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This thesis investigated habitat associations of the skylark on the Canterbury Plains, New Zealand, a
lowland farming area characterized by extensive pastoral and mixed cropping/arable farming.
Findings were discussed in relation to recent skylark population declines in comparable agricultural
habitat in Europe. Skylark territories were mapped and territory densities and territory sizes were
estimated on three farms representative of the study area. Winter occupancy and densities were
measured in 1998 and 1999 on representative field types. Experimental investigations into the role of
predation on facsimiles of skylark nests and into the potential role of cereal stubble fields as
wintering habitat for skylarks were carried out.

Skylark territory densities during the early part of the breeding season (October/November) were
significantly higher on the extensively managed pastoral sheep farm (1.13 territorieslha) compared
with the dairy (0.66 territorieslha) and mixed cropping arable farms (0.49 territorieslha). Lucerne
(Medicago sativa) pastures held the highest skylark terri toe role of predation on facsimiles of skylark

nests and into the potential role of cereal stubble fields as wintering habitat for skylarks were carried
out.

Skylark territory densities during the early part of the breeding season (October/November) were
significantly higher on the extensively managed pastoral sheep farm (1.13 territorieslha) compared
with the dairy (0.66 territorieslha) and mixed cropping arable farms (0.49 territorieslha). Lucerne
(Medicago sativa) pastures held the highest skylark territobetween 21 and 50% and vegetation height
of between 31 and 45 cm were estimated as providing optimum conditions for breeding skylarks.
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Territory shifts to adjacent crops with a more suitable vegetation structure were evident,
indicating that habitat diversity at the farm scale was advantageous to breeding skylarks.

Productivity at the level of the individual nesting attempt was compared between intensively
managed dairy pastures and extensively managed lucerne pastures. A total of 84 nests were found
during the 1997/98 and 1998/99 breeding seasons. Mean clutch size was 3.2 in lucerne pastures and
3.4 in dairy pastures. The nest success rate at the egg stage was significantly lower in lucerne than in
dairy pastures. This was due to differences in predation rates between the two habitats. On average
0.23 and 0.66 chicks were produced per nesting attempt in lucerne and dairy pastures respectively.

Three artificial nest experiments were carried out to determine the identity of nest predators and to
investigate the importance of various habitat variables, including field boundary type, in influencing
rates of predation. Evidence from time-lapse video monitoring in conjunction with predator
identification from signs left at the nest confirmed hedgehogs (Erinaceus europaeus) as the main
predator in lucerne and other habitats. Australian magpies (Gymnorhina tibicen) and Australasian
harriers (Circus approximans) were also recorded while predating nests. The difference in predation
rates by avian predators between fields bounded by shelterbelts and fields bounded by post and wire
fences approached significance, with higher predation in fields bounded by shelterbelts. Predation by
hedgehogs occurred significantly earlier near the boundary than in the centre of fields. A separate
experiment showed a significant difference in predation rates between four crop types with the
highest rate of predation in 'new lucerne' and the lowest in dairy pasture. High predation rates were
correlated with more open and shorter vegetation structure.

Skylark densities during winter were highest in lucerne and other extensive pastures compared with
all other crop types during both years (7.59 and 14.91 skylarks!ha of lucerne; 6.00 and 6.02
skylarks!ha in mixed grass during 1998 and 1999 respectively). Variation in skylark densities was
related to field vegetation and field boundary characteristics, field size and seed availability. In 1998
differences in skylark densities between fields were independently explained by field size, with
larger fields supporting greater densities. Lower densities were also associated with increased
proportions of tall boundary vegetation, confirming the species' preference for open spaces. In 1999
there were significant differences in skylark occupan~y between fi eld types with skylarks most often
encountered in winter cereals and extensively managed mixed grass and lucerne pastures.

An experimental investigation into the importance of surface grain to wintering birds showed that

surface grain at a density to be expected in post-harvest cereal fields led to increased skylark
numbers in the experimental area for approximately six weeks after the spread of the grain.
iii

This thesis demonstrated the importance of extensively managed pastures, including lucerne, as
favoured habitats for breeding and wintering skylarks, compared with other intensive pasture and
arable habitats. Conservation measures leading to the extensification of pastoral and arable farming
and to greater habitat diversity at the farm scale are likely to benefit skylark populations. The
establishment of managed lucerne crops could prove especially valuable in the conservation of
skylark populations. However, conservation measures should take into account the skylark's
preference for open, unconfined spaces and they should aim at providing breeding habitat in which
the risk of nest predation is minimized. Future research needs to be primarily directed at collecting
long-term demographic data to be able to build complete population models of skylarks.

Key words:

Alauda arvensis, bioindicator, Canterbury Plains, cereal, conservation, extensification, hedgehog,
lucerne, lowland farmland, New Zealand, population declines, skylark, predation, territory density,
territory size, winter density
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Chapter 1 Introduction
The main aim of this thesis is to examine ecological relationships of the skylark, a predominantly
farmland bird, with its lowland farmland habitat in the Canterbury Plains, New Zealand. These
relationships are examined with particular reference to similar studies in the species' native range in
Britain and Western Europe, where it has undergone very large population declines in recent decades
(e.g., Fuller et al. 1995; Donald, Green & Heath 2001). This study was inspired by personal
observations that the skylark appeared to be much more abundant in many parts of New Zealand and
especially in the lowland farming area of the Canterbury Plains, than in its native agricultural habitat
in Britain and Western Europe. This raised the question whether the ways in which agriculture is
practised in Canterbury could in some way be responsible for apparently large and dense populations
found there. Finding answers to this question would then potentially benefit the conservation of this
species in those parts of its native agricultural habitat where it has been declining.

This chapter aims to provide the background and context for the following chapters, which present
results from a series of observational and experimental studies carried out during the breeding season
and during winter.

The first part of the current chapter briefly reviews the general ecology and the distribution of the
skylark. More details on the species' ecology are provided in the relevant chapters. In the second part
of this chapter the species' relationship with agriculture is briefly explored. Major recent changes in
agricultural practice in the developed world and their impacts on farmland birds and especially on
skylarks are reviewed. More detailed discussions on the most im portant changes in agriculture and
their impacts on skylarks are provided in the following chapters. The study area for the current work
is introduced with particular reference to agricultural practices in the region. The final section of this
chapter gives an overview of the aims and structure of this thesis.

1.1

Distribution and general ecology

The following section draws largely on (Hardman 1974; Piitzold 1983; Cramp 1988; Simms 1992).

1.1.1

Distribution and description of the skylark

The lark family (Alaudidae) is truly cosmopolitan and is absent only from Antarctica, Greenland,
South America and parts of Indonesia (Simms 1992). Larks are distinguished from other passerines
by lacking a bony pessulus in the syrinx and by having the posterior tarsus scutellated.
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Skylarks have a strong bill, a stout and long body and streaked brown plumage (Fig. 1. 1). The
plumage of males and females is very similar, which makes it hard to separate the sexes. Adult males
measure around 180 nun in total length whereas adult females have an average body length of 170
mill. The sex can best be determined by wing length, since males have longer wings than females . In
juveniles the streaked plumage is more pronounced until their first late summer/early autumn moult.

Figure 1.1 Skylark on recently cultivated arable land

Of the 21 lark species breeding in the western Palaearctic the skylark is most conunon and
widespread . Its range extends from Western Europe and n rthwest Africa to eastern Russia, northern
China, Japan and eastern Siberia. A nun1ber of subspecies are recognised within its range, differing
in colouration, size and voice. Skylarks were introduced to Australia in 1850, and Acc limatisation
Societies introduced more than lOOO skylarks to New Zealand between 1864 and 1875, for
sentimental reasons (Heather & Robertson 1996). The species is now widespread and very abundant
throughout the country and occurs in open habitat on North, South and Stewart Islands (Heather &
Robertson 1996).

Human agricultural activity over the past 5000 years, with associated forest clearance and conversion
of natural areas into agricultural landscapes, has assisted the spread of birds preferring open spaces,
including the skylark (e.g. , George 1996). Since medieval times skylarks have become a common
and characteristic farmland species in Western Europe (Hardman 1974). Today about 70% of the
2

total skylark population in the UK occurs on farmland and 50% on arable land (Donald &
Vickery 2000). Thus, skylarks belong to a guild of 'true' farmland birds in that they are open-field
specialists, a trait they share with few other European species including, for example, the corn
bunting Milaria calandra (e.g., Donald & Evans 1995) and the grey partridge Perdix perdix (e.g.,
Potts & Aebischer 1995). While skylarks tend to be more tolerant of denser vegetation than other
Alaudidae they are assisted in their foraging activities by sparse vegetation (Green 1978) and share a
preference for patchy vegetation structure, a trait shared by other ground -feeding, seed eating
passerines (Henderson & Evans 2000). Skylark densities tend to be higher in lowland habitats and
agricultural and steppe grassland as well as some upland and coastal habitats are the most frequently
used. However, successful breeding has been recorded at altitudes of up to 1l00m in central Europe.
In New Zealand, breeding birds are found as high as 1900m in subalpine herb fields (Heather &
Robertson 1996).

Larks often have prolonged song flights of which they are capable because their wing loading tends
to be lower than that of other passerines of similar size, due to broad wings (Moller 1991;
Hedenstrom 1995). Skylarks are probably best known for the male's spectacular song flight, which
usually lasts a few minutes (Clark 1947; Hedenstrom 1995) but can sometimes last as long as an
hour (pers. obs.). Singing birds ascend in spirals to heights of at least 100m (sometimes over 200m),
minimising flight energy costs by hovering into the wind (Hedenstrom 1995). The song flight serves
as a territorial signal, which is why the male will usually sing above or near the nest, but it also
functions as a fitness deterrent signal to avian predators (Cresswell 1994). That study showed that
merlins (Falco columbarius) chased non- or poorly singing skylarks for longer periods compared to
skylarks that sang well and that merlins were more likely to catch a non- singing than a poorly
singing than a full-singing skylark.

1.1.2

Migration

Within Europe, western and southern populations are sedentary, whereas northern and eastern
European populations are short-distance migrants. The breeding population in New Zealand appears
to be sedentary, with very little movement between successive breeding seasons by adults (pers.
obs.), (Heather & Robertson 1996).

1.1.3

Reproduction

In northwest Europe and Britain skylarks breed between April and July, with some delay in the onset
of breeding in relation to increasing latitude or altitude. In New Zealand, the breeding season extends

3

from September to January. The number of nesting attempts appears to have declined in the
northern hemisphere from two to three to commonly one to two clutches (Cramp 1988). In New
Zealand, pairs lay two to three clutches during a breeding season (Heather & Robertson 1996). The
clutch size in skylarks is 1-2-3-4-5-6 eggs (i.e. usually 3 or 4 eggs are laid), although there are no
reports of clutches over five eggs from New Zealand.

Like all larks, skylarks are ground nesters and usually avoid nesting near tall vertical structures (e.g.,
Oelke 1968; Patzold 1983). They excavate a nest scrape up to three cm deep and weave a thick lining
of dead grass into the nest. One mottled-brown egg is laid per day, usually early in the morning.
When the clutch is complete the female starts incubating. The eggs hatch synchronously ten or
eleven days later. Chicks are blind at first with a sparse down covering. The eyes open during the
second full day of life and flight feather pins usually appear on the third day. Five days after
hatching, chicks can stand and flight feathers have started to emerge from the pins. Eight days after
hatching, chicks usually leave the nest, probably with vocal prompting by the parents. At this time
they are capable of short bursts of running. Feeding by both parents continues after the chicks leave
the nest. Chicks fledge about 16 days after hatching. Parents may then commence another nesting
attempt.

1.1.4

Diet

Skylarks are omnivorous, and are mainly insectivorous during summer and granivorous during
winter. Some plant and animal material is taken at all times of the year, although arthropods, mainly
insects, are especially important as chick food during summer. Soft -bodied arthropods, especially
lepidopteran and hymenopteran larvae, are a major component in the diet of very young nestlings.
Mter the first week of birth, there is a shift in the chicks' diet away from these groups towards
ground beetles (Carabidae) (Poulsen, Sotherton & Aebischer 1998). During autumn and winter
skylarks feed on cereal grain from stubble fields and on recently sown grain when available. When
cereal grain is unavailable, in late winter, skylarks search ploughed land for weed seeds or graze the
leaves of winter wheat (Triticum aestivum) or other monocotyledonous leaves as well as those of
dicotyledons. Where seed densities are low, leaves form the greater part of the food in late winter
(Green 1978). All food is taken from the ground. Skylarks locate food visually and peck at it
directly, though sometimes a skylark will dig with its bill (not feet) in loose soil for newly sown,
partly exposed grain. Green (1980) and (1978) examined skylark diet on three farms in England in
the early 1980s and found that the birds tended to prefer larger seeds, seldom eating seeds under
1mg. Very little information is available on the diet of skylarks in New Zealand (Moeed 1975).
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1.1.5

Mortality

The average life expectancy of adult skylarks has been estimated at 3.3 years (Piitzold 1983).
However, skylarks in captivity have lived to 20 years or more (Piitzold 1983). The mean annual adult
mortality rate was estimated at 30% in an English study (Delius 1965), with no significant difference
in mortality between males and females. Mortality of eggs and juveniles during the nesting period is
due mainly to predation (e.g, Patzold1983; Donald et al. 1999). An annual mortality rate of 33%
both for egg and nestling losses has been estimated (Delius 1965). In the same study the mortality
rate of fledglings was estimated at 30%. Skylark losses due to diseases appear to be insignificant
(Delius 1965; Patzold 1983). Losses due to agricultural operations are particularly common on
pastoral land due to trampling and grass cutting (e.g., Donald et al. 1999).

1.2

Recent agricultural changes and their impact on skylarks

Many farmland birds have suffered severe recent declines in numbers and range due to the impacts
of modern agriculture. Already in the 1970s concern was voiced that changes in cropping practice
and increased agrochemical use could have adverse effects on farmland bird populations (Murton &
Westwood 1974). Early concerns were justified because since then populations offarmland birds
have declined consistently in numbers and their ranges have contracted (e.g., Marchant et al. 1990;
Krebs et at. 1999; Fuller 2000). Declines of farmland bird populations have taken place everywhere
where agricultural practices have been intensified including Britain (e.g., Krebs et al. 1999), Europe
(e.g., Tucker & Heath 1994; Eisloffel1996; RosIer & Weins 1996; Hagemeijer & Blair 1997) and
North America (e.g., Millenbah et al. 1996; Herkert 1997).

Declines in farmland bird populations and changes in agricultural practice are strongly correlated in
time (Pain & Pienkowski 1997; Schifferli 2000), with year-to-year demographic changes in farmland
bird populations matching agricultural changes (Gates & Donald 2000). This alone suggests that
these changes are at least in part responsible for the declines (e.g., Fuller et at. 1995; Pain &
Pienkowski 1997; Krebs et al. 1999; Ghalambor & Martin 2001). In Britain, the period of highest
intensification in the 1970s and 80s, with strong increases in the area of autumn -sown cereals and
reductions in spring-sown cereals, bare fallow and root crops and increased pesticide and inorganic
fertilizer use coincided with decreasing abundance of farmland birds with a time lag in the bird
response (Chamberlain et al. 2000).

The negative impacts of the rapid modernisation of agriculture after World War II have been
implicated in the decline of skylarks (Jenny 1990a; RosIer & Weins 1996; Aebischer 1997; Wilson et
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al. 1997; Siriwardena, Baillie & Wilson 1998; Donald & Vickery 2000; Donald, Green &
Heath 2001). In the UK, estimates indicate population declines of over 50% during this period
(Fuller et al. 1995; Siriwardena et al. 1998; Chamberlain & Crick 1999). Similar reductions have
been observed in other European countries including Germany and Switzerland (Busche 1989;
Zbinden 1989; Busche 1994). In Germany it is estimated that there has been a 20% range contraction
within the last quarter of the 20 th century (Anon 1998). Because of severe population declines the
skylark is one of the species which qualify for high conservation priority in Europe and the UK, even
though it is still relatively widespread and common (Tucker & Heath 1994).

The link between the decline of skylarks and other farmland bird species and agricultural change has
been examined in a number of ways. Bird densities in low and high intensity farming systems were
compared (Wilson et al. 1997; Buckingham et al. 1999). Long-term trends in demographic patterns
were related to population trends (Chamberlain & Crick 1999). Habitat selection was related to
differences in habitat availability (Gates et al. 1994; Weibel 1998; Wilson 2001). Correlations of
population trends with agricultural intensification were made (Donald & Fuller 1998; Chamberlain et

al. 1999). Factors influencing distribution were assessed (e.g., Gates & Donald 2000; Donald, Green
& Heath 2001).

Other factors, not related to agricultural change, have also been examined as possible causes of
farmland bird popUlation declines, particularly predation (Gregory & Marchant 1996; Thomson et al.
1998). However, predation has been shown to be an unlikely factor explaining declines in songbird
populations in Britain (Thomson et al. 1998; Stoate & Thomson 2000).

Factors operating within and outside the skylark breeding season have been implicated in recent
population declines (e.g., Schlapfer 1988; Jenny 1990a; Jenny 1990c; Chamberlain, Vickery &
Gough 2000; Donald et al. 2001) and (e.g., Donald et al. 2001; Wilson 2001) respectively.
Chamberlain (1999) found that the productivity of individual nesting attempts of skylarks was
actually higher during the period of population decline. This suggested that population declines may
be due to a reduction in the number of nesting attempts per season or lower post-fledging or winter
survival. Donald (1999) also provided evidence that recent population declines are unlikely to be due
to a reduction in productivity at the scale of the individual nesting attempt.

Major changes in agriculture since the 1950s and their impact on skylarks and other farmland birds
are summarized below. References to studies which have produced at least some evidence that these
changes in agriculture have caused population declines are given. The summary below refers to
changes in lowland agriculture, because this is the area where population declines have been most
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marked and because this provides the setting for comparisons with findings from the present
study which was also carried out in a lowland farming area.

Changes in cropping patterns

An increase in intensive (high input) cereal farming has taken place at the expense of lower input
mixed arable/pastoral systems, with an associated loss of habitat diversity (e.g., Potts & Vickerman
1974; Jenkins 1984; O'Connor & Shrubb 1986; Potts 1991; Evans 1997). Simplification of crop
rotation and the establishment of larger fields, and associated loss of spatial and temporal habitat
heterogeneity limits the areas suitable for skylarks attempting to breed and necessitates the
establishment of larger territories (Schliipfer 1988; Jenny 1990c; Baillie & Gregory 1997; Weibel
1998; Schliipfer 2001). Loss of late-sown spring crops and associated loss of crop diversity are
thought to have been particularly important in bringing about the decline of skylark populations
(Evans 1997; Wilson et al. 1997; Chamberlain et al. 1999; Donald & Vickery 2000; Donald et al.
2001; Donald et al. 2001). A shift from spring- to autumn-sown cereals is also thought to have
reduced the number of suitable nesting sites, and may have caused a reduction in nesting attempts,
because skylarks rarely nest in tall crops (Schliipfer 1988; Jenny 1990a; Aebischer 1997;
Chamberlain & Gregory 1999; Donald et al. 2001). The shift from spring- to autumn-sown cereals
also led to a loss of winter stubbles and associated loss of foraging opportunity during winter
(Wilson, Taylor & Muirhead 1996; Buckingham et al. 1999; Donald et al. 2001). This change is also
thought to affect other granivorous passerine farmland birds such as the yellowhammer (Emberiza

citrin ella ) (Bradbury et al. 2000).

Intensification of pastoral agriculture
In Europe and Britain grasslands are more intensively managed than in the past, with associated
increases in stocking rates, which in turn leads to increased disturbance and risk of trampling and
shorter grass less suitable for nesting (Wakeham-Dawson et al. 1998). Making silage is now
common practice, destroying nests and exposing skylark nests to predators (O'Connor & Shrubb
1986; Busche 1994). Increased specialization in farming has also led to the loss of grassland through
conversion to arable farming and a decrease in the area of ley grasslands, which are suitable breeding
and feeding areas for skylarks (O'Connor & Shrubb 1986; Wilson et al. 1997; Wink 1998).

Agrochemical use
Increased use of agrochemicals in arable fields has reduced the availability of weed seeds and insect
prey which are an important food source for skylarks and many other farmland birds (Rands 1985;
Rands 1986; Aebischer & Potts 1990; Potts 1991; Aebischer 1997; Campbell & Cooke 1997; Ewald
& Aebischer 1997; Moreby 1997; Donald 1998; Brickle et al. 2000). Increased agricultural chemical
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use led to reductions in non-cereal crops and fallow, which used to be important in maintaining
soil fertility (Stoate 1995; Stoate 1996). However, the presence of more fallow has been associated
with decreased breeding performance for skylarks in one ·study (Siriwardena et al. 2001).

Mechanization
Improved mechanisation during harvesting has reduced the amount of spilled grain available to
granivorous farmland birds, including skylarks (Robinson & Sutherland 1997).

It is likely that a combination of the above factors combined to bring about the decline of skylarks

and other farmland birds. A straightforward, univariate effect of agricultural intensification on birds
is unlikely because of the multivariate nature of these changes (Ormerod & Watkinson 2000).

No previous studies of skylark breeding populations have been done in New Zealand and no baseline
data on breeding densities, breeding success or winter densities are available to allow comparisons
over time. It is therefore not possible to determine whether population declines in Europe were
paralleled in New Zealand. It is hoped that the work present ed in this thesis will go some way
towards filling this gap in the knowledge on skylarks in New Zealand.

1.2.2

The study area

The present study was carried out near Lincoln (43°38' S, 172029') in the Canterbury Plains, a
lowland farming area in the South Island of New Zealand. The Canterbury Plains comprise New
Zealand's largest plain, covering an area of about 2 million hectares or about half of the entire
Canterbury region (McKellor 1978) (Fig.1.2.).

The Canterbury Plains lie in the central South Island east of the main divide and slope down gently
from about 300 m above sea level to almost sea level and extend from the foothills of the Southern
Alps to the Pacific Ocean. Mean annual temperatures range from 100C to 13°C in different parts of
the area with night frosts common during winter (McKell or 1978). Mter the arrival of European
settlers during the middle of the 19 th century the Canterbury Plains were quickly converted from
native tussock grasslands and small forested areas to agricultural land, primarily to pastures for sheep
rearing (Johnston 1968; Griffin 1971). During the second half of the 19 th century a mixed
arable/pastoral farming system developed where cereals and other arable crops are grown for 2 to 4
years, followed by mixed grass/clover (Trifolium repens) or lucerne pastures. The length of time
particular fields are used for either arable or pastoral farming varies and depends mainly on the
relative current profitability of the two farming systems and on the need to maintain a good soil
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rearing (Johnston 1968; Griffin 1971). During the second half of the 19 century a mixed
arable/pastoral farming system developed where cereals and other arable crops are grown for 2 to 4
years, followed by mixed grass/clover (Trifolium repens) r lucerne pastures. The length of time
particular fields are used for either arable or pastoral farming varies and depends mainly on the
relative current profitability of the two farming systems and on the need to maintain a good soil
structure (Haynes & Francis 1990). The mixed arable/pastoral system is essentially maintained at
present (Johnston 1968). Such a farming system, with its mixed variety of crop and pasture fields , is
considered to generally benefit bird populations (George 1996; Anon 1998; Wink 1998).

Figure 1.2 Aerial view of the Canterbury Plain , New Zealand, towards the Southern Alps .

However, in recent years there has also been a marked change in land use in the Canterbury Plains .
Improved irrigation schemes meant that more land is more intensively used for both dairy and
intensive arable farming with a reduced need for the traditional crop-livestock farming (Fig.1.3).
However, approximately 80% of the Canterbury Plains were still farmed under a mixed croplivestock regime in 2001 , data from (O ld 2001).

Grain production is especially important in Canterbury wi th about 70% of New Zealand's entire
grain production taking place there (Anon. 2000). Winter-sown cultivars make up approximately
46% of cereals grown and they are typically drilled in May or June. The remaining 54% of cereals
are spring-sown varieties including barley, wheat and oats (Bicknell & Greer 1999).
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Figure 1.3 The area of farmland on the Canterbury Plains used for intensive arable production and dairying
between 1995 and 2001. Data from (Old 2001).

Today arable farming in New Zealand including the Canterbury Plains involves modern, intensive
farming practices, including the use of pesticides. 68% of all pesticide use in New Zealand is
accounted for by herbicides, much of which is used in cereal production, 24% by fungicides and
8.2% by insecticides (Holland & Rahman 1999). Most New Zealand farmers appear to regard birds
as serious pests because of perceived avian damage to arable crops. Avicides, most of which are
unregistered with the New Zealand Pesticides Board, are often used in attempts to control birds
(Coleman & Spurr 2001).

Connected with intensive agriculture there is now growing concern with regards to the state of New
Zealand's environment (Anon. 1997), especially since New Zealand's 'clean & green' international
reputation has contributed to the success of the country's agricultural export industry which
represents about 50% of New Zealand's total export income (Anon. 2000).

The farms for this study were selected on advice from Lincoln University farm managers and are
representative of other farms in the Canterbury Plains in terms of management and inputs. They
included 'traditional' pastoral and mixed cropping/pastoral farms as well as dairy farms, which
specialize on intensive pastoral farming.
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1.3

Thesis structure and objectives

The work presented in this thesis is broadly divided into two parts. Chapters 2 to 4 focus on the
skylark breeding season. First, skylark densities and territory sizes were measured and compared
between different farm types typical of the study area and the influence of a range of habitat
variables on these dependent variables was assessed (Chapter 2). In Chapter 3 indicators of
reproductive output are compared between extensively and intensively managed pastoral farms and
factors, which may influence reproductive success in the study areas, are discussed. Results from a
series of experiments using artificial ground nests are presented in Chapter 4. These experiments
were designed as a consequence of findings in Chapter 3 which demonstrated the dominant role
predation played in determining nesting success of skylarks. The objectives of these experiments
were to confirm the identity of probable predators of skylarks in the study area and to assess factors,
which influence predation rates on ground nests.

Chapter 5 investigates the distribution and densities of skylarks during the winter as well as
ecological factors which playa role in determining these. Chapter 6 presents results from a simple
experiment investigating the importance of grain availability to wintering skylarks. The main
objective of this experiment was to determine over what time period waste grain in cereal stubble
fields might benefit populations of skylarks as well as other farmland birds.

In the discussion (Chapter 7) the key findings from the studies presented in this thesis are
summarized. Implications for the conservation of skylarks are discussed. In addit ion, the potential
use of the skylark as a future indicator of sustainable farming in New Zealand is evaluated. Finally,
directions for future research are discussed.
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Chapter 2 Territory distribution during the breeding season
2.1

Introduction

Analysis of farmland bird habitat associations is an important step in understanding reasons for a
species' population decline and in assessing the potential of a species as a bioindicator of sustainable
farming. Identifying habitats supporting varying densities of skylarks and relating spatial variation in
territory density and size to seasonal changes, have gone a long way in explaining skylark population
declines (SchHipfer 1988; Jenny 1990a; Wilson et al. 1997; Chamberlain & Crick 1999; Donald et al.
2001; Weibel et al. 2001).

A number of British and European studies on arable farmland have demonstrated that skylark
territory size and density changed throughout the breeding season and demonstrated negative
correlations between territory density and vegetation height, (e.g., Schlapfer 1988; Wilson et al.
1997; Donald et al. 2001). Developing vegetation structure, i.e. increasing vegetation density and
height, has been related to rapidly diminishing territory densities in winter cereals (e.g., Schlapfer
1988; Chamberlain et al. 1999; Donald et al. 2001). Schlapfer (1988) identified vegetation structure
as the single most important determinant of skylark territory density, while other variables, including
crop type, soil type and climate were of less importance. Other comparative studies of organic and
conventional agricultural systems have suggested possible independent effects of pesticides on
skylark territory density (Wilson et al. 1997; Chamberlain, Wilson & Fuller 1999). Also, Wilson and
Evans (1997) and Oelke (1968) demonstrated significant effects of field structure, i.e. field size and
field boundary characteristics, independent of crop type and -structure on skylark densities.

Skylark habitat associations with pastures have been less intensively studied, than those in annual
arable crops. Schlapfer (1988) concluded that grassland habitat provided few nesting opportunities
but could provide suitable feeding habitat for skylarks when freshly cut. Wilson and Evans (1997)
related relatively low skylark densities in grazed pastures to sward structure, which provided
insufficient nesting cover and resulted in an increased risk of trampling when heavily grazed.
Wakeham-Dawson and Aebischer (1998) found that skylarks rarely used permanent grassland during
the breeding season because it was generally grazed too short to provide adequate nesting cover but
skylarks used grassland more frequently once the sward exceeded 15 cm in height. Skylark densities
were six times as high in experimentally manipUlated long grazed grassland compared with short
pastures. The differences may have been due to differences in food availability, because chick food
was significantly more abundant in long grazed pastures, or it may have been related to differences
in sward structure and nest trampling risk.
12

This chapter aims to assess the generality and the relevance of these findings from British and
European studies in the context of the New Zealand farming landscape. Specific objectives were:

•

To quantify skylark territory sizes and densities in different lowland farmland systems in
Canterbury throughout the breeding season.

•

To identify and quantify seasonal changes in habitat preferences of breeding skylarks within
the different farmland types under study.

•

To draw conclusions as to the suitability of the various farmland types as breeding habitat
for skylarks with particular reference to similar studies in Britain and Europe.

2.2

Methods

The following study was carried out during the summer 1998/99.

2.2.1

Study sites

Study areas were chosen based on the following criteria:

•

They should be representative of typical lowland farms in the Canterbury PI ains in terms of
farming practice and crop type.

