
An enquiry into evolutionary aspects of geographic variation in avian biology, with 
special reference to the Yellow Wagtail and Meadow Pipit.

by

Christopher Paul Bell B.Sc.

January 1995

A thesis submitted for the degree of Doctor of Philosophy 

(University College London)

Department of Biology 
Imperial College 

Prince Consort Road 
London SW7



ProQuest Number: 10044588

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest 10044588

Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



Acknowledgements

Fieldwork in Spain and Sweden and collection of morphometric data were done while the 

author was in receipt of a SERC studentship between 1984 and 1987. Contributions 

towards travel costs were made by the British Ornithologist’s Union and the London 

University Central Research Fund. A retrospective payment towards fieldwork costs was 

also made by SERC. Permissions for access and sampling procedures were obtained from 

the following organisations. Coto Donana: Institutio Nacional para la Conservacion de la 

Naturaleza (ICONA); Estacion Biologica de Donana; Seccion de Especies Protegidas, 

Junta de Andalucia. Elmley Marshes: The Royal Society for the Protection of Birds. The 

Abisko area including Abisko National Park: Abisko Scientific Research Station; Statens 

Natursvârdsverk. Stordalen Mire: Lulea Natursvârdsenheten. Morphometric and clutch size 

data were obtained from the skin and egg collections at the British Museum sub

department of Ornithology at Tring. Data analysis the write up were done while the author 

was in receipt of a discretionary award from EPSRC, held at Imperial College London in 

1993-94, supervised by Stephen Young. Suggestions for the layout of the thesis and data 

analysis were made by Stephen Baillie of the BTO. Fieldwork was facilitated by Gus 

Jones and Ed Mackrill in Spain, Nils Âke Andersson in Sweden, and Bob Gomes in 

Britain. Assistance was also provided by the office of the Dean of Students at University 

College, especially the late John Dodgson. Registration at Imperial College was made 

possible by Tim Sellar. Special thanks to Louise Hill and EPSRC for the provision of the 

discretionary award.



Addresses

Estacion Biologica de Donana 

Avenides Maria Luisa 

41013 Sevilla

Seccion de Especies Protegidas 

Agencia de Medio Ambiente 

Junta de Andalucia 

Avenida de Eritana 1 

Sevilla

ICONA

Ministerio de Agricultura 

Pesca y Alimentation 

Paseo de Infanta Isabel 

1-28014 Madrid

Abisko Scientific Research Station 

S-980 24 Abisko

Lulea Natursvârdsenheten

Lansstyrelen

951 86 Lulea



Abstract

The Yellow Wagtail is a species with a range of characteristics which are of special 

interest to evolutionary biologists, including marked racial variation and leapfrog 

migration. Field observations of the behaviour of breeding Yellow Wagtails at three sites 

in Europe are presented, together with an analysis of geographic variation in the 

morphometries and clutch size of the species, and of field and clutch size data on its close 

relative the Meadow Pipit. Proposed explanations of leapfrog migration and other 

anomalous migration patterns are discussed. Theories which assume the role of 

competition, relying on evolutionary explanations of differences in competitive ability 

between populations are criticised, and an alternative explanation of leapfrog migration 

is proposed, based on the relationship between seasonality in breeding and wintering areas. 

Some aspects of clutch size variation in the two study species are shown to be explicable 

in terms of variation in the distance to wintering sites and in the wintering space available 

to different populations, and their effect on breeding population density. Behavioral 

patterns in Yellow Wagtails in the three study sites are compared, including delivery 

frequency, quantities of food delivered, central place foraging, brooding of nestlings and 

nest vigilance, as are growth rates in Yellow Wagtails and Meadow Pipits. The
iS

significance of these patterns for geographic variation in life history^ discussed. Male 

Yellow Wagtails mainly supplement food deliveries to nestlings by females when demand 

is high, such as in large broods or at times of high demand per nestling. Nest guarding 

roles vary between sites, with more emphasis on nest guarding by males in Spain. Wind 

is shown to profoundly affect the behaviour of adult Yellow Wagtails brooding nestlings, 

and to depress growth rates in Yellow Wagtail and Meadow Pipit nestlings. Geographic 

size variation in Yellow Wagtails corresponds with variation in temperature, altitude, and 

humidity of breeding sites, and shape variation is discussed with reference to differences 

in diet and habitat between the three field sites. Some aspects of morphometric variation 

correspond to subspecies differences, while others vary clinally across subspecies 

boundaries.
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1. Introduction

The main topics addressed in this thesis concern the evolutionary background of avian 

migration strategies and the relative importance of inter- and intra-class competition as 

against alternative causes of observed migration patterns; intra-specific geographic 

variation in morphology and its relationship with phylogenetic and environmental factors; 

and geographic variation in life history strategies with particular emphasis on clutch size 

and patterns in behavioural components of reproductive strategy during the nestling phase 

of altricial birds.

The original objective of the study was to discover the cause of leap-frog 

migration, whereby bird populations breeding at higher latitudes or at a greater distance 

from their wintering grounds extend their migrations beyond those undertaken by 

populations breeding at lower latitudes, or nearer the wintering grounds.

The hypothesis^hinges on the advantage of small body size in exploiting high latitude
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regions during the breeding season, which had been deduced from ideas outlined by 

O’Connor (1981), who suggested that migrants and residents differ fundamentally in their 

life history strategies, and that migrants are r-selected and residents K-selected. From this, 

it was thought, followed the likelihood that populations breeding at high latitudes and 

undertaking extensive migrations should be r-selected, one of the conventional correlates 

of which is small body size, while populations breeding at low latitudes and remaining 

resident or undertaking short migrations should be K-selected, with a larger body size. 

Smaller northern birds should therefore extend their migrations to avoid competition with 

larger, competitively dominant southern breeders.

The initial objective of the project therefore, was to demonstrate smaller body size 

in high latitude populations. However early results indicated that this is not a general, or 

even a common pattern of morphological variation in birds. Moreover, scrutiny of 

available information on migration patterns indicated only limited evidence of leapfrog 

migration. Furthermore by the mid-eighties the concept of r-K selection had been 

undermined by a studies which showed that the phenotypic r-K selection gradient could 

be explained by variation in body size rather than vice-versa (Blueweiss et al. 1978, 

Stearns 1983), and critiques which showed that, rather than a well-defined and 

operationalised theory, r-K selection is a non-predictive and highly speculative concept 

cluster (Parry 1982, Boyce 1984). Meanwhile, other studies had exposed the difficulties 

involved with attributions of patterns in communities to competition (e.g. Strong et al.

1984), which rarely consider possible alternatives.

At an early stage in the study therefore, it became clear that the predictions of the 

theory did not accord with the empirical evidence, and that its theoretical basis was faulty. 

It was decided however, to persevere with the collection and analysis of morphological 

data, leading eventually to the accumulation of a database of around 17000 skin 

measurements of 11 different species. Failure of these data to yield the expected body size 

pattern lead to searches for evidence of lower sexual dimorphism at higher latitudes, as 

predicted by O ’Connor (1981) for more migrant birds, or for morphological evidence of 

greater specialisation at lower latitudes, as convetionally predicted for K-selected 

populations, but again no evidence was found. Finally the data were subjected to a variety 

of multivariate statistical analyses, including principal component, discriminant function 

and canonical correlation analysis, without success in demonstrating the predicted pattern
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of morphological variation.

The Yellow Wagtail was chosen as the main study species primarily for its status as a 

leapfrog migrant. That such migration patterns are detectable is due to plumage variation 

across its wide breeding range, which covers over 40° of latitude, within which a wide 

variety of contrasting habitats are exploited. This also provides an opportunity to explore 

the ways in which a species adapts its behaviour to cope with the challenges of breeding 

in contrasting environments, and to study the effects of such adaptation on the 

morphological characters of different breeding populations and the interaction of 

morphology with varying migratory strategies. The proximity of large numbers of 

breeding Meadow Pipits in two of the study sites and the similarity of their nest sites with 

those of Yellow Wagtails afforded an opportunity to gather comparative data on a related 

species.

The main thread linking the sections of the thesis is geographic variation. Species will 

colonise any site which they can disperse to and maintain a population, but the different 

conditions prevailing in different sites ensure that different sets of phenotypic traits are 

evolutionary stable in each site, leading to evolutionary divergence which in songbirds is 

most obviously manifested in clutch size and to a lesser extent morphology. In birds 

especially however, it is not only the characteristics of the breeding site per se which are 

important, but also the spatial relationships of the site to other environments which can 

be exploited at alternative seasons via migration, and variation in this spatial relationship 

gives rise to patterns whose explanation is not always obvious, and which can also feed 

back in subtle ways to affect breeding strategy. The presence in alternate wintering sites 

of some populations for over six months out of the year is also potentially significant for 

morphology.

The present thesis is the result of a second revision, incorporating additional data 

on geographic variation in clutch size, which forms the background to the discussion of
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the discussion of the behavioural patterns observed in the field and their relevance for life 

history theory. Field observations on diet and habitat selection contribute to the 

interpretation of an analysis of geographic variation in the morphometries of the Yellow 

Wagtail, much of which is shown to be attributable to simple climatic gradients, though 

some patterns suggest the selective effect of the species’ migration pattern. Nevertheless 

a central message of the thesis is that an understanding of the patterns presented, whether 

concerning migration, morphology, or breeding behaviour, is more readily sought via 

simple and transparent hypotheses linking the observed patterns with quantifiable 

environmental gradients, rather than by attempting to construct an over-arching unified 

theory which will explain all such patterns in a single construct. The latter approach 

generally necessitates such opacity of theory and vagueness of terminology that predictive 

power is sacrificed, negating any possibility of refutation or applicability to problems in 

the real world.
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2. Review of migration and natural selection

2.1. Introduction

Theories dealing with the origin of migration strategies seek to show how the adoption 

of migration could confer superior fitness on individuals in an otherwise resident 

population. As such questions only make sense in the context of evolution, the answer in 

the broadest sense is already known: migration occurs because it confers superior fitness. 

The questions addressed therefore generally concern the components of fitness, or the 

reasons why a particular species or population evolved migration and not another. General 

solutions are elusive however, as the causal factors may differ from case to case, and the 

reconstruction of the evolutionary history of a population of migrants or residents 

inevitably requires considerable speculation. In general therefore, theories concerning 

migration seek to show how the migration strategy of an individual is optimal given its 

phenotype, however the latter evolved, and given the environment in which it lives at 

present. The sum of these individual strategies make up the existing patterns of migration 

which are therefore explained to the extent that individual migration strategies are 

understood.

As migratory behaviour is not manipulable, experimental study of migration 

hypotheses is precluded. Cross-species comparisons can be used where the components 

of the hypothesis vary among species is such a way that different patterns are predicted, 

though such tests are seldom critical because of the confounding effects of differences in 

species biology. More often hypotheses are tested using the fitness components which the 

strategy is assumed to maximise. Thus different theories predict varying levels of relative 

survival or breeding success among populations with different migration strategies, which 

can discriminate among competing ideas if they can be measured in the field.

The objective of this review is therefore to summarise the patterns of migration 

which exist, and to discuss the extent to which the various theories have been confirmed 

or refuted by field data, including both theories which are concerned only with 

optimisation of migration strategy given the existing interaction of environment and 

phenotype, and those which seek to explain how the traits which contribute to the model 

evolved and coevolved with migrancy.
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2.2. Migration patterns

Spatial and temporal patterns in avian migration usually involve withdrawal from a 

seasonal breeding area, which is often at a higher latitude, to spend the less climatically 

favourable part of the year in an area with a more equable climate. Such movement 

inevitably results in a redistribution of spatial relationships within a population, given 

which a reasonable a priori expectation might be that differentiable components of a 

population such as age and sex classes, should be distributed homogenously throughout 

the winter range. Instead sex and age classes usually occur in varying proportions in 

different parts of the winter range, a phenomenon labelled ’differential migration’. Partial 

migration, in which a proportion of a breeding population vacates a breeding area while 

the rest stay put over winter invariably involves differences between sex-age classes, and 

can conveniently be regarded as a form of differential migration.

Where differential migration occurs it is often possible to distinguish four groups 

whose proportions vary significantly among wintering populations, defined by the 

contingency of sex and age, with first winter birds behaving separately from older age 

groups. Males almost invariably winter closer to the breeding grounds where a difference 

between the sexes occurs, but the proportion of first year males and females in wintering 

populations is more variable, with first year females wintering nearer the breeding grounds 

in some cases (Myers 1981a).

Redistribution of spatial relationships between populations from geographically 

distinct breeding areas also takes place in the course of annual migrations, with inevitable 

mixing of populations which breed along the axis of migration, but also convergence of 

populations, which are separated perpendicularly to the direction of migration, when their 

migration routes are funnelled by coastlines and mountain passes. This can result in the 

sharing of a winter range between populations whose breeding areas are equidistant from 

the wintering site but hundreds of kilometres apart (e.g. Zink 1987). Frequently however, 

populations from different breeding areas are unevenly distributed among wintering 

populations, in a manner which is not explicable in terms of the location of the most 

accessible wintering site from their respective breeding areas (Salomonsen 1955). Thus 

longitudinally separate breeding populations in Eurasia may have a similar mean
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longitudinal distribution in Africa, but a different latitudinal distribution like the Swallow’ 

(Moreau 1972).

Another example concerns the redistribution of populations breeding at the same 

longitude but separated by latitude, so that the more northerly populations overfly the 

breeding areas of more southerly populations on migration. Rather than mixing freely in 

the wintering area, such populations sometimes differ in mean wintering latitude. In some 

species there is evidence that the latitude of the wintering area is related systematically 

to that of the breeding area. Thus for instance populations can move in parallel so that the 

northernmost breeding populations occupy the northernmost part of the wintering area, 

while more southerly breeding populations occupy the southernmost part. This seems to 

occur in the case of the Whitethroat populations breeding in eastern Europe and western 

Asia, with southern populations of the subspecies S.c.icterops predominating numerically 

over the northern subspecies S.c.volgensis further south in their east African wintering 

area (Cramp 1992), and also in the Steppe Buzzard B.b.vulpinus, southern breeding 

populations of which predominate in southern Africa (Moreau 1972). It can also lead to 

a northern population moving south to winter in the breeding area of another population 

which moves further south still, such as in the Black-tailed Godwit (Pienkowski et al. 

1985).

There is also evidence in some species that the wintering areas of certain 

latitudinally separate populations choose wintering sites which are a mirror image of the 

relationship of their breeding areas, so that northernmost populations winter furthest south. 

The best known example of this so-called ’leapfrog migration’ concerns the populations 

of the Fox Sparrow which breed on the Pacific coast of North America (Swarth 1920). 

The southernmost coastal breeding population is resident on Vancouver Island and the 

adjacent mainland, while the population breeding on the coast of British Columbia winters 

mainly on the Oregon coast, and the Alaskan breeding populations winter in California. 

Another species which shows some aspects of a leapfrog pattern is the Ringed Plover 

(Salomonsen 1955, Taylor 1980). Leap-frog patterns include situations in which isolated 

resident populations in the extreme south of the breeding range are leap-frogged by 

extensive migratory populations which breed to the north. Examples include the resident

‘Scientific names of bird species mentioned in the text are given in appendix I.
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Egyptian populations of the Swallow and the Yellow Wagtail, and resident populations 

of the Pied Wheatear and Scops Owl on islands in the Mediterranean (Cramp 1985,1988). 

In Eurasia the more varied environments at lower latitudes frequently produce distinct 

races occupying small areas at the southern edge of the breeding range, and relatively 

uniform populations occupying vast tracts of homogenous habitat further north. In such 

cases the southern subspecies frequently shares the northern edge of the winter range of 

the much larger northern population, as occurs in the Golden Plover (Pienkowski et al.

1985) and the Yellow Wagtail (Moreau 1972).

2.3. Migration theories

The theories which have been framed concerning avian migration will be considered under 

the three broad headings of competition, arrival time, and time allocation, which reflect 

the components of migration strategy emphasised by the theories in each category. A 

fourth section will consider speculations concerning the evolution of life histories^ of 

migratory patterns and their consequences for present day interpretations.

2.3.1. Competition

2.3.1.1. Evidence for the effect of competition on migration

The importance of competition for resources as a significant factor in the maintenance of 

migration strategies can be deduced from the similarity of the areas of summer and winter 

ranges of most species of migratory birds. For instance the proportion of the African 

continent occupied by species of Palaearctic migrants is proportionate to the sizes of their 

breeding ranges in Eurasia. Species with extensive breeding ranges such as the Swallow 

and Yellow Wagtail penetrate to the Cape, while localised species such as Aquatic and 

Grasshopper Warbler are absent from most of the continent (Moreau 1972). Moreover it 

can be the case that wintering sites most distant from the breeding grounds are only 

occupied following particularly successful breeding seasons (Pienkowski & Evans 1984). 

The fact that some individuals are willing to extend their migration to such an extent 

points to a trade-off between density dependent mortality at a close wintering site, and



Gauthreaux (1978) presented a model in which dominance is fundamental to dispersal and 

migration strategies. When food is plentiful, all ranks in a population remain on the 

breeding site and/or in optimal habitat, but when food availability is low subordinate 

individuals disperse to poorer habitats or more distant locations. However there is no 

reason to assume that the best habitats will be those closest to the breeding site. Dominant 

individuals will occupy the site which maximises survival outside the breeding season, 

including survival of migration, and if this is some distance from the breeding ground it 

follows that subordinate individuals will occupy sub-optimal wintering sites both further 

from and closer to the breeding site. As a result many of Gauthreaux’s predictions and 

invalidated. In addition, in many of the examples put forward to show that dominants 

occupy optimal sites, no evidence is provided for the optimality of such sites other than 

their occupation by supposed dominants. Differences between classes in arrival time on 

the breeding grounds are also cited as evidence of dominance, whereas it is more likely 

to be caused by competition between members of the same dominance class (Myers 

1981a).

Nevertheless dominance hierarchies are clearly widespread, and dominance has 

been shown to confer advantages on dominant individuals, such as greater food 

availability. Food shortage is associated with dispersal, and there is evidence of greater 

dispersal in classes which have otherwise been shown to have lower status. On this basis 

it is possible that differential migration patterns are influenced by dominance hierarchies. 

However exceptions to expected patterns (e.g. Ketterson & Nolan 1983) and alternative 

explanation (Myers 1981a) dictate caution in ascribing even inter-class differential 

migration patterns to the effects of dominance, and the attribution of inter-population 

patterns and inter-specific differences in migration to dominance is wholly unjustified.

Fretwell (1980) is clearly aware of the weakness of evidence in favour of 

dominance as an explanation of inter-specific differences in migration, as he includes the 

caveat that "my discussion of this point is largely and extension of Cox’s [1968] review 

and analysis, and the plausibility of the argument depends largely on his work". The 

implausibility of Cox’s work is discussed at some length later in the chapter (2.4.1), and 

Fretwell’s extension of these ideas is based on evolutionarily unsound arguments similar 

to those espoused by Cox in a later paper (Cox 1985). Fretwell proposes that migration 

is to be expected because of the seasonality of most habitats, and that in most species 

winter food is limiting. Residence is proposed to develop when individuals give up the



chance to move to a better breeding site in order to ensure winter site dominance. In 

practical terms this implies that a low latitude resident has the option of migrating to a 

high latitude site in order to be able to lay a larger clutch, but does not do so because this 

will result in lower net fitness through higher mortality the following winter. This is 

clearly ridiculous as it assumes perfect knowledge of all possible breeding sites. In fact 

a species will breed wherever it can maintain a population and will adopt whichever 

migration strategy is evolutionarily stable for that breeding site. Fretwell’s attribution of 

migratory habit in Dickcissels to inter-specific competition from other grassland seed- 

eaters in its wintering site which precludes the advantages of site dominance is therefore 

based on an unsound premise, as his attribution to dominance hierarchies of demographic 

differences between Field Sparrows occupying different breeding habitats. The latter 

would require a demonstration, not provided by Fretwell, of immigration of dominant 

individuals into the prime breeding habitat, and of emigration from it of subordinate 

individuals which are bred there.
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extra migration mortality as a result of travel to a distant wintering site, as described by 

the ideal free distribution (Fretwell 1972). If so the most simple determinant of which 

birds stay on a potential wintering site and which migrate further is time of arrival at the 

site, as determined by the length of the breeding season and the distance to the breeding 

grounds. Thus Salomonsen (1955) attributed the more southerly breeding grounds of 

Norwegian and Swedish Oystercatchers, compared to those from Denmark, to the slightly 

later arrival of the former in the region from Denmark to northern France, resulting in the 

extension of migration to south-western France. As mortality within the wintering area is 

equal in all populations there is no selective pressure to arrive earlier and winter further 

north.

If the distance migrated is not predictable on the basis of arrival time on the 

wintering area some other mechanism of redistribution must prevail, and this is probably 

the case for many of the anomalous differential and inter-populational patterns described 

earlier. Asymmetric competition between the members of different populations and among 

classes within populations is frequently invoked as a mechanism. If the members of one 

population are inferior competitors when compared with those of another population, they 

will in theory suffer greater density dependent mortality or loss of condition. The same 

principle can apply between different classes of a single population. The migration 

strategy of any individual involves a trade-off between the advantage of wintering in a 

better environment and the cost of travelling there. As the realised suitability of a given 

wintering environment is lower for an inferior competitor, the optimal trade-off will differ 

from that experienced by a superior competitor, such that the former maximises its fitness 

by wintering in a site more distant from the breeding ground, where there is a lower 

density of the superior competitor.

This asymmetric competition can take the form of exploitation or interference 

competition, but in general it has been assumed to affect migration strategy through 

differences in dominance status (Gauthreaux 1978). For instance Ketterson (1979) found 

that large males are dominant in wintering flocks of a species in which sex and age 

classes differ in their winter distribution, and Townshend (1985) found evidence 

suggesting that intra-specific aggression affects winter distribution of age-classes in 

waders. Pienkowski et al. (1985) cite several examples in which wader populations 

composed of smaller individuals winter further south, though there are numerous counter
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examples in which larger birds winter further south (Alerstam & Hogstedt 1985). In some 

wintering songbirds it has been shown that northerly wintering birds are frequently those 

defending reliable feeding territories (Davies 1976, Wood 1979). Such patterns invariably 

have alternative explanations however, and in a review of the evidence that competition 

among birds during the non-breeding season is responsible for migration patterns, 

Greenberg (1986) found that most of the evidence which has been put forward could be 

equally well explained by factors other than competition. ^

Predictions concerning the survival rates of populations wintering at different 

distances from the breeding area are the same whether the pattern is caused by 

interference or exploitation competition. Overall survival during the period spent within 

the wintering area should be lower for the more southerly populations. However this 

might be caused by additional migration mortality within the wintering area, as individuals 

overfly areas occupied by more competitive members of other populations, or by lower 

survival during the their stay on an inferior wintering site. No predictions can therefore 

be derived about day to day survival rate during winter, and no exclusive prediction can 

be made about survival outside the breeding season or annual survival for populations 

which breed at different distances from the wintering grounds, as populations which breed 

further from the wintering grounds will suffer greater migration mortality anyway. 

However this complication is absent in differential migrants, as the different classes in a 

population have the same starting point for migration, and southern wintering classes 

should have lower survival outside the breeding season, including migration to and from 

the wintering area.

Where populations are distributed in an ideal free manner, equal survivorship 

within the wintering grounds is predicted, with southern winterers trading off greater 

migration mortality for increased survival at lower population density, as found among 

the populations of a differential migrant by Ketterson & Nolan (1982). An alternative 

means of testing whether dominance status is the basis of winter distribution is available 

for differential migrants, by using species with reverse sexual dimorphism. The larger sex 

should remain nearest the breeding grounds if dominance is the cause of the differential 

pattern, but Myers (1981a) found that in two species of waders with reverse sexual 

dimorphism, males still remained closer on average to the breeding area, as predicted by 

hypotheses which emphasise the effect of migration strategy on breeding success.
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2.3.I.2. Evolution of asymmetric competition 

Competition and r-K selection

Asymmetric competition is a plausible explanation for differences in migratory strategy 

between species, and for anomalous intra-specific migration patterns such as leap-frog 

migration. Such explanations however beg the question of why the members of one 

population should be more competitive than another, leading to speculations concerning 

differences in the evolutionary background of migrants and residents. Competitive ability 

is only one component of the overall fitness of a phenotype, and if the selective regime 

encountered by different populations favours different components of fitness, they are 

likely to diverge in the course of evolution. Thus the members of one population may 

become more efficient at avoiding predators, or they may become more competitive than 

those in a population encountering a different selective regime.

One set of ideas which predicts differences in selection for competitive ability is 

the theory of r-K selection, which is based on deductions arising from the Lotka-Volterra 

model of competitive interactions between different phenotypes. When a population is at 

carrying capacity (K), a novel phenotype arising in the population with an increased 

intrinsic rate of increase (r) has no evolutionary advantage. Instead a phenotype which 

acquires an increased K will spread through the population, as will a phenotype which has 

a favourable coefficient of competitive interaction (a) with respect to the original 

phenotype (MacArthur 1962). A contrast arises therefore, between the selective regimes 

encountered by crowded populations, which is denoted K-selection, and that encountered 

in populations which for some reason remain below the carrying capacity of the 

environment, in which phenotypes with a greater intrinsic rate of increase will contribute 

a greater proportion of the next generation, and hence can be said to be r-selected. 

Mac Arthur & Wilson (1967) speculated extensively on the consequences of these 

deductions for the biology of island communities, concluding that where persistence of 

a species on an island depended on dispersal ability, the species would experience r- 

selection. Pianka (1970) speculated further, generalising r-selected organisms as rapidly 

reproducing with high dispersal ability, inefficient in use of resources and with low 

competitive ability, and K-selected organisms as sedentary, competitive individuals, 

efficient in converting resources into a small number of high quality offspring.
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Pianka’s reification of r and K-selection perhaps hints at the fact that rather than 

developing by a series of logical deductions, the theory was from an early stage geared 

towards the explanation of some striking demographic patterns which existed among 

organisms, and that its potential to provide a comprehensive theory of how these patterns 

arose lead to the smoothing over of its shortcomings. An example is the question of the 

connection between r-K selection and efficiency, as it was soon proved that the model 

made no prediction concerning the efficiency of r and K-selected organisms in the sense 

of net reward per unit of resource consumed (Roughgarden 1971, Mac Arthur 1972). 

Nevertheless the putative correlation between dispersal ability and r-selection provided a 

potential evolutionary model for asymmetric competition between resident and migrant 

birds. If certain species were r-selected and others K-selected, the former would be 

expected to suffer disproportionate mortality in density dependent competition with the 

latter, and so should favour migration to more benign wintering grounds, which would be 

assisted by their greater dispersal ability. Studies which showed an association between 

migrants and ephemeral or simple habitats or short-lived and sporadic resources reinforced 

this view (Karr 1976, Alerstam & Enckell 1979, Bilcke 1984, Lack 1986).

Demographic comparison o f migrants and residents

If the evolution of migration is bound up with r-K selection, general differences in many 

aspects of species biology between migrants and residents are predicted. With this in mind 

O’Connor (1981) compared a number of population and demographic parameters between 

resident and migrant birds in Britain. The approach taken by O’Connor embodies a 

number of difficulties, notably that the study involved trawling data for significant 

relationships, a number of which will occur by chance if the number of patterns examined 

is sufficiently large, and also the presupposition that if differences in demographics are 

found between migrants and residents, that they represent adaptations which are 

fundamental to the evolution of migration, rather than merely being linked to a third set 

of unspecified characters which are fundamental to both the observed pattern and 

migrancy. Nevertheless O’Connor concluded that the evidence gave "every reason to 

accept the concept of r and K-selection as underlying resident migrant differences". This 

study and a follow up (O’Connor 1985) have been used as the basis of further enquiries 

into resident/migrant differences (e.g. O’Connor 1990, 1992, Fuller & Crick 1992), and
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continue to be cited as evidence in favour of r-K selection against the general tide of 

contrary evidence (e.g. Bengtsson & Baur 1993). Moreover the inferences drawn in these 

two papers, continue to be central to discussion of the evolution of migration (Berthold 

1993, Holmes & Sherry 1992, Russell et al. 1992, Mônkkônen et al. 1992, Reed 1992, 

Ricklefs 1992, Sherry & Holmes 1992). It is extremely important therefore to examine the 

basis of these inferences.

Validity o f  patterns

Table 1 lists the demographic and population characters included in the analysis, along 

with the inferences derived, classified as to whether they are supported by the evidence 

or not. In a number of cases non-significant relationships are used to support arguments, 

and many of the patterns for which probability levels of <0.05 are given do not support 

the inferences taken. For instance it is stated that the results suggest that migrant species 

were less widespread and/or numerous than resident species, despite the finding of a non

significant difference in ubiquity (Table 1), a measure which confounds abundance and 

distribution. More important are unjustified inferences derived from patterns involving 

survival. Though no overall difference in survival rate between migrants and residents was 

found, a positive relationship was demonstrated between birds’ body mass and survival 

in residents, but not in migrants. However no comparison of the relationships was done 

so no conclusions can be drawn as to whether the two groups differ in the relationship 

between size and survival. Inspection of the plot of these data sets (Figure 6 , O’Connor 

1981), makes this appear unlikely. O’Connor used regression statistics to infer that 

sexually dimorphic residents survived better than sexually dimorphic migrants. However, 

examination of the relevant plot (Figure 7, O’Connor 1981) leaves no doubt that the size 

of the difference between the best fit lines for the two data sets is attributable to one point 

on the resident plot representing a species with the second highest survival and a 

dimorphism measure half as great again as any other resident. The scatter of the other 

points on the resident plot suggests a negative relationship rather than the positive one 

indicated on the plot by a pecked best fit line. The highly influential point presumably 

represents the Mallard, as O’Connor omitted the three Galliformes among the study 

species from analyses including survival. If so it may come as no surprise that a duck 

should prove an outlier in an ordination of biological characteristics of a group otherwise
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Table 1. Patterns of association between demographic and population parameters in 
migrant and non-migrant birds in the British Isles. Validity 6 f inferences drawn by 
O’Connor (1981) on the basis of the data he presented. Population data used were for 
1966-77. Ubiquity refers to the number of 10km squares in the British Isles with breeding 
records for a species.
Parameter Inference

Valid Invalid

Abundance Density of migrants is 
lower in breeding 
communities.

M igrants are less 
widespread.

Population changes Proportion of year on 
year decreases in 
population is greater in 
m igran ts. Size of 
decreases is larger in 
migrants. Mean increase 
equals mean decrease in 
both groups. Hence 
population equilibrium in 
migrants and increase in 
residents.

Survival Survival increases with 
body weight in residents.

Relationship of survival 
to body weight is
different in the two 
groups. Survival is
related to dimorphism 
and differs between the 
two groups. Ubiquity is 
related to survival and 
the relationship differs 
between the two groups.

Egg production Ubiquity increases with 
egg production in 
migrants but not in 
re sid en ts . S urv ival 
decreases with egg 
production in migrants 
but no evidence for 
decrease in residents.

There is a difference in 
the relationship between 
su rv iv a l and egg 
productivity in the two 
groups.

Resilience Recovery from low 
population levels is more 
rapid in residents with 
greater egg production.
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consisting mainly of songbirds. Even if the point refers to another species, it cannot be 

inferred that the residents have certain characters on the basis of its position alone.

This exemplifies a general problem which besets O’Connor’s study, in that the data 

are generally unsuitable for analysis via the parametric statistics which are used to 

quantify many of the patterns presented. Linear regression is appropriate where it can be 

assumed that the data comprise a response variable (in the above case survival) normally 

distributed at each level of the predictive variable (dimorphism), and that the mean of the 

response variable is linearly related to the predictive variable. As none of these can be 

assumed for the polyphyletic assemblages used, the problem of leverage (disproportionate 

influence of data with extreme values of the predictive variable) is particularly acute.

This is illustrated by the relationship between ubiquity and survival presented by 

O’Connor. The positive relationship inferred for residents is entirely attributable to the 

Com Bunting, which has less than two thirds the survival rate of the next lowest resident, 

and is less than half as ubiquitous as any other resident but one (Figure 8 , O’Connor 

1981). If the Com Bunting is removed there is no evidence of an association whatsoever, 

and O’Connor himself acknowledges that in the case of the Corn Bunting there is "an a 

priori case for expecting an anomaly, the species being polygynous", with reference to his 

comparison of survival and weight where removal of the species makes no difference to 

the relationship. The evidence presented provides no evidence that there is a difference 

between migrants and residents in the relationship between ubiquity and survival, or that 

there is any consistent relationship between the two factors in either or both groups.

A final invalid inference drawn by O’Connor is that the trade-off between egg 

production and survival is more severe in migrants than in residents. A significant 

negative correlation was found in migrants but not in residents, and regression analysis 

indicated that the difference between the two groups is significant. However, the 

regression estimate for the residents is again highly influenced by a single point, possibly 

representing the Red-legged Partridge, for which the predictive variable is almost twice 

that of any other resident and which has a large positive residual. The magnitude of the 

latter is disguised on the plot included by O’Connor, as the abscissa is telescoped down 

at the top end without a compensating adjustment to the best fit line included on the 

graph. Without this point the negative relationship would have been much steeper for 

residents, and almost certainly indistinguishable from that for migrants.
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Validity o f evolutionary inferences

The remaining inferences drawn by O’Connor are on the whole tenable, but the arguments

put forward to show that the patterns concerned are predicted by r-selection in migrants

and K-selection in residents either fail to demonstrate that alternative explanations are

unlikely, or rely on unsustainable rationalisations. The migrant sample used by O’Connor

shows a fairly convincing positive relationship between ubiquity and egg production
*

whereas the resident sample does not. This pattern is colligated with size differences and 

supposed differences in the association of survival and ubiquity, in an attempt to show 

that as a whole they represent the results of r and K-selection. As already discussed the 

evidence presented does not support the latter inference, but even if it were sustainable, 

the rationalisation of these results as a consequence of r-K selection would still be 

untenable.

O’Connor interprets the existence of a positive association between egg production 

and ubiquity in migrants and not in residents as evidence that migrants as a whole 

experience greater selection for productivity than residents. This is contrasted with the 

supposed positive association between survival and ubiquity in residents, to suggest that 

residents experience greater selection for survival. However an association between a 

phenotypic trait and a measure of abundance among a heterogeneous group of species 

reveals nothing about the strength or direction of selection on that phenotypic trait among 

the species in the sample. That it is taken as such betrays the belief that the level of a trait 

associated with low ubiquity confers lower ’fitness’ on the species concerned, and that the 

more abundant species have achieved this by responding to selection for, in the case of 

migrants, greater productivity (as in r-selection), and in the case of residents greater 

survival (as in K-selection). However this view that the result of natural selection will be 

a large population size is false, as it is quite possible for traits favoured by natural 

selection to result in reduced population size (e.g. Brown & Maurer 1986). Moreover traits 

exhibited by present day populations arose as a result of the selective regime encountered 

by their ancestors which may have been quite different from those operating at present.

The misconception at the heart of many of O’Connor’s arguments is made clear
W iV) (j>vuidx'

by use of analogy. three finches and three warblers breeding in

Britain. O’Connor’s approach would involve using ubiquity to assess the selection on bill 

shape experienced by each group. Among the finches bill thickness increases from
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Chaffinch, through Greenfinch to Hawfinch, while in the warblers it increases from 

Grasshopper Warbler, through Sedge Warbler, to the Blackcap. In the warblers ubiquity 

is positively correlated with bill thickness, while in the finches it is negatively correlated 

with bill thickness. O’Connor would presumably conclude that finches have experienced 

selection for thin bills and warblers for thick bills. The reality is that all of the species 

have experienced selection for the thickness of bill that they possess, and whether any of 

these species are experiencing significant directional selection on bill length at the present 

time depends on the similarity of today’s environments to those in the past. However 

cross-species comparison can tell us nothing about the strength of this selection or its 

direction. Another example is provided by the conclusions reached by O’Connor Cî 2i) 

concerning the supposed association of dimorphism and survival, which this time associate 

greater survival with greater ’success’ or ’fitness’, and would be similarly untenable, even 

if these associations existed.

The evolutionary inference drawn by O’Connor from the positive association of 

ubiquity and productivity among migrants cannot therefore be sustained. The direction and 

strength of selection on egg production in for instance the Blackcap cannot be deduced 

from the fact that it lays fewer eggs than the more common Willow Warbler. The reason 

for this association is unlikely to be a single selective gradient operating across a diverse 

group of species including a granivore, an aerial insectivore, insect gleaners, a sallier and 

a brood parasite, each of which has evolved a reproductive strategy governed by the 

exigencies of habitat, diet and notably size. The components of the association become 

clearer if the migrants are viewed separately according to taxon. Thus among the warblers 

ubiquitous and productive species are generally small, while more local, less productive 

species are large (Figure 1). Lesser Whitethroat is less ubiquitous than the other species 

as it is confined to the south of Britain, but this does not confound the trend as its egg 

production is rather low. Other species also reinforce the trend for a variety of 

unconnected reasons. Turtle Dove is both large, therefore exhibiting low ubiquity and 

fecundity and restricted to the south. Cuckoo is ubiquitous and fecund because of an 

absence of breeding constraints, and the ubiquity of the Swallow is attributable to aerial 

feeding, though it is worth noting that ubiquity in this species is a recent phenomenon 

associated with commensal breeding. During its evolution the ubiquity of the species has 

been low, as for most of its history it has been restricted to cliff nesting sites. Inclusion
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Figure 1. The effect of weight on ubiquity and egg production among the warblers in 

O’Connor’s (1981) ’migrant’ sample. Weights were obtained from Cramp (1992). 

Ubiquity and egg production were obtained independently from the same sources as used 

by O’Connor (Sharrock 1976, Harrison 1975). The measure of ubiquity is an approximate 

percentage of the 10km squares in the British Isles occupied by breeding birds of the 

relevant species, obtained from a visual impression of the relevant maps in Sharrock 

(1976). Species codes: ww - Willow Warbler, cc - Chiffchaff, wt - Whitethroat, sw - 

Sedge Warbler, be - Blackcap, gw - Garden Warbler, Iw - Lesser Whitethroat. Regression 

statistics for the three relationships are non-significant: (i) F̂  g = 0.28 n.s. (ii) Fj 5  = 3.65 

n.s. (iii) F 1 5 = 4.39 n.s.
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of the species at its ’true’ ubiquity level would probably remove the significance of the 

association between ubiquity and productivity among the migrant sample. The association 

is therefore largely attributable to the effects of size, trends in which have been 

fortuitously reinforced by covariates of species biology (brood parasitism, aerial feeding 

and geographical distribution). The absence of a similar association among residents is not 

surprising given the phylogenetic diversity of the group. In particular size effects are 

confounded among residents by the inclusion of non-passerines, many of which are large 

species which have precocial young, and are therefore able to lay large clutches. This 

difference between migrant and resident groups can therefore be attributed to the lack of 

migrancy among large birds which have greater powers of thermoregulation.

The problems of evolutionary interpretations of comparisons of polyphyletic 

groupings of species is thrown into sharp relief by a comparison of O’Connor’s study with 

that of Juanes (1986), who grouped species according to diet. He found a size/density 

correlation in a group of insectivorous birds, but not in a group composed of omnivores 

and herbivores. Though Juanes’ grouping criterion is entirely different from that of 

O’Connor, it would produce more or less the same grouping, as O’Connor’s migrants are 

mainly insectivores, while the residents are generally herbivorous or omnivorous. 

Moreover, given that among species with similar constraint there is a negative correlation 

between size and productivity it is likely that Juanes’ groups also show a contrast in the 

relationship of productivity and density, which is a component of O’Connor’s ubiquity 

measure. Juanes’ explanation of what is essentially the same pattern demonstrated by 

O’Connor invokes /̂\ JWl between his two groups.

Clearly the search for differences in patterns between polyphyletic groups defined on the 

basis of singular aspects of species biology provides considerable scope for evolutionary 

storytelling.

O’Connor supports his arguments concerning differences between migrants and 

residents by referring to Herrera’s (1978) theory that migrants use the excess resources 

available in summer over those required by resident populations which are density limited 

in winter. He notes however, that the abundance of migrants is inversely related to that 

of residents in Europe, which even if Herrera’s argument is valid, suggests that migrant 

populations are subject to density dependent limitation, being larger where there is more 

food ’left over’. O’Connor’s argument that Herrera’s theory predicts the correlation of
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ubiquity and productivity among migrants (which assumes that this is evidence of r- 

selection) is therefore a non-sequitur. Again the claim that the supposed correlation in 

residents between abundance and survival is predicted by Herrera’s argument ignores the 

fact that Herrera merely states that abundance of residents reflects winter resources. 

Nothing is predicted about survival, which depends upon recruitment in these 

circumstances. It is equally likely that abundant species might have low survival, and this 

is borne out by O’Connor’s results which give no indication of a correlation between 

survival and abundance in residents as a group.

The pattern presented by Herrera does not necessarily indicate that residents pre

empt resources, leaving migrants to exploit the excess, nor does the evidence presented 

by O’Connor provide any reason to deduce fundamental differences in the evolutionary 

trends between migrants and residents which reflect the origin of migrancy. Several of the 

results not yet discussed are interpreted by O’Connor in terms of r-K selection, but all can 

be interpreted more parsimoniously. The lower density of migrant species compared to 

residents may be a reflection of the distribution of highly seasonal resources which 

migrants are specialised to exploit. Migrancy may be a reflection of this specialisation as 

it enables finer tuning of foraging strategies (especially for insects) without the need for 

compromise engendered by a switch to concealed insects or vegetable matter in winter. 

For instance Fuller & Crick (1992) showed that migrants occur in habitats in which a 

pronounced surge in productivity occurs, such as mature upland woods and regenerating 

lowland forest habitats, but interpreted these results as evidence of the restriction of 

migrants to these habitats through competition with residents. Given the lack of real 

evidence for the underlying assumption of an r-k selection gradient, an alternative but 

equally hand waving argument can be constructed that residency is a strategy which 

became possible as a result of generalisation of resource use by species unable to compete 

with more specialised species which retained the migrant habit.

The patterns of year to year variation in abundance presented by O’Connor suggest 

that migrants were at equilibrium, but that residents were still increasing following the 

severe winter of 1962-3. Larger fluctuations in migrants can be attributed to their smaller 

size, which involves greater sensitivity to environmental fluctuation. Finally the increase 

of survival with body weight, the decrease in survival with increased egg production, and 

the faster increase of population size of residents which produce many eggs are merely
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confirmations of well established population and demographic processes which have 

nothing to do with r-K selection.

To summarise, the evidence of associations between population and demographic 

parameters, which have been interpreted by O’Connor an evidence of r and K-selection, 

on the assumption that the variance among phylogenetically diverse groups in one 

parameter is a direct result of selection acting on the other, are instead a result of 

correlated consequences of unconsidered aspects of species biology which are devoid of 

adaptive significance.

Comparison o f  population processes in migrants and residents

The same problem besets a further study by O’Connor (1985), which contrasts the 

interaction of population density, survival and productivity between migrants and resident, 

attributing differences to the effects of migrancy on habitat selection and timing of laying. 

The theory underlying this study is nowhere stated in the paper, but may be put as 

follows: Populations of birds are regulated in different ways according to whether the 

species concerned is migrant or resident. Resident species are regulated by winter carrying 

capacity, i.e. contest competition between resident species and among the members of 

species. Migratory species numbers in a given habitat are determined by the excess of 

summer resources which cannot be used by residents, i.e. by inter-specific competition 

from residents, and are prone to extinction within a given habitat patch, so their 

abundance and distribution is determined by the extent to which their phenotype conforms 

to a rapid reproduction/colonising strategy. This dichotomy between migrants and 

residents corresponds to the r-K selection gradient. O’Connor nowhere states that he 

intends to test the theory, but instead expresses the intention to "bring out various 

implications and relationships implicit in the ideas of major workers" and claims that "the 

patterns discussed are supported but not proven" by his analysis. Thus O’Connor has 

eschewed the scientific approach to problems as such, in that there is no attempt to derive 

distinctive predictions from his theory and to subject them to critical tests.

Instead whatever patterns emerge from the analysis are to be subjected to post-hoc 

interpretations which attempt to explain how they could have arisen if the theory were an 

accurate account of their evolutionary background. Such an approach may be defended 

on the grounds that it is a stage in the development of theory which can later be subjected
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to rigorous testing, but it presents the danger of erecting a formidable edifice of 

unsubstantiated theory which proves an obstacle to scientific approaches to the problem 

by giving an illusion of understanding and which because of its apparent erudition proves 

resistant to refutation by contrary evidence. This is illustrated numerous times in the paper 

where O’Connor discusses the implications of patterns which ’should’ occur in the data, 

even though they don’t, dismissing their absence as a result of insufficient data or 

’confounding variables’.

Instead of contrasting a group of migrants with a group of residents, on this 

occasion O’Connor used demographic and population data, together with data on timing 

of laying and breeding habitat diversity over a twenty year period, on nine species of 

songbird chosen to represent a migrancy-residency gradient. Any trends which correlate 

with this gradient are then discussed in terms of their implications for the evolution of 

migration, and with this in mind, it is worth noting that four of the five most resident 

species are granivores, while the rest are insectivores, and among the most migrant species 

the importance of aerial feeding is correlated with migrancy. Moreover the five most 

resident species are all around 2 0 g or over in weight while the four most migrant species 

are all under 2 0 g.

The effects o f  population pressure

O’Connor begins by discussing the interaction of population size with adult survival, 

dispersal and migrancy. Though he acknowledges the difficulty of measuring density 

dependent effects on adult survival he states that the extent to which it occurs is related 

to size, large species with high survivorship being regulated in a density dependent 

manner, while small species with low survival are "generally unchecked by competition". 

No authority is given for this statement, which emphasises both the contradiction between 

the idea that migrants have abundant resources in the breeding season but are vulnerable 

to competition, especially from residents, and the fact that the significance of the results 

presented later as evidence for O’Connor’s theory are going to be interpreted on the 

premise that the theory is true.

O’Connor introduces Von Haartman’s (1968) hypothesis that residency confers 

breeding advantages over migrants through site dominance, in his discussion of population 

density and migrancy, and claims that the later breeding schedule of his more migrant
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species is predicted by Von Haartman’s theory. This belief embodies a misconception at 

the heart of much of the discussion in the paper, the idea that the timing of breeding is 

necessarily constrained by migrancy, ignoring the reciprocal relationship which envisages 

migratory strategy as constrained by optimal breeding schedule, and in which differential 

timing of commencement of breeding between species reflects the differences in the 

timing of increase and peak of food availability between species according to their 

different diets, foraging modes, and habitat selection, with arrival after migration timed 

to coincide with this. It is true that Von Haartman’s hypothesis includes the possibility 

that residents will commence breeding earlier than migrants, but it refers to optimal 

strategy within species’ populations, pointing out that a resident phenotype with lower 

winter survival can prevail over a migrant phenotype with greater winter survival, if its 

breeding success is greater. No predictions are made concerning differences between 

species in the timing of breeding, which is determined by species characteristics.

Also in his discussion of population density and migrancy, O’Connor states that 

his 1981 study showed that residents are less likely than migrants to experience changes 

in population density from year to year as they are "buffered by density dependent 

processes". In fact he had merely shown that the magnitude of fluctuation in smaller 

migrants was greater, and also that the population of residents, rather than being buffered 

was actually increasing.

At certain points within the paper O’Connor refers to differences in the breadth 

of the summer resource peak available to different species. However much of his 

argument is predicated on the existence of a resource trajectory which is invariable among 

species. This is borne out by the introduction to his discussion of the interaction of 

population, timing of breeding, and migrancy, in which he illustrates this trajectory in the 

breeding season as a bell-shaped curve, and illustrates its effects on three different species 

breeding at different times, to show that an early breeding species will experience an 

increase in resources for a given delay in the commencement of breeding, while a late 

breeding species will experience a decrease in resources. O’Connor then illustrates a 

negative association between migrancy and the effect of population pressure on fledglings 

production per nest, though the significance of the coefficients plotted is not given. This 

is attributed to delay in breeding at higher population densities which in later breeding 

migrants leads to a reduction in resource availability, on the basis of his earlier argument.
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However O’Connor demonstrates that breeding is delayed at higher population 

densities only in the Reed Bunting, so that this mechanism cannot be assumed for the 

other species. Moreover there is a probability of about one in ten of a correlation 

coefficient of the value shown for the Reed Bunting being found by chance if nine 

different species are tested. The weakness of O’Connor’s argument is illustrated by the 

plot he presents of the relationship between chick survival and date with migrancy, which 

shows no relationship among the nine species, though he has included separate regression 

lines for single and double brooders. Even though the trend thus illustrated is significant 

for neither group, they are interpreted as evidence for a decrease in breeding success with 

delay in more migrant species. The plot conceivably shows that single brooders are more 

likely to have lower success with delay, indicating a narrower resource peak, as O’Connor 

acknowledges, though it undermines other aspects of his argument, particularly in relation 

to the effect of migrancy on breeding success.

The take home message extracted from this analysis is that residents produce more 

young under population pressure while migrants produce less, showing that migrants are 

more susceptible to the effects of population pressure. Instead it is more likely that 

migrants, residents, and species with different probabilities of multiple brooding, all have 

lower success at higher population densities. If more young are produced by some species 

because of delay caused by population pressure, early nesting at low population densities 

must be maladaptive. Early nesting only makes sense if either post-fledging survival or 

the success of subsequent broods is enhanced. The latter can apply even to species 

classified as single brooders by O’Connor on the basis that one brood is normal. For 

instance in the Reed Bunting in many mid-European populations the proportion of pairs 

producing a second brood approaches 50% (Cramp & Perrins 1994). Thus an 

improvement in one component of breeding success cannot be taken as evidence that some 

species are inured to density dependent depression of overall breeding success. O’Connor 

discusses such considerations later in the paper, where they are presented as deductions 

from the results of an analysis of nest habitat diversity. The analysis presented is 

problematic however, as discussed below, and is not necessary for such conclusions to be 

made, and O’Connor’s discussion fails to acknowledge that such considerations undermine 

his earlier argument.

O’Connor then discusses the interaction of habitat selection and site fidelity with



42

population density, and describes a model predicting greater habitat diversity in species 

with higher survivorship. No association was present between the two factors in the study 

species, but instead of rejecting the model O’Connor attributes this to inadequacy of the 

data and later discusses the implications of the model for differences between migrants 

and residents. In discussing site fidelity he states that Jarvinen (1979) found that this 

decreases with latitude, and concludes that, as residents are more prevalent in the south, 

that this shows that "residents are adapted to competitive situations", as the benefits of 

familiarity are greatest when competition is most severe. In fact Jarvinen presented no 

data on site tenacity, but does refer in passing to a paper by Von Haartman (1960) who 

found greater site tenacity in more southern populations of the Pied Flycatcher in Europe. 

Thus evidence that southern populations of a long-distance migrant are more site tenacious 

has been construed as supporting the contention that residents are more competitive than 

migrants. In discussing the timing of territorial settlement O’Connor discusses evidence 

for a theory that variation in breeding density is more variable in short-lived birds as 

territory boundaries are stable across generations in species with high survival, then 

presents data for over 2 0  species showing no relationship between survival and variation 

in territory density, concluding that the relationship occurs but "is over-ridden by other 

effects".

Interactions o f  parameters affected by population pressure

O’Connor goes on to discuss the relationship of timing of breeding to habitat selection, 

using regression coefficients of nest habitat diversity on date. By far the largest correlation 

is obtained for the Dunnock (0.478), which even so is only significant at 5%. The 

probability of one of the nine species showing such a correlation coefficient by chance 

is about 0.3. A negative association significant at 5% is then obtained between the 

coefficients and migratory rank, which leads O’Connor to conclude that increasing nest 

success in residents later in the season is a result of a wider range of suitable habitats, 

countering the effects of greater density, while migrants are unable to diversify habitats 

later in the season so that crowding reduces nest success. Both conclusions rest on the 

assumption that the correlation of population density with egg date, which has only been 

demonstrated in the Reed Bunting, applies to all the species in the analysis. Furthermore 

there is also a conflict with an inference made later that nest habitat diversity is greater
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in residents but that nest success is lower in species with greater diversity. This pattern 

is also construed as evidence of the positive effects of early breeding on overall success, 

though not to acknowledge that it undermines the evidence of resistance to population 

pressure in residents/multiple brooders.

In a discussion of the correlates of habitat diversity, O’Connor suggests that there 

is evidence of a narrower diversity in more migrant species, which he attributes to later 

arrivals having fewer habitats "available to them", presumably because residents and early 

arrivals pre-empt the others. He also claims a negative association between number of 

broods and habitat diversity, which together with an increase in nest mortality with habitat 

diversity is interpreted as evidence that single brooders with a narrow resource peak are 

forced to be habitat generalists to enable breeding at the critical time, and as a result of 

wider habitat diversity have lower nest success. No attempt is made to weave into this 

scheme the occurrence of single brooders among residents as well as migrants "forced" 

to arrive late and depart early, which is merely mentioned and declared to be "interesting". 

O’Connor also looked for a positive relationship between habitat diversity and population 

pressure, and a negative relationship with productivity, but found only non-significant 

relationships, which he nevertheless interpreted as supporting his ideas.

The implied attribution of an association of single broodedness and diverse habitats 

to a reliance on superabundant resources in species susceptible to competition, takes no 

account of the biology of the species involved. The four species with the greatest habitat 

diversity and correspondingly few broods are all granivores, which feed their nestlings on 

insects. Such species may be expected to rely on a resource peak as their granivorous bills 

are less efficient at collecting insects while seed eating permits use of diverse habitats and 

relatively resident habits. The lack of correlation of habitat diversity with population 

pressure and productivity is therefore unsurprising and the causal chain between single 

brooded habitat generalisation and density dependence is tenuous to the point of 

invisibility. A more straightforwardly erroneous attribution is that between habitat 

diversity and nest mortality. The association of these factors among the nine species 

depends on the low nest mortality in the hole nesting Redstart, and the commensal nesting 

Swallow, and so can be attributed to the safe nesting sites of those species which, being 

restricted in choice of nest site by this fundamental aspect of species biology, have narrow 

nest habitat diversity. O’Connor would rather conclude that these two species have low
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habitat diversity because of low population density which enables their nest success to be 

high.

The final section in the paper discusses the relationship of fledgling productivity 

with migrancy, and shows that among the nine species there is an increase in productivity 

with migrancy, O’Connor then states that this refutes Von Haartman’s hypothesis as the 

latter predicts greater productivity in residents but as already discussed, Von Haartman’s 

ideas have no relevance to inter-species comparisons. The original assumption that 

residents are ’less susceptible’ to competition is then restated, without any evidence which 

remotely supports it having been presented, and an explanation is sought, given this fact, 

for their lower productivity, which O’Connor attributes to greater survival in residents.

However O’Connor (1981) showed that the groups are similar in survival, so he 

resorts to the erroneous conclusion in the earlier paper that migrants show a steeper trade

off between egg production and survival, reasoning that migrants suffer a greater increase 

in mortality per egg laid than residents. What support this would give to O’Connor’s 

argument were it true is unclear, as the net result would still be lower survival in 

migrants, but instead of addressing this O’Connor shows that there is also a trade-off 

between survival and fledgling productivity among the nine species of the present study, 

and that migrants ordinate towards the high productivity/low survival end of the spectrum. 

