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Abstract

Urban house sparrow nestlings can develop poorly through lack of invertebrate food (Peach
et al., 2008). Productivity can be increased by providing invertebrates (Peach, Sheehan &
Kirby, 2014; Peach et al. in press). This study tested the effectiveness of three habitat
treatments in increasing invertebrates and seeds in London parks, and their usage by house
sparrows. Treatments were: annually sown ‘wildlife seed’ plots; sown perennial wildflower
meadows; and existing grass grown taller. Treatment establishment and seed abundance were
assessed by vegetation measurements, and practicality qualitatively assessed through
questionnaires. Invertebrate abundance and variety were measured using sweep netting and
vacuum sampling, and relationships tested with treatment type and modelled air pollution
levels. Bird usage, and local house sparrow populations and productivity, were monitored

over three years and relationships tested with treatments and air pollution.

All treatments provided more invertebrates and seed than short grass. Wildlife seed plots
contained the most seed during both autumn and winter. Wildflower meadows supported the
most invertebrates, while each treatment benefited particular groups. Invertebrate variety at
family level was highest in wildflower meadows and wildlife seed plots, probably through
increased plant diversity. Abundance for numerous groups related positively to sward height.

Varied vegetation structure should benefit the most invertebrate groups.

Wildlife seed plots were most used by house sparrows, largely in the breeding season for
invertebrates, while wildflower meadows were not used. Open vegetation structure probably
permitted birds access. Wildlife seed plots may have buffered colonies against breeding
season food shortages in one year. No strong relationships were found between invertebrate
abundance and air pollution. Relationships between house sparrow population parameters and

air pollution were mixed.

Heterogeneous vegetation structure is important for invertebrates, and for bird access to food.
Habitat homogenisation at various scales, combined with other pressures, may contribute to

limiting urban house sparrow populations.
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Chapter 1 — Introduction

1.1 Thesis aims and outline

House sparrows Passer domesticus are a familiar bird to many people, yet are now
conspicuously absent from many large cities, and especially from the centre of London.
While the cause(s) of urban population declines are not fully understood, recent work has
demonstrated low reproductive success (Peach et al., 2008), which can be boosted by
provision of large numbers of invertebrates during the breeding season (Peach, Sheehan &
Kirby, 2014: Peach et al. in press). While artificial provision of invertebrate food is a useful
experimental tool, a much more desirable scenario is to increase extant invertebrate

populations as part of a functioning urban ecosystem.

This study aimed to test three practical measures for increasing local invertebrate abundance
in parks and green spaces, and to assess direct use of these trial measures by house sparrows
and other birds. Habitat management in urban green spaces can have profound effects on
local biodiversity and urban habitat quality, as well as on human enjoyment and utilisation of
their environment (Fuller ez al., 2007). The main aims of this study were to assess the effects
of trial habitat management on plant and invertebrate communities, and use by birds.
Secondary aims were to assess the practicalities, costs and benefits for land managers of
instating such management, and to record reactions of local stakeholders. Chapter 2 describes
the establishment and success of the trial habitat plots, along with costs, practicalities and
stakeholder reactions. Chapter 3 assesses availability of seed food for birds in the trial plots.
Chapter 4 deals with invertebrate responses to each plot type, including some assessment of
the potential effects of air pollution on invertebrates. Chapter 5 assesses bird responses to the
trial plot types, with some additional analysis of potential effects of air pollution on house
sparrows. The final section (Chapter 6) comprises a summary and discussion of the effects
and practicalities of each trial habitat. Results from two Masters studies are also discussed, on

plant and pollinator communities in the wildflower meadows respectively.
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1.2 Literature review — house sparrows
1.2.1 The house sparrow — origins and taxonomy

The house sparrow Passer domesticus is one of the most widely distributed wild birds in the
world, having been introduced by humans to the Australian and American continents and
many islands (Summers-Smith, 1988; Anderson, 2006). Its natural distribution was already
extensive, covering Europe, North Africa, much of Asia, and reaching as far north as

Scandinavia and Siberia (Anderson, 2006).

There has been debate around the taxonomy of the genus Passer in relation to other major
groups of seed-eating passerines (finches, Fringillidae; weaverbirds, Ploceidae; and buntings,
Emberizidae). It has often been considered closely related to the weaverbirds. It is currently
placed in its own family, Passeridae, along with the rock sparrows Petronia, and snow
finches Montifringilla (Summers-Smith, 1988; Anderson, 2006). The species Passer
domesticus comprises two subspecific groups, the domesticus group and the indicus group
(Summers-Smith, 1988). The domesticus group contains six subspecies ranging naturally
from Siberia to North Africa and the Middle East. The indicus group also contains six
subspecies, which are found mainly in Asia. The ‘English’ house sparrow Passer domesticus
domesticus is found in the UK, Europe and northern Asia, and has been the source of most of
the human translocations of the species to other areas of the world (Anderson, 2006;
Summers-Smith, 2009). House sparrows are permanent residents throughout most of their
range, although there are two migratory subspecies: P. d. bactrianus; and P. d. parkini, which

undertakes altitudinal migration (Summers-Smith, 1988; Anderson, 2006).

The house sparrow has developed a commensal relationship with humans, dating back
thousands of years (Markus, 1964; Parkin, 1988). It is therefore associated mainly with
human-dominated habitats, including agricultural land, villages and larger urban

developments (Lowther and Cink, 1992).
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1.2.2 Breeding

The house sparrow is a semi-colonial breeder (Summers-Smith, 1988). The birds nest in
loose colonies, usually within around 400 m of human habitation (Lacki, 1962). They often
engage in communal roosting and ‘social singing’ behaviour (Summers-Smith, 1988). Pairs
are socially monogamous — i.e. a pair bond will persist throughout a breeding attempt. The
bond will often remain intact throughout a breeding season, and sometimes between years
(Summers-Smith, 1988). House sparrows tend to show nest site fidelity, and therefore may

return to the same partner in subsequent years by default (Anderson, 2006).

The main house sparrow breeding season in the UK runs from April until August, although
some birds may begin breeding earlier. Most pairs will attempt two to three broods per year,
usually laying around 3 to 5 (or 6) eggs per attempt (Anderson, 2006; BTO no date a). Young
birds will fledge at around 13-17 days old (Anderson, 2006; BTO no date a), and may remain
dependent on their parents (mostly the male) for up to two weeks after fledging (Summers-

Smith, 1963).

1.2.3 Movements

Fledged young that have recently become independent of their parents will group together
into flocks. Some of these flocks were studied using colour-ringing by Summers-Smith
(1963), who determined that they contained young birds, and often some adults that had
finished breeding, from more than one breeding colony. The flocks were prevalent during late
summer to early autumn, and in one site on the outskirts of a small town, would reach over
5000 birds in number. These flocks would feed on grass seeds in hay fields, then move on to
ripening cereal grain in arable fields, using nearby hedges as cover and sometimes causing
considerable damage to crops. Summers-Smith (1963) did not believe there was significant
movement of birds from the centre to the outskirts of large towns at this time, although Fallet
(1958) observed this in a smaller town in Germany. Summers-Smith (1963) did observe some

flocking of urban birds into parks and waste ground.
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Generally the house sparrow appears to be very sedentary in nature. As the temporary feeding
flocks studied by Summers-Smith (1963) broke up in the autumn, they would return to the
area from which the flock was drawn, although some young birds might not return to the
colony where they were born, but would move to a neighbouring colony. Natal dispersal
distances (movement from an individual’s birth site to its breeding site) were recorded by
Lowther (1979) and Fleischer et al. (1984), at 0.6 to 4.7 km. Analysis of British ringing data
by Paradis et al. (1998) gave an arithmetic mean natal dispersal distance of 1.7 km, and 1.9
km for breeding dispersal, although small numbers can disperse considerable distances

(Summers-Smith, 1963).

Foraging distance also tends to be short, but changes seasonally, being shorter during the
breeding season (Anderson, 2006). Cheke (1972) found that house sparrows fed between 0.5
and 2 km from their breeding or roosting sites, and similar distances have been reported in

other countries (Weaver, 1939; North, 1973; Heij and Moeliker, 1990).

1.2.4 Diet

Various studies have found the adult house sparrow diet to consist largely of cereal grains,
apart from in autumn when the proportion of weed and grass seeds increases (e.g. Hammer,
1948). They will also feed on other vegetable materials such as flower buds and leaves
(Summers-Smith, 1963). Grit is consumed by both adults and nestlings, partly to aid
mechanical digestion in the gizzard, and perhaps as a source of calcium or other nutrients

(Keil, 1972; Pinowska, 1975).

Diaz (1990) tested seed preferences in a number of granivorous passerines including house
sparrows and tree sparrows Passer montanus. Wild-caught birds were exposed in captivity to
a fixed mixture of thirteen seed types, then their consumption rates and seed preferences
measured. Of the seed types provided, house tree sparrows appeared to prefer millet Panicum
miliaceum, canary grass Phalaris canariensis, oats Avena sativa, rye Secale cereale, common
vetch Vicea sativa, wheat Triticum aestivu and barley Hordeum vulgare. Perkins, Anderson

& Wilson (2007) carried out forty seed choice experiments with wild birds, in each of which
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two seed types were provided and the number of visits made by birds recorded over a set
period. Data were collected for tree sparrow and house sparrow, as well as yellowhammer
Emberiza citronella, corn bunting E. calandra and reed bunting E. schoeniclus. All five
species showed the same pattern of selection amongst the cereal grains, with wheat preferred
to oats and barley, and oats preferred to barley. House sparrows showed the opposite
selection preference to corn buntings and yellowhammers, selecting maize over all cereal
grains. House sparrows selected wheat over sunflower hearts, but showed no selection

between barley and sunflower hearts, or between wheat and a weed seed mix.

Perkins, Anderson & Wilson (2007) suggest that the selection of wheat over other cereal
grain seems at odds with the results of other studies of winter habitat selection by seed-eating
passerines, which suggest that barley or oat stubbles tend to attract higher densities of
foraging birds than wheat stubbles (e.g. Buckingham et al. 1999). They suggest this may be
explained by differing abundance and availability of grain and weed seeds on different cereal
stubbles - barley crops tending to have fewer herbicide applications than wheat crops, have a
more open stubble structure for foraging birds, and shed more grain at harvest than wheat
(Donald et al. 2001, Moorcroft et al. 2002). This suggests that granivorous birds, including
house sparrows, will adapt their feeding strategy to exploit available local resources — as
suggested for tree sparrows by Perkins, Anderson & Wilson (2007); and differences between

diets of urban and rural house sparrows would be expected.

In urban areas, adult house sparrows tend to have fewer agricultural cereal grains in their diet,
and a higher proportion of: commercial bird seed; grass, tree and forb seeds; other plant
fragments; human refuse such as bread; and invertebrates (Gavett & Wakeley, 1986; Moulton
& Ferris, 1991; Bower, 1999). Gavett & Wakeley (1986) found that urban house sparrows
relied on a wider variety of food sources than did rural ones, and proposed that urban
sparrows may not have a single food source as abundant and consistently available as grains
in rural areas. In the UK, native plant seeds recorded in house sparrow diets include: grasses
(Graminae); rushes (Juncaceae); goosefoot or fat hen Chenopodium album; docks, in
particular knotgrass Polygonum aviculare; and chickweeds Stellaria media and Cerastium

spp. (Summers-Smith, 1963).
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During the early nestling period, young house sparrows are fed almost entirely on
invertebrate prey (e.g. Wieloch, 1975). A higher proportion of vegetable material (bird food
and human refuse) tends however to be found in the diet of young urban house sparrows than
those in rural populations (Bower, 1999). Animal material (invertebrates) contains high levels
of protein and other nutrients, and for this reason adult females may also increase their intake
of invertebrates during egg formation (Pinowska, 1975). Over time, nestling food is gradually
supplemented with vegetable material, and by fledging this forms the most significant part of

the diet (Wieloch, 1975; Summers-Smith, 1988).

The main invertebrate taxa that are fed to nestlings appear quite consistent across the house
sparrow’s range, and include beetles (Coleoptera), caterpillars (Lepidoptera larvae, especially
moths), flies (Diptera), grasshoppers and crickets (Orthoptera), and spiders (Araneae). Bugs
(Auchenorrhyncha and Sternorrhyncha), ants (Formicidae) and sawflies (Symphyta)
sometimes also form a significant part of the diet (Anderson 2006). Among the beetles, the
most commonly recorded have been ground beetles (Carabidae), weevils (Curculionoidea),
ladybird allies (Coccinelidae), leaf beetles (Chrysomelidae), and chafers etc (Scaraebidae)
(Anderson 2006). When bugs have been recorded significantly in the nestling diet, they have
usually comprised aphids (Aphidoidea), leathoppers (Cicadellidae) or cicadas (Cicadidae)
(Anderson, 2006). Klvanova et al. (2012) found that nestlings in a rural area of the Czech
Republic were fed primarily on beetles (mainly Scarabeidae) and Diptera (mainly muscids
and tipulids). Other named beetle families from faecal samples in this study were Carabidae
and Cerambycidae. Larvae were those of Scarabeidae beetles and Diptera, while other
arthropod groups included bugs (Heteroptera and Cicadomorpha / Auchenorrhyncha), and

spiders (Araneae).

While the main invertebrate groups reported remain fairly constant, the taxa available will
vary both locally and seasonally. The proportion of Diptera and Lepidoptera larvae used
appears to often be higher early in the breeding season, with a higher proportion of
Auchenorrhyncha, Sternorrhyncha and Orthoptera used later in the summer (Anderson, 1984;
Encke, 1965; Macmillan & Pollock, 1985; Wieloch, 1975). Local availability appears to
affect the proportion of different species in the nestling diet (Collinge, 1914; Anderson,

1980). Encke (1965) compared nestling diets in Germany between an agricultural area and a
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large urban area. The urban nestlings were fed more Sternorrhyncha (aphids), fewer
Coleoptera and Lepidoptera, and less grain than the rural birds. Bower (1999) also found that
aphids comprised a large part of the urban nestling diet, with most of the remainder
comprising different types of human scraps (e.g. bird food, dog food and bread). Field &
Anderson (2004) discussed taxonomic diversity, and variability of invertebrates with respect
to year, season and age in tree sparrow chick diet, emphasizing both the generalist nature of
tree sparrows and the likely requirement for a continuum of different prey types to be
available throughout their long breeding season. House sparrows are similarly generalist with
a long breeding season, so are also likely to require a continuum of different invertebrate prey

species throughout the spring and summer.

The high proportion of aphids reported in urban house sparrow nestling diets compared with
rural ones (Encke, 1965) could reflect lower availability of other invertebrates in the urban
environment. Aphid numbers can often increase on plants exposed to elevated air pollution
levels (Fliickiger, Oertli & Baltensweiler, 1978; Braun & Fliickiger, 1984; Spencer et al.,
1988). Thus aphids may provide a resource for adult urban house sparrows with young to
feed, either when other invertebrates are seasonally unavailable, or where populations of
pollution-intolerant invertebrates are reduced. The effects of pollution on invertebrates, and

potential effects on house sparrows, are discussed in Chapters 4 and 5.
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1.2.5 House sparrow population declines

In Victorian times the house sparrow was so common in the UK that it was considered a pest,
both to farmers in rural areas, and to gardeners in cities. Gentlemen’s ‘sparrow clubs’ were
formed to ‘lessen the numbers of this injurious bird’ (Tegetmeier, 1899). Monitoring of house
sparrow populations in the UK was poor up until the 1970s, as they were considered too
common to be included in national censuses such as the British Trust for Ornithology (BTO)
Common Bird Census or bird ringing schemes. Data from before this time are therefore
patchy, but available information shows a rapid decline around the 1920s (Alexander & Lack,
1944). A link has been suggested between this early decline and the demise of horse-drawn
transport, with an associated reduction in availability of grain (Robinson, Siriwardena &

Crick, 2005; Anderson, 2006).

More recently, house sparrows have shown a rapid national decline in the UK, decreasing by
around 60 % in urban and suburban areas, and 47 % in rural areas, between the mid 1970s
and 2005 (Robinson, Siriwardena & Crick, 2005). The species was listed as a ‘red-list’
species of conservation concern in 2002 (Gregory et al., 2002), and is a UK Biodiversity

Action Plan species (JNCC, 2010).

This national decline however disguises much regional variation, with minor increases in
rural Scotland and urban / suburban Wales. The sharpest recent population fall has been in
urban / suburban south east England (Robinson, Siriwardena & Crick, 2005). In London the
species declined by 68 % between 1994 and 2009 (Risely et al., 2010). Declines recorded in

some UK cities are shown in Table 1.1.

18



Table 1.1 Historical house sparrow declines in three UK urban centres (from
Anderson, 2006)

Setting Location Period Trend % change Source
per annum
Park London 1925-2000 Decline -7.42 Sanderson,
2001
Suburban Glasgow 1959-1997 | Decline -2.6 Summers-
Smith, 1999
Park Edinburgh 1982-1996 | Decline -16.5 Dott &
Brown, 2000

House sparrow population declines are not confined to the UK, but have been recorded in a
number of European countries, including Denmark (Jacobsen, 1995), Finland (Vaisanen &
Hilden, 1993), and Germany (Engler & Bauer, 2002). Pronounced urban declines have been
seen in Hamburg (Bower, 1999; Mitschke et al., 1999) and Valencia, Spain (Murgui &
Macias, 2010). The species is an introduced pest in Australia and the USA, but nevertheless,
population declines in the USA have mirrored those in the UK, occurring both during the
early 20th century (Bertgold, 1921; Eaton, 1924) and in recent years (e.g. Bennet, 1990). An

overview of recent population trends in some European cities is given in Table 1.2.

Table 1.2 Population trends in various European cities (from Shaw et al., 2008)

City Overall trend Source

Berlin Stable Witt (2000, 2005)

Bristol Decline (pre-1994) Bland (1998)

Brussels Stable Weiserbs & Jacob (2005)
Dublin Decline Prowse (2002)
Edinburgh Decline Dott & Brown (2000)
Hamburg Decline Muslow (2005, 2006)
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Lisbon Increase Geraldes & Costa (2005)
London Decline Sanderson (1996)

Manchester Stable Prowse (2002)

Moscow Decline Kostantinov & Kakhanov (2005)
Norwich Decline Paston (2000)

Paris Stable McCarthy (2006)

Prague Decline Stastny et al. (2005)

Rotterdam Decline Heij (2006)

St. Petersburg Decline Khrabryi (2005)

Warsaw Slight decline Luniak (2005)

House sparrow populations in some cities, in particular Lisbon (Geraldes and Costa, 2005),
Berlin and Paris, have remained relatively stable (Summers-Smith 2003; Bohner & Witt,
2007), as have some northern English populations, e.g. in Manchester (Prowse, 2002).
Populations in Scotland and Wales appear to have increased in numbers (Crick, Robinson &
Siriwardena, 2002). Despite this however, the recent downward population trends in so many
European cities, as well as in many rural areas (e.g. Hole et al., 2002), indicate a conservation

problem that requires addressing.

1.2.6 Potential causes of decline - Links with rural declines

Differences in demographic parameters have been reported between urban and rural house
sparrow populations (Crick & Siriwardena, 2002; Freeman & Crick (2002). It has been
speculated that populations in urban or rural areas may have previously acted as sources for
‘sink’ populations in other habitats. For example the rural decline could have impacted on
urban populations, which may have acted as a sink for rural ones (Wilson, 2004). Conversely,
it has been suggested that suburban populations may act as a source for rural populations

(Crick, Robinson & Siriwardena, 2002).
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Current patterns of house sparrow population density do not fit well with a scenario of urban
populations buffered by rural ones. Urban populations generally exist at much higher
densities those in rural areas (Heij & Moeliker 1990; Robinson, Siriwardena & Crick, 2005).
Additionally, the onset of the rural decline was significantly earlier than that of the recent
urban decline, with rural populations declining from the 1970s, and the urban decline
beginning in the mid 1980s (Crick, Robinson & Siriwardena, 2002). It might be expected that
the effects of a declining rural source population would be seen in an urban sink population

over a shorter timescale than this.

While house sparrow populations have declined dramatically in both rural and heavily
urbanised areas, they have remained highest in small towns and suburbs (e.g. Summers
Smith, 2003). The possibility remains that house sparrow populations in smaller urban towns
or suburbs could be linked to nearby populations (Robinson, Siriwardena & Crick, 2005;
Summers-Smith, 2003), and act as sources for either more urban or more rural populations.
Heij & Moeliker (1990) argued that rural populations in the Netherlands were supported by
immigration from suburban areas, as house sparrow densities in suburban areas were almost
twice those in rural areas. However, analysis of Breeding Bird Survey data in the UK by BTO
(Crick, Robinson & Siriwardena, 2002) suggested that populations in Britain were not linked
at this kind of scale, although the effects of reduced immigration from garden populations
could not be definitively ruled out as a factor in the decline in numbers on farmland. They
stated that some garden populations could in theory maintain at least some farmland ones,
and suggested that a colour-ringing project would allow an assessment of the potential

importance of local dispersal of house sparrows between habitats.

Studies have suggested that suburban areas provide the optimal habitat for supporting high
densities of house sparrows (Chamberlain et al, 2007; Vangestel unpublished data).
Additionally, recent work by Vangestel (2011) found house sparrows to be in better condition
in suburban than urban habitats. Heij (1985) suggested that suburban house sparrow
populations may serve as source populations and also maintain multiple sink populations,
although this study was carried out prior to the urban population collapse and it is unclear

whether suburban populations still show a demographic excess (Vangestel, 2011).
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Nevertheless it seems possible that suburban populations, rather than rural ones, could have

historically acted as source populations for urban areas.

Most available evidence shows that the majority of house sparrows are sedentary and prone
to dispersing only short distances. Long distance ringing recoveries in Great Britain have
shown only 3% of dispersal events to be further than 20km (Siriwardena et al., 2002). Longer
dispersal distances have been recorded, but are occasional (Summers-Smith, 1963; Anderson,
2006). An experimental translocation study in Norway resulted in 25 % of a house sparrow
population dispersing up to 13 km (Skjelseth et al., 2007), but data from BTO ring recovery
schemes (Britain and Ireland) investigated by Paradis et al. (1998) indicated that most house
sparrows are non-dispersive. It is likely that the capture and release of birds away from their
natal areas in the translocation study affected their subsequent movements as Introduced
individuals dispersed more frequently and over longer distances than residents (Skjelseth et

al., 2007).

A proportion of dispersal occurring over tens of kilometres, with occasional longer
movements, may be enough to maintain genetic mixing between house sparrow populations.
A study in Finland by Kekkonen et al. (2011) found house sparrow populations to be
genetically homogeneous, despite 90 % of natal dispersal distances being under 16 km. This
was due to a low number of migrants per generation being required to homogenise
populations. Despite this however, Hole, et al. (2002) found little DNA evidence of dispersal
or genetic mixing between rural house sparrow colonies in southern England at 6 to 24km
apart. This suggests a very low frequency of longer distance movements. This study was
carried out post- rural decline, and increasing distances between surviving colonies may have
further reduced mixing of populations, although the distances between colonies (6 to 24 km)

are well within the scope of the longer dispersal distances quoted.

Recent work by Vangestel (2011) found evidence that genetic population structure
(relatedness) was higher in an urban environment compared with a rural control area. The
urban house sparrows were also shown to have smaller home ranges and higher nutritional

stress than suburban and rural ones. A radio tracking study of breeding urban house sparrows
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in Bristol, UK, also reported small home ranges, with birds mainly using a small number of
neighbouring gardens for foraging (Shaw, 2009). This indicates a high current level of
isolation of urban populations from rural ones, although this may have increased since the
rural and urban declines. Small home range sizes and high nutritional stress in urban
populations were both related to connectivity of cover (bushes and shrubs). Connectivity was
highest in suburban areas, with correspondingly larger home range sizes and better
physiological condition of individuals. The availability of optimal habitat would have knock-
on effects on the resilience of suburban populations to stresses such as predation or food
shortage, and would help explain current observed patterns of highest house sparrow
abundance in suburban areas of cities. A recent citizen science survey carried out in London
(the ‘Cockney Sparrow Count’), and an initial survey carried out in 2002 (‘Where have all
our sparrows gone?’), by the London Biodiversity Partnership, illustrated this pattern of
abundance, with very low populations recorded in the centre of the city and higher numbers

in the suburbs (Noble & Eaton, 2002; Reast & Webb, 2012).

Bell (2011) suggests that these observed patterns, along with regional variation in population
trends, can be explained entirely by the re-establishment pattern of sparrowhawks in the UK,
following their own dramatic decline. While the geographical patterns of sparrowhawk re-
establishment and house sparrow decline do follow each other closely, it is most likely that
this is part of a complex interaction of factors affecting house sparrow population trends, as

will be examined.

1.2.7 Competition

Interspecific competition is often defined as either exploitation competition or interference
competition (Newton, 1998). In exploitation competition, a resource that is limiting for one
species is made unavailable to it, being reduced or exhausted through use by another species.
In interference competition, a resource is made inaccessible to an individual through the
presence or behaviour of another. The two most likely areas in which interspecific
competition of either type could affect house sparrows would be competition for food

resources or nest sites.
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A number of studies have been carried out in the United States on competition between the
introduced (declining) population of house sparrows and the (also introduced) house finch,
which has similar feeding and nesting requirements (Anderson, 2006). Several of these have
shown some correlation between house finch increases and house sparrow population
decreases (Kricher, 1983; Wooton, 1987; Bennet, 1990). However evidence for the more
recent decline in house sparrows in the United States being linked to competition with house
finches is lacking, especially as house sparrow declines in some cities pre-date the arrival of
house finches (Anderson, 2006), and the house sparrow appears to be socially dominant over

the house finch (e.g. Giesbrech & Ankney, 1998).

The house sparrow overlaps in resource use and in much of its natural range with various
other species of sparrow - particularly the tree sparrow. Where studies have been done on
sympatric urban house and tree sparrow populations, house sparrows have been more
dominant, or more successful at obtaining nest sites (Anderson, 1978; Cordero & Senar,
1990, 1994). There is evidence of dietary overlap between house and tree sparrows, and
perhaps some competition for invertebrate food during the breeding season (Anderson, 1978,
1980). However in the UK these two species do not greatly overlap geographically, the tree
sparrow here being much less common than the house sparrow and much more confined to

agricultural areas (BTO no date b ).

In UK cities a possible competitor with adult house sparrows for food could be pigeons —
particularly feral pigeons Columba livida. However to date there is little evidence of
competition with pigeons affecting house sparrow populations (Vincent, 2005; Anderson,
2006). Competition for invertebrates from other species during the breeding season could
potentially exacerbate any existing paucity of supply. Candidate species for contributing to
this scenario are many, as a large number of urban birds are either insectivorous or feed their

young on invertebrates.

Another possible scenario is competition for nest holes. This seems an unlikely driver for the
house sparrow decline, as in most studies that have looked at this, the house sparrow has out-

competed other species (e.g. Anderson, 1978; Cordero & Senar, 1990, 1994). An exception to
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this appears to be the European starling (Sturnus vulgaris) (e.g. Coleman, 1974; Weitzel,
1988). However the population of starlings in the UK has also declined dramatically, and it is
currently a red-listed species of conservation concern (Gregory et al. 2002), making it an
unlikely candidate as a key competitor. An existing lack of nesting sites could however
potentially be exacerbated in local situations by demand from other species, especially where

starlings are still present.

1.2.8 Disease and parasitism

A number of diseases and parasites of house sparrows have been recorded, with local
epidemics in some cases leading to high numbers of deaths (e.g. Wilson & MacDonald,
1967). In particular, wild house sparrows are commonly infected with Sa/monella bacteria
(e.g. Wilson & MacDonald, 1967; MacDonald, 1978), and Salmonella has been isolated from
bird tables and feeders as well as from house sparrow corpses (Pennycott et al., 2002).
Garden feeders may encourage the spread of disease between wild birds by promoting close

proximity of the birds to each other (MacDonald, 1978; GBHI, 2010).

Other potentially harmful bacteria frequently found in house sparrows include Escherichia
coli, which has been implicated in nestling deaths (Kozlowski ef al., 1991b; Pawiak et al.,
1991), especially in urban areas (Pawiak et al., 1991). A study on unhatched house sparrow
eggs in Poland found that E. coli was the predominant microorganism in dead embryos
(Kozlowski et al., 1991a). Other micro-organisms found included other Enterobacteriaceae
bacteria, Micrococcaceae, Streptococcaceae, Bacillaceae and Cryptococcacae. Bacterial
infestation of nest holes has been shown to be higher for starlings (Sturnus vulgaris) in late
nests (Berger, Disko & Gwinner, 2003). As house sparrows raise two or three broods per

season, it is possible that a high bacterial load in the nest could affect later broods.

Wild birds can also be infected by, and can act as reservoir hosts for arboviruses (Stamm,
1963). These include West Nile virus and Japanese B encephalitis, and are transmitted by
vectors such as mosquitos or ticks. Arboviruses have been implicated in house sparrow

deaths in the United States (Burton ef al., 1966; McLean et al., 1985), but there appears to be
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little evidence that they have contributed to long term house sparrow decline either in the

United States or the United Kingdom.

