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Abstract Direct observational studies are needed to

address dietary adjustment in species breeding in isolated

non-forest habitat islands with respect to the energy

demands of growing nestlings and breeding patch size.

Using new dietary records determined for nestlings of

Whinchat Saxicola rubetra, a dramatically declining

insectivorous passerine and an indicator species of the

cessation of agricultural activity, we investigated the rela-

tionships between changes in the main dietary character-

istics, numerical and biomass contributions of major

taxonomic and functional prey groups (expressing chitin

content, vertical distribution, habitat preference and vagi-

lity within the landscape) and brood age, nestling condition

and size of abandoned fields (i.e. breeding patches). Broods

from larger abandoned fields received more sedentary and

heavier prey like Orthoptera and soil-dwelling inverte-

brates, whereas the proportion of caterpillars, aerial insects

and prey from vegetation decreased with increasing patch

size. Nestling condition was positively correlated with the

proportion of caterpillars and Orthoptera or sedentary prey

taxa, but negatively with the proportion of Coleoptera or

vagile prey taxa in the diet, though not with patch area.

This suggests that parent Whinchats can overcome the

habitat constraints resulting from the small area of an

abandoned field by interchangeably incorporating the two

major prey groups (Orthoptera or Lepidoptera) into the diet

they feed to their nestlings. This implies a continuum in

dietary optimization that is a trade-off between a brood’s

nutritional demands and the parents’ ability to deliver top-

ranked invertebrates present mostly within the breeding

patch.

Keywords Nestling development � Dietary adjustment �
Invertebrate prey � Optimal foraging theory � Single-prey

loaders

Zusammenfassung

Optimierung der Nestlingsnahrung und -kondition im

Verhältnis zu Beuteeigenschaften und Brutreviergröße

bei einem ortstreuen insektivoren Singvogel: ein

optimales Kontinuum und habitatbedingte Zwänge

Um Ernährungsanpassungen bei Arten, die in isolierten

unbewaldeten Habitatinseln leben, im Hinblick auf den

Energiebedarf wachsender Nestlinge und die

Brutreviergröße zu untersuchen, sind direkte

Beobachtungen erforderlich. Mithilfe neuer

Ernährungsdaten, die an Nestlingen von Braunkehlchen

Saxicola rubetra, einem dramatisch zurückgehenden

insektenfressenden Singvogel und einer Indikatorart für

die Einstellung landwirtschaftlicher Aktivitäten, erhoben

wurden, untersuchten wir die Beziehungen zwischen

Änderungen der primären Ernährungsparameter, zum
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123

J Ornithol (2017) 158:169–184

DOI 10.1007/s10336-016-1394-7

http://dx.doi.org/10.1007/s10336-016-1394-7
http://crossmark.crossref.org/dialog/?doi=10.1007/s10336-016-1394-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10336-016-1394-7&amp;domain=pdf


Beispiel der Anteile bezüglich Anzahl und Biomasse der

taxonomischen beziehungsweise funktionalen

Hauptbeutegruppen (als Maß für den Chitingehalt, die

vertikale Verteilung, Habitatpräferenzen und die

Beweglichkeit innerhalb der Landschaft), und dem

Brutalter, der Nestlingskondition sowie der Größe

aufgelassener Felder (d. h. Brutreviere). Bruten von

größeren, brachliegenden Feldern bekamen mehr

ortsgebundene und schwerere Beuteobjekte wie

Heuschrecken und bodenlebende Wirbellose, wohingegen

der Anteil an Raupen, Fluginsekten und auf Vegetation

gefangener Beute mit zunehmender Gebietsgröße abnahm.

Die Nestlingskondition korrelierte positiv mit dem Anteil

an Raupen und Heuschrecken beziehungsweise

ortsgebundener Beutetaxa, jedoch negativ mit dem Anteil

an Käfern oder beweglichen Beutetaxa an der Nahrung,

allerdings nicht mit der Revierfläche. Dies legt nahe, dass

Braunkehlcheneltern die Habitatnachteile, die aus der

geringen Flächengröße eines aufgegebenen Feldes

entstehen, überwinden können, indem sie wechselweise

die zwei Hauptbeutegruppen (Heuschrecken oder

Schmetterlinge) in die Nahrung aufnehmen, mit der sie

ihre Nestlinge füttern. Dies bedeutet ein Kontinuum der

Ernährungsoptimierung, die einen Kompromiss zwischen

dem Nährstoffbedarf einer Brut und der Fähigkeit der

Eltern, die hochwertige, überwiegend im Brutrevier

vorkommende Wirbellose herbeizuschaffen, darstellt.

Introduction

Habitat fragmentation can adversely affect the reproduc-

tive success of birds primarily through reducing pairing

success, lowering the survival of adults through nest

predation and parasitism, and reducing the availability of

critical resources such as food (Le Tortorec et al. 2013).

In particular, small habitat patches may supply little food

owing to their being completely isolated or of inferior

quality. This may adversely affect reproductive success,

since habitat patch size limits territory size and hence

food availability. Even if the territory size in poor habitats

could be enlarged, this would come at a cost because of

the longer foraging distances required (reviewed in Le

Tortorec et al. 2013). Therefore, the size of the breeding

patch can influence the nutritional status of growing

nestlings because adults feeding altricial young will be

constrained in their foraging by the location of the nest

(Hinsley et al. 1999; Zanette et al. 2000). To date, how-

ever, studies of area sensitivity in birds have basically not

been oriented towards food resources or their potential

changes mediated by patch size (Ribic et al. 2009; Bayard

and Elphick 2010).

There are many studies looking at the effects of the

quality of diet (prey species) on reproductive success (e.g.

Guillod et al. 2016; reviewed in Lourenço et al. 2015).

Early nutrition is often a strong predictor of offspring size,

morphology and survival (cf. Wilkin et al. 2009). The

quality of early diets is difficult to assess in wild popula-

tions and as such, quality is often inferred from alternative

factors such as the length of the rearing period, observable

parental care, natal habitat quality, offspring growth rates

or condition at independence (reviewed by Wilkin et al.

2009). The food supply is a critical factor for growing

nestlings (Martin 1987; Wilkin et al. 2009), the diets of

which can differ from those consumed by adult/parent

birds (Radford 2008; Wilson et al. 2004; Orłowski et al.

2014a). Therefore, not only the amount of food, but its

quality, e.g. in terms of the availability of soft-bodied

invertebrate prey such as spiders or caterpillars, may be

more important for developing nestlings (Radford 2008;

Ramsay and Houston 2003; Orłowski et al. 2014a, 2015).

Moreover, according to a theory developed to examine how

animals might be expected to behave when foraging to

maximise their biological fitness (Krebs and Davies 1991),

the optimal diet of nestlings and foraging strategy of parent

birds are determined by the simultaneous solution of var-

ious cost-benefit functions that ultimately affect the fitness

of the foragers. This primarily involves foraging costs, the

handling and ingestion of food, the risk of predation,

increased thermoregulatory costs, reduced time for terri-

torial activities, and the potential consumption of toxic or

inhibitory compounds (reviewed in Brodmann and Reyer

1999).