This is put forward as further evidence that migrants are ’under pressure’ to produce 

more young and so suffer heavy migration mortality, whereas residents are selected to 

survive. Survival is said to be enhanced by residency as residents have primary access to 

"safe" breeding habitats. O’Connor then states that his previous paper (1981) indicated 

that residents were K-selected as their populations are more stable, and ubiquity is 

"strongly correlation (sic) with adult survival". The latter is untrue and the former can 

only be maintained only in terms of the size of annual fluctuations, as resident populations 

were on the increase in contrast to migrants which were stable, though with larger year 

to year fluctuations.

r-K selection is then offered as an explanation for the absence of any evidence of 

density dependent effects on breeding success in residents in the present study, and also 

for the possible decrease in nest success of single brooders with delay in nesting. This is 

backed by a claim (for which no evidence is presented) that there is a more severe trade

off between survival and clutch size in single brooders compared to multiple brooders. As
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egg production is equal to clutch size in single brooders but not in multiple brooders, a 

closer correlation between survival and clutch size in the former can be more 

parsimoniously attributed to the laws of arithmetic than to r-K selection.

The trade-off between survival and fledgling production among the nine species 

of the present study is mainly attributable to their relative mass, with low productivity and 

high survival in the 36g Skylark, and high productivity and low survival in the 9g Willow 

Warbler, with species of intermediate weight arranged on a linear ordination in between 

(Figure 2). The largest residual belongs to the Swallow. Low survival and high 

productivity for its weight is most parsimoniously attributed to a large ratio between 

resources available for breeding and for survival over-winter (Ashmole’s hypothesis. Lack 

1968). Numerous reasons why this should be so in the case of an aerial insectivore 

suggest themselves, but to discuss them would involve idle speculation.

The evolution o f  migration and r-K selection

Overall there is nothing in this paper which suggests that r-K selection is of any 

evolutionary significance to migration, and it may be a token of this lack of evidence that 

in the end O’Connor seems unsure whether migrants or single brooders are better 

candidates for r-selection. The arguments presented consist of attributions of adaptive 

significance to allometric trends, and the drawing of causal connections between 

uncorrelated factors by resorting to associations, often of dubious significance, among a 

web of intermediate factors.

A facet of the presentation which serves to immunise the study from criticism is 

the fact the many factors which serve to undermine the arguments presented, such as size 

and the exclusion of post-fledging survival, are explicitly mentioned in the text, creating 

the impression that their implications have been accounted for, whereas in fact they have 

not. Thus O’Connor mentions that some species have narrower resource peaks than others, 

but his argument that an alleged decrease in success among later breeding migrants is 

caused by decreasing resources relies on the assumption of a single resource trajectory 

across all species. It could be argued that a shorter delay is required to cross the crest of 

a narrow resource peak, but this is not the argument put forward, which assumes that 

migrants are forced to start breeding later because of their migratory habit. The argument 

also assumes that variance in the timing of breeding can be attributed mainly to
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Figure 2. The effect of weight on adult survival and fledgling production among the 

members of the sample used by O’Connor (1985). Weights were obtained from Cramp 

(1988) and Cramp & Perrins (1993, 1994a, 1994b). Adult survival and fledgling 

production data are estimates derived directly from Figure 7.16 in O’Connor (1985). 

Species codes: s - Skylark, ch - Chaffinch, d - Dunnock, sf - Spotted Flycatcher, bf - 

Bullfinch, rb - Reed Bunting, it - Redstart, ww - Willow Warbler, si - Swallow. 

Regression statistics: (i) Survival = 0.62 - 0.046.Productivity, F^  ̂= 12.27, P < 0.01. (ii) 

Survival = 0.33 + 0.0085.Weight, F ^  = 6.95, P < 0.05. (iii) Productivity = 5.20 - 

0.123.Weight, F, 7  = 3.70, n.s.
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population pressure, when it is certain that many delayed breeding seasons are caused by 

poor weather conditions. O’Connor also mentions that early breeding may enhance post- 

fledging survival, though without mentioning that this undermines his deductions that 

migrants suffer lower depression of breeding success at high population density (deduced 

from delayed breeding), implying that he has deduced this fact from an analysis of the 

correlates of nest habitat diversity. However the analysis is not required for such a 

deduction to be made and is of doubtful significance.

The question of the significance of r-K selection for the evolution of migration is 

largely redundant, as it has been convincingly argued that the trends in life history 

variation attributed to r-K selection are for the most part allometric size trends without 

evolutionary significance (Steams 1983), though extreme advocates of the theory would 

argue that size is merely one of the consequences of r-K selection. However it is clear that 

many factors such as thermoregulation, diet and predation contribute to the evolution of 

the size of an organism, and that heritable demographic characters are optimised with 

respect to the constraints imposed by the unique aspects of each species individual 

biology, such that deductions concerning the relationships of life-history parameters from 

among-species patterns, requires cautious interpretation which pays close attention to 

constraints imposed by the unique evolutionary histories of the species’ concerned.

The absence of a rationale for the evolution of asymmetric competition does much 

to undermine competition based theories of inter-population migration patterns. The 

circularity of competition based theories is avoided if the components of migration models 

are restricted to factors which are known to characterise the populations involved. These 

mainly involve the effects of differing phenologies among the breeding areas these 

populations.

2.3.2. Arrival time hypotheses

As well as affecting the survival of individuals outside the breeding season, migration 

strategies also affect fitness through their influence on breeding success in the following 

breeding season. Appreciation of this fact has lead to the proposal of a number of theories 

which attribute variation in breeding strategies to differences in the importance of arriving 

on the breeding grounds at the most appropriate time. The earliest of these was that of
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Von Haartman (1968), who postulated that as nest sites for hole nesters are at a premium, 

they should remain as near the breeding ground as possible in order that each individual 

maximise its probability of arriving before all nest sites are taken up by rivals. A similar 

reason has been suggested for the frequently observed tendency for males to remain closer 

to the breeding area than females (Myers 1981a), as males are frequently required to 

establish breeding territories, and early arrival increases the likelihood that an individual 

will acquire a good territory. This has also been put forward as a possible explanation of 

differential migration among age classes (Ketterson & Nolan 1983), as adults may be able 

to re-establish ownership of the previous year’s territory fairly easily, so that early arrival 

is more at a premium for first year birds.

A drawback of the idea is that there may be no reason to assume that individuals 

wintering nearest the breeding grounds will be first to arrive on it, as it may be quite 

possible to winter in a more distant site before moving closer prior to the breeding season, 

though Pienkowski et al. (1985) consider that in waders at least such a strategy may be 

hampered by poor feeding conditions early in spring. Alerstam & Hogstedt (1980) 

envisage a scenario which excludes the possibility of more distant winterers arriving first 

on the breeding grounds, because of variability in the onset of suitable breeding 

conditions. The latter favours those individuals which winter close enough to breeding 

sites to detect optimal arrival time. They would explain leap-frog migration patterns 

through a combination of less variability in the timing of spring at high latitudes, with the 

fact that such breeding areas are often so remote from suitable wintering sites that 

prediction of optimal timing is precluded anyway, and the choice of a more distant 

wintering site does not diminish its accuracy. Slags void (1982) opposed the idea, claiming 

that onset of spring is no less predictable at high latitudes than elsewhere.

Arrival time hypotheses make few critical predictions, though if it were possible 

to show that individuals wintering near the breeding site were able to arrive earlier, or 

time arrival better, and that this lead to improved breeding success, the hypothesis would 

gain credibility. There is some evidence that early arrival enhances breeding success 

(Hildén 1979, Wallin et al. 1987), though the findings mentioned above, concerning ease 

of re-establishment of old territories regardless of arrival time are on the whole contrary 

to the theory’s predictions. Showing that a short migration is necessary for early arrival 

may be impossible however, as even if the wintering sites of different populations or
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classes were located, cause and effect could not be inferred. An alternative is to use 

variability in departure or arrival time, which would be expected to vary more in classes 

or populations which remained close to the breeding site in order to judge the best arrival 

time, compared to distant winterers which would have to rely on an endogenous program. 

Pienkowski et al. (1985) presented data which contradicted this prediction. However given 

the fact that many birds temporarily abandon breeding area during severe weather, only 

to return as soon as conditions improve, it can be said that there are cases in which birds 

are remaining close to their breeding sites and returning when they consider conditions 

to be suitable.

2.3.3. Time allocation

Greenberg (1980) proposed a theory in which the timing of migration is determined by 

a trade-off between the gains in reproductive output obtained by staying on the breeding 

site, and lower survival experienced there compared to that achievable elsewhere in non

breeding areas. Shorter periods of resource availability at high latitudes result in a shorter 

breeding season, and reciprocal variation in the length of the non-breeding period, together 

with variation in survival rate on different wintering grounds, affects the trade-off between 

migration mortality and over-winter survival which determines the length of migration. 

If conditions improve with greater distances from the breeding grounds, an inverse 

correlation is predicted between the length of the breeding season and the length of 

migration as the cumulative effect of a given survival rate is greater over a longer period, 

such that low survival rates over a long period plus low migration mortality can result in 

lower survivorship overall than higher survival rates over the same period plus high 

migration mortality.

Greenberg made a number of errors in the derivation of his hypothesis which have 

consequences for the predictions derived from it. His prediction of greater survivorship 

at higher altitudes and latitudes depends on the assumption that the curve which describes 

the gain in fitness from occupation of the breeding grounds as a result of reproductive 

output, becomes wider at lower altitudes and latitudes, while the relationship between 

survivorship in the breeding and wintering range will remain constant, such that the 

intersection occurs later and the breeding season is longer (Figure 3(i & ii)). As a result
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Figure 3. Trade offs between breeding output and survivorship. Each graph is a variation 

on Figure 1 in Greenberg (1980). The undulating curve at the left represents the net 

increase in fitness derived from breeding range occupancy (breeding output - mortality 

associated with breeding). The curve at the right represents the increase in fitness 

associated with occupancy of the wintering range, compared to that obtained by 

occupation of the breeding range at the same time. Migration occurs at the intersection 

of the two curves, and the shaded area represents the cumulative survivorship lost through 

occupation of the breeding range.
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the period during which the adults experience lower survival on the breeding grounds than 

they would achieve on the wintering grounds is longer, and therefore their annual survival 

is lower. However the reason that the reproductive curve is wider at lower altitudes and 

latitudes is that more resources are available for longer. It is unlikely therefore that the 

point at which potential survival rate in the winter range overtakes that on the breeding 

range will be the same as that in areas with much shorter periods of resource abundance. 

Instead this point will also be later in the year, such that the cumulative survival 

probability sacrificed to remain on the breeding grounds cannot be predicted from the 

length of the breeding season (Figure 3(iii)). On this basis the time allocation theory 

makes no prediction about annual adult survivorship.

Greenberg’s data do suggest greater annual adult survivorship in northern 

populations of the Orange-eraWarbler .  However the most obvious explanation of this 

is greater juvenile mortality experienced by northern populations which have to migrate 

further (Myers 1981b), compared to resident southern populations in which the location 

of suitable wintering sites is less skewed towards the adults, and so adult/juvenile 

mortality is more equable. No doubt many other scenarios could be devised which predict 

such a pattern, so this would not amount to a critical test even if Greenberg were correct 

that it is predicted by his theory.

Greenberg showed how variation in breeding season length, together with certain 

gradients in migration risk and survival probability on different wintering grounds, could 

lead to leap-frog migration, and contrasted this explanation with alternative, competition 

based hypotheses. He stated that the latter predict at best equal adult survivorship in more 

southerly wintering populations, which the time allocation model predicts will have 

superior survival. As discussed above, there is no reason to believe that populations with 

a longer breeding season will have inferior survival during that period compared to other 

populations which spend part of it on the wintering grounds, and as illustrated in Figure 

4, the time allocation model predicts inferior survival outside the breeding season in the 

southernmost population of a leap-frog migrant. In terms of annual survival therefore, the 

prediction is opposite that stated by Greenberg. Annual survival data for leap-frog 

migrants presented by Pienkowski & Evans (1984) as contrary to the time allocation 

hypothesis are therefore in accordance with its predictions.

As already discussed, competition based theories of leap-frog migration fall into
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Figure 4. Survivorship afforded by different wintering ranges. The upper section is a 

reproduction of Figure 3 in Greenberg (1980). The lower section shows the consequences 

in terms of survival for the scenario illustrated in the upper section. Which wintering area 

affords the best survivorship depends upon the length of the non-breeding period, but 

survivorship outside the breeding season will still be lower in long-distance migrants. 

Codes: Scl,  Sc2: Cumulative survivorship gain in wintering areas 1 and 2 over 

survivorship on the breeding grounds. M l, M2, mortality due to migration to wintering 

areas 1 and 2. Vertical dotted lines connecting the upper and lower sections represent the 

thresholds of non-breeding season length at which the optimal wintering site changes.
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two categories, those which have inferior competitors extending their migrations to avoid 

competition, and those in which later arrivals extend their migrations in an ideal free 

manner. In the former case, greater migration mortality is predicted for southern winterers, 

but this will occur in any case because the breeding grounds are further away. No 

predictions are made concerning survival rate or cumulative survivorship over the 

wintering period, which may even be superior to that of more northern winterers as long 

as the product of cumulative survivorship and survival of migration within the wintering 

area is lower in southern populations. In the latter this product is equal in northern and 

southern populations, with northern populations having lower cumulative survivorship and 

greater survival of migration within the wintering area. As the breeding area of the 

southern winterers is still further away however, lower survival outside the breeding 

season is still predicted in the southern wintering population of a leap-frog migrant.

To summarise, both time allocation and competition hypotheses predict that the 

leap-frogging population will have greater migration mortality and lower overall survival 

outside the breeding season. Both can also predict greater survival rate in leap-frogging 

populations during occupation of the wintering area. However only competition theories 

predict the possibility of a lower survival rate during occupation of the wintering site in 

leap-frogging populations, though an absence of this pattern does not disprove the theory.

2.4. Evolutionary history of migration patterns

A comprehensive theory for the evolution of migration has been put forward by Cox 

(1985), who postulated that migration evolved through a combination of inter-specific 

competition and optimal time allocation. The theory rests on the assumption that, in the 

absence of marked increases in seasonality within the range of a species, disjunct 

migration patterns (wholly separate summer and winter ranges) can only arise if an 

ancestral resident population of a species which develops seasonal breeding and wintering 

ranges at the edge of its resident range, becomes extinct through inter-specific 

competition. Like other ideas based on competition however, the theory requires an 

explanation as to why certain species should remain resident in an area and exclude other 

residents by inter-specific competition, which then remained only as migrants.
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2.4.1. Morphological inferences about the evolution of migration

Cox (1968) speculated that migration had evolved among species unable for some reason 

to achieve ecological isolation through behavioural and morphological differentiation, as 

an alternative means of reducing inter-specific competition. He deduced from this idea that 

within a taxonomic group, there should be less variation in bill morphology among 

migrant species than among residents, whereas if inter-specific competition had been 

unimportant in the evolution of migration, there should be no difference as variation in 

bill morphology would be an equally important isolating mechanism in both groups. Thus 

the theory would be confirmed if migrants could be shown to be less variable.

To test the theory Cox (1968) examined relationships between the proportion of 

migrants in 20 groups (order, family or subfamily) of birds breeding in North America 

and the variability in bill size in the groups. The statistic chosen to represent variability 

was coefficient of variation, to enable variation to be "directly compared for various 

groups, since absolute size differences between groups have been removed". Also analysed 

were trends in mean bill size and in the ratio of c.v. of members of each group and that 

for the same taxon in a tropical site in Costa Rica. Cox was able to show that all three 

statistics had a significant negative relationship with the proportion of migrants among the 

taxonomic groups. Thus groups with a high proportion of migrants in North America 

showed lower variation in bill size, both literally and in comparison with the members of 

the same group in Costa Rica, and smaller mean bill sizes. Cox concluded that the results 

confirmed the predictions of his theory, as predominantly migratory taxa had less variable 

bills even when corrected for differences in inherent variability between taxa, via division 

by the c.v. of (presumably) resident members of the same taxa in Costa Rica, proving the 

predicted link between low variability and migration.

A re-analysis of Cox’s data reveals that the results of the stepwise regression 

procedure used in the analysis is misleading. Only mean bill size explains a significant 

amount of variance in the proportion of migrants within a group (Table 2). When 

regressed individually against % migration, the three factors are all significant, but this 

is due to the high degree of inter-correlation between them, resulting from the positive 

relationship which exists between mean bill size and c.v. among the groups (Figure 5). 

Thus groups with large means tend to have large c.v.’s and both have a low proportion
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Table 2. Analysis of covariance of % migration among taxonomic groups of North 
American birds. Reanalysis of data from Cox (1968). The analysis was performed using 
Glim (McCullagh & Nelder 1983). ’Null model’ refers to the fitting of a single mean to 
the overall data set. model’ refers to the error degrees of freedom and variance of 
the multiple regression model which includes all of the variables in the ancova table, df 
= degrees of freedom, ss = sum of squared deviations from the mean, ms = mean square.

Source df ss ms f

Null model 19 17571

model 16 5657 353.6

Mean culmen length 1 1599 1599 4.52 *

C.V. 1 1049 1049 2.97 n.s.

C.V. ratio 1 769 769 2.18 n.s.
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Figure 5. Relationship between mean bill size and coefficient of variation among 

taxonomic groups of North American and Costa Rican birds. Data from Cox (1968). 

Circles represent North American groups and squares Costa Rican. Regression line: CV 

= 0.13 + 0.0076.mean, = 16.437, P<0.001). No differences are detectable between the

two data sets (Slope: F; = 0.002 n.s., Intercept Fj 3 7  = 0.386 n.s.).
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of migrants. The relationship with c.v. ratio arises because in groups with a low 

proportion of migrants, North American birds tend to be larger and more variable than 

Costa Rican birds (c.v. ratio > 1, cf. Figure 2, Cox 1968), while in groups with a high 

proportion of migrants. North American birds tend to be smaller and less variable than 

those from Costa Rica (c.v. ratio < 1). Cox’s assumption that c.v. is a measure of 

variation independent of size is true to the extent that it removes the effect of the 

allometric law which states that the variance of a character increases in proportion to the 

square of its mean.

However it is to be expected that the increase in variance of a character with mean 

size when averaged over the members of a polyphyletic group such as an order will be 

greater that expected due to allometry, because of the structural variation inherent in such 

groups. The resulting correlation between size and c.v. means that c.v. and c.v. ratio do 

not explain a significant amount of variation in % migration when added to a model in 

which the latter is predicted by mean bill size. The analysis merely shows therefore, that 

a larger proportion of groups with large bills is resident in North America. As birds with 

large bills are generally large overall this is the same as saying that large birds are more 

likely to be resident in North America, which can easily be explained by the greater 

resistance of large birds to low temperatures. Instead, Cox views large mean bill size 

among resident birds as being a result of competitive radiation, which is partly achieved 

by size differentiation, leading to a larger mean. Under this scenario groups such as 

Corvids or Gallinaceous birds have grown large to minimise inter-specific competition 

among their constituent species. However if this were the case one would expect to find 

crows and game birds the size of warblers, the absence of which, together with the larger 

variance in % migration explained by mean bill size compared to c.v. or c.v. ratio, leads 

inevitably to the conclusion that size is the primary factor.

In the end therefore, nothing can be deduced about the role of competition in the 

evolution of migration from these data. This does not mean however, that inter-specific 

competition did not figure in the evolution of migrancy, and in a later paper Cox (1985) 

presented an evolutionary model of the development of migration, the predictions of 

which he tested using migration patterns of Parulid warblers and other groups of Nearctic- 

Neotropical migrants.
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2.4.2. Time allocation and competition in the evolution of migration

2.4.2.1. The origins of migration

Evolution o f  the migrant habit in resident populations

The general structure of Cox’s theory betrays a way of thinking about migration which 

retains traces of old-fashioned theories which invoke ’migratory drive’ and has a 

teleological tendency which is contrary to an evolutionary approach. Thus Cox envisages 

migrations as beginning to evolve through the movement of resident individuals into a 

neighbouring seasonably favourable area, and speculates that this will be made more likely 

by population pressure or unpredictable conditions which favour a degree of itinerancy. 

This movement will only be selectively favoured if it is accompanied by withdrawal of 

those individuals following the favourable season, since the advantages will be outweighed 

by high mortality during the unfavourable season. However Cox suspects that breeding 

success may be lower in seasonal areas because of differences in habitat, and a shorter 

potential breeding season, so that incipient migrations will only be favoured by selection 

if the individuals involved switch their wintering area to a more benign southern site, 

where they will experience greater survival than the residents of the population from 

which they originate.

This is unlikely to be how migration first evolved however. Evolution occurs by 

the accretion of minuscule heritable changes in phenotypic characters such as migratory 

behaviour, and will only occur if each one of these changes produces a superior phenotype 

to the last. Cox assumes that the genetic tendency to migrate into and out of a 

neighbouring seasonal area will arise within a population and be favoured if it results in 

equal fitness to that prevailing within the resident population. An evolutionary jump from 

residency to migrancy by this route is unlikely however. Among birds any itinerant 

tendencies are generally maladaptive while breeding is in progress, as breeding birds are 

tied to a fixed point, the nest, abandonment of which will result in the death of the 

offspring. Itinerant tendencies are therefore expressed in the non-breeding season, during 

which incipient migratory movements are much more likely to evolve. The idea of 

seasonal and unseasonal areas is also unhelpful, as all sites are seasonal to some extent, 

and in the first instance all areas which can be reached and in which a population can be
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maintained will be colonised by a species. There is no need to invoke population pressure 

of unpredictable climatic conditions, as a population will tend to spread in the absence 

of any ’drive’, simply through the random quotidian movements of the members of its 

population. Migration is much more likely to evolve once a resident population has settled 

in a moderately seasonal area. Greater mobility during the non-breeding season may lead 

some members of the population to stray from the vicinity of their birth site into more 

benign areas where they experience greater survival rates, and so will form a larger 

proportion of the surviving breeding population in each successive year, until the resident 

habit is extinguished.

Teleology in Cox^s theory

Cox views migration as arising by the movement of individuals from the vicinity of their 

birthplace to breed in a more seasonal area, instead of by a gradual increase of movement 

away from the area of birth which at each stage increases survival. The latter scenario 

results in the spread of the migratory habit through the population as a result of the 

superior fitness of migrants, but Cox states that "selection should favour individuals that 

move into adjacent areas during favourable periods". In effect he is saying that members 

of a resident population will obtain greater breeding success in an adjacent seasonal area. 

Should such a trait arise in the resident population, individuals displaying the trait will 

only share space and resources with the resident population during the non-breeding 

season, so that if selection favours such individuals it can only be in the sense that greater 

reproductive success outweighs the cost of migration and winter mortality in competition 

with residents.

However Cox believes that breeding success in the seasonal area may well be 

lower and that migrants will be less competitive than residents in the non-breeding season, 

so that a migrant population could only arise if its members move to a seasonal non

breeding area which is more benign than that occupied by residents. His scenario therefore 

requires that a trait should spontaneously arise in an individual born into a resident 

population, whereby it remains within the resident population during the following non- 

breeding season, leaves the area at the beginning of the following breeding season and 

breeds in an adjacent seasonal area, then instead of returning to its home area migrates 

to a third seasonal non-breeding area. This is the only way a migrant population could
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arise under Cox’s scenario, but it requires that a complex migratory strategy should spring 

fully formed into existence, as the adoption of any intermediate stage would lead to 

extinction. Not only is this unlikely, but there is little likelihood that an incipient migrant 

population could achieve greater survival than a resident population by migrating south 

of it to a benign wintering area. If such an area existed, the absence of migration in the 

resident population would be suboptimal unless there were a time allocation component 

to the latitude of the optimal wintering site. However, as was discussed in a previous 

section, a northern population which leap-frogs another because of time allocation factors 

will have lower survival outside the breeding season than the population it leap-frogs 

when migration costs are included. In the absence of time allocation considerations the 

best a migrant population can achieve is to share a wintering area with a resident 

population in an ideal free distribution, experiencing equal migration/density dependent 

mortality within the resident range, but probably additional migration mortality in getting 

there. It is conceivable that the benefits of site occupation might lead a resident population 

to endure greater winter mortality than a migrant population wintering south of it, but this 

is unlikely to apply once the resident habit has disappeared so cannot contribute to the 

divergence of summer and winter ranges envisaged by Cox.

2.4.2.2. The origin of disjunct migration patterns

Cox’s view of the development of migrant populations from resident ones (which he 

erroneously refers to as ’partial migration’ cf. Lack 1943), has important consequences 

for his overall theory which will be discussed later. Equally significant is Cox’s view of 

the origin of disjunct migration patterns. If a logical sequence from residency to a disjunct 

migration pattern is envisaged, a rationale must be provided for the extinction of the 

resident population. If this does not occur through increased seasonality, Cox believes it 

can only happen through inter-specific competition. He states that "the disappearance of 

resident populations as a result of intraspecific evolutionary processes is unlikely because, 

for this to occur, new migratory genotypes must prove better adapted than resident 

genotypes both in seasonally suitable regions and in the region of year-round 

favourability". In effect he is dismissing the possibility of the intermediate stage in his 

scenario for the incipient development of a migratory population where it winters
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alongside the resident population from which it arose. It is not an unreasonable 

assumption that a migrant population may have poorer survival than a competing resident 

population because of lower familiarity, site dominance, and perhaps less adaptive fine 

tuning to the environment. However this does not mean that the migrant population would 

be driven to extinction under these circumstances, and it is quite possible for migrants to 

displace residents.

Extinction of a phenotype through competition is only inevitable when it shares 

an environment with another phenotype, the presence of which causes a greater reduction 

in fitness than the presence of others of the same phenotype, and when the other 

phenotype is little affected by reciprocal competition and the joint population is at the 

carrying capacity of the environment. However in the case of competition between a 

migrant and resident population, the rate of reproduction of each is unaffected by 

competition between them, as they are spatially separated during the breeding season. 

Thus, if the productivity of the migrant population is greater than that of a resident 

population, it is possible for the former to winter alongside the latter, and for density 

dependent mortality to drive the latter to extinction, even if migrants suffer greater 

mortality through migration and asymmetric competition. A model will be derived later 

in this discussion to demonstrate that this is so, but for the present it is sufficient to state 

that Cox’s assumption that disjunct migration patterns can only arise through inter-specific 

competition is false.

2.4.2.3. The significance of biogeographic patterns

Having derived an evolutionary model of the development of migration patterns, Cox 

deduced a number of predictions which could be used to test whether or not it is likely 

that existing patterns can be attributed to the processes described. Thus Cox states that in 

the Americas the incipient development of migration patterns has occurred most often in 

the ’unstable and unpredictable’ climate of northern Mexico. Once migration is 

established, migratory populations will spread northwards into North America, and inter

specific competition between them will lead to extinction and disjunct migration patterns. 

Cox predicts that this will lead to a pattern in which the northern boundaries of permanent 

residency of species with migrant populations will be centred on northern Mexico, and
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demonstrates that this is so in parulid warblers and a number of other families. The 

Parulidae consists almost entirely of species which winter exclusively in the tropics, 

suggesting that a fundamental aspect of the biology of the group, perhaps specialised 

insectivory, prevents temperate over-wintering. Under such circumstances it is not 

surprising that the resident ranges of this family should extend only into the subtropics. 

Moreover the other species looked at were either long distance migrants (summer and 

winter mid-range latitudes > 2 0 ° apart) or neotropical residents with migrant populations 

at their northern edge. In other words Cox has excluded groups which are unlikely to 

show the pattern he is looking for. Species with permanent residency limits north of 

northern Mexico are excluded as they are unlikely to be long distance migrants, and 

species with permanent residency limits south of this zone are excluded as they are 

unlikely to have migrant populations at their northern edge, which is within the tropical 

region and not particularly seasonal.

Cox also predicts that species with both resident and migrant populations should 

have more subspecies than species which are wholly resident or migrant, as wholly 

resident species are those which have not experienced conditions which promote 

expansion into new areas, and wholly migrant species have reached that stage through 

extinction of some populations. Data showing this pattern exists in parulid warblers is 

taken a evidence of the veracity of Cox’s model. However this does not prove that the 

putative extinctions took place through inter-specific competition, or that this is the reason 

for the pattern of subspecies frequency. By Cox’s definition, short and long distance 

migrants are those in which there is a gap between the summer and winter range. As such 

gaps imply an absence of breeding populations from the southern part of North America 

and northern Mexico, the breeding range of these species covers a much less diverse range 

of environments so that the scope for subspecific differentiation will be less.

Cox presents data showing that among the Parulidae, the latitudinal span of the 

breeding range is small in wholly resident species, intermediate in species with migrant 

and resident populations, and in short distance migrants, and large in long distance 

migrants. The similarity in latitudinal span between the middle two categories is 

interpreted as evidence that the short distance migrants have suffered population 

extinctions. Again however this does not prove that they occurred via inter-specific 

competition, and could merely reflect the fact that both of these groups breed in temperate
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areas intermediate in diversity between the tropics and the boreal zone. The uniformity 

of the latter ensures that suitably adapted species can occupy extensive ranges.

Finally Cox demonstrates that there is a significant leap-frog pattern among 

migratory subspecies of Parulid warblers, centred on northern Mexico, which he interprets 

as evidence that migration arose among the ancestors of these populations in northern 

Mexico, and that migrant breeding populations have gradually pushed north, while their 

wintering areas moved south to compensate for lower breeding success. Again it is not 

surprising that migration patterns should centre on northern Mexico in a group consisting 

of specialist insectivores with poor survival prospects in a temperate winter. However Cox 

claims that this is a critical test of his hypothesis because the leap-frog pattern is different 

from that which would be expected if a similar process had occurred centred on the 

tropics, or if migration had developed from resident populations at a variety of latitudes.

All this shows is that the present northern boundary of hibernal climates amenable 

to Parulid warblers approximates to northern Mexico. Much more benign climates have 

prevailed north of this region during the tertiary, as Cox acknowledged in his earlier 

paper, and it is not unreasonable to suppose that the ancestors of Parulid warblers may 

have been resident in evergreen forests in what is now the southern U.S.A. during such 

periods, with migratory populations in more seasonal areas to the north. Moreover during 

the pleistocene the northern wintering limit of proto-Parulids may have been much further 

south than at present during the glacial maxima. The fact the migration patterns are 

centred on northern Mexico is therefore a reflection of current climate and reveals nothing 

about where migration patterns originated. The fact that the variance of mid-point range 

is smaller in subspecies with short migrations is again partly a result of populations with 

a short migration having by definition to be close to tropical wintering areas, i.e. clustered 

in the south of temperate North America, in order that their migrations should be 

classified as short, though leap-frog patterns demonstrated by Cox also contribute to this 

pattern, indicating that more northerly subspecies do indeed winter further south. Is this 

evidence for Cox’s scenario of inter- and intra-specific competition pushing ranges further 

north and south?

A number of alternative scenarios could account for more southerly optimal 

wintering areas for more northerly breeding populations, including time allocation in the 

absence of any inter specific competition. However in this case it may simply be an
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artifact of the position of the land masses of North and South America. Populations 

breeding in the west of North America are immediately north of a considerable land mass 

in tropical and subtropical latitudes. However those breeding in eastern North America are 

immediately north of an area of sea at the most northern latitudes which could support 

species like Parulid warblers. Furthermore the north west of North America holds 

relatively few species because of a combination of mountainous climates and northern 

latitudes, so that western species tend to be southern. Also species which breed across the 

breadth of the northern part of North America frequently migrate south west and island 

hop across the Caribbean islands to South America, rather than migrate south to Mexico 

which would involve negotiating successive mountain chains and deserts. It may be 

therefore that optimal wintering sites for many northern Parulids are found far into the 

tropics on the South American mainland because of the position of continental landmasses 

and their topography, without any necessary contribution to the process from time 

allocation or competition.

Overall therefore, all that Cox’s analysis demonstrates is that Parulid warblers and 

certain other groups have patterns of migration which indicate that they are unable to 

winter in climates commonly classified as temperate. His conclusion that migration 

patterns in such species originated in ’temperate-tropical borderlands’ is a tautology 

arising from this fact, and does not prove that northern Mexico was crucial to the origin 

of migration patterns in the New World, as the position of the temperate-tropical boundary 

has not always coincided with this region. Northern breeding populations do indeed seem 

to winter further south, but this cannot be taken as evidence that populations have been 

pushed further north and south by a combination of inter and intra-specific competition. 

It is quite possible that some species may be shifting their breeding ranges southward in 

response to natural selection, resulting in convergence of breeding and wintering ranges. 

Finally, the view of the origin of migratory behaviour which underlies Cox’s theory is 

teleological and unlikely to represent a realistic evolutionary model.

Cox suggests a number of further tests including measurement of the intensity of 

competition between species which he envisages to be at different stages of evolutionary 

progression from residency to long distance migration, though no indication is given of 

how this could be achieved. He also suggests that the theory can be tested by examining 

comparative fecundity and survivorship, despite having stated elsewhere in the paper that
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any demographic pattern can arise from migration theories based on competition, though 

presumably the precise theory outlined by Cox would predict lower fecundity and higher 

survival in migrants. Finally he recommends that other taxa should be examined for the 

types of patterns found in Parulid warblers. It would be no surprise if the patterns of 

subspecies frequency which occurred in parulids were repeated in other groups of 

temperate-tropical migrants for reasons already discussed, and it is well known that leap

frog patterns are to be found elsewhere. However the absence of leap-frog patterns 

amounts to a refutation of the hypothesis and, as discussed in an earlier section, patterns 

other than leap-frog migration are common. Otherwise there is little likelihood of framing 

critical tests of Cox’s hypothesis, which in any case is beset by numerous inconsistencies. 

It remains therefore to propose a more realistic model for the evolutionary origin of 

migration patterns.

2.4.3. An alternative model for the origin of disjunct migration patterns

The assumption that a resident population cannot be driven to extinction by intra-specific 

competition can be shown to be false by a simple model with a small number of 

biologically reasonable assumptions (Figure 6 ). In the initial stage of colonisation by a 

species, a resident population arises with density dependent breeding success in the 

summer and density dependent mortality in the winter, leading to an equilibrium 

population. In the second stage a migrant population arises in a neighbouring seasonal 

area, which winters within the range of the resident population. The migratory population 

experiences an additional mortality component caused by migration, and is also inferior 

in competition with the resident. If the reproductive rate of the migrant population is equal 

or inferior to that of the resident population, it is obvious that density dependent mortality 

in winter will drive the migrant population to extinction.

This is not necessarily the case however, if the migratory population has a superior 

reproductive rate to the resident population, and the equilibrium reached between the two 

populations will depend on their relative reproductive rates. If the migrant population is 

sufficiently more fecund that the resident, it will drive the latter to extinction. This model 

could lead to the gradual northward movement of a population as envisaged by Cox, but 

it could equally lead to a southward movement if the productivity of southern populations
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Figure 6 . Interaction of migrant and resident populations.

The year is divided into two discrete time intervals, one in which there is population 

growth (corresponding to the breeding season) and a second during which mortality occurs 

(corresponding to the non-breeding season). In each case the change in the population 

which results is density dependent. In the breeding season dn/dt=m, where r=a-bn. This 

describes a linear decrease in r from a value (a) which represents the rate of increase in 

the absence of density dependent factors. When density effects are equivalent to (a-l)/b 

the rate of increase (r) will be unity (i.e no increase). During the non-breeding season 

r=k/(n+k), so that density dependent mortality is described by a convex hyperbolic 

function, such that at density k, half the population dies. The population is ideal free in 

both the breeding season and non-breeding season, so that in the former, fecundity is the 

same throughout the population which varies in density, and the edge of the breeding 

range is defined where population r is achievable only where density effects are nil. In the 

non-breeding season probability of survival is equal for all members of the population, 

with those undertaking the shortest migrations suffering the lowest survival rate on the 

wintering site.

The behaviour of populations under different scenarios can be illustrated by giving 

actual values to the constants described above. For instance, consider a colonisation 

process which involves occupation of a resident range in which the following parameters 

apply: a (maximum rate of increase)=3.0, b (density dependent depression of fecundity)=-

0.002, k (density dependent mortality)=1000. If the range is initially occupied by one pair 

(n=2 at t=0), population growth is described by dn/dt=an-bn^ where t= 1,3,5... and by 

dn/dt=nk/(n+k) where t=2,4,6... (two discrete intervals per year), n is rounded down to the 

nearest whole number at the end of each time interval. Given the above parameters the 

population reaches a stable carrying capacity at 498 in 11 generations (Figure 6 (i)).

The second stage of colonisation involves invasion of an adjacent seasonal 

breeding area by a population which migrates at the end of the breeding season, and 

winters within the range of the resident population. All the parameters are identical for 

this populations except that a=4.0. Thus at equivalent population density, the rate of 

increase of the migrant population is 1.0 greater than that of the residents. Migration 

mortality accounts for 1 0 % of the migrant population each year, and the migrants suffer
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asymmetric competition such that, for a resident the density dependent effect of a migrant 

is 0.9x that of another resident, and for a migrant the density dependent effect of a 

resident is I. lx that of another migrant. Thus for a wintering population of 100 migrants 

and 100 residents, the effective k for migrants is 210, and that for residents is 190. If a 

resident population is established by a single pair at t=0 , with the resident population at 

equilibrium, a new equilibrium between the populations is established in 32 generations 

(t=64), by which time the resident population has decreased to 172, while the migrant 

population has levelled out at 422 (Figure 6 (ii), dotted line represents migrant population). 

The effect of the greater productivity of the migrant population can be seen by varying 

its ’a’ value. If a^jg=4.5, equilibrium is reached in 42 generations (t=84) at a resident 

population of 6 8 , and a migrant population of 543 (Figure 6  (iii)). If a^jg=5.0, equilibrium 

is reached in 50 generations (t=100), with the extinction of the resident population, and 

a migrant population of 632 (Figure 6 (iv)).

The effect of a change in the environment of one of the populations can be seen 

in Figure 6 (v). At t=0, the populations are at equilibrium as described above for a„,ig=4.5. 

However at t=20 the migrant range improves such that b is halved from -0.002 to -0.001. 

This might be a result of the improvement of existing habitat, or the doubling in area of 

the amount of habitat available, such that effective density is halved. The result is the 

extinction of the resident population.
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improved. The colonisation of new areas, or improvement of breeding performance need 

not be caused by evolutionary change in the species concerned, but could be in response 

to a change in the environment, either climatic or biotic, such as a change in a habitat due 

to invasion by a plant species or the extinction of a section of the flora as a result of 

exploitation by an invading herbivore such as a moth or beetle. If a more northern latitude 

becomes exploitable, greater productivity might be expected due to longer days and lower 

predation, and this greater productivity and the consequent extinction of more southern 

populations could be a contributory factor to the relatively low numbers of migrant 

species in southern temperate regions (Herrera 1978), as populations which would 

otherwise be able to persist there with the adoption of a migratory strategy involving 

withdrawal to the tropics in winter, are unable to do so because of the competition they 

would encounter in the tropics from highly fecund northern populations.

The establishment of northern populations with high reproductive output would 

result in selection for greater fecundity in southern populations so one would expect 

species without large populations in the far north to be less productive at the same latitude 

as similar species which do, which could conceivably explain the relatively low 

productivity of species such as the Lesser Whitethroat, which are at the northern edge of 

their range in Britain, as documented by O’Connor (1981).

A further consequence of this model is the possibility that an environmental 

change experienced by one population, resulting in a larger breeding population (i.e. lower 

density dependent depression of productivity) could cause a decrease in a population with 

which it shares its wintering range. Under this scenario one would expect migrants to 

show less density dependence in variation in breeding density, as has been claimed to 

occur by O’Connor (1992), as changes in a migrant population are affected by the 

populations with which they share the wintering grounds. Ultimately, measures taken to 

conserve a species in part of its breeding range could be detrimental to other populations 

of the same species, or even lead to their extinction.

2.5. Conclusion

Any attempt to interpret patterns of migration rests on the assumption that individual 

migration strategies maximise fitness within the constraints imposed by an individual’s
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phenetic characteristics and the degree to which the components of a migration strategy 

are heritable. The optimal distance from the breeding site therefore represents a trade-off 

between the greater survival rates achievable at greater distances, and lowered breeding 

success in subsequent breeding seasons, as well as increased mortality associated with 

migration (Baker 1978). The various theories differ only in the emphasis given to different 

components of this trade-off.

Differential migration models present a much more tractable problem than inter

population patterns. The different classes of a population migrate from the same starting 

point, so the distance to a given wintering site and the phenology of the breeding site is 

similar for all classes. The components of migration cost are therefore much simpler, and 

time allocation is unlikely to be a factor. Different classes within a population also have 

a dominance hierarchy, so it is unnecessary to construct an evolutionary justification for 

differences in competitive ability. Moreover, different classes vary in the extent to which 

arrival time on the breeding grounds affects breeding success. Despite this the potential 

for testing models which emphasise different components of the trade-off is limited, as 

the various theories seldom predict distinct patterns, and the data which would provide 

critical tests are often impossible to obtain. Nevertheless demographic data can be used 

to eliminate some processes for individual species, and models constructed using the 

remaining components can be compared as to which most closely predicts observed 

patterns. For instance Ketterson & Nolan (1983) deduce an ideal free distribution in 

wintering populations of the Dark-eyed Junco from data showing similar annual 

survivorship in different winter populations, but lower over-winter survival in those 

wintering further north. Post-hoc interpretation of the distribution of age/sex classes leads 

to the conclusion that males winter further north than females because arrival time on the 

breeding grounds is more critical to breeding success in males, and that juveniles winter 

further north than adults of the same sex because migration is more costly to juveniles. 

Direct testing of this hypothesis is virtually impossible as the costs of migration in 

different classes cannot be measured, nor can the effect of wintering site on arrival time 

or subsequent breeding success. Nevertheless cross-species comparisons may provide a 

degree of testability. For instance Ketterson and Nolan predict a different pattern of 

differential migration in partial migrants where dominance of scarce resources on seasonal 

breeding sites should lead to more southerly wintering by subordinate juveniles and
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females, and Myers (1981a) has used inter-species differences in sexual dimorphism to 

test opposing predictions of competition and arrival time hypotheses.

Inter-populational patterns pose additional problems in their interpretation, as costs 

of reaching a particular wintering site will differ between populations in ways which do 

not necessarily merely reflect distance, as the position of land masses and mountain and 

island chains will vary in significance according to the starting point of migration, and 

differing degrees of seasonality among breeding areas introduces a time allocation 

component. Cross species comparisons are of limited use as the components of migration 

patterns show practically infinite variation among species, and demographic data also have 

limited application as, contrary to many interpretations, competing theories such as time 

allocation and competition predict many of the same patterns, and the survival data which 

are obtainable can generally be interpreted in several ways.

A distinction can be drawn between theories of inter-population migration patterns 

which depend on known properties of the populations involved, such as the seasonality 

of the breeding area, and those which invoke competition and therefore require a 

justification for the belief that populations differ in competitive ability. The latter are 

unsatisfactory because of the circularity of the argument, and in the sense that asymmetric 

competition in the field between populations which both breed and winter in different 

places is practically impossible to disprove. Moreover the evolutionary theories put 

forward to explain asymmetric competition and the tests which have been performed are 

riddled with conceptual and methodological flaws. It is preferable therefore, given the 

limitations of the available data, to base theories on what is known about the populations 

involved in anomalous migration patterns, rather than to cultivate thickets of 

unsubstantiated and probably untestable theory, based on speculation.

In this regard, Greenberg’s time allocation theory is by far the most appealing of 

the explanations which have been put forward for the most anomalous of the inter

population patterns, leap-frog migration, as it is undoubtedly the case that the breeding 

season contracts at high latitudes (Baker 1938). The trend for longer breeding seasons 

further south does not necessarily extend into the lower latitudes of the temperate zone 

however, where drought becomes a factor. The period of resource availability is 

undoubtedly shorter in for instance southern Europe than in central Europe, as in areas 

such as southern Spain, growth practically ceases by the middle of the year in response
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to water deficit. The most significant factor therefore may be the timing of the start of the 

breeding season in relation to the seasonality of the wintering area. Greenberg’s simple 

model assumed that conditions on the wintering grounds remained constant throughout the 

birds’ stay. However all wintering areas are seasonal to some extent, and resource 

trajectory will differ in different parts of a wintering range just as it does in the breeding 

range. Under the right combination of circumstances this could lead to leap-frog migration 

as a result of different populations optimising their strategy.

This can be illustrated using two well known leap-frog migrants, the Yellow 

Wagtail and the Fox Sparrow. The aspect of the migration pattern among subspecies of 

the Yellow Wagtail which is the most difficult to explain is the markedly southern winter 

distribution of the northernmost breeding subspecies M.fthunbergi in Africa. For instance 

in west Africa M.fthunbergi is mainly confined in winter to the coastal strip along the 

Gulf of Guinea, while the nominate subspecies M.fflava winters throughout west Africa, 

and the southern subspecies’ M.fiberiae and M.fcinereocapilla occur almost wholly 

within the sahel region just south of the Sahara. The spring migration of these populations 

is initiated at different times in order to coincide with the emergence of suitable 

conditions on their respective breeding grounds. Thus, populations wintering in the sahel 

depart in March in order to arrive in southern Europe by early April, while populations 

near the Gulf of Guinea depart in late April to arrive in northern Europe by the end of 

May. The European winter coincides with the dry season on the west African savannas, 

such that wintering migrants depart just as the wet season is about to begin. In order to 

arrive at the optimal time for breeding, southern European populations have to leave west 

Africa before seasonal rains occur anywhere in the region. However, populations breeding 

in northern Europe have the option of remaining in the wintering area an extra month at 

least, by which time seasonal rainfall is occurring on the southernmost savannas, but not 

in the north. The resulting surge in food availability is thus available to pre-migratory 

wagtails breeding in northern Europe, but only if they extend their migrations to the 

southernmost savannas. Southern breeding populations do not have this option, so their 

fitness is maximised by shortening their migration.

A similar scenario is likely in the Fox Sparrow populations breeding on the west 

coast of North America, among which the southernmost breeders, on the U.S.A./Canada 

border are resident, with successive leap-frogging populations further north so that the
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Alaskan populations winter furthest south in southern California. The south-west coast of 

the U.S.A has a mediterranean climate, with a hot dry summer and a mild wet winter, 

promoting a surge of resources in early spring when temperatures rise and water is still 

plentifully available. As in west Africa therefore, a surge in resources begins in the south 

and makes its way gradually north, and populations which commence breeding late in the 

year can take advantage of this, but only if they extend their migrations, while those 

which breed early have to arrive on their breeding grounds before a resource surge occurs 

anywhere within their viable wintering area. Possibilities for testing this hypothesis 

include measuring the timing and magnitude of resource surges in the breeding and 

wintering ranges of leap-frog migrants and comparing these with the timing of emigration 

from the wintering range and arrival on the breeding grounds. Another possibility is a 

comparison of the timing and rate of fattening of the various populations, which would 

be expected to be easier and more rapid for southern, later departing populations of a 

leap-frog migrant.

2.6. Summary

1. The evolutionary interpretation of migration patterns is based on the assumption 

that they are a consequence of optimisation of migration strategies by members of 

different classes and populations.

2. Leap-frog migration has been proved to occur in relatively few species and cannot 

be assumed to be the rule. Quite different but equally anomalous patterns occur 

among geographically separate breeding populations.

3. Theories which attempt to explain migration patterns in terms of optimal migration 

strategies invoke competition, the effect of arrival time on the breeding grounds 

following migration on breeding success, or variation in the duration of the period 

during which breeding is practicable.

4. Competition theories are circular unless there is an a priori reason to suppose that 

individuals which differ in migration strategies also differ in competitive ability, 

such as in the case of differential migration among sex/age classes.

5. Attributions of inter-specific or inter-populational differences in wintering areas 

to competition rely on the construction of evolutionary models which predict
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differences in competitive ability. Evidence presented to support the view that the 

degree of migrancy is a result of an r-K selection gradient consists either of non

significant patterns, allometric trends, or patterns which result from simple 

demographic and population processes.

6 . Arrival time hypotheses have greater potential for the explanation of differential 

migration patterns than inter-populational patterns, and prove superior to 

competition theories in the prediction of differential patterns in anomalous 

situations sucn as reverse sexual size dimorphism.

7. Contrary to its original presentation, many of the predictions of the time 

allocation hypothesis, concerning demographic parameters, are identical to those 

of competition based theories, so that the use of demographic data to decide which 

theory is most likely may be of no use. However the time allocation theory has the 

merit of being based on known selective pressures on different populations rather 

than speculation, so the theory provides the most reliable basis of an explanation 

of inter-population migration patterns.

8 . Deduction of the pivotal role of inter-specific competition in the evolution of 

migration from correlation between variation in bill size and proportion of 

migrants among taxonomic groups is based on faulty statistical treatment. The 

patterns demonstrated are a result of a lower proportion of migrants in groups 

containing large birds which are less susceptible to low temperatures.

9. Biogeographic patterns presented in support of the role of inter-specific 

competition in the evolution of migration cannot be regarded as critical tests, and 

the assumption that disjunct migration patterns cannot arise through inter-specific 

competition is shown to be false.

10. A novel hypothesis is proposed to explain leap-frog migration, based on the 

relationship between seasonality in the breeding and wintering areas.
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3. Geographic variation in the morphometries of the Yellow Wagtail

3.1. Introduction

The evolutionary significance of geographic variation in the Yellow Wagtail has been the 

subject of many articles which focus on characteristics of the plumage, particularly head 

colour of breeding males. Size variation has generally been dismissed as insignificant 

(Dement’ev & Gladkov 1954, Cramp 1988) which, along with congruence in patterns of 

geographical variation in morphology between populations with divergent plumage 

characteristics, is one of the main arguments for regarding populations of diverse 

appearance and limited interbreeding as belonging to the same species (Williamson 1955, 

Mayr 1956, Vaurie 1957).

In this section I will consider in more detail the geographic variation in the 

morphometries of the Yellow Wagtail in order to quantify the major geographic trends 

both for comparison with variation in plumage colouration, and to enable consideration 

of the kinds of selective pressures which are faced by such a widespread and variable 

species. Finally, the redistribution of the various breeding populations in winter in Africa 

will be considered from a morphological viewpoint.

3.2. Method

The data consist of measurements of 356 preserved skins collected respectively in the 

breeding or wintering area at an appropriate time of year. The breeding sample contained 

277 specimens, 161 males and 116 females, and the wintering sample 79, 38 males and 

41 females. Those assigned to breeding populations were collected between April and 

August inclusive. Samples of wintering populations were made up of specimens collected 

in sub-Saharan Africa between December and February inclusive. Any skins which fell 

into either of these categories, but which were obviously on migration, such as individuals 

collected outside the breeding or wintering range of the species or of the subspecies to 

which it belonged were excluded from the analysis. Many specimens had one or more 

features which were not measurable, due to feather wear or damage such as broken claws 

or mandibles.

^  b  a/Vm m ,
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The features measured were as follows: (i) Length of the folded wing from the 

carpal joint to the tip of the longest primary; (ii) Distance from the carpal joint of the 

folded wing to the tip of the longest secondary. Both wing measurements were taken with 

slight pressure applied to the wing in the region of the greater coverts with the thumb in 

order to flatten the wing against the ruler. Variation in the method of preservation is likely 

to contribute greater variance to measurement of secondaries as this sometimes required 

the primary feathers to be pushed back, and unlike the primaries, the number of the 

longest secondary measured this way was not consistent; (iii) Tail length from the 

insertion of the two central retrices, measured posteriorly, to the tip of the longest tail 

feather; (iv) Bill depth at the level of the centre of the nostril aperture; (v) Bill width at 

the same level as bill depth; (vi) Middle front claw; (vii) Hind claw; both claw 

measurements are the linear distance from the anterior insertion of the claw into the toe, 

to the tip of the claw, taking no account of curvature; (viii) Culmen length, the linear 

distance from the axis at the insertion of the upper mandible into the skull to the tip of 

the upper mandible; (ix) Tarsus length, the distance from the tip of the projection of the 

tarsus posterior to the tibio-tarsal joint, to the distal margin of the 2 nd row of scales above 

the insertion of the toes, on the anterior mid-line of the leg. Measurement of plumage 

features (wing, secondary and tail) were taken to the nearest 0.5mm, while the remaining 

features were taken to the nearest 0 . 1 mm.

The location of collection of each skin was noted, and its latitude and longitude 

recorded to the nearest 1 degree. An altitude and a number of climatic variables were then 

assigned to each specimen according to the location of its collection. Altitude was 

estimated using the largest scale maps covering the appropriate area in the Times World 

Atlas, in which the collection site was located and its altitude recorded as the median 

value of the range for the altitude colour code within which the site fell. Climatic 

variables were assigned using a simple Fortran program, which read each record of a file 

containing the morphometric data in turn, then scanned a second file containing climatic 

data for 769 weather stations and their latitude and longitude, covering Europe, Asia and 

Africa, and calculating the great circle distance between the collection site and each of 

the climatic stations, assigning climatic data from the nearest one. The climatic data were 

obtained from the World Survey of Climatology (Arakawa 1969, Wallen 1970, 1977, 

Griffiths 1972, Lydolph 1977, Takahashi & Arakawa 1981), and comprised mean
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temperature, precipitation and vapour pressure for June in the case of breeding specimens, 

and December in the case of wintering specimens.

Many of the data tables in the sources quoted have data for either vapour pressure 

or relative humidity, but not both. Where relative humidity only was available, an estimate 

of vapour pressure was obtained using the following formula:

Vapour Pressure = Relative Humidity x [6.392 x exp(0.06335 x temperature)] / 100

where the term in square brackets estimates saturated vapour pressure, and is derived from 

a discussion in McIntosh (1972). Regression of estimated versus actual vapour pressure 

for those weather stations for which both measures were available yields an R  ̂of 76.4% 

(n=143).

3.3. Results

Throughout the analysis log  ̂ transformed data were used. This has a number of 

advantages including linearisation of allometric relationships between variables, which can 

then be expressed by the eigenvectors of the covariance matrix of features as in the initial 

ordination below; linearisation of relationships between morphometric and environmental 

variables, which can then be expressed more clearly by linear modelling; and it also 

permits the use of parametric methods to study variation in shape variables (Mosimann 

& James 1979). Visual inspection of the distribution of the data indicates that many of 

the variables appear as close to a lognormal distribution as to a normal distribution, as 

might be expected in morphometric data, even in birds which have determinate growth. 

Residual plots of regressions and analyses of variance performed using Glim, do not 

indicate any detectable departure from normal assumptions when log transformed data are 

used.

3.3.1. Analysis of principal components of geographic variation

In order to elucidate the major axes of geographical variation a principal component 

analysis was performed on a covariance matrix of log  ̂mean measurements for breeding
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specimens grouped according to a 10“ square grid (see Figures 8-31) which also provided 

the grouping criterion for later analyses. In this case mean measurements were used in 

order to avoid confounding the effects of allometric variation in shape with size within 

populations, with variation in size and shape between geographically separate populations 

(Thorpe 1976). Means were included only for squares with at least 3 specimens of the 

relevant sex, males and female samples being analysed separately.

Males

The first three principe^ components account for 84% of the variance in the log size of 

mean measurements of 9 features in samples from 17 10“ squares (Table 3, Figure 7(i)). 

The loadings on the first component are all negative, with the largest against bill and claw 

dimensions. Sample means with high positive scores on this component are likely to 

represent populations of birds of relatively small overall size (Chatfield & Collins 1980). 

The second component has a high negative loading against hind claw, while the third 

expresses a contrast between long, shallow bills and short, deep bills.