Trichomonosis — an avian disease of the throat and gullet caused by the single-cell parasite
Trichomonas gallinae — has only recently been recorded in passerines in Britain. It was first
seen in British finches in summer 2005 (and epidemics of the disease occurred in 2006 and
2007), and it appears that Trichomonosis has caused population declines in greenfinches, and
to a lesser extent chaffinches, in the UK (GBHI, 2010). Many other garden birds, including
house sparrows, are also susceptible to the disease. However as it has only recently appeared
in the UK it is unlikely to have been a cause of the historical house sparrow declines here.
Similarly, the avian influenza virus (H5N1) has occurred only recently in Great Britain

(Alexander et al., 2010), so is unlikely to be a cause of the historical house sparrow decline.

Endoparasites that affect house sparrows include protozoans that can cause avian malaria,
toxoplasmosis and coccidiosis; as well as platyhelminths and nematodes, which are largely
intestinal parasites. However the impacts on house sparrow populations of these parasites and
diseases are poorly understood (Anderson, 2006). Common ectoparasites of house sparrows
include mites and ticks (Acari), feather lice (Mallophaga) (Anderson, 2006), and fleas
(Siphonantera) (Cyprich et al., 2002). House sparrow nestlings from nests with high
ectoparasite loads have been shown to have lower body mass than those with less severe
parasite loads (Weddle, 2000). The sequence of cause and effect for low body weight and
high parasite load can however be difficult to determine. Restriction of food intake in Eastern
Bluebird nestlings resulted in restricted broods accumulating higher parasite loads than
broods that had an unrestricted food supply (Pinkowski, 1977), suggesting that parasite load
may increase in already weakened individuals. The role of disease and parasitism in
population dynamics is often difficult to distinguish from other related factors (Vincent,
2005). Little is known in general about the impact of disease and parasitism on bird

populations (Newton, 1998; Anderson, 2006).
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1.2.9 Loss of nest sites

Another suggested cause of the urban house sparrow decline is a loss of nesting sites (Bennet,
1990; Summers-Smith, 2003). In urban areas of the UK, house sparrows usually nest under
missing roof tiles, within roof space, and under the eaves or behind fascias and soffit boards
of buildings. The next most favoured site is in wall creepers, and nests are sometimes made in
the centre of other dense vegetation. House sparrows were probably originally tree nesters,
and nests may still occasionally be found in tree holes, but in the UK this is rare (Summers-

Smith, 1963).

An experimental study in the USA in which females were removed from nest sites on
completion of a clutch, indicated that there was a shortage of optimal nest sites in the colony,
leading to the presence of non- breeding ‘floaters’ in the population that would take over the
vacated nest sites (Anderson, 1990). Thus availability of nest sites can influence the number
of breeding individuals in a colony. Cordero (1993) found that both house and tree sparrow

numbers in rural Spain were limited by the number of available nest sites.

In a public survey, Wotton et al. (2002) found that nesting house sparrows were recorded
more frequently in houses built before 1919 than in modern homes, and less frequently in
houses built between 1945 and 1984 that had undergone recent roof repairs. This was
probably due to restriction of access to the roof space for nesting. A further study by RSPB
found that house sparrows did best in areas with old and semi-detached houses and areas of
tiled roofs with wooden soffits. They did worst in areas with terraces, flats and modern

buildings (Ockenden, unpublished data).

It is clear that nest site availability can be limiting, and that in urban areas new developments
and renovation of old buildings can reduce the number of nesting holes available. Links
between house sparrow decline and decreased levels of human deprivation in cities have been
demonstrated (Shaw et al., 2008). Increased human prosperity may lead to renovation of
buildings and loss of house sparrow nest sites, but could also reflect a loss of roosting and /or

feeding habitat through tidying and paving of gardens (Shaw et al. 2011). While there is
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currently no clear evidence that loss of nest sites has driven the house sparrow decline at a
national level, this could contribute to local extinctions, which could potentially impact the
wider population as described in rural areas of the UK by Hole et al. (2002). Given the short
dispersal and foraging distances demonstrated by house sparrows, local availability of nest

holes within the vicinity of foraging habitat is likely to be important (see section 1.2.3).

1.2.10 Wider urban habitat change

A growing proportion of people now live in urban areas. It has been predicted that by 2050
over 84 % of all people will live in cities (United Nations, 2009). Such urbanisation is likely
to have profound effects on biodiversity, through major changes in habitat structure (Shochat,
2006). Urbanisation significantly affects the population biology of birds, and therefore the
structure and composition of bird communities (Marzluff, 2001). Several studies have found
that urban bird communities tend to be less diverse than rural ones, and to be more dominated

by a few species (Huhtalo & Jarvinen, 1977; Bland, 1979; Shochat, 2006).

Different species appear to respond to habitat at different scales (Hostetler, 2001), and local
occurrence of a bird species may be dictated by the wider urban habitat rather than local
conditions. For example, the probability of a number of bird species occurring in gardens has
been shown to depend on characteristics of the habitat surrounding the garden, rather than on
the garden habitat itself (Chamberlain et al., 2004). As house sparrows are generally
sedentary, their immediate local environment is likely to impact on them significantly, as
discussed for rural areas by Hole ef al. (2002). However the ability of occasional dispersing
individuals to move through the urban landscape, as well as availability and accessibility of
food and other resources, is likely to be affected by wider urban change. Therefore it is

important to aim for a healthy urban environment at all scales.

Habitat associations of house sparrows have been investigated in urban areas. The London
Bird Survey carried out by the BTO (Chamberlain et al., 2005) looked at habitat associations
of a number of bird species, and found that heavily built environments held the lowest overall

richness and individual species abundance / occurrence, with two exceptions - starling and
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house sparrow - which occurred at higher densities in urban and suburban habitats than in
rural habitats. Specifically, house sparrow density was highest where buildings were present.
This positive association with buildings was likely to represent inter-correlated factors as, for
example, deciduous bushes, deciduous trees and mown grass covered a greater proportion of
site area on sites with buildings. Nest site availability is also likely to have been highest

where buildings were present.

House sparrow habitat associations were specifically investigated by Chamberlain et al.
(2007) within urbanised landscapes of the UK (defined as at least 25 % ‘human cover’). The
key predictors determining overall house sparrow density and breeding male density were:
residential areas (houses and flats), allotments, and ‘farm buildings’. Within residential areas,
the area of houses with gardens was the most constant predictor of both breeding male house
sparrow numbers, and numbers of all house sparrows. Their model predicted a rapid decline
in house sparrow abundance when only a small area of private gardens was converted to
continuous housing. Allotment cover was the second most important predictor of numbers of
all house sparrows, in areas of high human cover (less so where human cover was lower).
Allotments were less important for breeding male estimates, suggesting that the habitat may

be used more for foraging than for breeding.

The BTO house sparrow survey (Shaw ef al., 2011) also found that houses with gardens were
strongly preferred over any other habitat type. Surprisingly, there was a strong aversion of
nesting house sparrows to green space in urban areas, although in less urbanised areas
allotments and green space were found to provide ‘useful alternatives’ to houses with
gardens. It is likely, given the small foraging range of house sparrows that, especially when
breeding, nesting birds are obliged to choose foraging areas as close as possible to the nest
site itself; and in many cases the gardens attached to the house will be the nearest suitable site
(Shaw et al., 2011). Radio tracking studies have found breeding house sparrow home ranges
to be very restricted (Shaw, 2009; Vangestel, 2011). Additionally, supplementary food is
estimated to be provided in around 50% of gardens, and some householders also provide nest
boxes, whereas suitable cavities for nesting may be scarce in the vicinity of other habitats

(Davies et al. 2009).
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Green spaces in the UK tend to be more open and homogeneous in character than elsewhere
in Europe and may lack the necessary foraging opportunities for house sparrows (Shaw et al.,
2011). In a study by Sims et al. (2008), house sparrow and other bird densities peaked with
intermediate areas of green space. This may reflect an aversion to large parks containing
large expanses of short, manicured, amenity grass (e.g. sports fields) and relatively small
‘wild’ areas of taller grass or shrubs. Where suitable garden habitat is lost, particularly in less
deprived areas (Shaw et al., 2008), allotments and green space become more important (Shaw
et al., 2011). Brownfield and similar sites may also provide a source of weed seeds and
invertebrates for urban house sparrows, comprising a higher quality food source than human

scraps (e.g. Crick, Robinson & Siriwardena, 2002).

The BTO house sparrow study (Shaw et al., 2011) recommends that mitigation measures to
preserve house sparrow populations should concentrate on improving existing garden habitats
wherever possible, including the limitation of development in areas where sparrows are
present. However they also state that attention should be paid to preserving good quality
green space and brownfield sites, particularly in less urbanised areas; and that creating
potential nest sites where house sparrows use urban green space, allotments and brownfield
sites as foraging areas, may mitigate the effects of development in nearby areas of housing. In
fact, green spaces could be made much more useful for nesting house sparrows by a
combination of providing nest sites, and improving the quality and accessibility of the
foraging habitat available. Similarly, the study suggests that urban river banks and patches of
urban green space along floodplains may be constrained by a lack of suitable nest sites.
Providing nest sites in these areas may add to the tools available for urban house sparrow
conservation. Railway embankments in urban areas often contain high densities of house
sparrows (pers. obs.), and may be less constrained by nest site availability as they often back
onto buildings. Management of embankments to ensure that any clearance of foraging habitat
(scrub and grassy vegetation) is done rotationally rather than cleared in large sections, would

benefit house sparrows at these sites.

A recent trend has seen the removal of shrubs from parks on the grounds of public
perceptions of safety (to deter people from hiding in bushes). ‘Tidy’ management of urban

parks and gardens could be seen as analogous to the intensified agricultural practices and
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improved grain storage implicated in rural declines of house sparrows (Hole et al., 2002),
while widespread removal of shrub cover may negatively affect foraging potential (Shaw et

al.,2011; Vangestel, 2011).

A link has been reviewed between house sparrow populations and the socio-economic status
of urban areas. House sparrows appear to have disappeared predominantly from more
affluent areas, perhaps because these areas are more likely to have undergone changes to
habitat structure in terms of loss of vegetation to paving or parking areas, renovation of
buildings, loss of brownfield sites, ‘tidying’ of gardens, and a higher proportion of paving
and non-native ornamental shrubs (Shaw et al., 2008). This is supported by a RSPB analysis
of a number of habitat variables, which found that house sparrows declined most in areas
with high urban land cover, low greenery, concrete gardens and conifers. They declined least
in areas with grassy gardens, and most in areas with concrete gardens (Ockenden,

unpublished data).

A recent study by London Wildlife Trust (Smith, 2010) found that gardens in London had
changed significantly in recent years, primarily through changes to garden design and
management leading to loss of garden vegetation. While changes in an individual garden may
seem small, taken across the landscape this can have a much greater impact on habitat
availability, structure and connectivity. The area of vegetated land present in London gardens
in 1998-99 had dropped 12% in 2006-08, a loss of 3000 ha, and on average an area of
vegetated garden land the size of 2.5 Hyde Parks was lost each year. The amount of hard
surfacing increased by 26% or 2600 ha, while the area of garden buildings increased in area
by 55% or 1000 ha. The amount of lawn decreased by 16% or 2200 ha, and overall
vegetation in gardens decreased by 12% or 3000 ha. While larger scale development can have
important impacts locally, losses due to development across London in this study were
relatively small. An average of 311 reported housing developments per annum occurred on
private garden land each year, and on average 500 gardens, or part gardens, were lost to
development per year (although it was unknown how many new gardens were created in

association with development).
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Smith (2010) stresses the impact of garden design and management on the environmental role
of gardens. It is important that householders are made more aware of the collective value of
their gardens for wildlife (as well as for local environmental benefits, pollution mitigation
and climate change adaptation), and that the decisions they make may have long-term
consequences for local environmental quality (Smith, 2010). Other habitats including
brownfield sites, railway embankments, parks and green spaces must likewise play an

important role in providing quality and connectivity of urban habitat.

1.2.11 Diet and food availability

Populations of an organism are regulated at least in part by density-dependent factors
including predation, disease and food supply (Lack, 1954). A number of studies have
indicated that food shortage is a key natural limiting factor for bird populations, acting in
particular on reproductive processes and productivity (Lack, 1954; Martin, 1987; Newton,
1998).

There is increasing evidence of reduced productivity in a number of urban bird species,
compared with the same species in rural areas, and it is likely that this is driven by low
availability of food. Chamberlain et al., (2009a) found consistent patterns of earlier lay dates,
lower clutch size, lower nestling weight and lower productivity per nesting attempt for birds
in urban landscapes, although nest failure rates did not show consistent patterns across the
species considered. They suggested that food availability is a key driver of differences in
passerine demography between landscapes. In urban habitats, human-provided food may
improve adult condition over winter, leading to earlier lay dates and, in some species, to
higher survival and higher breeding densities, but a lack of natural food may lead to lower
productivity per nesting attempt. They recommended comparative research for a wider range
of species on the effects of natural and human-provided food availability, and on the

differences in survival and dispersal between urban and non-urban populations.

In urban house sparrows, it is unlikely that food for granivorous adults is currently limiting
adult populations. Crick, Robinson & Siriwardena (2002) state that changes in first-year
survival rates are likely to have driven the decline in the mid 1970s, with declines in survival

rates of adult birds and a lack of improvement in breeding performance in suburban areas
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tending to inhibit any recovery. Shaw (2009) however, argues that food availability for adult
urban house sparrows is unlikely to be a factor influencing their decline. House sparrow
occurrence was higher in areas of socioeconomic deprivation, where supplementary feeding
is less common (Fuller et al, 2008), while Békony et al. (2012) measured a number of
indices of body condition in adult house sparrows and found no overall difference between

urban and rural birds.

There is however a body of evidence to suggest that invertebrate food supply limits
productivity and juvenile survival. Anderson (1977) reported that an abundant supply of
invertebrate food (periodically emerging cicadas) increased house sparrow fledging success
and reduced the interval between breeding attempts, resulting in an overall increase in
productivity. Bower (1999) found that all first broods of a small population in Hamburg
failed to produce any fledged young, which he attributed to the lack of invertebrates at that
time. More recent work in Leicester found low reproductive output among urban-suburban
house sparrow populations, characterised by poor nestling survival and low body mass at
fledging (a predictor of post-fledging survival). Young that were fed mainly on vegetable
material (including bread) showed poor development, and chick survival was higher where
the proportion of vegetable material in the diet was low. Daily chick survival was higher in
areas with abundant aphids (Peach et al., 2008). A recent study by Klvanova et al. (2012)
also found that a higher component of animal material in the diet of house sparrow nestlings,
and a higher overall amount of food consumed, resulted in better nestling condition. In recent
RSPB studies, increasing invertebrate availability by providing mealworms on garden feeders
increased house sparrow reproductive success, with more young fledglings counted per
breeding pair, compared with sites where no mealworms were provided (Peach, Sheehan &
Kirby, 2014: Peach ef al. in press). There is therefore an increasing amount of evidence that
provision of invertebrate food for nestlings can help surmount a demographic barrier for

house sparrows in urban areas.

In Peach ef al. (2008), aphids were used as an indicator of invertebrate abundance. The value
of aphids as a general invertebrate indicator may not be straightforward, as they often

increase at intermediate levels of pollution, where other groups may decline (e.g. Eeva et al.,
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1997; Bolsinger and Fliickiger, 1987). They may however provide a useful resource for birds
in the absence of other invertebrate food (e.g. Eeva et al., 1997).

In rural areas, the availability of arthropods has been reduced through intensive agricultural
practices (e.g. loss of field margins etc.), and use of pesticides and herbicides on invertebrates
and their food plants (Donald, 1998; Shrubb, 2003). Intensification of agriculture has also
been cited as a reason for reduced availability of seed in rural areas (e.g. Hole et al., 2002;
Shrubb, 2003). In urban areas it is likely that food availability for house sparrows year-round
(both seeds and invertebrates) have been reduced through tidying of urban green spaces
(Summers-Smith, 1999; Shaw, 2009). Further loss of suitable habitat due to development
pressure is likely (Chamberlain et al., 2007).

Accessibility of food at a smaller scale may also be of importance to house sparrows.
Vegetation structure has been shown to affect bird foraging in grassland, with appropriate
structure for foraging and accessibility of prey of much greater importance than prey
availability per se (Vandenberghe et al., 2009; Hoste-Danytow, Romanowski & Z 'mihorski.,
2010). In the BTO London Bird Survey (Chamberlain et al., 2005), house sparrows were
among the species that showed high occurrence rates on mown grass. As demonstrated in
Chapter 4 of this thesis, abundance of invertebrates is much higher in long grass swards than
in short grass, so it is possible that house sparrow use of short grass areas reflects a need for
access to available resources or to the edges of habitats where food resources are more
abundant. Field and Anderson (2004) found that provisioning tree sparrows seldom flew
more than 300 m to forage, and suggested that availability of adequate invertebrate food
resources may be the main factor governing tree sparrow breeding distribution within their
study area. They suggested that management prescriptions to encourage diversity and
abundance of invertebrates on a relatively small scale (within a summer foraging range of a
few hundred metres), and increased heterogeneity in land use type, were likely to benefit
breeding tree sparrows by allowing continuous successful chick rearing throughout the
summer. It is likely that habitat structure will affect house sparrow provisioning in a similar
manner. Homogenisation of urban green spaces is likely to have detrimental effects on food

availability for house sparrows at multiple scales.
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1.2.12 Predation

Different theories have been applied to the effects of predators on prey populations. One
theory states that populations are controlled by resources such as food, and predation affects
only the ‘doomed surplus’ of individuals that a habitat can not support, and which would
otherwise die through disease or resource limitation (Errington, 1946). Other theories suggest
that predation can limit a population below the level that could be supported by a habitat (e.g.
Caughley ef al., 1980). It can be difficult therefore to separate the effects of predation on a

population from the effects of other factors such as habitat quality.

Potential predators of urban house sparrows in the UK include domestic cats Felis catus, and
avian predators, in particular the sparrowhawk Accipiter nisus. Magpies and other corvids are
generally nest predators, so are less likely to affect house sparrows than open-nesting species,
as house sparrow nests are usually located in buildings and relatively inaccessible (Summers-
Smith, 2003), although they will also take young fledglings (pers. obs.). Domestic cats are a
well-known predator of urban birds, and were shown to be responsible for around 30 % of
house sparrow mortality in an English village over a one-year period (Churcher & Lawton,
1987). Until recently however there has been a lack of empirical evidence, other than where
cats have been introduced to isolated oceanic islands, that they have a markedly adverse
impact on wild bird populations, and domestic cats have been widespread in the UK, and
most other countries, since long before the house sparrow decline (Sims ef al., 2008). Sims e?
al. (2008) found a lack of marked negative correlations between domestic cat densities and
avian densities in urban areas. However, while cat densities varied by an order of magnitude
across their sites, they suggested that cat density may have been high enough everywhere
(minimum 132 cats km™) to have a uniformly large impact on bird densities across the area.
Moiller & Erritzae (2000) showed that immunocompetence of house sparrows that fell prey to
cats was lower than that of non-preyed birds, suggesting that those falling prey to cats were

already less fit than their counterparts.

Beckerman, Boots & Gaston (2007) suggested that the absolute levels of mortality exerted by
domestic cats on birds may not be the most important issue, but that urban predator

abundance can substantially limit populations of urban birds by reducing a life history trait
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such as fecundity. More recently, experimental evidence has demonstrated indirect adverse
effects of cats on parental provisioning by blackbirds (Bonnington, Gaston & Evans, 2013).
Following the brief presence of a model domestic cat, provisioning rates fell by one third
relative to the effects of a model non-predator (rabbit), with no compensatory increase in
food load size. Models of grey squirrels had similar but weaker effects. In blackbirds, the
intensity of parental nest defence in response to the models predicted subsequent probability
of nest predation by corvids. While such direct predation by either cats or corvids is less

likely in house sparrows, reduced nest provisioning is a likely response.

A number of studies have indicated that the recent decline in sparrowhawk populations in
Europe, and their subsequent recovery, had little impact on songbird populations (Newton,
1986; Perrins & Greer, 1980; Newton & Perrins, 1997). However sparrowhawks have been
shown to favour house sparrows as a food item (Opdam, 1979; Frimer, 1989; Solonen, 1997).
The effects of songbird predation by sparrowhawks has been the subject of two recent,
related papers. Chamberlain ef al. (2009b) analysed changes in garden bird counts from year
to year, for 10 sparrowhawk prey species, in relation to sparrowhawk re-colonisation of the
sites (sparrowhawk populations declined dramatically in the 1950s but recovered between the
1970s and 1990s). No strong evidence was found that sparrowhawk re-colonisation was
linked to long term declines in population size of the prey species. The same data were used
for further analysis in Bell e al. (2010), this time with spatial variation in sparrowhawk and
house sparrow populations across the UK taken into account. Additionally, the date of
sparrowhawk re-colonisation was taken as the first year of consistent sparrowhawk presence
at a site (inferring local breeding) — rather than the first year in which sparrowhawk presence
was recorded at a site (which could relate to transient individuals). Using this model, patterns
of house sparrow declines generally correlated with sparrowhawk re-establishment. Prior to
the urban re-invasion by sparrowhawks, long periods of predator release may have allowed
natural selection against behavioural strategies associated with anti-predator defence in urban
house sparrows (Blumstein & Daniel 2005; Bell et al., 2010) rendering them incapable of
instantly adjusting their behaviour in response to a sudden predator introduction (Steadman
2006; Vangestel, 2011). The subsequent sudden arrival of a ‘new’ predator may have
disproportionally increased the vulnerability of urban house sparrows (Bell et al., 2010).
Sparrowhawk nestlings tend to hatch at the time of peak availability of fledgling songbirds,
causing mortality of prey to be skewed towards first year birds (Newton 1986; Bell, 2011).
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Bell argues that this corresponds with Freeman & Crick’s (2002) finding of high 1st year
mortality in declining house sparrow populations, and further supports the role of

sparrowhawks in house sparrow decline.

While recent evidence does lend support to a role of sparrowhawks in the house sparrow
decline, the assertion that this alone explains the full extent of the decline (Bell, 2011)
ignores the complexity of ecological interactions in a heavily anthropogenic and changing
environment. Research has shown that behavioural responses to predation risk can have
population-level effects through affecting traits such as adult and juvenile survival, clutch
size or clutch number (e.g. Lima, 1987). This can occur through altering prey behaviour,
including foraging patterns and use of habitats (Lima, 1986) — and where habitat availability
and / or quality are reduced, such changes in foraging behaviour are likely to have greater

impact.

Many small passerines, and house sparrows in particular, are reluctant to feed far from cover,
probably due to increased perceived predation risk (Cowie & Simons, 1991). Seress &
Bokony (2011) experimentally compared the risk-taking behaviour of urban and rural house
sparrows after simulated attacks by dummies of sparrowhawk and domestic cat, and startling
using control objects. Sparrows responded more strongly to sparrowhawk (but not cat)
attacks than to the control objects, and their responses differed between urban and rural
habitats. In urban birds only, risk taking strongly decreased with age, while young urban
birds responded less strongly and older urban birds more strongly to the sparrowhawk than
the same respective age groups of rural birds. The increased wariness of older, presumably
more experienced urban birds implies that sparrows may be more exposed to sparrowhawk
predation in cities, and that behavioural responses differ accordingly. MacLeod et al. (2006)
discussed the trade-off in house sparrows between foraging and predator avoidance. Small
birds will increase fat reserves until the cost of increased predation risk due to reduced flight
performance or increased foraging exposure equals the benefits of reduced starvation risk
(e.g. Lima, 1986; MacLeod et al., 2006). MacLeod et al. (2006) found that, in a study of
seasonal and diurnal mass change in house sparrows and five other species, only house
sparrows did not show any significant mass gain in winter (despite being physiologically
capable of doing so0), and showed a low mass gain early in the day. They also compared mass

gain patterns on a number of islands where sparrowhawks were either present or absent, and
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in mainland Britain (with sparrowhawks widespread). This demonstrated significantly higher
mass of individuals living in areas where sparrowhawks were absent, suggesting that, due to
mass-dependent predation, house sparrows are unable to increase body mass to reduce

starvation risk without substantially increased predation risk.

Predation risk may heighten the susceptibility of house sparrows to population decline as a
consequence food shortage. Low adult body mass may result from a combination of predator
avoidance and shortage of seed food, although in urban areas it appears that invertebrate food
for nestlings is more limiting (see section 1.2.11). In this case, low adult body mass along
with necessarily high energy expenditure through foraging for nest provisioning, as well as
limitation on the extent of foraging through poor habitat quality, would detrimentally affect
both adult and nestling condition, perhaps thereby further increasing predation risk of adults
and fledglings. In urban areas where connectivity of shrub cover is reduced, foraging ranges
are especially constrained (Vangestel, 2011). A combination of these, and perhaps additional

factors, are more likely to impact on populations that predation pressure alone.

1.2.13 Shrub cover

Of particular concern for house sparrow conservation is the loss of shrubs and dense bushes
in urban areas. In the BTO’s London Bird Survey (Chamberlain et al., 2005), house sparrows
showed a negative association with coniferous trees and bushes, and at the ‘patch level” were
found at their highest density in deciduous bushes. Deciduous bushes in particular seemed
important for a number of species. When site-level comparisons were made between sites
with trees, mown grass and bushes, and sites with trees and mown grass but without bushes,
there were significant differences for several species, including house sparrow. Deciduous
bushes were particularly important habitats for some of the smaller passerines — most
noticeably house sparrow. Chamberlain et al. (2005) state that areas of dense cover may be
perceived as a potentially threatening habitat to some members of the general public, due to
provision of cover for potential attackers, but that the practice of bush clearance could have
major repercussions for London’s birds, not least the house sparrow. They suggest that the

effects of bush removal could be mitigated through better park design, where bushes are
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planted and encouraged away from paths and perhaps at site edges or in areas that are less

well used by the general public.

Vangestel et al. (2010) found that urban house sparrows in Ghent had smaller home ranges
than rural ones, particularly in areas with highly fragmented hedge and shrub cover. At urban
sites, habitat patch connectivity (through hedge cover) and range size of radio-tagged house
sparrows were positively correlated, suggesting that their ranging behaviour was related to
the spatial distribution of suitable cover. Urban house sparrows also showed the smallest
growth bars in their tail feathers, which were positively related to estimates of home range
size. Growth bar widths and home range sizes were negatively related in rural house
sparrows, while in suburban populations, these varied independently of each other. Based on
experimental evidence that growth bars in bird feathers reflect nutritional condition during
feather growth (e.g. Grubb, 1989), this implies that urban house sparrows experience
nutritional stress when hedges and dense bushes become progressively scattered and isolated.
House sparrows from rural and suburban populations were in better nutritional condition than
urban individuals, likely because of the stronger clustering of suitable habitat patches and / or

lower costs of moving among them (Vangestel et al., 2010).

Connectivity of hedge and shrub habitat probably enables sparrows to move around their
home ranges with a higher chance of predator avoidance. In Vangestel ef al. (2010), distances
between key cover habitat were significantly larger in urban than suburban areas, and mean
flock sizes were significantly smaller than in suburban areas. Both of these factors increase
individual predation risk (Lima, 1987; Kleindorfer, Sulloway & O'Connor, 2009). Suitable
cover against aerial (or ground) predators is therefore likely to provide direct fitness benefits
in urban house sparrows, and rural and suburban house sparrows were in better nutritional
condition than urban individuals. This has been observed in various species in other habitats
(e.g. Zollner & Lima, 2005; Amo, Lopez & Martin, 2007). Availability of suitable cover has
been shown indirectly to increase feeding time and efficiency in trade-off with vigilance in
house sparrows and other species (Lima, 1987; Barta, Liker & Monus, 2004). Further loss of
suitable vegetation in future may scatter remnant patches to such an extent that house

sparrows are no longer able to cover critical areas for feeding within their daily home range
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movements while avoiding predators, especially during the breeding season when daily

distances covered decrease substantially (Shaw, 2009; Vangestel et al., 2010).

Quality, availability and connectivity of hedges and shrubs appear to have an influence on
house sparrow use of the urban environment. A reduction in connectivity of shrub and hedge
cover, combined with loss of feeding sites though brownfield development and infilling of
green spaces, could therefore have a negative impact on urban house sparrow populations.
This could limit home range size and feeding opportunities, reduce dispersal potential, and

increase the effects on populations of other factors such as predation.

In a rural setting good hedgerow management has been shown to increase house sparrow
population growth rate. In a study of landscape-scale responses of birds to agri-environment
management, house sparrows were among four bird species whose population growth rates
were significantly positively associated with Environmental Stewardship management of
hedgerows (Baker et al, 2012). Sensitive hedgerow management is likely also to be
beneficial in urban settings. At the very least, any reduction in existing hedge and shrub cover

should be avoided.