Most of the few studies analysing the relationship

between breeding patch size or edge effect and diet or

condition (including studies of immune function and stress-

induced hormones) in adults and/or dependent young birds

were conducted in woodland areas (Burke and Nol 1998;

Zanette et al. 2000; Suorsa et al. 2003; Weldon and Haddad

2005; Wilkin et al. 2009). Analogous studies in non-forest,

open habitat islands, like remnant or non-cropped habitats

(i.e. various grassland or steppe-like sites with or without

limited human activity) within an agricultural matrix are

exceptions [involving adult males (Keyel et al. 2012); for

review relating to North American grassland birds, see

Ribic et al. (2009)]. It is still rare, however, to come across

studies providing evidence that the limited availability of

food is a major detrimental effect of habitat fragmentation

or area sensitivity of species living in habitat fragments.

The food shortage hypothesis does not appear to have been

taken into account as a potential major explanation for the

population decrease of ground-nesting birds breeding in

isolated grassland patches [analysis of the stomach con-

tents of adult birds (Wiens and Rotenberry 1979; reviewed

by Ribic et al. 2009)].
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In the current global context, many species of grassland

birds associated both with natural open non-forest habitats

such as prairie grasslands (North America) and semi-nat-

ural ones (like meadows extensively managed in Europe

during recent centuries) are of conservation concern owing

to their dramatic population decline caused by land use

change, agricultural intensification and climate change

(Murphy and Moore 2003; Sanderson et al. 2006; Møller

et al. 2008; Ribic et al. 2009). Therefore, direct observa-

tional studies focusing on the question of dietary adjust-

ment in species breeding in isolated non-forested habitat

islands with respect to the energy demands of growing

nestlings and the physical and landscape features of a

breeding patch, such as its size, are urgently needed. Such

knowledge is central to understanding the processes that

drive area sensitivity in birds through potential changes of

their body condition and/or survival of predator popula-

tions within highly fragmented landscapes, and their

extinction when resources become insufficient (Zanette

et al. 2000; Vickery and Herkert 2001; Ribic et al. 2009). It

is also indispensable in the application of diet/foraging

optimality theory to conservation science.

In this paper we present the results of a dietary inves-

tigation into a drastically declining insectivorous passerine

bird, the Whinchat Saxicola rubetra. Since 1980 it has

undergone an estimated 71 % long-term decline in abun-

dance in Europe, which has resulted in an exceptionally

high level of interest in ecological/conservation investiga-

tions of this species (Henderson et al. 2014; Strebel et al.

2015; cf. Bastian and Feulner 2015). The primary breeding

habitat of Whinchat used to be invertebrate-rich grasslands,

especially those lying within traditionally managed agri-

cultural landscapes, where the abundance and diversity of

arthropod prey were higher than in intensively managed

grasslands (Oppermann 1999; Bastian and Bastian 1996;

Britschgi et al. 2006; Broyer et al. 2012; Strebel et al.

2015). The recent population decline of grassland birds,

including the Whinchat, has been ascribed mainly to nest

losses/female mortality resulting from more intensive

agriculture practices, primarily earlier and more frequent

mowing (Grüebler et al. 2008, 2012), deteriorating

food/foraging conditions in semi-natural grasslands/mead-

ows and the loss of marginal habitats (Müller et al. 2005;

Britschgi et al. 2006; Perlut et al. 2008; Broyer 2009;

Broyer et al. 2012, 2014; Henderson et al. 2014; Strebel

et al. 2015). A very recent investigation has found evidence

that mortality in Whinchats occurs primarily outside the

wintering period, i.e. mostly during the migratory and

breeding stages; overwintering conditions thus exert a

minimal influence on the survival of this declining species

(Blackburn and Cresswell 2016). As a result of the

socioeconomic transformation of agriculture and resulting

land abandonment in Central and Eastern Europe in the last

20–30 years, Whinchats have successfully recolonized

abandoned crop fields and its populations have increased

considerably in certain areas (Orłowski 2004, 2005; Try-

janowski et al. 2009; Sanderson et al. 2013; Shitikov et al.

2015).

Our earlier studies of the ecology and biology of

Whinchats in this new habitat type had shown that during

the breeding period the species was area-sensitive and the

probability of occupancy of an abandoned field was posi-

tively correlated with field area (Orłowski 2004). Adult

Whinchats search for invertebrate prey from a perch, flying

to and taking prey mainly from the ground or in vegetation,

sometimes in flight, then return to the perch (Andersson

1981; Bastian and Bastian 1996; Suter 1988; Pudil and

Exnerová 2015). Moreover, an earlier investigation showed

that in Whinchats breeding in grasslands, hunting in the air

was less effective than ground foraging; prey taxa taken in

the air (ca. 20 % of all foraging flights), mostly during

calm weather (when flying insects are more active), are less

profitable compared to prey items obtained from the soil

surface or vegetation on cooler days (Bastian and Bastian

1996; Suter 1988). Overall, in grassland habitats Whinchats

feed their young larger and more profitable (i.e. more

highly chitinized) prey as they grow older; during the

brood-rearing period, adults can fly as far as 400 m in order

to acquire the optimal food type (i.e. caterpillars) (Bastian

and Bastian 1996). Furthermore, the mowing of grasslands

(compared to abandoned farmland) is detrimental to the

invertebrate community at such sites, particularly to the

larger and less vagile species like Orthoptera or Lepi-

doptera (Siemann et al. 1999; Humbert et al. 2009).

Therefore, the diet of Whinchats may differ substantially

between grasslands and abandoned farmland. Hitherto, all

dietary studies of nestling Whinchats were restricted to

different grassland types (reviews in Bastian and Bastian

1996; Suter 1988; Britschgi et al. 2006), with hardly any

detailed dietary data for Whinchats (and other bird species)

breeding in abandoned farmland. Importantly, however,

owing to the progressive increase in the acreage of aban-

doned farmland in some temperate areas of the northern

hemisphere (Kamp et al. 2015), such knowledge is essen-

tial in order to diagnose the biodiversity and viability of

bird populations in this habitat (Kamp et al. 2015; Try-

janowski et al. 2009; Sanderson et al. 2013; Plieninger

et al. 2014; Zakkak et al. 2015).

Based on the above framework and considering the

conditions of the natural experiment of habitat fragmen-

tation of Whinchats nesting in isolated patches of non-

cropped vegetation in abandoned fields, we make a number

of predictions linking certain features of the diet of nest-

lings with their physiological state, food demands and the

environment. In this study we explore the following major

objectives:
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1. The differences in dietary composition between nest-

lings in various age classes.