Scores on the first principal component reinforce the overall impression that 

M.fpygmaea is by some distance the smallest subspecies, while the three samples of 

M.f.feldegg ordinate at the other end of the axis suggesting that they are relatively large 

(Figure 7(i)). However, the largest negative score on this component belongs to a sample 

of M.fthunbergi from the Yenisei valley. Samples assigned to different subspecies within 

the same 10“ square generally have similar scores on this component. In particular 

M.f.feldegg, M.fflava and M.fcinereocapilla from central southern Europe score similarly 

on this component. By contrast M.fcinereocapilla from the NW Mediterranean appear 

larger than M.fiberiae from the same area (Figure 7(i)). However these two subspecies 

samples share the highest positive loading on the second principle component, indicating 

relatively short hind claws. More southerly populations of both subspecies have high 

negative loadings on the second component, as does the M.fpygmaea sample, and the 

Yenesei valley sample of M.fthunbergi. Samples with high negative loadings on the third 

principle component, corresponding to relatively short, deep bills, all come from northern 

Europe (Figure 7(i)). By contrast with the second component, the two populations of 

M.fcinereocapilla have similar scores on this component, while the populations of 

M.fflava cover almost the entire range of variation. The overall impression gained from

C f c  A  c \  c 4 c i ^  I ’ 'fUsirL V )  U  |
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Table 3. Principal component analysis of mean measurements for males from 17 ten 
degree squares.

Components

I II in IV

Eigenvalue 0.106 0.036 0.019 0 . 0 1 2

Percent Variance 55.1 18.8 9.9 6 . 0

Loge Measurement Loadings

Wing -0.26 0.25 -0.36 -0.35
Secondary -0.25 0.39 0.07 0.19
Tail -0.24 0.36 -0 . 1 0 -0.59
Bill depth -0.15 0.08 -0.71 0.41
Bill width -0.45 0.19 -0.05 0.26
Front claw -0.56 -0.23 0.33 -0.25
Hind claw -0.38 -0.73 -0.24 -0 . 0 2

Culmen -0.32 0.15 0.43 0.43
Tarsus -0.17 0.09 -0 . 0 1 0.06
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Figure 7. Principtti component analysis of morphological variation in Yellow Wagtails. 

Each symbol represents the mean of a subspecies sample for a 10° latilong square. 

Subspecies samples from the same square are joined by lines in the PC1/PC2 plane (see 

Table 6 ). Symbols: ▼ = M.fthunbergi, ■  = M.f.feldegg, #  = M.fflava, O = 

M.fcinereocapilla, * = M.fiberiae, ★ = M.fpygmaea.
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this ordination is that there is both convergence of putativeiy different parapatric or 

sympatric populations, but that there may be some consistent differences in morphology 

as well as plumage characteristics, especially overall size.

Females

The first four components account for 8 8 % of the variance in mean measurements for 14 

samples from 10° squares (Table 4, Figure 7(ii)). All loadings on the first component are 

negative, the largest of which are for front claw, wing and tail. The second component has 

a high negative loading against hind claw while the third component incorporates a 

contrast between bill length and depth, but also a high negative loading against front claw. 

The fourth component has a high negative loading against bill width.

The first component describes a similar size ordination to that found in the males, 

with M.f.feldegg, M.fcinereocapilla and M.fthunbergi at the large end of the scale, and 

M.f.flavissima and M.fiberiae at the small end, with M.fflava covering the middle range 

and M.fpygmaea abberrantly small (Figure 7(ii)). Again the second component suggests 

a longer hind claw in M.fcinereocapilla in central southern Europe compared to parapatric 

M.fflava and M.f.feldegg, but unlike the males M.f.flavissima and M.fflava either side 

of the southern North Sea contrast on this axis, the latter having relatively short claws and 

the irrelatively long. The third component describes a north-south gradient with high 

positive loadings in more northerly samples (Figure 7(ii)). Note that the signs of the 

loadings are reversed compared to the similar third component in the males.

If anything the ordination of female samples indicates rather less convergence 

between parapatric populations of different subspecies. Divergence between neighbouring 

populations is especially apparent in the case of neighbouring populations of M.f.feldegg 

and M.fpygmaea at the eastern end of the Mediterranean, which ordinate at opposite ends 

of the first component. However if the samples in Figure 7(ii) are collapsed across the 

dimension described by the first principal component these two populations are rather 

close together, and the M.fpygmaea sample is close to the mean of the samples of 

M.fiberiae.

Comparing the two ordinations, the first two components are similar for males and 

females, while the third has similar elements, but is more strongly correlated with bill 

variation in the males, and front claw variation in the females.
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Table 4. Principal component analysis of mean measurements for females from 14 ten 
degree squares.

Components

I II in IV

Eigenvalue 0.078 0.027 0.015 0.014

Percent Variance 51.8 17.8 9.9 9.1

Loge Measurement Loadings

Wing -0.41 0.02 0.36 0.34
Secondary -0.22 0.45 0.04 0.33
Tail -0.39 0.06 0.32 0.25
Bill depth -0.28 -0.07 0.35 -0.18
Bill width -0.39 0.04 0.22 -0.78
Front claw -0.48 -0.17 -0.68 -0.03
Hind claw -0.27 -0.71 -0.07 0.19
Culmen -0.28 0.50 -0.39 -0.06
Tarsus -0.12 0.03 -0.01 0.16



PCA can provide a useful preliminary analysis by indicating the major axes of 

variation in a data set. In this case the dimensionality of the data appears to be much 

lower than it could be given 9 separate sets of measurements, and the majority of the 

variance is explained by three or four linear combinations.

of geographic variation in overall size, relative lengths of front and hind claws, and in bill 

shape. Subsequent analyses of univariate measures and shape variables can be geared 

towards elucidating the patterns of variation in these features. However, the possibility of 

geographic variation in features which do not load strongly on any of the major axes of 

this ordination, such as tarsus, cannot be dismissed on this basis, as a significant degree 

of geographic variance may be partitioned between axes which express combinations of 

other features which maximise the proportion of the remaining variance accounted for. 

Thus the first principle component is likely to incorporate a considerable amount of 

variation in shape and cannot be regarded as removing all the variance attributable to 

overall size (James & McCullough 1990).

3.3.2. Geographic variation of univariate metrics

Evidence for geographic variation in individual features and shape variables was sought 

by grouping the data by 10° squares, as in the previous ordination, and performing a two 

way anova in the form of a linear model using the Glim statistical package. Unlike the 

PCA this enables all of the data to be used, even where there is only one datum in a 

block. This gives rise to a two factor maximal model with interaction, the factors being 

sex with two levels, and 10° block with about 40 levels in most features.

This approach to testing for the occurrence of geographic variation is conservative, 

as within block variance is likely to incorporate some variance in the overall mean due 

to geographic variation, as the blocks are so large. This is especially so where the blocks 

cover zones where steep dines occur. This will lead to a relatively inflated error term in 

the analysis, decreasing the likelihood that inter-block variance will give a sufficiently 

large F ratio to be considered significant. The null hypothesis will be further conserved 

in this analysis by use of a Bonferroni correction (Harris 1975, Aldrich & James 1991) 

to account for the use of simultaneous tests.

The initial stage in each analysis involved removal of the variance attributable to
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interaction between sex and block. This proved to be significant in none of the variables 

analysed, so that no geographic variation in sexual dimorphism was detectable. Variance 

due to the two factors is tabulated in Table 5, and where this proved to be significant, the 

pattern is illustrated and discussed below.

Wing length

The most striking feature of the pattern of wing length variation (Figures 8  & 9), is the 

juxtaposition in the middle east of populations with respectively the shortest and largest 

wings found anywhere in the species’ range. Short winged M.fpygmaea resident in 

northern Egypt are separated by only a few hundred miles from very long winged 

M.f.feldegg in Iran. However this does not necessarily imply a fault line between these 

two populations as, especially in the males, specimens of M.f.feldegg collected just to the 

north of the range of M.fpygmaea in Cyprus and Syria have relatively short wings 

compared to those in the Balkans or Iran. Short winged birds occur throughout the 

southern half of the Mediterranean basin while relatively long winged birds predominate 

in central southern Europe. Those in northern Europe are slightly shorter, but long winged 

birds reappear in northern Fennoscandia. In Asia long winged birds occur in the far east 

compared to central Asia. The pattern of variation in secondary length is generally similar 

(Figures 10 & 11).

Tail length

Variation in tail length appears to follow a similar pattern to that in wing length, but if 

anything is rather less pronounced. In particular Iranian birds do not stand out as having 

the largest values as they do for wing length, and in males at least appear to have shorter 

tails than some populations in Europe and the far east (Figures 12 & 13).

Claw length

The pattern of variation in middle front claw and hind claw length do not appear to be 

entirely congruous, but have some common features (Figures 14 & 15). North 

Fennoscandian birds have relatively short claws, while those of south central and south

east Europe are relatively long. There is moreover a suggestion that Iranian birds have 

shorter claws than those of south-east Europe. In the case of front claw, samples from the
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Table 5. Tests of geographic variation in size and shape in breeding populations of the 
Yellow Wagtail. Each variable is subjected to a separate two-way analysis of variance 
with sex and 10“ block as predictive variables. None of the interaction terms were 
significant, and the error term refers to the residual variance in the model following 
removal of the interaction. Variance estimates quoted are multiplied by 10 ,̂ and 
significance levels are for where P=proportion of the probability distribution < F 
(Bonferroni correction).

Loge variable Error Sex Block

df ms ms F df ms F

Wing 234 77 9239 120.4*** 38 402 5.2***
Secondary 209 2 1 0 8505 40.5*** 29 623 3.0***
Tail 232 127 8180 64.7*** 38 518 4d^**
Bill depth 225 314 90 0.3 37 512 1 . 6

Bill width 234 358 394 1 . 1 38 616 1.7
Front claw 234 897 1063 1 . 2 38 2243 2 .6 ***
Hind claw 232 1058 5614 5.3 37 2689 2.5***
Culmen 229 171 986 5.8 38 619 3.6***
Tarsus 228 126 2860 22.7*** 38 301 2.4***
Wing/Secondary 209 193 1 0 . 0 29 305 1 . 6

Wing/Tail 231 96 25 0.3 38 252 2 .6 ***
Wing/Culmen 226 190 4323 2 2 .8 *** 38 661 3.5***
Wing/Tarsus 225 139 1543 1 1 . 1 * 38 272 2 .0 *
Wing/Hind claw 230 1136 26520 23.3*** 37 2375 2 . 1 *
Culmen/Bill depth 219 405 561 1.4 37 1088 2.7***
Culmen/Bill width 227 419 55 0 . 1 38 586 1.4
Bill depth/width 224 572 107 0 . 2 37 625 1 . 1

Tarsus/Hind claw 223 1205 14380 11.9* 37 2259 1.9*
Culmen/Tarsus 2 2 0 233 510 2 . 2 38 549 2.4***
Culmen/Front claw 226 993 4402 4.4 38 1889 1.9*
Culmen/Hind claw 224 1217 10140 8.3 32 2783 2.3**
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Figures 8-34. Geographic variation in morphology. Shaded squares illustrate the mean for 

the sample within the area covered. Sample sizes vary from one to over 20. Figures 8-31 

and 34 refer to breeding populations, 32-33 to wintering populations. Squares cover 2° 

longitude x 1 ° latitude (Figs. 8-31 & 34) or 1° longitude x 1° latitude (Figs. 32 & 33). 

Patterns of variation for males and females are illustrated separately where the 

measurement in question differs significantly between the sexes. No evidence was found 

for geographic variation in the degree of sexual dimorphism for any feature.
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Figure 8
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Figure 9

Scale (m m)
A B O V E  8 2  

8 1 - 8 2  
8 0 - 8 1  
7 9  -  8 0  
7 8  -  7 9  
7 7  -  7 8  
7 6  -  7 7  
7 5  -  7 6  
7 4  -  7 5  
7 3  -  7 4  
7 2  -  7 3  

B E L O W  7 2

Wing length (Fem ales)

•



94

Figure 10
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Figure 11
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Figure 12

Scale (mm)

ABOVE 76
75 - 76
74 - 75
73- 74
72 - 73
71 - 72
70 - 71

1 1 69 - 70
68 - 69
67- 68

1 1 66 - 67

1 1 BELOW 66

Tail length (Males)



97

Figure 13
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Figure 14
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Figure 15
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British Isles and to some extent Iberia are rather shorter than further east in Europe, a 

trend which is less pronounced in hind claws. Short clawed birds predominate in a band 

across southern Russia, extending eastwards to Manchuria in the case of front claw. Claw 

length appears to increase north and east in Siberia, and relatively long hind claws are the 

rule throughout the far east including Mongolia and Manchuria.

Culmen

Variation in culmen length describes a latitudinal dine (Figure 16) with relatively short 

bills in the north, which appears to be preserved right across Asia. There is a suggestion 

of shorter billed birds on the maritime fringe of western Europe, and in the south the bills 

of M.f.pygmaea are intermediate in length, suggesting relatively long bills in relation to 

their overall size.

Tarsus

Tarsus length shows some patterns of variation in common with wing length (Figures 17 

& 18). Clusters of long legged birds occur in south central and south east Europe, and in 

Iran and the far east, while relatively short legged birds occur in the southern and western 

Mediterranean, and in northern Europe and central Asia. The main difference is that short 

tarsi occur in northern Fennoscandia, where relatively long winged birds occur, and there 

is evidence of a corridor extending from central Russia, through Turkey to the eastern 

Mediterranean in which short tarsi predominate, a feature much less pronounced in the 

case of wing length.

3.3.3. Geographic variation in shape

Wing/Tail ratio

Both wing and tail have been shown to vary in length, but the pattern appears similar in 

each case, which is reflected in the relatively uniform ratio between the two which is 

around 1.1 throughout the range (Figure 19). Some variation is present though, with the 

largest ratios occurring in Iran, reflecting the fact that birds in this region have only a 

median tail length, but long wings. That such variation is detectable may be as much a 

reflection of the extremely low variance in wing/tail ratio within populations as of the
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Figure 16
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Figure 17
Tarsus length (Males)

Scale (mm)

ABOVE
24.0 -
23.5-
23.0 -
22.5-
22.0  -

21.5 - 
21 .0  -

20.5 - 
20.0  -

19.5 - 
BELOW

24.5
24.5
24.0
23.5
23.0
22.5
22.0
21.5 
21.0
20.5 
20.0
19.5



103

Figure 18
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Figure 19

Scale

ABOVE 1.220
1.200- 1.220
1.180- 1.200
1.160- 1.180
1.140- 1.160
1.120- 1.140
1.100- 1.120
1.080- 1.100
1.060 - 1.080
1.040 - 1.060
1.020- 1.040

BELOW 1.020

Wing/Tail ratio (Both sex es)

5 1



105

magnitude of geographic variation (cf. Table 5).

Wing/Culmen ratio

Sexual dimorphism in wing/culmen ratio reflects the presence of dimorphism in wing 

length, but not in culmen length. Geographic variation meanwhile reflects the combination 

of trends in these two features, which to a great extent is the product of two opposite 

latitudinal dines, producing small wing/culmen ratios in the south, and large ratios in the 

north (Figures 20 & 21). The tendency towards shorter bills on the western seaboard of 

Europe results in some large ratios in the British Isles, especially in females. The longer 

wings of Iranian birds are reflected by relatively large wing/culmen ratios in the females, 

but not in the males, suggesting perhaps that the bills of Iranian males are especially long. 

In Asia far eastern birds have slightly larger ratios than those of central Asia, reflecting 

the relatively short wings of the latter.

Wing/Tarsus

The marginal significance of geographic variation in this ratio is reflected by the large 

local variation in comparison to overall variance over most of the range, with large and 

small ratios frequently juxtaposed (Figures 22 & 23). Nevertheless, the population of 

M.f.pygmaea would appear to have an unusually small wing/tarsus ratio, and in males at 

least, small ratios predominate in the far east.

Wing/Hind claw

As in the previous ratio the pattern of Wing/Hind claw reflects the relatively large lower 

limb dimensions of far eastern populations compared to those of Europe which have 

mainly intermediate ratios, with clusters of large ratios corresponding to the short clawed 

populations of northern Fennoscandia and Iran (Figures 24 & 25).

Culmen/Bill depth

No variation was detectable in bill depth, while culmen length appears to increase from 

north to south. Variation in bill shape reflects these trends, with an increase in 

Culmen/Bill depth ratio from north to south (Figure 26). Variation in bill shape is 

therefore mainly due to variation in the length rather than the thickness of the bill.
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Figure 20
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Figure 21
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Figure 22
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Figure 23
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Figure 24
Wing/Hind claw ratio (Males)
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Figure 25
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Figure 26
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Tarsus/Hind Claw

The main features of geographic variation in this ratio is a decreasing dine from west to 

east. Given the evidence that far eastern birds have a relatively long tarsus, this suggests 

an even stronger tendency towards longer hind claws further east in Asia (Figures 27 & 

28). In the west there is little consistent variation, though there is a cluster of large values 

in the middle east, reflecting the departure of claw length from the tarsus-wing length 

pattern in this region, where hind claws are not especially large. There is also an area of 

low ratios in eastern Europe, where a north-south claw length ’ridge’ meets an east-west 

tarsus length ’trough’.

Culmen/Tarsus

Uniformity of values across wide areas reflects a degree of congruence in the patterns of 

geographic variation between these two features (Figure 29). For instance both features 

are generally smaller in northern Fennoscandia than in southern Europe, resulting in 

similar ratios in these two areas. Low values in Britain and the far east reflect relatively 

long tarsi, while relatively long bills in the Mediterranean and Middle East give rise to 

some large values in these regions.

Culmen/Claw ratios

Geographic variation in the ratio between culmen and front and hind claws are mostly 

congruent (Figures 30 & 31). Large values occur in Iran and parts of southern Europe, and 

there is a hint of a latitudinal dine in Iberia where claw length tends to increase towards 

the south. Relatively large values in north Fennoscandia suggest that the tendency for 

short claws in the region is more pronounced than that for short bills. A departure 

between the two ratios occurs in the far east, where culmen/hind claw ratios tend to be 

small, while those for culmen/front claw are not markedly so, reflecting a pronounced 

increase in hind claw length towards the far east which is absent in front claw.

3.3.4. Comparison of sympatric and parapatric subspecies

So far the species Motacilla flava has been treated as a single continuously varying 

population when considering patterns of geographical variation. As there is uncertainty as
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Figure 27
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Figure 28
Tarsus/Hind claw ratio (Fem ales)
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Figure 29
Culmen/Tarsus ratio (Both se x es)
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Figure 30
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Figure 31
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to the evolutionary relationships of different populations of this species and the expression 

of these relationships in sub-specific taxonomy, which in some cases at least appears to 

be more than merely an arbitrary division of clinal variation (Sammalisto 1968, 

Vepsalainen 1968), it is worth enquiring whether there is evidence that populations 

defined by recognised sub-species differ in morphology as well as plumage characters. In 

particular it is of interest whether morphological fault lines exist along the boundaries 

between subspecies, or whether differences in mean measurements merely reflect their 

positions relative to clinal variation across the geographic range of the species as a whole. 

Also of interest is whether there is any evidence of consistent differences between the 

green-headed populations assigned to the subspecies M.fflavissima, M.flutea  and 

M.ftaivana, or else separated as a distinct species M.lutea (e.g. Dement’ev & Gladkov

1954), and blue or grey-headed populations.

The first question was addressed for the populations of west-central Europe by 

means of separate analyses of variance for each of nine morphological variables, using
jt

sex, subspecies, and 10° latilong square as categorical predictive variable. The third of 

these comprised six levels covering the area between 40 and 60°N and 10°W and 20°E, 

numbered according to the scheme in Table 6. Five subspecies occur within this area, and 

the sample sizes for each latilong square are also given in Table 6. None of the higher 

order interactions were significant, indicating in particular a lack of evidence of different 

patterns of geographic variation among subspecies. Variation of any kind within this area 

was detectable only for secondary length and tail (Table 7). In the latter no evidence was 

detectable for variation between subspecies over and above that attributable to differences 

between latilong squares. Log mean tail length in squares 2,3 & 4 was greater than in 

squares 1,5 & 6, a pattern detectable in Figure 12, which shows predominantly long tailed 

birds in south-central Europe belonging to several subspecies, and shorter tailed birds to 

the west and north. Slightly longer tailed birds in western Britain, corresponding to square 

4 are closer in log mean tail length to those of south central Europe, and do not differ 

significantly from the latter.

In contrast, the analysis of secondary length provides evidence that, within this 

area at least, the length of secondaries may reflect subspecies differences. There is no 

indication of variation between latilong squares, but the variance accounted for by 

subspecies differences is significant. The minimum adequate model contains three levels
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Table 6 . Distribution of specimens between subspecies and 10° latilong squares in analysis 
of variance of morphological variables. Codes: fel: M.ffeldegg, fla: M.fflavar, cin: 
M.fcinereocapilla, iber: M.fiberiae, fis: M.fflavissima.

Latitudinal
range

Longitudinal
range

Number fel

?

fla 

(f ?

cin 

cT $

iber 

cT ?

fis 

cT ?
40-50°N 10°W - 0° 1 — - 1  - — - 8  6 — —

40-50°N 0° -10°E 2 — — 2  1 4 - 4 5 — —

40-50°N 10°E -20°E 3 10 14 3 3 10 3 — — — —

50-60°N 10°W- 0° 4 6  8

50-60°N 0° -10°E 5 — — 4 3 -  — -  - 16 16
50-60°N 10°E -20°E 6 — — 2  2
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Table 7. Tests of the significance of geographic variation in measurements of Yellow Wagtails in west-central Europe and of the differences 
between subspecies. Each morphometric variable is subjected to a separate three-way analysis of variance with sex, subspecies, and 10° 
latilong square as predictive variables. No higher order interactions were significant, and the error term quoted refers to residual variance 
following removal of interaction terms. All mean squares in the table are multiplied by 10\ and significance levels are for where P= 
proportion of the probability distribution < F (Bonferroni correction).

Loge feature Error Sex Subspecies 1 0 ° latilong
df ms ms F df ms F df ms F

Wing 1 2 0 61 5884 96.5*** 4 42 0.7 5 48 0 . 8

Secondary 1 2 0 152 8226 54.2*** 4 1981 12.5*** 5 256 1.7
Tail 1 2 0 99 6225 63.1*** 4 2 1 2 2 . 1 5 453 4.6***
Bill depth 116 263 6 0 . 0 4 452 1.7 5 357 1.4
Bill width 118 287 1086 3.8 4 928 3.2 5 878 3.1
Front claw 119 910 27 0 . 0 4 676 0.7 5 1905 2 . 1

Hind claw 118 857 1823 2 . 1 4 2387 2 . 8 5 1837 2 . 1

Culmen 114 160 1690 1 0 .6 ** 4 604 3.8 5 466 2.9
Tarsus 116 116 1969 16.9*** 4 31 0.3 5 85 0.7

Estimates derived from minimum adequate models (i.e linear models including only significant variables and levels of variables (McCullagh 
& Nelder 1983):

(i) Secondary

Subspecies Loge mean Median

(ii) Tail 

10° Latilong Loge mean Median

feldegg 4.23
iberiae/flava/flavissima 4.18
cinereocapilla 4.15

68.9
65.4
63.5

2,3 & 4 
1,5 & 6

4.22
4.26

73.1
70.8
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of the subspecies variable, indicating that M.ffeldegg have the longest secondaries, and 

M.fcinereocapilla the shortest, with the other three subspecies intermediate and not 

significantly different from each other. Figures 10 & 11 illustrate this pattern, with low 

values in Italy adjacent to large values in the Balkans, with northern and western Europe 

intermediate.

The question of differences between green and blue/grey-headed populations was 

also addressed using separate analyses of variance for each of 9 variables. In this case 

predictive variables were sex and subspecies. The six levels of the latter comprised the 

three green-headed subspecies, M.fflavissima of Britain, M.flutea of southern Russia, and 

M.ftaivana of south-east Siberia, and blue or grey-headed subspecies sympatric or 

parapatric with these three. Respectively these comprised M.fflava from Europe north of 

the 50th parallel and west of 20°, M.f.beema of southern Russia, and a final level made 

up of samples of two far eastern subspecies, M.f.simillima and M.fmacronyx (Table 8 ). 

No differences were detectable between the subspecies in wing, secondary, bill depth and 

front claw (Table 9). Much of the variation detected elsewhere in these features is 

latitudinal, and the absence of variation in the samples used in this analysis reflects their 

location in a band either side of the 50th parallel.

All other features showed variation between subspecies, but the manner of the 

grouping of the subspecies was inconsistent. In particular, the pattern of variation in bill 

dimensions was distinct, resulting in a minimum adequate model for culmen and bill 

width with two levels of the subspecies variable, one containing two green-headed 

subspecies, M.flutea and M.ftaivana, which had significantly longer and wider bills than 

the remaining subspecies (including the green-headed M.fflavissima). Tail and hind claw 

also required a minimum of two levels of the subspecies variable, but this time the far 

eastern subspecies were grouped separately from the west and central Eurasian subspecies, 

indicating longer hind claws and tails in the former group. Tarsus required a minimum 

of three levels of the subspecies variable, the longest tarsi belonging to M.ftaivana and 

the shortest to M.f.beema with the others forming the intermediate level. Comparison with 

Figures 12,13 & 15 reveals that the pattern of variation in tail and hind claw reflects the 

predominance of large values in the far east, while Figure 17 shows a less consistent 

cluster of large values in this region for tarsus, corresponding to the difference between 

long legged M.ftaivana and intermediate M.fmacronyx and M.f.simillima, while
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Table 8 . Sample sizes and head colour of males in populations included in analysis 
comparing morphology in blue/grey and green headed subspecies.

Subspecies Head colour n
of males & ?

M.f.flavissima Green/yellow 2 2 24
M.f.flava Dark blue-grey & white 6 5
M.f.lutea Green/yellow 1 1 3
M.f.beema Blue-grey & white 1 0 1

M.f.taivana Dark green & yellow 5 2

M.f.simillima/macronyx Grey & white 7 2
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Table 9. Tests of the significance of variation in morphometries among green-headed 
populations of Yellow Wagtails and sympatric or parapatric blue and grey-headed 
populations. Each variable is subjected to a separate two-way analysis of variance, with 
sex and subspecies as predictive variables. No significant interactions were detectable, and 
the error terms quoted refer to residual variance following removal of the interaction. 
Variances quoted are multiplied by 10̂  and significance levels are for where P= 
proportion of the probability distribution < F (Bonferroni correction).

Loge Feature Error Sex Subspecies
df ms ms F df ms F

Wing 90 58 3897 67.0*** 5 1 1 0 1.9
Secondary 62 116 3714 32.1*** 2 108 0.9
Tail 91 178 1831 10.3* 5 847 4.8**
Bill depth 89 227 249 1 . 1 5 802 3.5
Bill width 91 298 67 0 . 2 5 1324 4.4*
Front claw 83 1074 772 0.7 5 1907 1 . 8

Hind claw 8 6 1009 2931 2.9 5 7880 7.8***
Culmen 87 164 940 5.7 5 1281 7.8***
Tarsus 89 126 910 7.2 5 1069 8.5***

Estimates derived from minimum adequate models:

Subspecies Loge Mean Median
(i) Tail (males)

taivana/macronyx-simillima 4.31 74.1
flava/flavissima/lutea/beema 4.25 70.2

(ii) Bill width taivana/lutea 1.35 3.88
(both sexes) flava/flavissima/beema/

macronyx-simillima 1.30 3.65

(iii) Hind claw taivana/macronyx-simillima 2.42 1 1 . 2

(both sexes) flava/flavissima/lutea/beema 2.25 9.5

(iv) Culment taivana/lutea 2.76 15.7
(males) flava/flavissima/beema/

macronyx-simillima 2.70 14.8

(v) Tarsust taivana 3.17 23.7
(males) flava/flavissima/lutea/

macronyx-simillima 3.11 22.3
beema 3.06 2 1 . 2

t Difference between sexes is close to significance so estimates for males only are 
presented.
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M.f.beema predominates among the low values in west-central Asia.

3.3.5. Relationship of morphological variation to breeding environment

Variation in log wing length of breeding specimens was subjected to an analysis of 

covariance with the following predictive variables; mean temperature, vapour pressure and 

precipitation for June; altitude above sea level; and sex, the latter variable being 

categorical and the others continuous. Only two-way interactions between the 

environmental variables were considered, so that the highest order interactions tested were 

three way interactions between sex and two environmental variables. The results are 

shown in Table 10. Precipitation proved to be non-significant, and no difference in the 

relationship of log wing length to the other predictive variables was detectable between 

the sexes, though female wing length is significantly shorter. Wing length increases with 

altitude, and varies with the interaction of temperature and vapour pressure, such that 

wings are longer where both temperature and vapour pressure are low. A similar analysis 

was performed in relation to log tarsus length, but none of the environmental variables 

proved significant.

3.3.6. Geographical variation in morphology of wintering populations

An analysis of variance was performed on each of 9 linear measurements taken from 

wintering populations in Africa, again taking 10° latilong squares as blocking units. 

However variation between blocking units proved not to be significant in any case (Table 

11), probably due to the large degree of variation among samples on a local scale (Figures 

32 & 33).

A further analysis of wintering populations was done using environmental variables 

to predict wing length. Equivalent procedures were used to the analysis of breeding 

specimens, but data for humidity was unavailable, being mostly absent from climatic 

tables in Griffiths (1972), so that only mean temperature, precipitation, and altitude were 

included, the two former consisting of values for December. The only significant variable 

proved to be temperature, which had a negative relationship with wing length (Table 1 2 ).
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Table 10. Analysis of covariance of log  ̂wing length of breeding populations with respect 
to environmental variables.

Source 

Null Model
Minimum Adequate Model 

Sex
Temperature 
Vapour pressure 
Temperature x Yap. pressure 
Altitude

df ms F Coefficie

186 129
181 71

1 9157 127.6 *** -0.04542
1 19 0.3 -0.00390
1 2 1 0.3 -0.00678
1 482 6.7 ** 0.00033
1 689 9.6 0 . 0 0 0 0 2
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Table 11. Tests of geographic variation in wintering populations of the Yellow Wagtail. 
Each variable is subjected to a separate two-way analysis of variance with sex and 10° 
latilong square as predictive variables. The interaction term was not significant in any of 
the analyses, and the error term refers to residual variance after removal of the interaction 
term from the model. Variances are multiplied by 10̂  and significance levels are for 
where P= proportion of the probability distribution < F (Bonferroni correction).

Loge Feature Error Sex 1 0 ° Latilong Squa
df ms ms F df ms F

Wing 61 89 2738 30.6*** 16 1 1 2 1.3
Secondary 61 170 1487 8.7 16 240 1.4
Tail 60 177 1439 8 . 1 16 277 1 . 6

Bill depth 54 443 62 0 . 1 16 320 0.7
Bill width 59 519 477 0.9 16 1206 2.3
Front claw 60 1325 1 0 0 . 0 16 1616 0.9
Hind claw 61 713 81 0 . 1 16 670 0.9
Culmen 57 205 682 3.3 15 219 1 . 1

Tarsus 61 115 1008 8 . 8 16 116 1 . 0
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Figure 32
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Figure 33
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Table 12. Analysis of covariance of log  ̂wing length of wintering populations with respect 
to environmental variables. Variances are multiplied by 10̂

Source df ms Coefficient

Null model 78
Min. adequate model 76

137
89

Sex
Temperature

497
3639

5.6 * 
40.9 *** -0.001193
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3.4. Discussion

While discussing patterns of geographic variation it is important to bear in mind that they 

do not necessarily provide evidence of adaptation. Alternative explanations include 

random genetic drift in isolated populations, which is perhaps the most viable explanation 

for the variety of pattern and colour in head feathers of Yellow Wagtails (Mayr 1956, 

Remsen 1984), and environmental induction operating during the period of growth in the 

nest (James 1983). If variation is adaptive it could be the result of sexual selection or a 

response to a variety of biotic factors, such as food, predators, competition and habitat, 

or abiotic factors including climate. Moreover intercorrelation of all of these potential 

selective agents is likely to be high, so that the establishment of a relationship between 

any one of them and a component of morphology cannot be regarded as having 

established a causal link.

Given such a variety of potential causal agents there is no difficulty in constructing 

plausible scenarios for the explanation of any conceivable pattern of geographic variation. 

However, the degree of latitude for unwarranted speculation can be limited by restricting 

discussion to patterns which are repeated in other species, and therefore appear to express 

a general phenomenon in nature, or which lend themselves to simple functional 

explanations.

3.4.1. Sexual Dimorphism

Sexual dimorphism is the largest single source of variance in morphology in Yellow 

Wagtails (Table 5). No evidence was uncovered to suggest that there is any geographic 

variation in sexual dimorphism, and this contrasts with the situation in terms of breeding 

plumage variation, as females tend to be more like males in the far east (Williamson

1955). However this apparent lack of variation in dimorphism may be merely a 

consequence of small sample sizes from the far east and their scattered origin, and the 

situation is further complicated by the tendency for plumage characters to become more 

marked in both males and females with age (Cramp 1988), which may be important if 

demography varies, as suggested by clutch size variation in the species (chapter 4). In all 

features in which dimorphism occurs; wing, secondary, tail and tarsus; the male is larger, 

but in bill and claw dimensions there appears to be no difference between males and
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females, though differences may be more difficult to detect where the dimensions of the 

feature is smaller if the ratio of measurement error to variance is greater. Nevertheless 

similarity in bill dimensions between the sexes has been documented in other species 

which are otherwise dimorphic, and attributed to stabilising selection at the optimum for 

exploitation of food resources (Selander & Johnston 1967, Johnston & Selander 1971, 

1973)

3.4.2. Geographic variation in morphometries of breeding populations

Ordination of male and female sample means from different parts of the breeding range 

indicates similar major axes of variation, which on the whole accord with published 

accounts of geographic variation in the morphology of the species (Vaurie 1957, 

Sammalisto 1961, van den Berg and Creel 1985, Cramp 1988), and roughly speaking 

correspond with variation in size, bill shape, and length of claws. Variation in size in birds 

and other homoiotherms is frequently attributed to adaptation to variable climates, while 

variation in bill shape suggests an adaptive explanation involving variation in diet, and 

variability in claw length may be related to the extent to which the bird is terrestrial in 

different parts of its range.

Overall size is most affected by variation in parts of the body which are large, and 

the largest features measured; wing, secondary, tail and tarsus, show a generally high 

degree of correlation between areas. Thus relatively large birds occur in Iran, south-east 

Europe and in East Asia, while small birds occur in Egypt, Iberia and in the steppe region 

of west-central Asia. However there is also evidence of shape variation among these large 

measurements. For instance the large Iranian birds have relatively short tails, possible 

causes of which are not obvious. In the Egyptian population M.fpygmaea, short wings and 

tail lengths are not reflected by tarsus and bill size, suggesting that the former may be an 

adaptation to the sedentary lifestyle of the population, and may exaggerate the impression 

of small size. Tarsus also diverges from wing length in northern Fennoscandia where birds 

have relatively short tarsi. The most obvious adaptive explanation of this discrepancy is 

relatively long wings in relation to size in a population with an extended migration, but 

wing/secondary ratio showed no evidence of geographic variation, and claw length is also 

relatively short in this population. This together with field evidence of a more arboreal
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habit than elsewhere in northern Fennoscandia (chapter 6 ), suggests that tarsi might indeed 

be relatively short in this population as an adaptation to foraging arboreally.

The general pattern of variation in hind claws is in general agreement with the data 

presented in Sammalisto (1961), and contributes additional detail about variation within 

the sample areas which he used. For instance, Sammalisto presented a single sample for 

M.ffeldegg with the relatively low mean of 8.69mm, which conceals the contrast between 

the relatively long clawed Balkan population, and short clawed birds of the middle east. 

Evidence of relatively short clawed birds on the western Asian steppes is in agreement 

with Sammalisto, who assigned a relatively short clawed sample from this region to 

M.fzaissanensis. The largest means in the Sammalisto sample were for samples from east 

Asia, which he assigned to M.fmacronyx, M.fsimillima, and M.f.tchutchensis, which is 

in agreement with the generally long claws of east Asian birds in the present study, 

including the two former subspecies, and in addition M.f.taivana and eastern populations 

of M.fthunbergi and M.f.beema. Field studies are required to determine whether there is 

any correlation between the habits of these populations and this aspect of their 

morphology.

The pattern of variation in bill shape is primarily latitudinal, with relatively long 

bills in the south. This parallels differences in bill dimensions between the members of 

temperate and tropical communities of insectivorous birds, which have been attributed to 

an adaptive response to differences in available prey taxa (Greenberg 1981). Tropical 

insectivores frequently encounter Orthoptera, which are highly mobile and may require 

relatively long, narrow bills which permit deft lunging movements, and rapid snapping 

(Lederer 1980), while temperate insect feeders rely on caterpillars, the flexible bodies of 

which permit vigorous struggling after capture, and may be dealt with more easily with 

relatively short, stout bills. Field studies indicate that this difference in diet is also 

paralleled within the temperate zone by Yellow Wagtails, which feed mostly on 

caterpillars in northern Sweden, whereas in Spain Orthoptera and other mobile insects 

such as Odonata are important components of the diet (chapter 6 ).

3.4.3. Relationship of morphology to suhspecific taxonomy

Analysis of morphological variation among west-central European populations offers
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support both for the proposition that variation in morphology is independent of subspecies 

differences, and for the contrary proposition that subspecies boundaries are reflected by 

morphology. The former proposition is supported for variation in tail length, the pattern 

of which appears to bear no relation to the distribution of recognised subspecies in the 

area. This is in contrast to the pattern of variation in secondary length, which shows 

significant variation between subspecies. Secondary length might be expected to be 

longest in M.ffeldegg as the populations of this subspecies within the area of the analysis 

are generally large.

However there is no indication that the population of M.fcinereocapilla consists 

of relatively small individuals, yet secondary length in this subspecies sample is 

significantly smaller than all others. The most obvious place to look for an adaptive 

explanation of wing morphology is in differences in migration strategy, and 

M.fcinereocapilla differs from other populations in the analysis in that the position of its 

breeding range in the centre of the Mediterranean necessitates a direct crossing of the 

Sahara, whereas populations further east or west can skirt the edges of the desert 

(Hilgerloh 1989) or at least cross peripheral regions where the frequency of oases may be 

greater. Narrow wings are associated with fast, efficient flight, and may have developed 

in this population in response to a more arduous migration. However with secondary 

length especially the possibility exists that apparent differences between samples may be 

artifacts of the preparation of the skins, and many of the specimens of M.fcinereocapilla 

included in the analysis are derived from a single Tuscan collection. Nevertheless if 

narrow wings are the result of the necessity to cross the centre of the Sahara it might be 

expected that populations to the north and north east, which also follow this route (Zink

1987) should also have relatively short secondaries. Though no geographic variation was 

detectable in wing/secondary ratio, the pattern of variation in this ratio does reveal a 

suggestion of a corridor of large values extending north-north-east from Italy towards 

Finland (Figure 34).

In the comparison of green-headed with blue and grey headed subspecies the 

interest lies in the question of whether sympatric or parapatric populations are more like 

each other or like allopatric populations of similar head colour. Tail and hind claw 

confirm the former expectation with long-tailed and long-clawed green and grey headed 

populations overlapping in the far east. The pattern of tarsus length favours neither
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Figure 34

Scale (mm)

ABOVE 1.375
1.350 - 1.375
1.325- 1.350
1.300 - 1.325
1.275 - 1.300
1.250- 1.275
1.225- 1.250
1.200 - 1.225
1.175- 1.200
1.150- 1.175
1.125- 1.150

BELOW 1.125

W ing/Secondary ratio (Both se x es)



136

conclusion overall, as the intermediate group includes populations from all three 

longitudinal zones and both green and blue/grey headed populations. Bill size however 

would appear to favour the latter position, as west Asian and east Asian green headed 

populations have larger bills than all of the others. M.f.taivana is generally larger than 

other subspecies and its similarity in bill dimensions with M.f.lutea may be caused 

coincidentally by a relatively large bill in the latter, completely independent of any 

underlying taxonomic relationship, but this is the first indication other than similarity of 

colouration that the two subspecies might be relatively closely related. This possibility is 

not invalidated by the morphological similarity of sympatric green and blue/grey headed 

populations as suggested by Vaurie (1957) and others as more recent work has shown that 

whole suites of otherwise divergent species can show parallel patterns of morphological 

variation (James 1970). Nevertheless a final conclusion concerning the relationships of 

these subspecies can only by achieved via an analysis of genetic material.

3.4.4. Relationship of geographic size variation to environment

3.4.4.I. Breeding season

Size variation among populations of homoiotherms with wide geographic ranges is usually 

attributed to adaptation to the local temperature regime (Bergmann’s rule). In birds 

evaporative cooling is particularly important, the effectiveness of which is related to the 

vapour pressure of the air. This leads to the prediction that birds will be small in hot, 

humid environments at low altitudes, and large in cool, dry conditions, and at high 

altitudes (James 1970, Aldrich & James 1991). Overall size is not accurately indexed by 

any univariate measure, or by any linear combination of such measures (Rising & Somers 

1989, Freeman & Jackson 1990, James & McCullough 1990), but measurements of large 

features such as wing and tarsus which are concerned with locomotion are likely to be an 

index of surface/mass ratio, which is the most directly relevant statistic, which is at least 

adequate and as good as any other possible measure including weight, which varies 

constantly. Correlations between features and parallel patterns of variation indicate that 

wing and tarsus probably provide an acceptable measure of size in the case of the present 

data set.
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The finding that wing length varies in accordance with the predictions of the 

theory outlined above does not prove the veracity of the underlying model, but provides 

additional evidence that this is a common phenomenon, and reduces the likelihood that 

similar patterns found in other species are random variations, or represent unique modes 

of adaptation or environmental induction. Elsewhere wing length has been shown to vary 

with quite minor topographical features (James 1970), amounting to only hundreds rather 

than thousands of metres in altitude, and the occurrence of relatively large wagtails in 

mountainous parts of its breeding range such as southern Europe, Iran, and parts of the 

far east indicates a similar sensitivity, as wagtails do not for the most part breed in upland 

habitats, but in mountainous regions inhabit marshy habitats on valley floors (Cramp

1988). This relationship between wing length and climate reinforces the evidence already 

discussed concerning the presence of considerable morphological variation within races, 

and provides a rationale for patterns such as that in M.ffeldegg in which large birds 

inhabit the mountainous eastern and western extremities of its range, while smaller birds 

occur in lowlands in the levant region and on east Mediterranean islands. The extremely 

small size of M.fpygmaea is also explicable in terms of the almost year round heat and 

humidity of the low lying Nile valley and delta.

3.4.4.2. Non-breeding season

If the adaptive significance of climate is as great as suggested by the 

theory of James and others, it might be expected that wintering wagtails would seek out 

the kind of environment best suited to their anatomical type. Lack of humidity data from 

Africa renders a critical test of this hypothesis impossible, but the negative relationship 

detected between wing length and temperature indicates that at least one component of 

the theory holds up. The possibility remains that this relationship may be non causal, but 

this is rendered less likely by the absence of any relationship between wing length and 

any other variable or any detectable geographic variation in wing length. The latter is not 

surprising as there is relatively little consistent variation in mean temperature on a 

geographic scale in sub-Saharan Africa in the austral summer. One factor which does 

affect temperature is altitude, and the distribution of wing lengths in wintering populations 

hints at the possibility that larger birds seek higher altitude, though this is not detectable
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statistically, even when temperature is excluded from the analysis (Figures 32 & 33). For 

instance in both males and females long winged birds occur on Mount Kenya (0°N, 37°E), 

while shorter winged birds occur on the surrounding plains. Relatively large birds are also 

found in the mountainous region of eastern Uganda, Rwanda and Burundi, while short 

winged birds predominate in west Africa and across the sahel. Elsewhere Yellow Wagtails 

have been shown to concentrate in highland areas of their wintering range (Curry-Lindahl 

1964).

3.5. Summary

1. Tkju overall size,

relative claw length, and variation in bill shape.

2. No geographic variation in sexual dimorphism was detectable, but males were 

larger than females in feather measurements and tarsus length. Sexes were similar 

in claw and bill dimensions.

3. Bill shape varies latitudinally, with short, thick bills in the north and long, thin 

bills in the south. Claw length varies longitudinally, longer claws occurring in the 

east. Tarsus length varies in a more irregular pattern throughout the species’ range, 

and there is evidence that populations migrating across the centre of the Sahara 

desert have narrower wings. Sympatric or parapatric green and blue-headed 

subspecies are generally more similar to each other in morphology than they are 

to geographically distinct populations with similar head colour. However two 

geographically remote green-headed populations are more similar to each other in 

bill dimensions than to all other populations, including neighbouring blue-headed

populations. /SCirttJx e\ Avmjrw

Size variation is related to climatic variation in the breeding range. Large birds are 

found in cooler, drier areas and at higher altitudes, and small birds in warmer, 

more humid areas at lower altitudes. In winter large birds tend to be found in the 

cooler parts of the wintering range.
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4. Geographic variation in clutch size in the Yellow Wagtail and 

Meadow Pipit

4.1. Introduction

Life history theory seeks to develop models of reproductive strategy which describe the 

selective processes which have lead to the current equilibrium observed in a particular 

species or population. Two main types of evidence are useful in this regard, experimental 

evidence, which involves a perturbation of factors which are thought to contribute to the 

selective landscape producing the current optimum, and comparative evidence, which 

involves quantification of the existing variation in reproductive strategy for comparison 

with that which would be expected on the basis of existing models.

Experimental evidence is most useful when investigating components of 

reproductive strategy which exhibit a degree of phenotypic plasticity. Experiments are 

often designed to reproduce the kind of environmental variation which occurs naturally, 

and to which organisms have evolved the ability to adjust in response to the conditions 

prevailing at the time. This does not mean however, that a lack of adjustment to variation 

in an aspect of the environment means that it has not been important in the evolution of 

a reproductive strategy. It may be impossible to predict the level of such a factor in a 

particular year at a particular site, so that the effect of that factor on the reproductive 

strategy is to adjust the mean level of investment in each component of the overall 

strategy across different years and sites. Thus predation is often cited as an important 

factor affecting reproductive strategy, but local or short term variation in predation is 

perhaps less likely to lead to adjustments in reproductive strategy than similar variation 

in, for instance food supply, as the latter is often predictable on the basis of climate or 

habitat, while the former is more random, depending on proximity of colonies of potential 

predators to the nest, and may also be more difficult to predict before the breeding 

attempt.

Therefore, although in general much stronger inferences are possible from 

experimental evidence, many important selective factors may be unamenable to 

investigation by experiment because of a lack of a plastic response to variation in such 

factors, and can therefore be investigated only through comparative evidence. Moreover,
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most experimental investigations have been inspired by observation of existing patterns, 

correlates of which suggest potential causal agents. Such patterns cannot automatically be 

attributed to a factor such as food supply or predation just because these factors have been 

shown experimentally to affect components of life history.

Although weaker inferences are derived from comparative studies, due mainly to 

the high degree of selective factors in nature, the comparative approach

remains an important component of life history studies. This is especially true of 

geographic variation and its environmental correlates, the study of which has lead to the 

proposal of most of the components of current life history models. Geographic variation 

in clutch size, particularly latitudinal gradients lead to the advocacy of a long list of 

allegedly causal agents by various authors, including predation on adults and nests (Skutch 

1949, 1967, 1985, Slagsvold 1982, 1984, Lima 1987, Martin 1992), mortality rates as a 

whole through demographic optimisation (Williams 1966, Chamov & Krebs 1974), 

temperature (Royama 1969, Kendeigh 1973), and most often food availability mediated 

by various factors such as day length (Lack 1954, Hussell 1985), seasonality (Klomp 

1970, Herrera 1978), diversity (Von Haartman 1973, Owen 1977) and population density 

(Ashmole’s hypothesis: Lack 1968, Ricklefs 1977, 1980, 1984, Koenig 1984, Mpller 

1986).

Many of the studies in this list include correlations of clutch size with indices of 

the proposed causal agent at a sample of locations, but replication is generally low, and 

arguments are often buffered by citing the existence of well established patterns of 

geographic variation such as latitudinal dines, which could potentially be explained by 

the selective process under discussion. The existence of latitudinal dines in clutch size 

has been demonstrated across a wide range of species and genera, mostly via linear 

regression of clutch size against latitude (Cody 1966, Klomp 1970, Ricklefs 1980, Koenig 

1984, M0ller 1986, Kulesza 1990). Other major environmental factors such as altitude and 

continentality may also influence clutch size, but the resulting patterns are less consistent 

(Coulson 1956, Cody 1966, 1971, Krementz and Handford 1984) Given that so many 

environmental factors covary with latitude, the patterns of variation in clutch size which 

exist may repay closer examination than hitherto, as a more precise quantification of 

geographic patterns may be more useful in discriminating between competing theories of 

clutch size variation.
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4.2. Method

Data on geographic variation in the clutch size of two species of palaearctic motacillids, 

the Yellow Wagtail Motacilla flava and the Meadow Pipit Anthus pratensis, was obtained 

from record cards of the egg collections in the British Museum. The Yellow Wagtail 

breeds right across the palaearctic region, from western Europe and north-west Africa east 

to western Alaska, north to the tundra zone o f the arctic and south to the deserts o f north 

Africa and south west Asia, and avoiding the monsoon climates of south-east Asia. It is 

a long distance migrant, wintering almost wholly within the tropics, occurring over most 

of sub-Saharan Africa, south as far as the Cape, and throughout southern Asia and into 

northern Australasia. The Meadow Pipit has a far more restricted range, and breeds only 

within the north western sector of the palaearctic south to between 40 and 50°N. It is a 

short-distance migrant, wintering wholly within the palaearctic usually between south and 

south-west of its breeding area, with resident populations occurring only in north-west 

Europe (Cramp 1988).

For each clutch a location was recorded, which was then translated to a grid 

reference accurate to one degree o f latitude and longitude, and an altitude was also 

assigned to the record, corresponding to the median figure of the altitudinal range within 

which the location of origin occurred, as illustrated in the largest scale map of the region 

in the Times Atlas of the World. In some cases the only location given on the cards was 

a region such as a river basin or a mountain range (e.g. Guadalqivir, Swiss Jura) in which 

case a grid reference near the centre of the region defined was assigned to the record, and 

no altitudinal value was assigned to such records. Two further sources of data were also 

used. Firstly data on clutch size obtained directly from the field at three sites in Europe 

(see chapter 5), and secondly data from published sources.

The data were analysed using Glim. Latitude was included as a continuous 

covariate, while longitude was defined as a categorical covariate with up to eight levels, 

generally spanning 20° of loiv̂ ituck. This arrangement is appropriate as latitude bears a 

constant relationship to biologically significant astronomical variables such as day length 

and seasonal variation in day length and to terrestrial distance, whereas longitude does 

not. Altitude is also included as a continuous covariate where data are available, while the 

origin of the data (i.e. museum, field or literature) was also included as a categorical



142

covariate in order to test whether differences occurred between samples with different 

origins.

4.3. Results

4.3.1. Yellow Wagtail

A total o f 439 Yellow Wagtail clutches o f known geographic origin were analysed. 35 of 

these were obtained directly from the field, 201 were obtained from the British Museum,
f

and a further 203 were derived from published sources. Latitude of collection sites ranged 

between 24°N in southern Egypt, to 69°N on the Kola peninsula in the Russian Arctic, 

and longitude ranged from 9°W on the west coast of Portugal, to 135°E on the Amur river 

(Figure 35). As a result the longitudinal variable had eight levels, each corresponding to 

a zone 20° wide, starting at 10°W, (henceforth zones 1-8). An initial analysis was done 

on the novel data (i.e. the field and museum data) for which estimates of altitude were 

available. Neither altitude, nor the origin of the data proved significant (Table 13), and 

so these variables were removed from the analysis and additional museum data, for which 

no reliable altitude estimates were available, were included in the analysis. As before the 

relationship between clutch size and latitude proved to vary with longitude, resulting in 

a minimally adequate model with three longitudinal zones, based on the merger of zones 

1-8 (Table 14). The slope of the regression of clutch size against latitude appears uniform 

throughout zones 1-5, with a latitudinal increase in clutch size of about one egg for every 

20° of latitude. However, zone 1 differs from zones 2-5 in that the predicted clutch size 

is almost 1 egg greater for a given latitude. The relationship of clutch size with latitude 

is quite different in zones 6-8 however, with a predicted decrease in clutch size of one egg 

for every 15° of latitude (Figure 36).

The three significantly different longitudinal zones defined by the above analysis 

were used as initial levels of the longitudinal variable in an analysis comparing data from 

published sources with novel data. Clutch size samples from Britain and Finland reported 

in the literature both proved to differ significantly from the general trends in the novel 

data set (Figure 37, Table 15). No latitudinal breakdown was available for the British 

sample, so the clutches within it were assigned a latitude of 52°N as the majority o f the
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Figure 35. Geographic variation in the clutch size of the Yellow Wagtail. Shaded squares 

illustrate the mean for the sample within the area covered. Squares cover 2° longitude x 

1° latitude. Data from all three sources (field, museum and literature) is illustrated. 

Squares containing museum data only vary from one to 22 clutches.
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Figure 35

Scale (mm')
ABOVE 6.0

5.6 - 6.0
5.2 - 5.6
4.8 - 5.2
4.4 - 4.8
4.0 - 4.4

g g 3.6 - 4.0
ma 3.2 - 3.6

2.8 - 3.2
1 2.4 - 2.8

|:  1 2.0 - 2.4
1 1 BELOW 2.0

Clutch size in the Yellow Wagtail



145

Table 13. Analysis of covariance of clutch size in the Yellow Wagtail incorporating
altitude and origin of data. Museum and Field data only.

Source df ss ms F

Null Model 168 199.31

A/i ctk-î. 143 95.97 0.671

Latitude x Longitude x Altitude 3 2.689 0.896 1.34 n.s.

New Residual' 146 98.66 0.676

Altitude X Data set 2 2.073 1.037 1.53 n.s.

Altitude X Longitude 4 3.773 0.943 1.40 n.s.

Latitude x Longitude 4 9.283 2.321 3.43 *

Latitude x Altitude 1 0.742 0.742 1.10 n.s.

New Residual' 153 105.94 0.692

Data set 3 3.491 1.164 1.68 n.s.

Altitude 1 0.492 0.492 0.71 n.s.

'The modelling process involves simultaneous removal of non-significant interactions of 
equivalent order, resulting in a new residual term at each stage (Crawley 1993). Here the 

model’ term is the initial residual. A non-significant three-way interaction is 
removed, and the mean squares of the two-way interactions are compared with the 
resulting residual. Three of the four two-way interactions are non-significant and so are 
removed, resulting in a second new residual with which variables which are not involved 
in significant interactions are compared. As altitude is non-significant the analysis can be 
repeated including clutches for which altitudinal data are not available (Table 14).

Lc>t\Q % ^ v j c l s

il q-5 2 %;L

4̂:64-
5 2 - / 6 7.5Y- y
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Table 14. Analysis of covariance of clutch size in the Yellow Wagtail. All field and
museum data are included in the analysis.

Source df ss ms F

Null Model 235 291.75

Minimum Adequate Model 231 181.73 0.787

Latitude x Longitude^ 1 10.63 10.63 1351

Longitude^ 2 57.52 28.76 3656=^

Latitude 1 58.15 58.15

^Zones 1-5 vs 6 -8 : Both coefficients are significantly different from zero. Zones 1-5:
0.05029; ss=65.21, Fi 23i=82.89 ***. Zones 6 -8 : -0.06701; ss=3.573, F;23i=4.542 *. 
^Zones 1 vs 2-5 vs 6 -8 .

Supplementary analysis

Test of difference between Asian samples divided according to putative wintering site.

Mean size of clutches collected north of 52°N or east of 110°E: 3.143 
Mean size of clutches collected south of 52°N and west of 110°E: 4.125 
One-way anova: ss=4.697, Fj 2i=5.30*.
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Figure 36. Latitudinal variation in clutch size in different longitudinal zones, (i) Western 

Europe (10°W to 19°E). Clutch = 3.074 + 0.0503.Latitude, (ii) Eastern Europe & Western 

Asia (20°E to 89°E). Clutch = 2.210 + 0.0503.Latitude, (iii) Eastern Asia (90°E to 140°E). 