1.2.14 Environmental pollution

In the BTO house sparrow study, paved areas were shown to be ‘preferred’ by house
sparrows, most likely as an effect of their vicinity to buildings. However they were less
preferred in the most urban sites, likely because of higher pollution and traffic disruption in
these areas. Busy roads, and the consequent air and noise pollution they create may reduce
the likelihood of successful nesting attempts close to these areas, and there is some evidence

to suggest this may be the case (Summers-Smith 2003; Vincent, 2005; Shaw et al., 2011).

Environmental pollutants have been implicated in bird population declines, through affecting

both distribution and abundance at various scales (Newton, 1998). Air pollution may have
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both direct and indirect effects on birds, especially through reproductive processes (Furness

& Greenwood, 1993).

Indirect effects could be through effects on invertebrate populations. A decline of flying
insects in London was suggested as linked to declines in insectivorous birds, and to air
pollution - improvements in air quality were then suggested to have then led to an increase in
both insects and birds (Cramp & Tomlins 1966; Cramp & Gooders 1967; Gooders 1968). Air
pollution has been suggested as a cause of decline in spiders in London, (Bristowe 1939),
mites and springtails in Switzerland (Steiner, 1995), and insect diversity (several groups) in
Poland (Wiackowski, 1978). However the effects of pollution on invertebrate communities
are complex and some groups, especially herbivores such as aphids, can increase with raised

pollution levels.

Eeva et al. (1997) studied the effects on breeding performance for two insectivorous
passerines, the pied flycatcher Ficedula hypoleuca and the great tit Parus major, of pollution-
induced variation in invertebrate prey along an air pollution gradient. Results indicated that
reduced breeding performance of both bird species in the polluted area may be due to
different reasons; pied flycatchers may respond directly to toxicity, while great tits may

respond to reduced invertebrate food supply.

Direct effects of pollution on house sparrows as a cause of decline can not be ruled out. A
study on house sparrows in Warsaw suggested that chlorinated hydrocarbon insecticides and
polychlorinated biphenyls (PCBs) could explain the deaths of some house sparrow nestlings,
in which the levels of both groups of compounds were several times higher than urban
background levels (Karolewski et al.,, 1991). It was suggested that this may have been
through contamination of food items brought in from the surrounding area by parent birds. In
another study, heavy metal concentrations in sick, dead, or under-developed house sparrow
nestlings were higher than in healthy ones, despite being lower than generally accepted sub-
lethal levels (Romanowski et al., 1991). Pinowski et al. (1995) found levels of lead in dead

house sparrow nestlings to be significantly higher than in healthy ones.
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Methyl tertiary-butyl ether (MTBE) has been employed as an octane enhancer (instead of
lead) in gasoline blends at concentrations up to 7% since 1979 (Caprino & Togna, 1998).
However, MTBE is a known water-soluble carcinogen, and has been recorded in precipitation
(Achten et al., 2001). A number of petrol additives can have toxic effects on humans and
laboratory animals (Caprino & Togna, 1998). These could potentially have direct effects on
the health of birds, or possibly indirect effects through invertebrate populations.

In the study on house sparrows by Peach er al. (2008), chick condition and growth were
poorer in areas with high levels of NO,. This compound is often used as an indicator of traffic
pollution levels, so high NO, levels often also indicate high levels of particulates and other
environmental pollutants (e.g. Michelozzi ef al., 1998). Analysis of air pollution data from
experimental sites in the RSPB’s supplementary feeding study in London also found that
house sparrows had declined fastest in areas with high absolute levels of NO,, PM;, and
benzene. However, changes in levels of PM;y and benzene (1996 to 2002 and 1999 to 2002
respectively) showed a positive relationship with house sparrow numbers, suggesting that
these pollutants were not important in house sparrow declines (Ockenden, unpublished data).
In Peach et al. (2008) it is unknown whether any possible effects of traffic pollution on
nestlings may have been through a direct effect on the nestlings themselves; an effect on their
invertebrate prey or their host plants; or through high numbers of aphids near roads attracting
the parent birds, who are then subject to direct road mortality resulting in reduced nest
provisioning (Peach et al., 2008). It is also possible that high NO, levels may act as a
surrogate measure for other habitat variables, indicating poorer house sparrow habitat in more
urbanised areas. However, in a PCA analysis of change in house sparrow numbers in London
with land cover type (grassland, urban, woodland and arable), and with overall pollution level
(PM;y, benzene and NO,), change in house sparrow numbers correlated more strongly with

pollution levels than with land cover type (Ockenden, unpublished data).

Differing levels of air pollution have been suggested as a possible explanation for the
geographical variation in pattern of house sparrow decline. Higher house sparrow populations
in the north and west of the UK appear to correspond with lower levels of air pollution in the
north and west of the country (Summers-Smith, 2012). Future studies looking at national and

Europe-wide air pollution levels in relation to house sparrow population trends may help to
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elucidate this potential link, although there may be confounding variables associated with
centres of human population, such as housing density and area of hard surfaces. Direct
measurement of air pollution at house sparrow colonies may allow local differences to be
detected, while experimental studies may provide more evidence for any direct effects of air

pollution on house sparrows or their invertebrate prey.

Electromagnetic radiation has also been suggested as a possible cause of house sparrow
decline (e.g. Summers-Smith, 2003). Some correlative studies have found lower densities of
house sparrows in areas of high electromagnetic pollution - especially microwaves from
mobile phone antennae - suggesting either avoidance of these areas or possible direct effects
on populations (Balmori & Hallberg, 2007; Everaert & Bauwens, 2007; Everaert, Bauwens &
Balmori, 2009). Investigation at experimental sites in the RSPB’s supplementary feeding
experiment in London also reported some correlation between density of mobile phone masts
and house sparrow population size (Ockenden, unpublished data). To date however, there
appears to be little experimental evidence for increased electromagnetic radiation causing
house sparrow declines. Higher densities of phone masts in human population centres (Public
Health England, no date) may mean that, as with air pollution, correlations with house
sparrow population size are difficult to separate from confounding variables. Again, studies
on the direct effects of electromagnetic radiation on either house sparrows or their

invertebrate prey may be enlightening.

1.2.15 Interactions between causes

It is clear from recent studies that more than one ecological variable may affect house
sparrow populations in combination. Relative contributions of different contributing factors
and the exact mechanisms by which they may interact would be difficult to demonstrate, due
to the number of possible variables involved, as well as potential confounding variables. For
example, Peach et al. (2008) discussed the difficulties of distinguishing between potential
direct effects of traffic pollution on house sparrow nestlings, effects on invertebrate prey or

their host plants, and direct road mortality of adults resulting in reduced nest provisioning.
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Despite the difficulties in quantifying such potentially complex interactions between causes,
it is possible to envisage scenarios by which a number of variables may interact. For
example, a brood of house sparrow nestlings that are weakened through limited food
availability may become susceptible to parasitism or disease. Fledglings that are weakened
through parasitism or disease may then be more vulnerable to predation on leaving the nest.
Similarly, lack of food in the immediate area of a nest — perhaps due to high air pollution
levels - may necessitate foraging further from the nest by a parent sparrow, making it more
vulnerable to predation. Poor connectivity of habitat cover in urban areas may make such
foraging more difficult and contribute to vulnerability of the adult, while predation avoidance
may contribute to further loss of condition through reduced food intake. Loss of a
provisioning parent through predation would further reduce the food intake of the nestlings,
which may become more susceptible to parasitism or disease. In such a case it would be
difficult to establish the underlying cause of mortality in a bird, as distinct from the

immediate cause (e.g. Newton, 1998).

Hole et al. (2002) suggested that rural house sparrow population declines are mediated by a
series of local extinctions. A similar effect in urban areas, caused by a combination of
interacting ecological variables, with degradation of the wider urban habitat decreasing
connectivity of cover and restricting dispersal of individuals between colonies, could be a
plausible mechanism for urban declines. Detailed investigation of neighbouring urban house
sparrow colonies, including productivity and survival, genetic analysis of relatedness within
and between colonies, and mark-resighting to assess movement between populations, as in
rural areas by Hole et al. (2002) may help to determine this. Measuring habitat connectivity

between these populations would also be useful.

1.2.16 Potential benefits of urban habitat management for house sparrows

While causes of the urban house sparrow decline are likely to be complex and questions still
remain to be answered, in the face of widespread decline it is important to use what is
currently known about house sparrow ecology to devise and test measures that may benefit
populations. This study does so by experimentally testing the food resources provided by, and

level of use by house sparrows of three different habitat types, based on evidence that lack of
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invertebrate food can limit house sparrow reproductive success in urban areas (Peach et al.,
2008; Peach, Sheehan & Kirby, 2014: Peach ef al. in press). Evidence exists for the
effectiveness of such measures to provide food for house sparrows and other farmland birds
in a rural context. This study is novel in testing such measures in an urban setting. It will be
important that any such measures form part of a holistic approach to house sparrow
conservation, where the habitat quality and structure of whole localities is likely to affect

populations (e.g. Vangestel, 2011).

1.3 Lessons from rural areas on habitat management

1.3.1 Effects of food resources on birds in rural and urban areas

House sparrows are among a suite of species with similar feeding ecology. The sparrows,
Passeridae, some finches, Fringillidae, and the buntings, Emberizidae, are largely granivorous
as adults but feed young chicks to varying degrees on invertebrates. Many of these bird
species have seen widespread recent population declines in the UK, especially on farmland.
While the majority of research on these species has necessarily taken place in a farmland
setting, knowledge gained about their ecology can inform targeted conservation measures,

and is applied in an urban setting in this study.

Extensive monitoring data indicate that most farmland bird declines started during the mid
1970s, with some species, such as yellowhammer Emberiza citronella beginning their decline
in the 1980s (Siriwardena et al., 1998a; Fewster et al., 2000). Along with larks, the sparrows,
finches and buntings were the main declining farmland bird groups in a study by Siriwardena
et al. (1998a). Research on farmland bird declines in recent years has pointed to reduced food
availability as a major causal factor, affecting both survival and breeding productivity, with
winter survival a major limitation for many species (Siriwardena et al., 1998b, 1999, 2007).
Changes in farming practices that have been implicated in these declines include a switch
from spring to autumn sowing of cereal crops, and resulting loss of over-winter stubbles.
Crop stubbles are an important source of seed for granivorous birds in winter (e.g. Wilson ef
al., 1996; Buckingham et al., 1999). The effects of agricultural intensification can be seen in
pastoral and grassland systems as well as an arable setting. A review of the effects of

grassland management on birds concluded that intensification has probably caused a
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reduction in seed and invertebrate densities, and in their availability to foraging birds

(Vickery et al., 2001).

Limited food resources during summer can affect breeding productivity, through either
increasing the probability of failure for individual nests or by reducing the number of nesting
attempts per pair per breeding season (Buckingham, 2005). House sparrows are multi-
brooded, usually attempting two to three broods per season (Anderson, 2006, BTO no date a),
so productivity could theoretically be affected by either failures of individual nesting attempts
or by reduced numbers of broods. Nest failure can occur through chilling of eggs due to
parent birds spending more time foraging away from the nest; direct starvation of chicks; or
for some species, increased nest predation (due to absent parents, chicks noisily begging for
food, or changes in predator behaviour) (Buckingham, 2005). While hole-nesting house
sparrows may not be as susceptible to predation as some other species, egg chilling and chick
starvation are plausible mechanisms for nest failure in this species. Survival and recruitment
of fledglings is related to the quality of diet received at the nestling stage and resulting
nestling weight (Magrath, 1991). This was demonstrated for house sparrows by Klvanova et
al. (2012), who found that a higher component of animal material in the diet of house
sparrow nestlings, and a higher overall amount of food consumed, resulted in better nestling

condition.

Siriwardena et al. (2000) found that mechanisms behind population declines for granivorous
farmland birds seemed to be highly species-specific, but for many species changes in post-
fledging survival rates and / or the number of breeding attempts per year were more
important factors than breeding performance per nesting attempt. They suggest that measures
to improve over- winter survival may be appropriate for many species, but that breeding
season management to increase the possible number of breeding attempts per season (by
reducing stresses on breeding adults), or to increase post-fledging survival rates, should also
be considered as a means of reversing declines. Suggested measures included reducing
pesticide inputs to increase invertebrate availability, or promoting floral diversity through

reductions in herbicide use and the maintenance of uncropped margins.
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In farmland, reduced availability of invertebrate prey has been attributed to increased
pesticide use, and impacts on chick diet have been demonstrated (Campbell et al., 1997;
Boatman et al., 2004; Morris et al., 2005; Hart et al., 2006). In a study on tree sparrows,
breeding distribution in the Rutland Water area was shown to be determined by the presence
of wet habitat, probably because wetland edge sites contained higher numbers of
invertebrates than surrounding farmland. High numbers of wetland invertebrates were found
in diets of the young (Field & Anderson, 2004). Tree sparrows have been shown to take a
wide variety of invertebrates (Cummins et al., 2000; Anderson et al., 2002; Field &
Anderson, 2004; Field ef al., 2008), and to persist in a range of habitats where suitable prey is
available (Field et al., 2008), but like house sparrows they rarely fly far to forage when
provisioning young. Field & Anderson (2004) reported breeding season foraging distances
for tree sparrows of around 300 m, and suggested that management prescriptions to
encourage diversity and abundance of invertebrates within a summer foraging range of a few

hundred metres are likely to benefit breeding populations.

Such studies on individual species of farmland bird have highlighted a lack of key prey
invertebrate groups during the breeding season as a common problem for declining farmland
bird species in the UK. This has included Orthoptera for cirl buntings (Evans ef al., 1997) and
earthworms for song thrushes (Peach et al, 2004). Important invertebrate components of
chick diet were recorded for yellowhammers by Buckingham (2005) and for tree sparrows by
Field et al. (2008). The main invertebrate groups recorded for these species are presented in
Table 1.3, alongside key invertebrate groups found in faecal samples from rural and

suburban/ urban house sparrow nestlings in the UK (Vincent, 2005).
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Table 1.3 Key invertebrate prey recorded in chick diets for granivorous birds in
the UK (rural yellowhammers and tree sparrows, rural and urban/ suburban house

sparrows)

Yellowhammer results represent two different regions of the UK — the West Midlands (WM)

and Devon (D). Indication is given where results varied between the two regions (‘esp.” =

especially).

Tree sparrow results represent two different habitat types — farmland (F) and wetland (W).

Indication is given where results varied between habitat types.

House sparrow results are split here into rural and suburban/ urban. Indication is given where

results varied between urban (U) and suburban (S) habitats.

The most abundant invertebrate group(s) recorded for each study are in bold.

Species

Setting

Main
surrounding

habitat

Key invertebrate prey recorded

Study

Yellowhammer
Emberiza
citrinella

Rural

Farmland
(grassland)

Adult Coleoptera

(Carabidae WM only)

Araneae

Adult Diptera

Orthoptera (D only)

Lepideoptera larvae

Other larvae (WM esp. Coleoptera)
Gastropoda (snails)

Sternorrhyncha (aphids) (esp. D)
Unidentified

Buckingham
(2005)

Tree sparrow
Passer
montanus

Rural

Farmland
(various types)
and wetland

Adult Coleoptera

(esp. Carabidae, Curculionidae)
Araneae

Adult Diptera

Lepideoptera larvae (esp. F)

Other larvae (esp. Coleoptera) (esp. F)
Sternorrhyncha (aphids) (esp. F)
Chironimidae (W)

Culicidae (F)

Unidentified

Field et al
(2008)

House sparrow
Passer
domesticus

Rural

Farmland
(various types)

Adult Coleoptera

(esp. Carabidae, Curculionidae)
Araneae

Adult Diptera (esp. Tipulidae)
Formicidae

Sternorrhyncha (aphids)
Unidentified

Vincent
(2005)

House sparrow
Passer

Suburban
/ urban

Built

Adult Coleoptera

(esp.  Curculionidae (esp. U),

Vincent
(2005)
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domesticus Carabidae)

Araneae (esp. U)

Coleoptera larvae (esp. U)
Lepidoptera larvae (S)
Sternorrhyncha (aphids)
Auchenorrhyncha (froghoppers) (U)
Formicidae

Siriwardena et al. (2000) found that mechanisms of farmland bird population responses to
habitat change were species-specific. This illustrates the difficulty of making broad
generalisations, and extrapolations from a farmland into an urban context may not be directly
relevant; however a general lack of food resources for birds in urban settings is a likely
scenario, and has been demonstrated for suburban house sparrows (e.g. Peach et al., 2008;

Klvanova et al., 2012; Seress et al., 2012).

Winter survival is an issue for house sparrows in rural areas. Siriwardena et al. (1999) found
that annual survival rates appear to affect rural house sparrow population trends, while
provision of food has been shown to enhance overwinter survival (Hole et al., 2002). While
overwinter survival could also be an issue in urban areas, evidence to date suggests that
summer food availability is more important. In an urban experimental study, supplementary
feeding of grain during the winter did not increase urban house sparrow colony size (John
Mallord, pers. comm.), whereas provision of invertebrate food in the breeding season
strongly increased reproductive success and had a weak positive effect on number of
territorial males, for small colonies (Peach et al. in press). Conservation measures employed
in farmland to increase seed and invertebrate food resources for granivorous birds provide a

useful model for developing targeted conservation measures for these birds in urban areas.

1.3.2 Agri-environment scheme measures to increase food resources for birds

A number of studies have demonstrated that habitat heterogeneity is important in providing
food resources for birds and for wider biodiversity, as reviewed by Benton, Vickery &
Wilson (2003). Likewise, connectivity of suitable habitat can profoundly influence a variety
of taxa (Donald and Evans, 2006). Robinson, Wilson & Crick (2001) demonstrated the
importance of habitat heterogeneity for granivorous farmland birds at the landscape scale,

and this has also been shown to be important at the farm- and field- scales (e.g. Atkinson et
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al., 2005; Perkins et al., 2002). At an even finer scale, sward diversity can be important for
both granivorous and insectivorous birds to gain access to food resources (Atkinson et al.,
2005; Buckingham, 2005; Vandenberghe et al., 2009; Douglas et al., 2010; Hoste-Danylow,
Romanowski & Z 'mihorski, 2010; section 5.5.3).

In European countries, measures can be put in place to improve habitat and increase food
resources for farmland birds through agri-environment schemes, in which farmers receive
payments to make environmental improvements to their land (Gregory et al., 2008; Kleijn
and Sutherland, 2003). These are widely seen as a key mechanism for delivering European
Union (EU) and UK farmland biodiversity targets (Davey et al., 2010; Smallshire et al.,
2004). At the time of writing, European agri-environment scheme funding is under review,
through the 7-yearly review of the Common Agricultural Policy (CAP). It is likely that ‘Pillar
2’ of the CAP (support for rural development) will remain the dominant delivery mechanism
for farmland biodiversity, however European and UK policy objectives are likely to
increasingly focus on increasing sustainable food production, and on streamlining funds
(Chaplin, 2012). It is not known at the time of writing (2013) what this will mean for agri-
environment funding. Current suggestions for future schemes suggest they will need to
become more economical and more ‘intensive’, to deliver higher biodiversity gains alongside
higher food production demands in a climate of Europe-wide government austerity and
uncertainty over food security. Increasing economic pressures will however need to be
balanced against ambitious environmental targets set out under the recent Natural

Environment White Paper and the UK Biodiversity Strategy (Chaplin, 2012).

A number of agri-environment scheme measures in England are targeted towards grassland
management - in particular the ELS options EK2, EK3, EK20 and EK21; and the HLS
options HK6, HK7 and HKS8 (see Chapter 1). While it is questionable whether options
available under ELS involving simple management changes to existing improved grassland
will result in large-scale biodiversity gains in terms of invertebrates, (Pywell et al., 2010;
Littlewood et al., 2012) options available under HLS provide for more dramatic interventions

(Natural England, 2012a, b; Littlewood et al., 2012).

50


http://onlinelibrary.wiley.com/doi/10.1111/j.1752-4598.2011.00174.x/full#b63

As well as management of existing grassland areas, both ELS and HLS options provide for
management of the edges of fields, such as field margins, field corners or headlands. Creation
of new ‘species-rich, semi-natural grassland’ is funded under option HKS8 of the HLS
scheme. Some agri-environment options include the addition or maintenance of native
wildflowers within grassland swards. Studies have shown that these measures can provide
useful resources for pollinating insects. Both the abundance and diversity of pollinators is
greater in field margins managed for conservation than in those used for crops (Pywell et al.
2005; Carvell et al. 2007). Carvell et al. (2007) found that the ‘pollen and nectar flower mix’
available under ELS quickly provided a highly attractive forage resource for bumble bees,
although there were drawbacks due to seasonal flowering and longevity of the mixture.
‘Floristically enhanced margins’ under Higher Level Stewardship provided diverse perennial

communities of forage plants and supported a range of bumble bees and other pollinators.

Key seed rich options within the current Environmental Stewardship Scheme that may
provide both seed and invertebrate food for granivorous farmland birds, with similarities to
the Wildlife Seed plots in this study, include EF2 - wild bird seed mixture, and HF12 -
enhanced wild bird seed mix plots. A new option for fertile ryegrass swards for 2013 (subject
to EU approval) would provide habitat and seed resources akin to our long grass plots. This
option is EK20 - ryegrass seed-set as winter / spring food for birds (Natural England 2012a,
2012b).

This project aims to trial management options in urban parks that are akin to some of the
agri-environment options described here. The ‘long grass’ option provides a tall grass sward
for a prolonged period over both summer and winter, plus pollen and nectar sources in the
form of forbs already present in the sward, and a potential seed resource over winter. The
‘wildflower meadow’ option provides a tall sward (for part of the year), and a much higher
number of pollen and nectar sources. The wildlife seed plots provide a tall, open sward,

pollen and nectar sources, and a potentally rich source of seed over winter.
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1.3.3 Creation of grassland habitats

All three treatments tested in this project were designed to provide a different habitat
structure from their associated control plots and the wider amenity grassland landscape. Two
of the treatments provided grassy habitats. While the ‘long grass plots’ simply provided a
taller sward than the existing ameity grass, the ‘wildflower meadow’ plots were designed to
provide something akin to a semi-natural grassland habitat. Due to the relatively short
timescale of the project (3 to 4 years), and the constraints of working in an urban setting, the

wildflower meadows were necessarily at an early stage of development during the trial.

Creation or restoration of diverse semi-natural grassland communities has frequently been
cited as a goal of conservation projects (e.g. Littlewood et al., 2012). However, diverse semi-
natural grasslands have been formed over centuries, where a disturbance regime, such as
grazing, has prevented succession to scrub and woodland (Bard, 1952). Processes such as
seasonal cutting and / or livestock grazing have resulted in specific abiotic conditions where
numerous plant species can coexist, as well as the formation of appropriate regeneration
niches for metapopulations of these species to persist (Grubb, 1977). Where such conditions
have been absent for long periods, re-establishing the same, stable communities can be
extremely difficult (e.g. Littlewood et al., 2012). Although in the shorter term, grasslands can
be created that are aesthetically attractive, have their own value for conservation (e.g. for
butterflies, Flower, 2008) and may contribute to national biodiversity targets, methods for
reinstatement of the communities and ecological functions of semi-natural habitats are the
subject of ongoing research (Walker et al., 2004). Factors that can limit grassland succession
to a diverse semi-natural community include a lack of propagules in the locality, poor seed
persistence in the seed bank, limited dispersal potential of many perennial grassland species
(McDonald, Bakker & Vegelin, 1996); high seed predation (Hanley et al. 1996), and weed
pressure (Hutchings & Booth, 1996). Existing grassland communities can be invaded by
aggressive nitrophilous grass species such as Arrhenatherum elatius and Dactylis glomerata
as a result of high levels of available nitrogen (N) and phosphorus (P) (e.g. Rodwell, 1992).
The wildflower meadow plots in this project were assessed in terms of plant species richness

in comparison with semi-natural communities in a Masters project by Johnson (2011).
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1.3.4 Creation and restoration of grasslands in an urban setting

Much of the research carried out on species-rich lowland grassland restoration has been in ex-
agricultural settings (e.g. Warren et al., 2002; Kardol et al., 2008, 2009). An urban setting is
likely to assert particular influences on grassland plant communities. Williams et al. (2005)
examined local extinction of grassland plants along an urban—rural gradient in western
Victoria, Australia, and found higher local extinction rates in urban and peri-urban landscapes
than in rural areas. Species with certain traits (geophytes or hemicryptophytes with a flat
rosette and species with wind- or ant-dispersed seeds) had increased risk of extinction in
urban areas. Fischer ef al. (2013) found that a number of traits were common to species that
established well in urban ‘wasteland’ grasslands, either through sowing or through activation
of the seed bank by tilling. Establishment success of species resulting from tilling was
associated with different traits compared with sown species. The overall relation of traits and
environmental variables showed that human-induced disturbances tended to select for traits

that increased a plant’s ability to cope with stress and ruderality (Fischer et al., 2013).

The effects of nitrogen deposition through air pollution are likely to be prominent in an urban
setting. Maskell et al. (2010) showed that nitrogen deposition was strongly negatively
correlated with plant species richness in a number of habitat types, but the mechanisms
associated with loss of species richness differed between habitats. Species abundance and
related soil parameters were investigated in created urban meadows in the UK by McCrea et
al. (2001). Phosphorus and potassium concentrations accounted for the most variation in
species composition in the different meadows, with low potassium associated with low
diversity, and low phosphorus associated with high diversity. Further influences on urban
sites may include other contaminants from air pollution or ground contamination, trampling,

and nutrification through dog waste. These factors appear to have been little investigated.

Methods of establishing urban meadows in the UK were investigated by Hitchmough,
Paraskevopoulou & Dunnett (2008) - specifically the effects of graminicide use and sowing
rates on establishment, survival and persistence of sown forbs. Two invading grasses, false
oat grass Arrhenatherum elatius, and Yorkshire fog Holcus lanatus, were highly detrimental

to the sown forbs, despite cutting the meadow to 50 mm during the first year. Invading
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ruderal forbs had a less severe effect on the sown forbs. In general, suppressing grass growth
using graminicide had the most beneficial effect on sown forb establishment and
development. Few other experimental studies on urban meadow establishment appear to have

been carried out.

In an urban context therefore, other than where valuable grassland habitats persist and can be
rehabilitated, restoration of altered grassland communities or creation of diverse semi-
natural-type grassland communities is likely to be an unrealistic goal over the short term. In
addition, park managers need to consider public requirements and expectations of urban
green spaces, as well as cost and ease of establishment and maintenance (see Chapter 2).
Aims of urban meadow creation will include biodiversity benefit, but relatively fast
establishment, as low cost as possible, and aesthetic appeal are likely to be essential to such
projects being permitted. Establishment of the wildflower meadow plots in this project was
monitored over three years, costs of plot creation were assessed for each of the three
treatment types, and stakeholder reactions to each treatment type were recorded (Chapter 2).
As well as assessing plant communities in the wildflower meadows, Johnson (2011) carried
out a qualitative analysis of the effectiveness of meadow creation methods used by the project
partners (Figure 6.1); and through comparison of species establishment success with that in
the literature, recommended a general species mix for use in creation of urban meadows

(Chapter 6).

While this project gives some insight into the success of different urban meadow creation
techniques, as well as costs and stakeholder reactions, the primary aim of the study was to
compare this broad habitat management type against two other habitat management
prescriptions in terms of benefit to invertebrate numbers and use by birds. More precise and
detailed experimental studies on creation and management of diverse grassland communities

in an urban setting would be beneficial.
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1.3.5 Effects of grassland management on invertebrates

There have been numerous studies of grassland invertebrates in agricultural systems. More
studies on urban grassland ecology are required, but in the absence of these, the literature on
management of agricultural systems can provide some guiding principles for urban grassland
management. While species assemblages may differ between agricultural and urban areas
(e.g. Eyre, Woodward, & Sanderson, 2005), the broad ecological principles affecting
invertebrate abundance (and hence bird food supply) may be similar. Vickery et al. (2001)
reviewed the management of lowland neutral grasslands in Britain and its effects on bird,
plants and invertebrates. The effects of different grassland management on invertebrates
varied with management type, timing and intensity, as well as with ecology and phenology -
but in general, the abundance and diversity of invertebrates declined with reductions in sward

diversity and structural complexity.

The establishment of invertebrate species in new grasslands is often determined by the
restoration success of the plants they depend on. This was illustrated for Lepidoptera on
restored calcareous grassland in Tuscany, (Maccherini ef al., 2009). Woodcock et al. (2008)
monitored beetle assemblages and their relative responses to plant community composition
and vegetation structure in UK arable field margins sown with different seed mixtures. For
predatory beetles, overall density was greatest where tussock grasses were included in the
seed mixtures, while phytophagous beetle densities were greatest where forbs were present.
Unexpectedly however, phytophagous beetle species richness was greatest where field
margins were established using a grass only seed mixture. They concluded that the relative
abundances of individual species were largely dependent on seed mixture, although

management also played an important role.