•

Study areas should be made up of adjacent fields, i.e., represent a continuous block within
each farm, and be of a size which would allow detailed observation of an entire study area
during the time of highest skylark activity (0700 to 1100) (Cramp 1988).

•

Farms should be within easy travelling distance from Lincoln University (S Lat 43°65'; E
Long 172°48}

Mter discussion with the Lincoln University director of farms, Mr. A. Whatman, study areas within
three farms in the vicinity of Lincoln University were selected. Each study area consisted of eight or
nine fields, comprising a total area of 205 ha. Farm maps and a history of cropping patterns and
farming practice were obtained from farm managers.

Farm 1: Extensive pastoral farming (Sheep Farm)
The sheep farm was situated 13 km west of Lincoln University and occupied 355 hectares. Soil type
and rainfall are the two primary physical features determining the production system and farm
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output. The farm has predominantly light, stony, drought-prone and non-irrigated soils. The
farm supported about 2,500 sheep.
The farm consisted of a mixture of lucerne and mixed grass (Poa and Lolium spp.) pastures.
Approximately 100 - 140 kg/ha of sulphur was applied once a year and about 60 - 70 kg/ha of
nitrogen was added once every ten to fifteen years. Few or no insecticides were applied in recent
years.

Figure 2.1 shows the sheep farm, including the eight study fields with bordering hedges, roads and
farm tracks. The study area consisted of eight fields totalling 44.6 ha of lucerne or mixed grass
fields. Study fields ranged from 4.2 to 7.4 ha in area. Fields were bounded to the north, east and
south by shelterbelts (Cupressus macrocarpa and Pinus radiata) approximately 6 - 7 m in height and
3 - 6 m in width and by unsealed rural roads with low traffic volume. An unsealed farm track
traversed the study area.

Farm 2: Intensive pastoral farming for milk production (Dairy Farm)
The dairy farm is intensively farmed for milk and livestock production and covers an area of 108.35
ha comprising 37 fields. The predominant soil type is Temuka silt loam. Superphosphate was applied
annually at rates between 125 and 250 kg/ha and average yearly nitrogen input was between150250 kglha. Pesticides were not applied. The farm supported approximately 380 cows, which were
grazed on mixed ryegrass (Lolium perenne) and clover pastures. The entire farm was intensely
irrigated with a 14-day rotation system where irrigators ran for 12 hours at a time.

Figure 2.2 shows the dairy farm, including field sizes and habitat structure of the study area and its
location on the farm. The study area consisted of nine fields totalling 32.8 ha. Study fields ranged
from 3.2 to 4.0 ha. Fields were partially bounded by unsealed farm tracks and shelterbelts (P.

radiata) approximately 4 - 6 m wide and 6 - 9 m high.

Farm 3: Conventional arable farming (Arable Farm)
The arable farm is an intensively managed farm consisting of 24 fields totalling an area of 247.5 ha.
The soils are principally Wakanui and Templeton silts. The prevailing crop types were winter wheat,
rye corn (Secale spp.), spring wheat, peas (Pisum sativum), beans (Phaseolus vulgaris), sweetcorn

(Zea mays) and potatoes (Solanum tuberosum).

Annually between 150 and 200 kg/ha of nitrogen and between 110 and 200 kg/ha of superphosphate
were applied. Pesticides were applied on a prophylactic basis. Fields were irrigated two to six times a
14

year over periods of up to 100 hrs. Figure 2 .. 3 illustrates crop composition, field sizes and
habitat structure of the study area and its location on the arable farm. The study area consisted of
eight fields totalling 127.8 ha. Study fields ranged from 12.5 to 21.1 ha. Fields were partially
bounded by unsealed farm tracks, except for the rye grass field, which was surrounded by a grass
farm track. The study area was bordered to the north and east by sealed roads with low traffic
volume with further arable fields to the north, east and west. A power line ran southwest to northeast
across the study area. Farm buildings were situated near the centre of the ryecorn field. Shelterbelts

(P. radiata), approximately 3 - 5 m wide and 4 - 12 m high, were planted on the borders of winter
wheat, spring wheat, rye grass, rye corn and green bean fields.

2.2.2

Data collection

Habitat Recording
A global positioning system (GPS) was used to record characteristic habitat features of the study
fields and to generate detailed maps of the study areas. For this study the GPS unit Pathfinder Pro
XL System (1994), consisting of a lightweight backpack with a 12 channel receiver and a handheld
data collector was used to record the precise position of field boundaries, including hedges, trees,
roads, farm tracks and post and wire fences, fi eld corners and other habitat features
(powerlines, buildings, gates). The GPS data were transferred into the Unix based program ArcInfo
(1995), which performs Geographic Information System (GIS) tasks and analyses. The Windows
based GIS software programme ArcView (1996) was used to generate virtual maps of
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the study areas from the ArcInfo (1995) data. Hardcopy maps were printed on A3 paper and these
were used in the field to record territorial songflights and other observations.

Field boundary structure
The height of the boundary vegetation was measured at three randomly chosen points on each
boundary with a Vertex Forestor (1998) hypsometer. The mean value of three boundary height
measurements per section was calculated to obtain average boundary height for each field section. A
boundary index was calculated for each field by assigning a numerical value to each field section
corresponding to a SUbjective estimate of its physical character (Table 2.1). The length of each field
section was multiplied by its category number and the sum of all sections was divided by the field
perimeter. The boundary index reflects the physical character of field boundaries, with a higher
boundary index indicating taller boundaries covering a larger area of the field perimeter

Table 2.1 Field boundary category number and description of physical characters of the various boundary types.
* In Canterbury these are typically gorse (Ulex europaeus) hedges.
** In Canterbury these are typically shelterbelts grown for protection against the prevailing NW winds.
Category number

Physical character of field section

1

Post and wire fence-line.

2

Vegetation < 2 metres bigh*

3

Vegetation higher than 2 metres **

Crop categories
Crops with similar types of cultivation were assigned to crop categories. Seven of these were
recognized including winter wheat, rye grass for seed production, spring wheat, vegetables (beans,
peas, potatoes), lucerne-, mixed grass- and grass/clover pastures.

2.2.3

Territory mapping

The territory mapping method used in this study followed the British Trust for Ornithology's (BTO)
Common Birds Census (CBC) guidelines (Marchant 1983). Bibby and Burgess (1992) recommended
the CBC territory mapping method for monitoring breeding populations of passerine birds displaying
strong territorial behaviour. It was assumed, in the current study, that the ability to detect birds did not
differ between crops.
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Six consecutive visits were made per farm between mid-October and mid-January. Intervals
between visits did not exceed three weeks. Observers were rotated between fields within each study
area on subsequent visits to minimize observer bias. Olympus 8x42 binoculars were used for
observation.

Territory mapping was not carried out during rain or fog when conditions for observations were poor.
Peak wind speeds were recorded with a hand held anemometer during a fifteen second period. Wind
speed exceeding three on the Beaufort scale also prevented observations because this made it difficult
to hold binoculars steady and because skylarks tend to stay on the ground during strong winds (Simms
1992). Ploughing, fertilizing, irrigation, spraying or harvesting operations in the study area prevented
territory mapping. Where possible territory mapping was carried out when livestock was absent. In
addition to normal territory mapping visits, territorial flight patterns and territorial behaviour were
recorded during nest searches (Chapter 3).

Territory mapping was carried out during mornings, starting approximately an hour after dawn and
finishing before midday. Standardization of the timing of territory mapping visits was considered
important because songbird activity varies throughout the day. Highest activity can be expected after
dawn during morning hours (Bibby, Burgess & Hill 1992) . Bird observations within each farm were
made by recording the location of singing males on the field map with the observer walking at a
steady, slow pace around the periphery of each field. Accurate location of birds and correct scaling of
the field area was assisted by marking fence posts with red tape. All sightings of singing skylarks were
registered on the field maps by using standard activity codes based on BTO symbols (Table 2.2) . Time
and location of song flights from take-off to landing were recorded on field maps. Other important
displays of territorial behaviour such as aggression between individuals and signs of alarm were also
recorded. Territories, which included an area outside a study area, were fully mapped. A territory
mapping visit to a single field typically lasted 30 - 45 minutes depending on field size and duration of
songflights.
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Table 2.2 Codes and symbols used for recording skylark activities. All circles indicate the registration of
singing male skylarks.

o

The circle indicates the registration of a singing skylark.

0--0 The solid line indicates that the two registrations definitely refer to the same bird.

Q-1-o

A solid line with a question mark indicates that the two registrations probably relate to the
same bird.
This indicates that the two registered individuals showed aggressive behaviour towards each
other.

0----0

A dotted line indicates simultaneous registrations. Two skylarks were in song at the same
time.

1

Numbers indicate the order in which singing skylarks were sighted. "1" means this was the
first singing skylark seen during the mapping visit.

x

This symbol indicates where a skylark landed after songflight.

2.2.4

..

An arrow pointing downwards indicates a skylark was landing .

+

An arrow pointing upwards indicates a skylark was rising from the ground.

Data entry and evaluation

Following field visits, songflights recorded on field maps were converted into digital format and added
to an ArcInfo (1995) farm map database. Ground coordinates of four corner points of the study area on
the field map were recorded to the GIS. To determine territory location and size within the study areas,
songflights, symbols indicating territorial behaviour, locations of recorded nests and other relevant
observations were transposed from the field maps for each visit to virtual maps. Digitised songflight
records from various visits to the same study area were assigned a letter (A = 1 st visit; B = 2nd visit
etc.) and maps from subsequent visits were overlaid in ArcView (1996). Songflights recorded during
the early season were identified as relating to individual territories by outlining clusters of songflights
from different visits with polygons. Polygons were created based on criteria used in the Common Bird
Census method (Bibby, Burgess & Hi111992) (see also table 2.2):

1. A single record of a nest containing eggs or young constitutes the basis of a territory, even where
no further sightings are made.
2.

Dotted lines between songflights indicate a strong potential for different territories.
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3. Two songflights joined by a symbol of aggression, indicate two different territories
4. Two songflights joined by a solid line indicate the same territory.
5.

Songflights joined by a solid line with a question mark represent either the same bird or separate
birds in accordance with other registrations.

6. A cluster of songflights is accepted as a valid territory when songflights in the grouping
a.

contain registrations from a minimum number of 2 visits

b. overlap each other by 50% or more

Spatial ArcInfo (1995) data were transferred into ArcView (1996) for analysis and evaluation of
location, number and size of territories and key habitat features. For each study area mean field, road,
farm track and field boundary dimensions were calculated. For statistical analysis, the ArcView (1996)
data were transferred into SPSS (v.10.0). Analysis was divided into two seasonal periods,
OctoberlNovember and December/January, to account for possible territorial changes as the breeding
season progressed (SchHipfer 1988; Jenny 1990a; Weibel 1998). This corresponds with other, northern
hemisphere, studies which defined mid-April to mid-Mayas early season (first breeding attempts) and
mid-June to mid-July as late season (second brood or re-attempting a first brood) (e.g., WakehamDawson 1994; Donald et al. 2001).

Territory density
The number of skylark territories per field was calculated for early and late seasons. Where territories
included more than one field, the percentage overlap was allocated to each field involved. Percentage
overlap between songflights and between songflights and field boundaries were calculated. Territory
densities were calculated for each field by dividing the number of territories by the field area. Means
were calculated for each crop category and for each farm.

Territory sizes
The area covered by each recorded songflight was calculated. Mean territory sizes for each farm and
for each crop type were determined for the early and late seasons by calculating the mean area covered
by songflights for all those territories, which did not overlap field boundaries. Songflights that
overlapped neighbouring fields were not included in this calculation so that the actual size of the
territory would not be underestimated.

A territory was considered as being maintained in the late season where a minimum of one songflight
record made during December and January was found to overlap an early season territory by more
than 50%. New territories were defined using early season methods.

22

Territory shifts
Territory shifts were difficult to assess since this study did not include detailed observation of banded
birds. It was assumed, however, that a territory had shifted, if during a follow-up visit there was no
further sighting of a singing male in a known territory and a male bird was found singing over a
neighbouring area during the same follow-up visit, which had not previously been occupied by other
skylarks. A new territory was confirmed only where the male sang over the same new area during
subsequent visits.

Territory confirmation
Territories were confirmed based on a method employed by Busche (1982). In late January 1999 a
single observer determined whether a minimum of three consecutive mapping visits was sufficient to
record the majority of territories within the farms during the late season. All songflights were mapped
on one randomly selected study field on the dairy and arable farms. Each field was observed for a
whole day between sunrise and 8:00 pm. Territory confirmation was not possible on the sheep farm
because skylarks had virtually ceased breeding there at the time.

Songflight information from confirmation visits to each farm was added to the digitised maps.
Location and size of territories were evaluated using the methods described above. Percentage overlap
of the territories observed during confirmation visits with territories derived from standard territory
mapping visits during the late season (three visits) was calculated. A territory was confirmed where
the overlap exceeded 50%. Songflights recorded during the confirmation visit, which did not
correspond to territories identified earlier, were attributed to territories, following the method
described above.

Field vegetation structure
In each field, vegetation measurements were taken from 10 x 0.25 m 2 quadrats along a transect, with a
randomly chosen starting point along the field boundary. The quadrats were situated at randomly
chosen distances along the transect. In each field and on each territory mapping visit percentage
ground cover was estimated subjectively to the nearest 5% using a technique based on Brower, Zar
and von Ende (1990). Within each quadrat, a ruler was used to take three measurements to the nearest
5 cm at randomly chosen points to obtain a measure of mean vegetation height. Because skylarks
prefer open spaces and avoid areas with tall vegetation such as hedges (e.g., Piitzold 1983; Cramp
1988; Jenny 1990a) a 10 m wide field boundary strip was excluded from vegetation measurements.
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Mean values of vegetation height and percentage ground cover were calculated for each field
visit. Averages were calculated from these mean values for each crop category. Mean values of
vegetation height and vegetation cover were allocated to categories as shown in Table 2.3.

Table 2.3 Vegetation height and percentage ground cover categories (em). (-) indicates no measurements in the
given range.
Category number

Vegetation height category (em)

Vegetation cover category (%)

1

0-15

0-10

2

16 - 30

11- 20

3

31- 45

21- 30

4

46 - 60

31- 40

5

61-75

41- 50

6

76 - 90

51- 60

7

91 +

61-70

8

71- 80

9

81- 90

10

91-100

2.2.5

Statistics

The statistical analysis involved three steps:
•

Firstly univariate statistics were calculated to identify variables associated with the two
dependent variables territory density and territory size. Pearson's correlation coefficient
(metric variables) and one-way ANOVAs (categorical variables) were used to test the
statistical significance of these associations. Where ANOVA indicated significant
associations, these were further explored using Fisher's pairwise least significant difference
(LSD) comparisons. Associations among the predictor variables were also statistically tested
using correlation coefficients and one-way ANOVA.

•

Once associations between potential predictors and the dependent variables were identified by
means of the correlation and one-way ANOVA analyses any redundancy among predictors
could be identified. For example, vegetation height and vegetation density were both
associated with the dependent variables and were strongly related to each other. In such cases
the variable with the strongest association with the dependent variable was chosen to be
included in:
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•

General linear models (GLM) using the variables identified from steps one and two to build
the most efficient model to describe the independent relationships between the dependent
variables and the predictors.

To confirm that the assumption of normality underlying this parametric procedure was met, residuals
from the GLM were plotted.

The last visit on the sheep farm (mid-January) was excluded from the analysis, because skylark
activity had virtually ceased at this time.

Preference for crop category
Habitat preferences of breeding skylarks were calculated for individual fields for each consecutive
visit to allow monthly comparisons using the following formula:

Prij

=Preference for field "{' per hectare on visit date "i".

ai =Total number of singing males on all farms for visit date 'i'.
bij = Total number of singing males in field "j"for visit date "i".
Aj

=Area field "j".

Habitat preference for each crop category was estimated by calculating a mean from the percentage
preference per hectare of all fields belonging to the crop category. Calculating the percentage
preference per hectare for a crop category made it possible to evaluate whether some crops were
favoured over others by territorial skylarks.

2.3

Results

2.3.1

Field size and boundary index

There were significant differences in field sizes and boundary index values between farms (P < 0.001
and P = 0.036 respectively). The mean field size on the arable farm was significantly larger than on
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sheep and dairy farms (P < 0.001 in both cases). The dairy farm also had a significantly smaller
mean field size compared with the sheep farm (p < 0.001). The boundary index was significantly
higher on the arable farm than on the dairy farm (p < 0.001). Table 2.4 summarizes field size and
boundary index measurements and gives mean values calculated for the whole season.

Table 2.4 Mean field size and mean boundary index values for the three study areas. Letters (a, b, c)
indicate comparisons between farm type, where different letters indicate significant differences (Fisher's
LSD test, P < 0.05).
Sheep Farm

SE

Dairy Farm

SE

Arable Farm

SE

4> Field size (ha)

5.75 (a)

0.21

3.67 (b)

0.04

15.97 (c)

0.42

Boundary index

1.52 (a,b)

0.07

1.38 (b)

0.05

1.61 (a)

0.07

2.3.2

Territory distribution

Locations of skylark territories within the study areas for early (OctoberlNovember) and late
(December/January) seasons are presented in Figures 2.4-2.6.

Territory distribution on the sheep farm is shown in Figure 2.4. Here, the distribution of skylark
territories differed strongly between the early and late breeding season. Territories were concentrated
in lucerne fields, especially during the early season. Fewer territories were established in mixed grass
fields and these often included some lucerne pasture. The number of territories was lower for both
lucerne and mixed grass fields in the late season. In the late part of the breeding season very few
territories remained in mixed grass fields and these mostly overlapped with adjacent lucerne pasture.
During the early season overlap and direct contact between territories was common. However,
territories were well dispersed and there was very little overlap or direct contact between them during
the late season. During the early season skylark territories tended to include areas very close to field
boundaries. This was not observed during the late season.

The territory distribution pattern was not obviously different between early and late seasons on the
dairy farm (Fig. 2.5). Throughout the breeding season, skylarks avoided tall structures. Skylarks
strongly avoided boundaries and territories excluded parts of the study fields 25 m or closer to
hedgerows. In the most westerly field skylarks kept a distance of between 50 - 100 m from field edges
bounded by shelterbelts. Territories near field edges without a shelterbelt included farm tracks or parts
of adjacent fields. Much potential habitat was not occupied during the entire breeding season.
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On the arable farm, territories during the early season were regularly distributed (Fig. 2.6). In the
late season many of the territories established during the early season in winter cereals (rye corn,
winter wheat) and ryegrass had been abandoned. Territory shifts from winter cereal and ryegrass fields
to vegetable fields (peas and potatoes) were evident. Territory boundaries did not cross high vertical
structures such as shelterbelts, farm buildings and power lines. Territories situated on field edges
which were not bordered by trees included farm tracks (gravel surfaces), but did not overlap the sealed
road to the west of the study area. Skylarks did not occupy all potential habitats in the study area.
There was little overlap between territories in most of the fields with the exception of green bean and
winter wheat fields in the early season.

Territory mapping showed that the following features were common to the three study farms:

Skylarks did not occupy all potential habitats.
Territories generally bordered each other and rarely overlapped.
Territory boundaries did not cross high vertical structures such as hedgerows, power lines or farm
buildings.
Territories generally excluded areas adjacent to tall field boundaries.
Territories situated on the edge of fields tended to enclose farm tracks.
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Figure 2.4 Habitat features and distribution of skylark territories on the sheep farm during the breeding season. The left hand map shows territories established
during the early season. The right hand map shows territories maintained or newly established, with suspected territory shifts, during the late season. The symbols are

Figure 2.5 Farm habitat structure and skylark territories established during the breeding season on the dairy
farm. The top map shows distribution of skylark territories during the early season. The bottom map shows
territory distribution during the late season. The symbols are explained in the legend.
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Figure 2.6 Habitat features and distribution of skylark territories on the arable fann during the breeding season. The left hand map shows
territories established during the early season. The right hand map shows territories maintained or newly established, with suspected territory shifts,
during the late season. Legends explain the symbols.

Associations between the two dependent variables, territory density and territory size and field size,
boundary index, vegetation height and vegetation cover, are summarized in Table 2.5 for the whole
breeding season (w/s) as well as for early (e) and late (1) seasons.

Table 2.5 Pearson's correlations between skylark and habitat variables across all fields in all three farms for the
whole season (w/s) and early (e) and late (1) seasons. * indicates that a correlation is significant at the 0.05 level
(2-tailed); ** indicates that a correlation is significant at the 0.01 level (2-tailed).
Mean territorieslha

Mean territory size (ha)

(w/s)
(e)

(1)
Field size (ha)

(w/s)
(e)

(1)
Boundary index

(w/s)
(e)

(1)
Mean vegetation height (cm)

(w/s)
(e)

(1)
Mean total vegetative cover (%)(w/s)
(e)

(1)

Mean territory
size (ha)

-.389**
-.383**
-.531**
-.366**
-.330**
-.424**

.609**
.779**
.466**

-.186*
n.s.
-.326*

.225**
n.s.
.325*

-.309**
n.s.
-.428**

.548**
.480**
.751 **

n.s.
n.s.
n.s.

n.s.
n.s.
n.s.

Territory density
The mean territory density over the whole breeding season was 0.67 territorieslha, with mean territory
densities of 0.74 territorieslha for the early and 0.59 territorieslha for the late breeding season. There
was a highly significant negative correlation between territory density and territory size over the entire
breeding season and for early and late seasons. Territory density and field size were also highly
significantly and negatively correlated. Territory density was significantly negatively correlated with
the boundary index when data were analysed for the entire season and for the latter part of the
breeding season. The same relationship was found between territory density and mean vegetation
height. Territory density was not correlated with mean total ground cover.

Territory size
The mean territory size over the whole breeding season was 2.13 ha, with mean territory sizes of 2.30
ha for the early and 1.93 ha for the late breeding season. Territory size and field size were highly
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significantly and positively correlated. Vegetation height was highly significantly positively correlated
with territory size for the entire season and when analysed for early and late season separately. No
correlation was found between mean total ground cover and territory size.

Correlations between habitat variables
There was a highly significant positive correlation (P < 0.01) between mean vegetation height and
field size for the entire breeding season and for the later part of the breeding season. During the early
part of the breeding season the correlation was not significant. Mean ground cover was highly
significantly and positively correlated (P < 0.01) with mean vegetation height and highly significantly
negatively correlated with field size (P < 0.01) over the entire breeding season and for the early part of
the breeding season. In the latter part of the breeding season these correlations were not statistically
significant

Univariate analysis of variance (ANOVA)
Relationships of total vegetative ground cover (as 10% classes) and vegetation height (15 cm classes)
with skylark territory density and territory size were analysed for the whole breeding season.

Territory density in relation to vegetative ground cover
The relationship between skylark territory density and ground cover was not significant (F = 1.44; df =

9, 120; P

=0.179). However, densities were highest where the ground cover was between 21 and 50%.

Pair-wise comparison (Fisher'S LSD test) showed that there were significant differences in densities
between ground cover categories 3 (21-30%) and 6 (51-60%) (P = 0.043),3 and 8 (71-80%) (P =
0.041),3 and 9 (81-90%) (P = 0.007) and 5 (41-50%) and 9 (P = 0.024). The difference between
ground cover categories 3 and 1 (0-10%) approached statistical significance (P = 0.069) (Fig. 2.7a).

Territory size in relation to vegetative ground cover
The difference in territory size between total ground cover categories approached significance (F =
2.53; df = 9, 120; P = 0.11). The smallest mean territory size was related to ground cover category 4
(31-40%). Pair-wise comparison (Fisher's LSD-test) showed that there were significant differences in
territory sizes between ground cover categories: 1 (0-10%) and 3 (21-30%) (P =0.049),1 and 6 (5160%) (P = 0.046), 1 and 8 (71-80%) (P = 0.010), 2 (11-20%) and 6 (P = 0.004),3 and 6 (P = 0.001),3

and 7 (P = 0.043), 4 and 6 (P = 0.013), 5 and 6 (P = 0.020), 6 and 8 (P < 0.001), 6 and 9 (P = 0.007), 6
and 10 (P = 0.003), and between 7 and 8 (P = 0.010) (Fig. 2. 7b).
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di ffe rences.

Territory density in relation to vegetation height

There was a signi fica nt difference in skylark lerritory density between vegetation height categories (F

= 2.83; df = 6, 123; P =0.013). Densities were highest in vegetation height category 3 (31-45 em).
Pair-wise comparison (Fisher's LSD test) showed tha t there were significa nt differences in densities
between vegetation height categories: 1 (0-15 em) and 7 (91+ em) (P = 0.001), 2 (16-30 em) and 7 (P
= 0.005), and between 3 and 7 ( P = 0.002) (Fig. 2.8a).

Territory size in relation to vegetation height
There was a sjgnifican t difference in territory s.izes between vege tation heig ht categori es (F = 12.26; df
=

6, 123; P < 0.001). The smallest mean territory size related to vegetation height category 2 (16-30

em). Pair-w ise comparison (F isher's LSD-test) showed that there were s ig ni fican t differences in

te rritory sizes beLween vegetation height categories: 1 and 3 (P = 0.036), 1 and 4 (P = 0.005), 1 and 7
(P < 0.001), 2 and 3 (P = 0.025), 2 and 4 (P = 0.004), 2 and 7 (P < 0.001), 3 and 7 ( P < 0.001), 4 and 7
(P = 0.002), 5 and 7 (P < 0.003) and between 6 and 7 (P < 0.001) (Fig. 2.8b).
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2.3.3

Seasonal change in crop type preference relative to vegetation structure

Figures 2.9 3-d pl ot mean vegeta tion height against mean percentage ground cover and show th e mean

percentage pre ference per heclare for each crop ca legory on the stud y farm s during OClober,
November, December and January. SChliipfer (1 988) showed Ihal vegelation SlruClUre Ih res holds
wo uld render an enviro nmenl unsuitable for breeding skylarks once breac hed. These Ih res holds arc
indicated by Ihe dashed lines in Figures 2.9 a-d. In Ihe present sl udy, the highesl skylark terri tory
de nsilies were found to be associaled w ilh the vegelalion heighl and cover ranges enclosed by Ihe solid
line boxes.

Comparisons of mean percentage preference per heclare betwee n crop categories were a na lysed for all
visits. A significanl difference was found o nly for mid-October (ANOYA F-tesl: F = 3.29; df = 6, 23;
P = 0.025). In the foll owing seclion differences in skylark mean percentage preference per heclare
(, pre ference') are discussed month by month .

Mid October
AJI crop ca tegori es except vege tabl es, w hich had recentl y germin ated, were suitable for nest initiat ion.
Winter cereals and ryegrass we re less preferred th an ot her crops. Lucerne and spring cereals provided
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the most suitable vegetation structure for breeding skylarks, as indicated by relatively high preference
for these crop categories.

Late November
Preference for winter cereal and ryegrass remained relatively low, indicating that the vegetation
structure present in these crops did not provide good nesting habitat. Ground cover in vegetables
remained too sparse to offer suitable vegetation growth for nesting skylarks. Spring cereals were less
preferred compared with mid October. Preference for grass/clover pasture increased, although there
was no change in ground cover and vegetation height compared with mid October. There was a strong
decrease of ground cover in lucerne and mixed grass fields. Preference decreased by about 10% in
lucerne and 40% in mixed grass.

Late December
Winter cereals remained unsuitable for nesting. Vegetation structure in spring cereals had become
unsuitable for nesting according to the thresholds suggested by Schliipfer (1988). Despite this,
skylarks still showed a relatively high preference for this crop category. Preference for grass/clover
pasture decreased slightly while there was no change in vegetation structure. The vegetation structure
in developing vegetable fields had become more suitable for breeding skylarks. Mean vegetation
height of ryegrass decreased because the weight of the ears caused upper stems to droop but ground
cover was almost 100% and the preference for this crop decreased further. Vegetation structure in
lucerne fields remained fairly stable and there was only a slight decrease in preference for this crop.
Dry conditions and the effects of grazing resulted in reduced vegetation height and ground cover in
mixed grass fields, so that these became unsuitable for nesting as indicated by the low preference for
mixed grass. Preference for grass/clover pasture remained stable.

Mid-January
Winter cereals remained unsuitable for nesting. Vegetation structure in spring cereals also remained
above the threshold and preference for this crop had decreased over the previous month. Vegetation
structure in vegetable fields had become very suitable by this stage and preference for this crop type
exceeded that for others. Preference for ryegrass further decreased as the vegetation structure remained
too dense for breeding skylarks. Preference for grass/clover pasture remained fairly stable.
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Territory density and territory size in relation to farm type
Relationships between skylark territory densities and the variable farm type were identified for both,
early and late season using univariate ANOVA. There were highly significant differences in mean
territory densities between the three farm types during the early (F = 16.75; df = 2,127; P < 0.001)
and late (F = 6.69; df = 2, 127; P

= 0.002) seasons. During the early part of the breeding season

densities were significantly higher on the sheepfarm than on the arable (P < 0.001) and dairy (P <
0.001) farms. The difference in densities between arable and dairy farms approached significance (P

=

0.097) with higher densities found in the dairy farm. During the second part of the breeding season
territory densities in the sheep farm were significantly higher than on the arable (P
difference between the sheep and dairy farm was not significant (P
farm were significantly higher compared with the arable farm (P

=0.019) farm. The

=0.742). Densities on the dairy

= 0.001) (Fig. 2.10a).