2. The effect on nestling diet of the area of abandoned

crop fields where Whinchats bred.

3. The influence of diet on the body condition of

Whinchat nestlings.

In particular, we investigate the relationships between

changes in the main dietary characteristics, i.e. the

numerical and biomass contribution of major taxonomic

and functional prey groups (expressed by their chitin

content, vertical distribution, habitat preference and vagi-

lity within the landscape) and brood age, nestling condition

and breeding patch size. The functional prey group

approach (i.e. the classification of invertebrates based on

their individual features) was used by earlier researchers

(Wiens and Rotenberry 1979; Crossley et al. 1989), as well

as by ourselves in our investigations of bird diets (Orłowski

et al. 2014b). We hypothesized that the contribution of

some prey groups (mostly more highly chitinized prey)

would increase as the nestlings grew older, but that to some

degree these changes would also co-vary with patch area.

Thus, some invertebrate taxa, such as large-bodied,

sedentary species (or less vagile ones potentially severely

negatively affected by agricultural practices/mowing like

non-flying/soil-dwelling Orthoptera or Arachnidae), might

be over-represented in the diet of nestlings from large

patches of non-cropped vegetation, whereas mobile spe-

cies, highly vagile within a landscape (Siemann et al. 1999;

Tscharntke et al. 2005; Humbert et al. 2009) or living in a

crop habitat, might be over-represented in smaller patches.

Materials and methods

The results are part of an extensive study of the breeding

biology and ecology of Whinchats conducted in a ca.

500-ha area of agricultural landscape in south-west Poland

(Frankiewicz 2008, 2010, 2015). The dominant form of

land use in the region was arable, with crop fields covering

about 87–93 % of the total area studied. The study area

was managed extensively, with small-scale farming pre-

dominant. Within the study area Whinchats breed in nar-

row, elongated abandoned fields, dissected by numerous

field margins, fallow fields and plantations of young trees,

usually not exceeding 30 m in width. In 2003–2007, a total

of 246 occupied territories (including those of territorial

single males which occupied their territories for more than

2 weeks) and 117 nests of Whinchats were found in the

study area on 44 different abandoned fields, the optimal

habitat for the species (Frankiewicz 2008, 2010). Three

types of plant associations (based on Matuszkiewicz 2005)

could be discerned on the abandoned fields where the

Whinchats bred: Artemisia-Tanacetum vulgaris (54 % of

all abandoned fields), Convolvulus arvensis-Agropyron

repens (23 %) and Koeleria glauca-Corynephorus canes-

cens (1 %). The meadows belonged to the Arrhenathere-

talia order (Malawian-Arrhenatheretea class) (Frankiewicz

2010).

During the brood-rearing period the parent Whinchats

collected food primarily from abandoned fields, to which

68–89 % of all the parent birds’ foraging trips were made

(determined for 260 flights of both adult birds from ten

different nests). In our study population the average dis-

tance of a flight from the nest by parent Whinchats was

33 m [±SD 21.2 m, range 4–80 m (Frankiewicz 2008)].

This value was smaller compared with previous data for

Whinchats foraging in extensive grasslands in Sweden

[43.8 m (Andersson 1981)] or Alpine meadows in

Switzerland [42.2–54.7 m (Britschgi et al. 2006)]. More-

over, pairs of Whinchats breeding in narrow, long-aban-

doned fields often foraged in adjacent crop fields (mostly

oil-seed rape, but avoiding winter cereals) compared to

pairs breeding in large patches of non-cropped vegetation

(Frankiewicz 2010).

Determination of nestling diet and body condition

Our description of the Whinchat nestling diet is based on

faecal analysis, the material for which was sampled from

47 nests examined in 2004–2007. In these 4 years, 177

faecal sacs were sampled: 63 (in 2004), 66 (2005), 20

(2006) and 28 (2007). The faecal sac sampling dates were

as follows: 24 May–16 June 2004, 30 May–30 June 2005,

5–14 June 2006, 26 May–16 June 2007. We sampled

between one and 13 faecal sacs (on average four) from

each nest, which were then used in our analysis.

The nests from which we sampled faecal sacs were

distributed in 22 abandoned fields, ranging in area from 0.1

to 6.8 ha (average = 1.52 ha). Six of these fields were

\0.5 ha, four were 0.5–1 ha, seven were 1–2 ha, and four

2–4 ha; one field was[5 ha. In order to graphically present

and prevent pseudoreplication of dietary data derived from

the same broods, we allocated the dietary data to fields of

four size classes: \0.75 ha (39 faecal sacs), 0.75–1.5 ha

(36), 1.5–3 ha (57) and[3 ha (45).

The nests were inspected several times during the season

in order to establish the onset of egg-laying and clutch size

(Frankiewicz 2010). Throughout the expected hatching

period nests were monitored daily to determine the exact

hatching date. In the case of nests discovered only after

egg-laying or hatching, the hatching date was back-calcu-

lated based on the stage of the nestlings’ development.

Over the years of the entire study (2003–2007), nestlings

from 96 broods were weighed and the length of the second

primaries measured (Frankiewicz 2010). The nestlings
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from which the faecal sacs were sampled were aged

according to parallel measurements of body weight and

feather development of other individually marked nestlings

in nests located in the same area. Their ages ranged

between 3 and 11 days old; the sample size of particular

nestling age classes is shown in Fig. 1. Since some faecal

sacs were collected from the same broods on consecutive

days, the dietary data for these broods were treated sepa-

rately in various age categories in the subsequent analysis.

The age of the nestlings from which we sampled faecal

sacs varied among the four study years (Kruskal–Wallis

test, H3,177 = 24.3, P\ 0.001).

We estimated the index of nestling body condition

(hereafter for simplicity referred to as ‘nestling body con-

dition’) based on the residuals from a regression of body

mass on the length of the second primary (Bortolotti et al.

2000; Frankiewicz 2010). The index of body condition was

calculated on the basis of average values for the entire

brood, which most often comprised nestlings in one age

class, i.e. nestlings hatched within 24 h in 94 % of the 37

nests investigated (Frankiewicz 2010). In order to analyse

in detail the relationship between nestling condition and

diet, we used data for a smaller set of broods of known

body condition: 32 different broods aged between 4 and

10 days investigated in 2004–2007 (n = 135 faecal sacs).

The number of faecal sacs sampled were as follows: 13

from 4-day-old broods, 30 from 5-day-old broods, 30 from

6-day-old broods, 41 from 7-day-old broods, 4 from 8-day-

old broods, 5 from 9-day-old broods and 12 from 10-day-

old broods. For the graphical presentation of dietary data

for nestlings with different body condition, and to prevent

pseudoreplication, we arbitrarily divided these nestlings

into three groups according to the residuals obtained from

the regression analysis (see above). Hence, we classified

the condition of nestlings with the lowest residuals as

‘poor’, i.e. \0 (samples from 19 broods; 74 faecal sacs);

those with residuals between 0 and 1 as ‘medium’ (nine

broods; 38 faecal sacs); and those with residuals [1 as

‘good’ (five broods; 23 faecal sacs).