Beyond drawing generalisations from studies of agricultural systems, there is a need for
specific studies on urban invertebrate ecology. A study of Auchenorrhyncha (hopper) species
assemblages and their associations with satellite-derived UK land cover data showed that the
relationship between species assemblages and land cover in lowland areas was strongest with
tilled (agricultural) land, and urban land cover (Eyre, Woodward, & Sanderson, 2005). This

suggests that, as in agricultural areas, urban areas may contain distinct communities of
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grassland invertebrates that require further investigation. With increasing global urbanisation
there is a need to investigate the most effective, and most financially viable, management

techniques for urban biodiversity.

Cutting

It has been widely reported that grassland invertebrate communities are greatly influenced by
management regimes such as mowing. Grazing is another common method of grassland
management, although is more confined to an agricultural, rather than an urban setting. In
terms of grassland ecology, cutting is a non-selective, catastrophic event resulting in a
uniform short sward (Buckingham, 2005). This can have profound negative effects on
invertebrate communities, as tall grass generally contains more invertebrate species, more
individuals and higher diversity than short grass, although with some species characteristic of

the latter (Morris, 2000).

The structure of grassland vegetation is of great importance in maintaining arthropod
diversity. Studies on calcareous grassland and management of grassy arable field margins
have shown grassland fauna to be depleted by cutting and removing herbage under both hay
and silage management (Vickery et al., 2001). The faunas of established, but regularly
managed, grassland tend to comprise species with high fecundity and good colonizing
abilities (Curry 1994), as these enable rapid recovery from mowing (Vickery ef al., 2001).
Most of the immediate negative effects of cutting, for example on species richness of
Auchenorrhyncha, have been attributed to loss of vegetation structure (Morris, 1981) —
however the removal of flowers can also negatively affect nectar-feeding invertebrates such
as butterflies (Lepidoptera) (e.g. Feber, Smith & Macdonald 1996). Additionally, timing
rather than frequency of cutting may be more important for some invertebrate groups (e.g.

Morris, 1979).

The ‘Trophic Level Hypothesis’, supported by Kruess & Tscharntke (2002), identified acute
disruption of food chains by defoliation events as the main limiting factor on grassland

invertebrate diversity. Similarly, Buckingham (2005) suggested a ‘Defoliation Pattern
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Hypothesis’, which predicted more invertebrate prey for birds in taller grass swards, as these
would have been free from defoliation longer than short swards, enabling the replenishment
and concentration of prey items. Buckingham (2005) states that: ‘Defoliations remove the
niches required by foliar invertebrates and the primary production that supports their
populations. Short intervals between defoliations only favour r-selected phytophagous
species that are multivoltine, mobile, or fecund (e.g. certain Auchenorrhyncha and Dipteran
grass leaf miners). Such taxa may be abundant in intensively managed grasslands, but they
tend to be small-bodied and do not figure highly in the diet of birds. Key invertebrate taxa
(for birds) tend to be long-lived, less mobile and reproduce slowly (K-selected species) and
these are characteristic of unmanaged grasslands (e.g. Orthoptera and spiders). Frequent
defoliations prevent plants from flowering, limiting populations of flower-feeding
invertebrates, as well as stopping seed production. Invertebrates that winter in the sward
may also be eradicated by defoliations in the autumn or winter (Brown, Gibson & Sterling,
1990; Fry & Lonsdale, 1991).” Hudewenz et al. (2012) found that even in grasslands with
high plant species richness, mowing and fertilization were the important drivers of

invertebrate herbivory levels and flower visitation by pollinators.

In an urban context, Noordijk et al. (2009) investigated the effects of different management
treatments on flower-visiting insects, on roadside verges in the Netherlands. The verges
already contained semi-natural grassland, and mowing twice per year, with removal of hay,
resulted in the highest flower abundance, as well as highest flower visitation rates by insects.
The early summer cut proved very important for insect feeding opportunities, due to the re-
flowering of plants later in the growing season. However a rotational scheme was
recommended due to a lack of flowers directly after mowing. Similarly, Noordijk et al.
(2010) studied ground beetles (Carabidae), weevils (Curculionidae), ants and ground-
dwelling spiders on roadside verges under five different cutting regimes. In medium-to-
highly productive verges, they recommended a management regime of mowing twice a year
with the removal of hay, with some form of rotational management where vegetation refuges
were left intact after mowing events. Arthropod diversity was mirrored by the number of
flowering plant species present, or total flower abundance, on different types of verges. Jones
(2010) found that increased mowing in urban green spaces (roundabouts and parks) in
Bracknell, UK, led to a decrease in invertebrate abundance, although there was a positive

relationship between the number of invertebrate orders and frequency of grass mowing,
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perhaps due to the “Intermediate disturbance hypothesis” effect (Connell, 1978). Abundance
of eight individual orders (Acari, Coleoptera, Diplopoda, Opisthopora, unidentified larvae,
Stylommatophora, Isopoda and Araneae) was negatively correlated with frequency of grass
mowing. All these orders apart from Coleoptera are fully wingless and their reduced mobility
may have made them particularly vulnerable to the disturbance of mowing due to a reduced

ability to escape or make more active choices to move between areas.

Helden & Leather (2004) demonstrated a lack of species—area relationship in urban grassland
Hemiptera, and the much greater importance of habitat structure, as a result of cutting
frequency, in determining species richness. They showed that this was consistent with the
‘small island effect’, where species—area relationships do not occur for smaller islands due to
local stochastic factors being more influential than size (e.g. Lomolino & Weiser, 2001).
Their results also showed a similar pattern for individual-area relationships, with

management affecting abundance in the same way as for species richness.

Grazing

In general, low-intensity grazing is beneficial for invertebrates compared with cutting, as it is
a gradual process rather than a sudden event, so allows invertebrates to escape (Humbert,
Ghazoul & Walter, 2009). Additionally, grazers tend to feed on fast-growing, palatable plants
— suppressing these can often allow more sensitive and more diverse plant species to survive.
Trampling by grazers and local fertilisation through deposition of faeces can also promote

sward heterogeneity (e.g. Dennis ef al., 1998; Helden et al., 2010).

Increased stocking densities can create densely tillered swards - for example, continuous
grazing by sheep of Lolium perenne-dominated grassland can create tiller densities of almost
twice those created by cutting at 4-weekly intervals (Vickery et al., 2001). Swards grazed
intensively by sheep are extremely uniform whereas cattle-grazed swards are usually more
spatially heterogeneous, and seasonal rather than continuous grazing is more likely to

promote sward heterogeneity and invertebrate diversity (e.g. Morris, 1979).
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The particular responses of invertebrates to grazing and other management types depends on
characteristics of particular species or groups of species. Carvell (2002) investigated habitat
use by bumblebees on Salisbury Plain, and found that habitat characteristics influencing
abundance, species richness and foraging activity included diversity and abundance of
flowering plant species (especially Trifolium pratense), vegetation structure, and vegetation
height. Different Bombus species responded to these habitat characteristics according to their
specific foraging and nesting requirements. Cattle grazing was preferable to both sheep
grazing and the absence of management for bumblebee habitats, although the timing and
intensity of grazing was important. Korosi et al. (2011) demonstrated for Hemiptera that
vegetation height is the primary driver of assemblages and that variation in sward height
produced by different cattle-grazing regimes help to maintain diverse assemblages. Dennis et
al. (2008) showed a reduction of foliar arthropod biomass in intensively grazed upland areas,

across a range of invertebrate groups important in bird diets.

The effects of different grazing regimes on epigeal (ground-dwelling) Carabid and
Staphylinid (ground and rove) beetles were investigated by Dennis ef al. (1997) in upland
Nardus stricta—dominated grasslands. Analysis showed significant effects of vegetation
structure, botanical species composition and stocking density on a large number of
Coleoptera species. They suggested that grazing regimes should be varied in rotation over
time to achieve a mosaic of structurally different grassland patches, as this encouraged a
larger overall number of beetle species. The spatial distribution of Carabid and Staphylinid
beetles was also investigated to determine how patterns of habitat heterogeneity affected the
spatial distribution of representative species (Dennis et al., 2002). This indicated sensitivity
of some species to landform patterns, with others corresponding to the pattern of different
grazing regimes. Vegetation structure, rather than species composition, also determined
arachnid species composition and abundance (Dennis et al., 2001). For most species,
abundance was greater in taller swards, although a few species were captured in greater
numbers in the shorter swards, and no single sward type supported the total number of
species represented across the experiment. Similarly as for epigeal beetles, varied grazing
management, including some temporary ungrazed areas, would maintain a spatial mosaic and
favour the optimum arachnid fauna of upland grasslands. Work on the species composition
and spatial distribution of small invertebrates (Hemiptera, Coleoptera, Lepidoptera, Araneae,

Opiliones, and Pseudoscorpiones) in three upland grassland types also supported the
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influence of habitat heterogeneity on invertebrate communities (Dennis et al., 1998) - as
opposed to the ‘symbiosis between patches® hypothesis, in which species number and

abundance is related to the grain size of sward patches created by grazing.

Wider landscape composition can also impact on invertebrate communities at grazed sites.
Marini et al. (2008) evaluated the relative importance of meadow management and landscape
composition on Orthoptera in Alpine hay meadows. Intensive management was detrimental
both for Orthoptera and for plant diversity, while there was also a significant influence of
landscape composition on Orthoptera diversity. In addition, they stated that Orthoptera

would benefit from sectors of tall dense vegetation left in place as refuges.

Impacts of management regimes and other properties of the physical environment on
invertebrate communities will be determined for different groups by properties of the
invertebrates themselves, such as body size and dispersal ability, as well as their trophic level
and life history (Dennis, 2003). In upland indigenous grasslands, small and relatively
sedentary invertebrates are more sensitive to grazing intensity and species of grazer than are
larger Coleoptera and Araneae, which respond less directly and less consistently to varied
grazing management (Dennis et al., 1998; Dennis, 2003). Changes in plant architecture have
been shown to be important for spider assemblages, while other groups (e.g. leaf miners)
were affected more by variations in floristic species composition (Gibson et al., 1992;
Gibson, Hambler & Brown, 1992). However within individual orders there are differences
between species. The structural complexity of tussock-forming grasses encouraged more
planthoppers and web-building spiders in upland grasslands, while for wolf spiders
(Lycosidae), which pursue prey and do not build webs, around 92% of individuals mainly
used the shorter grass between tussocks. The relationships between grazers, vegetation and
invertebrates for upland, indigenous grasslands are consistent with those in lowland, more
intensified grasslands. The major predictor of differences in species diversity of many
invertebrate taxa in lowland grassland was found by Kruess and Tscharntke (2002) to be
vegetation height.
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To conserve invertebrate diversity in grazed grasslands, in either lowlands or uplands,
rotational grazing management is advocated (Dennis, 2003). This would provide habitat for
species that require short swards, as well as for larger, diverse invertebrate assemblages in the
taller, older swards. A mosaic including patches of grassland that have been ungrazed for two
to fifteen years may be optimum for conservation of grassland invertebrates (Morris, 1991;

Dennis, 2003).

While invertebrate diversity is generally reduced by intensive management, many species
will respond within a few years to changes in management that favour increased vegetation
structure and botanical species composition (e.g. Dennis et al., 1998). These responses may
however be more constrained in intensified pastures compared with indigenous grasslands

(Dennis, 2003).

Grassland enhancement

In agriculturally improved grasslands, particularly where there is a high level of residual
fertility resulting in competition for space within the sward, minor changes in grassland
management may have only limited success in increasing floristic diversity (Littlewood et al.,
2012). In this case, forb species can be introduced into the sward. The numbers of
invertebrate species associated with different plants varies widely, as does the likelikood of
establishment by plant species under different conditions, so there is scope for enhancing
existing grasslands by sowing a few well-selected species into them (Littlewood et al., 2012
and Chapter 2 of this thesis). This approach is relatively low cost in comparison to restoration
management (Littlewood et al., 2012), and is useful in scenarios where original grassland
communities have already been lost or greatly altered. This is often the case in urban parks,
and fertility at these sites is often also relatively high, due not only to management for
amenity purposes but sometimes historical management for food growing or similar, which

may have involved addition of nutrients.

One technique that has become popular in enhancing grassland plant communities is the

introduction of hemiparasitic plants such as yellow rattle Rhinanthus minor to reduce the
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vigour of grasses and encourage development of other grassland species. This is now widely
proposed as a tool for the diversification of grasslands (Pywell et al., 2004; Littlewood et al.,
2012), although initial establishment of this species can be difficult (pers. obs.) Recent
evidence indicates a positive effect of this species on abundance and diversity of invertebrate

herbivores and predators (Littlewood et al., 2012).

A useful species in some circumstances for the enhancement of grasslands for pollinators
may be red clover Trifolium pratense. Carvell et al. (2006) found that perennial forage
mixtures containing a large number of 7. pratense flowers were visited frequently by the two
longer tongued species of bumblebee, Bombus pascuorum and B. hortorum. Bombus
lapidarius also visited these mixes, to forage mainly on Centaurea nigra, T. pratense and
Lotus corniculatus. These patterns follow the tendency for bumblebees to use flowers with
corolla lengths which correspond to their tongue length (e.g. Fussell & Corbet, 1992).
Bombus lapidarius tends to be intermediate in its forage preferences between the longer- and
shorter-tongued groups (Carvell ef al., 2006). This study demonstrates the very specific plant
requirements of some invertebrate species, and enhancement of grasslands with forb species

should take this into account in relation to the specific aims of the enhancement.

1.3.6 Bird responses to grassland agri-environment options

Intensively managed grasslands generally provide little resource for birds, and it has been
shown that they are avoided by many species, in particular the declining granivorous
farmland species (Wilson ef al., 1996; Buckingham, 2005). It has been shown however that
appropriately managed grassland systems can provide valuable feeding habitat (e.g. Stevens
et al., 2002; Browne & Aebischer, 2003; Buckingham, 2005), and the abundance and quality
of grassland has been shown to influence the breeding performance of farmland birds (e.g.
Evans et al., 1997). Baker et al. (2012) found that the population growth rates of chaffinch,
lapwing, linnet, skylark and yellow wagtail all showed significant positive associations with
ES grassland management options and grass margins, although there were also negative
associations for some of these species. Prior to their recent dramatic population declines,
turtle doves (which feed almost entirely on seed) were known to feed on hayfields (Browne

& Aebischer, 2003), while recent studies have shown that granivorous birds, particularly
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yellowhammers and reed buntings, will use seeded rye-grass as a winter source of seed
(Buckingham & Peach, 2006; Buckingham et al., 2011). A number of declining farmland
bird species have been shown to obtain invertebrate prey from extensively managed or
unimproved grasslands, including cirl buntings (Evans et al., 1997; Stevens et al., 2002) and
yellowhammers (Morris et al., 2001; Buckingham, 2005). Recent agricultural intensification
has seen the loss of many unimproved grasslands, including rough grazing and hayfields

(Fuller, 1987).

A review of the effects of grassland management on birds concluded that intensification of
grassland systems is likely to have caused both a reduction in seed and invertebrate densities,
and in their availability to foraging birds (Vickery et al., 2001). Buckingham (2005) found
that letting fertile improved ryegrass swards go to seed attracted large wintering populations
of yellowhammers and reed buntings, while Environmental Stewardship (ES) measures will
also provide invertebrate habitat by providing sources of pollen and nectar from flowering
plants, and over-wintering habitat within the sward (e.g. Buckingham, 2005). Diversity of
sward structure has been shown to increase abundance of invertebrates (Morris, 2000), and
unmanaged grasslands can provide invertebrate taxa that form key food items for birds, such
as Orthoptera and spiders (Buckingham, 2005). In managed grasslands, frequent cutting can
prevent plants from flowering, limiting populations of flower-feeding invertebrates such as
some Heteropteran bugs (McNeill, 1973). Invertebrates that winter in the sward may also be
destroyed by autumn or winter cutting (e.g. Brown, Gibson & Sterling, 1990). As well as
maintenance of a heterogeneous sward, grassland ES options require restrictions on chemical
inputs to grassland (Natural England, 2012a), which may benefit both sward structure and
invertebrate populations. Buckingham (2005) found that regular weed control by herbicides
and mechanical methods had a consistent negative effect on field usage by granivorous birds.
Indirect effects of pesticides have been demonstrated in arable crops, through herbicides
killing the source plants providing seed and invertebrate food for birds (Boatman et al.,

2004).

Appropriate structure for foraging and accessibility of prey have however been shown to be
of greater importance to birds than prey availability per se (Vandenberghe et al., 2009;

Hoste-Danylow, Romanowski & Z 'mihorski, 2010). Grassland conservation headlands were
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studied on intensively managed grass fields in Scotland by Cole et al. (2007), in comparison
with conventional headlands (areas of headland managed as per the rest of each field).
Increases were recorded in the grassland conservation headlands for Arionidae slugs,
Heteropteran bugs and Homopteran bugs — although the conservation headlands were no
richer in birds than the conventional headlands. While the activity density of potential prey
was greater in the conservation headlands, accessibility to prey and foraging conditions for
birds may have been poorer due to taller and denser vegetation. In addition, although there
was evidence that the ground beetle Nebria brevicollis used the conservation headlands as a
summer aestivating site, the ground beetles in general were lower in the conservation
headlands than the conventional headlands. They suggest that for grassland conservation
headlands to reach their full potential, additional measures be taken to open the vegetation
structure within them. Most arable field margins are sown grass strips, which are limited in
the resources they offer, but depending on the complexity of the sward structure may support
a range of arthropods. Adding perennial forbs to field margins provides more diverse plant
and invertebrate food resources for birds (Vickery et al, 2009). Mixed sheep and cattle
grazing at low intensity was shown to improve the breeding abundance meadow pipits Anthus
pratensis in an upland system, due to greater heterogeneity in vegetation structure modifying

prey availability (Evans et al., 2006).

Grasslands are complex habitats (sections 1.3.3 to 1.3.5), and defining the optimal
management of these to benefit bird populations is not straightforward (Buckingham, 2005).
Additionally, there are a number of practical considerations when attempting to create or
restore such habitats in urban areas (Chapter 2). However given the known benefits of
grassland habitats for invertebrates (section 1.3.5) and birds (section 1.3.6), as well as the
relative low cost of instating some grassland systems in parks (Chapter 2), they can

potentially form a useful part of urban biodiversity conservation.

1.3.7 Seed rich agri-environment options and invertebrate communities

Wild bird seed agri-environment options are designed primarily to provide seed resources for
birds. These include options HF12 under HLS and EF2 under ELS (section 1.3.2). As well as

bearing seed these options also contain nectar and pollen sources, potential invertebrate food
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plants, and potential habitats for invertebrates - although the majority of studies on them have

focused on birds rather than the invertebrate communities they may support.

Boatman & Bence (2000) found that set-aside sown with wild bird cover (wild bird seed) was
a favoured habitat for butterflies, as well as a preferred habitat for nesting and foraging by
some birds (in this case pheasants and skylarks). Meanwhile, Moreby & Southway (2002)
compared the availability of thirteen invertebrate groups important in the diet of farmland
bird nestlings, across four winter crops, grazed pasture, and wild bird cover strips. Crop
preference differed significantly between invertebrate groups, with the greatest number of
most groups found in wheat. However strips sown with either grasses or a wild bird cover

mixture contained significantly higher numbers of invertebrates compared with most crops.

Carvell et al. (2006) assessed two mixtures of perennial grasses and wildflowers and an
annual mix of mostly seed-bearing crops, in terms of providing forage for bumblebees on
farmland. Foraging bees showed contrasting visitation patterns depending on species.
Longer-tongued Bombus species preferred perennial mixes containing a high proportion of
red clover Trifolium pratense. Shorter-tongued Bombus species and honeybees Apis mellifera
visited mainly borage Borago officinalis in the annual mix. The annual mix attracted all six
Bombus species, but particularly the short-tongued Bombus terrestris / lucorum, and was
virtually the only treatment in which honey bees were recorded. This reflected the abundance
of borage, which has been shown to attract short-tongued bumblebees and honeybees in other
studies, as has the non-native plant Phacelia tanacetifolia (Phacelia) (Walther-Hellwig &
Frankl, 2000; Carreck & Williams, 2002). Carvell et al. (2006) state that the relative
specialisation of different pollinator species towards certain plant families, and the flowering
phenology of seed mix components, should be considered in the design of agri-environment
measures to conserve bees and other pollinators. Borage flowers were unavailable during
May and June, thus restricting bee visitation at these times, so they suggest that annual
mixtures should either be sown sequentially (as in Carreck & Williams, 2002) or include a
wider range of forage species. In addition, nesting habitat for bumblebees should be
considered. Annual plots unfortunately do not allow the establishment of vegetation suitable

as nesting habitat for bumblebees (Svensson et al., 2000).
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Carreck & Williams (2002) assessed the flowering phenology and flower-attractiveness to
invertebrates (Hymenoptera, Diptera and Lepidoptera) of plots sown with mixtures of six
annual flowering plant species that are commonly used in pollen and nectar mixes and / or
wild bird seed mixes under agri-environment schemes. These included borage Borago
officinalis, buckwheat Fagopyrum esculentum, cornflower Centaurea cyanus, mallow Malva
sylvestris, marigold Calendula officinalis and Phacelia, Phacelia tanacetifolia. Phacelia,
cornflower and marigold were components of the ‘wildlife seed’ mix used in this (house
sparrow) project. The plots assessed by Carreck & Williams (2002) attracted honey bees and
eight species of bumble bee, among 16 species of aculeate Hymenoptera, 17 species of
Diptera (mostly hoverflies), and six species of Lepidoptera. Sequential sowings provided
nectar and pollen from early summer to late autumn after arable crops had finished flowering
and food for pollinators was scarce. Different insect species were favoured by different

sowing-dates and plant species.

Phacelia was also assessed by Holland & Thomas (1996), who looked at the impact of
Phacelia tanacetifolia field margins on populations of Syrphidae (hoverflies), polyphagous
predators, parasitoids and gamebird chick food in southern England. Phacelia strips were
sown along the edge of winter wheat plots. Phacelia was attractive to Syrphidae and cereal
aphid parasitoids, and populations of these in the adjacent winter wheat were also enhanced
to some extent. Carabidae, Staphylinidae and Linyphiidae beetles favoured the wheat crop
over the Phacelia strip, but gamebird chick food insects - largely Miridae (Heteroptera) were

more abundant in the Phacelia strip.

These studies have shown that plant mixes designed primarily to provide seed resources for
birds can also be of high value for invertebrates. Some mixes are also targeted towards
pollinators, but the wider benefits for other invertebrate groups requires further investigation.
This may then allow refinement of the plant mixes used in agri-environment options, for

maximum biodiversity benefit.
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1.3.8 Seed availability for birds

Various factors can influence the usefulness of particular crop species to birds. Crop seed
yield is likely to be a key determinant of bird usage (Stoate, Henderson & Parish, 2004)
although weediness can influence usage by species such as tree sparrow and reed bunting
(Henderson et al., 2004). Stoate, Henderson & Parish (2004) found that crop species differed
in the rate of seed shedding, and therefore in the amount of seed food they provided through
the winter, as shed seed is quickly lost to processes such as predation (e.g. Kollmann &
Bassin, 2001). Boatman et al. (2003) found that different crops differed in their rate of seed
depletion. Sunflower and borage were depleted by early autumn, while kale and quinoa
retained their seed into the winter. Within the cereals, wheat and triticale retained seed longer
than barley, and much longer than oats, which shed grain on ripening. Seed depletion can be
caused by a number of factors other than consumption by birds, including wind (e.g. Borger
et al., 2012), and predation of fallen seed by rodents and invertebrates (e.g. Kollmann &
Bassin, 2001; Buckingham et al., 2011).

Variation in sward structure has been shown to be important for both granivorous and
insectivorous birds to gain access to food resources (Atkinson et al., 2005; Buckingham,
2005; Vandenberghe et al., 2009; Douglas et al., 2010; Hoste-Danytow, Romanowski &
Z 'mihorski, 2010). Wilson et al. (2005) reviewed the effects of crop structure on birds.
Dense, homogeneous swards of either crops or grasses can inhibit foraging efficiency. This
can be directly, e.g. through physical obstruction to movement; through detectability and / or
accessibility of food items; or through a trade-off between time spent feeding and vigilance
for predators (Wilson et al., 2005). Traits of particular crop species can also make their seeds
more or less available to birds — for example whether the standing or lodged stems can
provide suitable perches, whether seeds are easily accessible within the shape of the seed
head, and how much protection is offered to the seeds by glumes or husks (Bullard, 1988).
The abundance of seeds in a crop or agri-environment option is not therefore a direct
indicator of its usefulness for birds. Different crop plants are used by different bird species,

and accessibility of seeds is likely to be of great importance.
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1.3.9 Bird responses to seed-rich agri-environment options

Poor overwinter survival of adults caused by low food availability represents a likely
mechanism behind many farmland bird declines (Siriwardena et al., 1998a, b; Siriwardena et
al., 2000). Arable farming has intensified in recent decades, resulting in the loss of many
seed-rich food resources, and a number of studies have linked this intensification and
resulting lack of seed resource to declines of granivorous farmland birds (e.g. Siriwardena et

al., 1998a, b; Wilson et al., 1996; Buckingham et al., 1999).

Environmental Stewardship ‘wild bird seed crop’ options (also known as wild bird cover
crops or winter bird crops) are designed to address this issue by providing winter foraging
habitat and seed resources. They require establishment of small patches of seed-rich crops
that remain undisturbed over the winter. Options will attract different bird species depending
on the plants they contain. Stoate, Szczur & Aebischer (2003) found that declining farmland
species in north-east England were more abundant in wild bird cover crops than in
commercial crop areas in winter. Kale Brassica napus and Quinoa Chenopodium quinoa
were the most used crop species, although cereals and linseed Linum usitatissimum were also
used. Quinoa was preferred by redpoll, tree sparrow and other seed-eating species. Quinoa is
a non-native relative of the native fat hen Chenopodium album, which occurs commonly in

the diet of farmland birds (Wilson et al. 1999).

Similarly, Henderson et al., (2004) found that densities of gamebirds, and of insectivorous
and granivorous passerines were higher in winter bird crops than on conventional crops,
stubbles or grassland in lowland England, except for skylark Alauda arvensis and rook
Corvus frugilegus. Kale supported high densities of the widest range of bird species (both
insectivorous and granivorous species), quinoa was used by finches and tree sparrows Passer
montanus, and unharvested cereals supported high densities of buntings. Perkins, Maggs &
Wilson (2008) compared use of patches of agri-environment seed-bearing crops with that of
other seed-rich habitats on farms in eastern Scotland. The seed-bearing crops were the most
frequently selected habitat, while outside schemes, cereal stubble was the most selected
habitat and held 44% of the birds recorded. A number of the birds using these crops were

declining granivorous species, including tree sparrow Passer montanus, linnet Carduelis
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cannabina, yellowhammer Emberiza citrinella and corn bunting Emberiza calandra (as well
as grey partridge Perdix perdix). This study demonstrated the importance of agri-environment
seed-rich options, and also that of seed-rich habitats in the wider environment. Cereal
stubbles were strongly selected by species exploiting grain available in open habitats (e.g.
skylark and yellowhammer). Oilseed rape Brassica napus stubbles and turnips Brassica rapa

were used by linnet, which specialises in oilseeds.

Arable field margins, habitats akin to the grassland prescriptions in this project, can
potentially supply both grass seeds and a range of invertebrates as food for birds. The
availability of seeds and invertebrates for birds however can be strongly influenced by
management - particularly cutting, cultivation and use of herbicide, as shown for grass
margins by Vickery et al. (2009). Management techniques may also directly influence bird
use through manipulating vegetation structure (e.g. Buckingham, 2005; Vandenberghe et al.,
2009; Douglas et al., 2010; Hoste-Danylow, Romanowski & Z mihorski, 2010). In an
agricultural setting, reversing recent trends towards dense, simplified and homogeneous
swards will improve nesting and foraging conditions for a wide range of birds. In an urban
setting, swards are more often short and dense, which favours certain feeding guilds over
others (Buckingham, 2005), so management towards more varied swards here may also be

beneficial.

Despite high bird use of agri-environment options on farmland, Siriwardena, Calbrade &
Vickery (2008) found that such schemes in the UK were not providing sufficient seed
resources in late February and March, and that, given the likely dependence of farmland bird
population trends on overwinter survival, this ‘hungry gap’ needed to be filled. A recent trial
on three different agri-environment scheme options (sown mixes, unharvested crops and
extended stubble) found that the options were effective at producing seed and attracting birds
in the early winter, but bird usage dropped when seed became depleted in late January to
early February, so that seed was not provided in late winter or early spring (Gruar et al.,
2013). New options designed to fill this gap include supplementary feeding of grain HF24
(Natural England 2012b). Siriwardena et al. (2007) reported on two three-year, controlled
experiments investigating the effects of direct supplementary winter seed provision on

breeding farmland bird abundance. These revealed positive effects for various species
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including yellowhammer. Seeded rye-grass may provide a possible alternative measure to
help fill the hungry gap in grassland dominated farmland. Buckingham et al. (2011) recorded
heavy use of this option by buntings, and mats of lodged seed heads ensured continuity of

seed provision, resulting in high bird usage during late winter.