Clutch = 6.678 - 0.067.Latitude. Numerals represent the number of clutches represented 

by each point (9 represents nine or more).
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Figure 37. Comparison of regression lines for field/museum data and means for published 

samples for Britain (Mason & Lyczinski 1980) and Finland (Von Haartman 1969), shown 

± two standard errors. Regression lines are those from Figure 36(i), which corresponds 

to the longitude of Britain, and Figure 36(ii) corresponding to the longitude of Finland.
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Table 15. Analysis of covariance of clutch size in the Yellow Wagtail comparing a 
combined field and museum data set with two previously published data sets (Mason & 
Lyczinski 1980, Von Haartman 1968).

Source df ss ms F

Null Model 438 456.07

Minimum Adequate Model 430 326.50 0.759

Merger of data sets for zone 1 1 14.45 14.45 1901*^

Latitude x Longitude ‘ x Data set 1 4.772 4.772 6.28 *

Longitude* x Data set 2 20.27 10.135 035=^

Latitude x Data set 2 10.44 5.22 6.87 **

Data set 2 36.19 18.095 2383 ***

Latitude 1 60.43 60.43 7939*^

‘Zones 1 vs 2-5 vs 6 -8 . Regression coefficients vs latitude: Novel data set for zones 1-5 
= 0.0498, published data set from Finland = -0.0771.

Supplementary analyses:
1. One-way anova, novel vs published data for Britain: ss=17.25, Fj 207=25.29*** 

(means: novel data = 5.761, published data = 5.181.

2. One-way anova, novel vs published data for Fennoscandia: ss= 0.5331, Fj J3 g= 
0.678 n.s. (means: novel data = 5.596, published data = 5.468.

3. Regression of clutch size against latitude for field and museum data from Britain: 
ss= 1.296, Fj 89=4.03*
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records were for southern England. Thus no comparison of latitudinal trends between this 

sample and that for novel data from zone 1  was possible, but the analysis indicated that 

the published sample had a mean about V2 egg smaller than the predicted mean derived 

from the novel sample. A one way anova comparing the novel and published data for 

Britain only gave a similar result (Table 15).

A latitudinal breakdown was available for the published Finnish source, enabling 

a comparison of the latitudinal trend with that for the novel data in the corresponding 

longitudinal zone. The two trends proved to be significantly different, that for the 

published source indicating a decrease in clutch size with latitude within Finland itself, 

while the novel data indicated an increase in clutch size with latitude in zone 2  as a 

whole. A one-way anova comparing the published Finnish sample with novel data for 

Fennoscandia as a whole showed no significant difference (Table 15), and no evidence 

was obtained for any departure from linearity for the latitudinal trend in the novel data 

set within zone 2 (Table 16).

4.3.2. Meadow Pipit

A total of 914 Meadow Pipit clutches of known geographic origin were analysed. 22 of 

these were obtained directly from the field, 125 were obtained from record cards at the 

British Museum, and a further 767 were derived from published sources. Geographic 

variation for all the data sets is illustrated in Figure 38. Longitude was incorporated in the 

initial analyses as a categorical variable with three levels corresponding to zones 2 0 ° wide, 

starting at 30°W (henceforth zones 1-3). An initial analysis was performed on 147 

clutches from new sources. For a subset of 90 of these for which reliable altitude 

estimates were available, neither the difference between the museum and field data, nor 

the effect of altitude, proved significant (Table 17). For the full set of 147 clutches there 

was no evidence for differences in latitudinal gradient between longitudinal zones, but the 

analysis suggested that Icelandic clutches were larger by approximately one egg, than 

clutches from Fennoscandia at comparable latitude (Table 18).

A similar analysis was performed on data from published sources (Table 19). This 

time however each of the three longitudinal zones appeared to have significantly different 

latitudinal gradients. That for zone 1 (Iceland only) was not differentiable from zero, that
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Table 16. Test of curvilinearity of relationship between clutch size and latitude on the 
longitude of Finland (zone 2, 10-29°E) for Yellow Wagtail (novel data).

Source df ss ms F

Null Model 38 51.436

Model 35 40.206 1.149

Latitude^ 1 0.9747 0.9747 0.848 n.s.

New Residual 36 41.181 1.144

Latitude^ 1 2.157 2.157 1 . 8 8 6  n.s.

New Residual 37 43J38 1.171

Latitude 1 8.097 8.097 6.913 *
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Figure 38. Geographical variation in the clutch size of the Meadow Pipit. Shaded squares 

illustrate the mean for the sample within the area covered. Squares cover 1° longitude x 

Vi° latitude. Data are derived from field, museum and published sources (see Table 19 for 

the latter). Samples in squares containing museum data only range from one to 17 

clutches.
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Table 17. Analysis of covariance of clutch size in the Meadow Pipit incorporating altitude
and origin of data (field or museum collection).

Source df ss ms F

Null Model 89 44.989

Model' 79 333.617 0.426

Latitude x Altitude 1 0.6602 0.6602 1.55 n.s.

Longitude x Altitude 1 0.5296 0.5296 1.24 n.s.

Latitude x Longitude 1 2.192 2.192 5.15 *

New Residual 82 35.158 0.429

Altitude 1 0.1348 0.1348 0.31 n.s

Data set 1 0.9969 0.9969 2.33 n.s.

'No degrees of freedom attributable to 3-way interactions or 2-way interactions with data 
set.
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Table 18. Analysis of covariance of clutch size in the Meadow Pipit incorporating all field
and museum data.

Source df ss ms F Coeffiirt

Null Model 146 73.034

Model 141 60.653 0.430

Latitude x Longitude 2 1.264 0.632 1.47 n.s.

New Residual 143 61.916 0.433

Merger of zones 2 & 3 1 0.0841 0.0841 0.19 n.s.

Minimum Adequate Model 144 62.001 0.431

Latitude 1 3.359 3359 7.80 ** 0.02943

Longitude' 1 4.297 4.297 9.98 **

'Zones 1 vs zones 2&3.
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Table 19. Analysis of covariance of clutch size of the Meadow Pipit using published data 
sources (Coulson 1956, Davies 1958, Von Haartman 1969, Pulliainen 1977, Pedroli 1978, 
Jarvinen 1986, Cramp 1988).

Source df ss ms F GbeffioErt

Null Model 766 458.66

Model 761 335.68 0.441

Latitude (Zone 1 only) 1 1.501 1.501 3.40 n.s.

Minimum adequate model 762 337.18 0.442

Latitude' x Longitude 1 4.204 4.204 9.50 ** Zone 1: 
0 0

Zone 2: 
OOTY
Zone 3:
Û ûiT/

Latitude' 1 94.22 94.22 212.9 ***

Longitude 2 116.6 58.3 131.8 ***

'Zones 2&3 only.
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for zone 2  was equivalent to an increase in one egg for every 13° of latitude, and that for 

zone 3 an increase in one egg per 20° of latitude. In order to resolve whether the 

difference between novel and published data sets was significant, or merely a result of 

greater resolution achievable with the larger published sample, an overall analysis was 

performed, incorporating the data source as a factor (Table 20). No significant difference 

was detectable between the novel and published data for zones 1 & 3, but for zone 2 the 

two data sets differed significantly in slope, with that for the novel data being less severe 

but still significantly different from zero (Table 20). Such a result can only occur if either 

the samples have different biases or if the underlying latitudinal dine is non-linear. The 

novel and published data sets are distributed differently with respect to latitude, the former 

sample being mainly British, which suggests the lower latitudinal gradient in zone two 

compared to published data might be caused by the lack of a latitudinal gradient within 

Britain noted by Coulson (1956). Introduction of higher order terms into the analysis 

suggested evidence for an s-shaped curvilinear relationship with latitude in zone 2 , but 

no evidence on non-linearity in zone 3 (Table 21). In zone 2 the shape of the slope 

reinforces the impression of a lack of any latitudinal dine within Britain, whose latitude 

lies roughly on the flat section of the curve (Figure 39), which decreases south of Britain 

in continental Europe, and increases north towards the Faeroe Islands.

Clearly data from Britain and continental Europe cannot be analysed together by 

means of linear regression. Separate analyses were therefore performed for the two areas, 

again incorporating the source of the data as a factor. In neither case was any significant 

difference detectable between novel and published data, and no latitudinal dine was found 

within Britain (Table 22). A uniform latitudinal dine is indicated throughout the part of 

mainland Europe for which data are available, though clutch size at a given latitude 

declines further east (Table 23, Figure 40).

4.3.3. Comparison of Yellow Wagtail and Meadow Pipit

As a generally linear relationship between latitude and clutch size is indicated for samples 

from continental Europe for both the Yellow Wagtail and Meadow Pipit by the above 

analysis, data from the continent were analysed together in order to compare the gradient 

of the clutch size dine in the two species. No Meadow Pipit data were available for the
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Table 20. Analysis of covariance of clutch size in the Meadow Pipit comparing field and
museum data with published samples.

Source df ss ms F

Null model 913 542.88

AŸxvd model 902 396.33 0.439

Latitude x Longitude x Data set 2 2.326 1.163 2.65 n.s.

New residual 904 398.66 0.441

Longitude x Data set 2 5.447 2.72 6.18 **

Latitude x Data set 1 4.568 4.568 10.36 **

Latitude x Longitude 2 5.076 2.538 5.76 **

Remove slope zone 1 1 0.496 0.496 1.13 n.s.

New residual 905 399.16 0.441

Merge data sets zone 1 1 1.604 1.604 3.64 n.s.

New residual 906 400.76 0.442

Merge data sets zone 3 1 1 . 1 2 0 1 . 1 2 0 2.53 n.s.

New residual 907 401.88 0.443

Remove slope for novel data 
in zone 2  only 1 1.750 1.750 3.95 *

[Latitude x Data set]' 1 3.901 3.901 8.804 **

Latitude^ x Longitude 1 4.576 4.576 10.326 **

Data set 1 3.637 3.637 8.208 **

Latitude^ 1 93.48 93.48 210.97 ***

Longitude 2 110.5 55.25 124.69 ***

'Zone 2 only. ^Zones 2 & 3. Coefficients, zone 2 (novel data)=0.0293, zone 2 (published 
data)=0.0787, zone 3=0.0498.
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Table 21. Test of curvilinearity in relationship between clutch size and latitude in the 
Meadow Pipit. Separate analyses were performed for zone 2 (10°W to 9°E) and zone 3 
(10-29°E).

Source 

Zone 2 

Null model

df

Latitude^

Latitude^

Latitude

ss

369 197.99

Minimum adequate model 366 144.85

1.977

6.069

45.09

ms

0.396

1.977

6.069

45.09

5.00 *

GbefBdat

0.000796

15.33 *** -0.1226

113.93 *** 6.303

Zone 3 

Null model 

model 

Latitude^ 

New residual 

Latitude^ 

New residual 

Latitude

461 271.28

458 217.20

1 0.5259

459 217.73

1.419

460 219.14

52.14

0.474

0.526

0.474

1.419

0.476

52.14

1.109 n.s.

2.99 n.s.

109.45 *** 0.0498
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Figure 39. Curvilinear relationship of clutch size with latitude in Meadow Pipits between 

10°W and 9°E. Clutch = -103.6 + 6.303.Latitude - 0.123.Latitude^ + O.OOOSO.Latitude .̂ 

Data are derived from field, museum and published sources.
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Table 22. Analysis of covariance of clutch size of Meadow Pipit in Britain (novel and 
published data).

Source df ss ms F

Null model 186 70.267

1 model 183 68.640 0.375

Latitude x Data set 1 0.3178 0.3178 0.847 n.s.

New residual 184 68.958 0.375

Latitude 1 0.3845 0.3845 1.026 n.s.

Data set 1 0.6152 0.6152 1.64 n.s.
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Table 23. Analysis of covariance of clutch size of Meadow Pipit in continental Europe 
(novel and published data). Longitudinal zones used are 0-9°E, l0-19°E, 20-29°E.

Source 

Null model

df

625

ss

365.53

ms F

model 614 267.90 0.436

Latitude x Longitude x Data set 2 1.162 0.581 1.332 n.s.

New residual 616 269.07 0.437

Longitude x Data set 2 0.4944 0.247 0.566 n.s.

Latitude x Data set 1 1 . 0 2 0 1 . 0 2 0 2.335 n.s.

Latitude x Longitude 2 0.8568 0.4329 0.991 n.s.

New residual 621 272.66 0.4391

Data set 1 0.3840 0.3840 0.875 n.s.

Longitude 2 12.72 6.360 14.48 ***

Latitude 1 73.31 73.31 166.97 ***

Minimum adequate model 622 273.04 0.439

Merge zones 2 & 3 1 2.863 2.863 6.46 *

Merge zones 1 & 2 1 4.233 4.233 9.643 **

Latitude* 1 73.21 73.21 166.78 ***

Longitude 

‘Coefficient 0.0635.

2 12.65 6.325 14.41 ***
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Figure 40. Latitudinal dines in clutch size in Meadow Pipits in continental Europe. Data 

are derived from field, museum and published sources. 0-9°E: y = 1.527 + 0.0635x; 10- 

19°E: y = 1.297 + 0.0635x; 20-29°E: y = 1.090 + 0.0635x.
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region east of 30°E, or west of 0°, so only data from the zone between these two 

meridians were included in the analysis, which incorporated three levels of the 

longitudinal variable, each covering 10° of longitude. No differences were discernable for 

the three levels for Yellow Wagtail, nor for the gradient in the case of the Meadow Pipit, 

though clutch size declined towards the east at a given latitude in the latter species. Clutch 

size increased significantly with latitude in both species, but at a steeper rate in the 

Meadow Pipit (Table 24).

4.4. Discussion

One of the ways in which comparative analysis can provide insights into evolutionary 

processes is by revealing anomalous patterns which diverge from those previously 

assumed exist, and on which the prevailing theories have been predicated. Such theories 

are then either strengthened or weakened in proportion with the likelihood that the 

anomalous pattern could have arisen from the evolutionary processes which their 

components describe. Many of the theories proposed to account for geographic variation 

in clutch size have been put forward on the assumption that they have to explain a 

latitudinal increase in clutch size. The preceding analysis has shown however, that 

although such a gradient is indeed an important component of clutch size variation in the 

two species examined, closer examination reveals a much more complex pattern in each, 

which is nevertheless clear and well defined, and which contains some elements which 

are shared between the two species, and others which are divergent.

The two species are most similar in the part of the range they share on the 

European continent, excluding Britain. In both cases the main axis of variation runs from 

large clutches in the north-west to small clutches in the south-east, with every indication 

of a consistent linear latitudinal dine throughout western Europe, and a decrease in clutch 

size at any given latitude from west to east. In the Yellow Wagtail clutch size in Britain 

is consistent with the continental pattern in the species, but in the Meadow Pipit a marked 

depression in clutch size occurs in Britain compared to the adjacent continent, centred on 

the north of the island, from which a steep increase occurs north via the Faeroes to 

Iceland, where clutch size is comparable to the continent at similar latitudes. In the 

Yellow Wagtail the decrease in clutch size from west to east appears to continue into
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Table 24. Comparison of clutch size for continental Yellow Wagtails and Meadow Pipits. 
Longitudinal zones as in table 23.

Source df ss ms F

Null model 795 546.44

model 784 419.65 0.535

Latitude x Longitude x Species 2 1.091 0.5455 1 . 0 2  n.s.

New residual 786 420.74 0.535

Longitude x Species 2 3.458 1.729 3.23 *

Latitude x Species 1 6.985 6.985 13.05 **

Latitude x Longitude 2 1.948 0.974 1.820 n.s.

New residual 788 422.69 0.536

Merge zones 2 & 3 (Y.wag) 1 1.238 1.238 2.308 n.s.

New residual 789 423.92 0.527

Merge zones 1 & 2/3 (Y.wag) 1 0.080 0.080 0.149 n.s.

New residual 790 424.00 0.537

Latitude x Species 1 9.522 9.522 17.74 ***

Latitude 1 75.22 75.22 140.15 ***

Species 1 3.706 3.706 6.905 **

Longitude^ 2 12.65 6.325 11.78 ***

' Meadow Pipit only. Latitudinal coefficients: Yellow Wagtail = 0.0288, Meadow Pipit 
= 0.064
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Asia, where there is evidence of surprisingly small clutches being laid at latitudes 

equivalent to Europe, resulting in a reversal of the usual latitudinal dine.

The two most widely supported theories of clutch size variation attribute observed 

patterns on the one hand to predation and on the other to food availability. The predation 

hypothesis states that in areas with high levels of predation, reproductive success is 

maximised by a large investment in anti-predator behaviour such as vigilance, nest- 

guarding etc. (Martin 1992). This results in a trade-off with direct investment in offspring, 

primarily through provisioning of nestlings, with the result that in high predation areas a 

smaller clutch and subsequent brood will on average contribute a larger proportion of the 

next generation, ultimately producing a negative correlation between the intensity of 

predation and clutch size. A latitudinal increase in clutch size can be explained by this 

hypothesis as predators are generally more numerous at low latitudes, and it can also 

explain larger clutches in more continental areas (cf. Cody 1971) where severe winters 

restrict the numbers particularly of terrestrial predators, mammals and reptiles. In the 

Yellow Wagtail and Meadow Pipit however, the reverse trend prevails, with lower 

clutches in the more continental east and larger clutches in the maritime west of Europe. 

Large clutches are laid by Meadow Pipits in Iceland, where ground predators are few, but 

there is no reason to believe that predation is greater in Britain than the adjacent 

continent, as would have to be the case if predation were the cause of the relatively small 

clutches laid by British Meadow Pipits. Predation could explain the reverse clutch size 

dine in Asian Yellow Wagtails if predation is lower at higher altitudes, as southern Asian 

clutches were collected in mountainous areas, but no relationship was detected between 

clutch size and altitude in either species, though a decrease with altitude has been shown 

elsewhere in the Meadow Pipit (Coulson 1956).

If on the other hand clutch size is related to the amount of food which can be 

delivered to nestlings, it is clear that other factors additional to day-length are required 

to explain variation in clutch size at a given latitude in the two species. Such variation is 

often attributed to the effect of continentality through the effect on populations of more 

severe winters in the centre of continents. Again however, the trend of decreasing clutch 

size towards eastern Europe and central Asia confounds the argument, which predicts 

larger clutches where populations are less dense or stable. More recently attempts have 

been made to incorporate the effect of migration of populations and the environment of
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their wintering areas into theories relating clutch size to mortality rates experienced by
Vjrt-hV er <U.

populations (M0ller 1986, Yom-Tov 1994̂  A). If mortality were the primary cause of 

clutch size variation, the evolutionary mechanism could be either density dependence of 

food availability during the breeding season (Ashmole’s hypothesis), or demographic 

optimisation of breeding effort, resulting in larger clutches in populations with lower hfe 

expectancy. Theoretical treatment suggests that the latter process is unlikely to have driven 

the evolution of observed clutch size variation (Ricklefs 1984, Alerstam & Hogstedt 

1984), suggesting that density of breeding populations in relation to food supply is the 

most likely explanation. In the present context this means that the populations with larger 

clutch sizes must experience greater mortality for a given population density, resulting in 

a lower equilibrium density and less depression of food availability within the breeding 

season.

Density dependent mortality is conventionally attributed mainly to the period of 

residence on the wintering grounds, but there is no reason to believe that mortality rates 

of a population during migration do not have a density dependent component, through 

availability of limiting resources at stopover sites on the migration route. Thus the longer 

migration undertaken by birds breeding at high latitudes could give rise to lower effective 

population densities at high latitudes, and hence larger clutches. Ringing recoveries 

suggest that Meadow Pipit populations of Iceland, Britain and Scandinavia share a 

wintering area across the western edge of Europe (Zink 1987), with length of migration 

being determined largely by sex, with north eastern wintering populations composed 

mainly of males (Hotkerl989). All three populations should therefore experience similar 

density dependent mortality rates in winter. However Icelandic and Scandinavian 

populations migrate further than British populations so should suffer greater migration 

mortality, the density dependent component of which should ultimately lead to larger 

clutches during the breeding season, through greater per capita food availability. Lower 

clutch sizes in Finland at equivalent latitudes compared to Scandinavia would not be 

expected if the Finnish population used the same wintering area, but a large proportion 

of Meadow Pipits ringed in Finland have been recovered in winter further east, 

particularly in northern Italy. It might be argued that eastern populations might be 

subjected to even greater density dependent winter mortality than those of north-west 

Europe, as the viable wintering area would appear much smaller than that in western
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Europe, squeezed as it is between the Mediterranean and Sahara to the south, and more 

frigid winters to the north, further from the ameliorating effects of the Atlantic. However 

populations in the north-east of Europe appear to be much smaller than those in the north

west where uplands and deforestation provide much larger areas of open habitat. 

Merikallio (1958) quotes a population of only 230,000 pairs in Finland compared to the 

similar area of Britain which holds 3 million pairs (Gibbons et al. 1993). Thus the 

wintering area available in south-east Europe and south-west Asia is probably considerably 

greater per individual, increasing population pressure on the habitat resulting in a reduced 

optimum clutch size. Of course under this scheme a Scandinavian Meadow Pipit 

wintering in Iberia could obtain a less competitive wintering environment at the same 

distance from the wintering grounds by flying south-east instead of south-west for the 

winter, but the innate migratory program of such populations is likely to reflect the 

optimal strategy of individuals with the highest reproductive success, probably males 

which remain closest to the breeding areas and arrive first at the beginning of the breeding 

season (Ketterson & Nolan 1983, Myers 1981a,b, Gauthreaux 1982, Hotkerl988). Hdtker 

(1988) found that male and female Meadow Pipits had approximately equal breeding 

success, but that males had more of a tendency to enjoy either very high or very low 

success, and that success was correlated with habitat suitability in males but not in 

females. These factors should select heavily for the ability to acquire the best breeding 

sites in males, which should therefore winter as close as possible to the breeding areas. 

As the closest viable wintering areas to Scandinavia are in north-west Europe the optimal 

direction of migration for these birds will be south-west, and polygenic inheritance of 

migratory orientation will not permit females to develop an alternative strategy (Berthold 

& Quemer 1982).

In contrast to the Meadow Pipit, the population density of the Yellow Wagtail 

appears to increase further east in Europe (Cramp 1988). However the wintering area 

available to the populations of eastern Europe is far greater than that of western European 

populations which in winter are confined within the area of west Africa between the 

Sahara and the Gulf of Guinea. Populations from eastern Europe and western Asia 

meanwhile enter east Africa and distribute themselves as far south as the Cape (Cramp 

1988). Given such a large potential wintering area, population pressure in the breeding 

area should be considerable, and should produce a decline in clutch size from west to east
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like the one observed. The apparently small clutches further east in Asia cannot be 

attributed to ample east African lebensraum, as these populations winter in southern Asia. 

Small clutches could alternatively be attributed to the much shorter migrations of these 

populations, but this does not explain the apparent reverse latitudinal dine. The latter is 

a result of a contrast between clutches originating in Kashmir, Tibet, and the Altai region 

of central Asia, which have a mean of about four, with those from central and eastern 

Siberia and Manchuria, which average around three (see Table 14). The former group 

originated in areas from which populations migrate south to winter in India (Vaurie 1959, 

Lebedeva 1968), along with a substantial proportion of the population of western Asia. 

Populations of eastern Asia, including those of Manchuria move into southern China and 

Taiwan, Indo-china and the islands of the East Indies, occurring as far south as northern 

Australia. The winter quarters of populations from central Siberia are not known precisely, 

but Vaurie (1959) states that populations from this region migrate south-west through 

Mongolia and Manchuria to winter in south-east Asia. If this is so a general pattern 

emerges in which north-east Asian breeding populations have a much larger wintering area 

at their disposal, from southern China to northern Australia, compared to those of south

west Asia which are confined within the relatively small area of the Indian sub-continent. 

Thus winter density dependence can account for the reverse clutch size dine in Asia as 

a result of the contrast in the direction of migration between north and south, which is 

presumably related to the presence of the Tibetan massif and associated mountain chains.

If Ashmole’s hypothesis is to provide a complete explanation of clutch size 

variation in the Yellow Wagtail, it must also account for the discrepancies discovered 

between the data collected for this study, and previously published samples from Finland 

and Britain. The Finnish sample appears to contradict the overall trend of increasing 

clutch size at higher latitudes in Europe, which is equally pronounced on the longitude of 

Finland as it is further west according to the museum sample. Finnish birds are known 

from ringing recoveries to migrate south-west through Europe, crossing the centre of the 

Sahara desert to winter in the region of Nigeria. However most of these recoveries are of 

south Finnish birds, and there appears to be a migratory divide within Finland itself as a 

significant number of recoveries have been of birds travelling directly south, suggesting 

an east African wintering area (Zink 1987). If as seems likely southern populations winter 

primarily in Nigeria, while more northerly populations in Finland winter in east Africa,
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the greater winter survivorship and consequent breeding density of the northern population 

would produce the observed reverse clutch size dine. Under normal circumstances one 

would expect such a divide to be unstable, as the population with the greater density and 

survival would be expected to displace the neighbouring population until the dividing line 

reached a position where the different migratory directions produced equal survival. 

However the racial characteristics and habitat requirements of the Yellow Wagtail differ 

between north and south Finland, with northern populations of M.fthunbergi occupying 

peatlands, while the southern population consists of hybrids between M.fthunbergi and 

M.fflava. Among the hybrids birds which resemble the nominate subspecies more closely 

tend to occupy pastures and arable land as is typical further south in Europe, while those 

resembling M.fthunbergi more closely occur in more typical M.fthunbergi habitat 

(Vepsalainen 1968, Sammalisto 1968). It may be therefore that populations tending 

towards M.fthunbergi winter in east Africa and experience greater density dependent food 

limitation in their breeding habitats than those resembling M.fflava, but are unable to gain 

greater fitness in habitats occupied at a lower effective density by the latter and so 

displace them because of an inability to exploit such habitats efficiently. This would 

explain the finding of Merikallio (1958) who presented data indicating that the breeding 

density of Yellow Wagtails in Finland is greatest in the region of lowest clutch sizes 

recorded by Von Haartman. This proposition could easily be tested by studying the 

orientation of pre-migratory birds in autumn from populations in the different habitats 

occupied in southern Finland, and on a transect north to south across the length of the 

country.

The reason for the discrepancy between the British museum and field sample, and 

one derived from nest record cards cannot be explained by different wintering sites as the 

size and spread of sites of origin of the samples are similar. Different biases which might 

contribute to the difference are minor, the museum sample is more or less equally divided 

between the northern and southern half of the British breeding area of the species, while 

the nest record sample is slightly biased to the south. The selection of the nest record 

sample was more rigorous, as a degree of certainty was required that the recorded clutch 

size reflected the one laid, which cannot be guaranteed with the museum sample. Both of 

these factors would tend to reduce the mean of the nest record sample compared to the 

museum sample, because of the latitudinal dine, and a lower likelihood of inclusion in
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the former of early clutches which tend to be larger. However neither of these factors 

could realistically have resulted in a difference of V' 2  egg between the two samples and on 

balance the difference appears genuine, suggesting that clutch sizes have indeed declined 

during the period between the collection of the museum sample, roughly 1900-1930, and 

the compilation of nest record data primarily between 1950-1980. At the start of the latter 

period Smith (1950) gave a detailed account of the contraction of the breeding range of 

the Yellow Wagtail which had taken place since the early part of the century, a decline 

which appeared to continue subsequently (Sharrock 1976). No obvious reason for this 

decline is apparent, and it may be a result of changes either in the breeding or wintering 

area. However if the decline was due to a contraction in the area of suitable breeding 

habitat, perhaps because of changes in agricultural practices, while the wintering 

environment remained constant, a consequent increase in population pressure on the 

remaining habitat would be expected, and consequently clutch size should decline. If this 

is indeed the scenario which unfolded, the comparison of old museum collections with 

more contemporary nest record schemes has the potential to resolve the problem of 

whether declines in migrant birds are caused by events in the wintering or breeding 

grounds, as a decline in available wintering area would lead to smaller populations 

surviving the winter, and hence larger optimal clutch sizes in less crowded breeding 

habitats.

4.5. Summary

1. Clutch size in the Yellow Wagtail increases with latitude at a similar rate 

throughout Europe, but larger clutches are laid at a given latitude in western 

Europe. In Eastern Asia there is evidence of a reverse latitudinal dine, in which 

clutch size is smaller at higher latitudes, and considerably smaller that in Europe 

at equivalent latitudes.

2. Clutch size in the Meadow Pipit increases with latitude except in Britain. The rate 

of increase is similar throughout continental Europe, but clutches are smaller 

further east at a given latitude.

3. The rate of increase in clutch size on the European continent is significantly 

greater in the Meadow Pipit than in the Yellow Wagtail.
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4. No differences are detectable between field, museum and published data sets for 

clutch size in the Meadow Pipit, but published samples for British and Finnish 

Yellow Wagtails differ from museum samples, suggesting a temporal decline in 

clutch size in Britain, and a local anomaly in Finland. The former is consistent 

with an increase in population density caused by a decline in the available 

breeding habitat, and the latter with a migratory divide between northern and 

southern Finland.

5. ^  lue o-ff=a^ by the proximity of suitable wintering

areas, and the per capita wintering^available for different populations.

6 . certain classes within the population may undertake a suboptimal migration 

strategy due to polygenic inheritance of migratory direction, which is determined 

by the optimal direction of classes (especially high ranking males) which 

contribute most to the gene pool.

7. Lower clutches further east in Europe in the Yellow Wagtail, and a reverse 

latitudinal dine in Asia are consistent with the regulation of population density in 

winter. Populations with access to extensive areas of suitable wintering habitat and 

therefore high winter survival, have lower clutch sizes.
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5. Breeding performance of the Yellow Wagtail and Meadow Pipit in 

Spain, England and Sweden

5.1. Introduction

Museum studies such as those described in the previous two chapters allow a number of 

limited generalisations to be made, through quantification of geographic patterns and 

correlation of such patterns with parameters which can reasonably be regarded as 

predictive. Thus migration patterns and the ratio of the area of the breeding range to the 

available wintering range, appears to be predictive of some aspects of clutch size 

variation, and morphology can be predicted to some extent by climate and latitude. Such 

generalisations provide useful rules of thumb and contribute in themselves to an 

understanding of population and evolutionary processes. The opportunity for further 

testing of these propositions via museum studies is limited to the repetition of the process 

with new species or populations, and each confirmation of the kinds of patterns found 

increases the likelihood that they represent fundamental demographic and evolutionary 

processes, rather than correlations with a third, unsuspected factor, or random variation.

An alternative means to examine ideas generated by quantification of geographic 

patterns is afforded by field studies, and field data are essential if a more fundamental 

understanding of the processes leading to these patterns is required. Thus, variation in 

certain aspects of morphology may be related to differences in habitat use across a 

species’ range, and this can only be tested via direct observation of habitat use in different 

areas. Another example is latitudinal clutch size variation, which may well be related to 

day length. However the way in which birds and other organisms with this kind of pattern 

take advantage of longer days at higher latitudes can only be discerned by observation in 

the field.

With these questions in mind, observations were made on breeding Yellow 

Wagtails at three sites in Europe harbouring populations with distinct subspecific 

characteristics, different migration and demographic patterns, and occupying sites which 

between them cover much of the variation in climate and habitat characteristics to be 

found across the continent.
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5.2. Method

Data were collected at Goto Donana in southern Spain (37°N, 6 °W) in April and May 

1987, at Elmley in southern England (5TN, 1°E) from April to July 1988), and at Abisko 

in northern Sweden (6 8 “N, 19“E) in June and July 1987 (Figures 41 & 42).

The characteristics of each study area will be discussed with reference to Koppen’s 

climatic classification system (Trewartha 1961, Lamb 1971), which divides the earth into 

regions whose boundaries reflect the fact that, while variation in the components of 

climate such as mean temperature and rainfall is continuous, the biotic response to such 

variation is subject to thresholds such that the land surface is divided into regions whose 

vegetation has characteristic structural and seasonal components. Boundaries between 

these regions occur at climatic thresholds which can be characterised in terms of mean 

temperature or precipitation or seasonality of such factors.

The climate of Goto Donana, though it is next to the Atlantic, is typical of that 

which prevails around the margins of the Mediterranean, classified as a Gsa climate under 

Koppen’s scheme (Table 25). Such climates give rise to a natural vegetation of evergreen 

broadleaf forest, but this is everywhere degraded within this region, including the area of 

Goto Donana which is mostly given over to cultivation, primarily olives and rice, but with 

some cereal cultivation and eucalyptus plantation. Much of the area of the park is taken 

up by essentially undisturbed marsh habitats consisting of sedge marsh at the lower levels 

and halophytic scrub at higher levels which are flooded for a shorter time each year 

(Valverde 1958). Such habitats are typical of those which support the majority of breeding 

wagtails in southern Spain (Jourdain 1937, Finlayson 1992).

Elmley is located within a region, covering most of north western Europe, 

excluding Scandinavia, which is characterised by a Gfb climate in Koppen’s classification 

(Table 25). The natural vegetation of this region is deciduous broadleaf forest, again 

degraded almost throughout the region and given over to cultivation. Elmley and the 

surrounding area have a mixture of arable and cultivated grassland habitats, and the only 

substantial natural vegetation in the area is saltmarsh, though the distribution of the latter 

is determined by sea protection and reclamation activities. Throughout the region 

characterised by Gfb climates wagtails are often associated with areas of mixed arable/ 

grassland agriculture. These often occur in areas where low lying swales are in the process
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Figure 41. Study locations. Shaded squares represent the areas shown in Figure 42. The 

areas are equal in size, in each case covering 110 x 70km, and differences in shape of the 

areas shown reflect the distortion caused by the map projection.
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Figure 42. Location of fieldwork sites within the general areas of the study. Shaded 

squares represent the areas shown in Figure 43. Scale = 1:1,000,000. Altitudes are given 

in metres on the Abisko map, in which the thick broken line is the Sweden/Norway 

border. The Norwegian Arctic Ocean coastline is shown in the west at Narvik Qord. The 

study area is situated on the south side of Lake Tometrask. On the Elmley map the study 

area is shown on the Isle of Sheppey at the mouth of the River Thames. The Goto Donana 

map defines the study area at the north east comer of the Guadalquivir marshes where two 

small rivers, Arroyo de la Rocina and Arroyo de la Canada meet to from La Madre de las 

Marismas. Variation in releif is minor on the Elmley and Goto Donana maps, neither 

containing land over 300m.
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Table 25. Climates of study sites. Characteristics of climatic categories are from Lamb 
(1971), and data for study sites are from Wallen (1970, 1977) & Lundevall (1952). •

Mean temp, 
coldest month

Mean monthly 
rainfall (range)

Mean temp 
warmest months

Csa climates -3 to 18°C Wettest > 3x driest 1 or more >22“C

Coto Donana* 10.5"C (Jan) 84mm (Dec) - 1mm (Jul) Jun - Sep >22°C

Cfb climates -3 to 18“C Consistent all year 4 or more >10°C

Elmley^ 4.2°C (Jan) 64mm (Nov) - 37mm (Mar) May - Oct >10°C

Dfc climates <-3“C Consistent all year 1-3 >10°C

Abisko^ -10.5°C (Feb) 47mm (Jul) -11mm (Apr) Jul only >10°C

'Data for Seville (37°N, 6 “W). "Data for Kew (5rN,0°). ^Data for Abisko (6 8 °N, 19°E).
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of conversion to arable through improved drainage, and harbour some of the densest 

populations of wagtails (Smith 1950, Van Dijk 1975).

Coto Donana and Elmley are similar in that they are both coastal lowland habitats 

derived from fluvial deposits. Abisko by contrast is in an upland area whose major 

features are glacial in origin, and it also differs in having its natural vegetation largely 

intact. The region is characterised by a Dfc climate under Koppen’s scheme, a climate 

type which prevails in most of northern fennoscandia and Russia, and gives rise to the 

prevailing boreal needle leaf forest (Table 25). The area covered by this climate type also 

coincides neatly with the breeding range of M.fthunbergi. At the cooler end of the range 

of Dfc climates, such as occur at higher altitudes and latitudes, needle-leaf forest gives 

way to deciduous broad-leaf forest, dominated by mountain birch {Betula pubescens), and 

this covers most of the Abisko region below the 700m contour. At still higher latitudes 

and elevations Dfc climates give way to E climates which give rise to treeless tundra.

No wagtails were observed above the treeline at Abisko, and they were generally 

absent from areas of unbroken forest, the main concentrations occurring in and around 

areas of open peat bog which occur within the forest zone. Wooded peat bog is the 

preferred habitat of M.fthunbergi throughout its breeding range, and where such habitats 

become less prevalent at the southern boundary of the boreal zone, M.fthunbergi is 

replaced by M.fflava, which prefers grassland and arable cultivation (Dement’ev & 

Gladkov 1954, Vepsalainen 1968, Bostrom & Nilsson 1983).

5.3. Study sites

All three sites were chosen on the basis of published accounts of the presence of 

significant breeding populations of Yellow Wagtails (Coto Donana, Valverde 1958; 

Elmley, Henderson 1985; Abisko, Lundevall 1952). Distribution of wagtails within each 

site was assessed on arrival by visiting all areas accessible on foot which were deduced 

to contain potentially suitable habitat according to their appearence on large scale maps. 

Subsequent observations were then concentrated in areas harbouring the greatest densities 

of wagtails. Areal coverage of the initial survey varied with the conditions prevailing at 

each site (see below).
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5.3.1. Distribution of wagtails within the study areas 

Coto Donana

According to Valverde (1958) the Yellow Wagtail breeds primarily within the marshland 

zone at Coto Donana, and nesting occurs at the higher levels on "vetas" or islands within 

the marshland floodplain, or in the Salicomia zone which each year is subjected to a 

relatively brief period of flooding during the winter. Fieldwork at the site commenced in 

mid-April when most of the nests at the site were at the egg stage, but a thorough survey 

of potential wagtail breeding habitats was precluded by delay in obtaining permission to 

enter the national park. Nevertheless two areas on the edge of the park were found to 

contain breeding wagtails. The first was just south of the village of El Rocio on the flood 

plain of La Madre de las Marismas, a small river draining into the marshes from the 

north-west, and the second a small topogenous marsh about 7km south east of El Rocio, 

near Cano Molino, a dammed up former inlet of the River Guadalquivir (Figure 43).

It was initially intended to conduct formal territory mapping procedures at this and 

other field sites in order to quantify the distribution of breeding pairs. However this was 

abandoned when the resulting clusters suggested a distribution profoundly contrary to the 

impression gained by continuous observation on the sites, which were subsequently 

confirmed by the distribution of nests discovered. The main problem encountered was the 

high concentration of encounters with wagtails within the sedge marsh zone where most 

foraging occurs and where there is no evidence of territorial demarcation between pairs 

except for frequent episodes of aggression when birds from different pairs encounter each 

other. Most of the birds foraging in the sedge marsh had nests on drier ground often 

several hundred yards distant, around which a small area would be defended against 

conspecific intruders, but which in many cases would be frequently overflown by wagtails 

flying in from nest sites more distant from the sedge marsh feeding habitat. The lack of 

a compact territory containing the nest and feeding territory and defended from 

conspecific intruders, and a tendency for the individuals of a pair to have several feeding 

sites, often hundreds of metres apart which are shared with other pairs proved to be a 

pattern which was repeated in the other study sites, and is a potentially problematic for 

interpretation of census results as, illustrated by the results of the study at Elmley where 

annual estimates of breeding density may be inflated (cf. below).
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Figure 43. Location of nest survey plots. Shaded squares represent areas shown in Figures 

44-46. Scale = 1:100,000. On the Abisko map horizontal stippling represents areas of peat 

bog. The rest of the area is covered in birch forest. Land use within the area of the 

Elmley map comprises mixed arable/grassland and urban areas, with saltmarsh along the 

edges of the Swale, which is an area of tidal mudflats. The boundary of the area north of 

the Swale which is managed by the R.S.P.B. is denoted by a thick line. The Coto Donana 

map shows a variety of landuse. The unmarked area either side of La Madre de las 

Marismas denotes seasonally flooded fen or sedge marsh, grading into Salicomia and 

Suaeda scrub at its edges. The area marked ’Matasgordas’ between the two study sites is 

Cork Oak savanna, and the area to the north of this is pine woodland. Most of the area 

to the south of La Madre is Eucalyptus woodland, and other landuse includes Olive groves 

and irrigation schemes north and south of the Rocina valley and west of El Rocio, 

supporting arable farming.
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Elmley

Fieldwork commenced at Elmley in the second week of April as wagtails arrived 

following spring migration. According to Henderson (1985) and Hodge & Hodgson 

(1990), up to 50 pairs of wagtails breed annually within the area managed by the R.S.P.B. 

at Elmley (Figure 43), and given such a high concentration of breeding pairs, it was 

decided to confine observations within this area, which covers about lOkm^. Wagtail 

activity was monitored on a near daily basis over the following month. During the latter 

half of April about half of the study area was covered on foot each day taking a variety 

of routes to ensure thorough coverage. Wagtail breeding activity commenced in the last 

week of April, with the first sighting of wagtails carrying nest material on 28th. The first 

clutch of eggs was found on the 12th May. Following the start of breeding the areas over 

which wagtails were active became more confined, and were concentrated in two main 

areas, around King’s Hill Farm and north of Wellmarsh Creek (Figure 43). Attention was 

therefore concentrated on these areas from the beginning of May, and areas further north 

and east were seldom visited after this time.

Abisko

Breeding wagtails were known to be concentrated in two areas at the site (N.Â.Andersson 

pers. comm.), around Abisko itself, and about 10km to the east at Stordalen Mire (Figure 

43). Fieldwork commenced during the second week of June, with a thorough exploration 

on foot of the area north of the railway line between the Abiskojakka river (the delta of 

which can be seen in the north west of the area shown in Figure 43) and Abisko Ostra 

village on the 12th and 14th, and of Stordalen mire on the 13th and 15th. In the former 

area many wagtails were seen along the shore of Lake Tometrask on the 12th when the 

weather was cold and windy, but not in fine weather on the 14th when wagtails were 

confined mainly to the woodland immediately west of the Abiskojakka, with only sporadic 

sightings further east. At Stordalen wagtails were numerous over the whole peat bog area 

and were also seen in the surrounding woodland. The first clutch of eggs was discovered 

here on the 15th. An area of peat bog around the small Lake Vuolep, south of Abisko 

(Figure 43) was also visited on the 12th, but no wagtails were seen there, apart from a 

single pair on the eastern side of the lake itself, and the area was not visited again. 

Following these preliminary observations all activity was focused on the area between the
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Abiskojakka and Abisko Ôstra and on Stordalen mire, the two sites being visited on 

alternate days.

5.3.2. Nest searching and data recording

Some Meadow Pipit nests were discovered by chance in England and Sweden while initial 

surveys of Yellow Wagtail distribution were being undertaken, and many others were 

discovered fortuitously during searches for Yellow Wagtail nests (Table 26). The final 

total of 14 Meadow Pipit nests in England, and 7 in Sweden enabled accumulation of a 

substantial set of data for this species representing little additional effort in the field, and 

this will be presented for consideration in its own right, and for comparison with the 

results of the Yellow Wagtail study.

At each location, active searching for Yellow Wagtail nests was carried out within 

areas defined in the previous section and indicated in Figure 43. In each case the area 

searched is 150 ha or less. Within such small areas it is possible to determine the 

distribution of wagtail activity from a small number of vantage points, in open habitats 

at least. Within these areas an observer will be mobbed vigorously by wagtails if a nest 

is approached, and the intensity of mobbing tends to be inversely proportional to the 

observer’s proximity to the nest. It is therefore possible to spiral in towards the general 

vicinity of the nest by reacting to the adults’ behaviour. In this way the area of the nest 

can be narrowed down to a 10-20m radius, and the observer can then to retreat to a 

vantage point some 100-200m distant, and watch the adults back to the nest. The majority 

of the wagtail nests in the study were discovered in this way, but some were found 

through chance approach to an unknown nest resulting in flushing of a sitting bird, or else 

through following a bird carrying nesting material or food back to the nest (Table 26).

Egg sizes and nestling weights of Yellow Wagtails were measured at the study 

sites in Spain, England and Sweden, and similar data obtained for Meadow Pipits at the 

latter two sites. Egg length and breadth at the widest point were measured to the nearest 

0.1 mm using slide calipers accurate to 0.02mm. Egg and nestling weights were measured 

using a 50g Pesola balance with a 0.5g scale, enabling weight to be estimated by eye to 

the nearest O.lg. The state of development of nestlings at each nest visit was also noted.



Table 26. Circumstances of nest discovery. 

Mode of discovery Meadow Pipit

Britain Sweden

Flushed off eggs 
accidentally

Followed with 
nesting material

Watched back 
during egg stage

10

190

Yellow Wagtail 

Spain Britain Sweden

3

Followed with food 2
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5.4. Results

5.4.1. Distribution of Yellow Wagtail nest sites 

Spain

Smaller areas were covered in Spain than in England or Sweden because wagtail activity 

was confined to rather small areas in both Spanish study areas. Nests were searched for 

over an area of about 45 ha at El Rocio, and about 70 ha at Cano Molino (Figure 44). 

During mid-April small flocks of up to half a dozen wagtails foraged around the cattle 

herd in the grassy area at El Rocio, but such flocks were absent by the beginning of May 

and may have represented passage migrants. The whole of the marshy area at El Rocio 

could be scanned for wagtail activity from the road embankment to the east, apart from 

the extreme north east comer (Figure 44) where no activity was seen during several visits 

in late April. Evidence of breeding wagtails was confined to the central area of marshland 

in which the two nests were found. A pair were also frequently seen along the shore of 

the lagoon to the east of this area in mid-April but were subsequently absent. The 

presence of the second nest found at El Rocio was not suspected until it was discovered 

fortuitously as it occurred within the territory of the male seen attending the other nest, 

and in fact was discovered beneath one of his two main perches, his other being directly 

above the other nest. This male was frequently seen to fly between these two perches, and 

sometimes retired to the perch above the second nest after attending the first nest. From 

this behaviour it was deduced that the male in question was bigamous, as the two nests 

overlapped considerably, the second being incubated before the other brood fledged.

At Cano Molino wagtails concentrated their activity around the small area of sedge 

marsh east of the road embankment, and were seldom seen to venture very far into the 

surrounding scrub. During several visits in the second half of April an area of about 15 

ha east of the road embankment was subjected to intensive surveillance, and all seven of 

the nests at this site were found within this area. No evidence was seen of wagtail activity 

outside this area other than by pairs nesting within it, though it is likely that at least one 

nest within the 15 ha was not located on the evidence of territorial behaviour by a male 

in mid-April, followed by the presence of more than one family of young fledglings in 

mid-May in an area in which only one family was known to have fledged. Over the wider
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Figure 44. Habitat distribution within survey plots at Coto Donana. Scale = 1:10,000. 

Both survey plots include significant areas of sedge marsh, but are otherwise divergent. 

A major difference is in the degree of salinity, as indicated by the comparison of 

vegetation at the two sites. The El Rocio plot is devoid of halophytes, in sharp contrast 

to Cano Molino where Chenopodiaceae dominate the flora. Woodland to the south and 

west of the El Rocio plot is mainly Eucalyptus, and reedbed occurs in the Rocina valley 

west of the road embankment. Grass covers the slightly higher ground east of the road 

embankment, and along the edge of the low bluffs at the south side of the floodplain. At 

both sites the sedge marsh consists primarily of Eleocharis palustris, with a zone of 

Scirpus maritimus along the edges of the lagoon and water channels at El Rocio, and in 

the flooded gulley east of the road embankment at Cano Molino. The area west of the 

road at Cano Molino is continuous with the main area of the Guadalquivir marshes. The 

scrub surrounding the crescent shaped area of sedge marsh east of the road consists 

mostly of Suaeda \Jor<̂  but the zone nearest the marsh is mainly Salicomia.

Overlays show the proportion of foraging trips seen to be made by adults to areas 

around the nest. The area around the nest is divided into eight 45° sectors centred roughly 

on north, north-west, west etc., and by concentric circles at 50m intervals. The proportion 

of visits to each of the areas defined is illustrated by the relative area of the dot at its 

centre.
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area it is unlikely that any wagtails carrying food to nestlings would have been 

overlooked, but this does not preclude the presence of undiscovered nests which failed 

before the eggs hatched, or of late nests which had not hatched before the middle of May. 

The latter at least is unlikely given that the small marsh was rapidly drying by this time, 

and very little wagtail activity was visible in the area by then.

England

Both of the areas harbouring wagtails at Elmley contained areas within which it was 

impossible to search for nests. At King’s Hill Farm, nests of all the pairs seen frequenting 

the pasture surrounding the central area of oilseed rape were located (Figure 45), but there 

was also evidence that nesting was occurring within the rape fields, and at least one pair 

was seen carrying food to a site within the rape. However as the crop was densely sown 

and over a metre tall by the beginning of June, it was impossible to carry out any nest 

searches within it, and the picture was also confused by frequent foraging in the rape by 

wagtails with nests in the surrounding pasture.

At Wellmarsh the area north-west of Wellmarsh Creek and south and west of 

Elmley Creek comprises a sanctuary area which could not be searched for nests, though 

no wagtail behaviour within it suggested that nests were present (Figure 45). All the 

suspected wagtail nest sites in the surrounding pastures, based on the behaviour of adult 

wagtails, were discovered including one probable and another possible re-nesting attempt 

(A and E were almost certainly the same pair, while R may have been a repeat of C). 

Outside these two areas very little wagtail activity was seen during the peak breeding 

period. One other nest with four eggs was located by an R.S.P.B. warden about 2km to 

the east of the Wellmarsh area near Spitend Point, but was not relocated and was 

presumed predated. Apart from this no further evidence of breeding outside the two main 

areas was discovered, despite daily coverage of the managed area by two wardens keeping 

a weather eye for wagtail activity.

The discovery of only 18 nests, despite the likelihood of a few others in rape fields 

and along the south side of Windmill Creek, suggests a rather lower number of breeding 

pairs than the stable yearly estimate of around 50. The estimate for 1988 was 44 pairs, 

including 27 on arable land (Hodge & Hodgson 1990). The latter estimate may be 

unreliable as it probably includes many contacts with foraging individuals from nests in
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Figure 45. Habitat distributions within the survey plots at Elmley. Scale = 1:10,000. Both 

area consist of grazing marsh and arable land. The arable area at King’s Hill Farm was 

planted with oilseed rape, and the area at Wellmarsh with wheat in the year of the study. 

At Wellmarsh the area between Windmill Creek and the counter wall to its south and west 

consists of reclaimed but unimproved salt marsh and supports scrubby grassland quite 

different from the grazing marsh. The sandy soil contains extensive rabbit warrens, and 

as a result the grass was heavily grazed, forming a short sward.

Overlays show the proportion of foraging trips seen to be made by adults to areas 

around the nest. The area around the nest is divided into eight 45° sectors centred roughly 

on north, north-west, west etc., and by concentric circles at 50m intervals. The proportion 

of visits to each of the areas defined is illustrated by the relative area of the dot at its 

centre.
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the surrounding pastures. Wagtails were particularly conspicuous feeding in the rape as 

they tended to hover above the top of the crops, and to clamber on flower heads to take 

visiting insects. As a result, a quick scan of many parts of the arable area around King’s 

Hill Farm would frequently reveal several foraging wagtails, but prolonged periods of 

observation in such areas usually failed to reveal any evidence of nests within the rape 

itself, even during the latter half of June when most pairs were feeding nestlings and 

conspicuously carrying food. Moreover, wagtails were virtually absent from the central 

area of arable land about 500m north-west of King’s Hill Farm (Figure 45).

Fuller & Marchant (1985) identify five main problems in assessing the breeding 

density of certain species using procedures such as those outlined in Marchant (1983), 

four of which, pre- and post-breeding assemblages; semi-colonial breeding; separate 

feeding and nesting grounds; and lack of cues such as singing, are encountered in 

censusing Yellow Wagtails. A more accurate assessment of breeding density might be 

achieved by giving less weight to registrations of feeding birds, and by emphasising 

records of loafing or displaying birds, especially males during the incubation period.

Based on the number of nests found, evidence of nesting within rape, and the rate 

of loss of nests during early stages of the cycle which were unlikely to have been 

discovered, 30 may be a better estimate of the number of actively breeding pairs of 

wagtails on the managed area at Elmley, so the annual census at this site may inflate 

numbers by about 50%.

Sweden

Regular observations during late June and early July in the Abisko area confirmed the 

early impression that breeding activity in this area is mainly confined to the wooded area 

east of the Abiskojakka. No attempt was made to count the number of pairs in this area 

owing to the diffi culty presented by the density of the woodland and the numbers of 

birds present. Further west however, wagtails were mostly absent, and it was possible to 

distinguish the areas of activity of three separate pairs, the nests of which were all 

eventually found (Figure 46). The location of Yellow Wagtail nests within woodland is 

problematical, as it is generally impossible to observe the adults without being seen. The 

two woodland nests at Abisko were exceptions however, as one was on the edge of a 

small clearing 30-40m wide, and the other was on a steep hillside where it was possible
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Figure 46. Habitat distributions within the survey plots at Abisko. Scale = 1:10,000. In 

both areas the two main habitats are birch woodland and peat bog, though the area of the 

latter is much more extensive at Stordalen. The dwarf shrub community of the peat bog 

is dominated by Empetrum nigrum often with Betula nana, and Empetrum also forms the 

ground layer of the birch forest. Treeless areas are also dotted with thickets of Salix and 

Myrica gale. The raised bog is dissected by flushes supporting stands of Eriophorum 

angustifolium and E.vaginatum tussocks.

Overlays show the proportion of foraging trips seen to be made by adults to areas 

around the nest. The area around the nest is divided into eight 45° sectors centred roughly 

on north, north-west, west etc., and by concentric circles at 50m intervals. The proportion 

of visits to each of the areas defined is illustrated by the relative area of the dot at its 

centre.
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Figure 46
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to observe the top of the woodland canopy from the end of a jetty on the lake shore 

below, and to identify the tree below which the nest was situated at the change over of 

incubation when one of the pair would sit in the top of the tree, be joined from below by 

its mate, and then drop vertically out of sight.

At Stordalen the behaviour of several pairs in the woodland surrounding the mire 

suggested the presence of nests within the woodland, but none of these were searched for 

owing to the difficulty of nest finding in such habitat, and the relative ease of discovery 

of the nests breeding in the open area of peat bog (Figure 46).

5.4.2. Timing of breeding of Yellow Wagtails and Meadow Pipits

Precise data on laying and hatching dates are available for only a proportion of the nests 

found at each site. Very few clutches were found before completion, so that hatching date 

is the commonest datum used to assess the timing of nesting. In some cases hatching date 

was estimated on the basis of development of nestlings discovered after hatching.

On the basis of the nests for which timing was estimable. Yellow Wagtails were 

incubating clutches at Goto Donana from mid-April to at least mid-May (Figure 47), mean 

clutch completion date was 22nd April and mean hatching date 4th May. However, flying 

young were seen as early as April 26th, and given that Yellow Wagtails do not fly until 

they are about 16 days old, this indicates that the earliest pairs must have started to 

incubate during the final few days of March. Additionally the latest nest discovered still 

held a clutch on 22nd May, so that altogether clutches were being incubated for a period 

of at least 54 days.