Before analysis the faecal sacs were crushed manually

and separated on Petri dishes. The food components in the

faecal sacs were identified under a binocular microscope at

409 magnification. The number of prey items representing

particular invertebrate taxa present in each individual fae-

cal sac was established from the numbers of fragments of

chitin parts, chiefly the elytra (for different families and

genera of Coleoptera, Homoptera or Heteroptera), wings

(in the case of Diptera, Hymenoptera), mouthparts (most of

the orders) and other preserved organs (e.g. limbs, perilous,

clypeus, mandible). During the determination of the num-

ber of prey items belonging to a particular taxon, a rule

summing the different chitin parts to the level of one

individual was applied: two or more different fragments of

chitin parts (e.g. head, mandibles, six legs and other parts

in the case of ants) from one faecal sac were treated as

belonging to the same individual of a given species

(Orłowski and Karg 2011, 2013). The mass of prey was

calculated as dry mass (milligrams dry weight); these

Fig. 1 The four main dietary

characteristics (average ± SE)

determined for individual faecal

sacs (n = 177 in total) of

nestling Whinchats Saxicola

rubetra vs. nestling age sampled

in abandoned crop fields in

south-west Poland, 2004–2007.

Number of prey taxa = diet

diversity. The sample sizes for

consecutive age classes of

nestlings are: 3 days (d) old

(n = 6 faecal sacs), 4 days old

(n = 10), 5 days old (n = 35),

6 days old (n = 30), 7 days old

(n = 43), 8 days old (n = 13),

9 days old (n = 18), 10 days

old (n = 16) and 11 days old

(n = 6)
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values were obtained from detailed measurements of insect

weights based on the analysis of 479,087 individuals of

different insect taxa (Karg 1989).

Data analysis

Initially, we identified invertebrate prey items to the lowest

possible taxonomic level. However, we assumed that the

taxonomic composition of the prey alone would be insuf-

ficient to fully explain the relationship between breeding

patch habitat/size in non-cropped vegetation and/or chan-

ges in the composition of prey. Thus, in order to provide an

adequate description of these changes and a meaningful

biological interpretation, including the food requirements

of growing nestlings, we arbitrarily grouped the identified

prey species/taxa into the following different classes based

on their individual features and functionality within the

landscape/habitat (hereafter referred to as ‘functional prey

groups’):

1. Chitin content (less, intermediately and highly chi-

tinized prey).

2. Vertical distribution (soil-dwelling invertebrates, soil/

vegetation up to ca. 1 m and aerial invertebrates).

3. Habitat preference (eurytopic taxa, associated with

crops or non-cropped habitats).

4. Vagility of species/taxa within the landscape (seden-

tary or vagile taxa).

These classifications were based on our previous eco-

logical studies of various groups of invertebrate taxa in an

agricultural landscape, including the classification of

invertebrates into functional prey groups and the use of

such an approach in dietary studies of insectivorous birds

(Orłowski et al. 2014b). A detailed classification of all the

identified prey taxa is presented in Table S1.

For each faecal sac we determined the four main dietary

characteristics (diet diversity expressed as the number of

prey taxa, total number of prey, total biomass of prey and

individual prey weight) and the composition of the diet

expressed as the number, percent number (%number),

biomass and percent biomass (%biomass) representing the

seven major taxonomic prey groups [classes/orders of

invertebrates: Heteroptera, Coleoptera, Hymenoptera/Dip-

tera, Lepidoptera (larvae), Orthoptera, Aranaea; other

invertebrates comprising Mollusca, Diplopoda and

unidentified insects] and prey groups with four different

classifications of the functionality of invertebrate taxa (i.e.

chitin content, vertical distribution, habitat preference and

vagility within the landscape).

Three major objectives were explored in the statistical

analyses. First, we assessed the age-related differences in

the main dietary characteristics (ANOVA), the contribution

of the seven major food types and the different functional

prey groups [multivariate ANOVA (MANOVA)] between

nestlings in nine age classes ([3–11 days old) using Sta-

tistica 7.0 (Statsoft 2007). To resolve the problem of

pseudoreplication, these analyses were performed using

ANOVA/MANOVA with a nested design and a mixed-

model approach with brood identity as a random term; the

independent variables were nestling age and individual

brood identity (nested within nestling age).

Second, we assessed the effect of the area of the aban-

doned crop fields (expressed in hectares) where Whinchats

bred on the four main dietary characteristics and compo-

sition of nestlings. Third, we tested the influence of the

main dietary characteristics and composition, i.e. the con-

tribution of the seven major food types and different

functional prey groups, on the body condition (the residuals

from a regression of body mass on the length of the second

primary) of Whinchat broods. Both of these analyses were

performed separately for each of the dietary characteristics

and individual taxonomic and functional prey groups (in

terms of their %biomass) using the generalized linear

model module (GLZ) with mixed design in Statistica 7.0

(Statsoft 2007) with normal distribution and logarithmic

link function. To control for the non-independence in the

generalized linear mixed models (GLMMs), the individual

brood identity was nested within the age of nestlings. The

model statistics were the estimate (±SE) and Wald v2-

value. We believe that our approach treating each indi-

vidual prey group separately in these two analyses is jus-

tified because in 90 % of cases parent Whinchats brought

individual invertebrate prey items to the nestlings (Fran-

kiewicz 2010).

To meet the assumption of normality some data were

log transformed; in addition, all percentage data were

square root-arcsine transformed prior to analysis. The sta-

tistical analyses were done using Statistica 7.0 (Statsoft

2007) and Excel software. The probability of P\ 0.05 was

considered statistically significant.

Results

The analysis yielded 1778 individual invertebrate prey

items representing 58 various taxa in all the faecal sacs

examined. The most numerous prey items were Coleoptera

(47.6 %), followed by Arachnidae (for simplicity, here-

after, Araneae; 13.4 %), Heteroptera (10.2 %), Hyme-

noptera (10.2 %), Orthoptera (6.5 %), Diptera (5.9 %),

Lepidoptera larvae (2.8 %), Diplopoda (2.3 %) and other

prey (Mollusca, Nematoda and unidentified insects; 1.1 %)

(Table S1).
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Effect of nestling age on diet composition

Three of the four main dietary characteristics analysed

(Fig. 1), i.e. dietary diversity, the number of prey items and

the biomass of prey exhibited significant variations in

relation to both partial effects tested, i.e. Brood identity

(Age) and Age, and showed a highly significant and close

fit in the overall model and apparent increase with age

(Table 1). In contrast, the average mass of prey (Fig. 1)

was significantly related only to the Brood identity (Age)

(Table 1). Furthermore, although the fit in the overall

model for the average mass of prey was also statistically

significant (Table 1), the trend of the changes, especially in

nestlings older than 4 days suggests a decrease in the

average mass of prey (Fig. 1).