Although current options can potentially be improved, positive population effects of existing
agri-environment scheme measures have been recorded (Baker et al., 2012; Jenny Bright,
RSPB, pers. comm.). Baker et al. (2012) found that the population growth rates of corn
bunting, reed bunting Emberiza schoeniclus, skylark, tree sparrow and yellowhammer were
positively associated with the presence of ES Wild Bird Seed management at the 1km? scale,
although there were significant negative associations for chaffinch Fringilla coelebs and tree
sparrow. A recent RSPB project in partnership with Natural England through DEFRA, has
been assessing the effects of Higher Level Stewardship options on populations of severely
declining farmland birds at a farm scale, as well as option-scale monitoring of specific ES
measures, in three areas of England. To date unpublished results show positive responses of
target bird species to these options, including a statistically significant positive response of
house sparrows in the Cheshire region on farms with HLS options, compared with no change
on control farms in the same region without HLS options in place (Jenny Bright, RSPB, pers.

comm.).

Perkins ef al. (2011) measured changes in breeding abundance of corn buntings in response
to agri-environment schemes in Scotland. Two agri-environment schemes were monitored,
one with general management for farmland birds and the other with adaptive, targeted
management for corn buntings. Corn buntings increased by 5:6% per year on farms with the
targeted scheme, did not significantly change on farms in the general agri-environment
scheme, and declined by 14-5% per year on farms outside agri-environment schemes. In
arable areas, increased food availability through agri-environment schemes reversed
population declines, but where a high proportion of corn buntings nested in grasslands, an
additional option to delay mowing dates and thereby reduce nest mortality was also
necessary. Options such as late-cut grassland entail substantial payments to farmers for

foregone profits, so targeting different combinations of management options in appropriate
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areas will be the most cost-effective approach to deploying the available schemes. This study

illustrates the benefits of well thought out targeting of schemes to benefit particular species.

The described studies show that agri-environment schemes targeted in the right way can have
positive effects on farmland bird populations, including house sparrows. While it is possible
that mechanisms of bird population declines may differ between urban and rural areas, there
is potential through working with land managers and householders in cities, for using similar

options to provide targeted food resources for granivorous birds in urban areas.

1.4 Conservation management of urban habitats
1.4.1 The effects of urbanisation on invertebrate communities

Urbanisation is an increasingly important issue in terms of both human health and wellbeing
(Jackson, 2003), and biodiversity conservation. It is predicted that over 84% of people will
live in urban areas by 2050 (United Nations, 2009). Despite this, with the exception of work
on pest species, the study of invertebrates within urban environments has been relatively

neglected (Helden & Leather, 2004).

The most obvious effect of urbanisation on invertebrates and other wildlife is destruction of
existing natural habitat (Connor et al. 2002). Urban areas are often characterised by small
surviving habitat patches, sometimes alongside newly created areas of green space or
brownfield sites, which are usually isolated from each other through areas of hard surface and
buildings. The resulting heterogeneous landscape has been termed the urban mosaic (e.g.

Niemela, 2011).

In general, as an area of habitat shrinks, the number of species it can support is reduced
(MacArthur & Wilson 1967). Habitat composition may also change, with surviving patches
containing a disproportionate amount of edge habitat (Niemela 2011). Urban parks can serve
as refuges for wildlife within cities, however management regimes can be restricted by

recreational demands, perceived aesthetics, and economic considerations (Sandstrom,
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Angelstam & Mikusinski, 2006) (see Chapter 2). Urban green space vegetation is
consequently often typified by amenity grassland and mature trees, with very little alternative

habitat available (Sandstrom et al. 2006, Snep et al. 2006).

Despite habitat destruction and fragmentation, those studies that have been conducted on
urban invertebrates have actually shown considerable invertebrate diversity within towns and
cities, including a number of rare and notable species (e.g. Zapparoli, 1997; McIntyre, 2000;
Angold et al., 2006). This may be due to high habitat heterogeneity in the urban landscape, or
the habitats surrounding a particular city (Zapparoli, 1997). A number of studies have been
carried out along gradients of increasing urbanisation, and some have found either increases
(e.g. Kozlov, 1996), or no change (e.g. Lussenhop, 1973), in invertebrate abundance or
diversity along this gradient. It appears that some level of urbanisation can even be beneficial
for invertebrates, perhaps through increased habitat heterogeneity, and positive effects of low
levels of disturbance (the ‘Intermediate Disturbance Hypothesis’) (Connell, 1978).
Additionally, invertebrate numbers and diversity can be increased through the arrival of
invading species (Kozlov, 1996), or introductions by humans (Nowakowski, 1986). However
a more common conclusion of such studies is a reduction in invertebrate diversity and / or
abundance through increased urbanisation (Davis, 1978, 1979; Pyle et al., 1981; Mclntyre et
al., 2001). Factors contributing to invertebrate declines along urbanisation gradients can
include isolation from source populations (e.g. Davis, 1979; Denys & Schmidt, 1998),
pollution (e.g. Davis, 1979; Ruszczyk, 1986), higher temperatures and / or lower relative
humidity (Davis, 1979; Ruszczyk, 1986) and a lack of host plants (Ruszczyk, 1986; Schmitz,
1996).

Invertebrate declines in urban areas may occur over time through the loss of key source
habitats (Zapparoli, 1997), or expansion of the city so that potential source populations

become more remote (Davis, 1979).

Therefore as a city expands, the importance for invertebrate populations of green space (parks
and gardens), and brownfield sites (‘waste ground’) increases. These areas often contain

lower pollution levels, lower temperatures (Jauregui, 1991; Chronopoulos et al., 1997), and
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higher numbers of potential host plants (e.g. Small, Sadler & Telfer, 2006). The importance
of green spaces in cities for invertebrate conservation has been highlighted for gardens in
London (Davis, 1979), and for parks and ‘greenways’ (usually historical sites) in Rome

(Zapparoli, 1997).

There has recently been much interest in incorporating ‘green infrastructure’ into cities (e.g.
Gill et al., 2007; Tzoulas et al., 2007). If done well, this could provide great benefits in terms
of habitat connectivity for invertebrates, birds and other wildlife - although use of corridors
for dispersal varies between different species (Angold et al., 2006). As well as parks and
gardens, structures that can increase habitat connectivity within cities, and permeability of the
urban landscape for some species, include railway embankments, road verges and canals (e.g.

Tikka et al., 2001).

1.4.2 Invertebrates and air pollution

The effects of air pollution on invertebrate communities can be mixed. Pollution can either
increase or decrease insect populations, and can also modify outbreak patterns of some
insects, depending on the species and the degree of pollution (Alstad et al. 1982; Pimentel,
1994; Eeva et al., 1997). Direct effects of pollutants on invertebrates have been demonstrated
(e.g. Ginevan, Lane & Greenberg, 1980; Feir & Hale, 1983), but appear to be relatively rare,
while indirect effects via food sources are well documented (Jones & Leather, 2012). For
herbivorous insects, indirect effects can include changes in the numbers of preferred host
plants (e.g. Gordon & Gorham, 1963), and / or changes in food plant quality. Plants growing
at roadsides often show elevated nitrogen content in their leaves following exposure to
vehicle emissions (generally oxides of nitrogen, NOx) or other stresses, leading to increases
in herbivorous invertebrates feeding on them. A common metabolic response by plants to
stress is the breakdown and mobilization of nitrogen in soluble form away from the stressed
tissues. Young herbivorous invertebrates feeding on these tissues receive greater amounts of
nitrogen, resulting in their increased survival and abundance (White, 1984). Some direct
studies using fumigation of plants with pollutants (e.g. O3, SO,, CO, and NOx) have shown
herbivorous invertebrate numbers to increase on and / or show preference for the fumigated
plants (e.g. Fliickiger et al., 2002). Warrington (1987) showed that increasing concentrations
of SO, caused increased growth rate of aphids on pea plants Acyrthosiphon pisum, up to a

maximum, beyond which it declined to below control levels. However Whittaker (1999)
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found that different feeding guilds of invertebrates (phloem feeders versus chewing insects)
responded differently in various studies to elevated levels of CO,. The interactions between
plants, invertebrates, pollutants, and other environmental variables are complex and not fully

understood (Whittaker, 1999; Fliickiger et al., 2002).

Nitrogen is limiting not only for herbivores, but also higher up the food chain among
predatory invertebrates (Denno & Fagan, 2003). While higher trophic levels are influenced
by herbivore population changes, herbivore numbers are themselves influenced by changes in
numbers of predatory species higher up the food chain (Fliickiger, Braun, & Hiltbrunner,
2002). The exact mechanisms of plant-herbivore interactions and higher trophic interactions
are complex and require further research (Fluckiger, Braun & Hiltbrunner, 2002; Denno &

Fagan, 2003).

Studies have demonstrated decreased insect populations around point source pollution
discharges (e.g. Bengtsson, Gunnarsson & Rundgren, 1985; Eeva ef al., 1997). In Eeva et al.
(1997), caterpillar biomass was highest at intermediate pollution levels. This pattern was also
seen for abundance and species richness of Collembola in Kuznetsova (2009). However some
invertebrates have been shown to increase in abundance near roads. As well as through
nitrogen limitation, this could be due to other factors such as relaxation of predation in these

areas (e.g. Braun & Fliickiger, 1984).

Heavy metal pollution has been linked to reduced invertebrate diversity in some groups,
although effects can vary. Nahmani & Lavelle (2002) found that in zinc-polluted areas, the
number of species could be lower, equal to or higher than in unpolluted zones. Increases in
species richness in some polluted zones were due to the settlement of tolerant invertebrate
taxa. Some Coleoptera and Arachnida may have been favoured by increased litter
accumulation due to reduced densities of earthworms and other decomposers. Susceptibility
to this form of pollution appears to vary between taxa. Ants appear relatively resistant to
metal pollution, at least partly due to relatively high metal regulation efficiency (Grzes,
2010a, b), while other groups, such as earthworms (Oligochaeta) and springtails (Collembola)

have been shown to be negatively affected (Bengtsson, Gunnarsson & Rundgren 1985;
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Bengtsson, Gunnarsson & Rundgren, 1986). The ecotoxicology of copper and cadmium in
contaminated grassland was investigated by Hunter, Johnson & Thompson (1987).
Invertebrates from contaminated grasslands in the vicinity of a copper refinery all showed
significant elevation of total body copper and cadmium concentrations relative to control
values, but concentrations varied according to taxon, with marked differences shown in metal

accumulation between predatory beetles and spiders.

While invertebrate abundance, especially for some groups, can increase with elevated
pollution levels, according to a review by MclIntyre (2000) invertebrate diversity should
generally decrease with increasing levels of pollution. The processes and interactions
involved here are complex, and while pollution is considered in this study in relation to both
bird and invertebrate numbers, results are correlative rather than direct studies of pollutant
effects on the organisms involved. The direct effects of different pollutants on different

invertebrate groups, and the mechanisms by which these act, require further study.

1.4.3 Urban green spaces as invertebrate habitat

The loss of invertebrates during the historic spread of London was noted by Davis (1979),
who also highlighted the importance of parks, wasteland and gardens as invertebrate refugia.

A similar effect has been demonstrated in other studies (e.g. Koh & Sodhi, 2004).

In addition to the connectivity of a site and land use surrounding it, the characteristics of
different taxonomic groups, such as relative mobility, will influence invertebrate community
composition (Helden & Leather, 2004). McIntyre (2000) stated that green spaces near the
edge of a city or close to natural habitat should be more easily colonised by invertebrates than
central sites, resulting in higher invertebrate diversity therein. The best predictor of
invertebrate diversity in suburban London gardens was the proportion of green space within 1

km Davis (1979).
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The area of a green space site itself also influences invertebrate communities. In general, as
the area of a site increases, species richness and diversity increases. This pattern has been
described in various studies (e.g. Arrhenius, 1921; McGuinness, 1984; Triantis et al., 2003).
However, in a review of the effects of habitat area and isolation, Prugh et al. (2008) found
these measures to be surprisingly poor predictors of occupancy for most species. Instead, the
type of land cover separating patches most strongly affected the sensitivity of species to patch
area and isolation. Additionally, fragmentation within a green space can potentially decrease
the habitat area actually available to invertebrates. Linear barriers such as roads can influence

invertebrate habitat use on a smaller scale (e.g. Bhattacharya, Primack, & Gerwein, 2003).

The age of a green space site can also influence invertebrate species richness and abundance.
According to Mclntyre (2000), invertebrate diversity should increase with the age of an urban
site, at least through succession of vegetation increasing food plant diversity (given that
management regimes allow for this), and the arrival of exotic species. However the results of
correlations between site age and invertebrate species richness or diversity have been mixed
(e.g. Okuma & Kitazawa, 1982; Bolger et al., 2000; Valtonen et al., 2007). This may be
partly explained by the decline of invertebrate numbers over time in urban habitat fragments

(Bolger et al., 2000) .

The management of urban green spaces can have a profound effect on invertebrate
communities. Most urban green spaces undergo some form of mowing regime, often with a
high frequency and low height of cutting, which is generally detrimental to invertebrate
populations. Mowing has been shown to decrease invertebrate diversity and biomass in
grassland in Berkshire, UK (Southwood & van Emden, 1967), and to reduce species richness
and abundance of grassland Hemiptera in urban green spaces in Bracknell, UK (Helden &
Leather, 2004), as well as spider abundance in grassland of urban green spaces in Bracknell
(Keep, 2006). It is clear that there is potential for increasing the effectiveness of urban green
space management for biodiversity conservation, and this will become increasingly important

with increasing global urbanisation (Jones & Leather, 2012).
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1.4.4 Urban green spaces as bird habitat

Green spaces have the potential to provide in an urban context a number of habitat features
identified as important for birds. With appropriate management these could include increased
seed and invertebrate food resources, nesting sites, and increased habitat connectivity. Recent
studies suggest that food resources and connectivity of shrub cover may be of particular
importance for house sparrows (e.g. Peach et al., 2008; Vangestel ef al., 2010). Management
of parks in close vicinity to house sparrow colonies could concentrate specifically on
provision of these features, as well as on providing nesting sites where these are limited
locally. In addition, lower levels of air pollution provided by green spaces through further
distances from roads or through physical barriers such as hedges (Varshney & Mitra, 1993;
Keuken & Van der Valk, 2010; Appendix 11) could have direct benefits for house sparrows
and / or their invertebrate prey if observed correlations between pollution levels and house
sparrow population parameters (Peach et al., 2008; Ockenden, unpublished data) stem from a
causative relationship. Experimental studies on the effects of urban green space management
on birds and other wildlife are currently limited. This project provides one such study, but
more experimental studies on the effects of urban habitat management on declining species,

and on wider urban biodiversity are needed.

1.4.5 Green space management for biodiversity and human wellbeing

Parks and green spaces are essential elements of the urban environment in terms of human
well-being as well as biodiversity. There is increasing evidence of the benefits to human
well-being of exposure to green space and wildlife (Barton & Pretty, 2010). Urban public
green spaces provide the locations for many people's contact with nature, which is known to
have measurable physical and psychological benefits (Fuller et al., 2007). A study on the
relationship of urban design to human health found that greenery and access to it, both
visually and physically, were principal keys to the physical and mental health of urban

residents (Jackson, 2003).

Fuller et al. (2007) found that the psychological benefits of urban green spaces increased with
the species richness of the sites. Their results indicated that management of urban green
spaces should emphasise biological complexity in order to enhance human well-being as well

as biodiversity. Targeted management of urban parks and green spaces can therefore have
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specific benefits for humans as well as for plants, invertebrates, birds and wild mammals.
Features in parks that if managed appropriately can benefit for wildlife include grassy areas,
trees, bushes, climbers and water. In addition, features where biodiversity is not usually a
main consideration, such as buildings, sports areas, playgrounds and flower beds, can have

benefits for biodiversity when managed accordingly (e.g. Chamberlain et al., 2005).

1.4.6 Demands on urban parks and green spaces

Despite the numerous potential benefits of urban green space management for wildlife,
biodiversity is often low priority for urban land managers, who have to deal with a perceived
conflict between this and other demands. These may include dog walking, sports, aesthetic
appeal, provision of venues for events, and general recreational and family use. While many
of these demands are compatible with, and can be greatly enhanced by management for
biodiversity, there remain barriers in perception to this among some park users. The
management of urban parks is often also directly influenced by various user groups.
Management for biodiversity is likely to be given a higher priority if it can be shown to meet
some of the other demands on urban green spaces, such as aesthetic appeal and budgetary

value.

Most local councils have seen large budget cuts in recent years, with conservation work and
management of council land for biodiversity often significantly affected (ALGE, 2012).
While this will have many negative consequences for urban biodiversity, it may also provide
opportunities for councils and park managers to increase the ‘wilder’ areas of their land in an
attempt to cut maintenance costs. Savings can potentially be made by reducing the frequency
of grass cutting, or by instating ‘meadow’ areas instead of ornamental borders (Green Estate
no date; Chapter 2 this thesis). Thus the effects of budget cuts on urban biodiversity may be
mixed, and any opportunities to work with councils and green space managers to benefit

urban wildlife should be grasped by the conservation community.
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1.5 Thesis objectives

This section describes the overall objectives of the study. Hypotheses tested in each

chapter are stated at the beginning of that chapter.

Chapter 2 — Trial plot instatement and establishment

Chapter 2 describes the three treatments (habitat types) deployed in this study and the reasons

these habitats were chosen. The main objectives of the chapter are:
To assess the practicality of instating these habitat types in an urban setting, in terms

of required management effort and cost

To assess the effectiveness of establishment of the trial plots in the study with

reference to ground cover by sown or desirable species

Chapter 3 — Seed food resources

This chapter assesses the seed resources supplied by the different treatments in the study, and

compares them against amenity grass controls. The main objective is:

To quantatively compare seed resources provided by the different treatment types

Chapter 4 — Invertebrate response to trial plot management

Chapter 4 quantifies the effectiveness of the treatments in increasing numbers of different

groups of invertebrates, compared with controls. The main objectives are:

To assess which of the treatments provided the best invertebrate resource for birds by

quantifying invertebrate species known to be used by birds as a food resource

To quantify the effects of each treatment on the main invertebrate taxa recorded
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To investigate potential effects on invertebrates of wider environmental variables,

especially air pollution

To identify key management principles that may help to improve invertebrate habitat

in urban areas

Chapter 5 — Bird response to trial plot management

This chapter describes bird use of the treatments compared with controls, as well as the
population sizes and productivity of local house sparrow colonies. Potential relationships
between house sparrow colony demographics and presence of the treatments are investigated,

as are possible relationships with air pollution. The main objective of the chapter was:

To quantify which of the treatments was most used by birds, particularly house

sparrows, and determine which physical properties of the trial plots may affect this

Secondary objectives were:

To investigate any possible relationships between intensity of treatment use by house

sparrows and house sparrow colony demographics

To investigate any possible effects of air pollution on house sparrow demographics

Chapter 6 — Discussion

This chapter comprises the overall discussion and draws together the main conclusions from
the study. It discusses the findings in the context of recent research and makes
recommendations for practical urban habitat management which may benefit invertebrates
and house sparrows. The results of two Masters studies carried out on the project treatment
plots are also discussed. Finally, limitations of the study are outlined, and suggestions made

for future research.
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Chapter 2 - Trial plot instatement and establishment

2.1 Introduction

The overall aims of this project were to compare the availability of seed and invertebrate food
for birds, as well as plant and invertebrate communities in their own right, in three different
habitat treatments instated in urban parks and green spaces. This chapter describes the
treatments deployed in the study, and the reasons for testing these particular treatments. The
establishment success of the treatments is assessed, then practical considerations involved in

their establishment, and stakeholder reactions to the three treatments are considered.

2.1.1 Trial plot types in this project

Various recent studies have investigated bird use and population effects of agri-environment
scheme options (Chapter 1). The approach of providing specific areas of habitat to increase
food resources for birds has not previously been applied in the same way in an urban setting.
This project does so by providing tailored habitat plots in partnership with urban park

managers.

Long grass plots

The inclusion of long grass plots in the trial followed research into long grass swards as a
source of both seeds and invertebrates for granivorous birds in farmland (Buckingham, 2005;
Buckingham & Peach, 2006; Buckingham et al., 2011). Buckingham (2005) found that
granivorous birds preferred fields with higher average sward heights compared with other
bird species, probably due to longer intervals between defoliation of the sward allowing
replenishment and survival of key invertebrate food taxa, as well as more development of
seed. It was also shown that in agricultural grassland landscapes, allowing fertile improved
ryegrass Lolium swards to set seed attracted large wintering populations of buntings,
especially yellowhammer Emberiza citrinella and reed bunting E. schoeniclus (Buckingham,
2005; Buckingham et al., 2011). The long grass trial plots tested in this study were left uncut
over winter in order to enhance overwinter survival of invertebrates, and potentially provide a

winter seed resource.
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Wildflower meadow plots

In this project the wildflower meadow plots were cultivated and sown in the first year (spring
2009) with native wildflower and grass species that are ‘typical’ of traditional lowland
haymeadows. Management prescriptions for these areas aimed to simulate traditional
haymeadow management over the three years of the study. Such management tends to
include one or two spring cuts and a summer hay cut, followed by light over-winter grazing,
and an absence of treatment with pesticides or fertilizer (Rodwell, 1992). As grazing in an
urban setting poses a number of practical difficulties, this was simulated by asking partners to
mechanically ‘scarify’ plots following the autumn cut. This management is expected to
enhance invertebrate abundance and diversity through providing nectar resources during
summer, and over-winter habitat in the form of relatively tall grass compared with the
surrounding area and short grass control plots. It may also provide some seed resource during
winter, mainly in the form of fallen seeds. These plots provided an approximation to semi-
natural grassland habitats, although re-creation of the specific biotic and abiotic communities
found in such habitats is a difficult process not usually achieved over the short term, such as
the 3 years of this study. Creation and restoration of semi-natural grassland has a large body

of research behind it, and is discussed in sections 1.3.3 and 1.3.4.

London’s Habitat Action Plans targets on the Biodiversity Action Reporting System to
enhance, increase and maintain the extent of ‘meadows and pastures’ (London Biodiversity
Partnership no date a. Under the National Vegetation Classification (NVC) the plant
combinations sown in the wildflower meadow plots most resemble the MG5 (Cynosurus
cristatus-Centaurea nigra grassland) community (Rodwell, 1992). This, as well as other
mesotrophic grassland communities and calcicolous, calcifugous, and wet grasslands, have
declined in extent significantly in the UK in the last century (Rodwell, 1992; Riley, 2005).
The total area of speciose lowland semi-natural grassland in the UK declined in area by an
estimated 97% between 1930 and 1984 (Fuller, 1987). Due to the time-limited nature of the
project and numerous resource demands on public urban green spaces, the trial plots were
necessarily ‘artificial’ in character, however a Masters project was carried out with Imperial
College London in the third year of the project to assess the development of plant

communities in the plots, and is discussed in section 6.2.2.
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Wildlife Seed plots

The ‘wildlife seed plots’ deployed in this project included a number of seed-bearing plants to
provide an autumn / winter seed source for foraging birds, as well as nectar sources for
invertebrates during summer. As they remain in place over the winter they should also supply
overwintering habitat for invertebrates. The seed mix used was developed in consultation
with RSPB staff, project park managers and seed suppliers (Kings, Frontier Agriculture Ltd.),
to enhance the aesthetics of the trial plots for use in urban parks where recreational and other
land use demands are high, and where some parks have a high level of ownership among the
local community. These plots are similar to the Entry Level Stewardship option EF2 wild
bird seed mixture, and the Higher Level Stewardship option HF12 enhanced wild bird seed
mix plots. The plant communities in these plots are essentially artificial, combining species
that may not frequently all occur together - however the ‘arable’ nature of the plants means
that they approximate the ‘OV’ open ground communities under NVC which are found in
arable field margins and ruderal habitats (Rodwell, 2000). Un-sown plants that were
commonly found in the plots included fat hen Chenopodium album and creeping thistle
Cirsium arvense - common ruderal plants that take advantage of disturbed soil, but which

nevertheless have intrinsic wildlife value as sources of nectar and seeds.

Cornflowers, Centaurea cyanus which were a component of the wildlife seed plots, are a
native, rare and declining species, and a priority species under the UK Biodiversity Action

Plan (BAP) (Plantlife, 2007).

Use of this species in gardens and wildflower seed mixes has meant that its ‘natural’ range in
the UK has been obscured, but it is now thought to only exist naturally at around 100 sites, all
in the south and east of England (Plantlife, 2007). It could therefore be considered that this
species should not be included in planted mixes. However the urban environment is already
massively anthropogenically altered, containing large numbers of planted ornamental species
in both gardens and parks. Whether to plant species such as cornflowers in urban parks is a
decision that must be taken by park managers, bearing in mind both ecological considerations

and the large number of different demands on urban green spaces.
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2.2 Aims and Objectives

This chapter aims to assess the establishment success of the trial plots deployed in this study.
In particular, the establishment of the wildflower meadows is assessed in relation to the
creation techniques used, and in the context of research on creation and restoration of diverse
semi-natural grassland. The practicality of instating the three different trial habitat types is
investigated from the point of view of urban land managers, and stakeholder reactions are

described.
The following hypothesis was tested:

- That vegetation cover in the long grass and wildflower meadow plots (but not the

wildlife seed plots) would increase over time as the grassland sward became more

established

The following predictions were also investigated, although not statistically tested:

- That, due to intensity of cultivation effort / management change, long grass would
be the least expensive plot type to instate and wildlife seed plots would be the
most expensive

- That ongoing management requirements, and therefore cost, would be lowest for
the long grass and highest for the wildlife seed plots

- That management challenges / difficulties would be greatest for the wildflower
meadow plots, due to their location in amenity grassland sites with aggressive
grasses prominent and possible histories of grassland improvement

- That wildflower meadows would be the most widely favoured by stakeholders
(after an establishment period) as their aesthetic value improved from the initial

amenity grass, with more flowering species becoming established over time

The establishment of plant communities in the wildflower meadow plots was investigated in
detail in a Masters project during summer 2011. The project was conducted by Henry
Johnson, Imperial College, London, under the supervision of myself, Dr. Jon Knight and
Prof. Simon Leather, Imperial College, London. The main results of this study are discussed

in section 6.2.2.
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2.3 Methods
2.3.1 Trial plot location

Twenty five trial habitat plots and 25 corresponding control areas were set up in 19 parks
across London. The parks were spread from north east to south west London (Figure 2.1),
with most located toward the centre of the city, where the house sparrow decline has been
most severe (Noble & Eaton, 2002; Reast & Webb, 2012). Parks were selected for the study
in part according to which land management organisations responded to a written request for
participants, and according to whether there were current or recent historical records of house

sparrows in or near each site.
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Figure 2.1 - Locations of parks containing trial plots (map by Mark Gurney, RSPB)

The exact locations of trial plots and control areas within each park were decided according

to the following criteria:

Matching site conditions (slope, aspect, shading etc.) between trial and control areas
Matching land area available for each trial plot and corresponding control area
Distance (as close as possible) to house sparrow colonies or suitable house sparrow
nesting habitat

Willingness of the park management to instate trial plots in the chosen area
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Agreement from any Friends groups attached to the parks to locate the plots in the

chosen area

Several of the parks had active Friends groups attached to them, with a greater or lesser say in
management of the park. Active Friends groups were engaged at the beginning of the project

through talks and site visits.

2.3.2 Trial plot design, set-up and maintenance

Prior to trial plot establishment, as much information as possible was gathered about prior
management of the trial sites. Most trial sites consisted of short grass, although 9 out of 25
had already been under more relaxed management and allowed to grow taller. Appendix 1
summarises prior grass cutting frequency for each site. Although full histories were not
available for all sites, none were known to have been re-seeded or fertilised within the last 10
years. Each trial plot was maintained to one of three different management prescriptions, and

paired with a ‘control’ plot of short amenity grass, as follows.

Long grass

Long grass plots were mostly located at sites normally maintained as short amenity grassland.
Existing areas of short grass were allowed to grow tall and set seed, and left uncut over the
winter. To standardise plots as far as possible, autumn cuts were carried out to a height of 50
mm between October and December 2008 on long grass plots where relaxed management
had previously taken place. This ensured that plots entered the specified mowing regime at
the same sward height as plots that were initially amenity grass. Plots were isolated, as far as
possible within management constraints for the parks, from more mature long grass areas.
Where plots were located next to existing long grass, a strip of short grass of at least one
mower’s width (approx. 1 m) was maintained around the trial plot. Appendix 2 gives an

example of long grass plot maintenance specifications.

The dominant grass species at most sites was perennial rye grass Lolium perenne, although

other species including annual meadow grass Poa annua, crested dogstail Cynosurus
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cristatus and timothy Phleum pratense were present in varying quantities, particularly at sites
where a taller sward had been maintained. The long grass plot at Primrose Hill (Regents
Park) contained a remnant of existing acid grassland - a priority Biodiveristy Action Plan
habitat in London (London Biodiversity Partnership no date b), although Lolium perenne was
also present. The location of this trial plot was decided according to size and management
constraints within the park, following which the existence of the grassland community ‘U1’
(Festuca ovina - Agrostis capillaries - Rumex acetosella grassland) was identified through

survey maps provided by the project partner.