In England estimated mean date of clutch completion was 19th April in the 

Meadow Pipit and 27th May in the Yellow Wagtail, which is rather later than average in 

the latter (Mason & Lyczinski 1980). The Meadow Pipit estimate excludes a probable 

second clutch, the timing of which was an estimated 2 2  days later than the next latest, at 

a time around the beginning of June when Meadow Pipit breeding activity was starting 

to become obvious again after a lull following the fledging of first broods, though at a 

much lower level than in late April and early May (Figure 47). This late nest was 53 days 

later than the earliest nest found, and assuming a period of about 30 days between starting 

a clutch and the fledging of nestlings, this gives a point estimate of just over three weeks
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Figure 47. Timing of individual nests. Dots show estimated hatching date, and lines the 

period between the start of incubation and fledging. Flying young were seen on 26th April 

in Spain, so that nests must have been in progress considerably earlier than shown.
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between a successful nesting attempt and the start of a second clutch. These results 

correspond closely with the findings of Coulson (1956) on nest timing in the Meadow 

Pipit. Eggs were being incubated by Yellow Wagtails over a period of 34 days between 

13th May and 16th June, and by Meadow Pipits for 38 days between 7th April and 21st 

May, excluding the late nest.

Swedish Yellow Wagtails had an estimated clutch completion date of 21st June. 

One of the four Meadow Pipit nests for which estimates were available was very much 

later than any other nest of any species at this site, the clutch being completed on 1 2 th 

July. Three other Meadow Pipit nests which were predated before hatching had eggs in 

the latter half of June which is in line with the other three nests with estimable clutch 

completion dates, which were close to the mean for Yellow Wagtail (Figure 47), in 

contrast to the corresponding comparison in England. Eggs were being incubated by 

Yellow Wagtails for a period of 28 days between 15th June and 13th July, and by 

Meadow Pipits between 20th June and 25th July, though no clutches were known to be 

in progress between 4th and 12th July.

Most of the estimates of clutch completion dates given above are based on known 

or estimated hatching dates, from which a 12 or 13 day incubation period is subtracted 

for Yellow Wagtail and Meadow Pipit respectively. This may introduce some error as 

incubation period can vary, as illustrated by the contrast between the 14 day incubation 

period of the late Meadow Pipit nest in Sweden and one in England which hatched only 

1 1  days after the clutch was completed.

Summarising the results, the breeding season in the Yellow Wagtail was about 35 

days later in England than in Spain, and about 25 days later in Sweden than in England. 

In England Yellow wagtails started to breed about 38 days later than Meadow Pipits, but 

breeding was approximately coincident in the two species in Sweden. Finally the variance 

in breeding dates between nests decreased further north, the period during which clutches 

of eggs occurred decreasing from 53 through 34 to 28 days in Yellow Wagtails.

5.4.3. Clutch size

Assessment of clutch size is complicated by the possibility of the removal of eggs or 

chicks from the brood before discovery. Absolute certainty can only be achieved if a nest
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is discovered before the commencement of laying, and subsequently checked daily as the 

eggs are laid until the clutch is complete. This degree of certainty was not achieved with 

any of the nests in the study, but clutch size estimates are more reliable in some cases 

than others. Table 27 gives three separate estimates of clutch sizes based on different 

criteria.

Estimate 1 includes only nests which were found with the same number of eggs 

on at least two visits a day or more apart, during a period when the adults were known 

for certain to be attending the nest. Also included are nests in which nestlings were found 

on the second visit, and those in which fewer eggs or nestling were found on a repeat 

visit. In such cases it is fairly certain that laying had finished at the time of one of the 

nest inspections, though this does not mean that the count made at that time represents 

the number of eggs laid. This is illustrated by a Swedish Yellow Wagtail nest which was 

found with five eggs, two of which were absent at the next visit, with only two remaining 

on subsequent visits. Another Swedish wagtail nest which was found with five eggs had 

only four on the next inspection. Flushing of incubating birds is a potential source of egg 

loss as eggs may be dislodged as the bird escapes. On several occasions eggs were found 

outside the nest after incubating birds had been flushed, and one of these subsequently 

hatched after being returned to the nest suggesting recent accidental dislodgement.

Estimate 2 includes all the nests used to arrive at estimate 1, plus nests found with 

a brood of nestlings. The latter is a less reliable indicator of true clutch size than a nest 

with eggs, as faliure to hatch, or mortality on hatching is not uncommon, and eggs which 

fail to hatch are sometimes removed, though more often they remain in the nest until the 

brood fledges. This is illustrated by an English Yellow Wagtail nest in which two eggs 

out of the original five hatched and two remained in the nest. The other egg was found 

some days later about 2 m from the nest, to where it had presumably been removed by one 

of the adults, in a partially hatched state with a dead nestling inside. Similarly in a 

Swedish wagtail nest, of two newly hatched nestlings only one remained two days later, 

indicating the death and removal of the other. The age of nestlings on discovery is also 

important as the death of one or more nestlings is not uncommon.

Estimate 3 includes all the nests used to arrive at estimate 2 plus those nests which 

were found with eggs but predated or deserted before the next visit, making it impossible 

to tell whether further eggs would have been laid. This estimate gives the most divergent



Table 27. Estimates of mean clutch size (field data).

Spain Britain Sweden

205

Yellow Wagtail

n mean n mean n mean

Estimate 1 5 5.2 6 5.67 6 5.5
Estimate 2 8 5.13 13 5.69 7 5.57
Estimate 3 9 5.11 16 5.75 1 0 5.3

Meadow Pipit

Estimate 1 8 4.5 5 4.8
Estimate 2 1 1 4.64 5 4.8
Estimate 3 13 4.62 7 5.0
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estimates between sites, but no significant trends with date, and no differences between 

the sites in mean clutch size were detectable (Table 28 (i)).

5.4.4. Nest Success

5.4 4.1. Comparison of mortality rates of eggs and nestlings

Nest success was quantified using the approach developed by Mayfield (1961, 1975), 

which enables calculation of proportional survival of nests or individual eggs or nestlings 

based on the ratio of fatalities to the length of time a nest reamained under observation, 

giving a Mayfield estimate, for each species and location, of the probability that an egg 

will survive to fledging (Table 29). The figures used to calculate the estimates in Table 

29 are presented in Appendix I I ,

The calculation of Mayfield estimates gives a more accurate estimate of survival 

than a simple proportion of nests or propagules discovered which survive, as the latter 

fails to account for the fact that nests which fail early are less likely to be discovered, and 

so gives an overestimate of the true rate of survival. A Mayfield estimate is based on an 

estimation of maximum likelihood for daily mortality, calculated as number of nest 

failures or mortalities of eggs or young divided by the sum of the periods in days during 

which each nest was under observation. This estimate is then raised to the power of the 

number of days comprising a successful nesting attempt to give an estimate of the 

likelihood that an offspring will survive. In general separate estimates are calculated for 

different phases of the breeding cycle such as laying, incubation, and nestling period, and 

for individual eggs and nestlings as well as whole nests, and the product of all of these 

gives the final estimate.

One potential source of inaccuracy enters the calculation when visits to a nest are 

more than one day apart, leading to uncertainty as to the timing of any loss of nests or 

offspring which occurs. Mayfield’s original method estimates time of mortality as the mid

point between visits, so that loss of a nest between visits two days apart results in an 

estimate of one day’s survival, and a loss between visits three days apart gives an estimate 

of one and a half days. In fact the maximum likelihood of survival depends both on the 

actual rate of survival and the length of the interval, but the difference between estimates
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Table 28. Analysis of variance of clutch size in Yellow Wagtail and Meadow Pipit. Data 
for Yellow Wagtail showed some evidence of a curvilinear relationship with date, so a 
squared term was included in the analysis. F’s for individual variables were calculated 
using the error term for the model excluding interactions.

(i) Yellow Wagtail

Source

Null Model 
Model including 
interaction 
Model without 
interaction 
Location 
Date 
Date^
Location x date 
Location x date^

Mean clutch size: Spain = 5.11 (n=9), England = 5.75 (n=16), Sweden = 5.30 (n=10). 

(ii) Meadow Pipit

Source Degrees of Sum of squares Mean square F
freedom

Degrees of Sum of squares Mean square F
freedom

34 22.69
26 15.54 0.598

30 19.62 0.654

2 2.195 1.098 1.675 ns,
1 0.334 0.334 0511 n&
1 0.249 0.249 0380 n^

2 2.049 1.025 1.713 n&
2 2.142 1.071 1.791 n&

Null Model 19 7.75
Model including 16 6.78 0.423
inteaction
Model without 17 6.894 0.406
interaction
Location 1 0.489 0.489 1207 n&
Date 1 0.183 0.183 0.451 ns,
Location x date 1 0.119 0.119 0281ns

Mean clutch size: England = 4.62 (n=13), Sweden = 5.00 (n=7).



208

Table 29. Nest Success.
When survival is less than 100%, it is possible to obtain a variance for whole nest 
survival calculated as s= p(l-p)(J.p^ ')^(Zt)'\ where p=(number of failed nests / St), J= 
length of incubation or nestling phase in days, and t= number of days of observation at 
each nest. Variance of periods combining different phases is calculated as 
s =p/\.S 2 ^+P2 ^̂ 2 .s, 4̂ -s/.S2 \  where pj, Sj and Jj are estimated values for phase i. Estimates 
of the variance of nest survival can therefore be estimated for English Yellow Wagtails 
and Meadow Pipits, and for Swedish Meadow Pipits, and the significance of differences 
in calculated estimates of survival determined using the standard normal variate (|)= (p ', - 
p 2 )(s 'i + s ' 2 ) '̂  (Hensler 1985). For the comaprison of Yellow Wagtails and Meadow 

Pipits in England, (}) = 0.697 (P >0.48), and for the comparison of Meadow Pipit samples 
between England and Sweden, (j) = 0.545 (P >0.58).

Spain England Sweden

Probability 
of success

f̂\Cù- w\ Packers, )

Y.Wag Y.Wag M.Pipit Y.Wag M.Pipit

Nests during 0.580 0.394 0.693 0.431 0.554
incubation (0.223) (0.183) (0.180) (0.181) (0.231)

Eggs 1 . 0 1 . 0 1 . 0 0.841 1 . 0

Hatch 0.941 0.765 1 . 0 0.846 1 . 0

Nests after 1 . 0 0.881 0.744 1 . 0 0.653
hatch (-) (0 . 1 1 1 ) (0.156) (-) (0.278)

Nestlings 0.806 0.816 0.968 0.965 1 . 0

Mayfield
estimate

0.493 0.217 0.499 0293 0.361

Nest survival 0.580 0.347 0.516 0.431 0.361
(-) (0.169) (0.174) (-) (0.225)
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which take account of this fact and estimates using Mayfield’s original method are 

generally minute (Johnson 1979), so the midpoint assumption is used here. However no 

significant differences were detectable between species or locations (Table 29).

S.4.4.2. Causes of mortality of eggs and nestlings

Loss of the entire nest during the incubation period is the most important component of 

mortality in all 5 samples. The 3 sources of such mortality are desertion, predation, and 

accidental destruction (Table 30). The fate of 2 of the English nests is uncertain as neither 

was detectable after a certain date, and absence of adults in their vicinity strongly 

suggested failure. Both were situated near a crossing point in the system of drainage 

ditches, which formed a bottleneck, funnelling the movements of the resident cattle herd, 

so the most likely explanation for their disappearence is trampling.

Table includes a Meadow Pipit and a Yellow Wagtail in England which were 

both predated before clutch completion, and so were not included when the statistics of 

the earlier table were worked out. Were sufficient data available it would be possible to 

include an extra category of nest mortality during the laying period in the analysis, but 

very few nests were found before clutch completion, and it is probably invalid to include 

mortality at this time with that suffered during the incubation period, as risk is 

undoubtedly different.

Observer effects are greatest during the incubation period, it is possible for 

instance that the desertions would not have taken place if the nests had remained 

undisturbed. In addition, if visits to a nest are liable to reveal it’s whereabouts to predators 

this is more likely during initial visits, so nests found with eggs may be more likely to 

be predated before hatching than afterwards.

Egg loss

The unusually high figure for Swedish Yellow Wagtails results from two adjacent nests 

on Stordalen Mire. In one of these, of the original five eggs, three had a very granular 

texture, and two of these were very light in weight, evidently containing mainly air, and 

had a number of raised brown spots at the narrow end. One of the light eggs had a small 

depression in the shell. The other two eggs had normal smooth shells, but one was
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Table 30. Causes of nest failure during incubation.

Spain Britain Sweden

Y.Wag Y.Wag M.Pipit Y.Wag M.Pipit

Desertion 1 2  1 1 -

Predation 1 1 2  3 2

Other 2 - - -
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unusually small. Three of the eggs diappeared fron this nest before it was eventually 

deserted. Shell defects were also noted in a Wheatear nest on Stordalen, in which one egg 

had a shell so thin that it appeared transluscent, and bubbles were visible inside the shell. 

Only one of three eggs in this Wheatear clutch hatched. In addition two further wagtail 

nests on Stordalen had practically unmarked eggs, a feature not noted elsewhere.

Failure o f  eggs to hatch

All Meadow Pipit eggs which were incubated to full term hatched successfully, but failure 

to hatch was noted in all three wagtail populations. Infertility in Spanish Yellow Wagtails 

was confined to one nest out of the three hatches observed. In England 3 of the 6  nests 

in which hatching was observed failed to hatch the whole clutch, and the corresponding 

Swedish proportion was 2 out of 5.

Nest loss after hatching

All of the nest losses following hatching were caused by predation, and the absence of 

desertions mostly accounts for the lower rates of failure compared to the incubation 

period. In most cases the predator was not observed, but in the case of one Meadow Pipit 

nest, droppings characteristic of Mustelidae were found beside the nest, the size of which 

suggested either Stoat Mustela ermina or more likely feral Ferret Mustela furo, which 

were very common and conspicuous at the site. One one occasion in Sweden a Fox 

Vulpes vulpes was disturbed by the observer when apparently about to predate a Yellow 

Wagtail nest containing nestlings.

A further Swedish observation which may be relevant to this section concerns a 

Three-toed Woodpecker which landed on the ground within 2m of one of the woodland 

wagtail nests at Abisko, which was under observation from a hide, and proceeded to 

forage. Both adult wagtails appeared immediately and mobbed the woodpecker vigorously 

for several seconds before it flew off. It was obviously regarded as a serious threat to the 

nestlings, which were quite well grown at the time, as adult wagtails in general responded 

in a much more casual manner to other similarly sized birds which appeared close to their 

nests.
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Nestling loss

In Spain two of the four Yellow Wagtail losses were due to the trampling of a nest by 

cattle after the brood had begun to leave. Presumably the two nestlings which were found 

dead in the nest were the last two due to leave, as at least one nestling was seen leaving 

the nest on the previous day. In another instance a half grown nestling was found dead 

outside a nest, and the vigorous state of the other nestlings and the weight of the casualty 

suggested that mortality must have been due to the nestling falling out of the nest, rather 

than any other reason. In another nest a fatality was inferred from the disappearance of 

a small nestling at a time when the demands of the brood were well below their peak.

By contrast, 5 of the fatalities in English Yellow Wagtail broods were 

demonstrably due to starvation. Four out of six pulli in one nest were seen to slowly lose 

weight and vigour before death, during a period of unusually sustained high winds, during 

which the growth of a Skylark brood was also depressed leading to the death of one of 

the three nestlings, presumably as a result of the difficulty of finding insect food in such 

conditions. The other casualty was the runt in the nest the adult female of which 

disappeared a couple of days before fledging was due, and the brood then fed solely by 

the male. It is not clear whether this nestling died before the others fledged or whether 

it was too underdeveloped to leave the nest at the appropriate time and was subsequently 

ignored. In any case it seems likely that it might have survived but for the putative 

mortality of the female. Another nest lost one nestling at an early stage, suggesting a 

weakling rather than starvation, and there was evidence that at least one nestling from 

a further nest was predated at a time when the brood was in the process of fledging, as 

a few broken feathers were discovered near the nest. Other signs indicated the survival 

of most of the brood as the area around the nest was flattened and several droppings were 

found away from the immediate surrounds. Even if the whole brood had been in the nest, 

the well grown chicks would have exploded from the nest on the approach of a predator.

The one Meadow Pipit nestling fatality in England was due to a fall from the nest, 

as indicated by injuries on the body of the nestling, and the fact that it’s stomach was full 

of more or less undigested food items. No Meadow Pipit nests were in progress at the 

time of the high wind event, so it is impossible to discern whether the demonstrated 

difference in diet between Meadow Pipit and Yellow Wagtail would make it less liable 

to nestling loss in such conditions.
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In Sweden, loss of nestlings appeared to be exceptional, with only one casualty in 

a Yellow Wagtail nest, and that shortly after hatching, which makes it arguable that it 

should have been included in hatching mortality.

5.4.5. Egg characteristics

Measurements of weight, length and breadth were made of all of the eggs discovered, but 

no significant differences or trends were detectable among the clutch means of these 

measurements for either the Yellow Wagtail (Table 31, Figure 48) or the Meadow Pipit 

(Table 32, Figure 48). Most of the Yellow Wagtail clutches in all 3 locations had similar 

colouration, a pale grey ground colour with a subtle mottling of slightly darker grey, or 

brownish grey. Most of the English and Spanish nests conformed to this norm, except for 

one nest in each location containing erythristic eggs, which had a similar pattern to normal 

grey eggs, but had a pale reddish brown ground colour with slightly darker mottles. The 

two erythristic clutches proved to have the smallest mean egg size of any of the nests in 

the study. No erythristic clutches were found in Sweden, but otherwise egg colour was 

rather more variable here, both within and between clutches, a fact perhaps associated 

with the shell defects already noted.

Meadow Pipit eggs were very uniform across both sites with only 3 English 

clutches showing noticeable variation from the norm. One contained an erythristic clutch, 

while the eggs in another were pale with dark speckles. One nest contained a rather large 

egg which was slightly different in ground colour to the rest of the clutch and was more 

heavily marked, a feature also noted in a Spanish Yellow Wagtail.

5.5. Discussion

The distribution of Yellow Wagtail pairs in all three sites is highly clustered, and in each 

case, the species is absent from the majority of the area surveyed, and its entire population 

is confined within small patches of habitat which do not appear particularly distinctive. 

It was not possible to assess the proportion of sedge marsh habitat occupied in Spain due 

to problems with access, but of the two areas examined, Cano Molino had a much more 

significant concentration of Yellow Wagtails than El Rocio, despite the greater area of
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Table 31. Analysis of variance of mean egg measurements for Yellow Wagtail clutches. 
In the analysis of egg weights the number of days elapsed since clutch completion when 
the eggs were weighed was taken into consideration, as egg weight varies over the period 
of incubation.

(i) Egg weight

Source df ms ss F

Null model 2 0 0.839
Error 15 0.708 0.047

Age* 1 0.048 0.048 1.03 n.s.
Location 2 0.052 0.026 0.56 n.s.
Clutch size 1 0.031 0.031 0 . 6 6  n.s.
Date 1 0 . 0 0 0 0 . 0 0 0 0 . 0 1  n.s.

(ii) Egg length

(iii) Egg width

Null model 24 10.761
Error 2 0 10.521 0.526
Location 2 0.050 0.025
Clutch size 1 0.053 0.053
Date 1 0.153 0.153

Null model 24 2.707
Error 2 0 2.229 0 . 1 1 1

Location 2 0.428 0.214
Clutch size 1 0.162 0.162
Date 1 0.004 0.004

0.05 n.s. 
0 . 1 0  n.s. 
0.29 n.s.

1.919 n.s. 
1.451 n.s. 
0.038

‘Number of days after clutch completion that weight was measured. No significant 
interactions were present.



215

Figure 48. Egg size within clutches. Individual clutches are represented by polygons or

lines in which the points corresponding to egg sizes are joined by straight lines.
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Table 32. Analysis of variance of mean egg measurements for Meadow Pipit clutches. In 
the analysis of egg weights the number of days elapsed since clutch completion was-taken 
into account as egg weight varies throughout the incubation period.

Source df ss ms

(i) Egg weight

(ii) Egg length

(iii) Egg width

Null model 
Error

Age* 
Location 
Clutch size 
Date

Null model 
Error

Location 
Clutch size 
Date

Null model 
Error

Location 
Clutch size 
Date

0.392
0.319

0.023
0.001
0.022
0.000

1.164
1.144

0.005
0.006
0.004

9.186
7.326

0.007
1.478
0.004

0.319

0.023
0.001
0.022
0.000

0.088

0.005
0.006
0.004

0.563

0.007
1.478
0.004

0.731 n.s. 
0.031 n.s. 
0.690 n.s. 
0 . 0 0 0  n.s.

0.06 n.s. 
0.07 n.s. 
0.04 n.s.

0 . 0 1 2  n.s. 
2.62 n.s. 
0.007 n.s.
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sedge marsh at the latter site. At the British site two major habitats are present, arable and 

grassland, but there is little heterogeneity within these categories. Nevertheless the 

distribution of wagtails is highly clustered with two main concentrations of breeding pairs 

at the site, one around an area of arable land, and the other in an area consisting wholly 

of grassland habitats. Likewise in Sweden, two main concentrations occurred, both in 

areas with a mixture of woodland and open mire habitats. Again however, the species was 

absent from most of the areas in which searches were carried out, including many areas 

seemingly indistinguishable from those occupied. These patterns will be discussed in detail 

in the following chapter, when breeding distributions of Yellow Wagtails within the three 

sites will be considered together with information on diet and food availability.

The timing of birds’ breeding seasons is as important an aspect of life history 

strategy as clutch size, and in migratory birds is affected by the need to travel to and from 

an alternative winter quarter, as well as seasonality on the breeding grounds. In general 

breeding seasons occur later and are of shorter duration at higher latitudes (Baker 1938), 

a rule which is followed by Yellow Wagtails and Meadow Pipits but with differences in 

detail. Though the latitude of the English site is approximately half way between that of 

the Spanish and Swedish sites, the timing of the breeding season in English Yellow 

Wagtails appears to be closer to that in Sweden than in Spain. Birds breeding seasons are 

thought to coincide with the peak of food abundance (Lack 1954), but in terms of 

productivity the annual peak is reached in July in both England and Sweden, while in 

Spain it occurs two months earlier in May (Figure 49). Wagtails in Spain and Sweden 

therefore fledge around the time of peak productivity, while in England they fledge 

somewhat in advance of it. The peak is much broader in England however, and 

productivity in June is hardly inferior to that in July, while in Spain and Sweden the peak 

of productivity is rather acute, and so precise coincidence with it is more important.

On this basis the longest breeding season might be expected in England, but 

clutches were being incubated practically throughout April and May in Spain, in England 

for about a month, and for only a little less than a month in Sweden. The solution to this 

paradox may lie with the factors which constrain the breeding season in the three sites. 

Productivity is curtailed by low temperatures for much of the year in the two northern 

sites, but in Spain the decline during the summer (Figure 49) is caused by drought, so that 

presence of water is the main arbiter of productivity, and food supply may be maintained
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Figure 49. Estimates of actual évapotranspiration at weather stations in the vicinity of the 

study sites (Spain: Seville, Britain: Great Yarmouth, Sweden: Karesuando). Data from 

Wallen (1970, 1977). Estimates were obtained using the procedure described in 

Thomthwaite and Mather (1957). Symbols: #  = Spain; England = a ; Sweden = +.
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where water persists. Many of the nests discovered in Spain were sited in areas which had 

obviously been flooded earlier in the year, in some cases only a few weeks earlier. Thus 

as the water table declines, new areas become available for nesting. Although the area of 

suitable feeding habitat also declines there is no reason why some pairs should not 

continue to breed well into the summer in areas where water persists. Under these 

circumstances it might be possible for a pair to move to an alternative site for a second 

brood if the feeding habitat has dried out around the first nest site.

In a migratory bird such as the Yellow Wagtail, it should be advantageous to 

arrive on the breeding grounds at the earliest possible date, even if resources are not 

sufficient for breeding, in order to acquire the best mates and breeding sites (Von 

Haartman 1968). Small birds which cannot survive for very long on stored resources, 

habitually arrive on the breeding grounds around the time that sufficient resouces for 

maintenance become available. The interval between arrival and commencement of 

breeding should therefore vary according to the rate at which productivity increases 

towards the threshold at which sufficient resouces in excess of maintenance requirements 

can be acquired by the female for the formation of eggs.

A corollary of the broader peak in productivity in England is a more gradual 

increase in productivity towards that peak, on the basis of which a longer interval might 

be predicted between arrival following migration and the start of breeding in England.

Precise data on the arrival of Yellow Wagtails at Goto Donana are unavailable, but 

some males arrive before the end of February, though females somewhat later as 

elsewhere. The migration of M.fiberiae through southern Morocco continues well into 

April (Smith 1968), though birds travelling this late may belong to more northerly 

populations than those breeding at Donana.

In England in the year of the study the first arrival was on 8 th April, and by the 

16th wagtails were quite numerous, but the population continued to build up towards the 

end of the month. Flocks of wagtails, mostly males, were seen feeding together as late as 

21st April. The main arrival period on the south coast of England is around the beginning 

of May, but again, as the bulk of the population of M.f.flavissima breeds further north 

than Elmley the arrival of local wagtails should be relatively early, and most pairs 

appeared to be holding territory by then and some nest building was evident. Given a 

mean clutch completion date of 27th May it would seem that at least five weeks and
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possibly six or seven weeks elapsed between mean arrival time and the start of breeding.

In Sweden wagtails arrive around the end of May only 3-4 weeks before mean 

clutch completion date. Clearly therefore a lesser period elapses between arrival and 

breeding in Sweden than in England, and at the very least the corresponding period was 

probably no longer in Spain than in England and was quite possibly shorter, which is as 

expected if birds are arriving as early as possible on the breeding grounds. It seems likely 

that timing of arrival at all three sites occurs when actual évapotranspiration reaches a 

threshold somewhere between 40 and 50mm (Figure 49).

Meadow Pipits arrive somewhat earlier than Yellow Wagtails at the Swedish site 

(Lundevall 1952), though timing of breeding is similar, again corresponding to the peak 

of productivity. In England however, peak fledging occurs in May when productivity is 

much lower than in July, which corresponds with the fact that second clutches are 

generally larger in this species (Coulson 1956, Pedroli 1978). Pulliainen (1977) observed 

that Meadow Pipit clutch size generally reaches a peak in early June, regardless of 

breeding latitude, and interpreted smaller clutch sizes in the south as being a result of 

nesting before the peak of food availability in order to be able to produce a second clutch, 

which is impossible further north. It is also possible that smaller first clutches might 

increase the probability of success of second clutches and improve overall fitness where 

second clutches are possible (Slagsvold 1984). By contrast at higher latitudes the only 

detrimental effect of laying the maximum possible clutch size will be on repeat clutches 

should the first attempt fail.

Whether the possibility of a second clutch might be a factor in clutch size dines 

in Yellow Wagtail less clear than in Meadow Pipit, as second clutches appear to be rare 

in median European latitudes where the longest period of productivity occurs (Smith 1950, 

Cramp 1988). The increase in clutch size with latitude in this species is not reflected by 

the clutch size estimates obtained in the field in the present study, which indicate the 

largest mean clutch size in England. The data are relatively few however and differences 

between sites are not significantly different, nor are the samples significantly different 

from larger data sets showing the characteristic latitudinal dine (see chapter 4).

The number of eggs produced annually by the members of a population provides 

only limited insight into its population dynamics. If the latter is to be understood 

information is requires on the survival of propagules, which in birds is conventionally



222

thought to vary significantly with latitude, particularly in terms of predation during the 

nesting period (Ricklefs 1969). Though the data presented earlier are too few to establish 

any significant differences in nesting success between the sites, some general conclusions 

are still possible. As elsewhere nest failure during incubation was in all cases more 

important than during the nestling period, which can be attributed in part to the greater 

likelihood of desertions during incubation. The rates of desertion are probably an observer 

effect as it is arguable that the desertions which did occur would not have taken place if 

the nests had remained undisturbed. Destruction of nests during incubation may still be 

more likely then later, on as poorly sited nests will be destroyed sooner rather than later, 

as in the case of the two English wagtail nests which were trampled. Nests destroyed after 

hatching were invariably predated, but this was relatively rare in all cases.

The rates loss of individual propagules within nests, though statistically 

indistinguishable between sites, differed somewhat in the details of their occurrence. Loss 

of eggs from the nest occurred only in Sweden in two wagtail and one pipit nest, and in 

two of these nests the disappearence is a mystery, but in one of the wagtail nests it is 

probably linked to the shell defects observed. These defects and those observed in other 

nests on Stordalen Mire are remarkably similar to those reported in passerine birds 

elsewhere in Swedish Lapland (Nyholm & Myhrberg 1977, Nyholm 1981) which were 

attributed to poisoning via the consumption of limnic insects, especially Plecoptera. 

Wagtails were seen to feed extensively on Plecoptera early in the season (see chapter 6 ), 

but no Meadow Pipits were seen doing so, despite being among the most common species 

at the location. The absence of shell defects or infertility among Swedish pipits is 

therefore in line with the poisoning hypothesis, but there is also a contrast in hatching 

success between the two species in England, where no shell defects were seen, and failure 

to hatch appears to be generally rare in Meadow Pipits (Coulson 1956, Pedroli 1978). 

Poisoning is an established cause of infertility in birds, and those species which rely on 

prey associated with fresh water are more liable to contamination than other species 

because of the accumulation of pollutants in bodies of water, and this seems the most 

likely explanation of the observed contrast in fertility between the Yellow Wagtail and 

Meadow Pipit populations under discussion.
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5.6. Summary

1. Yellow Wagtail nest sites had a highly clustered spatial distribution in all three 

sites, with groups of nests occurring in sites not obviously distinguishable from 

surrounding areas where nests were absent. However an association with sedge 

marsh was evident in Spain, and with the interface of peat bog and woodland in 

Sweden.

2. Peak hatching period for Spanish Yellow Wagtails was late April and early May, 

for British Yellow Wagtails late May and early June, and for Swedish Yellow 

Wagtails and Meadow Pipits early July. British Meadow Pipits produced their first 

clutches about a month earlier than British Yellow Wagtails. The period between 

arrival after migration and commencement of breeding declines further north in 

Yellow Wagtails.

3. No differences are detectable between the sites in the sizes of Meadow Pipit and 

Yellow Wagtail clutches discovered in the field, nor are there any detectable 

differences in nest success between the sites or the two species.

4. No difference in egg size was detectable between the sites for either Yellow 

Wagtail or Meadow Pipit, and egg colouration was similar in all three sites. 

Eggshell defects in Swedish Yellow Wagtails are similar to those observed 

elsewhere in Lapland, and attributed to aluminium poisoning.
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6. Feeding ecology and food availability for nestling Yellow Wagtails 

and Meadow Pipits in Spain, England and Sweden

6.1. Introduction

Models of habitat selection emphasise food availability as the main factor governing 

species distribution (Cody 1975), though other factors such as habitat structure, predation 

and nest sites are also significant (Wiens 1985). Despite these confounding factors it 

should be possible, if food availability is sufficiently important, to demonstrate a 

relationship between food abundance and distribution. The following section contains data 

on the abundance of arthropods in a range of habitats in and around the breeding sites of 

Yellow Wagtails in each of the three study sites, including both habitats which are 

frequently used by wagtails for foraging, and those which are avoided or used 

infrequently. This is followed by a comparison of the types of arthropods occurring in trap 

samples with those revealed by an analysis of nestling diet in Yellow Wagtails and 

Meadow Pipits. This together with observations of the foraging sites of wagtails is used 

to deduce which potential prey and foraging sites are exploited in each site, and the extent 

to which the occurrence of breeding wagtails in each site and their distribution within 

each site can be predicted by habitat characteristics and arthropod distribution is discussed.

6.2. Methods

6.2.1. Food availability and diet

Published accounts of foraging behaviour in the Yellow Wagtail describe a terrestrial 

feeding habit, involving picking and snatching or flycatching from the ground or low 

vegetation (Cramp 1988). Prey availability was therefore sampled at chosen sites using 

a combination of a Malaise trap for insects flying close to the ground, and pitfall traps.

The Malaise traps conformed to the design described by Butler (1965), consisting 

of modified mosquito bed nets approximately 1.85m long, 0.75m wide, and 0.85m high, 

with one of the long sides removed to allow entry of flying insects. Four pitfall traps 

consisting of plastic jars 80mm in diameter were placed near the Malaise trap, arranged
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in a line about Im apart. A number of regular sampling sites were chosen in each of the 

three main locations to represent the variety of habitats present, and in general the Malaise 

and pitfall traps were set up at one of these on each day, with each site being sampled in 

rotation (Table 33), though two trapping stations were operated simultaneously for much 

of the time in England.

Timing of continuous trapping and recovery of samples varied from day to day 

according to other work being carried out simultaneously (see chapter 7), though where 

possible samples were taken every two hours. Climatic data were also recorded at each 

visit to a trapping station. Temperature was recorded using a thermometer secured to the 

outside of the Malaise trap (on the side away from direct sunlight) about 0.8m above the 

ground. Wind speed was recorded using the Beaufort scale.

In addition to continuous sampling of prey availability using Malaise and pitfall 

traps, a single sweep net sample was taken in a number of habitats in each site towards 

the end of the breeding period, to provide information on the arthropod fauna encountered 

by newly Hedged wagtails and their parents. Samples were collected by walking through 

the vegetation sweeping the net from side to side as near the ground as possible, until 2 0 0  

individual sweeps had been completed.

Faecal pellets produced by nestlings during handling for weighing (chapter 7) were 

collected and preserved in 70% alcohol. These were later dissected under a binocular 

microscope and fragmentary remains identified according to the classification scheme 

described later in this chapter, on the basis of the fewest individuals necessary to account 

for the fragments present. The bias inherent in this method arises from the absence of any 

remains in droppings from animals lacking hard body parts such as dipterous larvae, 

however observations at the nest did not indicate that such prey formed an important part 

of the diet in any of the three sites, and faecal analysis has been shown to represent diet 

quite faithfully in the Pied Wagtail in comparison with stomach contents using an emetic 

(Davies 1977a), and in the Spotted Flycatcher comparing faecal fragments with a 

controlled diet (Davies 1977b).

6.2.2. Invertebrate sampling sites

The choice of sampling sites reflected the variety of habitats occurring in each location
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Table 33. Prey sampling locations. Trap code: M= Malaise trap; P= Pitfall trap; S= Sweep 
net. Sweep net samples were taken on the last day of continuous trapping in each location.

S  " C T u iy  T j  -  3 u » y  * 0

Site Habitat Traps Continuous trapping days

Spain m: Cano Molino Sedge marsh: MPS 
Eleocharis palustris

May 6,15,19.

Spain g: Cano Molino Sedge marsh: MP 
Scirpus maritimus

May 9,13,17.

Spain 1: El Rocio Sedge marsh: MPS 
Eleocharis palustris

May 8,14.

Spain f: El Rocio Grassland MPS May 11,12,16,18.

England f: King’s Hill Grassland MPS April 16-18, April 20- 
May 3, 8-12, 15, 19-30, 
June 3-12, 15-23.

England r: King’s Hill Arable: Oilseed MP 
rape

June 19-24

England w: Wellmarsh Reclaimed salt- MP April 17,18,24,26,30,
marsh May 10,12,14,21,25, 

June 5-7,9.
England s: Wellmarsh Sedge marsh: S 

Scirpus maritimus

Sweden d: Abisko Woodland/Lake MP 
shore: Betula pubescens, 
Empetrum nigrum

June 29, July 1,3,5,7.

Sweden s: Abisko Woodland/Lake MP June 21-22,28, July 10,
shore/Peat bog:
B.pubescens, Betula 
nana, E.nigrum

15-18.

Sweden w: Abisko Woodland/Peat bog: MPS 
B.pubescens, E.nigrum

June 25, July 8,12-15.

Sweden h: Stordalen Woodland/Peat bog: MP 
B.pubescens, E.nigrum

June 23,30, July 4,9.

Sweden m: Stordalen Peat bog: B.nana, MP 
E.nigrum.

June 27, July 2,6.

Sweden f: Stordalen Flush: Eriophorum  S
angustifolium



227

in the vicinity of breeding concentrations of Yellow Wagtails. In general traps were 

initially located in sites which appeared visually representative of the major well- 

differentiated habitats in each location, but later on sampling was concentrated more in 

those habitats which appeared to be used most often by wagtails for foraging.

In Spain continuous trapping was carried out at four sites, two in each of the areas 

in which observations were made on breeding Yellow Wagtails (Figure 44, Table 33). Site 

m was in the centre of the main area of sedge marsh at the Cano Molino site, which 

comprised the main feeding area for breeding wagtails. Site g was sited in a strip of sedge 

marsh running north to south, formed by the accumulation of drainage water behind a 

small ridge about Im high, consisting of the spoil from the excavation of a ditch running 

parallel to the road embankment (Figure 44). This area was also visited by foraging 

wagtails, but much less frequently. Sites f and 1 were at El Rocio, the latter situated in an 

area of sedge marsh which differed from that at Cano Molino in being grazed by horses, 

and so was much less tall and lush. Site f was situated in the grassy area covering the 

slightly higher ground along the road embankment, which was occasionally visited by 

foraging wagtails, especially in the presence of the resident cattle herd of about 2 0  

animals.  ̂ .

The habitat in the English location appeared relatively uniform, and only three sites

were selected for continuous trapping (Figure 45, Table 33). Typical grazing marsh habitat

was sampled at site f, east of King’s Hill Farm, while a slightly different form of

grassland was sampled at site w, south of Windmill Creek, consisting of an area which,

though now cut of from the sea, retained much of its original salt-marsh topography, and

supported Rabbit warrens resulting in a short sward. Continuous trapping was also carried

out in the arable area at site r in June when it became clear that wagtails frequently

foraged in this habitat when provisioning nestlings. A sweep net sample was taken in an

area of sedge marsh at Wellmarsh comprising a strip 20m wide by 300m long (site s.

Figure 45), mainly for comparison with similar habitats sampled in Spain, as wagtails

were not seen to feed in this habitat in England.
/%/)

Continuous trapping in Sweden was carried out at sites which reflected the 

patchwork of habitats at the location (Figure 46, Table 33). Sites d,s and w were located 

at Abisko. Site d was situated in scrubby birch woodland about 20m from the shore of 

Lake Tornetrask, near the main concentration of wagtails, while site s was sited about 2m
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from the shore at the boundary of a strip of woodland and an area of open mire, along a 

part of the shore frequented by wagtails, especially in the early part of the study period. 

Site w was situated on the edge of an area of mature woodland well back from the lake 

shore. Two sites at Stordalen were chosen for continuous trapping, one at the edge of the 

treeless area of raised bog (site h), and one in its centre (site m). In addition a sweep net 

sample was taken in an area of Eriophorum angustifolium after nearby wagtail pairs were 

seen very occasionally to feed in it (site f. Figure 46).

6.2.3. Quantification of prey samples and dietary data

The simplest index of abundance which can be derived from samples of invertebrate 

animals collected in the field is a simple count of the number of individuals caught. This 

can however give rise to misleading results if the study requires some measure of 

biomass, owing to variation in the size of the animals sampled. The obvious alternative 

involves weighing the sample, either freshly caught or dried, which gives an easily 

obtained estimate of overall capture rate. However in studies where it is necessary to 

obtain separate abundance estimates for subsets of the data, such as different taxa or size 

classes, the labour involved in this method increases rapidly with the number of subsets 

used, as each group has to be separated out and weighed individually. For this reason it 

is usual in studies of food availability for insectivores to use a size index for each 

potential food item in a sample, which can be converted to an estimate of biomass using 

an empirically derived formula. Moreover this is the only method available for 

reconstructing the constituents of the diet of the insectivore concerned, if dietary data are 

derived from fragments in the gut or in faeces, which obviously cannot be weighed 

directly. Instead such fragments can be identified and used to estimate an appropriate size 

index in a manner analogous to that which can be used for trap samples, and this also 

enhances comparability between the reconstructed diet, and prey abundance.

Size indices usually involve a linear dimension such as body length (e.g. Rogers 

et al. 1976), or wing length (e.g. Bryant 1973). The accuracy of such measures is limited 

by the degree of variation in body shape in arthropods and other invertebrates. This can 

be accounted for to an extent by deriving separate conversion formulae for different taxa, 

especially where the samples consist of functionally similar animals such as flying insects
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(Bryant 1973). However where samples consist of functionally diverse organisms the 

number of separate formulae which would need to be derived is prohibitive, as it would 

not be sufficient to derive separate formulae, for instance at the ordinal level, as this 

would leave the great diversity of form within orders unaccounted for. Within Coleoptera 

for instance, there are families containing very rotund insects such as Coccinellidae, others 

of medium build such as Carabidae, and others with rather long, narrow bodies such as 

Staphylinidae. The order Hymenoptera includes narrow-bodied Ichneumonidae, medium

bodied insects such as Apis, and the round-bodied Bombus.

This problem can be addressed by using a size estimates which takes body shape 

into account. In devising such an index a compromise has to be made between the 

precision with which the size and shape of each invertebrate in a sample is measured, and 

the effort required to achieve such precision, taking into account diminishing returns in 

improved accuracy as precision increases. In the present study all invertebrate trap 

samples together comprised a total of around 2 0 , 0 0 0  individuals, so determination of a 

separate size index for each one was impractical. Instead each invertebrate was assigned 

to a category based on 1 1 body length categories, and three body shape categories. No 

particular significance is attached to the number of length and width categories chosen, 

other than that much of the size diversity of the samples in the study is accounted for by 

classification of samples into a manageable number of categories.

Length categories were <lmm, l-2mm, 2-5mm, and thence in intervals of 4mm 

until the final category of 33-37mm. No invertebrates larger than 37mm were obtained. 

The smaller size of the smaller length categories merely reflects the fact that an error of 

a particular magnitude, say 1 mm, produces a much greater relative inaccuracy in the size 

estimate of an insect 2 mm long, than an estimate for an insect 2 0 mm long, and represents 

a compromise between the inaccuracy introduced by such errors, and the ease of 

assignment of small invertebrates to appropriate categories. The width categories were 

defined relative to the length of the animal thus: <V4 x length, V̂ -Vi x length, >V2 x length. 

For instance in the case of the Coleoptera and Hymenoptera mentioned previously, 

Staphylinidae and Ichneumonidae would be assigned to the category <Va x  length, 

Carabidae and Apis would be assigned to the category Va-Vz x  length, and Coccinellidae 

and Bombus would be assigned to the category >Vz x length. In practice fewer than the 

33 size categories defined were needed, as thicker-bodied animals were confined to the
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shorter length categories. Trap and faecal samples were further classified into 18 

taxonomic categories reflecting major anatomical variations among potential prey. These 

were as follows: Plecoptera, Nematocera, other Diptera, Lepidoptera, Trichoptera, 

Hymenoptera, Homoptera, Odonata, Orthoptera, Heteroptera, Coleoptera, Arachnida, 

Collembolla, Protura, Mollusca, Thysanura, Thysanoptera, and a miscellaneous category 

for unidentified items and rare taxa. Diptera other than Nematocera will be referred to 

simply as Diptera, reference to which excludes Nematocera unless otherwise stated. These 

categories still include some major anatomical diversity, such as the difference between 

adult and larval Lepidoptera, and between wasps and ants. The anatomical type making 

up a sample of Lepidoptera, Hymenoptera or another taxonomic category will be made 

clear in the results where necessary.

On each visit to a trapping station the killing bag was removed from the Malaise 

trap and its contents transferred to a plastic tube. The live contents of each pitfall were 

counted and categorised immediately and then released several metres from the trapping 

station. The fact that Malaise catches were often much larger and more diverse than pitfall 

catches made it more practicable to count and categorise Malaise samples at the end of 

each day in the field. A proportion of the Malaise trap samples were dried and preserved 

and their dry weights obtained at a later date to be used in an assessment of the accuracy 

of the corresponding biomass estimate based on a simple volume index for each size 

category (Appendix III). A conversion formula from biomass estimate to dry weight was 

derived for these samples and subsequently used to derive an estimate of dry weight for 

further trap samples and to enable an estimate of the relative contribution of each of the 

taxon categories to these samples, and to the composition of the diet based on faecal 

samples. The method has the further merit of enabling the relative contribution of each 

size/taxon category to be used in deriving an index of diversity for diet and trap samples.

Following calculation of a dry weight estimate for each Malaise and pitfall sample, 

the mean hourly capture rate was calculated by dividing the estimate by the time in hours 

elapsed since the traps were set or the previous sample taken. In estimating the total rate 

of biomass entering the traps, only arthropods were included even though molluscs 

sometimes formed the major part of this biomass in pitfall traps at least. These were 

mainly slugs which were not known to be part of the diet in any of the sites, rather than 

the minute gastropods whose shells occasionally turned up in faecal samples, and were
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presumably sought out to provide calcium rather than for their food value. For the purpose 

of analysis each day was first divided into 24 one hour periods, and the hourly capture 

rate ascribed to each of these periods covered by the trapping session. The number of 

consecutive one hour periods ascribed data in this way equalled the number of whole 

hours in the trapping period (e.g. for any period greater than or equal to precisely two 

hours, and less than three hours precisely, two consecutive one hour periods would be 

ascribed data), beginning with the hourly period in which trapping began if it commenced 

less than half way through, or with the following period if it commenced after the half 

hour. An estimate of temperature and wind speed (Beaufort Scale) were also ascribed to 

each hourly period, in each case the mean of the two estimates taken at the beginning and 

the end of the trapping session. Following the calculation of capture rate estimates for one 

hour periods, the data were divided into six four hour periods starting at midnight, to be 

used as the criterion for estimating variation due to the diurnal cycle. Data were also 

classified by the month in which they were collected to account for seasonal variation, 

resulting in one level for Spain, three for England and two for Sweden. Finally data were 

classified according to the trapping station at which they were collected. The variance in 

arthropod abundance measured by Malaise and pitfall traps attributable to these variables 

was determined using Glim. A log, link function and gamma error structure were used in 

each case.

6.3. Results

6.3.1. Variation in arthropod abundance

Mean temperatures and wind speeds recorded in the study areas are shown in Figure 50. 

Comparison with average temperatures for the sites and times of year do not indicate any 

pronounced departure from normality in the years of the study. Slightly higher than 

average temperatures for April in England and June in Sweden reflect the fact that field 

data in both cases were taken only in the latter half of the months in question.

In general, all of the factors included in the analysis of the variation in prey 

abundance indicated by Malaise and pitfall samples proved significant. In most cases a 

generally higher level of activity was recorded in the middle of the day than in the early
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Figure 50. Climatic data recorded at the three study sites. Symbols: #  = Spain, ■  = 

Britain, ▼ = Sweden. Wind speed was not significantly different in June and July in 

Sweden. Temperature variation is compared with year on year averages for weather 

stations near the study sites (mean temperature for the month, error bars show mean daily 

maxima and minima). Data from Wallen (1970, 1977) and Lundevall (1952).
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morning and evening, though in England and Spain an increase in the Malaise catch often 

occurred in the period from 2 0 0 0 hrs to midnight, reflecting the emergence of night flying 

insects. Within the six diurnal time periods Malaise trap catches were invariably affected 

by both temperature and wind speed, with greater activity recorded at higher temperatures 

and lower wind speeds (Tables 34-36). The relationship between the weather and the 

activity of ground level fauna sampled by pitfall traps is less straightforward and is 

discussed below in relation to individual trapping stations. Differences between trapping 

stations accounted for the largest proportion of variance in pitfall catches, but for Malaise 

samples this was only true for Spain, as weather conditions accounted for a greater 

proportion of variance in England and Sweden.

6.3.2. Variation among trapping stations

Spain

Prey abundance measured by Malaise traps was considerably higher at site m than at 

other Spanish, or for that matter English or Swedish sites (Figure 51). Similar habitat at 

site 1 yielded a much lower capture rate, lower than that obtained at sites f and g, the 

latter two being inseparable. However site 1 was similar to site m in the response of flying 

insects to increasing temperature. Activity increases significantly more rapidly as 

temperature increased, compared to sites f and g, where however this increase was still 

significant (Table 34).

A quite different pattern emerged from analysis of pitfall trap data. Abundance was 

consistently low on the short sandy turf at site f compared with the three sedge marsh 

sites (Figure 52). The two sites at Cano Molino were indistinguishable and showed similar 

abundance to site 1, though with activity more prevalent in the latter half of the day. Site 

1 differed from the others in showing no response to temperature variation, compared to 

an increase in activity with higher temperatures at sites m, f and g (Table 34). Sweep net 

samples, like those obtained using Malaise traps showed a much larger arthropod biomass 

at site m.

Britain

Of the three trapping stations used in England, three months’ data were available for f and
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Table 34. Analyses of covariance of Spanish prey abundance estimates. A log  ̂ link 
function and gamma errors were used in each case. Maximum likelihood estimates of 
parameters are obtained by minimising gamma deviance rather than sum of squares. 
Hence (A) deviance replaces sum of squares in tables where non-normal error structures 
are used. A refers to the change in residual deviance occurring on removal of a variable 
or interaction from the model.

(i) Malaise traps 

Source
freedom

Null model 74
Minimum adequate 
model 65

Site'xT emperature 
0.501

0.107
Site^
Temperature
Time
Wind

1

‘M&L vs F&G. ^M vs L vs F&G. 

(ii) Pitfall traps

Source Degrees of
freedom

Null model 80
Minimum adequate 
model 71

TimexSite'
Temperature^
0.124

Time
Site^

(A) deviance Mean square F

223.48

48.95 0.753

1 1 . 2 0 1 1 . 2 0 14.87***

56.35 28.18 37.42***
9.34 9.34 12.40***
13.03 3.26 4.33**

2 2 . 0 1 2 2 . 0 1 29.23***

(A) deviance Mean square F

160.58

60.03 0.845

13.76 6 . 8 8 8.137***
4.69 4.69 5.541*

7.16
66.65

1.79
33.33

2.116 n.s. 
39.42***

‘M,G&F vs L. ^M,G&F only. ^M,G vs L vs F.

Dry weight of sweep net samples: m=4.85g, 1=0.64g, f=0.49g.

GbefBdat

M & L :

F & G :

-0.721

Cbeffi±rt

M,G&F: 

L: 0.0
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Table 35. Analyses of covariance of English prey abundance estimates, using log  ̂link and 
gamma errors.

(i) Malaise traps

Source Degrees of (A) deviance Mean square F
freedom

Null model 723 1224.0
Minimum adequate
model 710 643.81 0.907

MonthxSite* 2 26.53 13.27 14.63***
W indxT emperature 1 56.57 56.57 62.39***
Site^ 1 6.19 6.19 6.82**
Time 5 16.76 3.35 3.70**
Temperature 1 115.4 115.4 127.26***
Wind 1 202.5 202.5 223.32***
Month 2 168.9 84.45 93.13***

GoriBdal

0.1300

-0.254
-2.553

'F&R vs W.

(ii) Pitfall traps

Source Degrees of (A) deviance Mean square F
freedom

Null model 555 1061.7
Minimum adequate
model 535 738.2 1.380

SitexMonth* 1 20.93 20.93 15.17***
TimexSite 8 33.61 24.36 17.65***
W indxT emperature 1 20.52 20.52 14.87***
Month 1 24.56 24.56 17.80***
Site 2 66.13 33.07 23.96***
Temperature 1 32.18 32.18 23.32***
Wind 1 13.42 13.42 9.73***
Time 5 63.82 12.76 9.25***

0.0984

-0.2098
-1.560

'April&May vs June.

Dry weight of sweep net samples: f=4.16, s=0.91.
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Table 36. Analyses of covariance of Swedish prey abundance estimates using log^ link and 
gamma errors. - -

(i) Malaise traps

Source Degrees of (A) deviance Mean Square F Coe&ial
freedom

Null model 267 621.44
Minimum adequate
model 245 218.06 0.89

TimexSite' 3 16.16 5.39 6.05
TimexMonth^ 4 22.62 5.66 6.35
WindxT emperature 1 32.43 32.43 36.44 0.0827
Site^ 2 81.71 40.86 45.90
Temperature 1 116.1 116.1 130.44 0.0832
Wind 1 0.89 0.89 1 . 0 0 -0.8449
Month 1 65.13 65.13 70.93
Time 5 11.40 2.28 2.56

'D,S,H&M v s  W. ^Interaction significant for trapping station W only. ^D&S vs W vs 
M&H.

(ii) Pitfall traps 

Source Degrees of (A) deviance Mean square F 
freedom

CbeffidErt

Null Model 69
Minimum adequate 
model 47

117.36

5.35 0.114

SitexWind* 2 14.21 62.383 547.73***

Site^xTemperature 1 2.383 2.383 20.92***

TimexSite 9 4.012 0.446 3.91**
Wind' 1 3.959 3.959 34.76***
Temperature 1 19.45 19.45 170.77***
Site 3 31.17 10.93 91.23***
Time 4 6.509 14.29 125.45***

D&H:
0.692
S: 1.362
WI-0A20
D,W,M
&H0237
S:0.449

'D,W,M,H vs S.  ̂ Excludes M (not significantly different from zero). 
Dry weight of sweep net samples: w=0.02g, f=0.08g.
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Figure 51. Capture rates of arthropods in Malaise traps. Estimates of mean ± standard 

error of dry weight per hour of arthropods entering traps, based on frequency of 

individuals in different size categories among samples. Labels refer to trapping sites 

illustrated in Figures 44-46. Combined estimates are given for trapping stations where 

capture rates are not statistically separable.
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Figure 52. Capture rates of arthropods in pitfall traps. Estimates of mean ± standard error 

of dry weight per hour of arthropods entering traps, based on frequency of individuals in 

different size categories among samples. Labels refer to trapping sites illustrated in 

Figures 44-46. Combined estimates are given for trapping stations where capture rates are 

not statistically separable.
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w, while data for site r are available only for June (Table 35). Comparing sites f and r, 

both show a considerable increase in May over April, coinciding with the emergence of 

Bibionid flies. As the abundance of Bibionids declined, the capture rate at both sites 

dropped again in June, but more so at site w (Figure 51). Abundance at site r in June was 

indistinguishable from nearby site f.

Pitfall capture rates increased very slightly from April to May at sites f and w, but 

in June capture rate declined at site f while greatly increasing at site w (Figure 36, Table 

51), and a relatively high level of activity was sampled in June beneath the rape at site 

r. Sweep net samples indicate a much larger biomass in the grassland than in the sedge 

marsh at this site (Table 35).

Sweden

Abundance of flying insects was generally lower in July than in June, reflecting the 

decline in abundance of chironomid midges (Table 36, Figure 51). Prevalence of 

chironomids at site w contributed to the different diurnal pattern of activity recorded there 

in June, as capture rates to an extent reflected the uneven distribution of chironomid 

swarms, which lead to erratic variation in capture rates in Malaise traps (Figure 51). 

Malaise capture rates at sites d and s adjacent to the lake shore were not separable and 

generally recorded the highest level of flying insect activity. Similarly, Malaise capture 

rates at the two Stordalen trapping stations were not separable, and invariably recorded 

lower levels of activity than at the three Abisko sites.

No difference between June and July in ground fauna activity independent of 

temperature was detectable by pitfall traps. However both temperature and wind affected 

activity levels (Table 36, Figure 52) though their effects varied between sites. The most 

pronounced effect was detected at site s immediately adjacent to Lake Tornetrask, where 

capture rates increased strongly with increased temperature and increased wind speed. A 

similar pattern was detected at sites d and h, also adjacent to water, though less marked. 

Sites m and w show a more conventional pattern in that both display a positive effect of 

temperature, while there is a negative effect of increased wind speed at site w, and no 

detectable effect of wind at site m. Overall, activity levels of ground fauna appeared to 

be low, with only sites s and w recording levels comparable with the lowest means in 

England and Spain (Figure 52). Sweep net samples taken in a stand of Eriophorum at
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Stordalen, and in the ground layer of woodland at site w both indicate a very low 

abundance of arthropods (Table 36).