The results of the MANOVA showed that the dietary

composition, expressed as the number, %number, biomass

and %biomass of the seven major taxonomic prey

groups/food types (class/orders of invertebrates) (Fig. 2;

Fig. S1) and four functional prey groups in terms of chitin

content, vertical distribution, habitat preference and

vagility of a species/taxa within the landscape (Fig. 3;

Fig. S2), varied markedly both with the age of nestlings

and between various broods, as indicated by the output of

the partial effect of brood identity nested within age

(Table 2). In consecutive age classes of nestlings we

observed a large variation in the contribution of each of

the seven major taxonomic prey/food types. In particular,

the %biomass of prey between the 3rd and 4th day dis-

played the most pronounced differences in variation:

Orthoptera (up to ca. eightfold increase), Aranaea (ca.

sevenfold decrease), Coleoptera (ca. twofold decrease)

(Fig. 2).

Lastly, the post hoc contrast (Tukey’s test) from the

MANOVA showed that the numerical contribution of three

of the seven major taxonomic prey groups/food types

(Aranaea, Lepidoptera larvae and Orthoptera) to the diet

varied significantly among the four study years.

Nestlings received more highly chitinized prey as they

grew older. This was especially evident in the %biomass of

highly chitinized prey, which increased significantly with

nestling age (Spearman rank correlation coefficient,

rs = 0.717, P = 0.030; Fig. 3). Interestingly, the contri-

bution pattern of %number and %biomass of the three

other functional prey groups, expressing their vertical

distribution, habitat preference and vagility within the

landscape, showed no clear age-related trend (Fig. 3). So

nestlings were fed predominantly prey items from vegeta-

tion ([70 % of prey biomass), and eurytopic prey items

constituted [50 % of the prey biomass in each age class,

whereas typical soil-dwelling invertebrates made up no

more than 10 % of the biomass consumed (Fig. 3; Fig. S2).

Lastly, over the entire brood-rearing period the number and

%number of prey representing sedentary taxa were con-

sistently higher compared to vagile taxa; however, the

biomass and %biomass of both these prey groups showed

large day-to-day variations (Fig. 3; Fig. S2).

Relationship between diet and nestling condition,

and breeding patch size

The results of the GLMMs showed the statistically sig-

nificant effect of the area of the abandoned field where the

Whinchats bred on 17 of the 23 dietary characteris-

tics/contributions of %biomass of major prey groups

analysed, including nine positive and eight negative influ-

ences (Table S2). In particular, we found evidence that

broods from larger abandoned fields received heavier prey

items and consumed more Araneae, Diplopoda/Mollusca,

Orthoptera, Hymenoptera, sedentary taxa, soil-dwelling

invertebrates, eurytopic taxa or highly chitinized prey. On

the other hand, the contribution of Coleoptera, Heteroptera,

Lepidoptera larvae, intermediately chitinized, crop-speci-

fic, non-crop specific, vagile prey or prey from vegetation,

as well as aerial insects, decreased in their diet (Fig. 4;

Table S2).

Table 1 Results of ANOVA (type III SS) testing the effect (F-values) of age (days) and brood identity (nested within age) on the main dietary

characteristics identified for faecal sacs of Whinchat Saxicola rubetra nestlings (see Fig. 1)

Source of variation Effect Model

Brood identity(Age)a Ageb R2 P

Diet diversity (n taxa) 2.37*** 2.65* 0.473 \0.0001

Number of prey items 3.59*** 5.02*** 0.543 \0.0001

Biomass of prey 4.65*** 6.73*** 0.612 \0.0001

Average mass of prey 1.50* 1.65 (n.s.) 0.345 0.045

* P\ 0.05, *** P\ 0.001 (statistical significance for partial effects)
a df = 38
b df = 8
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Nestling condition was significantly correlated with six

of the 23 dietary characteristics/contributions of %biomass

of major prey groups analysed, including four positive and

two negative relationships (Table S3; Fig. 5). Evidence

was forthcoming that the %biomass of Lepidoptera larvae,

Orthoptera, less chitinized or sedentary prey were posi-

tively correlated with nestling condition, while the %bio-

mass of Coleoptera and vagile prey were negatively

correlated with nestling condition (Fig. 5; Table S3).

Finally, nestling condition was not correlated with the area

of the abandoned field where Whinchats bred (GLMM,

with nest identity as a random term, estimate = -0.022,

SE = 0.026, v2 = 0.74, P = 0.390).

Discussion

Our study demonstrated several major results documenting

the effect of open non-forest habitat fragmentation or patch

size effect on individual fitness and dietary optimization in

passerine nestlings, as well as complementing basic dietary

information on a declining insectivorous grassland

passerine in a novel breeding habitat.

First, we found that nestling Whinchats received more

chitinized prey as they grew older, which overall is in line

of the idea of the selective foraging of parent birds to meet

the specific nutritional needs of offspring in different age

classes (Flinks and Pfeifer 1988; Magrath et al. 2004;

Radford 2008; Mitrus et al. 2010; Garcı́a-Navas et al.

2012), and agrees with earlier dietary studies on Whinchats

breeding in grasslands (reviewed by Bastian and Bastian

1996; Suter 1988). The three main dietary characteristics,

i.e. diversity of diet, number of prey items and biomass of

prey—the last mentioned being primarily a consequence of

provisioning with heavy orthopterans—apparently

increased with nestling age, which generally seems to be a

function of the progressive gain in body mass, and the

concurrent growing volume/quality of food ingested/di-

gested and increasing volume of faecal sacs produced by

growing nestlings (Flinks and Pfeifer 1988). In this respect,

the most relevant variable describing a priori dietary

changes in nestlings of increasing age and size is the

average mass of individual prey items, which is only

related to brood identity and is least biased (if at all) as a

result of the progressive gain in body mass by nestlings.

Moreover, there may exist some differences in the fre-

quency of defecation between younger and older nestlings,

which is a consequence of their receiving different amounts

or quality of food (Quan et al. 2015), as well as of ther-

moregulation and perhaps also water regulation. Ther-

moregulation only comes into play in nestling Whinchats

when they are 4–5 days old (Bastian and Bastian

Fig. 2 The average (±SE) percent number (%number) and percent

biomass (%biomass) of seven major prey/food types (class/orders of

invertebrates) identified in faecal sacs of nestling Whinchats S.

rubetra vs. nestling age. Other prey are Diplopoda, Mollusca,

Nematoda and unidentified insects; for the number and biomass of

prey, see Fig. S1
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1993, 1996). In addition, the defecation efficiency in

nestlings of different ages is presumably different, which

may influence the passage of some prey remains to the

faecal sacs.