There were highly significant differences in mean territory sizes between the three farm types during
the early (F = 83.65; df = 2,127; P < 0.001) and late (F = 16.63; df = 2,127; P < 0.001) seasons.
During the early part of the breeding season mean territory sizes were significantly smaller on the
sheep and dairy farms than on the arable farm (P < 0.001). The difference in mean territory sizes
between sheep and dairy farms was not significant (p = 0.691). During the second part of the breeding
season mean territory sizes were also significantly smaller on the sheep and dairy farms compared
with the arable farm (P < 0.001). The difference between the sheep and dairy farm was not significant
(P = 0.873) (Fig. 2.10b).

Early- vs. late season comparisons between densities and territory sizes within farms
ANOVA showed that significantly fewer territories were held on the sheep farm during the late season
(F = 6.79; df = 1; 29, P

= 0.014) and that there were no significant differences in territory densities

between early and late seasons within the dairy and arable farms.

Mean territory sizes did not differ significantly between seasons within the sh eep farm but differed
significantly between seasons within the dairy (F = 8.43; df = 1, 50; P

= 0.006) and arable

(F = 7.51;

df = 1, 46; P = 0.005) farms.
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Figures 2.10 a and b Mean number of territo ri es per hectare and mea n territory size (ha) in relation to farm
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significanl differences (P < 0.05 ; Fi sher's LSD lest).

2.3.4

SI<ylark territory densities and territory sizes in relation to crop category

M ean numbers of terrilo ri es per hectare were calculaled for each crop catego ry. Rel atio ns hips belween
Ihis and crop calegori es were assessed across all farm s and w ithin each [arm indi v idually for the carl y
season, late season and between seasons.

Sheep farm
Mean territory densities and mean territory sizes were not significantl y different between lucern e and
mi xed grass fields durin g the earl y and late seasons (Figs. 2.1 1a and b) T here was a sig nificanl change
in mea n densities of skylark lerrilories between earl y and late seasons wi thin lucerne fi elds (F = 6.861;
df = 1, 22; P = 0.016) but not within mi xed grass fields. Territory size did not differ significantl y
bel ween earl y and lale seasons w ithin lucerne fields bUI was sign if icantl y larger in mixed grass fi elds
durin g the second half of Ihe breedin g season (F = 13.978; df = 1,5; P = 0.013).
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Dairy Farm
A comparison betwee n earl y a nd late seasons (ANOVA F-Test) of density per hectare for grass/clover
pas ture (the onl y crop type o n the dairy farm ) showed that territory densities did not differ
signifi cantl y betwee n earl y and late seasons (F

=0.36; df = 1,49; P = 0.553). Mean lerrilOry size

decreased significa ntl y from earl y to late season in grass/clover past ures (F = 1.36; df = 1, 49; P =
0.006).

Arable fann
Figures 2. 12 a and b show mean sky lark territ ory densities and mean territory sizes during the early

antl latc

s~aSU I1 S

fur

~ach

crop lype.

Density
Pair-wise comparisons (Fisher' s LSD test) belwee n crop categories showed tha t there we re no
signi fica nt differences in densities between c rop types du ring the first part of the breeding season.
Duri ng the late season densities were significantl y lower in w inter cereals t han in vegetables (P =
0.004). T he dillerence between w inter and spring cerea ls approached significance (P = 0.074) with
higher densiti es fo und in spring cereals du ring the late season. Other differences in density between
crop types du ri ng the later season were not statisticall y significant. Between-seasons comparison of
de nsity per hectare for each crop type (ANOVA F-Test) showed that terri tory de nsities decreased
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significantl y fro m earl y to late season in winter cereals (F = 8.29; df = 1, 10; P

= 0.016) and ryegrass

(F = 10.87; df = 1,4; P = 0.030). De nsiti es also decreased between earl y and late seasons in spring
cereals but not significantl y (F = 1.94; df = 1,4; P =0.236). Mean density increased be twee n earl y and
late seasons in vegetables although the dif ference was not statisticall y significant (F = 2.65; df = 1, 22;

P = 0. 11 8).

Territory size
The mean territory size in winter cereals was significantl y greater during the earl y part o f the breeding
season than in spring cerea ls (P = 0.028), and vegetabl es (P = 0.001) and this di fference approached
statistical significance in comparison with rye grass (P = 0.069). Differences between spring cereals,
ryegrass and vegetables were not signif ica nt. During the later part of the breeding season the mean
territory size in winter cereals was signif icantl y greater in comparison with all other c rop types in the
" r"hl e farm (P < 0.001 ). Differences betwee n spring cereals, ryegrass and vegeta bles were not
statistica1J y signi fica nL.
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Figures 2.12 a and b Mea n number o f skylark tt.:rri tu ri t:s pe r h t:~laI'C am.lm ca n territo ry size ( ha) in re lation

to crop category - arable farm . Vertica l lines indica te + 1 standard erro r. Smalliellers (a, b) indicat e
comparisons between crop types du ring th e earl y season and capi tal leHers CA, B) duri ng the laiCseason. .
Non-identi ca l leiters indicate s ignificant di(fcrences (P < 0.05; Fi sher's LSD Icst).

Betwee n-season comparison of territory size for each crop type (ANOY A F -Test) showed that
territory sizes decreased significantly from early to late seaso n in ryegrass (F = 2.16; df = 1, 4; P =
0.012) and vegetabl es (F = 17.11 ; df =1, 22; P < 0.001). Mean territory sizes between earl y and late

40

seasons were not significantly different in winter cereals (F =0.31; df =1, 10; P
cereals (F =1.94; df =1,4; P

2.3.5

=0.863) and spring

=0.083).

General Linear Modelling

Correlation and univariate ANOVA analyses revealed that the variables farm type, crop category, field
size, boundary index and vegetation height were significantly related to the dependent variables
territory density per hectare and territory size. Vegetation height and percentage vegetative cover were
highly correlated. Both variables could therefore be regarded as alternative measures of vegetation
structure and the inclusion of vegetation height in the GLMs was regarded as sufficient, as the
dependent variables correlated most strongly with this measure of vegetation structure. Based on these
considerations, only these potential predictors were included in final analyses to create the most
efficient GLMs, which could best explain observed differences in skylark densities and territory sizes.
Separate models were fitted to include either farm type or crop category and for both, the early and
late parts of the breeding season.

Skylark densities in relation to farm type
Minimal adequate models for the early and late seasons explained 29.1 and 25.9% of the variation in
skylark densities respectively. In the early part of the breeding season differences in skylark territory
density were highly significantly related to farm type (F = 10.87, df = 2, 70; P < 0.001). Boundary
index, field size and vegetation height were not significant predictors in the model.

In the late part of the breeding season the variables vegetation height and boundary index significantly
explained differences in skylark territory density (F =4.48; df =1, 58; P

1,58; P

=0.029) and (F =4.10; df =

=0.036) respectively. Skylark territory density could not be explained by farm type and field

size during the late part of the breeding season.

Skylark territory size in relation to farm type
Minimal adequate models for the early and late seasons explained 76.4 and 63.9% of the variation in
skylark territory sizes respectively. In the early part of the breeding season differences in skylark
territory size were highly significantly related to farm type (F = 8.88; df = 2, 70; P < 0.001) and
vegetation height (F1,70 = 20.45, n = 70, P < 0.001). Field size and boundary index were not significant
predictors in the model.
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In the late part of the breeding season differences in skylark territory size were significantly related to
farm type (F = 3.25; df =2, 58; P

=0.047) and vegetation height (F =24.58; df = 1,58; P < 0.001).

The relationships between skylark territory size with field size and boundary index approached
significance (F =2.939; df = 1,58; P

= 0.092) and (F =2.817; df = 1, 58; P = 0.099) respectively.

Skylark densities in relation to crop category
Minimal adequate models for the early and late parts of the breeding season explained 31.7 % and
26.0 % of the variation in skylark territory densities respectively. In the early part of the breeding
season differences in skylark territory density were highly significantly related to crop category'(F =
4.84; df = 6, 70; P < 0.001). Boundary index, field size and vegetation height were not significant
predictors in the model.

In the late part of the breeding season none of the potential predictor variables were signific antly
related to skylark territory density.

Skylark territory size in relation to crop category
Minimal adequate models for the early and late parts of the breeding season explained 75.2% and
78.7% of the variation in skylark territory size respectively. In the

ear~y

part of the breeding season

differences in skylark territory size were significantly explained by crop category (F = 2.97; df = 6, 70;

P

=0.013). The predictor vegetation height was also related to skylark territory size (F = 6.77; df = 1,

70; P = 0.012). Field size and boundary index were not significant predictors in the model.

In the late part of the breeding season crop category and field size were highly significantly related to
skylark territory size (F = 8.59; df = 6, 58; P < 0.001) and (F = 18.97; df = 6, 58; P < 0.001)
respectively. The boundary index and vegetation height were not significantly related to skylark
territory size.

Residuals from minimal adequate models were plotted, which confirmed that the assumption of
normality underlying parametric analysis were met (see appendix 1).

2.3.6

Territory confirmation

This section examines the effectiveness of the territory mapping method during the late season. It was
assumed that 100% of late seasonal territories were detected in each fie ld during confirmation visits.
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Table 2.6 shows the number of territories that were observed during the confirmation visit (100%) but
not recorded during the regular mapping visits on the dairy and arable farms. In the ryegrass field
(arable farm) 21 % of territories had not been detected during regular visits and in the grass/clover field
(dairy farm) 12% of the territories had not been previously mapped.

Table 2.6 Number of territories observed on confirmation visits and proportion evaluated from regular
mapping visits during the late season on the two study fields. The number of territories not covered during
standard mapping visits are given in percent.

Farm type

Field
size (ha)

Crop category

Regular
Territories
visits during evaluated from
late season confirmation
visit (100%)

Territories
Percentage of
evaluated from territories not
regular visits covered

Dairy
Arable

3.90
21.13

Grass/clover
Ryegrass

3
2

3.30
8.20

2.4

Discussion

2.4.1

Habitat selection by breeding skylarks

3.75
10.38

12%
21%

GLM analysis generally provided a reasonably good fit to the data and could partially explain skylark
territory densities and sizes in relation to farm type, crop type, vegetation structure and field boundary
structure, especially during the early part of the breeding seas on, as indicated by higher r2 -values.
Territory densities and territory sizes could be least well predicted during the late part of the breeding
season, when territorial activity was coming to an end. Similar results were also reported by Donald
(1999) and Donald (2001) who found that models where best able to predict skylark distribution at the
height of the breeding season.

Previous studies have also shown that habitat quality had a direct impact on territory establishm ent
with more and smaller territories established in areas where resources are plentiful and near optimum
levels, for example, good vegetation cover affording concealment from predators, and plentiful food
resources (Patzold 1983; Schlapfer 1988; Jenny 1990a; Wilson et al. 1997; Poulsen, Sotherton &
Aebischer 1998). Other studies also demonstrated that it is a range of independent factors, which plays
an important role in determining skylark territory distribution (Schlapfer 1988; Jenny 1990a; Wilson et

al. 1997; Wakeham-Dawson et al. 1998; Chamberlain et al. 1999; Donald et al. 2001). The main
findings of this study and the ways in which it supports findings of previous work, which related
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habitat quality and diversity to variations in skylark abundance and skylark territory size are discussed
in detail below.

Crop type and crop vegetative structure
This study confirmed an observed pattern whereby territory density differs significantly between crop
types and that this difference can be partially explained by differences in crop structure (Schliipfer
1988; Wilson et at. 1997; Donald et at. 2001). It also showed that territory distribution and densities
varied in relation to changes of vegetation structure wi thin crops (Schliipfer 1988; Donald et al. 2001).

Findings in this study resemble those of Jenny (1990a) who showed that optimal nesting conditions
existed in fields with ground coverage of 20-50% and vegetation height of 15-25 cm. Wilson and
Evans (1997) also showed that skylarks usually built their nest in vegetation between 20 and 50 cm
high. It is likely that such conditions afford good concealment of nests while allowing for good ground
mobility, important for efficient foraging (Jenny 1990b; Wilson et al. 1997). Similarly, Henderson et
al. (2001), in a study in set-aside habitat, found that skylark abundance reached an optimum number in
areas where at least 27% of the ground was bare and optimum vegetation height was calculated at
about 17 cm. Daunicht et at. (1996) showed that skylarks no longer visited fields where ground cover
exceeded 95%, presumably because foraging became unfeasible. Poulsen, Sotherton and Aebischer
(1998) found that differences in crop type had a significant impact on skylark territory size with setaside habitat allowing the establishment of smaller territories and the largest territories established in
winter cereals. Donald et al. (2001) found there was no significant relationship between skylark
density and vegetation height in the early season but highly significant in the late season with optimum
vegetation height of 55 cm, the height spring-sown cereals had reached approximately at the height of
the northern hemisphere breeding season. Weibel (1998) ranked various farmland habitats by their
relative use by breeding skylarks and demonstrated that crop categories with low and sparse
vegetation, such as stubble and farm tracks, had high relative use by foraging skylarks. However,
heterogeneous wildflower strips had the highest relative use despite their high and dense vegetation
structure, which was presumably linked to an exceptionally high invertebrate abundance.

The examples above demonstrate that it is impossible to exactly define an optimum vegetation
structure for breeding skylarks and, hence, varying results with regards to optimum vegetation
structure between studies can be expected. These are likely to be related to a trade-off between
foraging access and various measures of the vegetation. The vegetation is likely to have an impact on
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invertebrate abundance, which may vary as a result of vegetation structure as well as a result of a
range of other factors, such as climate, topography and predator abundance.

Field boundaries and field size
GLM analysis partially confirmed that skylarks avoid fields surrounded by tall boundaries and visual
assessment of the territory maps (Figs. 2.4-2.6) clearly indicated that skylarks generally established
territories

~way

from tall field boundaries.

Other studies demonstrated that skylarks had a preference for larger fields (SchHipfer 1988; Wilson et

al. 1997) or for fields with higher boundary to area ratio (Donald et al. 2001). Suhonen, Norrdahl and
Korpimaki (1994) explained avoidance of fields with tall boundary structures and selection of open
habitat in terms of predator avoidance behaviour. The fact that field size was not identified as a
significant predictor of skylark density in this study may be related to the relatively small sample size.
The highest skylark densities were found on the sheep and dairy farms which both consisted of
significantly smaller fields than those found in fields on the arable farm, where crops were less
suitable habitat for breeding skylarks compared with pastures on the sheep and dairy farms.

Grazing
It was not possible in this study to make an accurate estimation of the impact of grazing on skylarks

densities and territory sizes. The study attempted to estimate stocking densities on the sheep and dairy
farms over the whole breeding season, but the calculated value may not be entirely representative
because only insufficient data could be obtained which showed when study fields were grazed.

A randomised grazing experiment on permanent pastures showed significant relationships between
territory densities and grazing intensity (Wakeham-Dawson et al. 1998). Singing skylarks were six
times more abundant in long-grazed fields (15 - 25 cm) than in short-grazed fields (0 - 10 cm). The
number of chick-food invertebrates was about twice as high in long-grazed fields. The number of
seeds produced in long-grazed swards was also greater than in intensively grazed swards, which led to
a greater food supply for many invertebrates. Busche (1989), in a study on sheep pastures in northern
Germany, demonstrated that skylark densities decreased by 93% between the early 1970s and 1986-7
and that this decrease was explained by increased stocking densities and grazing intensity.
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2.4.2

Relative suitability of farm and crop types for breeding skylarks

Limited resources did not allow studying more than one representative of each farm type. However,
the farms included in the present study were typical, in terms of land use and management, of farms
found in the Canterbury Plains lowland agricultural area in general (T. Whatman, pers. comm.).
Therefore, this study does give an initial indication of the relative suitability of the various farm types
and of the crop types within the study area for breeding skylarks.

Sheep farm
Skylarks on the sheep farm held 0.95 territories per hectare, averaged over the entire breeding season,
which compares with an average density of 0.09 per hectare reported by Busche (1989) from
intensively grazed sheep farmland in northern Germany. The tenfold difference in densities is likely to
be directly related to differences in vegetation types and associated differences in vegetation structure.
Grazing intensity in the German study may also have been more intensive.

Extensively managed sheep farming is a common land use in the Canterbury Plains (Chapter1, Secti on
1.2.1). These extensively farmed areas are in many respects similar to the natural steppe habitat of
skylarks. For example, seasonal climatic fluctuations strongly determine vegetation structure in both
kinds of habitats (Tivy 1993). Bignal and McCracken (1996) recognized low-intensity farming system
as maintaining a pseudo-steppe landscape and as being of great importance to nature conservation.

During the first part of the breeding season the sheep farm supported the highest densities of skylarks
and was therefore most suitable. This was mainly related to the presence of lucerne. Extraordinarily
high skylark densities in lucerne have previously been noted by (Piitzold 1983) who found four active
skylark nests in a lucerne field of 1.2ha. In the current study 1ucerne pastures provided very good
conditions for territory establishment with the vegetation cover generally between 20 and 50% and
vegetation height of between 10 and 15 cm. In the second part of the breeding season mean ground
cover had decreased by more than 60% because dry weather and the lack of irrigation had caused the
soil to dry out and this together with grazing had contributed to a decrease in ground cover. Dry
conditions in the late season are also likely to have had a negative impact on invertebrate availability
to skylarks because many invertebrate species may aestivate under these conditions (O'Connor &
Shrubb 1986). Territory density consequently decreased in the late season.
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Lucerne was clearly favoured over mixed grass during early and late breeding seasons. The few
remaining territories on mixed grass, which remained during the late season, also incorporated some
lucerne, indicating possible territory shifts.

Of all tap-rooted perennial forage crops lucerne is the most widely and commonly grown in New
Zealand (White, Matthew & Kemp 1999). It is able to withstand even prolonged periods of drought,
which are a common occurrence on the east coast of New Zealand including Canterbury (Purves &
Wynn-Williams 1989). The productive lifetime of lucerne pastures is between 3 and 8 years (White,
Matthew & Kemp 1999). Lucerne is rotationally grazed because it requires approximately 42 days
between defoliations for root reserves to replenish (Purves & Wynn-Williams 1989; White, Matthew
& Kemp 1999), a period sufficient for raising a skylark brood. In spring, grazing of lucerne generally
does not start before plants begin to mature and is lax because otherwise growth during the rest of the
spring and the summer is decreased (White, Matthew & Kemp 1999). This factor is also likely to
benefit breeding skylarks in this habitat because it would enable these to attempt a first breeding
attempt without great disturbance through trampling by livestock.

Dairy farm
Skylarks were consistently abundant on the dairy farm throughout the entire breeding season. Average
skylark density was 0.65 territories per hectare, compared with less than 0.02 and less than 0.01
territories per hectare reported by Wilson et ai. (1997) and Donald et al. (2001) respectively for
intensively managed pasture. The reasons for these large differences between studies are unclear but
the relatively high suitability of dairy pasture for breeding skylarks in this study is likely to be linked
to the maintenance of a consistent vegetation structure throughout the study period. Grazing intensity
is likely to impact on the suitability of pasture as breeding habitat. Dairy pasture in an English study
provided suitable nesting habitat for skylarks throughout the breeding season and territories were
maintained throughout early and late breeding seasons where grazing intensity was moderate
(Wakeham-Dawson 1994). Jenny (1990a) found that even multiple unsuccessful breeding attempts did
not deter skylarks from using grassland as a preferred breeding habitat.

While the relationship between territory density and grazing intensity could not be investigated in this
study, grazing can create a patchy and more open vegetation structure, which can be beneficial to birds
by encouraging greater invertebrate diversity and by providing better access for foraging (O'Connor &
Shrubb 1986; Wilson, Taylor & Muirhead 1996). Skylark foraging and abundance during the breeding
season can increase through the retention of patchy swards over dense grassland (Henderson & Evans
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2000). Jenny (1990b) showed that high relative use of pasture by breeding skylarks was linked to the
relatively high diversity of insects and weeds in this foraging habitat. On the other hand, high grazing
intensity may disturb breeding skylarks. Such disturbance, and its negative impact on skylarks, have
been demonstrated in a number of studies (Busche 1989; Aebischer 1997; Wilson et al. 1997;
Wakeham-Dawson et al. 1998; Donald 1999). The retention of a dense and short sward « 10 cm)
managed by cutting and frequent grazing can reduce the abundance of invertebrates in grassland
(Wakeham-Dawson et al. 1998).

Skylarks in this study favoured dairy pasture despite average ground cover exceeding 80%, th e
threshold suggested by Schlapfer (1988) above which an area would become unsuitable for nesting.
This may be explained because dairy pasture swards are often tussocky and patchy, thus containing
areas, which allow easy access to the ground for skylarks. It is possible that the patchy structure of
dairy pastures in this study was not adequately reflected through the vegetation survey in this study,
which was designed to better reflect a more homogenous crop structure rather than variations in
microhabitats within crops.

The fact that pesticides were not used on the dairy farm may have benefited skylarks as some studies
have found that pesticide application can reduce weed seed and insect prey availability to birds (Potts
1991; Campbell & Cooke 1997; Moreby 1997; Moreby & Southway 1999).

Arable farm
Throughout the breeding season skylark abundance was significantly lower, and territory size
significantly larger, on the arable farm than on the sheep and dairy farms. This result is likely to be
related to the cropping regime. About half of the study area was planted in winter cereal and ryegrass
crops for which skylarks showed a low preference throughout the season. A seasonal change in
utilization of various crops by skylarks was characteristic for this farm type, with nesting skylarks
reaching their peak preferences for different crop categories in different months.

Winter cereals
Results from this study support findings of a number of other studies, which demonstrate that winter
cereals are not suitable for breeding skylarks in the latter half of the breeding season (Wilson et at.
1997; Donald et al. 2001). Winter cereals were no longer suitable as breeding habitat for skylarks
because of unsuitably high and dense vegetation structure by late November and during the second
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half of the breeding season. Territory numbers decreased significantly from early to late season and
some territories shifted to adjacent, more suitable crops.

In the northern hemisphere intensively managed winter cereals reach a height and ground coverage
that will deter skylarks from breeding by late April and early May (comparable with early to late
October in New Zealand), the time when skylark are expected to lay their first clutch (Wilson et al.
1997; Donald et al. 2001). Other factors which may deter skylarks from nesting in tall cereal crops
include that micro climatic conditions may be wetter and cooler than in grassland habitat and that a mat
of dead vegetation in grassland, absent from winter cereal fields, may provide better nest insulation
(Wilson et al. 1997). Also, invertebrate availability to breeding skylarks tends to be much lower in
winter cereals compared with pasture or set-aside grassland (Jenny 1990b; Poulsen, Sotherton &
Aebischer 1998). Wilson et al. (1997) found that nest survival rates in winter cereals was only 11% in
contrast with set-aside where 44% were recorded, which is further evidence pointing to the relative
unsuitability of winter cereals as breeding habitat for skylarks. Mean annual productivity in winter
cereals was amongst the lowest recorded in another British study (Donald 1999).

Territory maps revealed that territories, which were situated on field edges incorporated farm tracks or
grass surfaces, where field edges were not bordered by tall boundary vegetation. This indicates that
farm tracks provide an opportunity for skylarks to increase habitat heterogeneity within their
territories. A number of studies have shown that skylarks utilize farm track and other open habitats
such as tramlines, field edges and unsown plots more than expected relative to their availability, see,
(e.g., Odderskaer et al. 1997; Weibel 1998; Edwards et al. 2001; Weibel et al. 2001). During this
study skylarks nesting in winter cereals were frequently observed to fly to farm tracks and other field
margins with a low vegetation structure to forage. Lower and sparser vegetation structure offers better
foraging conditions and flight movements are generally unhindered by vegetation in field margins,
farm tracks and tramlines which allows prey recognition over a greater range (Odderskaer et al. 1997).

Spring cereals
A number of studies have implicated the loss of developing spring crops in the decline of skylarks
(e.g., Evans 1997; Wilson et al. 1997; Chamberlain et al. 1999; Donald et al. 2001). This study also
confirmed the importance of spring crops becoming available (vegetables, spring cereals) at a time
when winter cereals become unsuitable for nesting skylarks. This would give skylarks an increased
chance to produce second and possibly third broods.
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Skylarks showed a strong preference for spring-sown cereals early in the breeding season, which, by
late October to early November, had reached a suitable vegetation structure to initiate first breeding
attempts in the present study. Preference for this crop type remained relatively high during the late
breeding season, when the vegetation structure had already become far less suitable for nesting and
foraging, according to the thresholds suggested by Schlapfer (1988). However, this results compares
well with findings by Donald (1999) who showed in a British study that mean annual skylark
productivity was highest in spring cereals (and set-aside).

Another factor, which may have played a role in making the spring cereal field under study
particularly attractive to breeding skylarks throughout the season is, that more tramlines intersected
and farm tracks surrounded the spring wheat field in comparison with winter cereal fields. These areas
were heavily utilized by feeding skylarks throughout the breeding season (pers. obs.). Open, crop-free
patches within or near skylark territories have been demonstrated to provide an important foraging
resource for skylarks in cereal fields (Poulsen, Sotherton & Aebischer 1998; Donald & Vickery 2000).
Such patches may have also been crucial to breeding skylarks in providing nesting habitat for
attempting further broods as the season progressed and the wheat vegetation structure became less
suitable for nesting.

Ryegrass
Ryegrass was grown for seed production on the arable farm and therefore had a very different
vegetation structure from rye/clover pastures on the dairy farm. Territory density in the ryegrass
pasture was highly comparable with that measured on the winter cereal fields which is most likely be
explained by the similar vegetation structure encountered here. The ryegrass grew in dense swards (70
- 100% ground coverage), which has been shown to be too dense for ease and movement and foraging
(Schlapfer 1988; Jenny 1990b; Wilson et al. 1997). As in winter and spring cereal fields resident
skylarks were often observed foraging in the grass field strip surrounding the field. Grassy verges can
become important secondary habitat, especially during the latter part of the breeding season when fiel d
vegetation structure becomes less suitable for foraging and nesting (Schlapfer 1988).

Vegetables
Vegetables only offered a suitable vegetation cover for breeding skylarks during the later season,
which explains why territory densities were low in this crop category early in the breeding season.
Territory densities in the late season were high within this crop category and vegetables became
increasingly favoured as a nesting habitat towards the end of the season with territories shifting from

50

adjacent winter cereals and rye grass to vegetable fields. SchHipfer (1988) had similar results. In that
study, maize and broad-leaved crops became important secondary habitats late in the season when
cereal fields were too densely vegetated. Both SchHipfer (1988) and Chaney (1997) showed that
skylarks shifted territories to broad-leaved crops in the late season when cereals grew too high. Jenny
(1990b) noted that, towards the late season, the number of skylark territories in cereal fields declined
and increased in adjacent areas planted with sugar beet or potatoes.

Summary - arable farm
Results from this study on the arable farm support findings of others, which found that breeding
densities of skylarks are directly related to crop diversity at the farm scale. Skylarks tend to expand
territories or abandon these altogether as resources become diminished or conditions for nesting
worsen (Piitzold 1983; Schliipfer 1988; Jenny 1990a; Donald et al. 2001; Schliipfer 2001). Jenny
(1990a) showed that, in an intensively farmed arable landscape, territories were larger and territory
density lower in areas with low crop diversity. Poulsen, Sotherton and Aebischer (1998) and
Chamberlain, Vickery and Gough (2000) demonstrated that skylark abundance increased significantly
with increased crop diversity. Weibel et al. (2001) demonstrated a significant inverse relationship
between habitat diversity (proportion of wildflower strips, ley grass and set-aside within a territory)
and skylark territory size. Results from a Finnish study suggested that skylarks preferred a mosaic of
habitat types including spring-sown cereals and various grass types (ley, hay, pasture and set -aside)
(Tiainen et al. 2001). Chamberlain (2001) demonstrated that the probability of skylark occupancy in
British uplands increased significantly with increased habitat diversity. Wilson (2001) demonstrated
that breeding skylarks selected a number of foraging habitats, including silage fields, set -aside, grass
tracks and field margins relative to their availability and avoided others including all arable crops,
conventionally managed silage and grazed pasture. Crop diversity is likely to be linked to availability
and accessibility of food for skylarks.

In this study, crop utilization by breeding skylarks changed as a result of changing vegetation structure
as the season progressed and the farm's cropping regime including, its crop composition, impacted on
territory distribution, density and size. This study confirmed that crop heterogeneity between fields is
important in providing skylarks with vegetation structure at various stages of height and density
throughout the breeding season, which is likely to have an overall positive effect on skylark
populations, by allowing breeding attempts to continue throughout the breeding season. Skylarks
abandoned or shifted territories once habitat quality had become unsuitable. Territory shifts, from
those crops, which had become less suitable for breeding pairs (winter cereals and tall rye grass) to
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more suitable areas (vegetables) were evident. However, in most cases birds simply ceased breeding
activities once a habitat had become unsuitable, a pattern previously observed by Donald et ai. (2001).

The mean skylark territory density was 0.45 per hectare on the arable farm (average for the whole
season). This value is about three times higher than breeding densities found on comparable, lowland
arable farmland in southern England (0.15 territories per hectare) and northern Germany (0.18
territories per hectare) Poulsen, Sotherton and Aebischer (1998) and Busche (1989) respectively. This
result is likely to be related to the relatively great crop diversity and associated heterogeneity in
vegetative structures available to skylarks throughout the breeding season. Arable farms, as found in
the Canterbury Plains, with their diverse crops and associated vegetation structures are more likely to
support skylark populations consistently throughout the skylark breeding season than arable farms
practicing mono culture (Wilson et ai. 1997). SchHipfer (1988) and Jenny (1990a) showed that within
arable agricultural areas supporting a diversity of crops even small territories included areas suitable
for nest building and foraging throughout the breeding season and it was not necessary to expand or
'move territories.

