulls in this thesis are regarded  as coastal seabirds, but they also 

frequently utilise terrestrial resources (Furness & Monaghan 1987). Their inland presence (at 

roosts or in bathing places) and terrestrial foraging activities are well known, but relatively little 

studied ecological aspects (but see Andersson 1970, Spaans 1971, Demuth 1983, Horton et al.  

1983, SOVON 1987, Vauk & Prüter 1987, Voslamber 1991, Hüppop & Hüppop 1999, Vercruijsse 

1999, Camphuysen et al.  2006, Coulson & Coulson 2008). During strong winds and in heavy rains, 

much higher numbers of gulls (including at le ast Herring, Lesser Black-ba cked, Black-headed and 

Mew Gulls) are visible in compact flocks on land than during fine conditions (SOVON 1987). 
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Chick care European Herring Gull Lesser Black-backed Gull 

Hatching type6 semi-precocial semi-precocial 
Mean hatching date1 2 Jun ± 1.9 d (31 May-6 Jun) 8 Jun ± 2.9 d (5-14 Jun) 
Median hatching date1 2 Jun ± 1.8 d (31 May-5 Jun) 8 Jun ± 2.9 d (5-14 Jun) 
Growth rate at 5-20d, fledging chicks1   
 Bill (mm d-1) 1.9 ± 0.7 (n= 104) 1.7 ± 0.6 (n= 143) 
 Head (mm d-1) 0.8 ± 0.6 (n= 104) 0.9 ± 0.6 (n= 143) 
 Wing (mm d-1) 7.3 ± 3.5 (n= 104) 8.2 ± 2.7 (n= 143) 
 Tarsus (mm d-1) 1.5 ± 0.6 (n= 92) 1.5 ± 0.7 (n= 133) 
 Mass (g d-1) 29.6 ± 13.9 (n= 104) 24.3 ± 13.5 (n= 143) 
Chick predation (%)1 30.9 ± 11.8 56.9 ± 10.9 
Chick mortality (%)1 24.3 ± 15.3 19.6 ± 8.2 
Chicks fledged (%)1 44.4 ± 11.6 22.4 ± 6.7 
Fledging period (%)6 40-50 d 35-45 d 
Fledging rates (chicks pair-1) 0.88 ± 0.3 0.49 ± 0.2 
Post-fledging care6 45+ d yes 

Survival and recruitment European Herring Gull Lesser Black-backed Gull 

First year survival (%)guesstimate 25 ± 6% 31 ± 8% 

Age of first breeding6, 1 4-6 yrs 5-6 yrs 
Immature survival (2-5yr, %) guesstimate 70 ± 6% 83 ± 5% 
Recruitment (%)guesstimate 6% 14% 
Maximum age (longevity) 34 yrs4 33 yrs5 

Adult annual survival1 �‚  79%, �4�� 86%1 91%1 

Migratory movements, wintering European Herring Gull Lesser Black-backed Gull 

Migratory movements resident, dispersive seasonal migrant 
Migratory range (adultmean, Dec-Jan) 99 ± 109 km7 1367 ± 206 km8 

Migratory range (adultmax, Dec-Jan) 333 km7 2049 km8 

Migratory range (adultmean, Dec-Jan 52.3 ± 0.8°N7 42.1 ± 5.1°N8 

Migratory direction (adultmean, Dec-Jan) 173 ± 57° (min 50.4°N)7 206 ± 14°(min 36.5°N)8 

Migratory range (juvmean, Dec-Jan) 68 ± 72 km7 1861 ± 201 km8 

Migratory range (juvmax, Dec-Jan) 382 km7 2780 km8 

Migratory range (juvmean, Dec-Jan) 52.5 ± 0.6°N (min 50.1°N)7 37.9 ± 4.5°N (min 30.4°N)8 

Migratory direction (juvmean, Dec-Jan) 157 ± 51° 7 201 ± 8° 8 

Main wintering area Netherlands, Belgium, N France7 NW Africa, Spain, Portugal8 

Principal resources during breeding European Herring Gull Lesser Black-backed Gull 

Foraging habitat1 nearshore, intertidal, inland offshore, inland 
Foraging distance (km) 20-30 km13 40-80 km9 

Marine prey (freq occ)1 23% 
discards, pelagic fish, shrimps,          

(�¶ 65 species) 

90% 
discards, pelagic fish, crustaceans, 

Nereid worms (�¶ 69 species) 
Intertidal prey (freq occ)1 

75% 
mussels, cockles, razor clams, 

starfish, crustaceans (�¶ 34 species) 

3% 
razor clams, Nereid worms             

(�¶ 18 species) 

Terrestrial prey (freq occ)1 
23% 

cannibalistic prey, mammals, grains    
(�¶ 86 species) 

31% 
cannibalistic prey, insects, earthworms, 

cattle feed, berries (�¶ 86 species) 

Domestic refuse (freq occ)1 
13% 

plastics, chick, bread, meat            
(�¶ 80 types) 

6% 
plastics, chick, bread, meat            

(�¶ 51 types) 

Biometrics European Herring Gull Lesser Black-backed Gull 

Adult mass �4 1 1032 ± 73.1, max 1295 g (n= 86) 910 ± 76.3, max 1065 g (n= 105) 

Adult mass �‚ 1 862 ± 56.8, max 1005 g (n= 84) 745 ± 52.1, max 880 g (n= 121) 
Wing span, �4  (mean ± SE)10 140.9 ± 6.5 cm 140.8 ± 6.2 cm 