6.3.3. Overall comparison of arthropod abundance

In order to compare the arthropod abundance encountered by breeding wagtails between 

sites, an overall analysis was performed comparing capture rates at all 1 2  continuous 

trapping stations. Where the patterns of activity recorded at different trapping stations 

within one of the three main locations were not differentiable in analyses performed 

separately on data for the three locations, their data were combined in the overall analysis, 

resulting in 8  initial levels in the overall Malaise analysis, and 11 initial levels in the 

overall pitfall analysis (cf. Tables 34-36). Only data for the month during which nestlings 

were being provisioned were used in the analysis, respectively May in Spain, June in 

England, and July in Sweden. Temperature and wind were not included as variables in the 

analysis due to the different climates of the study sites, so that comparisons are being 

made between the activity levels recorded on the days each trapping station operated, 

irrespective of weather conditions.

In both Malaise and pitfall analyses, significant differences were detectable in the 

pattern of daily variation between trapping stations, as might be expected given the 

differences in day length between the sites (Table 37, Figure 53). In the case of Malaise 

traps five significantly different sets of trapping stations were detectable. Spanish site m 

recorded a biomass of flying insects greatly exceeding all other sites sampled in the study, 

the midday peak of 227 mg per hour dry weight exceeding the peak rate recorded 

elsewhere by almost a factor of seven. Two sets of trapping stations recorded capture rates 

exceeding 20 mg per hour during the middle of the day. Sites f and g in Spain shared a 

rather narrower mid-day peak than that recorded in the longer daylight periods at sites f 

and r in England, and d and s in Sweden. A further group recorded generally low levels 

of activity of flying insects, never exceeding single figures, and comprising one trapping 

station in each of the three main locations, site 1 in Spain, w in England and w in Sweden. 

Lower activity levels still were recorded at the two stations on Stordalen mire in Sweden 

(m & h), which had mean capture rates only just exceeding Img per hour in the middle 

of the day.
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Figure 53. Overall comparison of capture rates in Malaise and pitfall traps among the 

three locations. Estimates of mean dry weight ± standard error. Where trapping stations 

are not statistically separable they are combined regardless of location. Symbols: Malaise 

traps: #  = Spain m; * = Britain f,r, Sweden d,s; ▼ = Spain f,g; ■  = Spain 1, Britain w, 

Sweden w; 0 = Sweden m,h; Pitfall traps: #  = Spain m,g; ■  = Spain 1; *=Britain w; 0 = 

Britain r; hexagon = Sweden s; ▼ = Spain f, Britain f, Sweden w; ★ = Sweden d.
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Seven significantly different groups were detectable among the pitfall results 

(Table 37, Figure 53). Again the highest levels of activity were recorded in Spain, though 

in contrast to the Malaise results, the other two sedge marsh habitats sampled at sites 1 

and g reached similar levels of activity to site m. Moreover, the peak of over 26 mg 

recorded in Spain only exceeded the peak elsewhere by a factor of three. Capture rates 

exceeding 5mg per hour were recorded at two English trapping stations, w and r, where 

by contrast with the diurnal pattern in Spain there appeared to be a decline in activity 

from an early morning peak. The three Swedish sites for which July data were available 

were all significantly different from each other. Site s had the highest levels of activity, 

exceeding those of English site f and Spanish sites f and g, which were not differentiable 

from Swedish site w. By far the lowest activity was detected at Swedish site d, which was 

generally a factor of 1 0  smaller even than the second lowest group.

6.3.4. Taxonomic composition of invertebrate samples

In all three main locations Malaise trap samples are dominated by Diptera including 

Nematocera, and pitfall traps in terms of biomass at least, by Coleoptera or Arachnida 

(Tables 38-40). All four Spanish sites yielded Malaise samples dominated by Diptera. 

Nematocera contributed little, except in numerical terms at site g where a number of 

trapping sessions continued into the evening and so contained nocturnal insects (cf. Figure 

51). Most dipteran biomass was contributed by large Tabanidae and Dolichopodidae.

In England Nematocera generally appeared more numerous in the grassland 

habitats than other Diptera, but the latter were generally larger and contributed greater 

biomass to the sample. Overwhelming numerical domination of Swedish Malaise trap 

samples by Nematocera resulted in their predominance in terms of biomass at most 

Swedish trapping stations. The remainder of Malaise catches across the three locations 

were made up mostly by, in descending order of importance, Hymenoptera, Coleoptera 

and Hemiptera. Orthoptera occurred only in Spain, while Trichoptera and Plecoptera 

occurred in Malaise traps only in Sweden. A number of non-flying insects occurred in 

Malaise catches, including Arachnida in Spain and England, but not in Sweden where 

non-climbing wolf spiders were the only numerous Arachnid group. Caterpillars occurred 

in Malaise catches in most Swedish sites.
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Table 37. Overall analysis of covariance of prey abundance estimates using a log  ̂link and 
gamma errors.

(i) Malaise traps 

Source

Null Model 
Minimum adequate 
model

Time x group ‘
Time
Group’

Degrees of 
freedom

573

560

4
5 
4

(A) deviance Mean square F

1388.2

843.22

20.79
55.74

379.8

I.506

5.198
II.148 
94.95

3.45**
7.40***

63.06***

(ii) Pitfall traps 

Source

Null Model 
Minimum adequate 
model

Time x groupé
Time
Groupé

Degrees of 
freedom

391

370

10
5
6

(A) deviance Mean square F

1098.2

305.45

49.65
25.57

638.6

0.826

4.965
5.114

106.43

6.014***
6.195***

128.93***

' Groups in Malaise trap analysis: 
Spain m
Spain 1, Britain w, Sweden w 
Spain f,g
Britain f,r, Sweden d,s 
Sweden m,h

^Groups in pitfall trap analysis 
Spain m 
Spain 1 
Britain w 
Britain r 
Sweden s
Spain f, Britain f, Sweden w 
Sweden d
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Table 38. Invertebrate trap samples: Spain. Estimated % dry wt and % individuals 
(brackets).

Malaise Trap
Taxon m l  g f
Plecoptera
Nematocera 0.0 (2.8) 0.1 (4.7) 1.3 (22.0) 0.2 (3.2)
Lepidoptera
Trichoptera
Other
Hymenoptera 0.7 (5.2) 15.1(1.6) 9.6 (6.5) 11.8(5.1)
Diptera 89.8 (82.8) 80.4 (89.1) 87.5 (69.9) 71.4 (87.3)
Homoptera 4.4 (4.7)
Odonata
Orthoptera 3.5 (0.6)
Heteroptera 0.1 (0.4)
Coleoptera 6 . 8  (2.4) 1.6 (1.6) 12.9 (3.2)
Arachnida 2.6 (6.4) 0.1 (0.6)
Collembolla
Protura
Mollusca
Thysanoptera
Thysanura
Numerical
total (250) (64) (123) (157)

Pitfall trap
Taxon
Plecoptera
Nematocera
Lepidoptera 1.3 (6.7)
Trichoptera
Other
Hymenoptera 32.7 (42.7)
Diptera 0.2 (1.3)
Homoptera 0.8 (3.6) 0.2 (1.3)
Odonata
Orthoptera 13.4 (1.8)
Heteroptera
Coleoptera 76.6 (50.9) 97.0 (52.0) 97.5 (69.2) 39.5 (26.7)
Arachnida 3.6 (32.7) 3.0 (48.0) 1.1 (26.9) 14.1 (16.0)
Collembolla
Protura
Mollusca 1.5 (2.7)
Thysanoptera
Thysanura 5.6 (10.9) 1.4 (3.8) 0.1 (1.3)
Numerical
total (55) (25) (26) (75)
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Table 38 (continued). Invertebrate trap samples: Spain.

Taxon m 1 f
Plecoptera
Nematocera 0.2 (0.5) 0 . 2  ( 1 . 1 ) 1.3 (2.6)
Lepidoptera 0 . 0  (0 . 1 )
Trichoptera
Other
Hymenoptera 9.7 (11.9) 1.6 (2.5) 18.0 ( 1 0 .6 )
Diptera 3.6 (9.9) 59.3 (42.8) 17.2 (44.2)
Homoptera 69.0 (67.6) 22.0 (30.8) 17.2 (22.6)
Odonata 4.8 (0.2) 8 . 6  (0 .2 ) 16.2 (0.3)
Orthoptera 3.8 (1.4) 2 . 6  (0 .2 ) 11.6 (3.5)
Heteroptera 1.7 (2.0) 0.7 (0.4)
Coleoptera 4.3 (4.3) 3.3 (4.5) 17.3 (6.1)
Arachnida 1.9 (1.4) 1.8 (2.7) 0.4 (2.3)
Collembolla
Protura 0.0 (14.5)
Mollusca 0.0 (0.3)
Thysanoptera 0.0 (0.5) 0.0 (0.4)
Thysanura 0.1 (7.4)

Numerical 2223 558 310
total
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Table 39. Invertebrate trap samples: England. Estimated % dry wt and % individuals (brackets).

Malaise Trap
Taxon F W R

April May June April May June June

Plecoptera
Nematocera
Lepidoptera
Trichoptera
Other

22.8 (64.7) 27.8 (32.6) 7.2 (25.9) 
0.2 (0.4)

61.1 (62.7) 71.9 (76.9) 54.2 (50.9) 1.0 (5.3)

Hymenoptera 5.6 (1.2) 3.2 (1.3) 9.0 (5.5) 0.3 (0.8) 1.3 (5.4) 3.6 (1.5)
Diptera
Homoptera
Odonata
Orthoptera
Heteroptera

70.8 (32.8) 6 8 . 6  (56.3) 
0 . 1  (0 .8 )

81.3 (61.5) 
0.2 (4.5)

0.3 (0.2)

37.9 (35.8) 

0 . 1  (0 .2 )

25.7 (21.4) 43.6 (38.4) 
0.1 (2.7)

95.2 (82.7) 
0.1 (5.6)

0 . 0  (0 . 1 )
Coleoptera
Arachnida
Collembolla
Protura
Mollusca
Thysanoptera
Thysanura

0.1 (0.4)
0 . 1  (0 .0 ) 
0.1 (8.9)

1.5 (0.8) 
0.3 (1.2)

0.8 (0.9) 2 . 0  (0 .6 ) 0.8 (2.7) 0 . 0  (0 .2 )

Numerical
total (912) (3932) (2234) (450) (943) ( 1 1 2 ) (805)
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Table 39 (continued). Invertebrate samples : England 

Pitfall traps
Taxon F W R

April May June April May June June

Plecoptera 4.0 (3.0)
Nematocera 0.9 (2.0) 0.4 (0.7) 1.5 (1.5)
Lepidoptera 7.7 (0.1) 0.5 (0.4) 0.1 (0.7)
Trichoptera
Other 11.3 (0.2) 0 . 2  (0 .2 ) 0.5 (2.0) 1.7 (1.5) 0.1 (0.7)
Hymenoptera 2.0 (1.7) 1 . 2  (0 .6 ) 29.7 (35.0) 2 0 . 2  (2 2 .2 ) 35.9 (25.5) 0 . 2  (2 .2 )
Diptera 11.2 (14.3) 0.4 (0.7) 4.0 (2.3) 15.9 (10.0) 4.0 (6.1) 4.1 (3.6)
Homoptera 0.9 (0.4) 0 . 1  ( 1 0 .0 ) 0.3 (2.0) 0 . 1  (2 .2 ) 0.1 (0.7)
Odonata
Orthoptera
Heteroptera 0 . 1  (0 . 1 )
Coleoptera 13.5 (1.5) 1.9 (1.2) 2 . 0  ( 1 0 .0 ) 27.2 (5.1) 17.1 (3.6) 95.4 (26.1)
Arachnida 56.4 (35.7) 15.6 (2.6) 14.3 (4.2) 52.4 (30.0) 39.9 (12.1) 38.8 (27.0) 2.2 (7.2)
Collembolla 1.8 (92.2) 3.9 (89.4) 0.0 (5.0) 0.6 (45.5) 0.8 (35.0) 1.8 (60.9)
Protura
Mollusca 31.5 (7.1) 46.0 (0.7) 71.8 (0.5)
Thysanoptera
Thysanura 0.9 (2.4) 0 . 6  (0 . 1 ) 0.9 (0.0) 3.2 (1.0) 0.2 (1.4)

Numerical
total (42) (909) (2219) (2 0 ) (99) (137) (138)
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Table 39 (continued). Invertebrate trap samples: England 

Sweep net
Taxon s f

Plecoptera
Nematocera 1.9 (4.5) 1.2 (1.7)
Lepidoptera 0.1 (0.1)
Trichoptera
Other
Hymenoptera 4.3 (6.0) 2.2 (11.0)
Diptera 37.5 (33.2) 39.4 (34.2)
Homoptera 18.6 (29.7) 8 . 6  (13.9)
Odonata 32.5 (0.7) 1.0 (0.0)
Orthoptera 2.4 (0.1) 0.2 (0.1)
Heteroptera 0.0 (0.3) 40.3 (29.2)
Coleoptera 2.1 (3.1) 6.0 (5.1)
Arachnida 0.0 (0.4) 0.3 (0.6)
Collembolla 0.0 (0.1) 0.3 (3.2)
Protura
Mollusca
Thysanoptera 0.7 (21.0) 0.0 (1.0)
Thysanura

Numerical 687 6918
total
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Table 40. Invertebrate samples: Sweden. Estimated % dry wt and % individuals (brackets). 

Malaise traps
Taxon D S

June July June July

Plecoptera 9.6(11.1) 1 . 1  (2 .2 )
Nematocera 72.7 (82.5) 78.8 (94.9) 61.4 (79.1) 3.6 (15.0)
Lepidoptera 1 . 6  ( 1 .6 )
Trichoptera 1.4 (0.5) 12.6 (14.7)
Other
Hymenoptera 5.9 (2.1) 21.8 (0.7) 38.0 (26.5)
Diptera 27.3 (17.5) 14.0 (2.6) 7.2 (4.2) 42.1 (39.0)
Homoptera 0.5 (0.6)
Odonata
Orthoptera
Heteroptera
Coleoptera 0 . 2  (0 . 1 )
Arachnida
Collembolla
Protura
Mollusca
Thysanoptera
Thysanura

Numerical
total (63) (1643) (153) (939)

W H M
June July June July June

1.1 (0.9)
96.3 (97.3) 25.5 (69.4) 27.8 (71.0) 63.9 (84.2) 48.6 (69.3)

3.8 (3.2) 0.3 (1.6) 0.9 (0.6)
2.3 (2.7) 1.8 (0.8)

0.3 (0.7) 42.5 (9.6) 2.1 (1.6) 10.6 (3.3) 3.4 (2.8)
3.0 (2.5) 24.8 (14.2) 69.8 (25.8) 23.7 (11.7) 47.0 (27.2)

(367) (219) (62) (120) (316)

Only one item (Nematocera) was caught at trapping station M in July.
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Table 40 (continued). Invertebrate samples: Sweden 

Pitfall traps
Taxon D S W H M

June July June July June July June July June

Plecoptera 94.6 (33.3) 56.6 (9.1)
Nematocera
Lepidoptera
Trichoptera
Other
Hymenoptera
Diptera
Homoptera 0.1 (12.5)
Odonata
Orthoptera
Heteroptera
Coleoptera 100.0 (100.0) 31.4 (9.1) 100.0 (100.0) 58.9 (25.0)
Arachnida 5.4 (66.7) 11.3 (63.6) 100.0 (100.0) 99.9 (87.5) 41.1 (75.0)
Collembolla 
Protura
Mollusca 0.6 (18.2)
Thysanoptera
Thysanura

Numerical
total (0) (3) (3) (11) (1) (8 ) (1) (0) (4)

No items were caught at trapping station M in July
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Table 40 (continued). Invertebrate trap samples: Sweden.

Sweep net
Taxon w s

Plecoptera 7.7 (2.9)
Nematocera 15.3 (5.9) 27.6 (31.3)
Lepidoptera
Trichoptera 7.3 (7.2)
Other
Hymenoptera 7.7 (2.9) 1.0 (1.2)
Diptera 38.6 (32.4) 25.0 (19.3)
Homoptera 12.6 (17.6) 17.1 (26.5)
Odonata
Orthoptera
Heteroptera 10.5 (29.4)
Coleoptera 5.1 (5.9) 1.0 (1.2)
Arachnida 2.6 (2.9) 21.2 (13.3)
Collembolla
Protura
Mollusca
Thysanoptera
Thysanura

Numerical 34 83
total
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Pitfall traps were overwhelmingly dominated by Coleoptera in Spain, mainly 

Carabidae, while Arachnida were numerous but consisted of mostly small individuals. 

Larger Arachnida were more common in England and hence dominated the arthropod 

biomass recorded by pitfalls, though minute Collembolla were extremely abundant during 

May and June. Pitfall catches in Sweden were remarkable mainly for their paucity, but 

again consisted mainly of Arachnida and Coleoptera.

6.3.5. Taxonomic variation among invertebrate samples within locations

Spain

The three sedge marsh trapping stations (m, 1 & g) yielded continuous samples with a 

similar taxonomic composition with only the grassland site (f) providing a contrast (Table 

28). All Malaise samples were dominated by Diptera, but Diptera captured at site f are 

individually somewhat smaller and samples also included numerous small beetles. The 

sedge marsh sites yielded pitfall samples consisting mainly of Coleoptera, but ants were 

most numerous at site f, and yielded a similar biomass to Coleoptera. The sweep net 

sample at site m was dominated by Homoptera, which was the second most common 

taxon at site 1, where Diptera were much more numerous, while catches at site f were 

spread more evenly among taxa.

Britain

The proportion of Nematocera in Malaise trap samples display a peak in May at both sites 

f and w as a result of the mass emergence of Bibionid flies during that month (Table 29). 

However though Nematocera remain numerous at site w in June, represented mainly by 

Chironomidae rather than Bibionidae which by then had declined, they are markedly less 

common at site f and are hardly represented at site r, a pattern reflecting the relatively dry 

conditions on King’s Hill as against the marshier habitat at Wellmarsh. The long grass at 

site F provides suitable habitat for slugs which increasingly dominated the pitfall samples 

as the season progressed, and also for Collembolla which were more numerous than at the 

other two sites. Short grass and sandy soil at site w provided a habitat for ants, as at site 

f in Spain, while Carabid beetles were active on the open ground beneath the rape crop
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as indicated by pitfall samples at station r. The sweep net sample at site f was dominated 

by Diptera and Heteroptera (Miridae) though the latter were overwhelmingly in the 

majority numerically. The smaller sample from the sedge marsh at site s contained many 

Odonata (damselflies) but was otherwise similar.

Sweden

Nematocera predominated in all sites in June Malaise samples, except in terms of biomass 

at site h where smaller midges were caught instead of Chironomids as elsewhere (Table 

40). More diverse samples were obtained in July when Trichoptera and Hymenoptera 

became common the latter consisting mainly of Ichneumonidae, but including some 

Apidae and Vespidae especially at site s, which was generally more diverse than the other 

sites. Plecoptera contributed to both Malaise and pitfall samples at site s, especially in 

June when sampling took place towards the end of their mass emergence period, and 

Trichoptera were especially common at the site in June. The meagre sweep net samples 

contained a similar range of taxa to continuous trap samples, but were devoid of 

Lepidoptera, reflecting their occurrence mainly in the forest canopy.

6.3.6. Nestling diet

Spain

A temporal trend in dietary composition is visible among Yellow Wagtail broods at the 

Cano Molino site, where at the end of April nestlings were fed a high proportion of 

caterpillars, which decreased to zero in later nests in progress during the middle of May, 

when Homoptera became important (Table 41). There is also a suggestion of a decline in 

the importance of Odonata over the period of data collection. Orthoptera and Coleoptera 

on the other hand form a consistently large proportion of the diet, and Arachnida a smaller 

proportion. The contribution of Diptera to the diet is insignificant.

Britain

As in Spain no taxonomic group dominates Yellow Wagtail nestling diet either 

numerically or in terms of mass consumed (Table 42). Arachnida and Diptera were taken 

in large numbers and make a substantial contribution to biomass consumed, but while
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Table 41. Yellow Wagtail nestling diet: Spain. Proportions of biomass estimate and number of items identified (in brackets) contributed by
each taxonomic category. Wfc/b d» c* d̂Aj,cAucL^

H
Plecoptera
Nematocera 1 (4) 6  (2) 0 (2)
Lepidoptera 
Trichoptera 
Other
Hymenoptera 
Diptera
Homoptera 3 (36) 12 (60) 6  (63) 27 (8 6 )
Odonata
Orthoptera 34 (14) 9 (7) 18 (12) 16 (5) 10 (3) 69 (9)
Heteroptera 
Coleoptera
Arachnida 6  (14) 11 (21) 5 (17) 10 (7) 19 (13) 3 (2)
Mollusca 
Thysanoptera

Numerical
total (14) (28) (6 6 ) (75) (75) (90)

Hatch date 26/4 24/4 7/5 24/4 13-14/5 2/5

2 .

lÙQ̂ O

A B D E F&G

1 (4) 6 (2 )
47 (29) 27 (7) 8(3) 27 (5)

0 ( 1 )
1 (15) 0(3)
3 (18) 6(9) 1 (3)

3 (36) 1 2  (60) 6(63)
2 1  ( 1 1 ) 22 (14) 10(3) 3 (1)

34 (14) 9(7) 18 ( 1 2 ) 16(5) 10(3)

14 (36) 27 (7) 42(17) 19 (4) 62 (16)
6(14) 1 1  (2 1 ) 5 (17) 10(7) 19(13)
0(7) 0(4) 0 (2 ) 0(3) 0 ( 1 )

(14) (28) (6 6 ) (75) (75)

26/4 24/4 7/5 24/4 13-14/5

/ 3 J Z Z

6  -
L s>~% 7-/2 -
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Table 42. Yellow Wagtail nestling diet; Britain. Proportions of biomass estimate and number of items identified (in brackets) contributed
by each taxonomic category. Wfcrs rcp:.^ it> f^cUunluaJ C<^ 4-6).

Plecoptera

Hatch date

D

2/6

5 - lo

G H K

11/6

f
5 - S

22/5

3

11/6

Z

5 -6

4/6

3
4- '"3

29/5

M

3/6

3
4 - 7

N

Nematocera 5(35) 20 (29) 2(9) 1 (9) 21 (74) 4 (49) 3 (34) 4(33)
Lepidoptera 4(2) 2(4)
Trichoptera
Other
Hymenoptera 0 (2 ) 1 (5) 0 (2 ) 0(5) 0 (2 )
Diptera 3 (16) 23 (46) 1 0  ( 1 0 ) 12 (40) 4(9) 0(4) 32 (34) 17(31)
Homoptera
Odonata 2 0  (8 ) 13 (2) 32 (5) 37 (7) 14(1) 20 (9) 30 (5) 45 (11)
Orthoptera

1 ( 1 )
Heteroptera 1 (3)
Coleoptera 23 (5) 27 (5) 6 (2 ) 38 (9) 41 (9) 46 (11) 34(15) 15(6)
Arachnida 45 (33) 17 (12) 46 (69) 12(31) 19 (2) 30 (23) 18(9)
Mollusca 0 ( 1 ) 0 (2 ) 0(5) 0(4) 0(7) 0(3)
Thysanoptera 3 (1)

Numerical
total (63) (93) ( 1 1 0 ) (45) (92) (47) (41) ( 1 0 0 )

8/6

7
3 -  d
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Table 42 continued. Nestling diet: England

P Q R

Plecoptera
Nematocera 3 (38) 22 (21) 5 (49)
Lepidoptera 3 (5) 1 (1)
Trichoptera 
Other
Hymenoptera 0 (8 ) 0 (5)
Diptera 1 (8 ) 14 (32) 8  (14)
Homoptera 1 (5) 2 (9)
Odonata 51 (16) 29 (6 )
Orthoptera 
Heteroptera
Arachnida 96 (46) 8  (11) 28 (11)
Mollusca 0 (3)
Thysanoptera
Colevpkfz^ ICS) 2 .7 (0
Numerical
total (13) (19) (154)

Hatch date 5/6 16/6 16/6

S  3 ' î  ^ ' '2 -
CdAî )



Important biases inherent in the invertebrate sampling techniques used include the 

following. Sweep net samples may underestimate the abundance of taxa which inhabit the 

lower parts of the vegetation layer rather that the upper stalks or branches, and may also 

underestimate the abundance of taxa which take off readily when disturbed, as for instance 

by the approach of the sweep net, including adult Lepidoptera and Odonata, as well as 

Orthoptera. Moreover it proved impractical to sample in a number of the habitats of 

interest, further reducing the overall utility of the technique. Most important of these were 

the Salicomia habitat in Spain (Figure 44), in which the grass Hordeum marinum was 

present at high densities and was setting seed at the time samples were being taken, 

rendering sampling impractical due to the huge volume of seed which accumulated in the 

net (cf. Cogan & Smith 1974), and the oilseed rape in Britain (Figure 45) which could not 

be sampled without damaging the crop.

Malaise traps are efficient at capturing medium sized, strongly flying insects such 

as Diptera and Hymenoptera, but inefficient when it comes to poor fliers such as 

Coleoptera which tend to settle on the ground or inside the body of the trap, and also 

large insects such as Lepidoptera and Odonata which avoid the trap altogether. Rate of 

capture can depend on placement as many more insects are caught when the trap is placed 

in a fly way (Oldroyd 1958). Wind strength and direction is also a factor, though traps 

were generally placed facing the wind, and wind strength is included as a factor in the 

analysis.

Pitfall traps again depend on placement as arthropods accumulate in gulleys which 

they use as highways (Cogan & Smith 1974). More active animals are caught more often, 

though these may also be more available to avian predators. Finally escape is obviously 

more feasible for jumping taxa such as Orthoptera.
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many Nematocera were delivered to most broods, their mass contribution is negligible. 

The opposite is true of Odonata and Coleoptera, which generally contribute double figure 

mass percentages and single figure numerical percentages. There is little evidence of 

temporal trends but dietary composition varies spatially over the marsh. In drier areas such 

as that immediately east of King’s Hill Farm there is a smaller numerical contribution of 

Nematocera to nestling diet (i.e. nests F, G, H, Q) compared to wetter areas east of King’s 

Hill Farm and at Wellmarsh.

Among Meadow Pipits nestling diet is remarkably constant among the six broods 

sampled with Lepidoptera (probably mainly large Noctuid moth caterpillars), and 

Arachnida accounting for the bulk of the diet in each case (Table 43). Nematocera, mainly 

Bibionidae, were numerically important numerically, but less so in terms of biomass.

Sweden

Caterpillars dominated the diet of all the Yellow Wagtail broods sampled, making up not 

less than 50% of the diet, either numerically or in terms of mass, in any of the broods 

sampled (Table 44). Diptera, Coleoptera and Arachnida all featured in the diet of most 

broods, while Nematocera were often numerous, but contributed little mass. The chief 

pattern of variation in dietary composition is temporal, with a marked decrease in the 

numbers of Nematocera in faecal samples from the end of June through July, while the 

proportion of Lepidoptera increased over the same period.

The small amount of data available for the Meadow Pipit indicates a similar diet 

to that found in Britain with perhaps more of an emphasis on Arachnida rather than 

Lepidoptera, which this time consist of small Geometrid caterpillars (Table 45).

6.4. Discussion

6.4.1. Variation in arthropod abundance

Although none of the sampling methods used give an unbiased index of prey abundance, 

or the ease with which food is gathered by insectivorous birds in the habitats sampled, 

each provides information on a different aspect of the arthropod fauna which, with careful 

interpretation, can be used to derive a summary of the potential of each habitat as a
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Table 43. Meadow Pipit nestling diet: Britain. Proportions of biomass estimate and number of items identified (in brackets) contributed by each
taxonomic category. 'te? <> £̂lc îcUicU .

N D G H I j K L M

Plecoptera
Nematocera 2 (27) 3 (34) 12 (38) 17 (33) 28 (77) 31 (59) 2(14) 0(5) 35 (10)
Lepidoptera 62 (28)
Trichoptera
Other
Hymenoptera 1(1)

74 (31)

1 (3)

29 (12) 

4(8)

6 6  (17)

0(17)

60(8)

0 (2 )

29 (5) 38 (16) 19 (10) 18 (26) 

1  (0 )
Diptera 2 (7) 
Homoptera 0 (2) 
Odonata
Orthoptera 1 (3) 
Heteroptera 
Coleoptera 11 (10)

7(9)
0(3)

2 (6 )

4(15) 

14 (8 )

8(17) 3(4) 9 (23) 
2(17)

5(32)

13(5)

24 (5) 

6(15)

2(17)

2(13)
Arachnida 20 (2)
Mollusca
Thysanoptera

14 (14) 36 (19) 8(17) 1 0 (6 ) 31 (14) 41 (32) 45 (45) 29 (18)
1 (0 )

Numerical (82) 
total

(35) (26) (6 ) (48) (2 2 ) (37) (2 0 ) (117)

Hatch date 12/6 4/5 10/5 20/4 5/5 22/4 21/5 21/5 8/5

% 3 / 3 2_ 4 f
5 - /2 _

5 - 1 Y - ' 1 i} s - 7 Î0-')!. y - 7
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Table 44. Yellow Wagtail nestling diet: Sweden. Proportions of biomass estimate and 
number of items identified (in brackets) contributed by each taxonomic category.

r c .^  fo  0~>à<ĵ ,tkxjueX 4^)
C F H I AA

Plecoptera 0 (1 ) 0 (2 )
Nematocera 7 (34) 1 (22) 2 (1 0 ) 1 (2)
Lepidoptera 64 (32) 56 (50) 75 (60) 83 (60) 68 (55)
Trichoptera 8 (4 )
Other
Hymenoptera 0 (2 ) 7 (5 )
Diptera 13 (11) 7 (10) 5 (1 3 ) 26 (24)
Homoptera 1 (2)
Odonata
Orthoptera
Heteroptera
Coleoptera 8 (11) 32 (22) 2 (4 ) 0 (3 )
Arachnida 11 (6) 8 (5) 10 (7) 4 (6 )
Mollusca 0 (4 ) 0 (4 ) 0 (7 ) 0 (9 )
Thysanoptera 1 (3)

Numerical
total (47) (/g ) (77) (/5 ) (3 j)

Hatch date 27/6 5/7 30/6 30/6 13/7

iWtjJ tn.-v i 2 2. 1 3
iouWr,

6 y
6 6 - 6 6 - 0
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Table 45. Meadow Pipit nestling diet: Sweden. Proportions of biomass estimate and 
number of items identified (in brackets) contributed by each taxonomic category.

/C -to ,

0 Y

Plecoptera
Nematocera 5 (24) 7 (13)
Lepidoptera 25 (20) 44 (25)
Trichoptera
Other
Hymenoptera
Diptera 5 (12) 14 (31)
Homoptera 0 (6)
Odonata
Orthoptera
Heteroptera
Coleoptera
Arachnida 66 (44) 34 (25)
Mollusca
Thysanoptera

Numerical total (25) (16)

Hatch date 3/7 3/7

«va ^  y
“ïtAvp L» .

AhtUyi ( , -5
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foraging environment. General patterns which have emerged from the analysis are diurnal 

variation in arthropod activity and the effect of weather conditions.

Capture rates in Malaise and pitfall traps are for the most part higher in the middle 

of the day in all three main locations, though this is unlikely to reflect changes in the 

arthropod biomass present in the habitat, but rather relates to higher levels of activity in 

warmer temperatures, an interpretation reinforced by the generally positive relationship 

between capture rates and temperature within each of the diurnal time periods. A similar 

negative relationship with increasing wind speed may partly reflect the effect of wind chill 

on arthropod activity and a tendency to stay put during turbulent conditions to avoid being 

blown away or buffeted by moving vegetation, though in the case of Malaise traps it 

probably also reflects the lower efficiency of traps in windy conditions.

Each of these factors is liable to affect the ease with which predators gather insect 

food though the precise nature of this effect is difficult to predict, and will vary according 

to the habitat and the type of prey being pursued. Greater activity during warm, calm 

weather conditions should increase the detectability of potential prey, but may also make 

them more difficult to catch. Thus the large Dipteran biomass recorded in the Malaise trap 

at site in Spain may be largely inaccessible due to their rapid flight (cf. Davies 1977b, 

Bibby 1981), while wagtails feeding on Homoptera within stands of sedges at this site 

should be largely sheltered from the wind and little affected by it. Meanwhile wagtails 

feeding in the open on Chironomids or other weak-flying insects are likely to experience 

considerable effects of even relatively light winds.

The three main locations differ in the importance of different factors in producing 

the overall variation in prey abundance. Among the pitfall traps in all three sites, random, 

diurnal variation, and variation with weather conditions were secondary to variation 

between habitats indicating that differences in abundance of active ground fauna between 

habitats are unlikely to be obscured by varying weather conditions. This was also the case 

for flying insects sampled by Malaise traps in Spain, but not in England or Sweden, where 

habitat differences such as they were had a much less profound effect on the kinds of 

insects flying above them. This reflects the fact that much of the aerial biomass in these 

two sites consists of mating swarms emerging from water bodies or waterlogged soil, 

which spread over the surrounding landscape regardless of the habitats present. Thus 

proximity of water is a more important factor than the habitat itself when such insects
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form a viable food source, and under these circumstances wagtails and other insectivorous 

birds may be less restricted than usual in the habitats in which they forage. For instance 

observations at Abisko in early June suggested that wagtails and other insectivorous birds 

gather beside the lake on windy days to feed on Plecoptera, but disperse on calm days 

when Chironomids are more conspicuous.

6.4.2. Variation in arthropod abundance among habitats

Spain

Of the four sites sampled in Spain, the undisturbed Vim high sedge marsh vegetation at 

site m appeared to harbour a larger arthropod biomass than the other habitats, yielding the 

largest sample values for Malaise, pitfall and sweep net samples. Ranking of other habitats 

varied however, according to the aspect of arthropod abundance sampled. Site f yielded 

the smallest pitfall and sweep net samples, but flying insects appeared to be as abundant 

as in the small area of sedge marsh at site g. Low aerial insect abundance at site 1 

contrasted with a pitfall capture rate comparable with site m. Non marsh habitats in Spain 

were generally parched and seemingly unproductive, increasingly so as the season 

progressed, so it is not surprising that the largest arthropod biomass was detected in the 

relatively large and undisturbed area of sedge marsh habitat at site m. Site g nearby 

consisted of a narrow strip of sedge marsh l- 2 m wide, surrounded by cracked bare soil 

with scattered shrubs, and the generally lower sampling rates reflect this. Likewise the 

abundance of flying insects at site f probably reflects the diverse wetland habitats in the 

vicinity as much as the grassland habitat in which it was sited. Unlike most other non

marsh habitats in the area however, this grassland remained green and actively growing 

until the end of the fieldwork period, reflecting the unusually high water table present in 

the area caused by an artesian effect in the aquifer confined in the layer of sand and 

gravel which underlies the impervious clay layer of the floodplain, and forms the bluffs 

on either side. As a result, even at the height of the dry season there is a continual 

seepage of fresh water onto the floodplain, replenishing the water table and even 

contributing to the development of peat bog in the Rocina valley west of the El Rocio 

study site (Hollis et al. 1989).

The relatively low arthropod biomass recorded in the extensive sedge marsh area



267

at El Rocio as sampled at site 1 probably reflects the presence of horses which grazed the 

sedges to less than half their height at Cano Molino, as well as trampling and churning 

up the waterlogged soil. Despite this difference, the similarity of the two extensive areas 

of sedge marsh sampled is emphasised by the greater effect of temperature on flying 

insect activity compared to the drier areas, where low humidity may have an inhibitory 

effect on insect flight at high temperatures.

England

No clear pattern emerged as to which of the habitats subjected to continuous sampling 

harboured the greatest arthropod abundance. However, a comparison of the two sweep net 

samples suggested a much greater arthropod biomass in grassland than in sedge marsh in 

this location, and the area of sedge marsh sampled, though undisturbed by grazing, 

harboured a fauna much more similar to the disturbed sedge marsh habitat at El Rocio 

than the undisturbed habitat at Cano Molino which it resembled more structurally.

Sites f and w both underwent an approximate tripling in abundance of flying 

insects between April and May, attributable mainly to a mass emergence of Bibionids. 

The latter were a major food source for the nestlings of earlier breeding Meadow Pipits, 

but had little direct significance for nestling wagtails which arrived after the swarming 

period had ended, though they are likely to have been a valuable food source in the period 

between arrival from winter quarters and commencement of breeding by wagtails. Flying 

insect density settled down to a higher level at site f in June compared to w where it 

collapsed below that seen in April, perhaps reflecting the lower vegetation biomass in the 

Rabbit grazed habitat at site w. Abundance of Nematocera emerging from aquatic larval 

stages earlier in the year would not be affected by this, and were larger at site w which 

was lower lying and closer to large areas of open water than site f.

A similar but opposite pattern in pitfall catches can again be attributed to 

vegetation structure, with lush growth in June obstructing arthropod movement at site f, 

while the increasing biomass is reflected at site w where the turf remained short. 

Moreover sandier soil at the latter site encouraged ants which are highly active and well 

represented in pitfall samples where they occur. A relatively high capture rate in pitfall 

traps beneath the rape at site r reflects the ease of movement of carabid beetles in this 

habitat, while flying insect biomass is indistinguishable from that at the nearby site f.
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despite the very different habitat. Periodic crop spraying presumably reduces the insect 

population of rape crops such as that sampled at site r, if only temporarily. Both arable 

crops and lightly grazed grassland have a large standing crop of vegetation at the time 

wagtails are breeding, and grasses and many arable crops, especially rape are also 

flowering vigorously providing a rich food source for insects, which in turn provide a 

potential food source which wagtails among few other insectivorous birds are able to 

exploit, and wagtails are perhaps the only species which do so systematically.

Sweden

As in England flying insects appear most abundant during the month preceding breeding 

owing to the mass emergence of Nematocera, this time Chironomidae. Again a great 

abundance of these insects is available to wagtails preparing to breed, but they are less 

common during the nestling period and decrease further as the season progresses. Unlike 

in England however, it is possible to rank habitats in terms of flying insect abundance, 

as the latter decreases with distance from the shore of Lake Tometrask, and is lowest on 

the open habitat of Stordalen mire.

Pitfall rates are negligible throughout, but bear a significant relationship to weather 

conditions in a way which again reflects proximity to water. A negative relationship 

between sample sizes and wind speed occurs away from the edge of water bodies, 

changing to a positive relationship at the water’s edge. This pattern might be expected if 

insects which normally occur on or over the water’s surface take refuge in water-side 

vegetation during turbulent weather conditions. The fact that most of the arthropods 

caught in pitfall traps in water-side trapping stations are terrestrial predators does not 

refute this postulate, as such animals ought to be particularly active at such times, and 

also be attracted to the shoreline in much the same way as insectivorous birds.

6.4.3. Variation in arthropod abundance among main locations

Where the pattern of arthropod abundance indicated by trap samples shows some 

correspondence with wagtail distribution and foraging habits it is at least possible to refute 

the null hypothesis that wagtail distribution and arthropod abundance are uncorrelated, and 

such correlations provide quantitative evidence that the occurrence of wagtails is to some
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extent determined by arthropod density. This section will therefore consider the overall 

pattern of arthropod density in the three study locations, and the relevance of this for 

breeding wagtails, while the next section will consider the distribution of wagtails within 

each location, and their foraging strategies and locations in relation to the abundance of 

arthropods.

Roughly speaking, the three trapping procedures sample three different aspects of 

arthropod availability. Malaise traps sample density of flying insects, pitfall traps that of 

arthropods and other invertebrates walking and crawling on the ground, and a sweep net 

samples density of arthropods within the vegetation of the ground layer. Comparing the 

three sites as a whole, the only clear cut pattern is that of the second group, terrestrial 

arthropods, for which there is evidence of a precipitous latitudinal decline. Capture rates 

in Spanish pitfalls are consistently high, generally twice that in England, and in Sweden 

the capture rate is negligible. This pattern is highly relevant to foraging Yellow Wagtails 

and Meadow Pipits, in which picking from the ground surface is a frequently used mode 

of foraging.

Spanish habitats also yielded the largest Malaise and sweep net samples, though 

not consistently so, as trapping stations other than the one in the main area of sedge marsh 

at Cano Molino were in some cases exceeded by habitats further north. In particular the 

grazing marsh habitat at Elmley yielded a sweep net sample only slightly inferior to the 

largest Spanish sample, while all other sweep net samples including those from Spain, 

were much smaller. Again this is highly relevant to foraging wagtails and pipits as picking 

from vegetation is another frequent mode of foraging, and given the ability and 

willingness of wagtails to clamber amongst the stalks of vegetation such as grasses and 

sedges, and amongst the branches of dwarf shrubs, there seems no reason to believe that 

the aspect of the arthropod fauna sampled by sweep net is not a readily available potential 

food source for this species.

The relevance of samples of flying insects taken from Malaise traps is perhaps the 

most difficult to judge. Flying insects are frequently taken by Yellow Wagtails using 

snapping and flycatching movements, but it is unlikely that the relative size of Malaise 

trap catches accurately reflects the differences in the availability of this food source 

among the various habitats. One problem is that Malaise traps are most efficient at 

catching large, powerfully flying insects, such as Calliphoridae and Tabanidae, which buzz
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around inside the trap, rapidly finding the highest point and entering the killing bag, 

whereas weaker flying, more flimsy insects can take a long time to do so, and are more 

likely to settle, or to be blown into a comer of the trap by even a slight breeze. However, 

fast-flying Diptera are likely to be much less available to insectivorous birds than weak- 

flying insects such as Nematocera, which are easily caught by them. The very large 

catches at station m in Spain therefore exaggerates the availability of flying insects to 

wagtails at this site, as it consisted mainly of Tabanids and Dolichopodids, and other 

large, fast-flying insects which were not an important food source for wagtails at the site, 

as illustrated by the relatively small contribution of Diptera to the diet of the Spanish 

nestlings. Elsewhere, there is little to choose between Spanish sites f and g, the two 

King’s Hill farm sites in England, and the two sites on the shore of Lake Tometrask in 

Sweden in terms of biomass of flying insects, except that abundance reflects the shorter 

period of daylight in Spain. The two sites on short grass, one in Spain and one in 

England, both yielded rather small Malaise trap samples of the same order as the Abisko 

site set back from Lake Tometrask, while the two Swedish sites still further from the lake, 

at Stordalen recorded still lower abundances of flying insects.

6.4.4. Distribution of foraging in Yellow Wagtails in relation to food abundance

The distribution of breeding wagtails has a marked spatial pattem in each of the sites, 

which can to an extent be related to the characteristics of the habitat, but which also 

includes components which have no immediately obvious interpretation. However, habitats 

of similar appearance are not necessarily equally suitable, and variation in food 

availability is very likely to contribute to observed pattems, and to the kind of foraging 

strategies adopted by wagtails in each site.

Spain

At Goto Donana and elsewhere in southem Spain breeding concetrations of Yellow 

Wagtails are generally associated with sedge marsh habitats. This is tme of the two study 

sites at El Rocio and Cano Molino, but it is not immediately obvious why the density of 

pairs at Caho Molino should be so much greater, especially as the area of sedge marsh 

at El Rocio is much more extensive. However if habitat suitability is judged instead on
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the basis of food availability instead of the vegetation associations present in an area, the 

difference in density corresponds with expectation, as the sedge marsh habitat at El Rocio 

appears to harbour a lower arthropod biomass than that at Cano Molino. The two sedge 

marsh habitats differ in a number of ways which could potentially explain this 

discrepancy, including the degree of salinity, which judged by the predominance of 

halophytic flora at Cano Molino is much greater there than at El Rocio where the habitat 

is flushed by fresh water. Perhaps more likely is the effect of grazing at El Rocio by 

horses and donkeys, which appeared to feed mainly in the sedge marsh, while the resident 

cattle herd fed on the grassy areas. As a result the Eleocharis at El Rocio consisted 

mainly of chewed stalks, resulting in a much lower standing crop of vegetation compared 

to Cano Molino. The only areas where sedges grew relatively undisturbed at El Rocio was 

beside the channels crossing the area, and beside the open mire of the lagoon, where there 

was generally a zone of tall Scirpus up to two metres wide. Wagtails were obviously 

attracted to these areas and would often clamber on top of the rather dense vegetation, 

clasping stalks with their feet, and reaching down into the vegetation to take food items 

which were not generally identified, though damselflies were sometimes taken. It is 

possible that the birds were attracted to such sites at least partly by the presence of teneral 

damselflies (Appendix V). Nevertheless at both sites most foraging time was spent 

amongst the Eleocharis into which wagtails would generally disappear completely, 

presumably to feed on the ground in between the stalks or to clamber among them lower 

down. The relatively dense terrestrial fauna of the sedge marsh at El Rocio may have 

helped to make the site viable for a few pairs at least.

England

It is frequently remarked, with reference to M.f.flavissima, that it is often wholly absent 

from habitat which is to every appearance suitable and identical to that harbouring dense 

breeding concentrations elsewhere (Sharrock 1976, Brucker et al. 1992). This can also be 

said to be true over a relatively small scale at Elmley, which for the most part consists 

of perfectly flat pasture crossed by dykes and ditches with little appearance of variation. 

However, only the two study areas have significant breeding concentrations of wagtails, 

which are more or less absent over large areas, especially in the northern and central parts 

of the managed area. The main source of habitat diversity is the presence of arable areas
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around King’s Hill Farm on the periphery of which is one of the concentrations of 

breeding wagtails. However the presence of arable land cannot be deduced to be necessary 

to attract breeding wagtails as most of the Wellmarsh pairs are distant from any arable 

land, except for those adjacent to Windmill Creek.

The similarity in arthropod density between the rape crop growing on the arable 

land at King’s Hill Farm and the surrounding grassland corresponds with the observation 

that pairs nesting around the edge of the arable area share their foraging time between the 

grassland and the rape. Even in the case of a pair nesting over 200m away a large 

proportion of foraging trips were to the arable area. One possible cause of uneven 

distribution over the grassland area may be the extent of grazing, as parts of the marsh, 

notably the area immediately east of King’s Hill Farm where trapping station F was 

situated, were set aside from grazing or subjected only to a light grazing regime in order 

to encourage breeding ducks and waders. These longer grass areas seemed particularly 

attractive to wagtails which used a hover-plunging foraging technique to exploit the very 

large arthropod biomass harboured by this relatively undisturbed habitat, as they also did 

in the oilseed rape. This involved facing into the wind and hovering just above the 

vegetation, periodically dropping onto a food item. When observed at close quarters while 

observing provisioning behaviour at nest G, such plunges were invariably successful, and 

usually three or four would be performed before returning to the nest when the birds were 

foraging within 20-30m of it. It may be significant that no wagtails occurred on the 

western fringe of the arable area, which forms the boundary of the managed area beyond 

which was short pasture heavily grazed by cattle. Areas of long grass were also present 

at Wellmarsh, notably around the periphery of the sanctuary area and north-west of 

Wellmarsh Creek. The adults of the two nests systematically observed at Wellmarsh, K 

and R, were frequently seen to feed in long grass using the hover-plunging technique. 

Associations between breeding concentrations of Yellow Wagtails have been noted 

elsewhere in Britain, such as in the dales populations of the north of England where 

breeding is concentrated in hay meadows, and where shorter grass areas tend to be 

shunned (Wilson 1992). The presence of such habitats may explain the difference in 

distribution of the species in northern England, where it is more common in upland areas, 

in contrast to southem England where lowland areas are preferred (Mather 1986).
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Sweden

Yellow Wagtail populations in the extreme north show a contrast in their selection of 

breeding habitat to other populations in their general association with habitats which have 

an arboreal component. The typical habitat inhabited throughout the far north is wooded 

peat bog, the woodland component consisting either of deciduous trees and shrubs such 

as Betula and Salix, coniferous woodland, or a mixture of the two (Dement’ev & Gladkov 

1954, Vepsalainen 1968, Von Haartman 1969, Bostrdm & Nilsson 1983). The wagtail 

populations in the Abisko area conform to this pattem and are confined within the birch 

forest zone, mostly adjacent to Lake Tometrask itself in the immediate vicinity of Abisko, 

but reaching their greatest density on the patchwork of peat bog, woodland, and small 

lakes at Stordalen.

Pattems which have emerged from the prey sampling procedures suggest several 

reasons why wagtails might be attracted to areas adjacent to open water. The aquatic 

origin of many flying insects such as Nematocera and Trichoptera, is reflected in their 

lower density at greater distances from Lake Tometrask, and it is not unreasonable to 

conclude that this contributes to a gradient of decreasing habitat suitability for 

insectivorous birds at greater distances from open water, especially for species such as 

wagtails which frequently take slow flying insects. Though not reflected by trap samples 

the density of Plecoptera swarms in early June will also contribute to this gradient, as they 

form a considerable food source in the period leading up to breeding. The relatively small 

area of open water on Stordalen appeared not to compensate for the greater distance from 

Lake Tometrask, as densities of flying insects remained low there throughout, but the 

activity of terrestrial arthropods showed a similar pattem next to one of the small 

Stordalen lakes as next to Lake Tometrask, with an increase in activity during windy 

periods when flying insects are less available. Reliable food sources around the edges of 

lakes may therefore be a further advantage of breeding in their vicinity, and anecdotal 

evidence of large concentrations of insectivorous birds of several species feeding on 

Plecoptera on the shore of Lake Tometrask during poor weather conditions on one day 

in June would appear to be in line with this.

The importance of the arboreal component of the breeding habitat of wagtails is 

illustrated by the prevalence of caterpillars in the diet of nestlings. Moreover observations 

at nests C and F from a hide revealed that when the birds foraged in the vicinity of the
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nest a large proportion of the time was spent feeding arboreally, with frequent hover- 

gleaning in a manner reminiscent of Phylloscopus warblers. As it was unforseen that 

wagtails would be found to feed arboreally in any of the three study sites, no sampling 

protocol was devised for aboreal arthropods, and no ad hoc sampling was done in the field 

as there would have been no basis for comparability with the samples taken in England 

and Spain. Clearly however, caterpillars provided the richest food source available to 

wagtails during the nestling phase at both Swedish sites in the year of the study, though 

this cannot be assumed to be the case every year as the main species of caterpillar 

Epirrita autumnata is highly cyclical in abundance, and in some years is virtually absent 

over large areas of northern Fennoscandia, though this appears not to have any major 

effect on the populations of insectivorous birds (Enemar et al. 1984). This may be because 

northern populations of many other arthropod taxa apart from Lepidoptera also fluctuate 

wildly, and do so in an asynchronous manner so that overall arthropod biomass fluctuates 

much less than that of individual taxa (Andersson & Jonasson 1980).

Nevertheless the availability of caterpillars and other arboreal insects appears to 

be a necessary component of wagtail breeding habitat, and the close association of 

wagtails with wooded bogs points to the exploitation by wagtails of an opportunity 

afforded by a combination of emergent aquatic and arboreal insects. The combination of 

the two may be particularly important given the temporal component of variation, both 

within and between seasons.

Little published information is available relating to the foraging habits of wagtails 

elsewhere in northern Fennoscandia, but anecdotal evidence reported in Bannerman (1953) 

suggests that wagtail populations elsewhere in the region occupying both deciduous and 

coniferous woodland "spend much of their time in the upper branches of trees", suggesting 

that arboreal feeding is widespread, and not merely a peculiarity of the Abisko population.

6.4.5. Nestling diet and prey availability

The indices of prey abundance derived from trap samples taken in the field refer only to 

arthropods, and have excluded molluscs which entered pitfall traps as there was no 

indication that similar molluscs were a component of the diet, either from observation or 

analysis of faeces. It could be argued that this principle should be extended to exclude
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arthropod groups which did not occur in the diet from estimates of prey availability. 

However the deductions of foraging theory offer a number of powerful arguments against 

such a decision (Stephens & Krebs 1986). The primary assumption which obtains in 

foraging models is that of gain rate maximisation, i.e. that dietary composition will be that 

which maximises the net rate of energy intake. When available items are ranked in terms 

of net gain rate, the class of item with the lowest gain rate which is included in the diet 

will be that with a net gain rate equal to or just greater than the overall net gain rate when 

it is excluded from the diet. Inclusion of the class of item with the next lowest net gain 

rate will lower overall net gain rate, and so it should be ignored whenever it is 

encountered. In the lexicon of foraging theory such items are referred to as ’unprofitable’, 

and their profitability depends not only on their own net gain rate, but also that of all the 

other potentially available prey. Should the overall gain rate drop because of depletion 

or disappearance of profitable items, previously unprofitable items may cross the 

profitability threshold and be included in the diet of a gain rate maximiser, and conversely 

items may be dropped if overall gain rate increases. A further counter-intuitive result of 

rate maximising models is that unprofitable items should be ignored irrespective of their 

abundance, as during the time spent processing such an item, a lower net gain rate is 

being achieved than is possible overall when the item is ignored.

If the assumptions of these models provide an accurate picture of the priorities 

adopted by insectivorous birds in the field, the exclusion of categories of arthropods which 

do not occur in the diet from estimates of food availability may lead to highly misleading 

results. Consider two populations of insectivorous birds, each of which occurs in a habitat 

with two prey types. Population I has access to prey types a and b, while population II 

has access to prey types c and d. The net gain rate achieved by the two populations is 

identical, as is the overall availability of prey measured by sampling techniques. However 

the net gain rates per unit handling time of each of the four prey types are different such 

that for population I, only type a is profitable and type b is excluded from the diet, while 

for population II both types c and d are profitable, and both are included in the diet. If 

food availability is judged on the basis of the availability only of prey types included in 

the diet, it would be wrongly deduced that population I occurs in a poorer habitat than 

population II as prey type b would be excluded from the estimate of prey abundance, 

which would therefore be lower than that obtained in the habitat of population II.
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It is cbv‘<3 üiiij êH>»bÎA to exclude items which are probably never considered as 

potential prey by a small insectivorous bird, such as large gastropod molluscs, from 

estimates of prey availability, but the absence of a certain type of arthropod cannot in 

most cases be assumed to mean that it is not available and would not be taken in other 

circumstances such as the absence of alternative classes of prey. Such assumptions are 

particularly dangerous when a crude measure such as biomass is used to measure prey 

availability, as habitats which harbour a large arthropod biomass are very often those 

which enable a predator to specialise on a few classes of prey out of a great diversity of 

prey types which are potentially available, while in a habitat harbouring a low biomass 

a predator is more likely to maximise its gain rate by taking most items encountered. This 

combination of factors could therefore conceivably lead to a ranking of habitats according 

to abundance of prey included in the diet opposite to that based on actual prey 

availability.

If it can be assumed that the sampling procedures give a reasonable picture of the 

abundance of different potential prey taxa in the environment, a comparison with their 

occurrence in the diet can be used to add further insights into the way predators exploit 

the opportunities afforded by different environments, to add to those already derived from 

pattems of distribution and habitat use. Even where sampling procedures fail to register 

an important component of the arthropod fauna, such as caterpillars in Sweden, the 

comparison of diet and trap samples is still useful as it provides quantitative evidence that 

Yellow Wagtails forage in a manner profoundly different from that expected. The 

composition of nestling diets will therefore be compared with perceived availability of the 

various prey taxa for each of the three main locations in turn.