The arable farm also contained a number of open habitat areas, such as tramlines, grass verges, farm
tracks and unsown plots, which can have a compensating effect, by allowing skylarks to build new
nests and forage there to attempt further broods, which may otherwise not be possible in crops with
generally unsuitable vegetation structure (Odderskaer et ai. 1997; Poulsen, Sotherton & Aebischer
1998; Weibel 1998; Weibel et at. 2001).

2.4.3

Territory mapping technique - an evaluation

There are an array of potential sources of census errors, which may be introduced by, for example,
observer bias, habitat, bird density and activity, season, time of the day and weather (Bibby 1987;
Bibby, Burgess & Hill 1992). These potential sources of bias were minimized in this study in a
number of ways. Firstly, the method used was closely based on the tried and tested CBC territory
mapping method. Also, observers were well trained to recognize skylarks and their territorial
behaviour and time of the day, and weather were controlled for. As long as the time of day, weather
condition and the progress of the breeding season and their effects on male songflight behaviour are
taken into account, the estimation of skylark populations and comparison of their abundance between
different farms is a reliable measure. Wakeham-Dawson (1994) found no evident relationship between
songflight behaviour and the variables air temperature, atmospheric pressure or cloud cover. However,
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time of day did appear to influence song activity in his study with singing activity rising to a peak in
the morning and declining as the day progressed.

Between 79 and 88% of territories were detected during regular mapping visit during second part of
the breeding season, which indicates that the territory mapping method used for this study was very
efficient. Territory confirmation visits during the first part of the breeding season may have even
indicated higher levels of accuracy because many birds already had young during the latter part of the
breeding season and territories may not be so clearly advertised or defended at this stage (Bibby,
Burgess & Hill 1992).

The territory mapping technique may have been less efficient in recording skylark territory sizes.
Between seasons comparisons showed that territory sizes were recorded to be significantly smaller in
ryegrass and grass/clover pastures during the second part of the breeding season. This result was
somewhat surprising as it could be expected that territory size decreases as breeding habitat improves
(e.g., SchHipfer 1988; SchHipfer 2001; Weibel et al. 2001). One possible reason, which may explain
these results is that territory sizes may have been underestimated in these cases because of the limited
number of visits that could be made to each study area throughout the breeding season. When singing
males were observed they might not have covered their entire territories during the times of
observation. This may have been especially important on the arable and dairy farms where there was
relatively more unused habitat in comparison with the sheep farm. During the second part of the
breeding season skylark activity decreased, an observation, which confirms findings by Donald et ai.
(2001). This implies less competition for territories, less territorial disputes and perhaps less territorial
advertising (singing), which, in turn, may have led to a further underestimation of territory size.

However, consistently strong negative correlations between territory density and territory size
throughout the breeding season indicates that the pattern of associations of higher territory densities
and smaller territory sizes with highly suitable breeding habitats and the reverse pattern for least
suitable habitats as observed by (e.g., Schlapfer 1988 and Jenny, 1990a #332), were confirmed in this
study.
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Chapter 3 Productivity of skylark nests
3.1

Introduction

Chapter 2 examined distribution, densities and territory sizes in particular lowland farming habitats on
the Canterbury Plains to assess the quality of these habitats for skylarks. However, it is also important
to assess productivity or survival in these habitats, since these influence demography and therefore
population trends. Territory density can, in fact, be a misleading indicator of habitat quality if the latter
is expressed as productivity (Van Horne 1983; Vickery, Hunter & Wells 1992). For example, a study
in the USA provided evidence that fields managed through the Conservation Reserve Program and
which attracted high densities of breeding birds, may have acted as sinks for some species with
productivity failing to balance mortality (McCoy et ~l. 1999).

The number of chicks produced by each pair in a season is an important demographic parameter.
Changes in this measure can influence populations unless compensatory changes in survival occur
(Newton 1998). Three main factors determine the number of chicks produced by each pair per season:
1) the number of chicks produced per successful breeding attempt, 2) the nest survival rate and 3) the
number of nesting attempts made in a season.

Three key parameters can be used to calculate the number of chicks produced per successful nesting
attempt: clutch size, hatching rate and partial loss of chicks. One important determinant of productivity
at the scale of the individual nest is clutch size (Winkler & Walters 1983). It is largely acknowledged
that intraspecific variation in clutch sizes is indicative of environmental conditions, and that the
optimal clutch size for an individual is larger when conditions are most favourable (e.g., Lack 1947;
Perrins 1965).

However, many environmental and physiological factors are associated with intraspecific variation in
clutch size, including time of year, weather, population density, food availability, reproductive
strategy and adult body condition (e.g., Murphy & Haukioja 1986; Godfrey, Partridge & Harvey 1991;
Crick, Gibbons & Magrath 1993; Carey 1996; Monaghan & Nager 1997). Clutch size can therefore be
a direct measure of productivity and an indirect measure of environmental suitability, which can be
compared between different habitats as long as they are geographically close enough to negate the
effects of differences in altitude or latitude (Section 3.4.).
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Hatching rates and partial mortality rates of chicks also influence nest productivity. The failure of an
egg to hatch (either through infertility or embryonic death) or the death of one or more chicks in the
nest is associated with an important loss of energetic input and reproductive output to a female bird
(Koenig 1982). These parameters have both been measured previously in skylarks (Delius 1965; Jenny
1990a; Wilson et al. 1997; Donald 1999).

There is evidence that reduced hatching rates are associated with increasing clutch sizes in a range of
species and that this could be related to increased metabolic demands on the incubating female
(Thomson, Monaghan & Furness 1998). Decreased hatching rates were found in skylarks with larger
clutches (Donald 1999). Hatching rates have been positively correlated with nutrition in turkeys and
chickens (Taylor 1949) and could therefore be an indicator of nutritional status or body condition in
wild birds. Hatching rates can be related to diet and nest site with higher rates in herbivores and opennesting species (Koenig 1982). Relatively high hatching rates can therefore be expected in skylarks. A
number of studies have also provided evidence that hatching rates can be reduced by exposure to
pesticides (Martin et al. 1998).

The nest survival rate, defined as the proportion of nests surviving long enough to produce at least one
chick, is the most important factor determining productivity at the scale of the individual nest,
especially in smaller altricial species such as the skylark (e.g., Martin 1993; Newton 1993). Decreased
nest survival rates can drive population declines. An example of this was a decline in nesting success
in raptors as a result of sub-lethal pesticide poisoning (Newton 1998).

However, the most common cause of nest failure in a range of species and in many habitats is
predation, with one estimate suggesting an average of 80% of nest failures across a wide range of
species being due to predation (Martin 1993). Control of nest predators led to an increase in the nest
survival rates of grey partridges which in turn led to increased populations of this species in the next
year (Tapper, Potts & Brockless 1996). The causes or rates of nest failure in skylarks are poorly
understood, and less is known about the environmental factors influencing them. In Britain significant
regional differences in skylark nest survival rates were found (Chamberlain & Crick 1999). These
authors showed that nest losses at the egg stage were higher in agricultural than in coastal or upland
habitats and nest losses at the egg stage within agricultural habitats were lower in arable than in
grassland areas. Donald (1999) found that 77% of complete skylark nest failures in farmland habitats
in Britain were due to predation. In that study, losses due to factors other than predation, especially
trampling by stock, and mowing and harvesting of silage crops, were significantly higher in grassland
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then in arable fields. The skylark is relatively vulnerable to agricultural factors such as trampling by
livestock, harvesting and ploughing because it is the only farmland passerine to nest solely in open
fields and to actively avoid field boundaries (e.g., Oelke 1968; Piitzold 1983; Berg & Piirt 1994).

Another important variable, which may influence productivity of skylarks, is food availability. For
example, Weibel (1998) showed that wildflower strips located on field edges, which occupied only 6%
of territory area, were the most frequently used feeding destinations by skylarks. It appears that some
plant and invertebrate groups that are important food sources for birds have declined in numbers since
the introduction of modern pesticides (Ewald & Aebischer 1997). The recent population decline in
grey partridges in Britain could almost entirely be explained by a reduction in chick survival rates
caused by reduced food supplies (Potts 1997). Grey partridges also collect chick food in open fields. In
a Danish study, skylarks in unsprayed cereal fields produced more fledglings per pair in a season than
did those in sprayed cereal fields, which was due mainly to differences in the number of nesting
attempts made by each pair in a season (Odderskrer et al. 1997). In the same study chick food
availability was three times higher in unsprayed cereal crops than in sprayed cereal crops.

Growth rates and body condition can both be important in influencing demographic parameters. The
factors influencing body condition and growth rate in birds, have been reviewed by (O'Connor 1984;
Starck 1993; Jakob, Marshall & Uetz 1996; Gosler et at. 1998; Starck & Ricklefs 1998). Growth rate
and body condition can be uncorrelated, positively correlated or negatively correlated (O'Connor
1977). In cases where growth rate and body condition are uncorrelated or are negatively correlated,
high values of either can indicate alternative strategies of energy utilisation, where high body
condition reflects energy storage and high growth rate reflects energy utilisation (O'Connor 1977).
While growth rates in birds are phylogenetically constrained (Weathers 1996), substantial intraspecific
phenotypic variation with a variance of between 5 and 15% of the mean has been reported, which
represents, at least in part, variation in environmental conditions (Ricklefs 1983). Environmental
factors, which can influence growth rates and body condition, include habitat quality, diet, weather,
parent quality, brood size, relatedness of siblings and parasite load (e.g., Krebs & Avery 1984;
Gebhardt-Henrich & van Noordvijk 1991; Starck 1993; Nisbet, Spendelow & Hatfield 1995;
Siikamaki 1996; Blomqvist, Johansson & Gotmark 1997; Royle et at. 1999). Donald et al. (2001)
found that the best predictor of body condition and growth in skylarks was rainfall, which had a
negative effect on both. In that study body condition declined significantly with increasing brood size
while smaller broods had higher body condition indices.
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In skylarks, which suffer high rates of nest predation and leave the nest well before fledging, rapid
growth rates are likely to be an advantage (Lack 1968; Ricklefs 1969a; Halupka 1998). In many
species high chick body condition can lead to reduced likelihood of nest predation and nestling
mortality and improved future survival rates, and lifetime reproduction (e.g., Tinbergen & Boerlijst
1990; Evans et al. 1997; Lindstrom 1999). The tarsal growth rate is high in species such as the
skylark, which requires early pedal locomotion (Kirkwood et al. 1989). It is therefore an important
parameter of overall growth rate. Tarsus length, which is probably under strong phylogenetic control
(Hailman 1986) appears to be less influenced by environment than weight.

3.1.1

Aims

The aim at the outset of this study was to measure the range of parameters of skylark productivity
described above, in the various farmland habitats under investigation. However, it soon became
apparent during fieldwork that it was not possible to find enough nests and therefore obtain
sufficiently large sample sizes to allow meaningful statistical analysis. Skylark nests are difficult to
find and it can often take several hours or even longer than a day to find a single nest (P. Donald, pers.
comm.; pers. observation). Another confounding factor was that it became apparent in the course of
the fieldwork that predation rates were very high, especially during incubation but also during the
nestling stage, so that very few data could be obtained on chick growth rates and diet, so that the
observations were too few to allow meaningful statistical analysis and comparisons between habitat
types.

Consequently, the nest finding effort was concentrated on two habitat types, lucerne pastures and
intensively managed dairy pastures because territory densities in these habitats were relatively high
(Chapter 2) compared with other habitats. It was regarded as especially important to investigate
whether high territory densities and small territory sizes found in lucerne would be matched by high
productivity at the scale of the individual nesting attempt. As individual skylarks were not banded and
followed throughout the breeding season it was not possible to accurately determine the number of
breeding attempts per pair during a breeding season, so that analysis was limited to estimating the
productivity at the level of the individual nesting attempt.
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3.2

Methods

3.2.1

Data collection

Nest searches were carried out on the sheep and dairy farms (Chapter 2, Section 2.2.1) during the
1997/98 and 1998/99 breeding seasons (September to February).

Nests were found by direct observation of adult birds, carrying either nest- building material or food
for nestlings, or by observing incubating females leaving the nest for breaks in incubation. 8x42
binoculars were used during nest searches. To allow easy relocation, nests were marked with small
pieces of coloured plastic tape placed around 5m either side of the nest. Care was taken not to disturb
vegetation at nest sites but it was not possible to determine the effects of visiting nests on the eventual
outcome.

Analysis of clutch size was restricted to nests in which the same number of eggs was present on
consecutive visits. It was assumed that the number of eggs seen in a nest during the incubation stage
was the total clutch size and that the same female laid all the eggs in a nest. For a comparison of clutch
sizes over a greater range of skylark habitats found in New Zealand, data from Ornith ological Society
of New Zealand (OSNZ) records were obtained. These records provided sufficient data to allow
estimation of clutch sizes for extensively managed lowland grazing pastures, lowland horticultural
areas and native tussock grassland.

Hatching rates could be easily assessed because unhatched eggs remained in the nest after the
synchronous hatching of the other eggs. It was assumed that nests where no eggs hatched had been
abandoned. Such nests were excluded from the analyses of hatching rates.

Predation was assumed where the nest was found to be empty and previous visits suggested that any
chicks would have been too young to leave. Chicks usually leave the nest eight days after hatching
(e.g., Piitzold 1983), so the disappearance of chicks aged seven days or younger was recorded as
predation. Nest predation was often accompanied by visible damage to the structure of the nest and
sometimes remains of eggshells or chicks were found. This allowed confident diagnosis of nest
outcome. Cases of partial predation were not observed. Failures ascribed to agricultural operations
were based upon the observation of crushed eggs or chicks following such operations. Starvation of
chicks was not recorded in the current study. Where it was thought that young had successfully left the
nest, additional evidence was sought. The most reliable indicators were fresh faecal sacs around the
58

entrance to the nest, a well-flattened and undisturbed nest lining with feather scale present and adults
carrying food or giving alarm calls nearby (Piitzold 1983). Chicks could not be followed after they had
left the nest. Hence, this work reports only on the laying, incubation and the nestling stages of the
lifecycle.

Nests were revisited in two or three-day intervals to count eggs or chicks, take biometric
measurements of chicks, collect faecal sacs and determine nest outcome. Nests were monitored until
chicks left the nest at around eight days after hatching. First egg date for each nest was calculated
assuming laying rates of one egg a day and an incubation period of 10 days. Chick age was assessed
by determining whether or not the eyes were open and by feather development (Piitzold 1983).

The number of eggs and chicks present in each nest was recorded on each visit and, in nests containing
chicks, the weight of each chick was measured to an accuracy of O.lg with an electronic balance. The
tarsus length of each chick was also measured with dial callipers to the nearest O.lmm from the
depression in the angle of the intertarsal joint to the end of the folded foot. Every two or three days
chicks were re-weighed and measured to allow calculation of growth rates. The age of the chicks in
days was estimated either from previous observations of the nest or from observations of feather
development. All chicks in each nest were the same age due to synchronous hatching. Eyes began to
open on the second day after hatching. In a small number of cases, age was known exactly, since the
nest was found or visited on the day of hatching. Chick age was measured in days from day zero (day
of hatching) until chicks left the nest at around day eight. Handling chicks generally caused them to
produce a faecal sac and these were collected and preserved in 75% et hanoI.

3.2.2

Statistical analysis

A number of different parameters are required to calculate productivity at the scale of the individual
nesting attempt. The productivity p of an individual skylark nesting attempt (defined here as the
number of chicks successfully leaving the nest) can be estimated as:

p

= ch(1-d)[(1-f)21]

where c is clutch size, h is the proportion of eggs which hatch, d is the proportion of chicks dying
before they are old enough to leave the nest (excluding whole nest failures),

f is the daily nest failure
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rate and 21 is the length in days of the nesting period (from the laying of the first egg to when the
chicks leave the nest). To calculate fthe standard Mayfield method was applied (Mayfield 1975).

Nest survival rates are likely to be severely overestimated when simply using the observed proportion
of nests failing or succeeding. Successful nests survive longer and are therefore more likely to be
found, whereas nests failing early are far less likely to be found. Mayf ield (1975) developed a method
to control for this bias, where nest failure rates are defined in terms of likelihood of failure per day of
observation. The Mayfield method assumes that failure rates are constant throughout the nesting
period. However, it is possible to calculate separate estimates for the various stages of a nesting
period. In this study estimates were calculated for pre-hatching (13 days) and post hatching stages (8
days) as it became apparent in the course of the fieldwor k that nest failure rates differed between these
stages. The average of these two estimates provided an estimate of nest survival rates over the entire
nesting period. Nest failure was not witnessed as it occurred and was assumed to have occurred half
way between the last two visits.

Daily exposure, i.e., the amount of time (days) a nest was under observation was calculated for each
nest to arrive at a measure of total nest days. The total number of nest losses was then divided by the
total number of nest days to obtain the daily mortality rate (f). To allow comparison between crops this
was calculated separately for lucerne and dairy pastures. The probability of a nest failing was
calculated for the incubation stage (including egg laying) and the nestling stage respectively by raising
the daily nest failure to the power of 13 (pre- hatching period) and 8 (post-hatching period) respectively
(Mayfield 1975).

A t-test was used to compare differences in clutch sizes between dairy and lucerne pastures and
ANOVA was used to compare differences in clutch sizes between all habitat types. Mann-Whitney U
tests were used to test for differences between lucerne- and dairy pastures in nesting success and in
predation at egg and nestling stages.

The nests were found on two farms only and problems associated with pseudoreplication (e.g.,
independence, representativeness) could not be discounted. The sample size in the present study did
not allow for seasonal comparisons in any of the skylark reproductive parameters investigated in this
study.
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3.3

Results

84 neSLS w ere fo und in bOLh breeding sellso ns 1997/98 and 1998/99 combined. or Lhese 46 were in
lucern e pasLures and 38 in dairy pasLures.

Clutch s ize

3.3.1

Mean cluLch s ize was 3.2

±

0.10 SE (n = 43) in lucerne pasLures and in 3.4

±

0.09 S E (n = 36) in dairy

pasLures. This difference in cluLc h s ize beLween th e Lwo habiLaLLypes was noLsLaLisLically sig nificanL (/
= -1.052; df = 77; P = 0 .291). CluLc h sizes from OSN Z records were s imilar w iLh 3.00 ± 0.15 S E (n =

26) in eXLensive pas Lu res, 3.38
3.50

±

±

0.18 SE Cn = 16) in ho rti cultural land (vineya rds and o rchards) a nd

0 .17 SE Cn = 10) in naLi ve tussock grassland . There were no s ig nifican Ldifferences in c1uLeh

s izes between all ri ve habiLaLLypes (F = 1. 657; df = 4, 129; P = 0 .164). The frequ ency distribuLio n o f
c1uLch s izes is show n in Fig. 3.1.
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3.3.2

Hatching rates and productivity of successful nests

Hatc hing rates could be calculated onl y for nests found in the c urrent stud y. OSNZ nest data did not
contain sufficient information on this. In lucerne pastures, Y5 % o f laid eggs hatched and in dairy
pas tures 93.06% of laid eggs hatched. T he difference in nest success (defin ed as at least o ne chick
leaving the nest) between the two habitat types was significant (P = 0.013); 17.39% of nests in lucerne
we re successful a nd 42.11 % in dairy pastures. T he percentage of nests surviving the inc ubation stage
was 23 .65 % in lucerne and 46.94% in dairy pastures. The percentage o f nests surviving the nestling
slllge was 45 .27% in lucerne and 48.25% in da iry pastures. 0 n average, 0.23 a nd 0.66 c hicks were
produced per nest ing attempt in lucerne and da iry pastures, respecti vely (Fig. 3.2).
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Figure 3.2 Estim ated prod uc tivity (chi cks produ ced per skylark nest ing att empt).
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Predation

73 .9% o f nests in lucerne were predated. 25 from a total of 46 nests were predated at the incubation
stage (54.3%). Nestlings were predaled in nine neSLS (19.0%). T otal predation in dairy pasture was
52.6%, nine of 38 nests were predaled at the egg stage (23.7%), jllvenil es were predated in 11 nests
(28.9%) a nd Iwo of 38 neSIS we re tra mpled (5.3%). The difference in the rate of preda tion at the egg
slage belwee n lucerne a nd dairy paslure was significanl (P = 0.005).
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3.4

Discussion

Clutch size
The lowest average clutch size was found in lucerne where the nest survival rates were also lowest,
which in turn was associated with high predation in this environment. Results of this study therefore
support findings from studies which reported intraspecific negative correlations between clutch size
and predation risk, where nests in areas of high predation risks had lower clutch sizes (Slagsvold 1984;
Lundberg 1985). However, Donald (1999) found the opposite to be true for skylarks, wit h greater
average clutch size in set-aside habitat where the rate of predation was higher compared with other
habitats in that study. It is uncertain how this apparent discrepancy could be explained.

Clutch sizes in lucerne and dairy pastures were lower than those reported from a recent study in
Britain (Donald 1999). That study reported clutch sizes from comparable lowland farming areas in
Britain were 3.59

±

0.036 (n = 304) in cereal and grassland habitats combined and 3.85

±

0.032 (n =

448) in set-aside. However, it is likely that observed differences in clutch size between studies in New
Zealand and Britain are related to latitudinal differences.

It has long been recognized that bird species of southern temperate and tropical zones gen erally have

smaller clutch sizes than phylogenetically related species from northern temperate zones (e.g., Lack
1947). Skylarks were introduced to New Zealand over a century ago and it is conceivable that clutch
size in skylarks has changed in relation to environmental conditions since then.

Clutch size is partly determined by the parents' prediction of likely food resources available during the
nestling period and on the parents' ability to provide sufficient food for the given clutch size (Perrins
& Moss 1975). An argument which has been put forward to explain observed longitudinal differences

in clutch size revolves around the premise that food availability limits reproductive rates. Adults
would then produce as many offspring as they can in a given environment depending on the
availability of food there. Smaller clutches could therefore be expected in southern temperate zones
because of reduced food availability there (Lack 1947). Environmental seasonality may also influence
food availability in a density dependent manner (Ashmole 1963). In very seasonal environments and
under relatively harsh climatic conditions, as found, for example in Britain, relatively high adult
mortality may occur outside the breeding season, which in turn could result in reduced competition for
food during the breeding season. Under milder and more stable environmental conditions lower adult
mortality could be expected outside the breeding season and hence relatively high competition for
food during the breeding season. Findings from this study indicated relatively high territory densities
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compared with those found in Britain and Western Europe (Chapter 2), and comparatively low clutch
sizes in the same habitats, findings that lend support to this argument.

The probability that offspring are predated before reaching independence may also restrict the number
of young that adult birds attempt to produce, especially because predators will usually completely
destroy the contents of a nest. Birds lay only one egg per day so that a reduced clutch size would lead
to reduced exposure to predation risk over the nesting period. In an environment where predation
pressure is relatively high, such as that encountered in the current study, a reduced clutch size may
therefore be expected.

Nest survival and productivity
The overall nest survival estimate in this study (29.8%) is very similar to estimates from British and
European studies; about 27% for agricultural habitats in Britain between 1975 and 1994 (Chamberlain
& Crick 1999), 24.2% for agricultural habitats in Britain between 1996 and 1998 (Donald 1999) and
21 % in shrub-steppe habitats in Spain in 1991 (Suarez et at. 1993). The rate of hatching failure found
in this study (5.9%) was similar to that recorded by Donald (1999) (4.7%), Delius (1965) (4.0%) and
SchHipfer (1988) (4.9%).

Productivity on the level of the individual nesting attempt was relatively low in both lucerne and dairy
pastures. These estimates would be lower still, had it been possible in this study to observe skylark
chicks leaving the nest and fledging, which occurs around 16 days after hatching (Patzold 1983).
However, about half the skylarks chicks found by Delius (1965) were still alive at 16 days, suggesting
higher survival rates than estimates for the nest stage in the current study.

The reproductive output per breeding attempt in lucerne was especially low. When assuming three
breeding attempts in lucerne this would result in only 0.69 chicks produced per pair in a season.
Assuming an average lifespan of three years (Delius 1965; Patzold 1983) this would give an estimated
lifetime reproductive success of only 2.07 chicks, which reach the nest leaving stage, per pair. Low
nest survival rates and productivity in lucerne habitat could imply that this habitat acts as a sink for
skylarks attempting to breed there.

The lowest estimated productivity per nesting attempt reported by Donald (1999) was approximately
0.60 chicks per breeding attempt in lowland grassland habitat, which compares well with productivity
found in comparable dairy pasture habitat in the present study. In that study chicks in nests in
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permanent pasture had significantly lower body condition indices than those in set -aside and this
difference was attributed to significantly lower diversity offood items provided to chicks in grassland.
Productivity in other habitats reported by Donald (1999) was higher with about 0.8 chicks per
breeding attempt in set-aside and 1.2 chicks per breeding attempt in cereal fields. The scope of the
current study did not allow for an investigation of skylark productivity in cereal fields. However, a
number of other studies from Britain and Western Europe found that survival rates in cereal fields
were higher than in other habitats and that predation rates were lower there (Jenny 1990a; Donald
1999).

Predation
The low reproductive output in lucerne was associated with the high predation rates in this habitat.
Effort was made to minimise disturbance around the nest and in the study field generally but the
effects on nest survival rates of relatively frequent visiting could not be assessed. However, it is not
likely that any such effects differed systematically between lucerne and dairy pastures. Mayer -Gross,
Crick and Greenwood (1997) reviewed the effects of nest visits on open nesting species and concluded
that any such effects are unlikely to be important. Galbraith (1987) showed that marking and visiting
nests of lapwings Vanellus vanellus, a species that, like the skylark, nests only in open fields and away
from margins, had no effect on nest survival rates. Results from experiments with artificial nests also
suggested that the effects of nest visiting are negligible. For example, Suarez et al. (1993) in a Spanish
study found no differences in nest failure rates between visited and un-visited artificial lark nests.
Gottfried and Thompson (1978) also found no effects of daily visits on nest survival of artificial nests
in open field habitats in the USA.

In the current study, losses to trampling were comparatively very low and nests were not lost as the
result of mowing in both lucerne and dairy pastures. This result contrasts with findings of a number of
other workers where losses of nests in grassland to trampling by livestock and cutting of silage were
high (SchHipfer 1988; Jenny 1990a; Wilson et al. 1997; Poulsen, Sotherton & Aebischer 1998) and in
one case almost equal to predation (Donald 1999). A Swiss study carried out largely on grassland
found a significantly higher rate of loss due to grass cutting (95 out of 98 nests) than to predation
(Jenny 1990a). However, in the current study no grass cutting for silage or hay occurred. The
possibility remains that nest losses due to trampling were underestimated. Some nests may have been
initially trampled and consequently predated.
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Nest losses in skylarks due to predation appear to be high in comparison with other farmland
passerines whose populations in Europe have declined during recent decades. In a study of four
species of declining farmland buntings in southern England between 32% and 59% of nest losses were
caused by predation (Crick et al. 1994), compared with 95% of nest losses due to predation in this
study and 77% observed in skylark nests in a British study (Donald 1999). Although skylarks occupy a
habitat in which nest losses due to agricultural operation or trampling seem more likely, skylarks
appear to be more at risk from predation, due to the openness of their nests, compared with other
farmland passerines which nest in hedgerows or field margins.

Martin (1993) argued that birds may select nest sites primarily on the basis of avoiding nest predation
and this selectivity may be so important that it explains many observed patterns of habitat selection
and bird community structure, which have traditionally been attributed to food availability and
competition. Furthermore, previous studies have suggested that predation risk is an important factor in
determining nest site selection by skylarks (Suhonen, Norrdahl & Korpimaki 1994). However, results
from this study show that skylarks do not select nest sites on the basis of maximising nest survival
rates alone, because territory densities were highest in lucerne where nest survival was lowest,
whereas territory densities in dairy pastures were lower but nest survival was higher there. Several
studies showed that skylarks select nesting and foraging sites at least partly on the basis of vegetation
structure, preferring a height of less than 50 cm for nesting and any height below 25 cm for foraging
(Jenny 1990b; Wilson et al. 1997; Weibel 1998). This indicates behavioural habitat selection may
outweigh considerations of likely productivity.

There are several explanations which can account for the difference in survival rates between lucerne
and dairy pastures. Although this was not quantified in this study, nests in dairy pastures were built
. under higher and denser vegetation than nests in lucerne pastures, which possibly provided better
concealment from predators. Survival rates of other farmland species are influenced by the vegetation
structure in the immediate vicinity of the nest (e.g., K yrkos, Wilson & Fuller 1998; Hughes et at.
1999). However, other studies have found no effects of habitat structure on nest predation rates (e.g.,
Gottfried & Thompson 1978).

It is also possible that predator density was lower in dairy pastures than in less intensively managed
lucerne pastures. Although this was not quantified in the current study, higher plant and invertebrate
numbers may be present in lucerne, which, in turn, may attract prey and their predators. A density
dependent effect may also influence predation. Some predators may specialize in searching in areas of
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high skylark nest density, whereas in habitats where the nest density is much lower, these may be
taken only opportunistically (Delius 1965).

The current study confirms that skylarks are especially vulnerable to predation, a trait they have in
common with other open-nesting lark species including the thekla lark Galerida theklae and the lesser
short-toed lark Calandrella rufescens in Spain (Suarez & Manrique 1992). Skylarks have a
particularly low nest success rate compared with members of the group of farmland songbirds, which
have had also had recent population declines in Britain and Europe. For example nest survival rates
were between 34% and 66% for yellowhammers (Stoate, Moreby & Szczur 1998), between 40% and
46% for four species of farmland bunting (Crick et al. 1994), and between 27% and 47% for the cirl
bunting Emberiza cirlus (Evans et al. 1997). These species select their nest sites mainly or exclusively
in field margins or boundaries, which appear to provide better protection from predation, compared
with the relatively open nest sites of skylark.