Following the initial cut in October to December 2008, all the long grass plots then remained
uncut throughout the winter until spring 2009 (late March, depending on weather). The grass
was then cut to 100 mm height and cuttings removed (by late May, depending on weather).
Grass cutting then ceased until the following spring. This cycle was repeated in 2010 and

2011.

Wildflower meadows

Where wildflower meadow plots were to be located, drainage, shading and soil type were
assessed, and soil samples taken prior to cultivation. Samples were obtained using a soil corer
according to DEFRA methodology (Rural Development Service, 2003), and sent to a
laboratory (YARA laboratories) for analysis of pH and levels of nitrogen (N), phosphorus
(P), potassium (K) and magnesium (Mg). At some parks, soil nutrient level was reduced by

stripping topsoil or other methods (summarised in section 2.5.4).

Wildflower meadow plots were cultivated in March 2009, and a seed mixture of perennial
wildflowers and meadow grasses was broadcast by hand in each of the cultivated plots in late
March / early April (although cultivation of some plots was delayed for various reasons such
as seed delivery delays). At some sites seeds were mixed with sand to enable even spreading
of the mixture, and where machinery was available sites were rolled before and after sowing.

Spring sowing was necessary due to the timing of the project start.
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The seed mix for the wildflower meadows was tailored somewhat to each site, in relation to
soil and site conditions and the wishes of each project partner. Two basic alternative seed
mixes were used, sourced from Kings (Frontier Agriculture Ltd.), although due to delivery
problems and some seed mix contamination, we later changed supplier. Seed mixes contained
fine grasses including crested dogstail Cynosurus cristatus, red fescue Festuca rubra and
sheep’s fescue Festuca ovina. Forb species included bird’s foot trefoil Lotus corniculatus,
common knapweed Centaurea nigra, ribwort plantain Plantago lanceolata, kidney vetch
Anthyllis vulneraria, lady’s bedstraw Galium verum and wild carrot Daucus carota.
Appendix 3 contains full species lists. Some sites were later over-sown with mix EMS5F,
‘wild flowers for loamy soils’ from Emorsgate Seeds, depending on the development of each

meadow.

Following sowing, the meadows were managed according to traditional haymeadow
management practices, receiving a spring cut if necessary, and a ‘hay’ cut in late summer or
early autumn. In some plots, removal of annual weeds was necessary during summer 2009, as
ruderal species such as creeping thistle Cirsium arvense became dominant. At one site (Green
Park, The Royal Parks), a large amount of redshank Persicaria maculosa was removed.
Management varied slightly between parks, but generally plots were cut to 100 mm height,
up until late April (depending on weather), then left to set seed. They were then cut between
late August and late September (depending on weather), again to 100 mm height. Following
the autumn cut, cuttings were left to dry for around 2 — 5 days and turned occasionally before
being removed. Subsequent cuts to 100 mm height were sometimes necessary (depending on
weather), until no later than late September. The plots then remained uncut throughout the
winter until the process re-commenced in spring (late March, depending on weather).
Appendix 4 shows an example of maintenance specifications for the wildflower meadow

plots.

Wildflower meadow set-up and management was carried out slightly differently by each
project partner, as this was limited by management policy, staff resources and available
machinery. Differences included whether herbicide use was permitted, to remove existing
grasses prior to cultivation; timing of cuts due to staff work programmes, and height of cuts

due to machinery settings. A Masters project was carried out in 2011 by Henry Johnson,
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Imperial College, London, to help assess the effectiveness of different techniques used to
create and manage the wildflower meadow plots, through assessing the plant communities

that had established in them three years after their creation (section 6.2.2).

Wildlife seed plots

Wildlife seed plots were cultivated annually in each spring of the project, and sown with a
mixture of seed-bearing plants (the ‘wildlife seed” component of the plots) and cornfield
annual flowers. The ‘wildlife seed’ component of these plots included linseed Linum
usitatissimum, triticale x Triticosecale, barley Hordeum vulgare, Phacelia Phacelia
tanacetifolia, white millet Panicum miliaceum and sunflower Helianthus annuus. This was
sown in the centre of the trial plot area. A cornfield annuals mix was planted ina 0.5 m — 1 m
strip around the edge of the wildlife seed plots, blending gradually into the central wildlife
seed area. This was in part to increase aesthetic acceptability of these plots. The cornfield
annuals used included: corn chamomile Anthemis arvensis, corn marigold Chrysanthemum
segetum, corncockle Agrostemma githago, cornflower Centaurea cyanus, field poppy
Papaver rhoeas, scentless mayweed Tripleurospermum inodorum, and white campion Silene

latifolia.

In some cases, where the site manager deemed it appropriate, standard NPK fertiliser was
applied to the centre of the wildlife seed plots. This is appropriate as the species included in
this mix are normally found in fields and field margins, where soil fertility is high. Fertiliser
was not applied at the edges of the plots, as the cornfield annual flowers require lower
nutrient levels than the species at the centre. Appendix 5 shows an example of management

specifications for the wildlife seed plots

Control plots

Each trial plot was paired with a control plot of ‘standard’ park management (usually short
rye grass) against which its monitoring results were compared. Each control plot was located
near to the corresponding trial plot with a minimum gap of 7 m between them. The range of

separation between trial and control plots was 7 — 30 m, with all apart from 3 trial-control
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pairs set at least 10 m apart. Conditions matched those of the trial plot as far as possible in
terms of size, shape, slope, aspect, shading, surrounding habitat, and proximity to suitable
house sparrow roosting or nesting sites. This was to provide suitable sites for direct

comparisons of the vegetation, invertebrate and bird response to each of the trial plots.

Distance between trial plots

Some sites contained more than one trial plot type and control area. In these cases a minimum
gap of 12 m, but ideally and in most cases at least 20 to 30 m, was maintained between
different trial plots. Separation distance between trial plots, as for trial-control pairs, was
sometimes constrained by park size or other demands on space. In all except one case, each
treatment had its own unique control plot, while at one site the control plots for two different

trial plots overlapped due to site size constraints.

Distance from house sparrow colonies

Where possible trial plots were instated within 200 m of a house sparrow colony, but due to
management constraints for the parks, some had to be located further away, up to a maximum
of around 600 m. Appendix 6 summarises distances of trial plots from house sparrow
colonies. Some participating parks did not have recent records of nearby house sparrows. In
these cases, plots were located near to known locations of historical house sparrow records,
or potential house sparrow nesting and roosting sites — usually buildings and / or dense

shrubs.

Plot sizes and replicate numbers

A minimum target area for long grass and wildflower meadow plots was set at 0.25 ha, up to
a maximum of 0.5 ha. For wildlife seed plots a minimum size was set at 0.05 ha, with a
maximum of 0.1 ha. The target area for wildlife seed plots was smaller than for the other plot
types as these were likely to be costly to instate, and to have high impact both visually and in
terms of difference from the existing vegetation. Agri-environment wild bird seed plots are

often in strips along field edges or in corners of fields, so tend to be smaller than areas of
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extensive grassland management. Different sizes of trial plots were possible as in the paired
design of the experiment, each control area would match its corresponding trial plot in size. A
target of eight plots of each trial habitat type (and 8 corresponding control areas) was set, as
this reflected the highest replicate number considered feasible within the time and resource

constraints of the project.

2.3.3 Measuring plot establishment

Vegetation measurements were taken in each trial and corresponding control plot at the same
time as invertebrate sampling was carried out. This was on one occasion per year during July
or early August, in each of the project years (2009, 2010 and 2011). Invertebrate sampling
and vegetation assessment methods are based on protocols by Buckingham (2005) (for
detailed methods see Chapter 4). Vegetation measures from the trial plots were then used to

assess in broad categories, the establishment of the desired plant types in each of the plots.

Measurements were always taken at the same time of day, between 12 noon and 6 pm, when
vegetation was dry. Measurements were taken throughout each trial and control plot, with the
same number taken in the trial plot and its control. Measurements were collected at a
minimum of 10 points per plot, increasing to 12 on larger plots. Sample point locations were
a minimum of 5 m in from the plot boundary. Where a plot was less than 10 m in width,

points were located along a transect running down the centre of the plot.

A 0.5 x 0.5 m quadrat was placed at each sampling point, forming the centre of a 3 m
diameter circle from within which vegetation measurements and invertebrate samples were
taken (recognising that foraging birds entering a plot of tall vegetation may forage some
distance from the initial point of entry). Samples and measurements at each point were
recorded in a defined order, to minimise biasing results through disturbance to the sward and

invertebrate community.

Invertebrate samples were collected first, using a Vortis vacuum sampler, by walking only

along two ‘sacrificial’ paths within the 3 m diameter circle. Ten measures of sward height
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were then taken within the sampling circle, avoiding patches disturbed by invertebrate
sampling or trampling. Sward height was measured using an HFRO sward stick (Barthram,
1985). The sward is measured as the height at which the descending Perspex window first
touches live foliage of any plant, excluding the leafless upper parts of flowering stems or
inflorescences. Finally, after sweep net samples had been taken from around the perimeter of
the circle, the quadrat at the centre of the sampling circle was examined. Within the quadrat,
percentage cover was recorded to the nearest 1 % for the following features: bare ground,

grass, clover, other forbs. Invertebrate sampling is described in detail in Chapter 4.

2.3.4 Statistical analysis

Differences in measurements between sites and years were tested using Analysis of Variance
in the statistical package ‘R’ version 2.10.1 (R Development Core Team, 2009). Tests were
run on trial plots only, without including control areas. For each trial plot type, models
included the variables ‘Park’ and ‘Year’. Post-hoc tests were carried out between levels of
factors using Tukey HSD tests. Tests were carried out for each trial plot type on the
measurement considered most relevant to establishment of that type of plot. Hence for long
grass plots, grass cover and bare ground measurements were tested, as trial plots started off
with a high level of grass cover and varying degrees of patchy bare ground. A decrease over
time in the amount of bare ground and increase in grass cover would reflect development of
the long grass sward. For wildflower meadows, differences in bare ground, grass cover, and
forb cover were tested. In these plots, a decrease in bare ground and an increase in grass and
forbs over time would generally reflect successful development of the desired sward type.
Annual weeds were not distinguished in these measurements and would be included under
forbs, but in general these would not form a large part of this category after being weeded out
in 2009. For wildlife seed plots, the amount of bare ground, grass cover and forb cover was
tested. Unfortunately during measurements annual weeds were not distinguished from sown
forbs, and were numerous in some plots, although these may also provide seed and nectar
sources. As these plots are re-established annually, changes in bare ground between years
may reflect more or less successful establishment of the sown (as well as non-sown) species
in those years The wildlife seed mix did not include grass, so high grass cover in these plots

may reflect poorer establishment of the desired plant species.
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2.3.5 Plant commupnities in wildflower meadow plots

Plant communities in the wildflower meadows were investigated in detail in 2011 by Henry
Johnson, Imperial College, London. Plant species present in the meadows in this year were
identified, and percentage cover of sown and un-sown species was compared against control
plots, as well as between meadow plots that received identical seed mixes. Species richness in
the meadows was also investigated, in relation to seed mixes used and soil nutrient levels
prior to cultivation. Establishment success was in these ways evaluated, in relation to project
goals and wider conservation issues. The different practical techniques used by partner
organisations in meadow creation were evaluated qualitatively in relation to meadow

establishment success.

2.3.6 Assessing costs of the different trial plot types

Financial costs of instating and maintaining the trial plots are likely to have a profound
impact on the uptake of these management prescriptions by park and green space managers.
Therefore the relative costs of the three plot types were recorded. In some cases the project
partners did not claim the full amount required for the plots from the project, or contributed
to the costs of plot instatement or maintenance, mainly through staff or volunteer time, so
quoted costs may be slightly lower than actual costs for the wildflower meadow and wildlife

seed plots. As far as possible these costs are included in the discussion.

2.3.7 Assessing practicality of instating and maintaining trial plots and partner feedback

In order to assess the practical challenges and potential solutions involved in instating and
maintaining the treatment plots to the required specifications, questionnaires were sent to
each project partner in 2009 and 2011 asking for their assessment of and opinions on each of

the plot types. The full questionnaires that were sent out can be found in Appendix 7.

At the end of the land maintenance and monitoring section of the project (December 2011), a
feedback questionnaire was also sent to each project partner to gauge their overall opinion of
the trial plots. The partners were asked to give a score from 1 to 10, or a yes / no answer, to

questions on the following:
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Feedback they had received from the public; how useful the trials had been to their own
learning; whether they would recommend this kind of management prescription to a
colleague; and the likelihood of them retaining their trial plots into the future. This

questionnaire used can be found in Appendix 8.

In partner responses to the 2011 questionnaire, ten was the highest / best result. Scores were
then categorised into Low, Medium or High. ‘Low’ scores were from one to three; ‘medium’

were four to seven; and ‘high’ were eight or above.

2.3.8 Feedback from Friends of Park groups

An online survey of Friends groups for the parks was also set up at the end of the project,
using the website survey.monkey.com. Individual members of Friends groups were
encouraged to complete their own copy of the survey, rather than relying on a lead member to
speak for the group, in order to gauge the range of reactions to the plots across a group. The
survey consisted of a short questionnaire to assess the level of involvement of an individual
with their local park, the way they most used the park, and their reaction to creation of the

habitat plots. This questionnaire can be found in Appendix 9.
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2.4. Results

2.4.1 Plot establishment — all plot types

The target of eight replicates of each treatment type was achieved. For long grass plots this

was exceeded, with eleven established in 2009. In 2010 this was reduced to nine plots to

rationalise resources. Table 2.1 summarises the trial plots established in each park. Appendix

10 shows photographs of some of the plots.

Table 2.1 Trial plot types established in each park, instated spring 2009 and maintained to
project specifications until at least November 2011. Most plots were retained in place beyond
the life of the project.

Partner Site No. long | Size | No. Size | No.wildlife | Size
Organisation grass (ha) | wildflower | (ha) | seed plots | (ha)
plots meadow
plots
Camden Waterlow Park 1 025 |1 0.05
Council
City of | Parliament Hill 1 025 |1 0.25
London
Islington Laycock  Street 1 0.05
Council Green
Paradise Park 1 0.05
Whittington Park 1 0.05
Lee Valley Leyton Marshes 1 0.25
Regional Tottenham 2 0.25
Marshes
Park
Waterworks 1 0.25
Nature Reserve
The Royal | Green Park 1 0.25
Parks
Hyde Park 1 0.25
Kensington 1 025 |1 0.25
Gardens
Primrose Hill 1 0.25
Southwark Burgess Park 1 0.25
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Council Peckham Rye 1 0.75 | 1 0.05
Park

Sutton Council | Beddington Park | 1 0.25 1 0.05
Cheam Park 1 0.1
Perrets Field 025 |1
St. Helier Open 1 0.1
Space

Wandsworth Tooting Common | 1 0.25

Council

Total 9 8 8

2.4.2 Plot establishment - long grass plots

Plot establishment measures

There was no significant difference in grass cover in the trial plots between different parks
(F=1.53, p=0.24) or different years (F=0.11, p=0.90). There was also no significant difference
in bare ground in the trial plots between different parks (F=1.19, p=0.37) or different years
(F=0.67, p=0.53).

Management of the acid grassland plot at Primrose Hill under the project specifications led to
a visually obvious beneficial change in the sward (pers. obs.). This subsequently led to two of
the project partners (Camden Council and The Royal Parks) gaining funding for further
rehabilitation of acid grassland at nearby sites (Mark Bridger, The Royal Parks, pers. comm.).

Practicalities of establishing and maintaining plots

The main results of partner questionnaires on long grass plot establishment are summarised

below:

Establishment: None of the eight partners used a fence around the long grass plots during
their establishment, while six out of eight used marker posts or alternative methods to

identify the plots.
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Identified challenges and approaches to these: Four of the eight questionnaires returned in
2009 named vandalism of marker posts or signposts as a problem. In 2010-11 one out of nine
returns named this as an issue. Vandalism was addressed by replacement of signage, and in
one case concreting in fence posts. One partner named footballers as an issue, and this plot
was fenced during winter to deter use for football games (it was also hoped the taller sward

would itself act as a deterrent).

While some long grass plots were grown from an initial short sward, it was necessary to
locate some in existing areas of long grass, as despite the relative ease of management of long
grass compared with the other trial plot types, it proved difficult for the parks to set aside new
areas for this, due to other land use pressures and attitudes higher up in management
structures. Loss of areas for sport, or perceived loss of areas for other leisure activities, can

meet with resistance from park users and / or local councils.

Public feedback to partners: Feedback from the public on long grass plots was only reported
by partners in three out of eight questionnaire returns in 2009, of which two comments were
positive and one neutral. Out of nine returns in 2010-11, one comment was reported, which
was neutral (that the public had enquired about the reason for the plot). In five out of six end-
of-project questionnaire answers, partners gave public reaction to the long grass plots

medium scores, and the remaining answer gave a high score.
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2.4.3 Plot establishment - wildflower meadow plots

Plot establishment measures

Figures 2.2 to 2.4 show the mean percentage of bare ground, grass, and forbs found in each of
the wildflower meadow plots, out of ten quadrats per plot, in summer 2009, 2010 and 2011
respectively. Tottenham Marshes plots were not measured in 2011. For bare ground there was
no significant difference between parks, but a significant difference between years (F=9.85,
p<0.01). There was significantly higher bare ground in 2009 than in 2010 (p adj<0.01), and in
2009 than in 2011 (p<0.01). For grass cover there was a significant difference between parks
(F=8.95, p<0.01) and a significant difference between years (F=5.66, p=0.02). There was
significantly higher grass cover in 2010 than in 2009 (p<0.05). For forbs there was a
significant difference between parks (F=7.32, p<0.01), but no significant difference between
years. Further measures of establishment success (percentage cover by sown species, and
species richness in treatment vs control plots) were assessed by Johnson (2011), and are

discussed in section 6.2.2.
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Practicalities of establishing and maintaining wildflower meadow plots

The main results of partner questionnaires on wildflower meadow establishment are

summarised below:

Establishment methods: Five out of eight questionnaire responses stated that the wildflower
meadow plots were fenced initially, following cultivation. The project encouraged removal of
fencing after this initial period, so as not to exclude the public from any area of the parks, and
in fact the presence of taller vegetation can itself deter heavy use of an area (pers. obs.). Some

partners however considered initial fencing to be necessary to prevent trampling during

99



establishment. All fences but one (at Parliament Hill, City of London, which was lowered)
were eventually removed. Six out of eight meadow plots were re-seeded in the first year

following poor initial establishment.

Identified challenges and approaches to these: Dominant non-sown species were identified
as a problem at six out of the eight meadow plots in the first year of establishment (2009).
The main species identified (three out of eight responses) were fat hen Chenopodium album
and thistles (generally creeping thistle Cirsium arvense). At one plot (Green Park, The Royal
Parks), redshank Persicaria maculosa was dominant. These were hand pulled or spot-treated
with herbicide. Weeds were less dominant in terms of area cover in 2010-11, but were
identified in seven out of eight responses. Out of five responses that named species in these
years, thistles were named in all five, and docks Rumex spp. in three out of five. One project
partner (Lee Valley) stated that in hindsight it would have been better to spray off the area

initially, to reduce some of the problems with thistles on the site.

Very dry ground conditions were the most common reason cited (three out of four responses)
for poor initial germination and the need for re-seeding. Partners estimated however that by
the end of August 2009, all wildflower meadow plots showed germination over at least 60 %

of their area.

It was suggested at partners’ meetings that people’s movements through the plots could be
directed by mowing paths through them, although we are not aware of any partners carrying
this out. Despite this, the only plot that was heavily trampled (at Kensington Gardens) will
not be retained in its original location, but other wildflower meadow areas will be created at

the site instead.

At Peckham Rye Park, where crushed concrete was added to the meadow topsoil to reduce
nutrient levels, problems occurred where machinery struggled to deal with large bricks and

stones coming to the surface of the plot. Two other partners (City of London and Camden
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Council), overcame machinery limitations on one occasion by equipment sharing. Five out of

eight responses stated that vandalism of the fences, posts or signs had been experienced.

Public feedback to partners: Public feedback experienced by partners about the wildflower
meadow plots in 2009 was somewhat mixed, with four out of eight responses citing positive
feedback, one citing negative and one citing neutral feedback (two responses did not specify).
Only three responses to this question were received for 2010-11, but cited very positive
feedback. In four out of six feedback questionnaire answers, partners gave public reaction to

the wildflower meadow plots high scores, and the remaining two scores were medium.

2.4.4 Wildlife seed plots

Plot establishment measures

Figures 2.5 and 2.6 show the mean percentage of bare ground and grass cover in each of the
wildlife seed plots in summer 2009, 2010 and 2011 respectively. There was a large amount of
bare ground present in all the measured wildlife seed plots in each year (Figure 2.5), and a
significant difference in bare ground between parks (F=2.89, p=0.05), but no significant
difference between years. For grass cover there was also a significant difference between
parks (F=7.80, p<0.01) but no significant difference between years. Forb cover did not vary

significantly between parks or between years.
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Practicalities of establishing and maintaining plots

The main results of partner questionnaires on wildlife seed plot establishment are summarised

below:

Establishment methods: Five out of eight wildlife seed plots were fenced for around a month
after cultivation. The three plots in Islington were fenced for the duration of the project. At
Peckham Rye Park, initial fencing was replaced, effectively, by corner posts and signs. The
plot at Waterlow Park was roped off temporarily, while in Sutton plots were completely
unfenced. Standard NPK fertiliser was applied at four out of eight plots in 2009, and three out
of eight in 2010-11.

Identified challenges and approaches to these: In 2009 questionnaire responses, three out of
eight indicated that vandalism of fences or signs was a problem at these plots. Four out of
five responses indicated that dominant non-sown species were a problem, and the two returns
that specified species named thistle (probably Cirsium arvense) and fat hen Chenopodium

album. Plots that suffered particularly from invasion by these plants were at Beddington Park
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(Sutton), Laycock Street (Islington), and Paradise Park (Islington). Weeds were dealt with by
hand pulling (two out of two responses). One partner identified poor initial germination due
to dry weather as a problem - plots managed by this partner (Islington) were watered when
necessary. In 2010-11 responses, three out of seven identified weeds as a problem, and all
were dealt with by hand pulling. Five out of seven stated that there were other problems, two

of which identified dry weather affecting germination.

Poorer establishment of sunflowers in the wildlife seed plots after the first year was observed
(pers. orbs.), and may have been due to soil nutrient depletion. This may have been improved
by addition of fertiliser to the centre of the plots at some sites. One out of five responses
stated that contractors dealing with such plots should be monitored and their awareness

frequently refreshed.

Public feedback to partners: Two out of five responses in 2009 described public feedback,
both quoting extremely positive comments. Four out of seven responses in 2010-11 described
public feedback and of three that specified comments, all were positive. In three out of four
end-of-project questionnaire answers, partners gave public reaction to the wildlife seed plots

high scores, with the remaining score medium.

2.4.5 Feedback to the project for all trial plot types

Issues identified in partner questionnaires for all plot types

Vandalism of fences, fence posts, marker posts and signage was a common problem across
trial plot types. In the most extreme case (Waterlow Park) signage was burned down.
Ongoing replacement of posts and signs was necessary. Communication with contractors and
parks staff needed to be maintained, and specific work plans provided annually for each plot,
in order to ensure ongoing management of the plots was appropriate (pers. obs. and partner
obs.). At some parks, Friends groups had initial concerns about creating wildflower meadows
or wildlife seed plots. These were addressed through initial and ongoing communication with

the groups and relevant partners.
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End of project feedback on all trial plot types from Friends groups

Appendix 9 shows the online survey completed by members of the Friends groups. Out of
eleven survey returns, all eleven responded ‘yes’ to the question ‘Would you like to see more
wildlife in London’s parks?’ Eight out of eleven said they were aware of the trial wildlife
areas. Out of eleven responses to the question ‘Do you think this type of wildlife area is a
good idea?’, two agreed and nine agreed strongly. Comments from Friends groups about the
trial plots stressed the importance of sharing results of the project, and that habitat creation

should fit in with the history and ambience of each park.

2.4.6 Costs of trial plots

The mean costs (per plot and per ha) of establishing and maintaining each trial plot type are
summarised in Table 2.2, broken down by year. In some cases, extra cuts on control plots
were included in the quoted costs and are included in Table 2.2. Sites where this occurred
were Primrose Hill (one long grass plot) and some Lee Valley sites (one long grass and two

wildflower meadow plots).

Table 2.2 Mean cost of maintaining each plot type, averaged over all sites

2009 2010 2011

Perplot | Per ha Per plot Per ha Per plot Per ha

Long grass £340 * £1,360* £ 68 £272 £62 £248
Wildflower £1,726 £5,506 £ 599 £1,910 £211 £673
meadow

Wildlife seed £1,212 £19,392 £ 626 £10,016 £ 654 £10,464

* Long grass figures for 2009 include 2008 autumn cuts on some plots to standardise initial

sward heights

Table 2.3 contains values in Table 2.2 minus costs of maintaining short amenity grass, based

on claims received from the Lee Valley and Sutton project partners. These costs were similar
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to each other, and were considered representative. A mean claim value across all partner
claims was not used, as costs quoted for cutting short grass were not always separated out
from other trial plot maintenance costs, some were quoted per hour rather than per ha, and

some were absorbed by partners into the wider work programme for the park.

Table 2.3 Mean cost of maintaining each plot type minus savings made

2009 2010 2011
Per plot Per ha Per plot Per ha Per plot Per ha
Long grass £180 £718 £ 92 | £ 370 | £98 saving | £ 394
saving saving saving
Wildflower £1,525 £4,860 | £398 £1,268 £10 £31
meadow
Wildlife seed £1,172 £ 18,750 | £585 £9,358 £614 £9,822

Long grass costs

Table 2.4 demonstrates the relative low cost of maintaining long grass plots, compared with
the other trial plot types. The cost of these plots in 2009 was higher, as this included initial
cuts to standardise all the plots in autumn 2008. The mean cost per plot was then consistent
between 2010 and 2011, at around £65 per annum. Table 2.3 demonstrates the costs of each
plot type in more realistic terms, as savings through reduced numbers of grass cuts are
included. The evaluation in Tables 2.2 and 2.3 does however hide some variation in costs
between parks. The new cutting regime specified by the project was in some cases absorbed
into the general management costs of the parks (e.g. at Hyde Park — Royal Parks, and Tooting
Common — Wandsworth). At other sites (Primrose Hill — Royal Parks, and all Lee Valley

sites), extra cuts were required on control areas, and these contributed to project costs.
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Wildflower meadow costs

Tables 2.4 and 2.5 clearly demonstrate the front-loaded effort and cost required in
establishing wildflower meadows. Costs in 2009 included cultivation and sowing of the plots,
as well as remedial action such as weeding and over-sowing where plot establishment was
initially poor. Cultivation and sowing were one-off processes required in 2009, and following
re-seeding of some plots, remedial management requirements were reduced to occasional
weeding. As the meadows became more established (by 2011), generally only standard
management was required, comprising cutting, turning and collecting vegetation, and raking
plots. This is reflected in the steady decrease of mean cost per wildflower meadow plot, from
£1, 726 in 2009, to £ 599 in 2010, and £ 211 in 2011. Table 2.3 demonstrates the costs of
each plot type in more realistic terms, as savings through reduced numbers of grass cuts are
included. With this considered, mean costs per plot per year become £ 1, 525 in 2009, £ 398
in 2010, and £ 10 in 2011.

As with long grass plots, some partners absorbed a proportion of wildflower meadow
management costs into their general park management budgets. In addition, some land
management tasks on wildflower meadows (e.g. weeding and raking plots) were carried out
by volunteers connected with the project partners, or by park Friends groups. This took place
at Parliament Hill (City of London), Tottenham Marshes A and B (Lee Valley), and
Waterlow Park (Camden).

Wildlife seed plot costs

Unlike the wildflower meadow plots, wildlife seed plots require clearing, re-cultivating and
re-sowing annually. Establishment costs in 2009 included initial removal of turf for
cultivation, as well as permanent fencing at some plots, and were therefore highest. The mean
cost per plot however, remained relatively high throughout the project. A small proportion of
cost for these plots was also absorbed through volunteers connected with the project partners
carrying out weeding and vegetation clearance. This took place at Waterlow Park (Camden)

and Peckham Rye Park (Southwark).
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2.5 Discussion

2.5.1 Plot establishment measures

The results supported the hypothesis that vegetation cover in the wildflower meadow plots
would increase over time, but this was not supported for long grass plots. The lack of
significant change over time in bare ground and grass cover within long grass plots indicate
little change in sward structure other than height during their development. All long grass
plots were grown from an initial short grass sward, rather than cultivated and sown in the
manner of the other plot types, and therefore contained low proportions of bare ground and
high proportions of grass cover from the beginning of the project. Over a longer time period

the sward species diversity in such plots is likely to increase (Adler & Lauenroth, 2003).