Wing span, �‚ 10 132.5 ± 7.0 cm 133.2 ± 5.7 cm 
Wing area, �4  (mean ± SE)10 210.6 ± 23.4 cm² 205.3 ± 20.3 cm² 

Wing area, �‚ 10 183.8 ± 21.7 cm² 184.8 ± 16.8 cm² 
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Biometrics European Herring Gull Lesser Black-backed Gull 

Bill, tip to feathers, �4 1 55.7 ± 2.3, 49.8-60.3 mm (n= 86) 56.2 ± 2.3, 51.0-61.8 mm (n= 105) 

Bill, tip to feathers, �‚ 1 50.2 ± 2.0, 46.0-54.7 mm (n= 85) 50.7 ± 1.9, 46.4-55.0 mm (n= 122) 
Bill depth base, �4 1 20.1± 0.9, 17.6-22.3 mm (n= 86) 19.3± 1.1, 16.5-22.5 mm (n= 105) 

Bill depth base, �‚ 1 17.5 ± 0.7, 15.8-19.9 mm (n= 85) 17.1 ± 0.7, 14.6-19.1 mm (n= 122) 
Bill depth gonys, �4 1 20.7 ± 0.8, 19.1-22.7 mm (n= 86) 19.0 ± 0.9, 16.3-21.6 mm (n= 105) 

Bill depth gonys, �‚ 1 18.4 ± 0.7, 16.5-20.6 mm (n= 85) 16.9 ± 0.7, 14.0-19.0 mm (n= 122) 
Head length, �4 1 124.6 ± 2.7, 119-130 mm (n= 86) 122.0 ± 3.2, 113-128 mm (n= 105) 

Head length, �‚ 1 114.1 ± 2.2, 109-119 mm (n= 85) 110.9 ± 2.2, 103-117 mm (n= 122) 
Tarsus length, �4 1 67.7 ± 2.1, 63-74 mm (n= 86) 66.3 ± 2.7, 59-72 mm (n= 105) 

Tarsus length, �‚ 1 62.8 ± 2.1, 57-68 mm (n= 85) 61.5 ± 2.2, 55-67 mm (n= 122) 
Wing length, �4 1 435.4 ± 11.7, 415-458 mm (n= 84) 437.6 ± 11.1, 409-458 mm (n= 105) 

Wing length, �‚ 1 413.7 ± 8.9, 393-439 mm (n= 83) 416.2 ± 9.0, 392-436 mm (n= 122) 

Energetic requirements European Herring Gull Lesser Black-backed Gull 

Energetic req., �4  (BMR)2 312 kJ (3.6W) 285 kJ (3.3W) 

Energetic req., �‚  (BMR)2 273 kJ (3.2W) 247 kJ (2.9W) 
Daily req., �4  (FMR)3 1560 kJ (18.1W) 1427 kJ (16.5W) 

Daily req., �‚  (FMR)3 1365 kJ (15.8W) 1236 kJ (14.3W) 

1own data, Kelderhuispolder 2006-2012, adult birds sexed on head-length, chicks unsexed, biometrics as mean ± SD, range or 
max and sample size, 2cf. Aschoff & Pohl 1970 (relationship between BMR (kJ) and mass (W in kg): BMR =307.6·W0.734), 3cf. 
Drent & Daan 1980, Ellis 1984 (seabirds from high latitudes have a greater BMR than tropical seabirds (assumed 1.25 BMR for 
53°N); energy requirements adults during breeding estimated at 4(1.25 BMR), 4 Vogeltrekstation Heteren 2008, ring report 
5054793, 5Staav & Fransson 2006, 6Schreiber & Burger 2002, 7colour ring sightings, Dec-Jan, 8colour ring sightings Dec-Jan, 
9own GPS loggers 2008-2012, (exceptional trips excluded), 10Verbeek 1977, 11BWPi, 12Voous 1960, 13colour ring sightings 
adults, Apr-Aug, (n=287), exceptional 34km, 68km. “Guesstimates” are based on confirmed resightings at Texel and 
elsewhere within their flyways, rather than proper modelling, and following a proper MARK analysis, after corrections for re-
sighting probabilities, these values are bound to rise slightly. *) 4 and 5-egg clutches in Lesser Black-backed Gulls at Texel 
only found during wide-ranging density assessments. 

 
Annual cycle (Appendices 3-4, AppTabs 3.3-4 & AppFigs. 4.1-2) 

European Herring Gull Lesser Black-backed Gull 

Wintering period Nov-Feb Wintering period Nov-Feb 

Pre-nuptial moult completed Feb-Mar Pre-nuptial moult completed Feb-Mar 

Adult return migration Feb-Apr Adult return migration Feb-Apr 

Earliest colony returns 21-28 Mar Earliest colony returns 22-29 Mar 

Prospecting phase Apr Prospecting phase Apr 

First eggs 23 Apr-2 May First eggs 29 Apr-4 May 

Median laying 4-9 May Median laying 9-19 May 

Start primary moult early May First hatchlings 22 May-1 Jun 

First hatchlings 20-29 May Start primary moult mid-Jun/Jul 

Median hatching 31 May-5 Jun Median hatching 5-14 Jun 

Chick care 4 Jun-19 Jul Chick care 12 Jun-26 Jul 

First fledglings 2-12 Jul First fledglings 10-17 Jul 

Colony departure Aug Colony departure Jul-Aug 

Autumn dispersal Aug-Oct Autumn migration, 1st leg Aug-Oct 

Winter plumage attained Oct Winter plumage attained Sep-Oct 

Post-nuptial moult completed Oct-Nov Autumn migration final leg  Oct-Nov 

  Post-nuptial moult completed Nov-Dec? 
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