A separate experiment using artificial ground nests was designed (Chapter 4) to assess the potential
impact of predation on skylarks breeding in lucerne in more detail and to identify variables. associated
with predation on ground nests there.
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Chapter 4 Predation of skylark nest facsimiles
4.1

Introduction

Predation of eggs and chicks of passerine birds can play an important part in determining the long term success of these populations (e.g., Potts 1980; Martin 1988). Ground nesting species generally
have lower nesting success rates than those which nest above the ground, out of reach of ground
dwelling predators (e.g., Ricklefs 1969b; Andren et al. 1985; Angelstam 1986). Lack (1954) estimated
that 75% of egg losses in ground nesting birds are due to predation. It is not surprising, therefore, that
mortality in skylarks can be high at the nesting stage. Wilson et al. (1997), in a British study, showed
that predation was the commonest cause (43%) of nest failures in skylarks. Donald (1999), in a study
on various lowland farmland areas in England, found that 33.6% of skylark nests were predated and
that 77% of nest failures were caused by predation. Egg predation rates provided a measure of total
nest predation rates in skylarks, with egg predation accounting for about 50% of total nest predation in
skylarks (Donald 1999). The pattern of high nest predation rates in skylarks was confirmed for New
Zealand in this study (Chapter 3).

Factors that may influence nest predation rates in birds include:

•

Nest location, including distance from habitat edge and distance from boundary (e.g., Yahner
& Wright 1985; Bayne & Hobson 1997; Soderstrom, Part & Ryden 1998).

•

Nest site characteristics, including vegetation structure and density around the nest (e.g.,
Bowman & Harris 1980; Yahner & Wright 1985; Martin 1988; Donald 1999).

•

Nest visibility, which has been shown to be a major factor influencing the risk of nest
predation (Rangen, Clark & Hobson 1999).

•

Vegetation structure on a larger landscape scale rather than on a microhabitat scale (e.g.,
Bergin et al. 2000).

•

Nest density (Potts 1980; Esler & Grand 1993).

•

Predator abundance (Andren et al. 1985; Wilcove 1985; Andren & Angelstam 1988).

•
•

Density of alternative prey (Potts 1980; Keyser, Hill & Soehren 1997).
Human disturbance (Esler & Grand 1993; Cassini & Krebs 1994; Bayne & Hobson 1997).
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Use of artificial ground nests
Many previous studies have attempted to identify nest predators and determine the importance of nest
predation to populations of particular bird species (e.g., Berg 1996; Davison & Bollinger 2000; Dion,
Hobson & Lariviere 2000). There are a number of problems associated with these studies because
indirect evidence of predation can be misinterpreted and it is often not possible to obtain sufficie nt
numbers of direct observations of predation of natural nests. For this reason, artificial nests are often
employed to allow experimental manipulation of the number and location of nests within the habitat
under study. In this way, real nests remain undisturbed by observers and large replicated sample sizes
allow for meaningful statistical analysis. Despite many difficulties associated with inferring patterns of
predation on natural nests from artificial nest studies (e.g., Major & Kendal 1996; King et al. 1999)
they can nevertheless be useful in making inferences on the importance of predation on natural nests
(e.g., Miller & Hobbs 2000).

Predator identification
Automatically triggered still cameras and remote video monitoring have previously been used to
identify predators (e.g., Cotterill & Hannon 1999; Major et al. 1999) as have clay (e.g., Major et al.
1999; Saracco & Collazo 1999) or plasticine eggs (e.g., Taylor & Ford 1998; Cotterill & Hannon
1999; Boulet, Darveau & Belanger 2000; Tittler & Hannon 2000) to identify predators from teeth
marks.

4.1.2

Aims

The overall aim of this series of three experiments was to make inferences about the role predation
might play in limiting skylark popUlations in lowland farmland habitat in New Zealand.

The main objectives of this study were:

•

To identify the predators responsible for predation of ground nests in a typical lowland
farmland area in Canterbury.

•

To identify factors which determine the rates of predation on ground nests in Canterbury
farmland habitat, especially lucerne pasture. Specifically, to identify the importance of habitat
variables including: field boundary type, distance from field boundaries, field vegetation
characteristics and nest visibility in influencing predation rates.
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•

To assess whether predators would exhibit learning behaviour in response to increased food
availability.

4.2

Methods

4.2.1

Experiments 1 and 2

Study area
Experiments 1 and 2 were carried out in lucerne pastures on the sheep farm described in Chapter 2.l.
Lucerne pastures supported the highest densities of breeding skylarks and high predation rates on real
skylark nests were observed there, as shown in Chapters 2 and 3 respectively. Lucerne was ther efore
chosen as the most suitable habitat type to study potential predators of skylarks.

Three fields were selected within each of the two field boundary categories typical for the Canterbury
Plains:

•

Fields bordered on at least one side by a mature conif er shelterbelt (P. radiata or C.

macrocarpa), approximately 5 to 10 metres tall ('shelterbelt fields').
•

Fields surrounded entirely by post and wire fences ('p&w fields').

Study fields were not contiguous and ranged in size from 4.2 to 8.1 ha.

Data collection
In order to simulate the size and shape of real skylark nests, artificial nests were made from dry grass.
Latex gloves were used when making or handling nests and eggs and rubber boots were worn when
walking around the experimental area to minimise human scent on the nests and in the experimental
area.

Within each field five transects were established at 10m intervals. These ran perpendicular to the
centre of the field boundary. Paton (1994) suggested that edge effects with regards to predation
normally occur within 50 metres from an edge, and that distance increments of 20- 25m are
recommended when studying edge effects. Transects were marked at 0,25, 50 and 75m from the
boundary.
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The pattern that skylarks generally avoid the proximity of tall field boundaries and other tall structures
(e.g., Wilson et al. 1997; Donald et al. 2001) presumably to avoid predators (Suhonen, Norrdahl &
Korpimaki 1994) was confirmed in this study (Chapter 2). However, skylarks occasionally built nests
very close to field boundaries in lucerne fields (Chapter 2, Fig. 2.5) even where these boundaries
consisted of tall vegetation. For this reason it was important to include artificial nests on the boundary.

A single artificial nest, ca. 10 cm in diameter, was placed in a small natural or man-made depression
on the ground at each 25m increment along all transects. The nests were placed within or near a clump
of lucerne plants to simulate locations of real skylark nests. Small bamboo canes were used as markers
(protruding about 20 cm above the ground) at a distance of approximately 3m from the nest. Nest
marking was necessary because of the homogeneity of the crop, which would have made relocation of
unmarked nests extremely difficult.

Small passerine eggs were intended to be used in these experiments as these would closely resemble
skylark eggs in size (23x17mm). However, such eggs were not commercially available in New
Zealand at the time so that California quail eggs (Callipepla cali/arnica) were used. These-were the
only commercially available small eggs (31x24mm). Quail eggs are most commonly and successfully
used in experiments using artificial nests (e.g., Taylor & Ford 1998; Cotterill & Hannon 1999;
Lindenmayer, Pope & Cunningham 1999; Boulet, Darveau & Belanger 2000; Newton & Heske 2001)
because of their relatively small size and ready availability. Fresh eggs were obtained and stored in a
refrigerator until used. A brown, odourless non-toxic food colouring was used to dye the quail eggs, so
these would resemble skylark eggs more closely in colour. At the start of each trial a single quail egg
was placed in the centre of each nest.

The two experiments included two trials each and were conducted during the skylark breeding season
between December 1998 and February 1999. Each trial lasted for four days, with seven days between
the end of one trial and the beginning of the next. Many vertebrate predators are able to memorise nest
locations (Sonerud & Fjeld 1987) and it was assumed that the seven day period between trials would
minimize any learning behaviour.

In experiment 1, eggs were not replaced after a predation event. This experiment was designed to test
for the effects of boundary type, distance from the boundary and the effects of field vegetation
parameters and nest visibility on predation rates and on the timing of predation events.
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The primary objective of experiment 2 was to determine whether predators would learn to relocate
artificial nests, which had been previously predated. In experiment 2, eggs were replaced daily in those
nests which had been predated, so that the same number of eggs was present at the start of each day.

Nests in both experiments were revisited daily between 07:00 and 09:00h. A different approach to the
nests was used on each subsequent visit to avoid establishing obvious tracks by observers. Observers
kept a minimum distance (ca. 2-3m) from the nest, so that the vegetation in the immediate vicinity
around the nest remained undisturbed and the amount of human scenting and trampling was
minimised. However, where a nest had been predated, the nest was approached further and the type of
egg damage recorded.

Field vegetation characteristics and nest visibility
Field vegetation measurements were carried out using the method described in Chapter 2. Section 2.
Percentage ground cover (crop, weed, bare ground) was estimated to the nearest 5% and vegetation
height was estimated to the nearest 5 cm. Values were pooled for each field as the uniform vegetation
structure ensured minimal within field variation in these measurements. This gave a single.
representative value of field vegetation characteristics. Nest visibility was estimated subjectively to the
nearest 5% by looking down on each nest directly from above.

Time-lapse video recording
Three video camera systems operated on a subset of artificial nests throughout experiments 1 and 2
and were used to record predation events. The systems were especially constructed for the
experiments, and were based on a design used by the New Zealand Department of Conservation
(Sanders & Maloney 1997).

Each set-up consisted of a small black & white miniature video camera (SBC 0.1 lux with a Panasonic
60 deg. F 1.2 lens) in waterproof, camouflaged housing, equipped with infrared-light-emitting diodes
around the lens (GL-380, 12 x infra red lights, RS-195-489) to provide illumination of the monitored
nests by night. Cameras were positioned on a tripod (Midi Ball Hea d Manfratto No. 352 RC) about 30
em above the ground and connected (with 2 core shielded microphone cable (Cat W2035; Dick Smith)
to a time-lapse videocassette recorder (VCR) (Panasonic AG 6124e), enclosed in a Pelican (1500)
environment case and powered by a deep-cycle marine battery (Sonnenschein Dryfit BA212/36 Ah).
A range of connectors (Amphenol C16-1 series, Connector Systems Ltd.) was used to link video unit
components. The VCR and battery were sited about 100m away from the artificial nests, so that daily
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changing of tapes and batteries did not cause disturbance within the experimental area. A modified
B&W flat screen monitor (Aiphone MK-IMD/A) was connected to the VCR to allow remote
observation of vide oed nests. Visual obstruction from surrounding vegetation necessitated that the
camera was placed close to the nests (approximately 1m) (Fig. 4.1). Once in place, the camera was not
moved until a predation event had occurred but videotapes (TEAC ASX E-180) were changed daily.
After a predation event had occurred at a particular nest site, the camera was moved to a nest in a
different field , in order to sample predation over the whole of the experimental area. There was a total
of32 ' camera-days' during the experimental period with each 'camera day' representing 24 hours of
time-lapse recording (approximately three images per second) of an artificial nest.

Figure 4.1 Video monitored artificial ground nest in one of the lucerne pastures studied during experiments
I and 2. The arrow points at the artificial nest containing a quail egg.

Video recordings identified predators and the timing of predation events. Recorded images were used
to link signs at the nest (i.e., the physical state of a predated egg) to specific predator types. Five
predation categories were recognised (Table 4.1).
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Table 4.1 Predation categories based on video recordings and shell remains found at nests.
Predation category

Description of egg damage and clues left by predators

No predation

Egg intact

European hedgehog

Egg shell partially broken, contents usually licked out completely.

Avian predator

Egg shell pecked, occasionally some yolk remaining and/or fresh bird
prints and/or excrement in the immediate vicinity of nest

Unidentified predator

Egg missing; no eggshell remains in a radius of 2m around the nest or
remains found but unclear about predator identity

Trampling by stock

Eggshell crushed, yolk still present; fresh sheep prints in the immediate
vicinity of the nest.

4.2.2

Experiment 3

A survey was carried out over three weeks in February 1999 to determine predation rates on artificial
ground nests in different farmland vegetation types typical for the Canterbury Plains. The fields
included were:

•

'New lucerne', a pasture, which included only few broad-leaved weeds, due to its recent
establishment and the use of herbicide to suppress weed growth. Lucerne pastures in
experiments 1 and 2 fit this category.

•

'Old lucerne', a pasture consisting of relatively tall and weedy vegetation, typical of older,
extensively managed lucerne pastures.

•

A bean field, containing little other vegetative cover. This crop is typically used as a greenfeed for sheep during late summer.

•

A dairy pasture (Chapter 2, Section 2.1).

A study site of approximately one hectare was selected within each field. To control for possible
boundary effects each field was bordered by post and wire fences. 10 artificial nests were placed in
each field and fitted with one dyed quail egg as in experiments 1 and 2. To simulate the locations of
real skylark nests they were placed randomly at least 30m from any edge and at least Sm from any
other nest. Nests were made and marked as previously described and placed in a clump of vegetation.
Vegetation parameters and nest visibility were measured at the start 0 f each trial as in experiments 1
and 2. Type of egg damage (hedgehog, avian, unidentified and trampled) and the date of egg loss were
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recorded daily. Two five-day trials were run with seven days between trials. Both trials were carried
out without egg replacement after predation events.

4.2.3

Statistical Analysis

Only nests which were trampled or which were predated by only a single predator were included in the
analysis of predator type.

Experiment 1
Data from both trials were pooled for analysis. Mann-Whitney V tests were used to compare predation
rates, as well as field vegetation characteristics and nest visibility between field types. Predation rates
between field types were compared at all distances from the boundary (am, 25m, 50m and 75m). To
test for the importance of field vegetation characteristics and nest visibility to predation, Spearman's
correlation coefficients were computed between the dependent variables total, hedgehog, avian and
unidentified predation and the independent field vegetation and nest visibility variables. When testing
for the effects of field vegetation characteristics on predation, nests located on the boundary (am)
where excluded from the analysis as vegetation characteristics on the boundary were very different
from the otherwise homogeneous vegetation in the study fields. Wilcoxon Signed Rank tests were
computed to test for differences in predation rates on the boundary (am) and within the centre of fields
(25m, 50m and 75m combined). To test for the effects of field type and distance from the boundary on
the timing of predation i.e., the time from the initial placement of eggs until predation occurred (days
to predations) Mann-Whitney V and Wilcoxon Signed Rank tests were computed.

Experiment 2
Data from both trials were pooled for analysis. When testing for the presence of learning behaviour,
Wilcoxon Signed Ranks tests were used to compare the number of predated eggs on day one with the
number of predated eggs on day 5. An increase in the number of predated eggs over this period could
be explained by the presence of learning behaviour in any of the predator types. Tests were carried out
for predation by all predators combined and for predation by individual predator type.

Experiment 3
Data from both trials were pooled for analysis except in the bean field, where only one trial could be
carried out because a large number of sheep was released into the field after trial one. Kruskal- Wallis
tests were used to test for differences in predation rates between field types. Tests were carried out for
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predation by all predators combined and for predation by individual predator types. Spearman's
correlation coefficients were computed to test for associations between the dependent variables total ,
hedgehog, avian and unidentified predation and the independent field vegetation and nest visibility
variables.

4.3

Results

4.3.1

Analysis of video recordings for predator identifications

Time-lapse VCRs operated for a total of 32 recording days during experiments 1 and 2 combined.
Fifteen nests where recorded when they were predated (46.9%). Australian magpies (n
total recorded predation events) and Australasian harriers (n

=

=

I; 6.7% of

1; 6.7% of total recorded predation

events) were confirmed as avian predators. Hedgehogs were the only mammalian predator recorded (n
=

13; 86.7% of total recorded predation events). There was an obvious difference in the timing of

predation between predator types, with all nest predation events by hedgehogs occurring between
22:02 and 03 :46, while the two recorded avian predation events occurred during daylight hours.
Examples of recorded images of the three identified predators are presented in Figs. 4.2 a-c.

The average predation rate of video monitored nests for experiments I and 2 combined was 46.9%
compared with 81.3% for nests, which were not video monitored.

Figures 4.2 a-c Hedgehog, Australasian harri er and Australian magpie predating artificial nests.

4.3.2

Experiment 1: Trials without egg replacement

When both trials were combined (n

=

240), 82.5% of nests were predated after four days. Predators

were identified at 81 .3% of predated nests (n

=

161). Of these 11.8% were predated by avian predators
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and 88.2% by hedgehogs (II = 141). Tota l egg loss, including trampled eggs and eggs predated by
' unidentified predators' was 86.7% (11 = 207) (Fig. 4.3).

~_...!:!!~~~59.2%

Unidentified 15.4%

Inlac\ 13.3%

Figure 4.3

Cau~cs

Trampled 4.2%

uf egg luss, as percentage total egg loss, experi ment I, trials 1 and 2 pooled.

Field vegeta tion va riables (Table 4 .2) and nest visibility did not differ significa ntly between fie lds
with different boundary ty pes. There were also no sig nificant correlatio ns betwecn total predation (all
predators combined) and the independent field vegetation va ri ables and nest visibili ty. The same held
true when correlations between predation by individual predator type and the independent variables
were co mputed.

Table 4.2 Field vegetatio n charaClcri st ics in experiment 1, data pooled for both trials and all fields.

Mean bare ground

M ean lucerne cover

M ean lucerne

Mean weed cover

Mean nest vis ibil ity

(%)

(%)

height (em)

(%)

(%)

83.42

15.75

8 .68

0.90

91.94

E ffects of boundary type and distance from boundary on pl'edation

Total predation four days after the start of th e trials was slightl y higher in field s wit h sheherbeh
boundaries (89.17%) than in those wit h p&w boundaries (77.50%). However, the difference was not
stat istically significant. Predation by hedge hogs was lower in sheherbelt fields (54.17%) than in p&w
fields (64.17%). Again, this difference was not statistica lly significant. The opposite trend applied to
predation by avian and unidentified predators w hich were responsible for predating 10.83% and
16.67% of all eggs in shelterbeh fields and 4.17% and 8.33% in p&w fields respectively. The
difference in avian predation between bo undary types approached statist ical sign ificance (P = 0.065).
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In p&w fields predation by hedgehogs was significantly higher on the boundary (Om) (96.67%) than in
the centre of the fields (25m, 50m and 75m combined) (71.11 %) (P = 0.041). The difference was not
significant in shelterbelt fields.

Timing of predation events
Total predation for both field types combined occurred earlier on the boundary (Om) (1.46 days after
the start of the experiment) than at 25m (1.92 days after start of the experiment), 50m (2.08 days after
start of the experiment) and 75 m (2.16 days after start of the experiment). The difference was
statistically significant between 0 and 75m (P = 0.018) and approached statistical significance between

o and 50m (P =0.070). When analysis was split between field types the trend persisted. Predation
occurred earlier on the boundary than at the various distances from the boundary in both p&w and
shelterbelt fields.

Separate analysis for predation by hedgehogs again only confirmed the trend of early predation on the
boundary and later predation within the field (Fig. 4.4).
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Figure 4.4 Timing of egg predation by hedgehogs in relation to distance from boundary and field type; data
pooled for trials 1 and 2. Different lettering above pairs of bars indicates significant (P < 0.05) differences.

When data were combined for both field types, predation by hedgehogs occurred significantly earlier
on the boundary than at 25m (P

= 0.046), 50 (P = 0.040) and 75m (P = 0.005). This difference in the

timing of predation by hedgehogs between distances from the boundary was more m~rked for p&w
fields when compared with shelterbelt fields.
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Experiment 2: Leurning Behaviour

T he difference between total egg predation on day 1 (20.42%) and day 5 (70.R3%) was hig hl y
significant (P < 0.001) when data for both field types and all dista nces from the boundary were
pooled. T he effect was present consistently at every distance from the boundary: Om (P = 0.007), 25 m
(P = 0.002), 50m (I' = 0.003) a nd 75m (P = 0.005). When analysed separately for each fi eld type these

diJIerences in total predation betwee n day 1 and day 5 were also highly signif ican t (P < 0.001) for
fields w ith both types of boundaries (shelterbelt a nd p&w). Further ana lysis was carried out on the
basis of predator type (Fig. 4.5).
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Figure 4.5 Compariso n of predalion rales accord ing to predalor types bClwecn day 1 and day 5. Differenl
lelte rin g above pairs of bars indi cates sign ifi ca nt (P < 0.05) differences w ith in dates between di sta nces.

Data pooled ror both trials and [ield types.
The difference between total egg predation by hedgehogs

011

day 1 (7.50%) and day 5 (39. 17%) was

highly significa nt (P < 0.001) when data [or both field types and all dista nces from the boundary were
pooled a nd when ana lysed separately for each field type: shelterbelt (P

=0.002) and p&w (P =0.001).

When data for both fi eld Iypes were pooled , hedgehogs predation al 25, 50 and 75 m [rom the
bounda ry was significantl y hi gher at day 5 Ihan al day] (1) = 0.011), (P = 0.007) and (P = 0.009)
respectively . Predation by hedgehogs o n the boundary was not significa ntly different between days
(Fig. 4.6). However, when data were analysed [or each of the boundary types separatel y, there were no
significant differe nces between predation on days 1 and 5 at individual distances from the boundary in
shelterbelt fields. In p&w fields, eggs on the boundary were predated significantly earl ier than at 25 (P
< 0.041) and 50m (P < 0.024). The difference app roached significance at 75m (P < 0.066).
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Fi2ure 4.6 Predation of artificial nests by hedgehogs al day] and day 5 at various dista nces from the
boundary. Different lelteri ng above pairs of bars indicates signi fi cant (P < 0.05) differences with in dales
between distan ces. Data poo led for bo th trial s and fie ld types.

The difference betwee n total egg predat ion by avian predators on day J (J.25 %) and day 5 (3.33%)
was not significant when data for both fi eld types and a ll distances from the boundary where pooled
and w hen anal ysed separately for each fi eld type. Similarl y, no significa nt dif ferences bet wee n av ian

predat ion on da y 1 and da y 5 became appare nt w hen data were analysed separately for the fo ur
distances from the boundary when data were pooled for both field types or when analysed separately
by field type.

T he difference between total egg predation by unidentified predators o n day 1 (11.67%) and day 5
(28.33%) was highl y significant (P < 0.001) whe n data for both fi eld types and all dis ta nces from the
boundary where pooled and whe n ana lysed separately for each fi eld type: shelterbelt (P = 0.007) and
p&w (P = 0.008). Predation by unidentified predators o n the boundary was significantly higher on day
5 but there were no sign ifica nt di fferences at other dis tances from the boundary. T he res ult was similar
w hen data for both field types were poo led (P = 0.004) a nd whe n anal ysed separately by field type:
s helterbelt (P

=0.042) a nd p&w (P =0.034).

so

4.3.3

Experiment)

Average percent predation for a ll vegetation types and trials pooled were: 24.29% hedgehogs, 4.29%
avian , 3.57% unidentifjed and th e trampling rate was 13.57%.

Effect of field vegetation type on predation rates
Predation rates differed significantly between field types (P = 0.015) (Fig. 4.7).
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Figure 4.7 Percentage egg loss for four habitat types (both trials pooled except for beans: one trial onl y).
Ca uses of egg loss tlre listen in th e box.

Vegetation structure in relation to egg predation
AJI fi eld vegetation characteristics and nest visibility differed signirica ntl y hetween field lypes: crop

cover (%) (P

=0.016), weed cover (%) (P = 0.005), bare ground (%) (P =0 .007), vegetati on height (P

= 0.006) and nest visibility (%) (P = 0.034). Field vegeta tion characteristics and nest visibility are

s ummarized by field type in Table 4.3.

Total predation was highly significantl y positively correlated wi th bare ground (%) (P = 0.004) and
significantl y negatively correlated wi th crop cover (%) (P = 0.030). The negative correlation with
vcgetation height (P = 0.006) was also statisticall y significant. Predation by hedgehogs was highly
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significantly negatively correlated with vegetation height (P

=0.006) and the positive correlation with

bare ground (%) approached significance (P = 0.059). Similarly, predation by avian predators was
significantly negatively correlated with vegetation height (P = 0.020) and the positive correlation with

=0.060). There was also a significant positive correlation
between predation by unidentified predators and bare ground (P =0.008). There were no significant

bare ground (%) approached significance (P

correlations between nest visibility and total predation or with predation by individual predator types.

Table 4.3 Field vegetation characteristics in experiment 3: data pooled for both trials.
Field Type

Mean bare
ground (%)

Mean lucerne
cover (%)

Mean height
vegetation (cm)

Mean weed
cover (%)

Mean nest
visibility (%)

New lucerne
Old lucerne
Bean
Dairy pasture

85.5
69.5
89.0
13.2

13.5
19.5
10.0
86.5

5.7
17.3
12.0
11.5

1.0
10.0
1.0
0.0

96.95
78.3
96.5
97.5

4.4

Discussion

4.4.1

Predator identification by inference from eggshell remains

During these experiments, the examination of eggshell remains enabled identification of egg predators.
However, a number of factors may make the identification of predators from nest remains unreliabl e,
including interspecific overlap between predators, intra-specific variation in patterns of nest
destruction, multi-predator visits, partial nest predation and unexpected predators (e.g., Major 1991;
Lariviere 1999). Intraspecific predator-species overlap in signs left at the nest, for example, has been
demonstrated in a number of studies (e.g., Marini & Melo 1998; Pietz & Granfors 2000). This is
especially important in studies where a great range of predators is involved in predation events. The
use of nest remains alone for predator identification may not be sufficient, especially if
video/photographic recordings do not support this (Pietz & Granfors 2000).

In this study, predation events recorded on video where eggshell remains were left at the nest provided
a good reference for further predator identification. However, in the case of avian predators, it was
possible to classify predators confidently only broadly as belonging to a large group. In this study, in
only about 15% of predation events could the predator responsible not be identified. Based on video
evidence, avian predators tended to fly off with an egg whereas hedgehogs removed eggs only to a
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small distance from the nest and sometimes did not remove them. This may have led to a biased
assessment of predation in favour of those predators, which leave remains at the nest.

In the current study the presence of video equipment near nests may have deterred some predators
leading to lower average predation rate on video monitored nests compared with that on other nests.
This would support findings by Pietz and Granfors (2000) and Brown et al. (1998) who found that
video cameras near artificial nests did not increase nest predation rates. Nevertheless, the use of
wireless video monitoring of bird nests would be ideal as this would further minimize any nest
disturbance by observers and possible impacts on predator behaviour (King et al. 2001).

4.4.2

Predators of ground nesting birds in farmland on the Canterbury Plains

In the current study, video evidence in conjunction with predator identification from signs left at the
nests clearly demonstrated the importance of hedgehogs as predators of ground nesting bi rds on
farmland in New Zealand. About two thirds of all predation events were due to hedgehogs in new
lucerne habitat (experiments 1 and 2), although hedgehog predation was less frequent in other habitats
studied (experiment 3). Delius (1965) found 85% skylark nests were predated in his study and that
hedgehogs and a corvid (Corvus carone) were principally responsible for this predation. This study
confirms that hedgehogs can be important predators of skylark nests. The importance of hedgehogs as
predators of other ground nesting species in New Zealand has been shown by Sanders and Maloney
(1997) who found that hedgehogs were responsible for predation of banded dotterel (Charadrius

bicinctus) nests in the Mackenzie Basin. Hedgehog gut analyses from animals in the Mackenzie Basin
showed that 15% consisted of bird and eggshell remains (Moss 1999), supporting similar findings
from Britain which showed that 16% of hedgehog guts had bird remains (Yalden 1976). Two other
Britis~

studies showed that hedgehogs predated eggs of ground nesting waders (Utterly, Manoghan &

Blackwood 1989; Jackson & Green 2000).

The population density of hedgehogs in New Zealand has been conservatively estimated at 5.5
individualslha (Berry 1999). Hedgehog home range estimates vary widely with most estimates
between 2 ha and 50 ha (Reeve 1994) and with estimates of between 1.4 and 8 ha (Moss 1999) and 6.5
ha for New Zealand hedgehogs (Berry 1999). The fact that they are generalist predators able to utilize
a wide variety of food types (Reynolds & Tapper 1996) and that they experience only little
competition from introduced rodents for food (Berry 1999) would have facilitated their wide
distribution and abundance. These factors may also explain why hedgehog densities appear to be

83

higher in New Zealand than in Europe (Reeve 1994). Hedgehogs can travel between about 0.5 and 2.3
km each night (Berry 1999), indicating that a few animals may have been responsible for the predation
by hedgehogs in experiments 1 and 2.

Predation by avian predators was limited in this study and ther e was no evidence of predation by
possums (Trichosuruus vulpecula), rodents, cats (Felis catus), or mustelids. Because ferret (Mustela

Juro) distribution in New Zealand appears to be limited to pastoral habitats (Lavers & Clapperton
1990) and as stoats (M. erminea) in New Zealand can be found in any habitat which supports their
prey (King 1990), it was surprising that these mustelids did not predate on artificial ground nests in the
present study. However, it is unlikely that mustelids were not observed to predate on artificial nests in
this study because of camera shyness. Mustelids have been caught on camera before while predating
birds' nests (e.g., Pietz & Granfors 2000). The present study, although based on limited data, suggests
that mustelids have little impact on the reproductive success of skylarks in New Zealand.

4.4.3

Timing of predation events

Hedgehogs are generally nocturnal (Reeve 1994) whereas the avian predators identified in this study
are active during daylight. All predation events by hedgehogs were recorded between 22:00 and 04:00
while predation by birds was recorded between 15:00 and 16:00. The peak in predation in this study
occurred during the night. These results support the findings of (Campbell 1973) who showed that
hedgehogs concentrate feeding activities between 2-3 hours after sunset and again 8-9 hours after
sunset with limited activity between these periods.