Spain

The diets of Yellow Wagtail broods sampled differs profoundly in composition from that 

of the arthropod populations in the foraging habitats as sampled by the three methods 

used. The large Dipteran biomass sampled by Malaise traps appears to be hardly utilised 

at all, as might be expected given the difficulty of catching large Diptera. On the other 

hand the seemingly abundant Lepidopteran larvae which formed such an important part 

of the diet in several nests failed to register in any of the trap samples. The decline in the 

importance of Lepidoptera as the season progressed suggests that this is because the
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continuous trapping method, Malaise and pitfall, are not particularly suited to trapping 

caterpillars which remain within the vegetation of the ground layer. Direct observations 

on nests at Cano Molino (see Appendix V), suggest that the main area of Eleocharis at 

the site was the main source of caterpillars, but the sweep net sample was not taken there 

until late May, by which time the caterpillars had disappeared from the diets of nestlings 

still being fed, while Homoptera, which were extremely abundant in the sweep net sample 

had become an important component of nestling diet. Observations reported in appendix 

V suggest that the Odonata brought to nestlings were mostly newly emerged ’tenerals’, 

which might explain the decline in Odonata as areas of open water dried up during May, 

and also suggests that the abundance of mature Odonata in sweep net samples is not 

particularly relevant.

Sweep net samples reveal similar levels of abundance for Coleoptera and 

Orthoptera, but pitfalls are dominated by Coleoptera. This difference presumably reflects 

the fact that Orthoptera jump out of pitfall traps, and the importance of both groups in the 

diet of wagtail nestlings reflects their abundance in the foraging habitats and their 

profitablility as large and relatively easy to catch prey. Arachnida however, though 

numerous, consist mostly of small individuals at the Spanish location, and generally make 

a lesser contribution to the diet.

Overall therefore, the diets of the wagtail broods sampled reflects the abundance, 

ease of capture, and nutritional value of the arthropod fauna occurring in the foraging 

habitats at the site, and also reflects the temporal variation in the abundance of certain 

taxa, which is related to the gradual desiccation of the sedge marsh habitat as the season 

progresses.

Britain

As in Spain, Diptera contribute a relatively small proportion of the diet of Yellow Wagtail 

nestlings given their abundance in Malaise and sweep net samples, but they form a larger 

proportion of the diet compared to Spain, as do Nematocera, which are still quite 

numerous in the Wellmarsh area in June, but less so at King’s Hill Farm, as reflected in 

the diet of wagtail broods in each area. The abundance of spiders in the grassland at 

Elmley as indicated by pitfall trap samples is reflected in the large contribution of 

arachnida to nestling diets. Odonata are consistently important in nestling diets and this
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again probably reflects the occurrence of tenerals rather than adults which appear common 

only in the sedge marsh habitat sampled at the site which was ignored by foraging 

wagtails. Coleoptera feature largely in the diet without appearing numerous in any of the 

trap samples. Wagtails were often seen carrying soldier beetles (Catharidae) which were 

probably under-represented in traps as they fly readily and so presumably escape pitfalls, 

while their flight is rather weaker than that of the kinds of insects trapped efficiently by 

Malaise traps and their conspicuousness and clumsy movements on flowers and in foliage 

is liable to render them easily captured by insectivorous birds.

Perhaps the largest discrepancy between the trap samples and nestling diet involves 

the huge abundance of Mirid bugs in the grassland east of King’s Hill Farm, set against 

the almost total absence of Heteroptera in the diet of the nestlings of wagtail pairs feeding 

there, or anywhere else at Elmley. The presence of such a large number of Heteroptera 

was not suspected before the sample was taken, as their slender shape and yellow-green 

colour rendered them invisible among the grass stalks, and presumably wagtails are either 

unable to detect them, or encounter sufficient problems in doing so to render the bugs 

unprofitable as prey.

The diet of Meadow Pipit nestlings varies very little among broods or temporally, 

apart from a lower contribution by Bibionids in later nests, suggesting that pipits exhibit 

little opportunism. Greater predominance of Nematocera in the diets of nestling pipits can 

be attributed to their arrival on average about a month earlier than wagtail broods, 

coinciding with the swarming period of Bibionidae. This might also account for the large 

contribution of Lepidoptera to the diet compared to wagtails, which practically ignored 

caterpillars. However caterpillars were still important in the very late nest which was 

contemporary with the main breeding period of the wagtails. Therefore this difference 

probably reflects fundamental differences in foraging mode, and the fact that pipits exploit 

a foraging opportunity which would not have been apparent from invertebrate sampling, 

as the latter failed to indicate the presence of large numbers of Lepidopteran larvae.

Sweden

Trapping procedures beginning in the second half of June came too late to register the 

huge emergence of Plecoptera which occurred in early June, attracting mixed flocks of 

insectivorous birds, and which almost certainly make up an important part of the diet of
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wagtails following arrival after migration. Mass emergence of chironomids continued until 

the end of June, but subsided in July around the time of the emergence of the birch 

foliage which occurred during the last ten days of that month, and which in the year of 

the study provoked an outbreak of caterpillars. Though chironomids make a minor 

contribution in terms of mass to nestling diet, their numbers in faecal samples can be seen 

to decline with the subsidence of chironomid swarms, while those of caterpillars increase 

throughout the study period. Most of the Coleoptera occurring in the trap samples were 

at the two trapping stations adjacent to Lake Tometrask, a distribution which may be 

reflected in the diet of wagtail broods among which only the two nests adjacent to Lake 

Tometrask were fed a substantial proportion of Coleoptera. Overall therefore, the diet 

seems to reflect the abundance different classes of prey in the environment, with no 

substantial food source being ignored, unlike at the other two main locations.

Given the impoverishment of the arthropod fauna of the ground layer in the area, 

the presence of open water as a source of emergent insects, or of trees would appear to 

be essential to support a population of wagtails, and the distribution of wagtails in the 

Abisko area resembles the kind of distribution which might be predicted if this were tme. 

Moreover, given the shortness of the season, the combination of the two may be essential 

to enable early arrival and preparation for breeding before the trees come into leaf, 

followed by provisioning of broods after the main swarms of emergent insects have 

subsided.

The relative constancy of Meadow Pipit extends to the comparison between sites, 

as the same taxa were taken in similar proportions in Sweden as in Britain. The main 

difference is a smaller contribution by Lepidoptera in Sweden reflecting the inability of 

the profoundly terrestrial pipit to take advantage of a mainly arboreal food source.

6.5. Summary

1. Generally similar pattems of variation in arthropod abundance were recorded in 

the three study locations, with greater arthropod activity during the middle of the 

day and at higher temperatures, and lower activity during windy conditions.

2. Abundance of flying insects is greatest in Spanish sedge marsh habitats, but 

consists mainly of large Diptera which are unimportant in the diet of wagtails.
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Aerial biomass was greatest in the period before wagtails bred in Britain and 

Sweden, due to mass emergences o f Nematocera, which subsided before the main 

wagtail nestling period, but coincided with the nestling period of the Meadow Pipit 

in Britain.

3. The abundance of ground fauna measured by pitfall traps suggests a precipitous 

latitudinal decline.

4. Sweep net samples indicated a large standing biomass o f arthropods in sedge 

marsh in Spain, and in lightly grazed grassland in Britain. The arthropod fauna of 

the ground layer in Sweden appeared generally impoverished, and arthropod 

biomass was concentrated in emergent aquatic and arboreal insects, particularly 

caterpillars in the case o f the latter.

5. In Spain Yellow Wagtail nestling diet consisted primarily o f Lepidoptera (large

caterpillars), Orthoptera and Coleoptera, with some Odonata (Zygoptera) and

Homoptera (Cicadellidae); in Britain mainly Arachnida and Diptera in numerical

terms, with Coleoptera and Odonata important in terms of biomass; in Sweden

Lepidoptera (small Geometrid caterpillars) were predominant, and Nematocera

numerous but contributing a relatively small mass. Meadow Pipit nestling diet was

similar in England and Sweden, consisting mainly o f Arachnida and caterpillars. 
TV 'nvAT

6. wagtail distribution is related to the presence of arthropod rich habitats in each

site, sedge marsh in Spain, long grass or arable crops in Britain, and a combination 

of woodland and bog or lakeside habitats in Sweden^ ^  cW*\ oUuA
TVuo (tUjCv 'ib i»e .
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7. Feeding rates and growth rates in Yellow Wagtail and Meadow Pipit 

nestlings in Spain, Britain and Sweden

7.1. Introduction

Geographic variation in clutch size in birds provided an important initial stimulus for the 

study of life history variation (Lack 1947, 1948, Skutch 1949), and the pattems which 

have been discovered suggest a number of explanatory hypotheses which relate 

environmental variation to that in reproductive traits (Lack 1954, 1968, Cody 1966, 

Royama 1969, Von Haartman 1973, Owen 1977, Slagsvold 1982, Lima 1987, Martin 

1992). Theoretical developments have demonstrated that the greater part of variation in 

life history traits is explicable only in terms of variation in other aspects of life history 

(Williams 1966, Chamov & Krebs 1974, Steams 1976, Ricklefs 1984, Lessels 1991, 

Godfray et al. 1991). Nevertheless experimental studies have generally confirmed the 

importance of the relationship between food availability and parental effort in determining 

the optimum level of reproductive output (Winkler & Walters 1983, Murphy & Haukioja 

1986).

Recent empirical studies have begun to address components of parental effort 

directly rather than concentrating solely on clutch or brood size (Biedenweg 1983, 

Winkler & Williamson 1988), and have included studies of delivery rate (Sasvari 1986, 

Moreno 1987, Carey 1990, Blondel et al. 1991, Conrad & Robertson 1992), and nest 

guarding and incubation (Smith & Roff 1978, Lyon & Montgomerie 1987, Breitwisch cW. 

1986, 1989). However little is known about how aspects of parental investment other 

than clutch size vary geographically, limiting the insight into the evolution of life histories 

which can be gained from the study of geographic pattems. A knowledge of pattems of 

covariation with clutch size of such traits as allocation of care between parents, and trade 

offs between different aspects of care such as provisioning and incubation of nestlings, 

would provide a much more useful empirical basis for the development of models of life 

history.

Latitudinal variation in clutch size has been established in many taxa other than 

birds (Fleming & Gross 1990, McNaughton 1975, Blau 1981), and is recognised as a 

highly generalised phenomenon, which can be used as a yardstick to assess the
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explanatory power of theories of life history variation. Most explanations of increase in 

avian clutch size with latitude assume that the period of parental care following hatching 

is the aspect of reproduction which determines the optimum number of offspring 

produced, and seek to show how parents at high latitudes are able to make a greater 

investment than those at low latitudes, as a consequence of greater availability of time via 

longer days (Lack 1954, Hussell 1985), or of resources such as food (Ricklefs 1980, 

Koenig 1984, Mpller 1984), or else through a relative relaxing of constraints at higher 

latitudes, such as the need to guard against predators (Skutch 1967, 1985, Slagsvold 

1984).

For the most part greater investment is assumed indirectly through larger broods, 

and direct information on how this is achieved in practice is limited. In species with 

altricial nestlings parental effort during the nestling period is mainly expended in 

gathering and transporting food, and this study compares such behaviour in Yellow 

Wagtails at three different latitudes, including frequency of nest visits, distance of 

foraging trips, and quantities of food delivered at each visit. In addition the effect on 

parental behaviour of variation in weather and nest microclimate is also considered, as is 

the effect of differences in parental effort on nestling growth in Yellow Wagtails and of 

weather conditions in Yellow Wagtails and Meadow Pipits.

7.2. Method

Nest Observation

Behaviour of adult Yellow Wagtails at the nest and its general vicinity were generally 

observed through binoculars from a vantage point between 50 and 100m from the nest. 

In the case of two Swedish nests situated in woodland the nests were observed from a 

hide from a distance of about 10m. Significant actions were recorded verbally on tape, 

along with the time to the nearest second of the beginning and ending of each action 

sequence so described. For each visit to a nest made by a parent bird, the following were 

recorded where possible: Sex of the parent; times of first sighting on approach to the nest, 

entry to the nest, exit from the nest, of taking flight to a foraging location, direction of 

flight and time of landing at a foraging location. Where possible a visual estimate was 

also made of the distance in metres from the nest to the foraging site.
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Wherever a clear view was achieved of the food items in the bill of parents 

provisioning nestlings, an estimate was made of the relative mass of the food about to be 

dehvered. No objective measure was available, relating for instance to length or width of 

food items, owing to the variety of forms of the food delivered in terms of shape, 

compactness, and number. The relative quantity of food was therefore scored on a scale 

of 1-9, with the smallest items, which appeared as compact pellets with a diameter of less 

than half the length of the bill (visible bill length is about 12mm in the Yellow Wagtail), 

being assigned a score of 1 , while the largest individual items, thick bodied arthropods 

up to 3x bill length, typically Orthoptera, were given a score of 9, as were the largest bill- 

fulls of smaller prey, which sometimes could appear as large as the bird’s head.

Determination o f observation periods

Allocation of effort to collection of different categories of data was determined by a 

process of continuous assessment in the field. Priority in terms of effort was given to 

different tasks according to the success achieved in each up to that point, as this was 

impossible to predict at the planning stage. For instance, observation of delivery of food 

to nestlings was entirely dependent on prior effort devoted to nest finding. The degree of 

effort necessary to achieve success in nest finding varied, for reasons already discussed, 

according to the stage of the season, and the priority attached to it varied according to the 

number of known nests in progress and their stage. At no point in the study were there 

more than four known nests with nestlings available for observation, and more often 2-3 

nests would be in progress, and these would be observed on alternate days. Priority was 

given to nests at a stage for which the least information was available to ensure that the 

data covered the whole nestling period.

A proportion of each day in the field was devoted to collecting samples from 

Malaise and pitfall traps, and recording climatic data. Again priority attached to this task 

varied according to the success or otherwise of other procedures being carried out. Fewer 

visits to trapping sites were made on days when nests available for observation were more 

distant from those sites, or during periods when observation data were proving difficult 

to obtain, owing to the failure of nests being observed, or difficult viewing conditions in 

the nests which were available (see later).

Observations of delivery of food to nests were made on 12 days in Spain between
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2nd and 19th May 1987, totalling 65 hours and 2 minutes of observation, an average of 

5.4 hours per day. In Britain observations were made on 19 days between 29th May and 

24th June 1988, totalling 70 hours and 19 minutes, an average of 3.7 hours per day. In 

Sweden observations were carried out on 16 days between 29th June and 15th July 1987, 

totalling 74 hours and 41 minutes and averaging 4.7 hours per day. The continuous 

assessment of priority approach is reflected in differing daily mean observation periods, 

as the length of time available in the field differed between the sites, and the net result 

was a similar total period of observation in each. Length of periods of observation again 

varied according to prevailing circumstances. In general visits were made to Malaise and 

pitfall traps every two hours, so that periods of observation of between 116 and 2  hours 

were the norm. Mean lengths of observation periods were 1.7 hours in Spain and 1.8 

hours in Britain. Those in Sweden averaged somewhat longer at 2.2 hours. This reflected 

the fact that two of the Swedish nests were observed from close quarters in a makeshift 

hide, which necessitated a close approach by the observer to the nest, and disturbance of 

the adult birds was correspondingly greater than in other nests which were not approached 

so closely, as was the lapse period before a return to normal behaviour by the birds. 

Frequency of entrance and exit from the hide was therefore minimised by lengthening 

observation periods, which averaged 2 . 8  hours in length in these two nests.

A further factor taken into account when deciding the priority of different tasks 

was the distribution of observations over the hours of daylight, with the objective of 

obtaining data from across the diurnal range for each stage of nestling growth.

Overall therefore, length and timing of observation periods were variable, but this 

was entirely dictated by the variety and unpredictability of opportunities to collect data 

and the continuous assessment of priorities enabled collection of a far larger volume of 

data than would otherwise have been the case.

Growth data

Yellow Wagtail and Meadow Pipit nestlings were weighed at intervals using a 50g Pesola 

balance to the nearest O.lg. The normal interval between weighings was two days, but 

varied according to other work being carried out. Notes were also taken of the condition 

of the nestlings, to what extent the eyes were open, and the stage of feather growth.
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Data analysis

All the data sets derived from the above procedures were analysed using the Glim 

statistical package. A variety of transformations, deviance measures, and link functions 

were utilised for the various data sets as appropriate (Crawley 1993), and are described 

in the results section. Predictive variables varied according to the data being analysed, but 

the data were generally classified according to individual brood, nested within one of the 

three locations, the sex of the parent in the case of data relating to food delivery, and the 

number of nestlings present within the brood, all of which were included as categorical 

variables. Time of day and age of nestlings were incorporated as continuous variables and 

were generally included as higher order expansions. In each case all non-significant 

interactions and variables were removed from the model in order to arrive at the simplest 

adequate description of the data.

7.3. Results

7.3.1. Frequency of visits to the nest by Yellow Wagtails

The datum chosen for analysis was visit frequency per 20 minute period. This was 

appropriate for both practical and analytical reasons. Overall the number of visits by an 

adult wagtail rarely reached double figures in any 2 0  minute period, and was usually in 

low single figures, so little resolution would be gained by using shorter periods, which 

would also lead to a rapidly increasing proportion of zero frequencies. Use of periods 

longer than 2 0  minutes leads to the loss of progressively greater amounts of data, as 

division of the observation periods, which varied in length, into larger time units leaves 

larger remainders, the data of which have to be discarded. As the data consists of 

frequencies a log^ link function and Poisson deviance were appropriate.

7.3.1.1. Diurnal variation

As day length varies between the study sites, there is no reason to expect any similarity 

between the sites in coefficients of the quadratic model of diurnal variation. Moreover, 

inclusion of time of day in the modelling process for the whole data set would confound 

comparisons of coefficients relating to variation in visit frequency with age of nestlings.
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Diurnal variation was therefore analysed separately in the three localities as a preliminary 

to the overall analysis. This was achieved by computing the contribution of t (time of day) 

and f  to the explanation of deviance from the location mean with all other significant 

variables in place (Table 46). Diurnal variation accounted for a highly significant 

proportion of deviance in Spain only, where a lower delivery frequency in the middle of 

the day is indicated (Figure 54(i)). In Sweden there is an indication of a higher delivery 

frequency in the middle of the day, but the results are only marginally significant (Table 

46, Figure 54(ii)). No diurnal pattem is evident in the British data.

Clearly it would be illegitimate to include the Spanish data, and probably also that 

for Sweden, in an analysis of the variation in visit frequency with nestling age, without 

correcting for daily variation. This was achieved by calculation of the mean of the 

function describing variation over the period of daylight^ The two values of t 

corresponding to this mean were then calculated, and the lower value subtracted from t 

values, and values of t̂  calculated from them, which were used in the subsequent analysis. 

This has the effect of shifting the intercept on the time axis to the time corresponding to 

mean diurnal delivery frequency, so that an estimate of the mean and its deviance are 

incorporated in the analysis, instead of estimates for an intercept outside the range of 

observed values. As coefficients for t and t̂  are effectively zero for the British data set, 

the estimates for the uncorrected intercept are effectively those for the daily mean, so that 

no correction is necessary.

7.3.I.2. Variation with age of nestlings

Significant variables describing overall variation in visit frequency across the three sites 

are listed in Table 47. The minimal adequate model requires 20 degrees of freedom and

^As no solution is possible to Jexp(t^), the mean was calculated numerically by computing 
the mean of a number of values calculated for the best fit line between the appropriate limits, 
(t=5-63 in Sweden and t=22-64 in Spain). Estimates converged at 0.1357 for Spain for 
intervals of less than 0.05, and at 1.7027 for Sweden for intervals of less than 0.01. Values 
of t corresponding to these figures were 32.69 for Spain (indicating that a visit frequency 
corresponding to the daily mean occurred at about 1053 hours), and 24.84 in Sweden (0817 
hours). At the Swedish location there was 24 hour daylight, but virtually no activity was 
observed outside the limits used in the above calculations.
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Table 46. Deviance attributable to within day variation in delivery frequency, t is 

measured in 20 minute periods (0-72). Significance of changes in poisson deviance is 

measured using (Crawley 1993).

Source (A)DevianceLocation

Spain

Britain

Sweden

Null model 

t

t'

Null model 

t

t'

Null model 

t

t'

580.0 

12.07 *** 

11.38 ***

503.1 

0.60 

0.60

418.4 

5.03 * 

4.16 *

d.f.

339

1

1

349

1

1

337

1

1

( L o g e

-0.09529

0.00105

0.03204

-0.00043
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Figure 54. Diurnal variation in visit frequency. Curves describe best-fit lines calculated 

for daily variation in visit frequency at different ages of nestlings. Age in days is indicated 

at the right. The distribution of available data is shown by dots which indicate fitted 

values. Both figures refer to the overall model, not the preliminary analysis of diurnal 

variation.

Figure 54(i). Best fit lines and fitted values for females at Cano Molino, Spain.

Figure 54(ii).Best fit lines and fitted values for females in Sweden.
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Table 47. Variation in visit frequency with age of nestlings.

291

(A)Deviance d.f.

Null model 1603.4 1027

Minimum adequate model 943.09 1007

Sex X Location x Groupé 63.5 *** 2

Age^ X Location* 49.0 *** 1

Age^ X Location* 47.7 *** 1

Location x Group* 81.6 * * *

Location x t 17.2 ^ 1

Location x t̂ 16.5 *** 1

Sex X Location 57.2 * + *

Age^ X Sex 84.8 *** 1

Brood size 28.6 *** 1

t 0.02 1

t ' 0.01 1

Age^ 69.4 * * * 1

Age^ 67.4 * * * 1

Location 75.0 * * *

Sex 0.01 1

'Each group consists of adults aggregated on the basis that their visit frequency can be 

described by the same coefficients^ Groups are nested within location.

*Age X location interactions require only 1 degree of freedom as data from Britain and 

Sweden are aggregated.
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accounts for 41% of the Poisson deviance from the overall mean. The ratio of residual 

deviance to degrees of freedom is approximately unity (0.94), as would be expected if all 

significant sources of variation had been accounted for in a model of a Poisson process.

The slope of log frequency against age of nestlings was found to vary only 

between the sexes, and between Spain and the other two sites in the case of males only, 

though within each of the three contingencies so described several intercepts were 

required to describe the remaining deviance, indicating variation in the base level of visit 

frequency (Figure 55). Thus, only three differently shaped curves are required to describe 

variation in log visit frequency with age of nestlings. In the case of females, the cubic 

term of the nestling age transform was found not to account for a significant amount of 

deviance, indicating that frequency of visits by females increases throughout the period 

in the nest. In the case of males, the significance of the cubic term results from a decrease 

in delivery frequency towards the end of the nestling period. The difference in coefficients 

between Spain and the other two sites means that the turning point which describes peak 

visit frequency by males occurs about a day earlier in Spain. Conceivably this difference 

could be brought about by properties of the data other than the real position of peak 

delivery frequency, so this was checked using regressions calculated for observations 

made one and two days apart over the period covering the turning points (Table 48). 

Regressions of data one day apart indicate non-significant differences in slope except for 

days 5-6 which reflects the relatively abrupt start of nest visits around this time by the 

male at El Rocio (nest D). Observation of deliveries two days apart in terms of nestling 

age indicate no difference in rate of change of visit frequency between days 4 and 8 . 

Between days 8  and 10 an increase is indicated in Britain and Sweden, but a decrease in 

Spain, and the difference between the slopes is marginally significant. Both groups have 

negative coefficients between days 9 and 11 but that for Spain is significantly greater. 

This result tends to confirm the existence of an earlier turning point in Spain.

Brood size contributes to differences in the intercepts computed between broods, 

and in one case within a brood. No difference was detectable between broods of five and 

six, but the contribution of the male appeared to be significantly lower in broods of four. 

Only four of the nests yielded observations of visit frequency to broods of four, three of 

which were at the Cano Molino site in Spain, and the other in Britain. The fact that a 

significant amount of variance is explained by brood size may be mainly attributable to
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Figure 55. Variation in visit frequency with age of nestlings. Symbols represent means 

of sample observations corrected for time of day (i.e. estimated daily mean ± residuals). 

Dots represent males and triangles females. Square represents the male of the brood of 

four in Britain. Equations for best fit lines are as follows. Spanish males: Frequency = exp 

(constant+0.2032age^-0.01645age^), Other males: Frequency = exp (constant+0.0396age^- 

0.00289age^), Females: Frequency = exp (constant+0.0057age^). The constant in these 

equations varies according to whether the brood consists of four or more than four 

nestlings (for males only), and between groups of nests in each location. Groups were as 

follows:

Spain (i) B,F,H. (ii) D 

Britain Low cf : F,K,N

Low ?: F,K,N,G,R 

Intermediate cT (square): P 

High cT: G,R,I 

High ?: I,P 

Sweden: C,F,H (all nests in one group)
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Table 48. Comparison of short term trends in log delivery rate by males between Spain 

and Britain/Sweden.

Age of nestlings ADeviance Coefficient

(days) (Age X  Location)^ Spain Britain/Sweden Di&enoe

5 & 6 29.00 *** 9.157 0.044 9.113

6  & 7 2.48 0.431 -0.329 0.760

7 & 8 0.25 -0.095 0.1361 -0.2312

8  & 9 1.06 0.034 0.2669 -0.2334

4 & 6 1.58 0.003 0.2207 -0.2181

5 & 7 0 . 1 1 * 0.027 0.027 -

6  & 8 0.29 0.158 0.0916 0.0660

7 & 9 2.32 -0.031 0.2195 -0.2503

8  & 1 0 4.05 * -0.014 0.3719 -0.3911

9 & 11 2 1 . 0 1  *** -1.219 -0.1260 -1.093

^The interaction of interest is that for the slope of visit frequency against age of nestlings

with location aggregated as in the overall model (i.e Spain vs Britain/Sweden). The 

maximal model for each two-day comparison included three predictive variables; age, 

aggregated location, and group as defined in Table 2, nested within aggregated location. 

Poisson errors and a log link were used, and the data were offset using coefficients 

computed for best fit lines describing diurnal variation. No significant three-way 

interaction were present.

*No degrees of freedom available for comparison. The deviance inserted is that for the 

regression of the combined visit frequency data against age.
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the behaviour of the male at one of the Cano Molino nests (F), which was seen to 

increase visit frequency fairly rapidly between days 2 and 4, but then to decrease on day

6  after a nestling had died, reducing the brood size to four (Figure 55(i)). Significantly 

less deviance can be explained by leaving out brood size and fitting a differently shaped 

curve to the Cano Molino data, but as observations of visit frequency to nestlings under

7 days old are available for only two Spanish nests, it remains open whether the behaviour 

of the Cano Molino or El Rocio males is more typical. The latter was not seen to visit the 

nest before day six, even though it held a brood of five (Figure 55(ii)).

The significant interaction of male visit frequency and brood size prevents the 

single male observed delivering to a brood of four in Britain (nest P) from being grouped 

together with any other British males. All other adults observed in Britain can be assigned 

to either a ’high’ or ’low’ category, based on the intercept computed for their combined 

data, though the parents of a single brood do not always belong to the same category 

(Figure 55(iii)). In three of the seven nests observed in Britain (F,K & N), both sexes 

belonged to the ’low’ category, while in two more (G,R) the female belonged to ’low’, 

while the male belonged to ’high’. In one of the two remaining British nests (I), both the 

male and female belonged to the ’high’ category, while in the final nest, which contained 

the brood of four (P), the female belonged to the ’high’ category, while the male, though 

visiting at a frequency similar to males in the low category, was not assignable to that 

group owing to the effect of brood size. On that basis this male would be classified as 

visiting the nest with an intermediate frequency, corrected for the smaller brood size. The 

final example of a difference in base visit frequency indicated by significantly different 

intercepts concerns the female at the El Rocio site in Spain (nest D), which consistently 

visited the nest more frequently than any of the females at Cano Molino (Figure 55(i) & 

55(h)).

It was mentioned at the beginning of the results section that the ratio of Poisson 

deviance to residual degrees of freedom in the minimum adequate model is approximately 

unity, indicating that the distribution of delivery frequency resembles a Poisson 

distribution. However, the extent to which this is true varies with several explanatory 

variables. An analysis of covariance of this ratio indicates that a quadratic model of 

variation with age of nestlings accounts for a significant amount of variance, indicating 

that dispersion varies with nestling age (Table 49). All of the adults observed can be
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Table 49. Analysis of covariance of ratio of poisson deviance to residual degrees of 

freedom (dispersion coefficient) in the model of visit frequency.

Source sum of squares d.f. F

Null model 144.73 59

Minimum adequate model 87.03 54

Age^ X Group 9.33 1 5.79 *

Age X Group 1 0 . 1 0 1 6.27 *

Group 11.75 1 7.29 **

Age^ 17.28 1 10.72 **

Age 11.33 1 7.03 *

Normal errors and identity link. Dispersion coefficient was calculated for observations 

made on nestlings of the same age combined for nests described by the same curve in the 

minimal adequate model. Only the El Rocio male diverged from the overall pattern 

significantly. The data were offset by the best fit line for the pattern of diurnal variation.
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accommodated by a single curve, except for the male of the El Rocio nest in Spain 

(Figure 56). The distribution of nest visits appears to be approximately random at the 

beginning of the nestling period, becoming more regular up to day 5 before moving back 

to randonmess around days 9-10, after which visits become increasingly clustered. Visits 

by the El Rocio male were extremely clustered on days 6  and 10, but were distributed 

relatively regularly on day 8  when its visit frequency peaked (Figure 55(ii), Figure 56).

7.3.2. Quantity of food delivered to nestlings

It was possible to assign indices of the amount of food being delivered to only a 

proportion of visits in the way described in the method^ because bill contents could not 

always be observed clearly before a bird entered the nest. Indices were therefore assigned 

to only 822 out of the total of 2945 deliveries observed (28%), and were analysed using 

normal errors and the identity link.

Significant variables describing variation in food quantities delivered at each visit 

are listed in Table 50. The minimal adequate model required 10 degrees of freedom, and 

explained 27% of the null deviance. No significant interactions were detected between age 

and any of the factors involved in the analysis, indicating a uniform rate of change in food 

quantities delivered at a given age across all the nests in the study. Thus the quantity of 

food delivered increases towards an apparent asymptote at about 10 days (Figure 57). 

However the mean quantities delivered at a given age vary according to the sex of the 

adult making the delivery, and the location. In Spain, as with delivery frequency, there 

is a contrast between the nests at Cano Molino and the single El Rocio nest. The latter 

proved to be the only nest in the study in which the female appeared to deliver larger 

quantities of food than the male, which as well as making relatively few deliveries, 

delivered relatively small quantities of food (Figure 57 (i), (ii)). No difference between 

the sexes were detectable in Britain, but significantly smaller quantities of food were 

delivered in two out of the seven nests (G & N; Figure 57 (iii), (iv)). A contrast between 

sites within the Swedish study area was detectable. In the case of the two Abisko nests 

the male delivered larger quantities than the female, while in the single Stordalen nest 

both sexes delivered relatively large quantities, no difference being detectable between the 

sexes (Figure 57 (v),(vi)).
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Figure 56, Variation in dispersion of visit frequency with age of nestlings. Squares 

represent the El Rocio male. Equations for best fit lines - El Rocio male: Dispersion = 

21.137-5.0104age+0.30818age^ All others: Frequency = 1.207-0.1904age+0.01788age^. 

Each value of the response variable is weighted by the degrees of freedom which form 

the denominator of the dispersion coefficient. ’po^'Surv^ -  ocito cj
/VU>̂)WU.; aiocUiA

tAS ^  CO • cJaT0 ^

^  /TMtUv» fir
o a / I  6 > f ù q ^  f 4 ü o ) t À n i ^  •
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Table 50. Analysis of covariance of food delivered at each visit to the nest
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Source Sum of squares df Gœffidat

Null Model 2147.6 821

Minimal Adequate Model 1553.0 811

Location x Sex x Groups 51.44 1 26.86 <0 . 0 0 1

Location x Sex 8.57 1 4.48 <0.05

Location x Group 80.16 3 13.95 <0 . 0 0 1

Sex 36.01 1 18.80 <0 . 0 0 1

Location 84.81 2 22.14 <0 . 0 0 1

Age 99.78 1 52.11 <0 . 0 0 1 0.7167

Age^ 40.47 1 21.13 <0 . 0 0 1 - 0.03366

jY V C s J  - f  AX c J e > ^ •VVCLXt-Acd 'V'-ocAûJI  ̂ LwcA c|
^ L" 1 rvvt it> <X c| JIoCojKJq̂ ^ «» -»  .^ 1 »  «e-ctj I-<jc/
lA t  ^7.
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Figure 57. Quantity of food delivered to nestlings at each visit. Derivation of index of 

food quantity is described in the method. Minimal adequate model describes two groups 

of nests at each site. Symbols represent mean quantity of food delivered to nestlings ± 2 

standard errors (#=cT, *=?). Symbols with horizontal bars represent samples of < 5 

estimates of food quantities, for which standard errors are not illustrated. Sexes are 

significantly different in i, ii, and v. Best fit line: Constant + 0.717.age - 0.034.age^

Constants: cf ?

Spain (i) B,F,H 0.087 -0.872

(ii) D -0.885 0.128

Britain (iii) F,I,K,P,R 0.975 0.975

(iv) G,N -0.136 -0.136

Sweden (v) C,F 1.079 0.035

(vi)H 0.796 0.796
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7.3.3. Length of foraging trips

Even when the bird was seen landing following a flight from the nest to a foraging site, 

it was frequently impossible to make an accurate estimate of distance owin^doubts over 

the precise position of the landing location, with the result that for many foraging trips 

a flight time was available, but no distance estimate. In these cases a distance was derived 

using an estimate of flight speed derived from cases where both distance and flight time 

were recorded, which gave an estimate of mean flight speed of 6.73m per second (Figure 

58; Fi 2 5 7  = 177.71, P<0.001; = 69.14%). Distance estimates for 296 out of the total of

1091 observed movements were obtained in this way.

Significant variables in a model of foraging trip distance are listed in Table 51. An 

analysis of covariance using gamma errors and an inverse link was performed. A quadratic 

model described variation in log distance with age of nestlings, indicating that the longest 

foraging trips occurred between days 7 and 8 . At any given stage of the nesting cycle, the 

mean length of foraging trip varied between nests and the sexes, though there was no 

indication of an overall difference between the locations (Figure 59, Table 51). In Spain 

the four nests were grouped by foraging trip distance differently from the pattern which 

emerged for both visit frequency and food quantity. The El Rocio nest grouped together 

with one of the Cano Molino nests (B), and showed a contrast between the male and 

female, with the male making longer trips on average. In the other two Cano Molino nests 

(F & H) much longer trips were made by both sexes, between which no differences were 

detectable. Four groups of nests were defined in Britain (Figure 59). In three of the groups 

among which mean trip length at a given nestling age varied, no difference was detectable 

between the sexes, while in the fourth group the female made longer forays (nests G & 

N).

In Sweden data on foraging trip lengths were available for one nest only (nest H), 

as two of the nests were in woodland and had to be observed from a hide. In the pair 

observed no difference between the sexes was detectable.
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Figure 58. Plot of estimated distance of foraging trips against recorded flight duration. 

Best fit line for regression model with intercept constrained to zero: Distance = 6.73. 

flight time.
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Table 51. Analysis of covariance of distance of foraging trips using gamma errors and an 

inverse link function.

Source Sum of squares df variance F Coefficient

Null Model 1105.5 1090

Minimal Adequate Model 820.7 1080 0.76

Location x Groupé 43.1 1 43.10 56.72***

Location x sex 151.4 4 37.85 49.81***

Location 13.3 2 6.65 8  75***

Sex 3.0 1 3.00 3.95*

Age 15.4 1 15.40 20.27*** -0.004282

Age^ 1 1 . 8 1 11.80 15.53*** 0.0002693

-hi .VJX 35
 ̂ (cM/tk <H( W tv«âIV> (VT. 

c| wCiXuLÂ ,
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Figure 59. Distance from nest to foraging sites of adults delivering food to nestlings. 

Minimal adequate model describes two groups of nests in Spain and three in Britain. Data 

available for one nest only in Sweden. Symbols represent mean distance ± inter-quartile 

range (#=cT, *=?, except (v) where large dot = nest R, small dot = nests I & P). Best fit 

line: Mean distance = (constant - 0.00428.age + 0.000269.age^)'\

Constants: cf $

(i) Spain B,D 0.0299 0.0435

(ii) Spain F,H 0.0233 0.0233

(iii) Britain F,K 0.0237 0.0237

(iv) Britain G,N 0.0404 0.0306

(v) Britain I,P 0.0441 0.0441

Britain R 0.0341 0.0341

(vi) Sweden H 0.0331 0.0331
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7.3.4. of nestlings

The recording of timing of entrance and exit from the nest by adults made it possible to 

determine the relative amounts of time spent attending the nest by adults at different 

stages of nestling development. The overall pattern can be seen in an analysis of the 

proportion of total daily observation periods each adult spent within the nest cavity, 

analysed using gamma errors and a log^ link (Table 52, Figure 60). At this level of 

resolution the only variation detectable is between Spanish males, which appear not to 

spend a longer period in the nest than is necessary to deliver food at any stage of the 

nestling period, and Spanish females and both sexes at the other two sites, which on 

average spend about 45% of the time in the nest cavity on the first day after hatching, 

decreasing exponentially to less than 5% on day 10.

Much greater resolution of variation in brDDdfAg of nestlings is achieved if 

observation periods are divided into 2 0  minute intervals as with the analysis of visit 

frequency. Unlike the latter however, proportions were also calculated for periods of less 

than 2 0  minutes at the end of observation periods, and these were included in the analysis. 

Only periods for which data on temperature and wind speed were available were included 

in the analysis, a total of 598 periods, (observations of two sexes in 299 time periods). 

Climatic variables were recorded at intervals of about 2 hours (see chapter 6 ) during most 

days on which nests were observed, and values for each 2 0  minute period were estimated 

by linear interpolation. No visits were made in 147 of the 598 periods and these were 

excluded from the subsequent analysis, so that the proportion of time in the nest was 

measured only during those periods in which the relevant adult was seen to visit the nest, 

and unlike the analysis of daily means does not reflect the actual proportion of time spent 

in the nest. Variation in this proportion was analysed using the same procedure as the 

above analysis of daily proportions.

Table 53 lists significant variables and interactions in the model of attendance at 

the nest. 14 degrees of freedom account for 59.7% of the null deviance. No effect of 

temperature was detectable over and above location effects. Nest attendance decreases 

exponentially with age of nestlings with the exception, again, of the Spanish males, and 

the proportional rate of decrease varies according to sex and location. The level from 

which this decrease occurs, corresponding to the attendance of newly hatched nestlings.
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Table 52. Analysis of covariance of proportion of time spent on the nest by parents 

(proportion of total daily observation period) using gamma errors and a log^ link.

Source (A)deviance df Mean Square F

Null Model 106.32 91

Minimal adequate model 41.28 89 0.463

Groupé 45.79 1 45.79 98.73***

Age 41.73 1 41.73 89.98***

^Spanish males group separately from all other categories.



312

Figure 60. Proportion of time spent on the nest. Data are proportion of the total 

observation period on individual days and nests. Mean for Spanish males = exp(-3.946). 

Best fit line for all others: Mean=exp(-0.548-0.2675.age).
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Table 53. Effect of wind speed on nest attendance. Analysis of covariance of proportion 

time spent on the nest within 2 0  minute sub-divisions of observation periods using gamma 

errors and a log^ link. Sub-periods in which the relevant adult failed to visit the nest were 

excluded from the analysis.

Source (A) Deviance df variance F

Null Model 759.8 450

Minimum Adequate Model 305.98 436 0.7018

Location x Wind x Groupé 15.69 2 7.845 11.18***

Location x Wind 4.09 1 4.09 5.83***

Sex X  Wind 2 1 . 1 1 2 1 . 1 30.07***

Location*x Age 14.59 1 14.59 20.79***

Sex X  Age 17.9 1 17.9 25.51***

Location x Group* 46.8 3 15.6 22.23***

Wind 26.0 1 26.0 37.05***

Age 158.2 1 158.2 225.42***

Location 55.5 2 27.75 39.54***

Sex 111.7 1 111.7 159.16***

^Two groups each in Britain and Sweden 

^Britain and Sweden merged

"Three groups in Britain (one of the (t) groups divided) and two in Sweden.
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varies between locations and among nests within locations.

The pattern in Spain is similar to that revealed by the analysis of daily statistics, 

but the effect of wind strength is evident in the behaviour of a number of the adults in 

Britain and Sweden (Figure 61-63). The seven British nests form three groups with 

significantly different attendance patterns, which can be ranked in terms of the response 

to wind strength. In two of the groups comprising five of the seven nests a response to 

wind strength was detectable only in the male, which increased the length of time in 

attendance at the nest in response to increased wind strength, this effect being much more 

pronounced in one group comprising three nests. In the remaining two nests the response 

of the male to variation in wind strength is even more pronounced, and a similar effect 

is also detectable in the females (Figure 62). In Sweden, one of the nests shows a pattern 

similar to the majority of nests in Britain, in which attendance by the male increases with 

wind strength from a relatively low base level, and generally higher attendance by the 

female which does not appear to respond to wind strength. In the other two nests, 

however, the situation is quite different, with no apparent response to wind by the male 

while attendance by the females actually decreases with wind strength (Figure 63).

7.3.5. Duration of delay before entering nest

The duration of the period between the first sighting of the bird approaching the nest and 

the point at which it enters the nest cavity can be used to index the wariness of the bird. 

These data are obviously much noisier than those on the proportion of time spent in the 

nest cavity, as they depend on the direction of approach of the bird in relation to the 

observer, and the viewing conditions of the nest site. Such factors contribute considerable 

variance between nests, but in most cases relatively little to the difference between parents 

of a particular nest, which can be used to assess whether one parent is more wary than 

another.

The datum chosen for analysis was daily mean duration of the period between first 

sighting of a bird landing near the nest following a foraging trip, and nest entry. Variance 

of individual periods proved impossible to analyse due to variation in patterns of 

distribution. Daily means were therefore analysed using a log^ link and gamma errors. 

No significant relationship with age of nestlings was detectable, but significantly different
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Figures 61 - 63. Effect of wind speed on nest attendance. Proportions of periods of 20 

minutes or less spent on the nest. Analysis includes only periods in which the relevant 

adult was seen to visit the nest. Mean and inter-quartile range and best fit line are shown 

where attendance was not significantly affected by wind strength, otherwise fitted values 

and best fit lines for different wind strengths are shown. The latter are labelled at the left 

using Beaufort Scale.

Best fit lines:

Figure Adult Broods

61 (i) cf Spain D,F,G exp(-3.741)

61 (ii) ? Spain D,F,G exp(-l. 106-0.2205. age)

62 (i) cf Britain F,P exp(-3.304-0.2184.age+0.4877. wind)

62 (ii) $ Britain F,P exp(0.6693-0.3718.age)

62 (iii) cf Britain I,N exp(-2.635-0.284.age+0.4877.wind)

62 (iv) ? Britain I,N exp(0.000-0.3718.age)

62 (V) cf Britain K,R exp(-4.549-0.2184.age+1.2462. wind)

62 (vi) ? Britain K,R exp(-1.913-0.372.age +0.541. wind)

63 (i) cf Sweden C,F exp(-1.473-0.2184. age)

63 (ii) ? Sweden C,F exp( 1.162-0.3718.age-0.3774.wind)

63 (iii) cf Sweden H exp(-3.149-0.2184.age+0.4146. wind)

63 (iv) ? Sweden H exp(-0.514-0.3718.age)
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groups of nests were definable within each location (Table 54, Figures 64-66). In Spain, 

the single El Rocio nest differed from all other Spanish nests in that the mean delay in 

entering the nest proved significantly higher in the females. In all other Spanish nests the 

delay was greater in males (Figure 64). In Britain the delay in one nest appeared 

significantly smaller than in all the others, though this was entirely due to the viewing 

conditions for the nest which were unfavourable for sighting incoming birds. However in 

both groups of British nests the females delayed entry to the nest longer than the males 

(Figure 65). In Sweden all the nests proved significantly different to each other. However 

only the data for the nest in which no difference between the sexes was detectable (Figure 

6 6  (i)) can be considered reliable. The other two nests were viewed at close quarters from 

hides, and the differences between the sexes in these two nests probably only reflect the 

position of the favourite perches of each individual bird in relation to the observers 

restricted field of vision (Figures 6 6  (i & ii)).

7.3.6. Nestling growth rates in Yellow Wagtails and Meadow Pipits

Variation in mean nestling weight was examined using an analysis of covariance with age, 

location, and brood size as predictive variables. Mean weight was used as the unit of 

analysis rather than individual weights of nestlings, in order to avoid biases introduced 

by skew distributions of weights within broods, and non constant brood weight variance 

both between broods and with nestling age. Quadratic and cubic expansions of age were 

also incorporated in the analysis. Components of the minimal adequate model are listed 

in Table 55. Surprisingly, no effect of brood size was detectable overall in either species, 

and most of the nests showed significantly different mean growth patterns. However 

among Yellow Wagtails in Spain a group of three nests, in Britain a group of three nests 

and two pairs of nests, and in Sweden a pair of nests, produced data with sufficiently 

similar trends to be described by a single curve. Thus 14 separate growth curves were 

necessary to describe mean nestling weight in the 21 Yellow Wagtail nests for which data 

were obtained (Figures 67-69). Among Meadow Pipits in Britain there was one group of 

four broods and two groups of two, and in Sweden one group of two nests (Figure 70). 

Model simplification proceeded first by combining nests for the squared age term, then 

combining nests for the cubic transform within nests which had been merged for age .̂
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Table 54. Analysis of variance of daily mean period of delay before entry to nest. The

model uses a log^ link and gamma errors. Age of nestling was not significant.

Source df (A) deviance ms F

Null model 95 146.67

Minimum adequate model 82 55.658 0.679

Sex X Location x Group 4 18.35 4.588 6.76 ***

Location x Group 4 35.13 8.783 12.94 ***

Sex X Location 2 3.11 1.555 2.29 n.s.

Sex 1 0 . 1 1 0 . 1 1 0.16 n.s.

Location 2 26.6 13.3 19.59 ***
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Figures 64-66. Vigilance at the nest. Proportional frequency of daily mean time in seconds 

elapsed between approaching the vicinity of the nest and entering it. Solid bars represent 

females. Figure 64: Spain, Figure 65: Britain, Figure 6 6 : Sweden.

Estimated means:

<f *Figure Broods Significance of 

difference between sexes

64 (i) Spain B,F,H 146.4 52.4 Yes

64 (ii) Spain D 19.0 30.6 Yes

65 (i) Britain N 7.2 13.2 Yes

65 (ii) Britain F,G,I,K,P,R 17.6 25.1 Yes

6 6  (i) Sweden H 84.0 88.7 No

6 6  (ii) Sweden F 3.1 1 2 . 1 Yes

6 6  (iii) Sweden C 83.0 8.9 Yes
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Table 55. Model of variation in mean nestling weight, 

(i) Yellow Wagtail

Source Sum of squares df Mean Square F P

Null Model 2774.9 99

Minimal Adequate Model 11.160 78 0.1431

Age^ X  Location x Group ' 44.09 1 1 4.008 28.01 <0 . 0 0 1

Age^ X  Location x Group 24.18 4 6.045 42.25 <0 . 0 0 1

Age^ X  Location 1.561 2 0.7805 5.46 <0 . 0 1

Age^ X  Location 1.092 2 0.546 3.816 n.s.

Age^ 282.2 1 282.2 1972.37 <0 . 0 0 1

Age^ 560.2 1 560.2 3915.58 <0 . 0 0 1

(ii) Meadow Pipit

Source Sum of squares df Mean Square F P

Null Model 1518.6 54

Minimum Adequate Model 14.08 42 0.3352

Age^ X  Location x Group 35.27 5 7.054 21.04 <0 . 0 0 1

Age^ X  Location x Group 27.09 3 9.03 26.94 <0 . 0 0 1

Age^ X  Location 1.356 1 1.356 4.04 n.s.

Age^ X  Location 3.465 1 3.465 10.34 <0 . 0 1

Age^ 2 1 1 . 8 1 2 1 1 . 8 631.8 <0 . 0 0 1

Age^ 355.7 1 355.8 1061.2 <0 . 0 0 1
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Figures 67-70. Nestling growth patterns. Symbols represent weights of individual 

nestlings. Different sets of symbols on one figure denote separate broods described by the 

same growth curve in the model. Best fit lines are of the form: Mean weight = Intercept 

+ coefficient x age  ̂+ coefficient x age\ Intercept for Yellow Wagtail = 1.59, for Meadow 

Pipit = 1.98. Coefficients are as follows:

(i) Yellow Wagtail 

Location Figure

(g)

Age^ Age- Broods Estimated wt 

at 7 days

Spain 67 (D 0.5198 -0.0402 B(a),D(+),H(D) 13.24

67 0 0 0.5198 -0.0342 F 15.31

67 (iii) 0.5198 -0.0367 G 14.43

Britain 67 Gv) 0.6343 -0.0475 D 16.32

67 (V) 0.4871 -0.0335 F(A),Q(+) 13.93

67 (vO 0.4871 -0.0350 G(a),N(+),P(D) 13.41

6 8  0 ) 0.4416 -0.0269 H 13.98

6 8  (ii) 0.5447 -0.0407 1(A),R(+) 14.29

6 8  (iii) 0.6343 -0.0534 K 14.30

6 8  (v) 0.4871 -0.0284 M 13.24

Sweden 69 (D 0.4313 -0.0278 AA 13.16

69(h) 0.4313 -0.0243 C(a),H(+) 14.34

69 (iii) 0.7255 -0.0661 E 14.45

69 Ov) 0.7255 -0.0632 F 15.44

Cu»rvt2>7 kjĉ K F .
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Figures 67-70 (continued)

(ii) Meadow Pipit

Location Figure Age^ Age%

(g)
Britain 70 (i) 0.3060 -0.0158

70 (ii) 0.5462 -0.0415

70 (iii) 0.4235 -0.0279

70 (iv) 0.3060 -0.0171

Sweden 70 (V) 0.4013 -0.0242

70 (vi) 0.5638 -0.0385

Broods Estimated wt

atTda^s

B (#),J(= ) 13.50

D 15.71

G (# ),I(B ),K (t),1(*) 14.82 

M (#),N(B) 12.82

J(# ),0 (B ) 15.29

Y 18.35
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7.3 6.1. Sources of variation in mean growth rate in Yellow Wagtails and Meadow 

Pipits

Owing to the variation in the shape of the growth curves derived from the above analysis, 

no single measure of growth rate is available for comparison between nests. Instead they 

can be compared using estimates of mean weights of nestlings of the same age, derived 

from the model for each nest. In the Yellow Wagtail the most rapid growth occurs on 

days 5 and 6 , following which weight increase slows down, so that any differences 

between the nests are likely to diminish as weight reaches an asymptote. Estimates of 

mean weight were therefore derived for broods 7 days old, at the end of the period of the 

most rapid growth, and at the point where differences between broods are likely to be 

greatest (see legend to Figures 67-70). The growth trajectory for the Meadow Pipit is 

slightly longer so weight estimates for day 8  were used. Estimates for the 21 Yellow 

Wagtail and the 12 Meadow Pipit nests were then subjected to an analysis of covariance 

incorporating hatching date, brood size and location. Hatching date was indexed separately 

for each location, with the hatch date of the earliest nest being set to 1. Components of 

the minimal adequate model for the Yellow Wagtail are listed in Table 56. None of the 

variables were significant in the case of the Meadow Pipit.

The most important component describing the variance in weight of Yellow 

Wagtail nestlings is the interaction of brood size with hatching date. Overall the weights 

of small broods tend to be larger, early in the season, than those of large broods, and 

convergence occurs as the season progresses. The data suggest an increase in weight 

throughout the study period in Spain, and for the largest broods in Britain and Sweden. 

However, the interaction of brood size and hatching date is such as to suggest that weights 

actually decrease as the season progresses for small broods in the two northerly sites 

(cf.Figure 71), which may explain the absence of any overall effect of brood size on
nestling weight. W dx n/wctA

An alternative approach to explaining variance in growth among nests is available 

for those Yellow Wagtail nests where the behaviour of adults delivering food was 

observed. Models of visit frequency and quantity of food delivered at each visit have been 

derived for these nests, which enable indices of the amount of food delivered to be 

derived. As in the case of growth rate, differences between nests are most likely to show
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Table 56. Analysis of covariance of estimated mean weight of 7 day old Yellow Wagtail 

broods, and 8  day old Meadow Pipit broods.

(i) Yellow Wagtail 

Source Si

Null Model

Minimal Adequate Model 

Brood size x Location^

Hatch date x Location^

Brood size x Hatch date 

Location^

Hatch date 

Brood size

of squares df Mean Square F P

13.915 2 0

5.9760 14 0.4269

7.253 1 7.253 16.99 <0 . 0 0 1

5.529 1 5.529 12.953 <0 . 0 1

2.749 1 2.749 6.44 <0.05

5.682 1 5.682 13.311 <0 . 0 1

0.264 1 0.264 0.619 n.s.

0.5542 1 0.5542 1.298 n.s.

^Spain & Britain merged 

^Britain & Sweden merged 

^Spain & Sweden merged

1 ^  rU rea isjrc ii c f TUt

J Ut'fU JW. clût^jY )

(ii) Meadow Pipit

Source Sum of squares df Mean Square F P

Null Model 23.437 1 0

Residual* 11.236 7 1.605

Location 6.113 1 6.113 3.81 n.s.

Brood size 2.185 1 :L185 1.36 n.s.

Hatch date 0.137 1 0.137 0.09 n.s.

*Residual of model incorporating only the three variables in the table.
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Figure 71. Mean Yellow Wagtail nestling weight at 7 days. The model incorporates brood 

size, date and location. Dates of individual broods are determined relative to each other 

according to their hatch date. At each site day 1 is the date at which the nestlings in the 

earliest nest at the site reached 7 days old. Symbols: ▼ = Spain, □ = Britain, Sweden =



Figure 71
336

Nestling growth in relation to date and brood size

Brood Size
1 0  2 + 6 at site

m

12 ^(0

Pi %



A slight bias in the derivation of an index of the visit rate of males to the nest by the 

difference in the turning point between males in Spain and elsewhere, but this is 

unavoidable. Otherwise the shapes of the curves describing variation in food quantity 

delivered, and log visit frequency are identical. In theory therefore an estimate of delivery 

rate on any day or of any area under the curve provides an equally good index. 

Calculation of areas under a curve is problematic when a log link is being used (see 

footnote p 286), so a point estimate of visit rate is convenient. The utility of using day 

9 is clear if compared with the extreme example of an index of rate on day 1. Rates are 

much lower on day 1 so error to mean ratio in the model will be greater. Data from day 

1  therefore have much less power of discrimination between levels of predictive 

categorical variables, and will in any case have much less influence on the final shape of 

the curves derived from the model, than data from day 9, when differences are much more 

likely to be present because of the greater stress of delivery at a higher rate. Hence these 

curves provide a much more accurate estimate of delivery rate on day 9 than on day 1, 

or indeed on day 7. On the other hand use of day 9 to model differences in growth rate 

of nestlings is inadvisable as weight is by then approaching an asymptote. Therefore, even 

though stress on the parents is less on day 7 compared to day 9, any resulting differences 

in mean nestling weight are much more likely to be detectable.
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up when the processes being observed is proceeding at its maximum rate. The analysis 

of the quantity of food indicates that the largest quantities were being delivered on day 

1 0 , so the estimated mean food quantity for day 1 0  was used as and index of the delivery 

of food overall. The maximum rate of visitation to the nest for males and females 

combined varies between days 8  and 1 0 , and so the mean rate per 2 0  minute period at day 

9 was used as the basis of an index of visit rate. An estimate of the total number of 

dehveries on day 9 was obtained from the product of the summed rates for males and 

females, and effective day length (42 20-minute periods in Spain, 50 in Britain, and 58 

in Sweden). The product of indices for food quantity and visit frequency was then 

obtained to index the total amount of food delivered to nestlings. Of the 14 nests at which 

observations of adult behaviour were made, indices of food delivery were derivable for 

only 12, as two of the British nests (I & P) had only 7 nest visits between them for which 

food quantity delivered was estimated, and were therefore left out.