Wildflower meadow plots were established from bare soil, and this is reflected in the
significantly higher bare ground present and lower grass cover in 2009, compared with
subsequent years. Decreasing bare ground and increasing grass cover may demonstrate
establishment over time of the wildflower meadow mix, which contained a number of
meadow grass species, although more dominant grass species were also present in some
plots, in particular Yorkshire fog Holcus lanatus at Parliament Hill; false oat grass

Arrhenatherum elatius and couch grass Elytrigia repens at Tottenham Marshes.

The large amount of bare ground present in the wildlife seed plots in each year (Figure 2.9)
reflects annual re-establishment of the plots. The non-significance of differences in bare
ground and grass cover between years also reflects annual re-establishment, as unlike in the
other plot types the vegetation community could not develop beyond year one (apart from
some regeneration from the seed bed after re-cultivation). The significant differences between
parks in bare ground and grass cover could reflect differences in soil and ground conditions,
and / or slightly differing management techniques. High grass cover in the Waterlow Park
and Cheam Park plots (Figure 2.10) was due to invasion of these by rye grass from the

surrounding areas.
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2.5.2 Practicalities of establishing and maintaining plots

The results of the questionnaire surveys appear to support the prediction that ongoing
management requirements would be lowest for the long grass and highest for the wildlife
seed plots. Management challenges were not necessarily highest for the wildflower meadow
plots as predicted — these were front-loaded, involving most effort in the first year of the
project. Wildlife seed plots provided challenges in each year, particularly in dealing with

dominant non-sown species.

Dominance of thistle Cirsium spp. and fat hen Chenopodium album in wildlife seed plots and
in the establishment phase of wildflower meadow plots was addressed by weeding.
Ecologically, in the wildlife seed plots at least, these species may provide some benefits.
Thistle flowers provide a good invertebrate nectar source and thistle seed is eaten by birds
such as goldfinches. Fat hen provides a good source of seed for birds, including house
sparrows. From an aesthetic point of view however, and because of their persistent and
invasive nature, these plants are not desirable in the trial plots and therefore incur expenses

through weeding.

As discussed in partner meetings, mowing paths through long grass and meadow areas may
help prevent wider trampling of unfenced plots, and would also increase sward diversity,
which may have ecological benefits (Chapters 4 and 5). This relatively complicated
management technique would require frequent and ongoing education of staff and

contractors, and is also likely to increase costs.

2.5.3 Public and partner feedback

The results did not appear to fully support the prediction that wildflower meadows would be
the most widely favoured by stakeholders (after an initial establishment period), although the
number of questionnaire responses did not allow for statistical analysis of results. While
feedback from the public and partners about wildflower meadow plots was positive in 2010-
11, feedback on wildlife seed plots was entirely positive in all years. The scores given for

each plot type for feedback from park users appeared to be consistent with the aesthetic
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impact of the different plot types. Long grass plots may contain wildflowers, but are
generally much less colourful than the other plot types. Wildflower meadows are colourful in
the summer but take some time to establish. Wildlife seed plots can quickly provide a vibrant
and very noticeable display of colour. Comments made by partners about public feedback on
wildflower meadow and wildlife seed plots highlight the importance of providing an
explanation to the public about what is being done and why. This is especially important
early in the first year of establishing wildflower meadows, when a significant proportion of

the meadows consist of bare ground

The main barrier that was identified to retaining the plots was funding. It is hoped that the
results of this project will provide useful information about the value of providing wildlife
habitat in urban parks, and on the financial costs and benefits of doing so. In the current
economic climate, funding pressures are likely to be a major constraint on dedicating new
areas to habitat creation. Use of the long grass option entails the least financial cost, but due
to other demands on urban space, it was difficult to persuade partners to create new areas of
long grass in their parks, and public feedback on these areas was the least positive. Expansion
of long grass areas, as well as other habitat types, will require explanation / interpretation to

park users and education about the benefits of such areas.

The only other barrier mentioned was invasive ‘weeds’. With appropriate plot siting, methods
and timing of cultivation, and effective, frequent communication with staff or contractors
maintaining the habitats, it should be possible to minimise problems with invasive non-sown

species.
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2.5.4 Costs of trial plots

The results supported prediction that long grass would be the least expensive plot type to

instate and wildlife seed plots would be the most expensive.

Long grass plots

Long grass plots can actually lead to financial savings due to reduced cutting frequency, so
should be an attractive economic prospect for park managers. Issues may be encountered
however with disposal of vegetation removed from plots where there is no on-site mechanism
for dealing with this (such as mulching or composting systems). At some sites therefore this

may add to the cost of this plot type.

Wildflower meadow plots

Wildflower meadow plots should be an attractive economic prospect for park managers over
the long term, after the initial financial input in year one, and this may be lower if meadows
can be autumn sown as they should require less remedial action (see section 2.5.4). It is
important to note however that continuing management costs need to include annual ground
scarification following the autumn cut in order to perpetuate flowering as the meadows age.
Path mowing and / or rotational cutting regimes, where different areas of the meadows are cut
at different times, may be beneficial for managing public use of plots and can have specific
biodiversity benefits (Chapters 4 and 5), but will also add to expense. As for long grass plots,

disposal of vegetation after cutting may also add to cost at some sites.

Wildlife Seed plots

Wildlife seed plots are the most expensive due to their annual re-instatement and
susceptibility to ‘weeds’. Expense may be spared if park managers are prepared to accept
weeds such as thistle and fat hen for their wildlife value, but at many sites this is unlikely due
to aesthetics and the propensity of these species to spread. The area of each wildlife seed plot
was smaller than for the long grass and wildflower meadow plots (0.05 ha to 0.1 ha for

wildlife seed plots, 0.25 ha for all but one of the other plots), and costs would be higher still if
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larger areas were used. This plot type may be suited to small urban parks where high visual

impact in relatively small spaces is desirable.

2.5.5 Addressing identified challenges

Future attempts to establish these habitat types in an urban setting would benefit from siting
wildflower meadows away from areas of dominant species such as creeping thistle Cirsium
arvense, or vigorous grasses like false oat grass Arrhenatherum elatius or couch grass
Elytrigia repens. Factoring weeding into project costs is likely to be necessary in the first
year of establishment of wildflower meadow plots, and each year if annual mixes are used.
Autumn sowing of wildflower meadows is likely to aid germination and avoid dry weather
(but was not possible in the time frame of this project). Seed suppliers that are known to

provide native, and where possible local provenance seed should be favoured.

Access to the plots for watering should be considered at the planning stage, in case this is
necessary. Machinery constraints such as cutting height and ability to remove / deal with
large stones should be addressed if possible, perhaps by sharing machinery. Minimising
fencing may help to avoid problems with vandalism, although interpretation signs should still
be used; and the need to periodically replace signs should be considered as part of project
costs. Finally, engagement with contractors and / or parks staff is essential to ensure optimal
plot management. Staff turnover in this sector is often high (pers. obs.), so education and

communication efforts need to be ongoing.
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2.6 Conclusions - Practical and financial considerations for park managers

2.6.1 Conclusions from main project

The three tested habitat types varied greatly in establishment pattern, management
requirements, costs and public reaction, summarised here. Table 2.4 summarises the practical

and financial considerations for park managers in instating and managing each trial plot type.

Long grass plots

These were the quickest, easiest and cheapest to establish, although received mixed public
feedback. It was difficult initially to persuade park management to instate new long grass

arcas.

Wildflower meadows

These took longer and required more resources to establish than long grass plots. After the
first year however, both management requirements and cost decreased dramatically. Public

reaction was mixed during initial establishment but became positive.

Wildlife Seed plots

These were the most resource-heavy and expensive plots as they were re-established annually
and prone to invasion by non-sown species. However they received a very positive public

response.

Ongoing engagement with both public and parks staft / contractors was necessary throughout
the life of the project to ensure continued support for and optimal management of the

habitats.
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Table 2.4 Summary of practical and financial considerations for park managers

Habitat type Long grass Wildflower meadow Wildlife seed All types
Establishment pattern | Little change in bare ground | Reduced bare ground and | Bare ground present in each
or grass cover over time | increased cover by grasses over | year as re-established annually
(sward composition may | time
diversify over longer time
periods)
Management - Low maintenance - High level of effort needed in | - High level of effort needed | - Ongoing engagement with
requirements - Accidental cutting needs to | establishment phase (year one) to instate and maintain each | staff/ contractors essential
be avoided - Becoming relatively low | year
- Method of cuttings disposal | maintenance after year one - Needs to fit with site
needs to be considered - Method of cuttings disposal | requirements as contains some
needs to be considered non-native plant species
Challenges identified - Persuading management of | - Poor initial establishment with | - Some poor establishment in | - Public perception (at

value of long grass
- Public perception

- Accidental cutting

spring sowing (dry weather)

- Non-sown species dominance
(weeds) during establishment

- Public perception during
establishment

- Trampling was not an issue at

most sites even though unfenced

dry springs
- Non-sown species
dominance
- Poorer establishment of

some species after year one
- Public perception when
recently cultivated

- Trampling not generally an

certain times of year or
during establishment)

- High turnover of parks
staff / contractors

- Funding for ongoing /

future plot management
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issue (some sites fenced)

Addressing challenges

- Consider financial savings

due to reduced cutting
frequency

- Ongoing staff / contractor
contact and training

- Public interpretation

- Fencing generally not

- Autumn sowing
- Good plot siting and seedbed
preparation

- Weeding during establishment
-Public interpretation

- Fencing generally not required
establishment,

beyond mown

- Some plots watered and / or
re-seeded (autumn sowing
could be considered)

- Hand pulling / spot treating
weeds

- Fertiliser applied to centre of

plots especially after year one

- Interpretation for public
important, although
vandalism may require
replacement of signage

- Ongoing staff and
contractor training

- Multiple benefits of habitat

required paths may channel public - Public interpretation plots and financial savings
- Fencing often not required should be emphasised
Financial cost - Low - High initially then lower - High cost in each year

- Mean £ 62 to £ 68 per plot
(each 0.25 ha) per year

- Can provide savings

- Depending on site, disposal

of cuttings may incur cost

- Mean £ 1, 726 per plot (most
0.25 ha) in first year, to £ 211 per
plot by year three

- Can provide savings

- Depending on site, disposal of

cuttings may incur cost

- Mean £ 1,212 per plot (0.05
to 0.1 ha) in year one, £ 626 to
£ 654 per plot per year in

subsequent years

Partner reaction Positive.  Wider benefits | Positive, with many lessons | Positive comments, especially
appreciated (e.g. acid | learned about managing meadow | on good public feedback
grassland restoration) plots

Public reaction Mixed. Positive ~ when | Mixed in during establishment | Consistently positive
informed phase, then positive
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Chapter 3 — Seed food resources

3.1 Introduction

A main aim of this project was to assess food availability for house sparrows in the three
experimental treatments. In this chapter the effects of the treatments on seed availability and
vegetation structure are assessed across the sample of 25 experimental plots, to quantify the
provision of seed as a potential source of food for adult birds. Chapter 4 considers effects of
the treatments on invertebrates, which comprise an important component of the diet of house
sparrows chicks during summer; and bird usage of the trial plots for food resources is

discussed in Chapter 5.
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3.2. Aims and objectives

This chapter aims to determine which of the tested habitat types provided the best potential
seed resources for birds. Differences in seed quantity and vegetation structure between the

three treatment types were measured.

The following hypotheses were tested:

- That seed abundance would be higher in all trial plot types than in the short grass

controls

- That standing seed abundance would be highest in the wildlife seed plots (in both

autumn and winter), as these contained plants cultivated for high seed loads

- That ground seed abundance would be highest in the wildlife seed plots (in both

autumn and winter), as they contained plants cultivated for high seed loads

- That there would be less standing seed available in the trial plots in winter than in

autumn, following seed depletion

- That there would be less ground seed available in the plots in winter than in autumn,

following seed depletion

- That winter vegetation lodging would be highest in the wildlife seed and long grass

plots, due to taller vegetation height (wildflower meadows underwent an autumn cut)

- That little seed would be available in the wildlife seed plots in summer, as most plants

would not yet have set seed
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An in-field assessment of seed starch content was also made during winter, and for wildlife
seed plots in summer, to provide insight into the proportion of standing seeds that would
provide a useful bird food resource. This was not tested for significance as sample sizes were

small and uneven, but is represented graphically for information.
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3.3 Methods

3.3.1 Seed monitoring and vegetation structure

Autumn

Seed availability was assessed during September — October 2009, 2010 and 2011 to give a
measure of maximum seed availability, as most plants would have set seed by this time, but
senescence (rotting) of vegetation should have been minimal. Sampling was also carried out
in January - February of 2010 and 2011. For each trial plot, the same or equivalent sampling

regime was carried out on the corresponding control on the same date.

Quadrats of 50 cm x 50 cm were used to sample throughout each trial plot, with the same
number of sample points in the corresponding control. Samples were distributed on a regular
grid and at least 5 m in from the plot edge. A minimum of 10 quadrats were sampled per
plot, increasing to 12 on larger plots. Where a plot was less than 10 m in width, samples were

taken on a transect down the centre of the plot.

Within each quadrat the following was recorded for long grass and wildflower meadow plots:
number of seed heads (inflorescences) of rye grass, number of inflorescences of other grass
species, number of flowering / seeded forb inflorescences. Four measures of sward height,
using an HFRO sward stick, were taken at the centre point of each side of the quadrat, and the
mean of these was taken as the sward height. The number of seeds resting on the ground were
counted in two 10 cm x 10 cm quadrats, randomly placed within the main quadrat. In the
wildlife seed plots, the same methods were followed , but inflorescences of sown species
(linseed, triticale, barley, Phacelia, white millet, sunflower, cornfield annual flowers) were
counted, as well as common invading species, comprising grasses and fat hen Chenopodium
album. In all treatments, a simple in-field examination was done of 10 seed heads per quadrat
for each sown species or grass (fat hen seeds being too small to readily assess). This was to

assess whether seed heads contained starch that would be of value as food for birds.
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Winter

Seed availability was assessed again for all treatments during January — February 2010 and
2011. This was to give a measure of seed availability following likely senescence of
vegetation. An equal number of sampling points were used in each control as for its

corresponding trial plot.

In the long grass and wildflower meadow plots, the following were recorded within a
minimum of ten 50 cm x 50 cm quadrats, as in autumn: percentage cover of ‘lodged’ grass
(grass where stems have fallen over), percentage cover of non-lodged grass, total number of
rye grass heads (inflorescences) with seed on them, total number of any other grass species
inflorescences with seed on them, number of seeded forb inflorescences, and number of seeds
resting on the ground in two 10 cm x 10 cm quadrats, randomly placed within the main
quadrat. The number of non-lodged grass inflorescences with seed on them was counted, out
of 30 inflorescences from across all 10 quadrats. Similarly, the number of lodged grass
inflorescences with seed on them were counted, out of 30 inflorescences from across all 10

quadrats.

In the wildlife seed plots, the same methods were followed, except that inflorescences of
sown species (linseed, triticale, barley, Phacelia, white millet, sunflower, cornfield annual
flowers) were counted, as well as grasses and fat hen. The number of lodged and non-lodged

inflorescences with seed was counted across all sown species.

Summer 2011

As house sparrows had been observed making regular use of some wildlife seed plots during
later summer (see Chapter 5), it was decided to assess seed availability in wildlife seed plots
during late July to early August 2011. The same sampling protocol was used as during
autumn and winter. An equal number of sampling points was used for each control as for its

corresponding trial plot.
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Only standing inflorescences were counted, as seed was unlikely to have fallen to the ground
or vegetation to have lodged at this stage of the year. The total number of inflorescences
containing seed within 50 cm x 50 cm quadrats were counted for each sown species, grass
and fat hen. In each quadrat, a simple in-field examination was conducted of 10 seed heads
for each sown species or grass. This was to assess whether seed heads contained any starchy

seeds that would be of value as food for birds.

3.3.2 Statistical analysis

Data analysis was carried out using the statistical software ‘R’ version 2.10.1 (R
Development Core Team, 2009), to determine whether there were differences in the
abundance of standing and ground seed between treatment types (control, long grass,
wildflower meadow and wildlife seed), years, or seasons. Similar analyses were conducted
for percentage of lodged vegetation and lodged vegetation holding seed heads, between
treatment types and years. Generalised linear mixed models (GLMMs) were used for seed
abundance, using the ’Imer’ function of the ‘lme4’ package in R (e.g. Bolker et al., 2009).
An identifier for each plot was included as a random effect in order to account for
pseudoreplication arising through taking multiple samples from within each plot. The
variable ‘Park’ and interactions of Park*Year and Park*Plot (‘Plot’ being the individual plot
identifier), were included in all models as random effects, to account for random variation
between park sites. Where count data were overdispersed, a unique identifier for each
observation was also included as a random effect - effectively converting the ‘Poisson’
distribution specified into a lognormal-Poisson distribution (this not being directly available

in R).

Models containing treatment, year, and treatment:year interaction as fixed effects were then
simplified by backwards stepwise selection to determine which factors accounted for a
significant amount of variation in the data. Terms were deleted from the model, starting with
the interaction and the least significant term, and the resulting new model compared with the
original using likelihood ratio tests, to determine the significance of each factor. Factors were
then deleted from the model in order of least significance until only significant terms

remained (the minimum adequate model). Differences between treatment types were tested
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by comparing models containing combined levels of this factor against the minimum

adequate model (containing uncombined factor levels) using likelihood ratio tests.

Where data were under-dispersed due to zero-inflation, analysis was carried out using Zero-
Inflated Poisson (ZIP) models in the R package ‘pscl’ (e.g. Zeileis, Kleiber & Jackman,
2007). As there is currently no facility for including multiple random effects within a ZIP
model, data were first analysed using generalised linear models (without random effects) and
results compared against those from ZIP models (also without random effects) to determine
whether the zero-inflation was having an effect on the significance and / or direction of effect
of factors in the models. Where results of these analyses were very similar, the results of the

initial generalised linear mixed models were retained.

121



3.4 Results - vegetation response to trial plot management

3.4.1 Autumn seed availability

The amount of standing seed was significantly higher in all trial plots than the controls, and

highest in the wildlife seed plots, for both standing and ground seed. Long grass plots

contained significantly more standing seed than wildflower meadows (Figure 3.1), while

wildflower meadows contained significantly more ground seed than long grass plots (Figure

3.2). There was a significant interaction with year for standing seed.

Table 3.1 Effect of treatments on autumn standing seed

Significance | Direction of | Significance of | Significance of
of treatment | treatment effect Year treatment
effect year
interaction
Autumn standing seed | p<0.0001 ws(*)>1g***>wm*** | p<0.0001 p<0.0001
abundance Chi’=0, >c Chi® = 6.6¢”, | Chi’® = 28.56,
df.=0 df.=0 df.=6

ws = wildlife seed, wm =

wildflower meadow, Ig = long grass, ¢ = control ‘*’ indicates

where effect of plot type is significantly greater than that of the next plot type — number of
stars indicates level of significance, ‘(*)’ here indicates almost significant, p=0.0710
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Figure 3.1 Mean * SE standing seed heads in plots - autumn. Includes grass and forbs

for long grass and wildflower meadows; sown species, fat hen and grasses for wildlife seed
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Table 3.2 Effect of treatments on autumn ground seed

Significance of | Direction of | Significance of | Significance  of
treatment treatment effect Year treatment : year
effect interaction
Autumn ground | p<0.0001, wsF*>wm*>g***>c | p=0.0020, ns
seed abundance | Chi’ = 73.99, Chi* = 12.39,
df.=3 df.=2

ws = wildlife seed, wm = wildflower meadow, Ig = long grass, ¢ = control. ‘*’ indicates
where effect of plot type is significantly greater than that of the next plot type — number of
stars indicates level of significance
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Figure 3.2 Mean * SE seeds on ground in plots — autumn
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3.4.2 Winter seed availability

The amount of standing seed and ground seed was significantly higher in all trial plots than in

controls, and significantly higher in wildlife seed plots than the two grass treatments.

Abundance of standing and ground seed was similar in long grass plots and wildflower

meadows. There were no significant interactions between treatment and year, and Year was

not a significant factor in either model.

Table 3.3 Effect of treatments on winter standing seed

standing  seed | Chi’

abundance df. =

= 51.86,
3

C

Significance Direction of | Significance of | Significance of

of treatment | treatment effect Year treatment : year

effect interaction
Winter p<0.0001, wsFHFESWm=]g***> | ng ns

ws = wildlife seed, wm

= wildflower meadow, Ig = long grass, ¢ = control. ‘*’ indicates
where effect of plot type is significantly greater than that of the next plot type — number of
stars indicates level of significance

100 -

er plot per year
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Long grass
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meadow

Wildflower Wildlifeseed Wildlife seed
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Figure 3.3 Mean * SE standing seed heads in plots - winter. Includes grasses and forbs for

long grass and wildflower meadows; sown species, fat hen and grasses for wildlife seed plots
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Table 3.4 Effect of treatments on winter ground seed

Significance | Direction of | Significance of | Significance  of
of treatment | treatment Year treatment : year
effect effect interaction
Winter ground seed p<0.0001, ws***>wm=lg | ns ns
abundance Chi® = 41.88, | **>¢
df.=3

ws = wildlife seed, wm = wildflower meadow, Ig = long grass, ¢ = control ‘*’ indicates
where effect of plot type is significantly greater than that of the next plot type — number of

stars indicates level of significance
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Figure 3.4 Mean * SE seeds on ground in plots - winter
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3.4.3. Difference in seed availability between autumn and winter

Both standing seed and ground seed abundance was higher in autumn (September — October)
than in winter (January — February), and the direction of treatment effect was the same
between seasons (highest abundance in wildlife seed plots with similar abundance between
long grass and wildflower meadows). Seed abundance was higher in all treatments than in
controls. There was a significant interaction between treatment and year for standing but not

ground seed.

Table 3.5 Difference in seed abundance between autumn and winter

Significance | Direction of | Other Direction of | Significance
of treatment | treatment effect significant | season effect of
effect predictors treatment :
year
interaction
Standing p<0.0001, ws**>lg=wm***>c | Season, autumn***>winter | p<0.004,
seed Chi*=1.01¢®, year Chi® =13.32,
abundance |df. =0 df.=3
Ground p<0.0001, ws**>wm=Ig***>c | Season autumn***>winter | ns
seed Chi’ = 56.74,
abundance |d.f.=3

ws = wildlife seed, wm = wildflower meadow, Ig = long grass, ¢ = control. ‘*’ indicates
where effect of plot type is significantly greater than that of the next plot type — number of

stars indicates level of significance
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3.4.4 Winter lodged vegetation

The amount of lodging was significantly higher in all trial plots than the controls, and highest
in the wildlife seed plots. There was no significant difference between the extent of lodging
in wildflower meadow and long grass plots. There was no significant effect of year and no
significant interaction between treatment and year. Unfortunately the model to test percentage
of lodged seed heads that were still holding seed did not converge, but this showed a similar

pattern to that for the proportion of lodged vegetation (Figure 3.6).

Table 3.6 Effect of treatments on vegetation lodging in winter

Significance of | Direction of | Significance of | Significance of
treatment treatment effect Year treatment
effect year
interaction
Percent lodged | p>0.0001, ws**>lg=wm***>c | ns ns

vegetation per | Chi® = 48.99,
plot df.=3

ws = wildlife seed, wm = wildflower meadow, Ig = long grass, ¢ = control. ‘*’ indicates
where effect of plot type is significantly greater than that of the next plot type — number of

stars indicates level of significance
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3.4.5 Seed availability in late summer 2011

There was significantly more standing seed available in wildlife seed plots in late summer

2011 than in control plots (Table 3.7, Figure 3.7).

Table 3.7 Effect of “wildlife seed’ treatment on standing seed in later summer, 2011

Significance of treatment | Direction of treatment effect

effect
Late summer standing seed
(sown species, grass and fat | p=0.0508, ws*>c
hen) Chi*=3.82,d.f. =1

ws = wildlife seed, ¢ = control ‘*’ indicates where effect of plot type is significantly greater

than that of the next plot type — number of stars indicates level of significance

250 -

200 -

150 -

100 -

Mean no. seed heads per plot

50 -

Wildlife seed Wildlife seed control

Figure 3.7 Mean * SE standing seed heads — wildlife seed plots, late summer 2011.
Includes sown species, fat hen and grasses
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3.4.6 Starchy seed availability

Mean availability of starchy seeds in samples from wildlife seed plots in autumn, and late
summer 2011, is illustrated graphically (Figure 3.8, Figure 3.9). Only seeds of linseed were
available in the late summer samples. Mean availability varied between more than 50 %

(Phacelia) and 0 % (sunflower and barley).
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Figure 3.8 Mean * SE viability of samples from wildlife seed plots in autumn (mean
number of seed heads containing any starchy seed per sample of 10)
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Figure 3.9 Mean * SE viability of samples from wildlife seed plots in late summer 2011
(mean number of seed heads containing any starchy seed per sample of 10)
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3.5 Discussion
3.5.1 Seed availability

The results strongly supported the following hypotheses:

That seed abundance was higher in all treatment types than in the controls, and that both
standing and ground seed abundance were highest in the wildlife seed plots (in both autumn
and winter). All treatment types were all designed to allow plants to set seed, whereas control
plots were cut frequently, so that few plants were able to set seed. This explains the increased
seed availability in all treatment plots compared with controls. The relatively high numbers of
seeds counted in wildlife seed plots reflects their design, which specifically incorporated high
seed-bearing plants. Patterns of seed abundance between the other plots in autumn (more
standing seed in long grass plots and more ground seed in wildflower meadows) reflects their
management regimes. Whereas long grass plots remained uncut through the winter,
wildflower meadows received an early autumn cut, with cuttings turned before being

collected to allow seeds to drop out.

The results also strongly supported the hypotheses that there was less standing seed available
in the treatment plots in winter than in autumn, and that there was less ground seed available
in the plots in winter than in autumn. The lower winter seed counts for both standing and
ground seed in all plot types reflects loss of seed throughout the autumn via a number of
possible processes; including consumption by birds, small mammals and invertebrates;
germination of fallen seeds, and rotting (e.g. Kollmann & Bassin, 2001; Buckingham et al.,
2011). Such processes effectively evened out earlier differences in seed abundance between
long grass and wildflower meadow plots, indicating a dramatic loss of seed from long grass
plots between seasons. Due to their design, wildlife seed plots still contained much more seed

than other treatments in winter, although this was much depleted compared to autumn levels.

3.5.2 Winter lodged vegetation

The results supported the hypothesis that winter vegetation lodging was highest in the
wildlife seed plots, but did not support the hypothesis that this was also true for long grass
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plots. Lodging in long grass was similar to that in wildflower meadows (although some of the

‘lodged’ stems in wildflower meadows may have been cut vegetation).

Lodging of vegetation (collapse of stems) can affect accessibility of seed for foraging birds.
In dense vegetation, lodged seed heads may be more accessible for birds than standing seed.
In farmland experiments, late winter seed in tall grass was retained most in mats of lodged
seed heads, resulting in high usage by buntings during this time (Buckingham et al., 2011).
This may not have been the case in the urban long grass plots, where mean sward height was
15.0 cm. This may have been shorter than swards on fertilised agricultural grasslands
measured by Buckingham et al. (2011), and seed mass may also have been lower, resulting in
less lodging. Lodging in the taller vegetation of the wildlife seed plots (mean height 47.0 cm)
may have provided some improved accessibility, although the vegetation in these plots was
less dense than in long grass (mean bare ground 20.0 % compared with 5.0 % in grass plots),

so may have already have been more accessible.

3.5.3 Seed starch content and 2011 summer seed availability

The results did not support the hypothesis that little seed was available in the wildlife seed
plots in summer (in 2011), although the level of significance for the difference between trial

and control plots was much lower than in autumn or winter.

The graphs of availability of starchy seed for autumn and summer illustrate that only one
crop plant (linseed) was available in late summer in 2011, with no seed heads of other sown
species available to sample. The recorded starchiness of linseed seeds was high, although
many were not yet completely developed. The other sown plants at this time had not yet set
seed. Late summer seed was investigated due to high use of some wildlife seed plots by
house sparrows at this time of year (Chapter 5). High plot usage may have reflected use of
ripening linseed, but close observation suggested more plot use for gathering invertebrates,

and some feeding on unripe seeds or flowers of fat hen Chenopodium album (Chapter 5).

132



3.6 Conclusions
3.6.1 Seed monitoring

All trial plot types increased the numbers of seeds potentially available for birds in both
autumn and winter, compared with controls. Wildlife seed plots contained the most seeds
(both standing and ground seed) during both autumn and winter. In autumn, long grass plots
contained more standing seed than did wildflower meadow plots, and wildflower meadows

contained more ground seed.