The timing of daily nest checks and of n est and egg placement can influence the timing of predation
events. For example, Baldi (2000) found that predation rates were significantly higher on artificial
nests placed during the day compared with those placed at night. That worker hypothesized that this
difference could be especially important in habitats where predators, which rely on visual clues, are
abundant. However, in the present study about 88% of predation events occurred at night indicating
that timing of nest checks during morning hours did not influence timing of predation events.

4.4.4

Effect of boundary type and distance from boundary on predation rates

The total predation rate in this study did not differ significantly between boundary types. However, the
trend that predation by avian predators was higher in fields bounded by shelterbelts approached
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significance. Shelterbelts may provide avian predators with high perches enabling them better to locate
nests in the vicinity of the boundary. An artificial nest study by Soderstrom, Part and Ryden (1998)
showed that predation risk was not significantly related to distance from forest edge but increased with
decreasing distance from the nearest tree. Different corvid species robbed nests at different distances
from the forest edge, illustrating the importance of predator type in influencing results in relation to
distance from a boundary. Also, Saracco and Collazo (1999) found that avian predators may exert
relatively high predation pressure along forest/farmland edges. Results from the present study suggest
that skylarks generally avoid tall field boundaries which seems to exhibit evolved predator avoidance
behaviour, especially in relation to avian predators.

This study found that hedgehogs predated nests located at the boundary of both boundary types earlier
than those inside the field. Hedgehog predation on p&w boundaries was also significantly higher than
in the centre of the p&w fields. Both findings confirm that searching of habitat edges is easier for nest
predators due to the abrupt vegetation change in these areas, which can facilitate the use of these areas
as natural corridors for movement (Andren 1995).

In spite of the above results, a number of studies using artificial nests did not find significant edge
effects on predation rates (e.g., Yahner & Wright 1985; Angelstam 1986; Berg 1996; Keyser, Hill &
Soehren 1997) while others have found strong effects (Andren & Angelstam 1988; Moller 1989).
There are many confounding factors which may explain the lack of consistency in the results of these
studies. They were carried out in different habitats using different methods and it is likely that a
different groups of predators were present in the various study areas.

4.4.5

Learning behaviour

Findings from the present study conflict with the conclusions drawn from a study by Angelstam
(1986), who found that predators of artificial ground nests did not appear to be able to relocate
individual nests. That worker considered predation of an individual nest as a random event. However,
findings from this study support those of Sonerud and Fjeld (1987), who showed that many predators
are capable of memorizing nest locations. Experiment 2 showed that hedgehogs and unidentified
predators could have learned the location of artificial nests and that they could have visited these
repeatedly. Cassini and Krebs (1994) showed that the addition of food in parts of the habitat of
hedgehogs rapidly and significantly changed their spatial utilization of the habitat. Individual animals
changed their spatial distribution in response to food addition and changed the shape and size of home
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ranges accordingly. Results from the present study also suggest that a large proportion of unidentified
predators could have been mammalian, as avian predators showed no signs of learning behaviour.

The experimental increase in food availability in the current study areas may have led to a functional
response by predators by inducing these to specialize in eggs as a food source. Alternatively, increased
nest density may have led to a numerical response by attracting more predatory individuals to the area,
or a combination of both of these responses in possible. Cassini and Krebs (1994) showed that
hedgehog density did not change in response to food addition because of mutual avoidance, which
imposed a limit on the number of animals simultaneously using areas with food supple mentation.
However, Cassini and Foger (1995) showed that an increase in hedgehog density was directly
proportional to the addition of food, in this case, earthworms. New Zealand studies have shown that
hedgehogs showed no signs of territoriality despite high popUlation densities and possibly strong
intraspecific competition (Berry 1999). Campbell (1973) showed that hedgehogs had greatly
overlapping individual ranges but found no signs of overt aggression be tween individuals. It is
therefore conceivable that food addition in this study attracted hedgehogs from nearby areas with a
resulting increase in predation rates. Skylark territory density in lucerne habitat is very high compared
with that in other farmland habitats in New Zealand, Britain and Europe (Chapter 2). Experiment 2
suggests that high skylark nest densities are likely to lead to increased predation pressure, especially
by hedgehogs, in lucerne pastures.

Markers placed near nest sites by researchers could have served as cues for predators to locate
artificial nests. Picozzi (1975) and Yahner and Wright (1985), for example, found that avian predators
developed a search image based on nest flagging which allowed them to locate nests. Cassini (1994)
showed that hedgehogs also learned to associate markers with the presence of food and that they
altered their searching behaviour in the presence of markers. It is therefore possible that high egg
predation rates recorded in this study may in part also have been related to the presence of markers
near the nests.

4.4.6

Effects of field type and vegetation parameters on predation

Rates of egg loss differed greatly (between 5% and 100%) between different field types in experiment
3, a result that was related to different vegetative cover in the field types. New lucerne habitat was
associated with the highest predation rate and it was also the habitat with the highest proportion of
bare ground. It afforded high nes t visibility and the vegetation was relatively short. This open
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vegetation structure would have improved access of ground dwelling predators such as hedgehogs. In
contrast, the predation rate in old lucerne was very low. This difference in predation rates could be
best explained by differences in field vegetation characteristics and nest visibility between these field
types. Vegetation in old lucerne was relatively high, there was less bare ground and nest visibility was
lower.

Previous studies have shown that natural and artificial nests are less likely to be predated if situated in
habitats with greater vegetative structural complexity, which affords better concealment (e.g.,
Bowman & Harris 1980; Yahner & Wright 1985; Farnsworth & Simons 1999; Rangen, Clark &
Hobson 1999; Weidinger 2001a). Howard, Skagen and Kennedy (2001) found that daily mortality
rates in artificial nests decreased significantly with increasing vegetation height. However, other
studies (e.g., Heske et al. 1999; Tittler & Hannon 2000) found that vegetation factors had low
predictive power when analysing differences in rates of predation of artificial nests. Differing results
from these studies may be related to a number of factors, for example, to differences in predator types
present in the study area and to differences in surrounding landscapes. The effect of landscape
composition and configuration on a larger scale, surrounding study sites, can play an important role in
influencing predation rates on artificial ground nests. For example, predators have different sized
home ranges and habitat affinities and therefore respond in different ways to the landscape (Bergin et
al. 2000; Dijak & Thompson 2000). Interestingly, Bergin et al. (2000) found that wooded habitats
were associated with the greatest nest predation, whereas herbaceous habitats, with the exception of
lucerne, were associated with less predation or were not important.

In the present study, total predation or predation by individual predator type was not significantly
correlated with nest visibility. Hedgehogs were responsible for the most nest predation, which may
explain this finding. Hedgehogs depend largely on olfactory cues (Reeve 1994; Bayne & Hobson
1997) and may locate prey despite its good visual concealment. Angelstam (1986) suggested that
predation rates in patchy environments are affected primarily by the vegetation structure in the area
surrounding the nest rather than actual nest site characteristics and Bowman and Harris (1980) also
concluded that the degree of nest cover was less important than surrounding habitat heterogeneity in
preventing predation. This study supports these findings.
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4.4.7

A brief review of some limitations of artificial nest studies

Limitation of studies using artificial nests to make inferences, for example, about the role of predation
on natural nests have been reviewed in a number of papers (e.g., Major & Kendal 1996; Ortega et al.
1998; Weidinger 2001a; Zanette 2002). The key problem is that the appearance of experimental setups often does not adequately model the natural systems they are designed to imitate.

Some specific problems associated with artificial nest studies include:

Use of artificial eggs for predator identification: Bayne and Hobson (1999) showed that artificial nests
with clay eggs had a higher cumulative predation rate than those with quail eggs. Rangen, C lark and
Hobson (2000) also showed that artificial wicker nests containing plasticine eggs were predated more
often than were nests which contained only quail and finch eggs.

Egg type and size: The use of relatively large quail eggs may be biased against smaller predators,
such as mice, as these may be unable to break large, thick -shelled eggs (Bayne & Hobson 1999; Maier
& DeGraaf 2000; Maier & Degraaf 2001; Newton & Heske 2001).

Egg colour: Egg crypsis in open nesters may be important in influencing predation rates. Egg colour
may also affect predation rates. For example, Weidinger (2001b) showed that nest predation was lower
in artificial nests baited with brown than with whiter eggs in a study simulating yellowhammer nests.
Nest type - Artificial grass nests are better suited for artificial nest studies than commonly used wicker
nests. A study by Davison and Bollinger (2000) showed that nest predation patterns on woven grass
nests corresponded much more closely to those in real passerine nests than to those in wicker nests.
Natural nests may be less susceptible to predation at certain times, for example, because of parental
defence. Komdeur and Kats (1999) confirmed this hypothesis in a study on Seychelles warblers

(Acrocephalus sechellensis), which showed that the egg loss rate from unattended nests was
significantly higher than from those guarded by parent birds. King et al. (1999) compared predation
rates between artificial nests using house sparrow eggs and natural nests. They found that predation
rates of artificial nests were significantly higher, taking into account relationships between nest and
nest concealment and concluded that this difference rna y be related to the lack of parental defence in
artificial nests. On the other hand natural nests may be more susceptible to predation because of, for
example, chick begging behaviour. Leech and Leonard (1997), in a study using artificial nests, showed
that predators may use nestling begging calls to locate nests.
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Observer disturbance: Evidence for the importance of observer disturbance in artificial nest
experiments is contrary. For example, Donalty and Henke (2001) argued that attempts to mask scent
trails may be ineffective, leading to artificially high predation rates in comparison with natural nests.
He showed that predators using olfactory cues could locate nests despite attempts to conceal scent
trails (human scent masked by dog scent or by a neutralizing agent). On the other hand Skagen,
Stanley and Dillon (1999) found no evidence that human scent influenced predation rates in an
experiment conduced in short grass prairie where mammalian predators pre dominated and avian
predators were rare. Here, human scent trails along travel routes between artificial nests were masked
with cow manure and those, which were not masked.

When conducting artificial nest experiments it is important to mimic natural nests and eggs as closely
as possible and to be aware of the limitations of such studies and to interpret results in the light of
these. The importance of testing the assumption underlying the use of studies using artificial nests
must be emphasized and conclusions drawn from such experiments should be best regarded as
potentially limited. However, while artificial nests are not perfect substitutes for natural nests, their
employment can be useful in generating hypotheses about causes of nest failure and for identifying
predator assemblages and changes therein (Miller & Hobbs 2000).

The present study accounted for potential limitations as far possible. The smallest commercially
available eggs quail eggs were used and these were dyed to resemble skylark eggs more closely. I used
grass nests, which closely resembled natural skylark nests. I minimized observer disturbance in a
number of ways including the use of rubber gloves when handling nests and eggs, rubber boots when
walking in the experimental area and different approaches to the nest on each visit.

Artificial nest studies cannot be used to obtain a measure of actual predation rates on natural nests.
However, results from such studies can still be useful for detecting trends in predation ra tes. Wilson,
Brittingham and Goodrich (1998), for example, found that trends in predation of real, active wood
thrush (Hylocichla mustelina) nests in various habitats compared well with artificial nests, designed to
mimic wood thrush nests. In the present study, predation rates recorded during experiments 1 and 2
compared well with those found for natural skylark nest in the same habitat (Chapter 3), indicating
that inference with regards to the impact of predation on skylarks could be made with some confidence
from these experiments.
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Chapter 5 Skylark habitat utilization and densities during winter
5.1

Introduction

This chapter presents results from two studies into skylark habitat associations, conducted during the
winters of 1998 and 1999. Skylark densities were measured in and compared between various field
types, typical for the lowland farmland area of the Canterbury Plains, New Zealand and related to a
range of potential explanatory variables.

In New Zealand large numbers of wintering skylarks occur on farmland, which they also occupy
during summer (Thomsen, Wratten & Frampton 2001). Skylarks in New Zealand often loosely
maintain territories during the winter (Heather & Robertson 1996). This contrasts with Britain where
skylarks often flock closely together when feeding during winter (Green 1978; Green 1980). In Britain
most skylarks occur on lowland farmland as well as in coastal habitat during the winter with the
highest densities found in saltmarsh areas (Lack 1986; Gillings 2001).

The current work was carried out because of mounting evidence that some of the factors which have
been instrumental in bringing about the decline in skylark populations in Britain and Western Europe
operate outside the skylark breeding season (e.g., Robinson & Sutherland 1997; Chamberlain & Crick
1999; Robinson & Sutherland 1999; Donald & Vickery 2000; Donald et al. 2001; Robinson 2001).
Chamberlain and Crick (1999) found that productivity at the scale of the individual skylark nest did
not decline during the period of popUlation decline and concluded that declines were likely to be due
to fewer nesting attempts per breeding season or to increased winter mortality.

Food supplies can be low during winter (Draycott et al. 1997) and many granivorous birds have
especially high mortality during this time (e.g., Crick, Donald & Greenwood 1991; Newton 1998).
Donald et al. (2001) and Robinson (2001), suggested that declining winter food supplies, especially
through the loss of winter cereal stubble fields, played an important role in the decline of skylark
populations. In a British study, skylark density was positively correlated with soil seed density but it is
possible that soil seed density has declined by two orders of magnitude since the beginning of the 20 th
century (Robinson & Sutherland 1997). Consequently skylarks may now have to spend much more
time foraging.
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This large decline in the availability of seeds to granivorous farmland birds is strongly linked to the
decline in the availability of cereal stubble field during the winter. The availability of stubble fields in
modern agricultural areas in Britain has declined greatly due to the shift from autumn to spring tillage
and to the loss of undersowing (e.g., O'Connor & Shrubb 1986; Shrubb 1997; Donald et al. 2001). The
loss of stubble fields is likely to be closely correlated with the strong decline of spring cereals over the
last three decades (Donald et ai. 2001). Declining amounts of grain spilt during harvesting (Shrubb
1997) as well as improvements in seed cleaning and increased herbicide use have led to further
reductions in the quantity of many arable weed seeds available to granivorous farmland birds (Jones,
Burn & Clarke 1997; Donald et al. 1998).

The importance of cereal stubble fields to wintering skylarks in Britain and Europe is undisputed (e.g.,
Donald & Evans 1994; Evans & Smith 1994; Bauer & Ranftl1996; Wilson, Taylor & Muirhead 1996;
Robinson & Sutherland 1997; Robinson & Sutherland 1999; Donald et ai. 2001; Gillings 2001). A
number of studies found that skylarks fed mainly on cereal grain from stubbles and recent sowing,
where available, although other food items were also taken even where grain availability was high
(Green 1978; Green 1980; Robinson & Sutherland 1997; Donald et ai. 2001). A conservation success,
where grain-rich, weedy cereal stubble fields were provided through agricultural subsidies in Britain
led to a rapid increase in populations of the cirl bunting. This provided further evidence of the
importance of food-rich cereal stubble to wintering granivorous birds (Evans 1997).

Reduced winter food availability could lead to reductions in annual survival rates and therefore to
population declines. Peach, Siriwardena and Gregory (1999) showed that population declines of the
reed bunting Emberiza schoeniclus could be explained almost completely by a decline in wintering
survival. The decline of the dickcissel Spiza americana has also been attributed to reduced seed
availability during winter and consequent reduction of over-winter survival rates (Fretwell 1986).
However, productivity could also be reduced through poor adult breeding bird body condition at the
start of the breeding season.

Habitat use is likely to be determined primarily by the distribution of food but other factors such as
predator avoidance (Robinson & Sutherland 1997), field size and field boundary characteristics also
impact on habitat use (e.g, Wilson, Taylor & Muirhead 1996; Donald et al. 2001; Gillings 2001;
Thomsen, Wratten & Frampton 2001).
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5.1.1

Aims and objectives

This study aimed at identifying the major factors determining winter habitat utilization of skylarks in
relation to habitat features and food availability and to interpret these findings in the light of similar
studies from Britain and Europe. The following sections describe findings from two separate studies, a
survey of skylark farmland habitat associations during the winter of 1998 and a more det ailed study of
these associations during the winter of 1999.

5.2

Methods

5.2.1

Survey of skylark winter densities and habitat associations in winter 1998

Study area
In 1998 a survey was carried out in July, on seven conventional and two organic farms. On the latte r
the use of synthetic fertilizers, pesticides, growth regulators and feed additives are avoided (Kral
1984). To include farms representative of the region, seven conventional farms were selected by
assigning random numbers to intersections of map grids (New Zealand Map Series L36, L37, M36 and
M37, 1:50,000). Using a farm location map the farmers nearest to the randomly selected map grid
intersections were approached and permission was requested to enter their land to carry out the study.
There are very few organic farms in Canterbury and consequently the two organic farms were
randomly selected from a list of all organic farms in the area by assigning random numbers to them.

On each farm restricted random sampling was used to select a su bset of fields, so that the fields within
each farm were not contiguous. In this way the possibility of re -counting birds in adjacent fields was
minimised. During 1998 a total of 85 fields was surveyed. There were 17 organic fields, ten of which
were ryegrass pastures and seven of which were recently cultivated fields. Most farms included a
mixture of crops and pastures. In 1998 each study field was visited on a single occasion during the
morning.

Seven field types were surveyed in 1998:

•

Winter wheat*: the main cash crop in the arable farming district of the Canterbury Plains
(McKellor 1978).

•

Recently cultivated fields - conventionally farmed.

•

Recently cultivated fields - organically farmed.
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•

Extensively managed ryegrass pasture used for grazing by stock, primarily sheep. *

•

Organically managed mixed grass pasture.

•

Dairy pasture: intensively managed ryegrass/clover pasture used for grazing by dairy cattle
and usually heavily irrigated and fertilized (AgReseach 1995). *

•

Lucerne pasture. *

* See Chapter 2, Section 2.2.1 for a more detailed description of these habitats
The 1998 survey included fields of very different sizes and they differed strongly in their boundary
characteristics, enabling the effects of these variables on sky lark density to be assessed. However, the
usefulness of the survey with regards to establishing habitat preferences of skylarks during winter was
limited as it was not conducted over the whole winter period.

5.2.2

Skylark winter densities and habitat associations during the winter of 1999

In 1999 a more in-depth study was carried out, which measured skylark densities in a wide range of
habitats throughout the winter from May to August. Farms from the 1998 survey were included but in
1999 additional fields were selected. Nine field categories typical for the Canterbury Plains were
included. As stubble fields are rarely left over winter on the Canterbury Plains, only three stubble
fields could be included in the study. Table 5.1 summarizes field types included in the 1999 study by
month and gives the number of fields (n) within each category.

Table 5.1 Field categories and number of fields within each category (n) per month, which were included
in the study.
Number of fields (n)
Field Type

May

June

July

August.

Winter wheat (conventional)
Recently cultivated (conventional)
Extensively managed pasture
Organic pasture
Dairy pasture (intensive)
Lucerne pasture
Cereal stubble (conventional)
Green-feed oats (conventional)
Green-feed oats - stubble (conventional)

7

7

1

1

na

8
9
3
8
na

na
8
8
9
3
8
na

47

44

8
0
8
8
8
9
2
5
3
51

8
1
8
8
8
9
1
5
3
51

7

Previous studies have shown that field size and boundary characteristics are important determinants of
skylark distribution and densities during winter (e.g., Donald et al. 2001; Thomsen, Wratten &
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Frampton 2001). For this reason, field size and boundary characteristics were controlled for as far as
possible by selecting fields of similar size with similar boundary characteristics.

5.2.3

Estimation of skylark density

Skylark densities during both winter seasons were assessed by use of a transect counting method based
on the work of Bibby and Burgess (1992). In each field a starting point was selected mid-way along a
field boundary. From the mid-way point the observer made a complete traverse of each field at a
steady, slow pace of about two kmlh. Transect lengths were established from farm maps. All skylarks
observed within an estimated 35m strip either side of the transect line were counted. The direction
flown by flushed birds was noted to avoid repeat counts. Counts were made of the total number of
birds per transect and densities (skylarkslha) were calculated for each field.

Temperature at 5 cm above ground and wind speed was measured directly before the start of each
transect count. Wind speed (miles per hour) was measured for 30 seconds at approximately 2m above
ground using a handheld anemometer. The highest reading during the 30 seconds was recorded.
Counts were carried out by a single skilled observer only in dry conditions and with wind speeds
below fifteen miles per hour because count-accuracy is likely to decrease under rainy or very windy
conditions and bird activity may be reduced (Bibby, Burgess & Hill 1992). All transect counts were
made during morning hours and, where possible, counts were made only in the absence of stock.

'Flusbability' test
The assumption that all birds within a 70m transect, i.e., 35m each side, could be flushed by a single
observer, irrespective of vegetation type or vegetation height, was tested and confirmed prior to
commencing the survey in 1998. A single observer counted all skylarks within an estimated 70m
transect in 12 fields including all field types. The single observer was followed at a distance of
approximately 50m by three further trained observers who were evenly spaced across the 70m wide
transect and who counted all skylarks flushed by observer 1 and any others which may have been
missed by that observer.
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5.2.4

Habitat recording

Field boundaries
Three boundary types were recognised in both 1998 and in 1999:
1. Post and wire fence.

2. Hedges less than 2m high.
3. Shelterbelts (vegetation higher than 2m high). *

* See Chapter 2, Section 2.2.2 for a more detailed description of these boundary types.
Boundary measurements were summarised as percentages of a field's boundary length attributed to
each boundary type.

Percentage bare ground, percentage dicotyledonous cover and percentage grass cover were estima ted
to the nearest 5% in ten randomly chosen O.25m 2 quadrats in each field at the time of skylark transect
counts. A 10-m strip along field boundaries was excluded from vegetation measurements to minimise
edge effects. Vegetation height was estimated in each quadrat to the nearest 5 cm by taking the
average of three height measurements. Values for each field were pooled to give a single figure
representing each characteristic for the field.

5.2.5

Food availability

The importance of food resources available to birds in various habitats can be assessed in a number of
ways. Food availability can be measured directly by measuring food abundance, or feeding birds can
be directly observed or dietary analysis (gut or faecal samples) can be undertaken to determine the
relative importance of various food types. Ideally a combination of these three methods would be
undertaken to determine the relative importance of various types of food to birds. In this study it
proved virtually impossible to obtain useful diet data for skylarks. Direct observations of foraging
skylarks were often not possible because dense or high vegetation present in many habitats concealed
the birds. Faecal samples were collected during 1999 from areas in the study fields where skylarks had
been observed feeding. However, analysis of these was eventually abandoned, as it proved too
difficult to determine with certainty whether the samples collected were actually from skylarks or from
other small passerines, which were also commonly feeding in the study area. Consequently, soil
samples were taken from the 1999 study fields to establish the seed content in the soil for the various
field types. These data would serve as an important indicator of food availability to skylarks.
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Problems associated with estimating the size of the seed bank in cultivated soils are widely discussed
in the literature (Barralis, Chadoeuf & Gouet 1986; Zanin, Berti & Zuin 1989; Gross 1990; Ambrosio,
Dorado & Del Monte 1997). For example, results are influenced by the methods of soil collection and
seed extraction and by the timing of sampling (Gross 1990). Sample size (n) depends on the pattern of
seed distribution in the soil and as this tends to be extremely heterogeneous (Zanin, Berti & Zuin
1989). The latter author suggested that n should be greater than 200 to be able to obtain an estimate
with an error of between 10% and 20%. Similarly Barralis, Chadoeuf and Gouet, (1986) suggested n

=

100 for abundant species to achieve an error of less than 20%. Ambrosio, Dorado and Del Monte
(1997) in contrast concluded that an average of 25 samples per area was necessary to obtain an
acceptably accurate estimate of soil seed density. However, seed-extraction from the soil is very time
consuming and it was impracticable to include a great soil seed sample size in this study. For this
reason five soil samples were collected within each field at the start of skylark counts from 5 randomly
chosen location within each study field. Approximately the top 3 cm of soil were collected from
within 0.25m2 quadrats, using a flat hand trowel.

Soil samples were dried for a minimum of 24 hours at 60°C to prevent seed germination and to allow
calculation of soil seed density (seeds per gram of dry soil). Seeds were separated from the soil using a
flotation procedure based on the work of Tsuyuzaki (1994). Dried soil samples were weighed and
thoroughly mixed by overnight mechanical shaking with a K 2C0 3 salt solution (6.28M). Dispersed soil
samples were centrifuged (>3400g) for 11 minutes. Seeds and light organic matter were removed from
the supernatant by filtration through Ii. fine mesh sieve (250ft) and washed thoroughly. Seeds were
transferred to Petri dishes to dry. Dry seeds were counted using a binocular microscope (x20) to
estimate seed density. Seeds smaller than one mm in length were not included in the analysis, since
previous work had shown that such seeds are too small to represent an important food sourc e for
skylarks (Green 1978).

5.2.6

Statistical analysis

'FlushabiIity' test
Skylark counts made by the single observer in the 12 fields were compared with counts made by the
group of observers following, using a paired sample t -test.
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1998 data analysis
In the first step of the data analysis for the 1998 survey, non-parametric statistics were used to
individually relate potential predictor variables with skylark density. This was deemed most
appropriate because skylark density data and data points within the explanatory variables were not
normally distributed. First, a Mann-Whitney V-test was used to examine differences in skylark
densities between organically and conventionally farmed fields. Organic farms were represented only
by two field types: recently cultivated and ryegrass pastures. The Kruskal-Wallis analysis of variance
test (KW test) was used for testing differences in skylark density and predictor variables between field
types. Spearman's coefficient of rank correlation was used to tes t for associations between the
dependent variable 'skylark density' and the predictor variables across all fields.

Predictor variables, which showed evidence of a relationship with skylark density, were combined in a
univariate General Linear Model (GLM) in an attempt to evaluate the independent contribution of
each explanatory variable to skylark density. Density was log

(n)

transformed prior to this analysis and

the normal distribution of the residuals was graphically verified.

1999 analysis
Larger sample sizes during 1999 allowed for a parametric approach to the univariate statistical
analysis. The analysis of the 1999 data set was split into two key parts.

Skylark field occupancy
In the first part of the analysis univariate statistics were used to determine differences in skylark
occupancy between fields (i.e. a field was either occupied or it was not) and to individually relate
potential predictor variables with skylark occupancy. Preliminary analysis involved a chi- square test to
establish whether there were significant differences in field occupancy rates between months to
establish whether data for all four months could be pooled for subsequent analysis. 'Month' could
potentially influence occupancy because many variables, which describe field characteristics, can
change within the course of a month, such as vegetation height and ground cover, all of which might
influence skylark occupancy.

A chi-square test was also used to establish whether there were significant differences in rates of
occupancy between the field types. A t-test was used to determine if there were significant differences
in potential predictors of occupancy between occupied and unoccupied fields.
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Explanatory variables, which differed significantly between fields in which skylarks were encountered
and those, which were not occupied, were then entered into a logistic regression model to establish,
which variables would independently explain differences in rates of skylark occupancy between field
types.

Skylark density
The purpose of the second part of the analysis was to determine whether there were significant
differences in skylark densities between fields and how such differences could be explained. Only
those fields, which were occupied were included in this part of the analysis. Skylark density was log

(n)

transformed prior to analysis to meet the assumption of a normal distribution. Normal distribution of
skylark density data was graphically verified.

In the preliminary analysis ANOVA was used to establish whether there were any significant
differences in overall skylark densities between months to establish whether data could be pooled for
all months for subsequent analysis. ANOVA was then used to test for differences in skylark densities
and in explanatory variables between field types. The third step of the analysis involved the
calculation of Pearson's correlations between the dependent variable skylark density and the other
explanatory variables.

In the final analysis those explanatory variables which were significantly associated with skylark
density and the explanatory variable field type were entered into a minimal adequate GLM to
establish, which of these explanatory variables would independently predict differences in skylark
densities between fields.

5.3

Results

5.3.1

'Flushability' test

The difference in skylark counts between the single observer and the group of three observers
following at a 50m distance was not significant (t = -1.483; df =11; P

=0.166), confirming that the

assumption that a single observer would be able to count all skylarks present in the 75m wide transects
held true. The average underestimate made by a single observer was approximately 4%.
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5.3.2

Skylark densities during winter 1998

Table 5.2 summarizes field vegetation and field boundary characteristics by field type. The total study
area was 620 ha.

Differences in skylark densities between organic and conventional fields
Overall, differences in skylark densities between organic and conventional fields (all field types
combined) were not statistically significant (df =1; P

=0.144) (KW test). Skylark densities in organic

ryegrass fields were compared with those in extensively managed ryegrass. The difference was also
not statistically significant (df = 1; P

=0.148) (KW test). Similarly, skylark densities between organic

and conventional recently cultivated fields were not statistically different (df = 1; P = 0.805) (KW
test). Consequently, data from organic ryegrass fields and conventional, extensively managed ryegrass
and from organic and conventional recently cultivated fields were pooled for further analysis.
Table 5.2 Summary statistics of study fields by field type. 85 fields were studied. Boundary category 1 =post and
wire fence; boundary category 2 =vegetation less than 2 m high; boundary category 3 = vegetation higher than 2 m.
Field type

N

Median
skylark
density
(ha)

Median
field
size
(ha)

Median
veg.
height
(cm)

Median
bare
ground
(%)

Median
broadleaf
cover (%)

Median
grass
cover
(%)

Median
boundary
1 (%)

Median
boundary
2(%)

Median
boundary
3 (%)

Winter wheat

8

2.50

8.85

6.35

96.63

2.50

4.00

72.50

0.00

23.00

Recently
cultivated

7

1.00

11.33

0.80

97.50

2.25

2.25

65.00

0.00

34.00

Extensively
managed
pasture

35

6.50

6.00

6.20

34.00

6.00

48.00

61.00

0.00

25.00

Dairy pasture

8

4.00

9.50

8.10

36.25

9.50

59.00

79.50

2.50

14.00

Lucerne

10

7.50

6.50

3.08

66.25

27.25

2.00

74.00

0.00

21.00

Drg. pasture

10

1.50

3.72

4.25

64.50

8.75

30.50

64.50

0.00

20.50

Drg, recently
cultivated

7

2.00

4.00

1.10

99.50

2.50

2.50

62.00

0.00

10.50

Differences in skylark densities and in field vegetation characteristics between field types
There was no significant difference in median bird densities between field types (chi-square
df = 4, P

=4.231;

= 0.376). There were significant differences in vegetation height (cm) between field types

=48.496; df =4, P < 0.001),
broadleaf cover (%) (chi-square =37.774; df =4, P < 0.001) and grass cover (%) (chi-square =
(chi-square

=41.192; df =4, P

< 0.001), bare ground (% ) (chi-square
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53.437; df =4, P < 0.001). Differences between other explanatory habitat variables were not
significant.