When this subset of 12 nests, all of which have four or more nestlings, is subjected 

to the same analysis as the full sample of 2 1  nests using brood size, hatch date and 

location as predictcrr variables, only hatch date and location prove significant, with the 

model indicating a general increase in weight as the season progresses, and higher weights 

in more northerly locations (Table 57). However an alternative model incorporating as 

predictive variables hatch date and indices of mean food delivery per nestling per visit and 

visit frequency accounts for a greater proportion of the variance in mean nestling weight 

(Table 58). When location is included as a variable in the latter analysis, or when date is 

excluded, none of the variables prove significant. The effect of hatch date on nestling 

weight can be controlled to an extent by removing from the analysis nests which are 

temporal outliers so that the remaining nests are close together within each site. The very 

early British nest (G) and the late Spanish nest (F) both depart from the expected 

relationship between delivery rate and nestling weight and contribute greatly to the 

significance of hatch date in the above analyses. Exclusion of these nests reduces the 

spread of hatch dates of nests included in the analysis from 25 to 12 days in Britain, and 

from 21 to 14 days in Spain. The results of an analysis of this reduced data set indicate 

a significant overall effect of rate of food delivery per nestling (Table 59), and that mean 

weight for a given rate of food delivery is greater in Sweden than in Britain or Spain 

(Figure 72). To some extent therefore it is possible to rank nests within sites according
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Table 57. Analysis of covariance of mean brood weight for Yellow Wagtail broods for 

which delivery rate data are available.

Source Sum of Squares df Mean Square F

Null Model 6.615 1 1

Minimum Adequate Model 1.555 7 0 . 2 2 2

Hatch date 2.965 1 2.965 1 2 . 1 2 *

Location 4.653 2 2.326 10.47*
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Table 58, Analysis of covariance of mean Yellow Wagtail nestling weight at 7 days

Source Sum of Squares df Mean Square F P

Null Model 6.615 1 1

Minimal Adequate Model 0.5592 4 0.139

Food^ X  Date x Visits 2.425 1 2.425 17.35 <0.05

Date X  Visits 0.6644 1 0.6644 4.75 n.s.

Food^ X  Date 0 . 0 0 0 1 0 . 0 0 0 0 . 0 0 n.s.

Food^ X  Visits 0.9135 1 0.9135 6.53 n.s.

Date 0.2510 1 0.2510 1.795 n.s.

Visits 0.0505 1 0.0505 0.361 n.s.

Food^ 1.524 1 1.524 10.900 <0.05

^Food per nestling
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Table 59. Effect of rate of food delivery on mean Yellow Wagtail nestling weight.

Source Sum of Squares df Mean Square F P

Null Model 4.574 9

Minimal Adequate Model 0.720 7 0.1029

Food^ 1.543 1 1.543 15.00 <0 . 0 1

Location* 2.675 1 2.675 26.00 <0 . 0 0 1

^Index of food delivery rate per nestling 

*Spain and Britain merged
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Figure 72. Effect of overall food delivery rate on mean Yellow Wagtail nestling weight. 

Index of food delivery rate is the product of estimated number of visits when nestlings 

were 7 days old and the estimate of mean food quantity delivered per visit on day 10. 

Symbols: Spain & Britain = # ,  Sweden = a . Best fit lines, Spain and Britain: Weight = 

11.41 +0.00925.food, Sweden: Weight = 12.54 +0.00925.food. No significant differences 

were detectable among the slopes for the three sites (ss = 0.4754, F2 4  =5.55 n.s), or 

between intercepts for Spain and Britain (ss = 0.0734, F̂  g = 0.68 n.s.)
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to the quality of parental care received by the average nestling, and hence the growth rate 

achieved. In Sweden variation is attributable to the difference between two broods of 6  

(C & F) and one of 5 (F) in which the latter received more food per nestling, though a 

lower amount of food overall. Among the four British broods the lightest (N) received 

smaller quantities of food per visit than the other three. A case can be argued therefore 

that brood weights among these nests reflect habitat quality, though foraging ability of the 

adults may be equally significant.

Measurement of the effect of short term variation in weather conditions on growth 

rate is not straightforward, as the depression of growth rate caused by a period of poor 

weather will effect the whole of the subsequent trajectory of growth. Evidence for such 

effects were therefore sought via an analysis of covariance of the residuals of mean brood 

weight in the models of nestling growth for Yellow Wagtails and Meadow Pipits, using 

mean temperature and wind speed as recorded over the 24 hour period prior to weighing. 

No effect of temperature was detectable, nor were there any detectable differences 

between sites or between the two species, but overall, mean nestling weight tended to dip 

below the mean trajectory of growth when the previous 24 hours had been relatively 

windy, and to rise above the mean trajectory after a relatively calm period (Table 60, 

Figure 73). This effect was significant even when the two very low residuals recorded for 

British Meadow Pipits were excluded (ss=13.839, Fj i23=5.08, P<0.05). The perturbation 

of growth rate in these two broods is clearly visible in Figure 70(i) (nest J, day 6 ), and 

Figure 70(iii) (nest 1, day 9).

7.4. Discussion

7.4.1. Growth rates

Latitudinal clutch size dines have been attributed to variation in the number of daylight 

hours during which food can be delivered (Lack 1954, Hussell 1985). Implicit in this 

hypothesis is the idea that the optimum delivery rate per nestling is higher when days are 

shorter, so that the nestling achieves a more rapid growth rate during the hours of daylight 

to offset the longer period of nocturnal weight loss. The hypothesis would cease to be 

tenable in this form if it were found that high latitude nestlings were being fed at a rate



344

Table 60. Analysis of covariance of residuals of growth models for Yellow Wagtails and Meadow Pipits.

Source df ss ms F

Null Model 126 18.753
Model 107 16.078 0.1503

Wind X  Temperature x  Species x  Location 1 0.0420 0.0420 0.280 n.s.

New Residual 108 16.120 0.1493
Wind X  Species x Location 1 0.0287 0.0287 0.192 n.s.
Wind X  Temperature x  Location 0.0514 0.0257 0.172 n.s.
Wind X  Temperature x Species 1 0.0242 0.0242 0.162 n.s.
Temperature x Species x Location 1 0.0036 0.0036 0.024 n.s.

New Residual 113 16.174 0.1431
Species x Location 1 0.1734 0.1734 1 . 2 1 1  n.s.
Temperature x Location 0.4042 0 . 2 0 2 1 1.412 n.s.
Wind X  Location 0.4818 0.2409 1.683 n.s.
Temperature x Species 1 0.0420 0.0420 0.293 n.s.
Wind X  Species 1 0.0410 0.0410 0.284 n.s.
Wind X  Temperature 1 0.0511 0.0511 0.357 n.s.

New Residual 1 2 1 17.191 0.1421
Location 0.2515 0.1258 0.8851 n.s
Species 1 0.0017 0.0017 0 . 0 1 2 0  n.s
Temperature 1 0.4436 0.4436 3.122 n.s.
Wind 1 0.6721 0.6721 4.729 *
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Figure 73. Regression of growth model residual on wind speed. Regression lines are 

shown with (pecked line) and without the two lowest residuals. Regression equations: (i) 

With low residuals, y = 0.2328 - 0.0623x, (ii) Excluding low residuals, y = 0.2274 -

0.0544x. Symbols: (i) Yellow Wagtail, #  = Spain, ■  = Britain, ▼ = Sweden, (ii) Meadow 

Pipit, + = Britain, x = Sweden.
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close to their capacity for digestion and assimilation, i.e. that feeding rate were determined 

by ’gut limitation’ in nestlings, as it would then be impossible to significantly increase 

the rate of feeding nestlings during daylight at low latitude, and the expected outcome 

would be lower growth rates rather than smaller clutches.

Most of the broods in the study have a mean growth rate well below that of the 

fastest growing brood, however this could reflect the quality of food or some other aspect 

of parental care, or may simply be a function of water content, and does not prove that 

the nestlings were being fed well below their assimilative capacity. However the generally 

positive relationship between the volume of food delivered per nestling and growth rate 

in Yellow Wagtails when corrected for seasonal variation suggests that, at all but the most 

rapid rates of delivery at least, the nestlings were absorbing food more slowly than was 

possible, and therefore growing more slowly. This result accords with experimental 

evidence that restriction of the period of food availability during the day is compensated 

by increased food intake rate in precocial nestlings (Ricklefs 1983). In principle therefore, 

differences in day length may contribute to clutch size dines, though positive evidence 

that per capita delivery rate during daylight hours is greater in the south is absent.

Whatever the significance of different environmental variables, adaptive 

explanations of clutch size dines invoke a lower optimal level of parental care at low 

latitudes, which may result from a lower optimum level of effort on the part of one or 

both parents, or from a poorer environment requiring greater effort for a given level of 

parental care. If so there is no reason why clutch size should be the only variable affected, 

and it would appear unlikely that this is so as the addition or subtraction of nestlings can 

provide only a crude adjustment. Fine tuning of an adaptive strategy linking parental effort 

and survival probability of nestlings can however be achieved by varying growth rates of 

nestlings (Ricklefs 1968). The simplest model of growth rate variation predicts a slower 

growth rate for a given clutch size at lower latitudes. In addition the dine in growth rate 

should be more pronounced in larger clutches, as the maximum growth rate should be 

approachable even at low latitudes where the brood contains few nestlings. The patterns 

of variance in growth rates of Yellow Wagtails across the three sites suggest that such a 

model is inadequate in several respects. Most importantly, growth rate varies considerably 

within sites with date, so that it is impossible to characterise a location in terms of a 

single effective level of parental care. The situation is further complicated by the fact that
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a significant amount of seasonal variation in mean nestling growth rate among Yellow 

Wagtails appears to be independent of the amount of food delivered per nestling, 

suggesting that the relative well being of nestlings in a given location is not entirely 

governed by the effort expended by parents on their behalf, though it remains a possibility 

that the seasonal variance not explained by food quantity is attributable to some other 

aspect of parental effort such as quality of food delivered.

Despite these reservations, some of the predictions of the simple model do seem 

to be fulfilled by the data. When season is taken into account. Yellow Wagtail growth 

rates appear to be greater in smaller clutches over most of the period of observation 

within each site. Furthermore the best fit lines for a given clutch size describe a lower 

growth rate further south over the majority of the study period in each site for larger 

clutches at least, fulfilling the prediction concerning the relative levels of parental care in 

each site.

The apparently lower levels of parental care per nestling in the south are not 

necessarily indicative of a poorer environment, as they may merely reflect a lower level 

of parental effort. The significance of variation in the latter can be deduced from the 

patterns of variation of change in mean nestling weight according to brood size, which are 

clearly inexplicable in terms of environmental quality. If the quality of parental care per 

nestling in Yellow Wagtails does decrease in small broods in Britain and Sweden as the 

season progresses, while that of large broods increases, it must reflect a smaller 

expenditure of effort per nestling in small broods, otherwise the direction of change in 

mean nestling weight would be the same for all brood sizes, with weights converging as 

they increase, as occurs in Spain. Survival of fledglings is known to decrease with 

fledging later in the year in many species,jjand it is increasingly likely late in the season 

that the most likely number of survivors to the following year from a small brood will be 

zero (Ricklefs 1984). It would not be surprising therefore if the optimum level of 

investment in smaller broods decreased late in the breeding season, in which case the 

pattern observed may express a reproductive-survivorship trade-off (Murphy & Haukioja 

1986).

Parental care is indexed to some degree by the rate of food delivery, but unlike 

growth rate, neither overall rate of food delivery or rate of delivery per nestling in the 

Yellow Wagtail shows any relationship to location or date, though within locations mean
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weight is predicted by rate of food delivery for nests which are temporally close together. 

The remainder of the variation in mean weight, most of which can be attributed to either 

location or season effects, appears independent of rate of food delivery, suggesting that 

variation in mean weight with season and location is mostly attributable to the interaction 

with the environment of aspects of parental care other than the volume of food delivered 

per unit time.

The most obvious interpretation of the fact that mean weight at 7 days can vary 

by over 2 g for a given rate of food delivery per nestling, erctrroiy

relates to the nutritional quality of the food being delivered. Variation in 

food quality could be a reflection of the quality of the environment, but could also be a 

result of variation in parental effort if parents which invest greater effort in foraging are 

able to delivery better quality food. As most of the variation in weight at a given rate of 

food delivery can be attributed to date or location, the former explanation appears most 

likely, as the prey taxa available will vary with both factors. Thus food quality in Sweden 

appears greater than that in Britain and Spain as weights achieved per unit of food 

delivered are significantly higher than those recorded over the majority of the season 

further south. This suggests that quality of food rather than food availability per se, may 

contribute to a latitudinal d ine in the optimum level of parental care, though if so the 

timing of the breeding season is determined by factors other than the quality of food 

available during the nestling phase, particularly in Spain where the highest weights were 

achieved very late in the season.

Another factor which may contribute to the unexplained variance in nestling 

growth rate is the cumulative effect of short term variations in the environment, especially 

weather. If the delivery of food is hampered for even a short period, the consequent 

depression of nestling weight will affect the growth trajectory for the remainder of the 

time spent in the nest. Consequently, estimates of food delivery rates which are based on 

periods of observation which do not include the period of depression of delivery rate, may 

overestimate the growth rate achieved. Wind speed in particular appears to affect growth 

rate in the short term, as is demonstrated by the relationship between the departure of 

nestling weight from the mean trajectory of growth, and mean wind speed over the 

previous day. The effect of wind speed on the growth and survival probability of nestlings 

was demonstrated in Britain by the effect of a two day period of high winds on Yellow



There are many recorded instances of variation in weather conditions affecting breeding 

parameters and ultimately breeding success in songbirds. The start of the breeding season 

is frequently delayed by poor weather conditions (Perrins 1979, O’Connor & Morgan 

1982). Perrins also found that increased brooding in cold weather could lead to food 

shortage and mortality of some nestlings. Bryant (1975) was unable to detect any direct 

effect of wind but found that rainfall lowered growth rates in House Martins, while 

growth accelerated in higher temperatures, paralleling the findings of O’Connor & Morgan 

(1982) of lower breeding success in the Spotted Flycatcher in cool, cloudy years.



350

Wagtail nest K, towards the end of the nestling period (Figure 6 8 (iii)), which resulted in 

a decrease in the weights of all of the nestlings. At the end of this period, when the 

nestlings were eight days old, one of the nestlings was dead and two were very weak, and 

subsequently these three were found dead in the nest. Weight loss and subsequent fatality 

was also observed in a Skylark brood over the same period. Yellow Wagtail nest K may 

have been particularly susceptible to the effects of wind as the habitat around the nest 

appeared to be poorer than elsewhere, as evidenced by the wide scatter of parental feeding 

sites (overlay. Figure 45). Moreover, the parents relied heavily on chironomid midges 

(Table 42), the activity of which is curtailed by high winds.

7.4.2. Bfooclfrg of nestlings

Alternatively, the variation in mean weight for a given rate of food delivery per nestling 

may reflect aspects of the interaction between parental care and the environment other 

than food delivery. Parent birds perform a number of other tasks which directly affect the 

welfare of nestlings and might therefore be reflected in the growth rate, such as nest 

guarding and incubation of nestlings. A greater proportion of metabolic energy is required 

for thermoregulation in a colder environment, and so it might be expected that nestlings 

in a more northerly location might grow more slowly for a given level of food 

provisioning. Moreover temperatures increase in all the sites as the breeding season 

progresses which might contribute to the seasonal increase in nestling growth rate per unit 

of food assimilated.

The differences between the sites in the proportion of time Yellow Wagtails spent 

incubating nestlings illustrates how factors other than food availability affect parental 

effort across a latitudinal gradient. The smaller proportion of time devoted to the 

incubation of small nestlings in Spain as a result of the non-contribution by males to this 

aspect of parental care is likely to relate to a relationship between temperature and the 

required level of parental effort. A much larger effort is required of parents in cool 

temperatures to provide the level of well being enjoyed by nestlings in a warmer climate, 

all else being equal, leading to the prediction of an increasing trade-off between 

provisioning and brooding in the north (Weatherhead 1979). The difference which would 

be expected between Britain and Sweden on the basis of temperature is obscured by the
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effect of wind chill, which is more pronounced in Britain. In both locations the major 

effect of wind chill is on the behaviour of the males which appear hardly to incubate at 

all in calm conditions. Differences in the effect of wind chill within sites can be related 

to the degree of exposure of individual nest sites. The two nests which were little affected 

by the wind were both situated within cavities in the ground several inches deep 

surrounded by vegetation, and the two intermediate nests were also relatively sheltered, 

one in a space beneath a fallen fence post (I), and the other in the cleft formed by a small 

hummock less than a metre in diameter situated on the landward side of the sea wall (N; 

cf. Figures 45 & 61). The two remaining nests, in which both sexes responded strongly 

to wind speed were both on a flat ground surface sheltered only by surrounding 

vegetation, one on top of an embankment (K) and the other in an open area of grassland 

(R). Nest R may have been a replacement nest by the pair responsible for the earlier nest 

C, which was situated in a deep cavity formed by a dried hoofprint, and was lost between 

19 and 23 days before the discovery of nest R on the day the nestlings hatched.

The fact that in two of the Swedish nests, the female appeared to respond to 

increased wind strength by decreasing the proportion of time spent on the nest, at first 

appears paradoxical. However both of these nests were situated in extremely sheltered 

sites within woodland and in hollows beneath the trunks of birch trees. By contrast the 

third nest was situated in an exposed position in a area of treeless peatland, and displays 

the conventional response, with increased incubation by the male in high winds. One 

interpretation of the decreased incubation by females in high winds in the woodland nests 

is that foraging becomes more difficult in such conditions, so that greater time and effort 

is required to gather food, hence less time can be devoted to incubation, an effect 

obscured when the nest is exposed but revealed in this case when the nestlings are not 

affected by wind chill. If so this provides evidence that a trade-off exists between 

incubation and feeding of nestlings in northern latitudes, despite the fact that the need for 

the former declines as the latter increases with nestling growth. However, the net result 

of such a trade-off would be a latitudinal trend in the relationship between parental effort 

and quality of parental care opposite that required to explain the trend in clutch size.
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7.4.3. Patterns in provisioning behaviour

No overall difference in the distance of foraging trips were detectable between the sites, 

nor was there any relationship between distance and any other recorded variable such as 

size of food items, delivery frequency, or growth rate. However a consistent pattern that 

did emerge was the tendency for length of forays to peak around the eighth day after 

hatching. This is close to the estimated peak delivery frequency, and so presumably 

reflects a relationship between demand and distance. Brooke (1981) presents a model in 

which foraging distance from the nest decreases with nestling age, involving a trade-off 

between predation and foraging efficiency. Early in the nestling period when food 

demands are low parents are able to forage far from the nest thereby avoiding attracting 

predators to its vicinity. However when food demands of nestlings increase it becomes 

impractical to make such long trips. Brooke presents data compatible with this model, but 

which is difficult to assess as it covers only the mid and late nestling periods, and the 

ages of the nestlings in the periods so defined vary between nests as they are measured 

backwards from the day of fledging which occurs at varying ages. The wagtail data from 

mid and late nestling periods presented here might well appear compatible with Brooke’s 

model were it subjected to a similar analysis, but overall is clearly incompatible as 

foraging distance increases over the early nestling period.

Both data sets could equally be predicted by a model which reverses the effect of 

proximity to the nest on predation. If proximity enables nest guarding and distraction 

displays, thereby decreasing the probability of predation, there could be a trade-off 

between increasing foraging efficiency further from the nest, and increasing protection 

from predators with proximity to it, leading to the longest trips being made when demand 

is greatest. Brooke showed that visiting rate of female Wheatears was negatively 

correlated with distance, but did not observe males. As with wagtails the visit rate of 

female Wheatears increased until fledging, but this does not necessarily reflect demand, 

which may peak earlier in the nestling period (Bryant and Gardiner 1979). This idea is 

also compatible with Brooke’s observation of long foraging trips by females incubating 

eggs, as the females should minimise the time spent off the nest, and so will forage in the 

site which provides the maximum feeding rate, which is unlikely to be adjacent to the nest 

site.
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The objection might be raised that, given the apparent reduction in effort by the 

male late in the nestling period while that of the female continues to increase, that a 

difference between the sexes should be present for the pattern of foraging distance with 

age. The presence of such a difference may simply not be detectable without additional 

data, but its absence does not refute the model if the adults continually assess the demands 

of nestlings via begging intensity. If the distance of each foraging trip is determined by 

begging intensity on the previous visit, the lowering of overall rate of food delivery later 

in the nestling period, mainly as a result of a decrease in delivery frequency of the male, 

will affect the foraging distance of males and females equally.

The difference in patterns of delivery rate between males and females is similar 

in all three sites, with males showing a sharp peak and then tailing off rapidly towards 

the end of the nestling phase. This together with a suggestion of a decrease in 

provisioning frequency with smaller broods in males only, indicate a generally higher 

level of direct investment in nestling care by females, while males adopt a more 

supplementary role, investing effort when it is most needed (Westneat 1988, Carey 1990). 

There is evidence that male parental care is more important in higher latitudes where 

removal of the male causes greater nestling mortality (Meek & Robertson 1994, Wolf et 

al. 1988)^ Rixo'tcrvn Tor^cos

The smaller brood sizes which prevail in Spain appear to be associated with a 

relative lowering of effort by males compared to the other two sites, and an earlier tailing 

off of effort. Though this may be merely a response to lower clutch sizes which are 

determined independently, it raises the possibility that a contribution to clutch size dines 

might be made by a lower optimal level of depreciable parental care (Trivers 1972, 

Maynard-Smith 1977, Clutton-Brock & Godfray 1991) by males at lower latitudes, either 

because of a relatively greater investment in non-depreciable care such as nest guarding 

or territorial behaviour, or because of a lower level of effort. Evidence for the former 

is provided by the warier approach to the nest by males in Spain suggesting that in 

contrast to the other two sites the males take a more active role in nest guarding than the 

females (Breitwisch et al. 1989). The exception to this pattern in Spain proved to be the 

bigamous male at the El Rocio site, which as well as making a lower contribution in 

terms of nestling provisioning, appeared to take little care to avoid betraying the location 

of either of his nests, frequently perching conspicuously on branches directly above both
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nest sites.

If environmental conditions are more favourable for polygamy at low latitudes, the 

expectation of male investment in a brood, and hence optimal clutch size, would be lower. 

The single instance of polygamy encountered in the study is scant evidence of such a 

trend, but illustrates the numerous adjustments which have to be made when the attention 

of the male is divided. The lower investment by the bigamous male occurred despite the 

fact that his other nest was still at the egg stage when the nestlings fledged, and the 

temporal clustering of visits to the nest by this male is symptomatic of a division of 

effort. Despite this however, the female was able to increase her own investment in 

compensation, both in terms of visit frequency and quantities of food delivered, suggesting 

that, at this site at least, the usual rate at which a parent wagtail delivers food is well 

below the maximum achievable. However, the trend of weight loss and eventual mortality 

of one nestling in an British nest in which the female disappeared on when the nestlings 

were 9 days old (Figure 67 (vi)), and despite a compensatory increase in effort by the 

male, suggests that at least some level of biparental care is necessary in broods of normal 

size. In this the species appears to differ from some other insectivorous passerines in 

which widowed birds are able to successfully raise broods unless the mate is lost at an 

early stage of the nestling period (Sasvari 1986).

Another factor which may contribute to geographic variation in optimum clutch 

size, in addition to day length, food availability, and variation in the roles of the sexes in 

reproduction, is the direct affect of climate on the potential for parental care. In Spain 

wagtails were frequently seen to betray the effects of heat stress by gaping, and the 

pattern of diurnal variation in delivery frequency there, with a pronounced dip in the 

middle of the day is most likely to be a response to diurnal temperature fluctuation 

(Kinsley & Ferns 1994). If as a result fewer deliveries can be made to nestlings, the 

optimum level of output should be lower than would be the case if this constraint were 

absent, as appears to be the case in Britain and Sweden. In Sweden the more frequent 

delivery rate in the middle of the day is presumable a response to insect activity, which 

is greater in the warmer temperatures in the middle of the day (chapter 6 ). At "night" the 

temperature frequently dips below 5°C at this location when the sun is near the horizon.
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7.5. Summary

1. The relationship between mean growth rate and food consumption per nestling in 

Yellow Wagtails suggests that the growth rates achieved are generally lower than 

could be achieved if more or better quality food were delivered, ^
ow.cW\ Uwc^^-^Uma tK i cuM^ -trpt>/>Ji HXeC «% eL/T^U>t6t-q  *v i*\oT«c<jk

2. Weights of Yellow Wagtail nestlings are generally higher in smaller broods at
fzJü H

particular site,A« '̂r<s(iWj tJp C-<\Ycrvcfio'\̂
 ̂ dUi .

a ~ ^ lû^tbb»,^ w6 cid i > t - V j - r * ^ c x w l e i c  a:MA|acM\‘d\ô»A
CKddlkm̂ iAJi by Tk. |Ciüt*<ÎS.

3  T K j L  e d i t ,  T V « J -  t o c u ^ W r ^  c (  y c l k w  r e ^ U r \ j , l  o « c ^ « » ^ - z d t ^  k-Wt/j*T b Size^

further south fullfilling the prediction of Lack’s hypothesis of lower optimal

parental care. However differences in seasonal variation in weight between brood

sizes suggest the presence of trade-offs between reproduction and parental

survivorship.

4. The effect of wind speed on nestling weight in Yellow Wagtails and Meadow 

Pipits suggests that high winds lessen the ability of adults to collect food.

5. Latitudinal dines in clutch size may be related to quality rather than quantity of 

food delivered.

6. The effect of wind chill on incubation of Yellow Wagtail nestlings illustrates the 

potential of factors other than food to contribute to variation in realised optima, 

however the effect of thermoregulatory stress on the parents’ ability to care for 

nestlings is more likely to contribute to observed patterns.

7. Effort devoted to food delivery by Yellow Wagtails is concentrated around the 

time of peak demand in the males and decreases relative to females in smaller 

broods and in Spain, where vigilance by males appears to be greater.

8. Sex roles in Spanish Yellow Wagtails may differ from those further north, with 

a greater investment in non-depreciable care such as nest guarding, or greater 

frequency of mating with other females.

9. Behaviour of a Yellow Wagtail pair with a bigamous male differed in numerous 

ways from all other pairs observed in the study.

10 o{ oV)utS to Ajcot<5 P-t- y c u ù { j L h

Ù, UrrC/~ ~tKy cLy ^
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Conclusion

The main theme of this thesis has been the interpretation of variation in behavioural and 

mensural characteristics in a single species, as varying optima resulting from the different 

problems and opportunities afforded by the variety of sites in which it has proved possible 

for the species to establish and maintain a population. Any site within the dispersal 

powers of a species in which the birth rate exceeds the death rate will be open to 

colonisation, which once started will be followed by an increase in population up to some 

carrying capacity, where density dependent processes cause population growth to cease. 

From such considerations it has been deduced that competition must be among the most 

powerful selective agents encountered by species whose environments are relatively stable, 

resulting in the attribution of many behavioural, population, and community phenomena 

to competitive effects. Migration is one area in which such attributions are especially 

prevalent, and though positive evidence linking competition to patterns of migration is 

sparse, the credibility of such ideas has been reinforced by the development of a body of 

theoretical justifications. However the latter are the result of faulty statistics combined 

with an uncritical acceptance of competition as the explanation for patterns more likely 

to result from the effects of variation in body size. Differential migration might well be 

partly explicable through dominance hierarchies, but is also undoubtedly affected by intra

class competition, such as between males for mates and breeding territories. Leap-frog 

patterns are more readily explained via an interaction of seasonality in breeding and 

wintering areas, and optimal time allocation between them. A critical aspect of the latter 

theory involves the occurrence of a wave of productivity moving northwards across the 

wintering range of leapfrog migrants during the period before and during pre-nuptial 

migration, increasing in magnitude as it does so, which should be identifiable wherever 

a leapfrog pattern is present. It should also be possible to identify many instances where 

the northern boundary of the winter range of a leapfrog migrant coincides with the latitude 

reached by the wave at the time of its spring departure. Pre-migratory fattening in spring 

should also be more rapid in leapfrogging populations, and their arrival time on the 

breeding grounds should be at least partly predictable by annual variation in weather on 

the wintering grounds, especially the arrival of rains following tropical dry seasons.

Variation in morphological characters provides another instance in which variation 

has in the past been hastily attributed to competition (Vaurie 1951, Grant 1972). However
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in the Yellow Wagtail much of the variation present appears to be associated with climate 

and habitat characteristics of the natal area, since similar trends in size and shape variation 

have been found in quite unrelated species. It remains open whether this is due to 

adaptation or environmental induction, but the increasing number of instances of similar 

patterns begin to preclude alternative explanations such as random drift.

Variation in the intensity of intra- and inter-specific competition is the most 

favoured explanation of geographic variation in clutch size, but previous correlative 

studies have provided only weak evidence in favour of this hypothesis due to the high 

level of covariation between seasonality, population density, and numerous other 

potentially causative factors. However, the pattern of clutch size variation described for 

the Yellow Wagtail coincides with highly specific predictions of an extension of the 

theory linking clutch size, migration patterns and over-winter survival, and is much less 

explicable by alternative theories. Further confirmation can be sought by comparing clutch 

size with direction of migration in the Yellow Wagtail and other species in different parts 

of their breeding range. The putative effect of variation in population size on clutch size 

can also be tested by cross-species comparisons. Particularly useful would be comparisons 

of temporal trends in clutch size with species such as the White-eyed Vireo and Blue

winged Warbler, for which there is evidence that declines are related to the contraction 

of available wintering habitat (Morton 1992).

Very little can be deduced concerning the relative contribution of community 

effects versus autecological considerations from data on nesting distribution and diet, and 

casual observations of foraging presented here. However the observations are suggestive 

of a number of factors which comprise habitat requirements of Yellow Wagtails, including 

a combination of riparian and terrestrial habitats, and one or more sources rich in 

arthropods. Formal autecological studies of habitat association in the species would be 

difficult owing to the frequent separation of breeding and foraging sites, compared to 

species which maintain compact territories.

More data are required on the variation in growth rates across the range of 

different species to substantiate the tentative conclusions presented here concerning the 

effects of geographic variation, time of year, and brood size on growth rate. Evidence 

presented for the effect of wind speed on provisioning behaviour and growth rates 

suggests that wind speed might affect breeding success, which could be tested by inter

annual comparisons of breeding success and weather conditions, possibly in an analysis
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incorporating regional variation. This may provide clues as to whether the generally 

windier conditions in the west of the British Isles contributes to the general scarcity of 

Yellow Wagtails there.

Finally, further clarification of geographic variation in breeding strategy would be 

provided by comparisons of calorific values of food delivered in different parts of the 

breeding range to test the hypothesis that food quality effects clutch size, and by a 

quantitative comparison of time-activity budgets of males and females at different 

latitudes, particularly with respect to behaviour such as mobbing predators, territoriality 

and nest guarding. Also useful would be comparative data on frequency of extra-pair 

copulations in different areas and of extra pair young via DNA fingerprinting, which could 

be used in conjunction with time activity budgets to assess differences in systems of 

sexual selection, sex roles in reproduction, and constraints on reproductive activity in 

different sites.
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Appendix I. Scientific names of bird species mentioned in the text.

Swallow 
Whitethroat 
Steppe Buzzard 
Black-tailed Godwit 
Fox Sparrow 
Ringed Plover 
Yellow Wagtail 
Pied Wheatear 
Scops Owl 
Golden Plover 
Aquatic Warbler 
Grasshopper Warbler 
Oystercatcher 
Mallard 
Corn Bunting 
Red-legged Partridge 
Chaffinch 
Greenfinch 
Hawfinch 
Sedge Warbler 
Blackcap 
Willow Warbler 
Lesser Whitethroat 
Turtle Dove 
Cuckoo 
Chiffchaff 
Garden Warbler 
Reed Bunting 
Pied Flycatcher 
Dunnock 
Redstart 
Skylark
Spotted Flycatcher 
Bullfinch
Orange-cfo.j.u4 Warbler 
Dark-eyed Junco 
Meadow Pipit 
Wheatear
Three-toed Woodpecker

Himndo rustica 
Sylvia communis 
Buteo buteo 
Limosa limosa 
Passerella iliaca 
Charadrius hiaticula 
M otacilla flava  
Oenanthe pleschanka 
Otus scops 
Pluvialis apricaria 
Acrocephalus paludicola  
Locustella naevia 
Haematopus ostralegus 
Anas platyrhynchos 
Emberiza calandra 
Alectoris rufa 
Fringilla coelebs 
Carduelis chloris 
Coccothraustes coccothraustes 
Acrocephalus schoenobaenus 
Sylvia atricapilla 
Phylloscopus trochilus 
Sylvia curruca 
Streptopelia turtur 
Calculus canorus 
Phylloscopus collybita 
Sylvia borin 
Emberiza schoeniclus 
Ficedula hypoleuca 
Prunella modularis 
Phoenicurus phoenicurus 
Alauda arvensis 
Muscicapa striata 
Pyrhulla pyrhulla 
Vermivora celata 
Junco hyemalis 
Anthus pratensis 
Oenanthe oenanthe 
Picoides tridactylus

^ p I 2 ^  po.Sillov
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Appendix II. Proportions of total number of days of exposure on which nest faliure or 
mortality occurred, a: nests during incubation, b: eggs, c: hatching, d: nests during nestling 
period, e: nestlings.

Yellow Wagtail 

Spain England Sweden

m n P m n P m n P

a. 2 45 0.044 4 54 0.074 4 59 0.068

b. 0 237 0 . 0 0 314 0 . 0 4 280 0.014

c. 1 17 0.059 8 34 0.235 4 26 0.154

d. 0 42 0 . 0 1 8 8 0 . 0 1 1 0 54 0 . 0

e. 4 206 0.019 7 383 0.018 1 243 0.004

Meadow Pipit

England Sweden

m n P m n P

a. 2 72 0.028 2 45 0.044

b. 0 312 0 . 0 0 196 0 . 0

c. 0 27 0 . 0 0 13 0 . 0

d. 2 89 0 . 0 2 2 1 31 0.032

e. 1 401 0 . 0 0 2 0 137 0 . 0
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A ppen d ix  III . «p- s/ô\c«^«^/dAj c<̂ HfwcLî L& -jcM'*

In studies of diet and prey availability of insectivorous birds it is important to take 

account o f the size of potential prey as well as their abundance. The method used can be 

as simple as division of individuals into ’small’ and ’large’ categories (e.g. Davies 1977). 

At the other extreme it would be possible to obtain a measure, such as ash-free dry 

weight, which indexes calorific value, for every individual caught in a trap, and thereby 

obtain an extremely detailed account of food availability. A similar approach could be 

taken for the content of the diet if it were sampled for instance using neck collars on 

nestlings, which enable the removal intact of items fed to nestlings. However the labour 

intensive nature o f such an approach would severely limit the total amount of data which 

could be obtained, and though the data would be extremely precise it would suffer, as a 

picture o f diet and food availability of a population, from considerable sampling error. It 

is generally preferred therefore, to adopt an approach which allows a larger amount of 

data to be collected and processed, using more approximate techniques of measurement.

A popular approach involves the indexing of size using an easily obtained 

measurement such as body length, which is then converted to a more appropriate measure 

using an empirically derived formula. This approach can be extended to cases where the 

diet o f insectivorous predators is being assessed using the remains of food recovered from 

gut contents or faeces, as it is possible to derive a measure o f the size of prey from 

fragmentary remains. Thus Bryant (1973) was able to index size of both dietary contents 

and available prey of aerial feeding birds using the wing lengths o f insects in trap 

samples, and the length of intact wings in faecal samples, or estimates o f wing lengths 

derived from wing fragments. However a problem arises when such an approach is 

extended to a situation in which many wingless prey may be included in the diet, so that 

no single analogous measure is available on which to base a size index of prey fragments 

in faecal remains. Nevertheless it is possible to assess the size o f animals whose remains 

are recovered from faeces, from the size o f the various body parts such as mandibles, 

head capsules, elytra, genitalia etc. as well as wings, by comparison with reference 

collections of prey animals obtained in the foraging habitat. Such comparisons do not 

permit a precise measurement o f body size, but do allow each prey item identified to be 

placed with some certainty in a category defined by a size range and bod) shape. The
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size/shape categories used in this study, as defined in chapter 6 , also permit rapid 

processing of trap samples, such that it is practicable to carry out extensive trapping 

involving the capture and categorisation of many thousands of invertebrates.

The problem remains of how to derive an appropriate estimate of mass for each 

size/shape category. Given that each category is defined in two dimensions, the simplest 

derivable measure is the area of an appropriately proportioned rectangle. Such an index 

would however increasingly underestimate the relative size of larger items as mass 

increases as a function of the cube of any linear dimension, whereas a cross-section only 

increases as a function of its square. It is more appropriate therefore, to base a size index 

on the volume of a cylinder of the appropriate length and width. As the animals samples 

are not generally cylindrical, and as their categorisation in width classes is generally 

influenced by the width of the widest point on the body, usually the thorax or abdomen, 

the use of a simple cylindrical volume would overestimate the actual volume of the 

animal. However, such is the variation in shape among arthropods and other invertebrates, 

that definition of a precise function based on a cylinder is impossible. For this reason an 

overall approximation of half the volume of a cylinder has been used as an approximation 

of the volume of an invertebrate of a given length and width, i.e:

Volume = I L s lJ l  
8

where c = width as a proportion of length, and 1 = 

length.

For the data at hand it is reasonable to postulate, for each length category (except 0- 

1mm), a uniform distribution of lengths among the animals assigned to it. Therefore for 

constant c, the mean volume of entities in each category is equal to the mean of the 

volume function between the limits of the length category a and b, i.e:

Mean volume = -5^^—
8(b-a) Û

Functional constraints preclude the possibility of a uniform distribution of widths in each 

category, so values of c for each width category have been arrived at empirically using
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correlations between estimates of volume and actual dry weights-fcr 1W 

dcJ t< L  c S c t  cwcU/ioiatfi. , -jW- a î>à>aj^ -39)

Values of c were varied independently for the 3 width categories, from 0 - 0.25, 

0.25-0.5, and 0.5 - 0.75 respectively, using intervals o f 0.1mm (a total of 25  ̂

combinations). The combination giving the closest correlation was 0.18, 0.28 and 0.58 

(Kendall’s rank correlation = 0.8644). Merely basing an estimate o f volume on length 

categories gives almost as good a correlation, but only with large samples which contain 

a range of sizes and shapes of invertebrates, evening out any inaccuracies which would 

accrue to estimates for samples containing invertebrates which are more attenuated than 

average, such as chironomids, or more rotund such as arachnids, many of which are 

presented in the analysis.

Quantification of the relationship between the formula volume estimate and dry 

weights of samples enables an estimate to be made of the biomass o f samples in terms 

of dry weight rather than simply volume (Table 1). No difference in this relationship was 

detectable between the four sets of samples and the final regression coefficient is close 

to, though significantly different from 3000. However as a regression coefficient o f 3000

has a coefficient of determination of 95.3% as against 95.6% for the least squares
-'t

estimate, it does not seem unreasonable to regard division o f volume estimates by 3 as 

providing a reasonable approximation to dry mass in grams (Figure 1). In any case this 

only alters the unit of measurement and does not affect the size o f the estimates in 

relation to one another. The final conversion formula can therefore be written as follows:

HeDry weight (mg) = ^ . [  Pdl
v A f  M —/7 i J a24 (6 -a )  ̂a

The formula for the estimation of the biomass o f invertebrate samples can be 

compared with the results for the same data o f a technique based on the length of 

individuals only, described in Rogers et al. (1976), and used elsewhere to assess prey 

abundance in studies of insectivorous birds (e.g. Skékely et al. 1994). The latter is equally 

accurate in predicting the dry mass of Sweep net and Spanish Malaise samples, though 

the resulting coefficients are rather less consistent than those for the volume estimate, but 

is much less accurate in the case of English and especially Swedish Malaise samples
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Table 1. Regression of volume estimates on dry weights of invertebrate samples. 
Intercepts of regression models are constrained to zero.

Source df ss ms F

Null Model 150 356,278,592

M^M(\lModel 147 15,129,041 102,919

Sample type X dry wt. 3 341,149,536 113,716,512 1104.9

Merger of levels:

Sweep net + Spain 1 278,472 278,472 2.7 n.s.
Residual 148 15,407,513 104,105

Above + Sweden 1 67,737 67,737 0.7 n.s.
Residual 149 103,861

Above + England 1 188,178 188,178 1.8 n.s.
Residual 150 / f ,  6 6  3,1^2 104,423

Coefficients ornsr

Initial levels Full model Merger 1 Merger 2 Merger 3

Sweep net 2125 (434.9) 2836 (49.26) 2847 (47.03) 2856 (46.75)
Spain 2971 (159.2) 3328 (354.5) 3328 (354.1)
England 3328 (352.5) 2971 (160.1)
Sweden 2845 (49.3)
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Figure 1. Plots of volume estimates against dry weights of Malaise trap samples. Line: 
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(Table 2). Therefore the volume method described above appears not to improve on 

Rogers’ method where samples are large and diverse. However where samples are small 

or do not contain a great variety of body shapes, leading to the cancelling out of errors, 

the volume method is superior. For instance, Swedish Malaise samples contain many 

Nematocera, particularly Chironomidae and Culicidae, which are characterised by an 

extremely narrow body compared to their length, so that the method of Rogers et al. is 

given to over-estimation of the dry mass of samples containing numbers of these insects. 

Rogers et al. found that their calibration proved accurate for collections of tropical and 

temperate insects, but did not test the method against collections of Arctic insects, and it 

may have limited usefulness for studies conducted in the Arctic, or in other areas where 

the fauna has low diversity and contains animals of aberrant shape.
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Table 2. Regression of dry weights of invertebrate samples on mass estimates derived 
from formulae based on length (L: i.e. using the method of Rogers et al. 1976) and 
volume estimates (V: i.e. using the method of the present study). Intercepts of the 
regression models are constrained to zero in each case.

Malaise Trap Samples Sweep Net Samples

Spain England Sweden

Degrees of freedom 4 124 14 6

Sum of squares 0.2865 2.5992 0.3399 24.542

R \  91.35 47.40 3.02 99.22

Coefficient (L) 0.00107 0.00033 0.00021 0.00065

R ^ 93.33 75.49 36.48 97.47

Coefficient (V) 0.00045 0.00028 0.00022 0.00034
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Appendix IV. Development of external chracteristics by nestlings. Codes: c = eyes closed, 
s = eyes open a slit, o = eyes open, * = nest occupied, e = nest empty, 1  = pulli seen 
leaving, b = primaries in brush, b l - 2  = primary quills emerged l- 2 mm.

Yellow Wagtail : Spain

1 4 -3 4  1 /2 .3 4  o

S-V2
V2-V4

%
%-ob

8

b
b-b2

10 11 12

Yellow Wagtail : England

1 2 3 4 5 6 7 8 9 1 0  1 1

c s-Vi V2-V4 % - 0 ob2 b4 *
c V4-0 b2 1 * e
c c c V2-0 V a - o

c C-V2 V2 V a - o b *
c c c C-V2 C-V2 Vi-% b-b4 *
c c c S-V2 Vi %-o bl b l - 2
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Meadow Pipit : Sweden

1 2 3 4 5 6  7 8  9 10 11 1 2

c c-s o
c s-Vi o b l *
c o b2-3 *
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Appendix V. Diurnal variation in frequency of predation 

by Yellow Wagtails on damselflies.

Introduction

It has been demonstrated many times that predators foraging under controlled conditions 

are able to modify their behaviour according to some optimisation criterion, such as 

maximisation of net energy intake rate (Stephens & Krebs 1986). It is less clear whether 

similar criteria significantly effect behavior in the field because of the difficulty of 

measuring the costs and benefits of a particular activity, and the fact that a predator is 

likely to optimise its behaviour relative to numerous different criteria simultaneously 

(Zach & Smith 1981).

Situations occasionally arise which circumvent many of these difficulties, such as 

when the profitability of a patch or prey item varies predictably over time. Thus Orians 

(1966, 1980) showed that, though damselflies are frequently the most important prey 

delivered to the nestlings of marsh nesting blackbirds (Icteridae), adult damselflies are 

largely ignored and those taken are mainly immatures or ’tenerals’ which have recently 

emerged from the aquatic larval phase, and have yet to make their maiden flight. The 

nutritional value of tenerals is the same as that of adults, but the greater cost of capture 

of the latter renders them unprofitable. Damselflies are therefore taken with a frequency 

which reflects the abundance of tenerals, resulting in a marked diurnal pattern in the 

delivery of damselflies to nestling blackbirds. Damselfly larvae tend to emerge early in 

the morning in temperate locations (Corbet 1962), so that tenerals are most abundant in 

mid-late morning, which corresponds to the peak frequency of damselfly delivery (Orians 

& Horn 1969).

Orians (1980) remarked on the lack of obvious ecological counterparts to 

blackbirds in Eurasia, and cited as evidence the opinion of Corbet (1962) that damselflies 

are little preyed upon during the emergence period, which contrasts sharply with Orians’ 

North American studies. However Corbet did mention a number of Eurasian bird species 

which have been observed to prey on damselflies, including wagtails (Motacillidae), 

Chaffinches (Fringillidae), and Blackbirds (Turdidae). None of these species can be said 

to parallel North American blackbirds in any systematic way however, and it is frequently
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the case that, as a result of differences in the phylogeny and taxonomy of bird 

communities in different continents, similar opportunities are exploited by species which 

differ profoundly in other aspects of their biology (Karr & James 1975). For this reason 

it is predicted that behavioural traits, particularly those connected with foraging which are 

less constrained by phylogeny, should show a greater convergence between communities 

than morphology (Terborgh & Robinson 1986). As emerging damselflies provide a readily 

available food source it might be expected that Old World species should converge 

behaviourally with blackbirds, despite the lack of an obvious parallel. Of the species 

mentioned by Corbet, only wagtails are usually associated with wetlands and likely to 

encounter damselflies in a large proportion of breeding sites.

Method

The Yellow Wagtail is a species which regularly consumes damselflies (Cramp 1988, 

Smith 1950) and though the species is highly opportunistic and takes a great variety of 

prey using varied tactics, it has been shown to adopt strategies which maximise net energy 

intake when feeding on Diptera (Davies 1977). Yellow Wagtails were observed delivering 

food to nestlings at two nests in contrasting locations about 7km apart in the Coto Donana 

National Park in southern Spain in May 1987 (see chapter 5).

The first nest was on an abandoned reclamation scheme covered mainly by a 

halophytic scrub (Chenopodiaceae), adjacent to a small creek known as Cano Molino 

(chapter 5, Figure 44, nest B). The nest itself was situated about 20m the east of the 

counter wall forming the edge of the reclaimed area, beyond which was a large area of 

undisturbed marisma with much standing water. To the east of the nest about 70m distant 

was a marsh in a small depression around 5 hectares in extent, with a vegetation mainly 

of sedges. The second nest was on the flood plain of a small river, ’La Madre de las 

Marismas’, adjacent to the village of El Rocio, and surrounded by a patchwork of sedge- 

marsh and grassland, with the latter on slightly elevated areas (chapter 5, Figure 44, Nest 

D).

The nests were observed at a range of about 50m through binoculars and details 

of each delivery recorded verbally onto tape, including time, sex of the adult, direction 

of subsequent foraging trip, and any visible features of the food items delivered. The only
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prey which were identifiable with certainty were damselflies and large caterpillars. Though 

superficially similar in size and shape, they were readily distinguishable as caterpillars 

were thicker bodied and hung limply in the bill, while in damselflies the abdomen 

remained rigid and it was often possible to see light reflected from the wings which were 

not removed before delivery. Specific identification of the damselflies was not possible, 

but Ischnura graellsi was the most numerous species in the habitats in which wagtails 

foraged.

Results

The nest adjacent to Cano Molino was observed during one continuous period, excluding 

the hours of darkness, from 1507 to 1555 the following day when the nestlings were an 

estimated 7 and 8  days old (Figure l(i)). Damselflies were rarely delivered on the first day 

of observation, during which the wagtails were foraging primarily in the small marsh to 

the east of the nest, where caterpillars were obtained in a substantial proportion of 

foraging trips. Upon resumption of activity the following morning the preferred foraging 

site had switched to the extensive marshy habitats beyond the counter wall to the west, 

and instead of caterpillars, damselflies featured in many of the deliveries (Figure l(i)). As 

the day progressed however, the proportion of damselfly deliveries decreased, as did the 

proportion of trips over the counter wall. As the birds reverted to foraging in the small 

marsh to the east of the nest caterpillars reappeared, so that by mid-aftemoon their 

behavior had reverted to that observed at the same time on the previous day. Hour by 

hour comparison indicates a significant correlation between the proportion of feeding 

forays over the counter wall and the proportion of damselfly deliveries (Kendall’s rank 

correlation coefficient t , 5  = 0.397, P (one-tailed) = 0.037), and a similar correlation 

between the proportion of forays to the small marsh to the east of the nest and caterpillar 

deliveries ( t , 5  = 0.777, P (one-tailed) = 0.0001). The gradual switch between the two 

habitats shown by Figure l(i) is misleading, and results from a difference between the 

male and female in the timing of the decision to switch habitats. In both sexes the switch 

occurred abruptly, but two hours later in the female (Figure 2).

The El Rocio nest was observed when the nestlings were 4 , 5 , 7  and 9 days old. 

Deliveries of damselflies and caterpillars were less frequent than in the Cano Molino nest
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Figure 1. Behaviour of wagtails feeding nestlings
Numbers above each bar chart are the total deliveries 
observed. Direction of subsequent foraging trip was- - 
not always noted.
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Figure 1. Behaviour of wagtails feeding nestlings.
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(%\= 14.35, P<0.001), but when the data from the four days are combined the frequency 

of the former shows a similar diurnal periodicity (Figure l(ii)). Caterpillars again reach 

a peak frequency in mid-aftemoon, but at this nest were delivered throughout the day. 

Hour by hour correlation between the two nests in the proportion of visits in which 

damselflies were delivered is significant (T1 4  = 0.781, P (one-tailed) = 0.0006), but in the 

case of caterpillars is non-significant (T1 4  = 0.124, P (one-tailed) = 0.292). There was no 

consistent pattern in the use of different foraging sites at El Rocio where habitat 

distribution was more complex offering a less clear cut choice.

As well as differing between the two nests, the proportion of prey types differed 

between the members of each pair (Table 1). In both cases damselflies and caterpillars 

featured in only a minority of deliveries overall, but as they were very much larger than 

alternative prey they were among the most important taxa in the diet of both broods.

Discussion

The pattern of predation by wagtails on damselflies clearly parallels the behavior of North 

American blackbirds. In the case of the Cano Molino pair, damselflies were usually 

delivered to nestlings only after forays into the extensive marisma habitat, situated to the 

west of the nest site, which had large areas of standing water. The proportion of visits to 

this habitat, as opposed to the alternative habitat to the east of the nest where standing 

water was absent, and the frequency of damselfly deliveries parallels the pattern of 

emergence of damselfly larvae, and hence the abundance of tenerals (Corbet 1962, Orians 

& Horn 1969). The switch to the small marsh to the east of the nest which occurred 

around midday mirrors the behavior of the blackbirds which were seen to switch from 

feeding along the edges of ponds during the damselfly emergence period, to scrub and 

grassland habitats away from the pond edges, and in the case of both blackbirds and 

wagtails a switch to caterpillars was evident (Orians & Horn 1969). No diurnal variation 

in patch choice was visible in the El Rocio nest, as the habitat mosaic around the nest 

provided a much less clear cut choice of patches than at Cano Molino, but the familiar 

pattern of damselfly delivery frequency is still present.

If the observed pattern of damselfly delivery is caused by variation in the 

abundance of tenerals, wagtails should abruptly cease visiting emergence sites when
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Table 1. Breakdown by sex of delivery frequency for each prey type.

Adult Caterpillar Damselfly Other

Cano Molino cf 24 9 78

$ 1 14 104

El Rocio cT 1 0 73

? 14 17 228

Cano Molino: = 25.71, P < 0.001. El Rocio: = 7.47, P <0.01 (Frequencies
combined for caterpillars and damselflies in El Rocio sample).
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availability of tenerals is so low that average profitability is greater elsewhere. The data 

appear to show a gradual change in frequency of damselfly predation and patch use, but 

when the behavior of the two adults at the Cano Molino nest is viewed separately, both 

are seen to have made an abrupt switch between the two main foraging habitats. Moreover 

the later switch of the female is consistent with the presumably lower profitability 

experienced by the female in the small marsh to the east of the nest compared to the male, 

as a result of her apparent inability to capture caterpillars. The damselfly emergence site 

to the west of the nest would have remained the most profitable patch for the female for 

a longer period during the decline of teneral abundance. Viewing the behavior of this pair 

within a framework of foraging theory suggests that the behavior of the female was sub- 

optimal compared to that of the male, but that the female appeared to be optimising her 

behavior within the constraints imposed by her foraging ability.

To the extent that Yellow Wagtails in some situations rely heavily on damselflies 

and show similar diurnal patterns of exploitation to those shown by North American 

blackbirds, they can be said to be ecological equivalents. Other similarities include 

colonial breeding and an ability to exploit arable crops which few other species share 

(Cramp 1988, Orians 1980). The similarity does not extend to all aspects of their biology 

however. For instance wagtails are ground nesting while blackbirds generally nest above 

ground, and morphologically the two groups are dissimilar. Moreover Yellow Wagtails 

are tropical migrants while blackbirds mostly winter within temperate regions. Other 

aspects of the biology of wagtails and blackbirds are more closely paralleled by altogether 

different species in their absence. For instance blackbirds resemble Old World starlings 

(Stumidae) morphologically (Orians 1980), while the waterthrushes (Parulidae) of the 

Americas resemble wagtails in some aspects of their ecology (Craig 1984). In no way 

therefore can Yellow Wagtails and blackbirds be said to represent the independent 

evolution of an ideal response to the opportunities offered and constraints imposed by 

marsh environments. That convergence between the two families is possible is illustrated 

by what is perhaps the most widely quoted example of convergent evolution, the 

morphological and behavioral similarity of Motacillids of the genus Macronyx and Icterids 

of the genus Stumella (Lack 1968). However this has only come about through the 

abandonment by Stumella of what can be regarded as a primitive trait among the 

Icteridae, namely an arboreal habit. By contrast marsh nesting blackbirds have retained
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a basically arboreal habit, while wagtails have retained the terrestrial habit characteristic 

of the Motacillidae. The opportunities provided by marsh habitats for breeding 

insectivorous birds are thus divided differently in Europe and North America as a result 

of the divergent phylogenies of the groups whose members have evolved to exploit them.

Summary

Emergent damselflies provide a rich potential food source for insectivorous birds breeding 

in temperate marshlands, and in North America are extensively preyed upon by Icterids, 

a group which has no obvious Old World counterpart. The diurnal pattern of predation 

frequency which has been documented in Icterids delivering damselflies to nestlings, 

which corresponds to the availability of tenerals, is shown to be reproduced by Yellow 

Wagtails in an Old World marsh. Although wagtails and Icterids are distinct in many 

aspects of their biology, a common characteristic of the marshlands in which they breed 

in their respective continents has lead to behavioral convergence. Resources provided by 

marshlands are thus divided differently between species of insectivorous birds in the Old 

and New Worlds as a result of phylogenetic differences among the species which have 

evolved to exploit them.
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