On the other hand, an apparent inconsistency was the

decrease in average mass of invertebrate prey, observed

from the 4th day of life of the nestlings. As expected, the

average mass of invertebrate prey should, as in three

previous cases, increase progressively with nestling age,

but we observed such an increase only between 3- and

4-day-old nestlings. It seems that this contradictory result

may illustrate the overall ability of some insectivorous

passerine nestlings to ingest large prey at an early stage of

their post-natal development, which in practice can mean

Fig. 3 The average (±SE)

%number and %biomass of four

functional prey groups

expressing (from the top) the

chitin content, vertical

distribution, habitat preference

and vagility of species/taxa

within the landscape identified

in faecal sacs of nestling

Whinchats S. rubetra vs.

nestling age. The identified prey

items are listed in Table S1. For

the number and biomass of

functional prey groups, see

Fig. S2
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that 4-day-old nestling Whinchats can already exceed the

threshold of the gape-size constraint hypothesis. Basi-

cally, the gape-size constraint hypothesis states that only

nestlings of small passerines older than 7 days are not

limited by gape size (cf. Garcı́a-Navas et al. 2012). In the

case of the Whinchat, a species relying primarily on

single invertebrate prey items caught during discrete

hunting events (Andersson 1981; Bastian and Bastian

1996; Frankiewicz 2010; Pudil and Exnerová 2015), the

early ability of nestlings to ingest prey of large size might

therefore be behaviourally justified. On the other hand,

the lowest prey weight measured in 3-day-old nestlings

suggests that this is the intentional work of parent

Whinchats. An alternative explanation for the observed

sudden increase in the average mass of invertebrate prey,

prey abundance and biomass between 3- and 4-day-old

nestlings is that this may have been due in part to the

small sample size of the youngest (3 days old) nestlings

compared with older (5–7 days old) nestlings. Indeed, the

contribution of orthopteran prey did increase between

days 3 and 4, but then decreased between days 4 and 5;

the same applied to the decrease in Coleoptera. Moreover,

the contribution of Orthoptera and two other prey groups

(Aranaea and Lepidoptera larvae) varied significantly

between the 4 study years, which most likely resulted in

part from the unequal age distribution among the nestlings

in the 4 study years, although some differences in the

availability of these invertebrates at the parent Whinchats’

Table 2 Results of multivariate ANOVA testing the effect of age

(days) and brood identity (nested within age) on dietary composition

expressed as the number, percent number, biomass and percent

biomass of seven major prey/food types (class/orders of inverte-

brates = Araneae, Heteroptera, Diptera/Hymenoptera, Coleoptera,

Lepidoptera larvae, Orthoptera and other invertebrates; see Fig. 2)

and four functional prey groups expressing chitin content (less,

intermediately and highly chitinized), vertical distribution (soil

surface, soil/vegetation, aerial insects), habitat preference (eurytopic,

crops and non-cropped) and vagility of a species/taxa within the

landscape (sedentary and vagile species) (see Fig. 3) based on

analysis of faecal sacs of nestling Whinchats S. rubetra

Source of variation Brood identity(Age) Age

Wilk’s k df F P Wilk’s k df F P

Ho Error Ho Error

Major prey/food types

Number of prey items 0.013 266 867.9 2.86 \0.0001 0.141 56 673.1 5.28 \0.0001

Percentage of prey 0.027 266 867.9 2.53 \0.0001 0.389 56 673.1 2.30 \0.0001

Biomass of prey 0.010 266 867.9 3.31 \0.0001 0.389 56 673.1 6.20 \0.0001

Percentage of prey biomass 0.017 266 867.9 2.64 \0.0001 0.355 56 673.1 2.55 \0.0001

Chitin content

Number of prey items 0.139 114 384.3 3.14 \0.0001 0.466 24 371.8 4.66 \0.0001

Percentage of prey 0.223 114 384.3 2.19 \0.0001 0.674 24 371.8 2.56 0.001

Biomass of prey 0.187 114 384.3 2.53 \0.0001 0.473 24 371.8 4.55 \0.0001

Percentage of prey biomass 0.215 114 384.3 2.26 \0.0001 0.753 24 371.8 1.59 0.039

Vertical distribution

Number of prey items 0.145 114 384.3 3.04 \0.0001 0.633 24 371.8 2.64 \0.0001

Percentage of prey 0.304 114 384.3 1.64 0.0003 0.840 24 371.8 0.96 0.513

Biomass of prey 0.136 114 384.3 3.19 \0.0001 0.598 24 371.8 3.01 \0.0001

Percentage of prey biomass 0.171 114 384.3 2.71 \0.0001 0.746 24 371.8 1.64 0.030

Habitat preference

Number of prey items 0.187 114 384.3 2.52 \0.0001 0.633 24 371.8 1.64 \0.0001

Percentage of prey 0.266 114 384.3 1.88 \0.0001 0.714 24 371.8 1.91 0.007

Biomass of prey 0.260 114 384.3 1.91 \0.0001 0.623 24 371.8 2.71 \0.0001

Percentage of prey biomass 0.261 114 384.3 1.91 \0.0001 0.754 24 371.8 1.58 0.043

Vagility of a species/taxon

Number of prey items 0.247 76 258 3.44 \0.0001 0.675 16 258 3.50 \0.0001

Percentage of prey 0.341 76 258 2.42 \0.0001 0.844 16 258 1.43 0.129

Biomass of prey 0.334 76 258 2.47 \0.0001 0.737 16 258 2.65 0.0007

Percentage of prey biomass 0.376 76 258 2.14 \0.0001 0.835 16 258 1.52 0.092

The identified prey items are listed in Table S1
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foraging sites are also possible. On the other hand, the

analysis of the contribution of the functional prey groups

seems more convincing, mostly because of the relatively

smaller variation between the consecutive nestling age

classes, compared to the more variable taxonomical

division of prey.

We found evidence that nestling condition was posi-

tively correlated with the contribution of Lepidoptera lar-

vae and Orthoptera or sedentary (mostly large-bodied) prey

taxa, and negatively with the contribution of Coleoptera or

vagile prey taxa in the diet, but not with the area of the

patch where Whinchats bred. In this respect, in so far as

Fig. 4 Statistically significant dietary changes (average ± SE) in

nestling Whinchats S. rubetra averaged across broods of different

ages in relation to the area of abandoned crop fields. Summary of

statistical analysis (generalized linear mixed models; GLMMs) testing

the effect of abandoned crop field area on these and the other dietary

variables listed in Table S2

Fig. 5 Statistically significant

dietary changes (average ± SE)

in nestling Whinchats S. rubetra

in relation to their body

condition based on the residuals

from a regression of body mass

on the length of the second

primary. The condition of

nestlings with the lowest

residuals, i.e.\0, was classified

as ‘poor’ (19 broods/74 faecal

sacs), for those with residuals

between 0 and 1 as ‘medium’

(9/38), and for those with

residuals[1 as ‘good’ (5/23).