Correlations between explanatory variables and skylark density
There was a positive, significant correlation between skylark density and field size (Spearman's
coefficient = 0.441; P < 0.001). The correlation between skylark density and percentage boundary
classes 1 and 3 approached statistical significance (Spearman's coefficient

=0.208; P =0.056) and

(Spearman's coefficient = - 0.200; P = 0.066) respectively. Densities were lower in fields, surrounded
by a higher percentage of tall vegetation. Percentage boundary classes 1 and 3 were strongly
correlated with each other (Spearman's coefficient = - 0.649; P < 0.001). There were no significant
correlations between skylark density and the habitat variables boundary class 2 (%), vegetation height
(cm), broadleaf cover (%), grass cover (%), and bare ground (%).

General linear modelling
The explanatory variables field size (ha) and boundary category 1 (%) were fitted in a minimal
adequate GLM to determine their relative importance in influencing skylark densities.

Bec~use

percentage boundary categories 1 and 3 were highly significantly correlated, only boundary category 1
was included in the model as the correlation with skylark density was strongest for this variable.
Skylark density was log (n) transformed prior to analysis. Differences in skylark densities between
fields were best explained by field size (F =15.012; df = 1, 82; P < 0.001). The influence of
percentage boundary category 1 on skylark density approached statistical significance (F = 3.208; df =
1,82; P

=0.077). The model was able to explain 17.7% of the observed variation in skylark densities,

indicating a large remaining amount of unexplained variation. Residuals from minimal adequate
models were plotted, which confirmed that the assumptions of normality underlying parametric
analysis were met (Appendix 1a).

When field type was fitted in a separate model together with field size and percentage boundary
category 1 it confirmed that field type could not significantly explain differences in skylark densities
between fields (F =1.712; df =4, 78; P

=0.156) while the importance offield size was undiminished

(F = 13.148; df = 1, 78; P < 0.001).
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5.3.3

Skylark occupancy and densities during winter 1999

Field occupancy by skylarks
A total of 133 fields or 71.5% of all fields were found to be occupied over the entire study period .
T here was no significant difference in skylark occupancy between months (chi-square = 5.320; df = 3;
P = 0.150). Hence, data were pooled for all 4 months for furt her analysis.

There were significa nt differences in sky lark occupancy between field types (chi- square = 63 .793; df =
8; P < 0.001) (figu re 5.1).

Fi~ure 5.1 Mean percentage of fields occupied by skylarks for all field Iypes. Data pooled for May, June,
Jul y and August 1999.

Means comparisons between cxplantltory variab les in occupied and unoccupied fields

There was a significant diffcrcncc (I = -2. 143; df = 184; P = 0.033) in the percentage of boundary 1
between occupied and unoccupicd fields w ith a mean of 77.51 % and 71.01 % respectively. There were
also significant differences in field vegetation characteristics between occupied and unoccupied fields.

Mean field vegetat ion height was significantl y lower in occupicd ficlds than in unoccupied fields (I =
4.269; df = 184; P < 0.001), with mean vegetation heights of 7.56 cm and 17.79 cm respectively. The
percentage of bare grou nd also differed significa ntly (I = -4 .601 ; df = 184; P < 0.001), with 60.92% in
occupied fields and 39.93% in unoccupied fields. Similarly, the percentage grass cover differed
significantly (I = 4.65 8; df = 184; P < 0.001), w ith 30.35 % in occupied fields and 52.68% mean grass
cover in unoccupied fields.
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Mean field size, mean percentages boundary types 2 and 3, mean percentages broadleaf vegetation
cover and mean number of seeds per gram of soil did not differ significantly between occupied and
unoccupied fields.

Logistic regression model
Based on results from the analyses described above only those variables which differed significantly
between occupied and unoccupied fields were entered into a logistic regression model to analyse
which of the potential predictor variables would best explain differences in occupancy rates between
fields. The explanatory variables included were: field type, boundary 1 (%), vegetation height (em),
bare ground (%) and grass cover (%). Differences in occupancy were significantly related to field type

(P = 0.001). None of the other variables reached statistical significance. This indicated that most of
these variables strongly reflected field type. The model was able to predict 79.6% of the overall
observed skylark occupancy rates and was better able to predict the presence of skylarks (88%) than
their absence (58.5%).

Comparison of skylark densities between field types
There were no significant differences in skylark densities between months (F =0.431; df = 3, 129; P =
0.731). Consequently data were pooled for subsequent analysis.

Differences in mean skylark densities between field types
The difference in mean skylark densities between field types was highly significant (F = 18.190; df =

8,124; P < 0.001). Pairwise comparisons showed that mean skylark density was significantly greater
(P < 0.001) in lucerne fields compared with all other field types. Mean skylark density was

significantly higher in extensively managed pasture compared with dairy pasture (P
stubble (P

= 0.009), cereal

= 0.020), green-feed oats (P = 0.006), green-feed oat stubble (P = 0.017) and organically

managed pasture (P = 0.020). Mean skylark density was significantly higher in winter cereals than in
dairy pasture (P

= 0.014), cereal stubble (P = 0.039), green-feed oats (P = 0.011), green-feed oat

stubble (P = 0.032) and organically managed pasture (P = 0.039) (Fig. 5.2).

ANOVA of explanatory variables between field types
Field size
There were significant differences in mean field size between field types (F =2.776; df = 8, 124; P =
0.007). Pairwise comparisons (Fisher's LSD test) showed that the mean field size in green-feed oat
fields (12.48ha) was significantly larger (P

= < 0.01) compared with all other field types, except
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recently culti va ted fi elds. Mea n field s ize in orga nic pasture fields was smallest (5.22ha). Mean field
size in winter cereal s (7.58ha) was s ig nificantl y larger than in o rganic pas tures (P = 0.036). T here
w~r~

nu ut her s ig nificant differences in mean field s izes between pairs of fi eld types.
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Figure S.2 Mean skylark densities Cskylarks/ha) for all field types. Verlicallines + 1 standa rd error. Nooide nticalle"ers Ca, b, c) indicate significant differences CP < 0.05).
Field boundary characteristics
Differences in bo und ary 1 and 3 (%) betwee n fi eld types were hi g hl y sig nificant (F = 4.246; df = 8,
124; P < 0.001) and (F = 5.893; df = 8, 124; P < 0.001) respect ively. There was no significant
difference in boundary 2 (%) between field types. Pairw ise compariso ns s howed that mean bo undary 1
(%) was significantl y smaller in orga nic past ures (62.89%) compared with wi nter cerea l fi elds
(79 .14%) (P

=0.002), lucerne pas tures (82.19%) (P < 0.001), dairy pastures (80.29%) (P =0.001),

cereal stubbl e (93.5 7% ) (P < 0 .001) and green-feed oats (80.50%) (P = 0.030). Cereal st ubbl e fields
had th e hi g hes t percentage of bo und ary 1 (93.57%) wh ic h was s ig nifica ntly hi gher compared with
w in ter cereal fi elds (P = 0.027), recently cultiva ted fields (P = 0.012), dairy past ures (P = 0.043)
extens ively managed pastures ( P < 0.001), gree n-feed oat field s (P = 0.010) and orga nic past ures (see
above). Mean boundary 1 (%) was also hi gher in w in ter cereal fields, lucern e pastures and dairy
pas tures compared wit h ex tensively managed pastures (67.14%) (P = 0.017), (P = 0.002) and (P =
0.011) respecti vely.
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Pairwise comparisons showed that mean boundary 3 (%) (shelterbelts > 2m) was significantly higher
in organic pastures (31.35%) than in winter cereal fields (17.42%) (P
(P < 0.001), dairy pastures (18.17%) (P

=0.001), lucernefields (13.26%)

=0.003), cereal stubble (1.07%) (p

< 0.001), and green-feed

= 0.005). Mean boundary 3 (%) in recently cultivated fields (37.50%) was
significantly higher than in winter cereals (P =0.034), lucerne fields (P =0.010), extensive pastures (P
= 0.041), cereal stubble (P = 0.001), and green-feed oat fields (P = 0.019). Mean boundary 3 in cereal
oat fields (12.00%) (P

stubble fields was significantly smaller than in winter cereal fields (P
fields (P =0.001), lucerne fields (P
(27.13%) (P

=0.003), recently cultivated

=0.024), dairy pastures (P =0.002), extensively managed pastures

=0 < 0.001) and organic pastures (see above). Lucerne fields, dairy pastures and green-

feed oat fields also had a significantly lower mean boundary 3 compared with extensively managed
pastures (P = 0.001), (p

= 0.036) and (P = 0.025) respectively.

Soil seed content
Mean numbers of seeds per gram of soil also differed significantly between field types (F = 8.608; df

=8, 124; P < 0.001). Mean density of seeds in organic pasture (1.64 seeds per gram of soil) was
significantly higher (P < 0.001) compared with all other field types. Lucerne fields had the second
highest mean density of seeds (1.22 seeds per gram of soil), which was significantly higher (P <
0.001) compared with all other field types except organic pasture. Mean density of seeds in cereal
stubble fields (0.62 seeds per gram of soil) was also significantly higher (P < 0.001) compared with all
other field types except organic pasture and lucerne. Mean density of seeds in dairy pastures
(0.41seeds per gram of soil) was significantly higher (P < 0.001) compared with winter cereal fields
(0.31seeds per gram of soil) and extensive pastures (0.32 seeds per gram of soil). Mean density of
seeds in green-feed oat fields (0.39 seeds per gram of soil) was significantly higher (P

=0.047)

compared with winter cereal fields.

Field vegetation characteristics
Mean vegetation height, percentage bare ground, broadleaf cover and grass·cover all differed
significantly between field types (F = 16.830; df = 8, 124; P < 0.001), (F = 26.264; df = 8, 124; P <
0.001), (F = 32.869; df = 8,124; P < 0.001) and (F = 31.826; df = 8, 124; P < 0.001) respectively.

104

Correlations between skylark densities and explanatory variables
Correlations between the dependent variable skylark density and the potential predictor variables are
summarized in table 5.3. Correlations with all explanatory field vegetation variables were highly
significant (P < 0.01) and significant with the explanatory variable boundary 3 (%) (P < 0.05).

Table 5.3 Pearson's correlations between skylark density (log (0» and potential predictor variables across all
study fields for the whole winter 1999 season. * indicates that a correlation is significant at the 0.05 level (2tailed); ** indicates that a correlation is significant at the 0.01 level (2-tailed).
Mean skylark density
Pearson's correlation
Mean field size (ha)
Boundary 1 (%)
Boundary 2 (%)
Boundary 3 (%)
Mean soil seed content (seeds/gram of soil)
Mean vegetation height (cm)
Mean bare ground (%)
Mean broadleaf cover (%)
Mean grass cover (%)

p

-.150
.165
-.011
-.181'
.345"
-.316"
.270"
.563"
-.488"

0.084
0.057
0.902
0.037
< 0.001
< 0.001
0.002
< 0.001
< 0.001

Correlations between potential predictor variables
Percentage boundary 1 was highly significantly negatively correlated with boundary 3 (%) (P <
0.001). Vegetation height (cm) was highly significantly negatively correlated with bare ground (%) (P

< 0.001) and highly significantly positively correlated with grass cover (%) (P < 0.001). Percentage
bare ground was highly significantly negatively correlated with grass cover (%) (P < 0.001) and
broadleaf cover (%) was highly significantly negatively correlated with grass cover (%) (P < 0.001).
Mean soil seed content was highly significantly positively correlated with broadleaf cover (%) (P <
0.001) and highly significantly negatively correlated with field size (P

= 0.003).

General linear model
The variables boundary category 3 (%), mean vegetation height (cm), mean bare ground (%), mean
broadleaf cover (%), mean grass cover (%) and mean soil seed content (seeds/gram of soil) were
significantly correlated with the dependent variable skylark density/ha. ANOVA showed that skylark
densities differed significantly between field types. Only these potential predictors were included in
the final analyses to create the most efficient minimal adequate GLM, which could best explain
observed differences in skylark densities. However, grass and broadleaf cover (%) were highly
correlated and could therefore be regarded as one alternative measure of field vegetation
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characteristics. As broadleaf cover (%) was more strongly correlated with skylark density only this
variable was included in the GLM.
Differences in skylark densities were significantly related to field type (F = 4.572; df = 8, 119; P <
0.001). Mean vegetation height (cm) was also a significant predictor in the model (F = 4.001; df = 1,
119; P

=0.048). Percentage boundary category 3, mean vegetation height (cm), mean bare ground

(%), mean broadleaf cover (%) and mean soil seed content were not significant predictors in the
model. The model explained 53.6% of the variation in skylark densities. That field type was t he key
variable, which explained difference in skylark densities between fields, indicates that field vegetation
characteristics and mean soil seed content variables included in the model were simply manifestations
of field type. Residuals from minimal adequate models were plotted, which confirmed that the
assumption of normality underlying parametric analysis were met (Appendix 1b).

5.4

Discussion

Results from this study clearly show a preference for lucerne pastures as habitat for wintering
skylarks, both in terms of skylark occupancy and skylark density. Skylarks also favoured extensively
managed pasture in terms of occupancy and density.

5.4.1

Lucerne pasture

Skylark densities recorded in lucerne pastures during both years of study, 7.50 and 14.91 birdslha in
1998 and 1999 respectively, were much greater than skylark winter densities reported in recent British
studies. The highest recorded density of wintering skylarks in Britain was approximately 3.5
skylarkslha in cereal and non-cereal stubble fields (Donald et al. 2001). 1.27-2.87 skylarkslha in cereal
stubble fields were the highest recorded density found in another British study (Wakeham -Dawson &
Aebischer 1998). Several studies found that wintering skylarks in Britain showed a strong preference
for arable farmland (Donald et al. 2001; Gillings & Fuller 2001; Buckingham et al., 1999; Wilson et

al. 1996). Donald et al. (2001) found that both temporary (ley) grass and permanent pasture were
strongly avoided while Wakeham-Dawson et al. (1998) found that skylarks used land converted from
arable to grass was used by skylarks until sward closure, when numbers declined. Within pastures
skylarks strongly selected for broadleaf weed leaves in another British study (Donald et al. 2001). The
preference of skylarks for broadleaf weeds is one possible reason why skylarks were so abundant in
lucerne pastures during winter in the current study. A British study demonstrated t hat skylark density
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was positively correlated with soil seed density (Robinson & Sutherland 1997), a result confirmed in
this study. Lucerne pastures had the second highest mean density of seeds, a factor that is likely to
have contributed to high occupancy and high densities found in this habitat. Lucerne pastures are often
allowed to go to seed in the study area in the present study (LU farm manager, pers. Comment) and
weed seeds can be an important source offood for skylarks during winter (Cramp 1988). Lucerne
leaves are also very nutritious with comparatively high protein content (Langer & Hill 1991). Lucerne
pastures in the current study also would have allowed skylarks good foraging access with a relatively
large percentage of bare ground and relatively low (about 6 cm) vegetation height in both 1998 and
1999. Skylarks are known to prefer relatively open habitats for foraging (e.g., Wakeham-Dawson &
Aebischer 1998).

5.4.2

Other pastures

A British studY'showed that agricultural grasslands in winter are frequented mostly by invertebratefeeders (Tucker 1992). However, Donald et al. (2001) showed that skylark faecal samples from
grassland did not contain arthropod samples more frequently than those from other habitats. In the
present study extensively managed pastures were the third most occupied habitat type by skylarks
(1999) and densities during 1998 and 1999 were second highest 6.50 and 6.02 respectively. Again this
finding appears to contrast with those of a number of British studies, which found that skylarks
generally avoided grassland (Wilson, Taylor & Muirhead 1996; Buckingham et al. 1999; Donald et al.
2001; Gillings & Fuller 2001). Wakeham-Dawson and Aebischer (1998) estimated skylarks densities
in permanent pasture to be between 0.04 and 0.11 per ha and Donald et al. (2001) estimated densities
in permanent pasture to be about 0.3/ha. This difference between studies is likely to be related to
differences in grassland management. A majority of grassland pastures in the Canterbury Plains are
managed extensively with little or no applications of agrochemicals and often without irrigation. In
these pastures sward structure tends to be relatively open allowing good foraging access and
broadleaved weeds and their seeds can establish which can constitute good food sources for wintering
skylarks.

However, a large proportion of intensively managed dairy pastures were also found to be occupied on
the present study (81.3%) and densities in this habitat were very high, 4.0 and 2.9 skylarks/ha in 1998
and 1999 respectively, in comparison with those found in comparable habitat in the UK (see above).
The reasons for these large differences are uncertain but are also likely to be related to differences in
management between intensively managed pastures in New Zealand and in the UK, perhaps resulting
in different sward structures and food availability.
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Findings from the current study are contrary to a report from a British study that wintering skylarks
show a preference for organically managed pastures (Wilson, Taylor & Muirhead 1996). Skylarks in
the current study were only found to occupy half of all or ganic pastures surveyed during 1999 and
skylark densities were relatively low, 1.5 and 2.8 skylarks!ha in 1998 and 1999 respectively.
Relatively low densities in organic pastures were found despite the highest numbers of seeds present
in these pastures and despite a field vegetative structure with relative low vegetation height and a high
proportion of bare ground, which should allow good foraging access to skylarks. This result was
explained by small field sizes and high proportion of tall vegetation in fi eld boundaries surrounding
organic fields in this study. Chamberlain, Wilson and Fuller (1999) found that skylark densities in
winter did not differ between conventional and organic farms, and that this may have been a result of
smaller fields surrounded by higher and wider hedges containing relatively more trees on organic
farms. The current study confirmed results from a number of others which demonstrated that skylarks
generally avoid small fields (e.g., Donald et al. 2001; Gillings 2001). Robinson (1997) demonstrated
that avoidance of field boundaries by skylarks could have been a precaution against predation.
Chaney, Evans and Wilcox (1997), for example, found that skylarks avoided rotational set-aside
situated along field boundaries even though this was potential prime habitat for breeding birds in
spring and a good source of food during winter. The current work also provided evidence that ground
nests on the boundary were subject to relatively higher predation pressure compared with the centres
of fields (Chapter 4, Section 4.3.2).

5.4.3

Arable habitats

Growing winter wheat was the most preferred crop by wintering skylarks in terms of occupancy in this
study and densities were relatively high with averages of 2.5 and 4.5 skylarks/ha in 1998 and 1999
respectively. This result contrasts with that of Donald et al. (2001) who found that the use of
individual winter cereal fields by skylarks was infrequent. The average density found in winter cereals
in that study was about 1.5 skylarks!ha. Diet analysis from that study showed that about a third of
skylarks dietary intake in growing winter cereal fields was made up of cereal grain and broadleaved
weed leaves, even though the latter only made up a very small proportion of the vegetated area.
Another British study demonstrated avoidance of winter cereals by skylarks during winter (Wilson,
Taylor & Muirhead 1996) while others again have shown the use of winter cereals in proportion to
availability (Buckingham et al. 1999; Gillings 2001). However, a number of studies agreed that
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skylarks make more use of winter cereals than other granivorous passerines (Wilson, Taylor &
Muirhead 1996; Robinson & Sutherland 1997; Buckingham et al. 1999).

Robinson (1997) in a British study showed that very little spilt grain was present in growing winter
cereals. Hence, skylarks may feed on germinating grain of the sown crop. Skylarks have previously
been observed to uproot and eat germinating grain (Green 1978). It is possible that birds feeding in
winter cereal fields may ingest toxic agrochemicals used for coating the seeds, even though some seed
coating chemicals are unpalatable and some birds have been shown to avoid ingesting seeds coated
with these (McKay et al. 1999).

Differences in the management of winter cereal crops between New Zealand and the UK may explain
apparent differences in skylark occupancy and densities in this habitat between the two countries. In
New Zealand winter cereals are generally drilled during May whereas winter cereals in Britain are
usually sown during August or September, equivalent to February and March in New Zealand.
Although this has not been quantified, it is possible that relatively late sowing in New Zealand means
that a larger amount of cereal grain is available to foraging skylarks during winter. Growing winter
cereal fields in Britain may already be depleted of grain by granivorous birds at a comparable time
during the winter. Cereal grain is the most energetically profitable food available to wintering skylarks
whereas cereal and grass leaves provide the energetically least profitable food available to them
(Green 1978). Wintering skylarks feeding in winter cereal fields in Britain have been observed to
produce many more and larger faecal pellets compared with other wintering habitats, suggesting large
consumption of food with low nutritive value (Donald 1999).

Skylark densities in recently cultivated fields with virtually no vegetative cover were amongst the
lowest recorded, although in 1998 they were twice as high on organic recently cultivated fields
compared with conventional recently cultivated fields. Skylark occupancy during 1999 on recently
cultivated fields was also relatively low with skylarks present only in 66.7% of fields studied.
Densities were low during the second year of study as well with 1.8 skylarks!ha. This de nsity
compares well with those from a recent British study, which found a mean density of wintering
skylarks on bare till of about 2 skylarks!ha (Donald et al. 2001). However, the sample size for recently
cultivated fields in the current study was small in 1999, so comparisons are tentative only.
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5.4.4

Cereal stubble

Cereal stubble fields in the current study had relatively low skylark densities with a mean of 2.4
skylarks/ha. This compares with over 3.5 skylarks/ha in cereal stubbles in a recent study in the UK
(Donald et ai. 2001). The current study also contrasts with a number of British studies, which showed
that cereal stubble fields are the most highly selected wintering habitat for skylarks (Wilson, Taylor &
Muirhead 1996; Robinson & Sutherland 1997; Wakeham-Dawson & Aebischer 1998; Buckingham et

ai. 1999; Donald et ai. 2001; Gillings 2001; Robinson 2001). In these studies stubble fields tended to
be occupied throughout the winter and supported higher densi ties of skylarks than other field types.
Donald et ai. (2001) linked this positive selection of cereal stubble fields to the availability of cereal
grain. Seed availability in cereal stubble fields in the current study was relatively high compared with
grassland pastures, except organic pastures, which had the highest seed density. Seed availability in
lucerne pastures was about twice as high as that found in cereal stubble fields. Differences in results
from the current study and those from Britain may, in part be due to the relatively small sample size in
this study. Cereal stubble fields do not persist for long periods of time over winter in New Zealand,
because arable fields are usually tilled shortly after harvest (LU farm manger pers. comm.). Wilson,
Taylor and Muirhead (1996) provided evidence that skylarks forage in less preferred winter cereal
fields where cereal stubble was not available. In the current study lucerne and to a lesser extent
extensively managed grass pastures provided good wintering habitat for skylarks in the absence of
cereal stubble. Because the importance of winter cereal stubble to wintering skylarks remained unclear
from this study, a separate experiment was carried out to investigate the importance of this habitat type
to wintering skylarks in more detail (Chapter 6).

5.4.5

Climate

Winter in the Canterbury Plains, New Zealand is relatively mild compared with most wintering areas
for skylarks in Europe. Snow does not generally persist for any length of time on the ground allowing
consistently good foraging access to skylarks and other wintering species throughout the season. A
mild climate in conjunction with the mixed cropping farming system practised in the area is likely to
provide suitable wintering habitat for skylarks throughout the winter.

5.4.6

Implications for conservation

A number of management choices can be suggested from the results of this study. Skylarks would
very likely benefit from the introduction of extensively managed, weed rich and nutr itious lucerne
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pastures in countries where there populations have been declining. This habitat has been clearly shown
to be the most favoured habitat of wintering skylarks in the lowland farming area of the Canterbury
Plains.

The establishment of extensively managed pastures would also lead to likely benefits to wintering
skylarks. Such pastures are characterized by low agrochemical input, little or no irrigation and by low
intensity grazing, which results in a relatively open vegetation structure allowin g good foraging
access. Broadleaved species and their seeds can develop in such pastures, which can be an important
food sources for wintering skylarks (Donald et al. 2001).

To maximize the benefits of lucerne pastures and extensively managed grass pastures to wintering
skylarks, these would best be established in large open fields, in the absence of tall field boundaries.
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Chapter 6 The importance of soil surface grain for wintering
skylarks and other birds - an experiment
6.1

Introduction

The importance of food supply in influencing life history patterns, population dynamics and
community structure, as observed in nature, is controversial (Fretwell 1987) as many factors can
influence the relative importance of food supply. Optimal foraging theory suggests that the optimal
foraging area choice is modified by criteria other than food availability such as defence against
predator (Krebs & Cowie 1976; Pyke, 'Pulliam & Charnov 1977). However, there is usually marked
differentiation in feeding habits between different bird species exploiting the same habitat and it is
most plausible that such differentiation in feeding habits should have evolved because bird populations
are limited in numbers by their food supplies (Lack 1954).

Lack (1954) argued that food availability during winter is the main determinant of winter survival and
subsequently of breeding density of bird populations. Most food supplementation studies have focused
around this premise. (Siriwardena et al. 1998) showed that increased winter mortality due to predation
seemed less likely to be responsible for declining survival rates of a number of British farmland
passerines than was increased winter mortality due to food shortage.

Foraging time during winter is limited and high-energy food such as seeds is especially important for
granivorous bird survival, particularly as energy requirements to maintain homeostasis are high. Seeds
are an important food for skylarks in winter (Campbell & Cooke 1997; Jones, Burn & Clarke 1997;
Donald et al. 1999) along with fresh leaves of a variety of plants including cereals (Green 1978;
Donald et al. 2001).

Intensive farming practices in modern agriculture have led to a reduction in the availability of weed
seed and waste cereal grain to birds on arable farmland during the winter (Wilson, Taylor & Muirhead
1996; Moreby & Southway 1999; Donald et al. 2001). Weed density and weed seed availability on
arable farmland have been decreasing since the middle of the 20 th century as a result of increasing
herbicide use (O'Connor & Shrubb 1986; Potts 1991; Wilson et al. 1995), during a period when wheat
yields increased by a global average of about 250% (Calderini & Slafer 1998). In the same period
grassland management was intensified and much grassland was converted to arable farming (Feare
1995). Studies in the UK have demonstrated that a switch from spring- to winter-sown cereals has
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further decreased the availability of grain and seed to wintering birds (O'Connor & Shrubb 1986;
Donald et al. 2001). This switch was accompanied by improvements in cultivation, especially since
the 1970s (Feare 1995; Shrubb 1997). Undersowing spring cereals with legume or grass leys has
become redundant since artificial fertilizer use has become universal in western European farming
systems (Evans 1997). Less grain is spilt during harvest operations resulting from more efficient
harvesting techniques and improved grain storage (O'Connor & Shrubb 1986; Wilson et al. 1995). In
addition, the amount of weed seed contamination of crop seeds has been reduced by more efficient
threshing and cleaning of agricultural machinery, which has led to a decrease in the range and
densities of arable weeds and their seeds (Shrubb 1997).

There is mounting evidence that the loss of winter stubble is an important contributing factor in the
decline of many populations of granivorous passerine birds. A number of British studies have shown
that skylarks (e.g., Evans 1997; Donald et al. 2001), cirl buntings (e.g., Evans & Smith 1994) and corn
buntings (e.g., Donald & Evans 1994; Donald & Evans 1994; Evans 1997) utilize winter stubble fields
super-proportionably to their availability (Wilson, Taylor & Muirhead 1996; Robinson & Sutherland
1997). In a study on British lowland farmland, (Robinson & Sutherland 1997) showed that the skylark
density was higher than expected in winter stubble fields. Skylarks were distributed across fields in
relation to seed abundance. Below a certain threshold seed density only a negligible number of
skylarks was found. Above this threshold, skylark density increased with increasing seed density.
However, cereal stubble field habitat is often not present for the whole winter as it is frequent ly
ploughed before the onset of the skylark breeding season (Donald et al. 2001).

6.1.1

Aims and objectives

No previous study has attempted to determine the importance of soil surface grain to granivorous
passerine farmland birds in New Zealand. This experiment intended to shed further light on the
question of the importance of winter stubble fields to wintering skylarks and other granivorous birds.
In particular it was designed to determine for how long stubble fields might benefit granivorous birds
during the winter.
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Objectives:
To experimentally simulate a stubble field environment through the application of a predetermined
amount of soil surface grain.
•

To assess the number of feeding birds of all species recorded after the spread of grai n.

•

To concurrently measure the decline in grain availability .

6.2

Methods

6.2.1

Study area

The study was carried out between 6 June and 3 August 1999, in a field on the arable farm described
in Chapter 2.2.1. In the summer preceding the study the field had been pI anted in Phacelia

tanacetifolia (Benth) for seed production in treatment area 1 and control area 2 and with carrots for
seed production in treatment area 2 and control area 1 (Fig. 6.1). Crops had been harvested on
February 16 and March 19 1999 respectively. The field had been recently ploughed before the start of
the experiment.