The statistical analysis

(GLMMs) testing the effect of

these and the other dietary

variables on the nestling body

condition is summarized in

Table S3
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several earlier studies had already discovered a positive

relationship between the contribution of lepidopteran lar-

vae (or insect larvae/soft-bodied prey) and nestling condi-

tion (Donald et al. 2001; Bańbura et al. 1999; Garcı́a-Navas

and Sanz 2011), we confirmed an analogous relationship

for Orthoptera, i.e. the largest ingested prey items in our

study. Owing to their high caloric value, Orthoptera are

presumably as beneficial as lepidopteran larvae for nestling

condition. A similar finding, namely, a positive relationship

between nestling body mass and the availability of certain

orthopterans occurring in larger rectangular patches of

early successional stages of woodland, was reported by

Weldon and Haddad (2005). In contrast, we observed a

negative relationship between nestling condition and the

contribution of highly chitinized Coleoptera. Overall, this

could be due to the poorer digestibility and lower water

content of these insects (Studier and Sevick 1992), which

translate into a smaller energy gain compared to the

ingestion of more energy-rich caterpillars and Orthoptera

(Brodmann and Reyer 1999). Moreover, apart from the fact

that Orthoptera and Lepidoptera larvae supply a lot of

water and are easier to digest, they presumably contain a

certain amount of indigestible plant remains for nestling

Whinchats, which may appear to increase their body mass.

On the other hand, our study did not confirm the relation-

ship between nestling condition and breeding patch area. It

may be that parent birds compensate for the negative

impacts of a deteriorating environment (i.e. a smaller

breeding patch area) by working harder to get the same or

reduced amount of food for their young, thereby main-

taining a standard reproductive output (Brickle et al. 2000;

Morris et al. 2001; Britschgi et al. 2006); our previous

investigation in this study area did not provide any evi-

dence that the area of abandoned fields where the Whin-

chats bred affected their breeding success or productivity

(Frankiewicz 2010).

We found evidence that Whinchat broods from larger

patches of non-cropped vegetation received more sedentary

and heavier prey such as Orthoptera, Araneae and soil-

dwelling invertebrates (such as Diplopoda/Mollusca).

These results seem to confirm our prediction that large

patches of vegetation that are not cropped (i.e. larger

abandoned fields) but are managed agriculturally are

refuges for less vagile or more sedentary species of

invertebrates, which (mostly due to the severe mortality

caused by farm machinery) did not normally occur in

cropped areas. In particular, this applies to Araneae and

orthopterans, which are very vulnerable to machinery-in-

duced mortality, and which thus occur in considerably

higher abundance in transitional habitats with successional

vegetation, like abandoned grasslands or crop fields, after

the cessation of agricultural management (Siemann et al.

1999; Humbert et al. 2009; Marini et al. 2009), as well as in

traditionally managed grasslands (Britschgi et al. 2006).

Interestingly, earlier dietary studies of nestling Whinchats

from different grassland habitats showed that orthopterans

(Saltatoria) and Aranaea were rather less-preferred prey

types and that the selectivity of these prey types was

apparently lower or similar (Bastian and Bastian 1996;

Britschgi et al. 2006) compared to their occurrence in the

habitat. Britschgi et al. (2006) claimed that orthopterans

were under-represented in the diet of nestling Whinchats

primarily because of the high level of chitin they contain.

However, it should be remembered that parent Whinchats

[like other bird species preying on large orthopterans

(Kaspari 1991; Bańbura et al. 1999)] most probably pre-

pared these large insects before feeding them to their

nestlings by removing highly chinitized body parts, such as

legs (this seems particularly necessary in the largest taxa

consumed, e.g. Metrioptera), since these insect parts were

not recovered in the analysed faeces of nestling Whinchats.

To date, in our sample the overall contribution (by number)

of orthopterans in the diet of nestling Whinchats was 6.5 %

(Table S1), although it varied between different age classes

and its maximum percentage contribution was nearly 20 %

(by number) or as much as 42 % (by biomass) in 4-day-old

nestlings (see Fig. 2). This corresponds to previous detailed

dietary data reported, namely, a 3–12.8 % numerical share

of orthopterans in the diet of Whinchat nestlings (Suter

1988; Kleinschmidt 2001). Another potential explanation

for the lesser use of orthopteran prey by Whinchats in

grasslands (Britschgi et al. 2006) may be the relatively

longer handling and preparation time with this prey type

compared to the easily swallowed caterpillars and spiders

(Banbura et al. 1999). In addition, Aranaea are primarily

fed to the youngest nestlings (Magrath et al. 2004; Ramsay

and Houston 2003): such a pattern of provisioning nestlings

with spiders (35 % of all prey by number in 3-day-old

nestlings) was confirmed in our study. This implies that

different developmental stages of nestlings should be

considered in dietary/foraging studies in order to acquire

the full picture of the dietary/food requirements of Whin-

chats and perhaps also other insectivorous passerine nest-

lings. Finally, it should borne in mind that Whinchats adapt

rapidly to increased food density and that they are under

strong selection for efficiency (Andersson 1981). Thus, the

presence of some abundant invertebrate prey in our sam-

ples, such as orthopterans or large beetles like the Garden

Chafer Phyllopertha horticola (nearly 24 % of all prey

identified; Table S1), presumably indicates that parent

Whinchats make use of the largest invertebrate prey

available near the perching site (Kleinschmidt 2001).

In turn, we found that nestling Whinchats from smaller

patches received lighter prey, primarily the consequence

of a lower proportion of large-bodied orthopterans, and

that the contribution of Coleoptera, Heteroptera,
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Lepidoptera larvae, intermediately chitinized, crop-speci-

fic, non-crop-specific, vagile or prey from vegetation, as

well as aerial insects, was greater in these patches. This

might be indicative of an edge effect, due mostly to an

increasing abundance of some edge invertebrate species

and/or differences in the composition of the invertebrate

community representing both the taxa living in non-

cropped vegetation and floaters from adjacent crops (such

as some Coleoptera) (Siemann et al. 1999; Holland and

Luff 2000; Tscharntke et al. 2005). Alternatively, there

may be such a large amount of all these prey items near

the nest that it is useful for the parents to exploit them.

Loading time is thus shorter, and it makes sense to deliver

smaller prey and raise the feeding frequency without

having to expend more energy (Andersson 1981). Con-

sequently, such changes in the invertebrate community

might lead to a behavioural/dietary adjustment in the

parent Whinchats, primarily in their hunting technique,

i.e. more aerial hunts/insects, when other prey groups are

scarce owing to the small patch area, as an alternative to

foraging in adjacent crops. For example, it may be a very

economical method to catch bigger flies when on a warm,

sunny day with a light breeze these insects are driven in

the direction of the perch (Bastian and Bastian 1996).