The size of the study field was 9.1 ha with post and wire fences on three boundaries and with an
approximately 6 m -high mature (c. macrocarpa) shelterbelt on the remaining boundary. A 10m wide
field margin along the post and wire fences and a 30m wide field margin along the C. macrocarpa
shelterbelt were excluded from the experiment as skylarks are known to avoid the proximity of hedges
and other tall structures (e.g., Piitzold 1983; Cramp 1988). The size of the experimental area after
exclusion of the field margins was 7.23 ha. This area was divided into four equal- sized plots (160 x
113m) comprising two treatment areas (Tl and TI) and two control areas (Cl And C2) (Fig. 6.1).
Hides for bird recordings were erected several days before observations began, so the birds could
habituate to them.

Experimental wheat grain preparation
One thousand kg of wheat grain was heat-treated in drying ovens for 48 hours at 600 C to sterilize it
(Christensen 1974). This ensured that there would be no contamination of the experimental field with
germinating wheat.
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6.2.2

W heat g rain density and spreading

In 1995 approx imalely five Llha of w heal were harvesled from w heal fie lds in New Zealand (Calderini
& Siafer 1998). Gra in loss during harvesling operalions is not a major Iimilalion 10 wheat produclion
(Griffin 1971). However, a convenlional comb ine harvesler can have a combi ned Ihreshing and fro nl·
end grain loss averaging between 200 10 450 kg/ha depending on Ihe lime of harvesl (Wibberley
1989). In Ihis ex perimenl one Ion of w heal grai n was spread by IraClor over a 10lal area of 3.62 ha (IWO
Ireal ments each of 1.81 hal res uhing in an average deposilion of approx imalely 276 kg/ha, or 27.65g
of gra in per m'.

ShelLerbelL

Tl

J 60m

C1

T2

C2

.1
113m
Figure 6.1 Study field s how ing experi menta l sel up. Tl and T2 - trea tm ent areas and Cl and C2 - co ntrol
areas. Boxes at both ends of the field indicate the location of observation hides (not to scale).

Al Ihe lime of Ihe grain spread len cardboard boxes, each coverin g an area of 0.677 012, we re sunk
randoml y in Ihe Iwo Irealmenl areas so that Ihe lOp of Ihe boxes were level wilh Ih e gro und . After
spreading Ihe wheal grain Ihe number of gra ins in each box were co un led and Ihe mean number o f
gra ins per box was calculaled 10 oblain a single va lue indicaling Ihe pOSI -spread distribulion of wheal
gra in (grains!m2) for each Irealmenl area.
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6.2.3

Decline in grain number

In each treatment area 15 x O.lm 2plots were covered with paper immediately before the spread of
grain to prevent grain deposition into these areas. Immediately after the grain spread, the paper was
removed from the 15 areas and 67 grains were spread man ually in each of these areas to simulate the
average spread of grain by the tractor. 67 grains per O.lm 2 was used to represent a mean of 2.76g of
grain per 0.lm 2and 66.8 grains per 2.76g of grain. The quantity of visible grain in each of the 15 x
0.lm2 areas was recorded immediately after the spread. Surviving intact grains were subsequently
counted daily to track grain decline.

6.2.4

Bird counts

Background numbers of birds were counted between 0800 and 1100h on four days within the two
weeks immediately preceding the experiment. Two trained observers made 30-minute counts
simultaneously from the two hides (Fig. 6.1) using binoculars (8x42) and telescopes (20x). Due to the
relatively small size of the study area the observers could detect all birds moving to, f rom and within
the area. Mter the grain was spread, 30 -minute counts of the numbers of all feeding bird species were
made during mornings between 0800 and 1100h on 17 days over a total experimental period of 52
days. Birds were observed during morning hours as they can be expected to concentrate their daily
foraging activity during this time in winter (McNamara, Houston & Lima 1994; Pravosudov & Lucas
2001). Counts were made during suitable weather conditions only (Chapter 5.2.3).

6.3

Results

Density of spread wheat grain
There was no significant difference in the mean numbers of grain spread in T1 and T2. The means
were 726.5 grains/m2 in T1 was and 654.4 grains/m 2in T2; i.e., about 70% of the nominal application.

Decline of grain over time
Means of 97.7% and 96.0% of grain were visible immediately after spreading in T1 and T2
respectively. Fig. 6.2 shows grain decline over time.
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Figure 6.2 Mean decline (n=30) of intact grain.

Bird species observed in the experimental field
Birds observed foraging in the experimental field are listed below in decreasing order of abundance:
house sparrow (Passer domesticus), yellowhammer, skylark, greenfinch (Carduelis chloris), rock
pigeons (Columba Livia), spur-winged plover (Vanellus miles), starling (Sturnus vulgaris), banded
dotterel, New Zealand pipit (Anthus novaeseelandiae), chaffinch (Fringilla coelebs), goldfinch

(Carduelis carduelis), Australian magpie, song thrush (Turdus philomelos) and redpoll (Carduelis
flammea).

Numbers of birds in the experimental field
There was no significant difference in bird numbers between the four experimental plots prior to
commencing the experiment.

Mter a delay of about three days bird numbers rose steadily in the treatment areas, reaching a peak 23
days after grain deposition with a total of approximately 300 birds counted (primarily house sparrows
and finches). The number of intact grains left in the field after 23 days was almost 0% of the initial
density. Mter 42 days bird numbers had returned to pre-grain levels. Changes in bird numbers in the
control plots were minimal during the experiment. Fig. 6.3 shows mean numbers of birds in treatment
and control plots before and after grain spread.
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Figure 6.3 Mean number of birds (all species combined) in treatment (n=2) and control plots (n=2) before
and after the spread of grain.
The treatment plots supported rapidly increasing numbers of skylarks in the first week after grain
spread and continued to support increased levels of skylarks for over 30 days after the start of the
experiment. Skylark numbers returned to starting levels after 42 days. Figure 6.4 shows the total
number of skylarks in treatment and control areas before and after grain spread.
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of grain.
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6.4

Discussion

Results of this experimental study support the findings by Wilson, Taylor & Muirhead (1996);
Robinson & Sutherland (1997); Donald et ai. (2001) who showed that skylarks favoured cereal stubble
fields as wintering habitat.

Availability of waste grain over time
Grain supplementation in the experimental field was beneficial to a range of seed eating birds over a
period of about six weeks. However, bird numbers reached their peak at about the time when the
surface grain had apparently been depleted and declined over a period of about two to three weeks
following this to background levels. The fact that bird numbers remained relatively high after apparent
grain decline indicates that the grain decline may not have been accurately measured with the method
used.

Bird numbers were expected to gradually return to background levels when food availability became
closer to that found in the surrounding habitat matrix, notwithstanding that field occupancy also
depends on other habitat preferences.

Results from this experiment contrast with the findings of Wilson, Taylor & Muirhead (1996) who
showed that skylarks occupied stubble fields throughout the winter and for a longer period compared
with other habitats. This difference between studies may be explained by differences in accessibility of
seeds. Grain in the experimental area could have been more accessible than in a normal stubble field
due to a complete lack of vegetative cover. Therefore more birds may have been supported over a
shorter period than in natural stubble fields. Also skylarks are known to feed on green plant matter
such as young cereal shoots (Green 1978; Donald et al. 2001), which may be available to them during
late winter and spring in natural cereal stubble fields but not in the current experiment.

Handling losses of grain
The mean density of grain after spread was only 70.3% of the expected density. Losses may have
occurred in a number of ways during sterilization in drying ovens, grain transfer to the spreader and
during spreading, where some loss probably occurred over the boundaries of the treatment areas.
Handling losses in this experiment suggest that grain loss during harvesting operations can also be
considerable. Therefore seed availability in 'natural' cereal stubble fields may be higher and,
combined with the presence of vegetation (weeds and stubbles) in 'natural' cereal stubble fields,
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would allow for longer occupancy as feeding habitat compared with the experimental field in this
study.

Nevertheless, the current experiment clearly suggests that surface grain may decline rapidly after grain
harvest. The importance of stubble fields as wintering habitat may therefore decrease as the winter
progresses. Seed availability may become a limiting factor for skylarks, especially during late winter
and early spring when seeds may be in very short supply as few plants set seeds during the winter
(Draycott et al. 1997). Declining food availability during winter may therefore be involved in some
part in population declines of skylarks and other farmland birds.
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Chapter 7 General discussion
7.1

Introduction

There cannot be a single definitive study of bird responses to changes and differences in agricultural
habitat. Instead, evidence is accumulated over a number of years (Ormerod & Watkinson 2000). The
results from this project represent part of such a process. This is the first detailed study of the skylark
in New Zealand and it is the first study, which investigated habitat associations of the skylark in a
lowland agricultural landscape dominated by extensive pastoral farming. As such it fulfilled its
potential in providing new information on skylark habitat associations, which could be valuable in the
creation of conservation schemes to reverse the decline of the skylark in Britain and Europe.

The problem of scale
This study purposely focused on the farm and field level, because it would offer results, which could
be best compared with studies of skylarks in their native range. It is often not practicable to focus on
more than one particular geographical (or temporal) scale in ecological studies, even though this
entails some important limitations (Levin 1992).

Perceived associations between birds and the habitats they live in are strongly scale dependent (Fuller
1994; Gregory & Baillie 1998). Large scale studies often go a long way in explaining large-scale
patterns of bird distribution and distributional change and are useful for generating hypotheses about
causes of range change (Donald & Fuller 1998; Donald & Greenwood 2001). Bird distribution
mapping using grid-based atlases is a frequently used form of ornithological survey, which has proved
useful in these respects. For example, Robinson, Wilson and Crick (2001) showed that loss of arable
cultivation in areas where it is already scarce could have been responsible for causing local reduction,
or even extinction, in some bird species, including the skylark, in agricultural areas in Britain. This is
despite the fact that declines of a number of bird species had been linked previously to the
intensification of arable farm management.

However, underlying causes of population declines are unlikely to be understood from studies
focusing on a large scale alone. Microstructures are also of great importance to birds. For example,
(SchOn 1999) found that, on arable fields, between 88% and 58% of skylark territories were on 33% to
35% of the total available study area. The areas selected by the birds were characterized by low
emergent crops, with between 3.0-3.8 and 4.1-4.3 territories per 10 ha. Skylarks showed a strong
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preference for "places with stunted growth" associated with traditional cultivation practices. Variation
within fields on a microhabitat level is likely to be responsible for some of the unexplained variation,
which the current study was not able to detect. In order to be able to demonstrate the scale dependence
of bird habitat assocjations, fine grain data should ideally be available over a large geographical area.

Aim and structure
The current chapter aims to summarize the findings presented in this thesis. A number of patterns were
identified which were consistent with those found in other European or British studies. This adds
weight to the findings of these studies. The implications as a result of this work for the conservation of
the skylark and its potential use as a bioindicator of sustainable farming in New Zealand are discussed.
Finally, gaps in the knowledge of skylark ecology are identified and directions for future research put
forward.

7.2

The importance of extensive pastoral farming to skylarks

The importance of extensively managed pastoral habitats to skylarks was clearly demonstrated in the
current study. Mean territory densities were highest in lucerne and in extensively managed mixed
grass pastures and mean territory sizes were smallest in these habitats (Chapter 2). Both parameters are
useful indicators of habitat quality (e.g., Patzold 1983; Schlapfer 1988; Jenny 1990a; Donald et ai.
2001; Weibel et al. 2001). Similarly, skylark winter occupancy was high in lucerne and other
extensively managed pastures compared with other habitats. Mean winter densities were significantly
higher in these pastures compared with all other crop types in the current study and higher compared
with densities reported from lowland farmland habitats in Britain and Europe (Chapter 5).

Findings from the current study contrast with those of a number of European and British studies,
which concluded that skylarks in general preferentially select arable habitat over grasslands (e.g.,
Browne, Vickery & Chamberlain 2000; Robinson, Wilson & Crick 2001). However, Chamberlain
(1999) showed that upland grassland and other semi -natural grassland habitat held the highest
densities of skylarks in a British study while farmland pastures held the lowest densities compared
with arable areas.
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7.2.1

Grassland management

Observed differences in skylark densities between the current study and those found on farmland
pastures in Britain and northwest Europe can be explained in terms of differences in grassland
management, which, in turn, are partly related to climatic differences between study areas.

The relative lack of irrigation in the Canterbury Plains in conjunction with prevailing dry, northwest
winds, allows for only relatively sparse pasture growth. This necessitates relatively low stocking rates.
Both factors combined result in the predominance of pastures with a relatively open and sparse
vegetation structure, while affording sufficient nesting cover (Chapter 2). A previous study has shown
that reduced grazing pressure possibly leads to increases in territory densities in skylarks (WakehamDawson et al. 1998). In that study skylark densities were higher in more open and longer grass swards.
Similar conditions can be found during the breeding seasons in lucerne pastures and, to a lesser extent,
in mixed grass pastures (Chapter 2). In winter the relatively open vegetation structure in lucerne and
mixed grass pastures would have allowed for good foraging access compared with other crops
(Chapter 5).

Another fundamental difference between grazing management in the Canterbury Plains, New Zealand
and that practiced in colder climes such as those found in Britain and northwest Europe is that stock in
New Zealand are kept outside all year. There is some pasture growth for most of the year and therefore
less need for supplementary feeding and possibly a reduced need for silage production. Low intensity
grazing during the winter could be beneficial to skylarks by keeping the vegetation structure patchy
and open enough for foraging.

Chapter 3 showed that productivity at the level of the individual nesting attempt in extensively
managed pastures, including lucerne, was relatively low compared with findings by Donald (1999) in
Britain. This indicates that these habitats may be less suitable during the breeding season than
indicated by territory density and size alone. The importance that predation plays in determining
nesting success in skylarks was demonstrated in Chapter 3, and Chapter 4 demonstrated the
importance of hedgehogs as nest predators in lucerne. To fully understand the value of lucerne and
other extensive pastures as skylark habitat, the bird's long-term association with this habitat need to be
studied. A determination of the number of breeding attempts per breeding season in these habitats is
crucial in assessing their value as breeding habitat in more detail.
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Ex tensive pastoral farmin g, including lucern e and especially non- irriga ted mixed-grass pa stures, is by

far the most prevalent land use in the Canterbury Pla ins (Fig. 7.1) probabl y ex pl aining the overall
abundance of skylarks in thi s arca. H owever, the futurc of ex tensive pastoral farmin g in th e stud y area

is un certain . The area of lucern e in Canterbury, for example, drasticall y declined fro m 11 2,263 ha in
1976 to 25,569 ha in 1988 (Purves & Wynn -Williams 1989). Fac tors, w hich are likely to lead to
furth er decreases in the area of lucerne grown include the increased availability o f water for irrigation.
Land usc in Canterbury is changing wi th a trend towards furth er intensification made possibl e through
increased use o f irri gation (Chapter 1; Fig. 1.3), leading to the s pread of intensive dairy- and arabl e
farmin g.
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Figure 7.1 Ru ra l land usc in the Can terbury region in 2001; da ta from: (Old 2001).

7.2.2

Dairy pasture

Skylark densities during the breeding seaso n and during wint er were lower in dairy pastures than in
ex tensively managed pastures. This was related to differences in vegetation stru ct ure (Chapters 2 and
5). H owever, it w as somewhat surprising th at sky lark densities in dairy pastures during both summer

and w inter we re high compared w ith similar habitat in Britain (Donald 1999). The manageme nt o f
these pastures in itiall y appears to be simil ar to that in Britain and Europe, wi th intensive manage ment
incl uding irrigation, high fertilizer input, high stockin g rates and occasio nal cutting of pastures for
silage produ ction. However, as mentioned above, a di [ferent grazing regime ma y account for
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differences in vegetation structure and perhaps for other factors such as food availability. This may
account for reported difference in skylark densities between intensively managed pastures in New
Zealand and those in Britain and northwest Europe.

7.2.3

Cereal management

The decline of the area of spring cereals has been implicated in the decline of skylark populations by a
number of workers (e.g., Chamberlain et al. 1999; Donald & Vickery 2000). The current study
confirmed the status of cereal fields, as breeding habitat for skylarks. Territory densities were higher in
spring cereals than in winter cereals. Territory densities declined from early to late breeding season in
both spring and winter cereals and in the latter part of the breeding season this could be partially
explained by increases in vegetation height (Chapter 2), confirming findings by Piitzold (1983);
Schliipfer (1988); Jenny (1990a); Wilson et al. (1997); Donald et al. (2001). Donald (1999) found that
productivity in spring cereals was higher than in winter cereals and that this difference was entirely
due to differences in the number of breeding attempts in each habitat. Results from the current study
lend some support to that finding. Territory densities were higher in the later part of the bre.eding
season in spring cereals than in winter cereals where territories were abandoned at that time, which is
good evidence that skylarks continued breeding in spring cereals but not in winter cereals (Chapter 2).

Cereal stubble
A number of British and European studies have found that cereal stubble was the most favoured
wintering habitat for skylarks (e.g., Bauer & Ranft11996; Wilson, Taylor & Muirhead 1996; Donald
& Vickery 2000; Donald et al. 2001; Gillings 2001). Although, in the current study, skylarks were
shown to utilize soil surface grain (Chapter 6) this was available only for a relatively short period of
time when experimentally added to a field at densities similar to those of waste grain from harvesting
operations. Findings from this study showed that winter cereals and lucerne pastures were the most
selected-for habitats by skylarks during the winter, whereas skylarks selected cereal stubbles less
intensively. Winter skylark densities were significantly higher in extensively managed pastures and in
winter cereals than in winter cereal stubble. While it is certain that cereal stubble fields provide
important wintering habitat for skylarks in Britain (e.g., Donald & Vickery 2000) this habitat type may
nevertheless be sub-optimal, compared with extensively managed pastures and other semi -natural
grasslands.
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While skylark density was positively correlated with seed availability during winter this variable could
not significantly explain variation in skylark densities between field types. Additional data on skylark
winter diet through faecal sample analysis is likely to shed further light on the causal factors behind
the observed habitat associations during winter.

7.3

Field size and field boundary characteristics

This study confirms findings of a number of British and European studies which demonstrated that
skylarks generally avoid small fields and tall field boundaries (Chapters 2 and 5) (e.g., Piitzold 1983;
Suhonen, Norrdahl & Korpimaki 1994; Wilson et al. 1997; Donald 1999). During the winter of 1998
differences in skylark densities between fields were best explained by field size and by the proportion
of post and wire fences surrounding fields. Greater skylark densities occurred in larger fields and in
fields surrounded by a high proportion of post and wire fences (Chapter 5). This general preference for
open, unconfined spaces also partially explained relatively low rates of occupancy and densities found
on organic farms, which were characterized by small fields surrounded by a relatively high proportion
of tall field boundary vegetation (Chapter 5) (see also Wilson et al. 1997).

7.4

Crop heterogeneity on the farm scale

This study provides some evidence for the importance of crop heterogeneity for breeding skylark
populations. This confirmed European (e.g., SchHipfer 1988; Jenny 1990a; Chamberlain & Gregory
1999; Tiainen et al. 2001) showing increased skylark territory density is associated with an increase in
habitat diversity (i.e., an increase in the availability of different field types to breeding skylarks).
While such a relationship could not be quantified in the current study, territory mapping on the mixed
cropping farm (Chapter 2) indicated that the crop diversity there enabled some skylarks to shift
territories in the latter part of the breeding season, when the vegetation structure in cereals and in the
rye grass field became less suitable for nesting.

7.5

Predation and productivity

Direct and indirect evidence (Chapters 3 and 4 respectively) shows that nest predation plays a very
important role in influencing skylark productivity and therefore skylark population demographics.
Chapter 4 showed that predation risks by avian predators was related to the proximity of tall field
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boundary vegetation. On the other hand, very little information is available on the importance of
hedgehogs (or other potential mammalian predators) of skylark nests in northwest Europe and Britain
although hedgehogs do predate eggs and young from skylark nests there (e.g., Piitzold 1983). It would
be worthwhile to investigate if and to what extent the intensification of agriculture in Britain and
Europe over recent decades has led to any changes in populations of mammalian predators of skylark
nests.

7.6

Climate

Climatic differences between New Zealand and Britain and northwest Europe may play an important
part in explaining differences in population densities between these areas. The milder climate in New
Zealand may account for generally more favourable environmental conditions during and outside the
breeding season. Low clutch size in New Zealand skylarks compared, for example, with those in
Britain may point towards increased winter survival and consequently greater intraspecific
competition at the start of the breeding season (Chapter 3).

Relatively favourable climatic conditions in New Zealand may enable skylarks to carry out more
breeding attempts per breeding season than do skylarks in Britain, for example. The number of
breeding attempts is an important demographic parameter. Data on breeding success collected by
(Wilson et al. 1997) suggest that skylark pairs must make 2-3 nesting attempts per season in order for
populations to be self-sustaining. Decreases in breeding attempts per breeding season have been
implicated in the decline of skylark populations in Britain (e.g., Wilson et al. 1997; Donald & Vickery
2000).

More favourable climatic conditions in New Zealand compared to those in Britain and Europe may
result in reduced adult mortality, especially during the winter, which may lead to increased lifetime
reproductive success in skylarks. This may be one important factor not related to agricultural practice,
and it could partially explain observed high skylark densities in the current study.

7.7

Implications for conservation

Because agricultural change has been responsible for the decline of skylark populations in Europe it
can be reasonably assumed that ameliorating the harmful effects of this change can reverse the
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population trend. The current study provided evidence that extensification in agriculture, especially in
pastoral farming has the potential to greatly benefit skylark populations.

It is necessary to base conservation management decisions on sound ecological research on the
ecology of the target species if a conservation scheme is to be successful (e.g., Kleijn 2001; Whitfield
2001). However, it is not crucial to understand completely all causes of population declines to reverse
these because increases in one demographic parameter, through, for example, an effective
conservation scheme, could offset decreases in others (Green 1995). Although gaps remain in the
knowledge of the ecological factors which determine the population decline of skylarks in Britain and
northwest Europe, results from this study provide guidance which could aid in the conservation of
skylarks in Europe. These potential management practices are outlined below.

7.7.1

Extensification of pastoral management

Extensification of pastoral farming and the establishment of extensively managed lucerne pastures
could be of great benefit to both breeding and wintering skylarks. Low grazing pressure and reduced
cutting for silage- or hay-making keeps the vegetation structure in these pastures relatively open to
permit good foraging while providing sufficient nesting cover and also reducing the rate of nest loss
due to trampling by stock or cutting.

7.7.2

Provision of marginal habitat

A number of small-scale analyses have shown that scarce habitat features can be important in
determining territory location (e.g., Weibel 1998; Chamberlain & Gregory 1999). Edwards et al.
(2001) showed that 20m-wide set-aside marginal strips benefited skylarks by providing important
foraging habitat to skylarks nesting in adjacent crops. Boundary vegetation strips, including farms
tracks have been shown to benefit other bird species including the corn bunting (Miliaria calandra),
quail (Cotumix cotumix) and stonechat (Saxicola torquota) (Jenny & Lugrin 1997). Weibel (1998)
and Weibel et al. (2001) showed that cereal fields and fields with other arable crops would possibly be
more attractive to breeding skylarks if suitable habitat such as wildflower strips are placed nearby.
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7.7.3

Cereal management

An increase in the area of spring cereals would probably be beneficial because of likely increases in
productivity related to more breeding attempts in spring- compared with autumn-sown varieties
(Chapter 2) (Donald & Vickery 2000) and possibly because stubbles are often left for a while over
winter, providing good wintering habitat (e.g., Donald & Vickery 2000). Extensification of cereal
production is also likely to be beneficial to skylarks because of a resulting opening up of the sward
structure and because of associated increased invertebrate chick-food availability (Odderskrer et al.
1997).

7.7.4

Predation

When planning and implementing a conservation scheme for skylarks, potential associated predation
risks must be taken into account. A conservation scheme may be effective in creating habitat which
allows for higher territory densities but any gains in reproductive output may be offset by increases in
predation in the same habitat. For example, the proximity of tall vegetation should be avoided to
minimize the risk of avian predation (Chapter 4) and sufficient vegetative cover should also be
maintained to minimize predation risk. In this context, Poulson and Sotherton (1992) found that
cutting of set-aside did not only result in direct skylark nest losses but also to indirect losses due to
predation by corvids.

7.7.5

Field size and boundary characteristics

Any conservation measure taken to halt or reverse the trend of skylark population declines in Europe
and Britain must take the preference of skylarks for open spaces into account.

7.8

Skylarks as bioindicators of sustainable farming in New Zealand

Bioindicators can be broadly defined as organisms, which reflect the abiotic or biotic state of an
environment (Schemer 1982; McGeoch 1998). They can be used to measure changes in specific
chemical or physical conditions in an environment and indicate to what extent it is suitable for other
species (Wakeham-Dawson 1994). The role of farmland birds as bioindicators of sustainable farming
is well recognized (Schemer 1982). For example, the UK government recognizes bird populations as
indicators of the 'quality of life' (Ormerod & Watkinson 2000), reflecting the importance that many
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people in Europe place on the maintenance of abundant and viable bird populations. Responses of
bioindicators to changes in agricultural practice can provide policy- and decision-makers with
important information, helping them in their respective tasks.

The importance of the development of appropriate and effective indicators of ecosystem health in
order to be able to protect the environment and prevent environmental degradation has been
recognized in New Zealand. Under the Agenda 21 agreement of the United Nations Conference on
Environment and Development in 1992, New Zealand is internationally obliged to promote
sustainable development and conservation enhancement (Beare et al. 1997). The development of
indicators correlating with agricultural ecosystem health and predicting agricultural sustainability over
a sufficient period of time is therefore important. Agricultural sustainability in the farming context can
be defined as identifying, preventing and rectifying harm to the agricultural ecosystem including
longer-term non-crop profit factors (Wratten et al. 1997).

It has been demonstrated that skylark populations are not only targets but also indicators of

agricultural intensification (e.g., Ormerod & Watkinson 2000). Characteristics which make the skylark
a particularly good candidate for use as a bioindicator of sustainable farming practice in New Zealand
were largely confirmed in the current study. These characteristics are summarized below:

•

Skylarks are conspicuous and therefore easily identified and surveyed.

•

Skylarks are abundant in New Zealand farmland (Heather & Robertson 1996; Thomsen,
Wratten & Frampton 2001), whereas native bird species in New Zealand are not suitable
as bioindicators on farmland, because these are rarely encountered in agricultural areas
(Heather & Robertson 1996).

•

Standardized and simple census methods are available to monitor populations, both during
and outside of the breeding seasons, which can be learned and applied with only a small
amount of training.

•

The skylark is one of a few farmland bird species that actively avoid field boundaries
(e.g., Suhonen, Norrdahl & Korpimaki 1994) (Chapter 5) and is therefore especially
closely associated with fields. Furthermore, it occupies the same farmland habitat
throughout the year, for winter foraging and for nesting during the breeding season.
Changes in field quality will therefore reflect the suitability of these fields as skylark
habitat.
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•

It responds to and reflects changes of agricultural land use including changes in cropping
patterns, grassland management and agrochemical use. Skylark nest site selection,
breeding performance and foraging have been previously shown to reflect habitat features
in diverse agricultural environments (e.g., SchHipfer 1988; Jenny 1990a; Jenny 1990b;
Weibel 1998; Donald et at. 1999).

•

Its populations can reflect whether any changes in the resources available to them occur as
a result of introduced environmentally sensitive farming practices (e.g.,Wakeham-Dawson
1994; Wilson et at. 1997).

•

They may represent the response of other bird species to changes in agricultural practice,
especially of ground nesting, insectivorous and granivorous species (Wakeham-Dawson
1994; Weibel 1998).

7.9

Future research

A number of important gaps remain in the knowledge of skylark ecology in New Zealand and
elsewhere. Filling these gaps is important for the identification of further effective conservation
measures to reverse population declines.

Demography
Certain stages in the lifecycle of the skylark are still poorly understood. For example, there are no
long-term demographic studies on skylarks, with the exception of one carried out in duneland in
northwest England (Wolfenden & Peach 2001). Such studies on farmland would allow the building of
a complete population model for skylarks within farmland habitat (Donald 1999). Specifically,
information on the number of breeding attempts per pair and per season for different agricultural
habitats is incomplete and very little is known about survival rates after chicks leave the nest and
before fledging. Radio tagging of chicks may be useful in this context. Also, very little is known about
adult annual survival rates. This demographic parameter may explain overall high densities on
Canterbury Plains (Chapters 2 and 5), despite the relatively low reproductive output at the scale of the
individual nesting attempt (Chapter 3).

If the role that various habitats playas sources or sinks to skylark populations is to be assessed better,

understanding of the rates of postnatal dispersal and of adult natal philopatry is necessary (Donald
1999). However, to obtain this knowledge in the field would be very difficult in practice.
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Predation
Gaps remain in the knowledge of the role agricultural management plays in influencing predation on
skylarks. Specifically, very little is known about the role mammalian predators might play in
influencing skylark population demographics.

Diet
The scope of this study did not allow for any analysis of skylark diet in relation to habitat type. It was
only possible to obtain an initial indication of the availability and importance of seeds to skylarks
during winter (Chapter 5). Food availability could play an important role in habitat selection by
skylarks and may influence a number of demographic parameters such as chick growth rates and body
condition which, in turn, are related to survival rates (Donald 1999). In the context of the current study
it would be especially important to investigate food availability and uptake in extensively managed
pastures, including lucerne, during summer and winter as these may in part explain high densities
found in these habitats. Diet studies could be carried out by collecting and analysing the contents of
chick faecal sacs during the breeding season and by the collection and analysis of skylark droppings in
various habitats during winter.
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Appendices
Ap pe ndi x 1a: Sta ndardi zed residuals plot - win ter 1998 analysis.
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