Therefore, weather conditions and the exact time of day

when the faecal sacs were collected would also have an

important influence on the dietary composition in nestling

Whinchats, especially in the context of the functional

aspect of prey. Furthermore, differences in the collection

timing of faecal sacs between different years may also

have had an influence on the dietary composition: this

generally seems to explain the observed significant dif-

ferences in the contributions of the three prey groups

(Aranaea, Lepidoptera larvae and Orthoptera) during the

4 years of the study.

On the other hand, the overall low percentage of crop-

specific invertebrate prey in the nestling diet (\10 % of

each analysed dietary characteristic across all analysed age

classes; see Fig. 3) might confirm the strong preference of

Whinchats for foraging within the occupied patches of

abandoned cropland (Frankiewicz 2010). Further, our

dietary analysis showed that for Whinchats soil-dwelling

invertebrates tended to be of secondary importance as food

because the majority of prey items ([70 % in each age

class) were those associated with vegetation. This seems to

imply indirectly the importance of a mosaic-like structure

of the microhabitat with low vegetation or vegetation-free

patches and bare ground, where prey are more accessible

and the hunting of foraging Whinchats is more efficient

(Bastian et al. 1994; Bastian and Bastian 1996; Andersson

et al. 2009). Lastly, we were able to identify some inver-

tebrate prey items only to the level of class/order (such as

Araneae or Lepidoptera larvae), which to some degree

hampered a more detailed analysis and the drawing of

further inferences.

One should bear in mind the fact that the structure and

composition of vegetation, and thus indirectly also the

availability of soil surface and the potential soil-dwelling

invertebrate prey present there, vary between grasslands

and abandoned fields: in the former the vegetation is more

condensed and access to the soil surface is limited. Con-

sequently, owing to the lack of the compact layer of veg-

etation normally occurring in grasslands, the soil on

abandoned farmland was drier. Presumably this is benefi-

cial for some soil-dwelling invertebrates, such as ants,

some coleopterans and orthopterans (which are abundant in

the diet of the nestling Whinchats we examined), which are

also easier to catch on bare ground or in lower vegetation

(Andersson et al. 2009; Schaub et al. 2010). In addition, it

should be stressed that Whinchats hunt primarily from a

perch, so both the denser vegetation (i.e. more concealed

prey) and the perch height (or even the lack of perches in

modern grasslands) are of critical importance for access to

prey and hunting efficiency (Andersson 1981; Andersson

et al. 2009). This concurs with the assumption that the

mobility of ground-foraging insectivorous passerines and

access to food are of greater importance during the selec-

tion of a foraging site than the abundance of food per se,

which translates into preferential foraging in short vege-

tation, even though more invertebrate prey were available

in tall vegetation (discussed in van Oosten et al. 2014;

Schaub et al. 2010). Therefore, it is possible that the recent

successful colonization of abandoned farmland by the

Whinchat and its population increase in this new habitat are

in part simply the consequence of favourable foraging

conditions and the excellent accessibility of prey in the

loose vegetation or bare ground present there.

Four major conclusions with some critical implications

for future ecological/dietary studies of Whinchats and other

grassland passerines can be drawn from our investigation.

We found that the diet of nestling Whinchats from larger

patches contained basically more profitable (mostly heav-

ier) prey. Evidence demonstrating that food limitation is a

likely mechanism of area sensitivity in Whinchats breeding

in patches of abandoned farmland therefore seems to be in

part justified. However, this needs further detailed inves-

tigations analysing food supply/quality in patches of

abandoned crop fields of different sizes and vegetation

types.

The dietary composition and presumably the specific

nutritional needs of nestlings in different age classes vary

primarily with respect to the contribution of soft-bodied

prey. Consequently, dietary records (and perhaps concur-

rent potential food resources) need to be sampled

throughout the brood-rearing period. Dietary composition

and the prey attributes of nestlings (between various
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populations/areas) should be compared only for similar age

classes of offspring. Otherwise, sampling without reference

to nestling age will not lead to correct inferences about

relationships between food supply and environment.

Besides the previously reported additional factors

affecting optimal diet and foraging strategy, which are a

simultaneous resolution of various cost-benefit functions

(sensu Brodmann and Reyer 1999), our results add to this

dietary optimization (compensation strategy), as it is a

trade-off between a brood’s nutritional demands and patch

size. This implies a continuum in dietary optimization in

that the parent birds deliver the top-ranked invertebrates

present mostly within a patch. In other words, this suggests

that parent Whinchats can overcome habitat constraints

resulting from the small area of a breeding patch by

incorporating interchangeably the two major prey groups

(Orthoptera and Lepidoptera) in the diet they feed to their

nestlings. This is the ultimate justification for stating that

their condition is independent of patch size. On the other

hand, breeding on small patches may only be possible if

there is a sufficiency of available prey items. Consequently,

it is also possible that some prey groups will be more

abundant in adjacent crops (such as lepidopteran larvae).

Therefore the quality of small patches chosen for breeding

could be similar or even higher (e.g. when agriculturally

subsidized prey are numerous) than that of larger patches.

The prey taxa identified in the diet of the nestling

Whinchats we studied are largely characteristic of dry

habitats, compared to the rather moister condition of most

semi-natural European grasslands. In sum, this implies that

the quality rather than the quantity or accessibility of food

per se is the key factor determining the breeding occur-

rence of Whinchats. Indirectly, given the colonization

success and overall increase in populations of the Whinchat

in abandoned farmland areas, this suggests that progressive

climate change (mostly shortages of rainfall and reductions

in temperature) are not disadvantageous for this species

[e.g. in the Scottish Highlands Whinchats preferred warmer

south-facing hillsides (Calladine and Bray 2012)]. One can

assume that the major threats to Whinchats and other birds

breeding in grasslands nowadays are the direct mortality/

nest losses of birds due to mowing and the intensification

of agricultural management as a result of the encroachment

of tall grass species resulting from nitrogen deposition and

acidification, which diminish habitat suitability and reduce

prey accessibility (Vickery et al. 2001; Broyer et al. 2014;

Fischer et al. 2013; van Oosten et al. 2014).

Finally, we would like to highlight the need for further

in situ studies aimed at identifying the link between the

foraging success of Whinchats and other grassland birds

and the vegetation structure in both grasslands and new

substitute habitats, such as abandoned farmland. Given the

considerable increase in such areas in certain parts of the

world, such studies are imperative. They should analyse the

dietary, behavioural and physiological responses and

demography of birds towards size, habitat composition and

landscape configuration of patches of non-cropped vege-

tation growing on fallow land.
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Grüebler MU, Schuler H, Müller M, Spaar R, Horch P, Naef-Daenzer

B (2008) Female biased mortality caused by anthropogenic nest

loss contributes to population decline and adult sex ratio of a

meadow bird. Biol Conserv 141:3040–3049
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