Seed abundance in all treatments was higher in autumn than in winter, with differences
between long grass and wildflower meadows being lost. Vegetation lodging was highest in

the wildlife seed plots, which contained the tallest vegetation.

Seed was available in the wildlife seed plots in late summer (tested in 2011 only), although

this only comprised ripening seed from one sown species (linseed).
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Chapter 4 - Invertebrate response to trial plot management

4.1 Introduction

A main aim of this project was to assess food availability for house sparrows in the three
experimental treatments. Chapter 3 considered the provision of seed food for adult birds. In
this chapter the effects of the treatments on invertebrates are assessed across the 25
experimental plots, to quantify the provision of this food resource for juvenile house
sparrows. Effects of the treatments on various different groups of invertebrates are also
considered, to assess the effectiveness of the treatment types as conservation measures for

invertebrates in urban areas.
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4.2 Aims and objectives

This chapter aims to determine which of the tested treatments resulted in the greatest benefits
for invertebrates, both for the invertebrate communities in their own right, and with respect to
providing food resources for birds. Effects on the abundance of a number of individual taxa
are presented, as well as effects on the following groups of taxa: pollinating insects (bees,
butterflies and moths); and ‘bird food’ invertebrates — taxa that are known to be important in
the diet of birds. For beetles and ‘true bugs’ (Heteroptera), differences in variety at the family
level were also tested between treatments. Wider habitat variables were included in analyses,

including park size and levels of air pollution (nitrogen dioxide NO, and particulate matter

PMy).
The following hypotheses were tested:

- That due to increased resource availability, overall invertebrate abundance would be
higher in the treatment plots than the controls

- That due to increased resource availability, overall invertebrate abundance would be
higher in the wildflower meadow and wildlife seed plots than in the long grass plots

- That due to increased resource availability, abundance of key invertebrates eaten by
birds (the ‘bird food’ group) would be higher in the wildflower meadow and wildlife
seed plots than in the long grass plots

- That due to greater habitat availability, abundance of key invertebrates eaten by birds
would be positively related to park size

- That due to potential toxicity to invertebrates, abundance of key invertebrates eaten
by birds would be negatively related to air pollution levels

- That due to increased pollen and nectar availability, pollinator abundance would be
highest in the wildflower meadow plots

- That due to increased resource availability, invertebrate variety (measured at family

level for beetles and true bugs) would be highest in the wildflower meadow plots

Pollinator communities in the wildflower meadow plots were investigated in detail in a
Masters project during summer 2011. The project was conducted by Kyle Shackleton,
Imperial College, London, under the supervision of myself, Dr. Tilly Collins and Prof. Simon

Leather, Imperial College, London. The main results of this study are discussed in Chapter 6.
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4.3 Methods - Invertebrate monitoring
4.3.1 Sampling techniques

Invertebrate monitoring was carried out in each trial and corresponding control plot on one
occasion during July to early August 2009, and again during the same period in 2010 and
2011. Samples were always taken at the same time of day, between 12.00 and 18.00 hrs,
when vegetation was dry. Samples were taken throughout each trial and control plot, with the
same number of samples taken in the trial and its control. Samples were collected from 10 —
12 points between 7 and 10 m apart depending on plot shape and dimensions, located on a
regular grid across the plot, ensuring each point was at least 5 m from the plot boundary.
Where a plot was 10 m wide or narrower, samples were collected from a transect running
down the centre of the plot. Invertebrate samples were taken using a Burkard Vortis suction
sampler and a sweep net. Measurements of sward height and structure were taken at each

sample point.

A quadrat was placed at each sampling point, forming the centre of a 3 m diameter circle
from within which samples were taken (recognising that foraging birds entering a plot of tall
vegetation may forage some distance from the initial point of entry). Samples based on each
point were collected in a defined order, to minimise biasing results through disturbance to the
sward and invertebrate community. Invertebrate samples were collected first, by walking
only along two ‘sacrificial’ paths within the 3 m diameter circle, as sward disturbance may
cause invertebrates to move or anchor themselves to vegetation. Vortis suction sub-samples
were collected from regular intervals to either side of the sacrificial paths. For each sub-
sample, the sampler was held above the sward and its engine speed increased to a maximum
before being lowered into the sward. Ten suction sub-samples from within the 3 m circle
were pooled to form the sample from that point. Each suction sub-sample involved holding
the Vortis in place for a duration of 16 seconds. This duration was shown by Brook et al.
(2008) to capture 90 % of individuals and 90 % of species present, of the four taxa they
tested. Sweep netting was then carried out by taking 10 ‘double sweeps’ from around the
perimeter of the circle, walking only outside the perimeter of the sampling circle. The ten

sweep-net sub-samples were pooled to form a single sample from that point.
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Ten measures of sward height were then taken within the sampling circle, avoiding patches
disturbed by Vortis sampling or trampling. Sward height was measured using an HFRO
sward stick (Barthram, 1985). The sward is measured as the height at which the descending
Perspex window first touches live foliage of any plant, excluding the leafless upper parts of
flowering stems or inflorescences. As well as providing information on the sward in relation
to invertebrate communities, the mean of the HFRO measures was included in analyses of
invertebrate data, as increasing sward height has been shown to have a negative effect on
capture efficiency of suction sampling (Brook et al., 2008). Finally, percentage cover of bare
ground, grass, clover and other forbs was recorded within a 0.5 x 0.5 m quadrat at the centre

of the sampling circle. Methods are based on protocols by Buckingham (2005).

4.3.2 Sample processing

Invertebrate samples were collected in the field and transported to a laboratory at Regents
Park for storage in a freezer. Specimens were sorted in white trays and extracted from plant
material or soil using fine tweezers. Specimens were identified to the most detailed
taxonomic level that was practical within the time constraints imposed by a large number of
specimens per sample, and the number of individuals in each group was tallied. Table 4.1
shows the taxonomic levels to which specimens in different groups were identified. Adults
were recorded separately from eggs, nymphs and larvae. Specimens of less than 2 mm in

length were listed as present, but not tallied. All other specimens were tallied.

Hemiptera and Coleoptera specimens were retained and identified to family level, while in
samples from 2011, beetles in the family Carabidae were identified to species level. The
Carabidae are a relatively well known group of species with good identification guides and
information on their ecology available. They were present in relatively small numbers in the
samples, so were able to be identified during the course of sample processing, largely by
project interns Kathrin Stoetzel and Eniko Sucz. Species names were entered into the ISIS
database (Jon Webb, Natural England) to determine a rarity score and general habitat
association for each recorded species. Further information on habitat associations was
obtained from the Provisional Atlas of the Ground Beetles (Coleoptera, Carabidae) of Britain

(Luff, 1998).
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In order to assess the food resources for birds provided by the different treatments, a ‘bird
food’ invertebrate group was defined for use in analyses, comprising several groups known to
be important in the diets of birds (Chapter 1). Taxa included in this group were: Araneae,
Ants, Auchenorrhyncha, Coleoptera, Diptera, Heteroptera, Lepidoptera larvae, other larvae,

Orthoptera, and Sternorrhyncha.
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Table 4.1 Level to which specimens in each Order were identified

Sampling efficacy is discussed for different groups and body sizes in section 6.4.2

Order Level
Diptera (flies) Sub-order (Nematocera / Brachycera)
Hymenoptera Ant / wasp /bee (bees further where possible)

(bees, ants, wasps, sawflies)

Small wasps (small parasitic wasps and other
small Aculeates)

Symphyta

Araneae (spiders) Order

Hemiptera (bugs) Heteroptera  (‘true  bugs’) -  family
Auchenorrhyncha (hoppers) - family
Sternorrhyncha (aphids etc.) — suborder

Coleoptera (beetles) Family

Species level for Carabidae (2011 samples)

Lepidoptera (butterflies, moths)

Butterfly / moth / micromoth

Lepidoptera larvae (caterpillars)

Collembola (springtails) Order
Neuroptera (lacewings etc) Family
Opiliones (harvestmen) Order
Dermaptera (earwigs) Order
Isopoda (woodlice) Order

Orthoptera (grasshoppers, bushcrickets etc)

Family (species where possible)

Psocoptera (booklice) Order
Thysanoptera (thrips) Order
Acarina (ticks, mites etc) Order
Diplopoda (millipedes) Class
Chilopoda (centipedes) Class
Snails Snails
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4.3.3 Habitat measurements

In order to assess any potential effects on invertebrate communities of the wider habitat
surrounding the trial and control plots, the distance of the plots from the nearest area of long
grass or similar vegetation was measured (including distance of control plots from trial plots,
and where appropriate, both trial and control from other trial plots in the same park).
Additional variables aimed at investigating potential effects on bird use were also measured
(see Chapter 5). Measurements of distances to vegetation were carried out on the ground in
2011 by two project interns, Kathrin Stoetzel and Eniko Sucz. The overall area of each park
was determined using the RSPB’s ‘Merlin’ geographical database, as a measure of the
amount of green space immediately surrounding each plot. These measurements were

included in statistical analyses of invertebrate abundance and variety.

4.3.4 Pollution analysis

Records of atmospheric levels of two air pollutants, PM o and NO,, were obtained through the
Centre for Environmental Policy, Imperial College London, from the London Atmospheric
Emissions Inventory (LAEI, 2006). These pollutants are commonly monitored as indicators
of air quality under European Directive 96/62/EC, and result largely from traffic pollution
(especially NO,), but also industrial and other sources (DEFRA no date). The LAEI (2006)
database contains information on emissions from all sources of air pollutants in the Greater
London area, including emissions projections for years 2010 and 2015, based on modelled
emissions from the years 2003, 2004 and 2006. Methods and information sources used in
LAEI modelling of air pollutant levels are summarised in Appendix 11 (Mattai &
Hutchinson, 2008). Data for the projected year of 2010 were used in this analysis, based on
an average of LAEI projections from years 2003, 2004 and 2006.

The data were used to model pollutant levels at each sampling point using ArcGIS (grid
references recorded in 2011 using a Garmin GPS handset model 60c), to investigate whether
air pollution may have any effect on invertebrate numbers across plots. Pollution data were
available at a resolution of 20m?, so would be more reliable at the plot scale, but apparent
changes in pollution trends within plots were observed, so were investigated to see whether

any possible relationships with invertebrate numbers were suggested. Appendix 12 shows
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NO, gradients in Peckham Rye Park, Southwark, based on the centre point of each plot.

Pollution modelling was carried out by Laura Hill at Imperial College, London.

4.3.5 Statistical analysis

Effects of treatment and other predictors on invertebrate abundance and variety

Data analysis was carried out using the statistical software ‘R’ version 2.10.1 (R
Development Core Team, 2009), to determine whether there were differences in the
abundance of different invertebrate groups between treatments (control, long grass,
wildflower meadow and wildlife seed). Results from sweep netting and vacuum sampling
were analysed separately. Generalised linear mixed models (GLMMs) were fitted to the data
(e.g. Bolker ef al., 2009), using the ’Imer’ function of the ‘lme4’ package in R. An identifier
for each plot was included as a random effect in order to account for pseudoreplication
arising through taking multiple samples from within each plot. The variable ‘Park’ and
interactions of Park*Year and Park*Plot (‘Plot’ being the individual plot identifier), were
included in all models as random effects, to account for random variation between park sites.
Where data were overdispersed, a unique identifier for each observation was also included as
a random effect - effectively converting the ‘Poisson’ distribution specified into a lognormal-

Poisson distribution (this distribution not being directly available in R).

In order to test in the first instance whether there was a significant effect of Treatment (i.e.
plot type) or Treatment*Year interaction, null models containing only the random effects
were initially fitted, then compared against models containing these random effects plus
Treatment, using likelihood ratio tests. Models containing the random effects plus Treatment
were then compared against models containing the random effects, Treatment, and

Treatment*Year interaction.

Models containing measured variables relating to the plots were then compared against the
null models. These were analysed separately from the models containing Treatment, as they
comprised physical properties of the plots related to each treatment, and could confound the

results. Models were then simplified by backwards deletion to determine which properties of
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the trial plots and wider habitat explained significant variation in the data. Fixed effects
included were: Year, plot area, minimum distance from plot to long grass (or similar habitat
e.g. meadow), mean sward height (at each sampling point), 95% confidence interval of
variation in sward height (at each sampling point), and mean bare ground (at each sampling

point).

Backwards deletion was used to remove terms from the model, starting with the highest order
interactions and the least significant terms. Factors were then deleted from the model in order
of least significance until only significant terms remained (the minimum adequate model).
Differences between treatments were tested by comparing the minimum adequate model
containing different sets of combined treatment levels against the minimum adequate model

containing uncombined levels, using likelihood ratio tests.

In a few cases, where data were under-dispersed due to zero-inflation, analysis was carried
out using Zero-Inflated Poisson (ZIP) models in the R package ‘pscl’ (e.g. Zeileis, Kleiber &
Jackman, 2007). As there is currently no facility for including multiple random effects within
a ZIP model, data were first analysed using generalised linear models (without random
effects) and results compared against those from ZIP models (also without random effects) to
determine whether the zero-inflation was having an effect on the significance and / or
direction of effect of factors in the models. Where results of these analyses were very similar

(in almost all cases), the results of the initial GLMMs were retained.

Effects of treatment and wider habitat variables on abundance of ‘bird food’

invertebrates

For the ‘bird food’ and ‘pollinator’ groups of invertebrates, GLMMs were constructed with
treatment, park size, PM( level and NO, level as fixed effects. Random effects were: park,
plot, and an individual-level random effect for over-dispersed models (as above).
Unfortunately using ZIP models for pollinator data, which were under-dispersed due to zero-

inflation, did not give meaningful results and only bird food results are reported.

142



Effects of sampling method on ‘bird food’ and Coleoptera results

Tests were conducted for differences between sampling methods for the ‘bird food’
invertebrate group, and for Diptera and Coleoptera, these being important components of the
group. Differences were specifically tested for the four most common families of Coleoptera,
as results suggested differences between methods within this Order. These families were:
Carabidae (ground beetles), Chrysomelidac (flea beetles and similar), Coccinellidae
(ladybirds), and Staphylinidae (rove beetles). A test was carried out for any interaction
between treatment and sampling method for the bird food group, to determine whether
treatment effects differed between methods. A GLMM were fitted containing the appropriate
random effects as described above, with year, treatment, method, and treatment: method

interaction as fixed effects.
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4.4 Results — Invertebrate abundance
4.4.1 Overall invertebrate abundance

A total of 139, 446 individual invertebrates were identified over the course of the project.
Table 4.2 summarises the analyses testing for differences in abundance between the treatment
and control plots for each of the major invertebrate groups, based on sweep netting and Table
4.3 does the same for Vortis sampling. For most groups, treatment effects on abundance were
broadly similar between the two sampling methods. Key exceptions to this were for flies
(Diptera) and beetles (Coleoptera). Differences between sampling methods are tested for the
main invertebrate group (the ’bird food’ group), flies, and the most abundant beetle families.
For most invertebrate groups there was a significant interaction between treatment and year,

reflecting underlying variation in treatment effects between years.

4.4.2 Summary of trial plot effects on invertebrate groups

Tables 4.2 and 4.3 summarise differences in abundance between plot types for each
invertebrate group, as well as other significant predictors of the results (physical properties of
the plots etc.). Table 4.4 summarises which invertebrate groups were most abundant in each

trial plot type, based on tables 4.2 and 4.3.

Ants: In sweep net samples there were significantly more ants in wildlife seed plots than any
other plot type, with no difference between long grass, wildflower meadow or control plots.
In vacuum samples there was no significant treatment effect although controls generally
contained fewer ants than other treatments. Assumptions and potential bias associated with

using counts of individual ants (a social species) are discussed in section 4.6.

Araneae (spiders): Spiders were significantly more abundant on all three treatments
compared to controls (sweeps and vacuum sampling), and were significantly more abundant

on wildflower meadows than other treatments when sampled by Vortis suction.

Auchenorrhyncha (hoppers): In both sweep and vacuum samples, long grass and
wildflower meadows performed equally well for hoppers, with significantly higher numbers

than in wildlife seed and control plots. In vacuum samples, all trial plot types contained
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significantly more hoppers than the controls, although wildlife seed plots and controls were

equal in sweep samples.

Bees: Sweep netting showed bees to be most abundant in wildlife seed plots, followed by

wildflower meadows, and least abundant in control plots.

Coleoptera (beetles): Sweep netting and vacuum sampling results for beetles showed
different patterns. In sweep net samples, wildlife seed plots out-performed the other plot
types, while long grass and wildflower meadow plots performed equally, and all contained
more beetles than the controls. In vacuum samples, wildflower meadows out-performed the
other plot types, with long grass and wildlife seed plots performing equally, and all

containing more beetles than the controls.

Diptera (flies): In vacuum samples, abundance of flies was highest in wildflower meadows
and lowest in control plots. In sweep net samples there were no significant differences

between treatments and controls.

Heteroptera (true bugs): Both sweep and vacuum samples showed that Heteroptera were

most abundant in wildflower meadows and wildlife seed plots and least abundant in controls.

Lepidoptera larvae (caterpillars): In sweep net samples all trial plot types contained
significantly more caterpillars than the controls, while there were no significant differences
between trial plot types (using a zero-inflated Poisson model with Park as a random effect).
In vacuum samples, wildlife seed plots contained significantly more caterpillars than any
other trial plot type, and there were no significant differences between the other trial plot

types and controls.

Other larvae: For other larvae, all trial plot types greatly out-performed the controls in both

sweep net and vacuum samples, while there were no significant differences between trial plot

types.

Orthoptera (grasshoppers etc.): In sweep net samples, long grass and wildflower meadow
plots contained significantly more Orthoptera (mainly grasshoppers) than wildlife seed and

control plots.

Parasitica / Aculeata (small wasps): These were most abundant in wildflower meadows and

least abundant in control plots.
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Sternorrhyncha (aphids and allies): These were significantly more abundant in treatment

than control plots, but did not differ between treatments.

4.4.3 Trial plot characteristics and invertebrate abundance

There were consistent results between many of the invertebrate groups in plot characteristics
that showed significant relationships with invertebrate abundance (Table 4.2, Table 4.3). Out
of 22 models (sweep netting results for 12 invertebrate groups and vacuum sampling results
for 10 groups), 16 showed significant positive relationships between invertebrate abundance
and mean sward height (there were no negative relationships). Conversely, 15 out of 22
models showed a negative relationship with variation in sward height, and there were no
positive relationships with sward height variation. Seven out of 22 models showed a
significant negative relationship with the amount of bare ground per quadrat, and there were

no positive relationships with bare ground.

Three out of 22 models showed a negative relationship with plot size, and these were all for
groups (ants and bees) which had highest abundance in wildlife seed plots. Five models
showed a positive relationship with plot size, and of these, four were for groups (Orthoptera,
Auchenorrhyncha, Parasitica/Aculeata, and Sternorrhyncha) with highest abundance in
wildflower meadow and / or long grass plots (the other being for sweep net Lepidoptera
larvae where there were no significant differences between trial plot types) (Table 4.2, Table

4.3).

Three models (for Orthoptera, Lepidoptera larvae and Auchenorrhyncha) showed significant
negative relationships with distance to long grass. However two other models (for

Heteroptera and bees) showed positive relationships with this distance (Table 4.2, Table 4.3).
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Table 4.2 Treatment effects and other significant predictors of invertebrate abundance in

sweep net samples

Invertebrate Total no. | Significance | Direction | Significance | Significant
group specimens | of treatment | of of treatment | predictors in
counted effect treatment year | deconstructed
effect interaction models
Ants 788 p=0.0320 ws**>c=] | p=0.0222 Year, Size (-),
5 g=wm 5 Mean sward
Chi® = 8.81 Chi” = 17.88 height (+), 95%CI
df.=3 df. =8 sward height (-)
Araneae (spiders) | 456 p=0.0002 wm=ws=] | p<0.0001 Year, Mean sward
5 g¥*¥>c 5 height(+), 95%CI
Chi® = 20.03 Chi” = 33.98 | cward height (-)
df.=3 df.=8
Auchenorrhyncha | 8 366 p=0.0004 lg=wm**> | p=0.0001 Year, Bare
hoppers WS=C round(-
(hoppers) Chi* = 18.36 cni® = 3181 | EO0
df. =3 df.=8
Bees 462 p>0.0001 ws**>wm | ns Size(-), Distance
*>]g **>c to long grass(+),
Chi® = 51.38 Mean sward
df =3 height(+), 95%CI
sward height(-)
Coleoptera 3614 p<0.0001 ws*> p=0.0001 Deconstructed
(beetles) 5 lg=wm 5 model did not run
Chi” = 29.22 | sk Chi® = 31.60
df.=3 df.=8
Diptera (flies) 66 343 ns lg=wm>w | ns Year, Bare
s=c ground(-)
Heteroptera 5095 p<0.0001 wm=ws*> | ns Year, Distance to
lg ***>c lon rass(+),
(true bugs) Chi® = 65.48 | ° Mefm £ Sw(ar)d

height(+), 95%CI
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df.=3 sward height(-)
Lepidoptera 116 p<0.0001 ws=lg=w | ns Size(+), Distance
larvae 5 m*>c to long grass(-),
(caterpillars) Chi® = 25.70 Mean sward
df =3 height(+), 95%CI
sward height(-)
Other larvae 415 p>0.0001 Wm=ws = | ns Mean sward
5 lg *¥**>c height(+), 95%CI
Chi® = 37.01 sward height(-)
df.=3
Orthoptera 346 p<0.0001 wm=  lg | p=0.0070 Year, Size(+),
(grasshoppers ) *>ws=c ) Distance to lon
e%C.) Chi* = 22.76 Chi* = 21.06 grass(-) s
df.=3 d.f.=8
Parasitica 7309 p<0.0001 wm**>ws | p<0.0001 Year, Mean sward
Aculeata 5 =lg ***>c 5 height(+), 95%CI
(small wasps) Chi® = 33.77 Chi® = 33.07 | sward height(-)
df.=3 df.=8
Sternorrhyncha 3133 p=0.0385 wm=ws=| | p<0.0001 Year
aphids etc *E>c
@ ) Chi* = 840 |° Chi’> = 49.06
df.=3 d.f.=8

ws = wildlife seed, wm = wildflower meadow, Ig = long grass, ¢ = control. ‘*’ indicates
where effect of plot type is significantly greater than that of the next plot type — number of

stars

indicates

level

of

significance
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Table 4.3 Treatment effects and other significant predictors of invertebrate abundance in

vacuum samples

Invertebrate Total no. | Significance | Direction | Significance | Significant
group specimens | of treatment | of of treatment | predictors in
counted effect treatment year | deconstructed
effect interaction models
Ants 13 559 ns ws=wm=l | ns Year, Size(-)
g*>c
Araneae (spiders) | 2478 p<0.0001 wm*>lg= | p<0.0001 Year, Mean
5 ws *¥**>c 5 sward height
Chi” = 4141 Chi” = 34.58 ), 95%CI
d.f.=3 d.f.=8 sward height (-),
Bare ground (-)
Auchenorrhyncha | 4 802 p<0.0001 wm=Ig*> | p=0.0110 Year, Size (+),
(hoppers) 5 ws *>c 5 Distance to long
Chi® = 32.78 Chi® = 19.82 grass (), Mean
df. =3 df.=8 sward  height
(+), Bare ground
)
Bees 38 na na na na
Coleoptera 5126 p<0.0001 wm*>ws= | p=0.0314 Year, Mean
(beetles) 5 lg **>c 5 sward  height
Chi” = 39.14 Chi” = 16.88 (+), 95%CI
d.f.=3 df.=8 sward height (-),
Bare ground (-)
Diptera (flies) 7304 p<0.0001 wm*>ws* | p=0.0142 Year, Mean
5 >]g **>c 5 sward height
Chi” = 44.48 Chi” = 19.12 (+), 95%CI
d.f.=3 d.f.=8 sward height (-),
Bare ground (-)
Heteroptera 1 875 p<0.0001 wm=ws*> | ns Mean sward
5 lg ***>c height (+),
(true bugs) Chi” = 66.65 95%CI  sward
d.f.=3 height (-)
Lepidoptera larvae | 152 p<0.0001 ws**>wm | ns Mean sward
height (+),
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(caterpillars) Chi* = 30.04 | =lg=c 95%CI  sward
df =3 height (-)
Other larvae 1077 p<0.0001 wm=lg=w | p=0.0033 Year, Mean
5 s *¥F>¢ 5 sward  height
Chi© = 214 Chi® = 23.08 +), 95%CI
d.f. =3 df.=8 sward height (-)
Orthoptera 34 na na na na
(grasshoppers)
Parasitica /13175 p<0.0001 wm*>ws= | p=0.0050 Year, Size (+),
Aculeata 5 lg ***>c 5 Mean sward
(small wasps) Chi” = 38.11 Chi® = 21.97 height +),
df. =3 df.=8 95%CI  sward
height (-), Bare
ground (-)
Sternorrhyncha 556 p=0.0002 wm=lg=w | p<0.0001 Year, Size (+),
(aphids etc) 5 s **>c 5 Mean sward
Chi® = 19.60 Chi” = 40.38 height ),
df. =3 df.=8 95%CI  sward
height (-)

ws = wildlife seed, wm = wildflower meadow, Ig = long grass, ¢ = control. ‘*’ indicates
where effect of plot type is significantly greater than that of the next plot type — number of

stars

indicates

level

of

significance
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Table 4.4 Summary of invertebrate group abundance in each plot type (sweep net and
vacuum sampling). Numbers in cells are totals across both methods combined. Darker
shades illustrate significantly higher abundance using at least one sampling method.

Invertebrate group Control | Long grass | Wildflower Wildlife Seed
meadow

Ants 3,502 5,368 3,491

Araneae 454 669

Auchenorrhyncha 2,952

Bees 22

Coleoptera 1,726

Diptera 32,504

Heteroptera 235

Lepidoptera larvae 46

Other larvae 250 444 569 229

Orthoptera 27 264 79 10

Parasitica / Aculeata 2,735 _

Sternorrhyncha 1,024 1,063 904 698

4.4.4 ‘Bird food’ abundance

The ‘bird food’ group comprised several groups of invertebrates known to be important in the
diets of birds (e.g. Wilson et al., 1999). Taxa included are: Araneae, Ants, Auchenorrhyncha,
Coleoptera, Diptera, Heteroptera, Lepidoptera larvae, other larvae, Orthoptera, and
Sternorrhyncha. Table 4.5 summarises the differences in abundance of this aggregate group

between the treatments and controls.

151



Table 4.5 Abundance of ‘bird food’ in trial and control plots - sweep netting and vacuum

sampling
Method | Total no. | Significance | Direction of | Significance Other
specimens | of treatment effect | of treatment : | significant
counted treatment year predictors
effect interaction
Sweep 88 672 p=0.0688 lg=ws=wm*>c ns Year, Bare
nettin round(-
s Chi* = 7.10 ground()
df.=3
Vacuum | 36 963 p<0.0001 wm*>ws=Ig***>c | ns Mean  sward
samplin height(+), 95%
pne Chi® = 44.18 ghi(), 55%
CI sward
df.=3

height(-), Bare
ground(-)

(Year not in
model as did

not run)

ws = wildlife seed, wm = wildflower meadow, Ig = long grass, ¢ = control. ‘*’ indicates

where effect of plot type is significantly greater than that of the next plot type — number of

stars indicates level of significance

From vacuum samples, wildflower meadows contained significantly more ‘bird food’ than

long grass and wildlife seed plots (Chi sq=3.994, p=0.046), which both contained

significantly more than controls (Figure 4.1). From sweep net results, all trial plot types were

effective at increasing abundance of the bird food group compared with the controls, but

differences between trial plot types were not significant (Figure 4.2). There was no

significant interaction between treatment (plot type) and year for either sampling method,

indicating that this pattern was consistent between years.
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Figure 4.1 Mean * SE ‘bird food’ invertebrate abundance, vacuum samples (all
years combined)
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Figure 4.2 Mean * SE ‘bird food’ invertebrate abundance, sweep netting (all years

combined)

153




4.4.5 Trial plot characteristics and bird food abundance

In both sweep net and vacuum sample results there was a significant negative relationship of

bird food abundance with the amount of bare ground present. Vacuum samples also showed a

significant positive relationship with sward height, and a significant negative relationship

with variation in sward height (Table 4.5).

4.4.6 Wider environmental variables — park size and pollution effects on ‘bird food’
invertebrates

For 2011 data, park size did not show any significant relationship with abundance of the bird

food invertebrate group in the trial plots or controls. Levels of NO, also showed no

significant relationship with bird food abundance. In vacuum samples there was an almost

significant negative relationship with levels of PM,, (Table 4.6).

Table 4.6 Effects of wider environmental variables on abundance of ‘bird food’
invertebrates
Method Total no. | Treatment Park NO, PM;,
specimens | effect size
counted Significance Direction of
level effect
Sweep 25 870 p=0.081 ns ns ns na
Chi* = 6.74
df. =3
Vacuum | 10 170 p<0.0001 ns ns (p=0.053) -ve
Chi* = 32.63
df. =3
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4.4.7 Differences between sampling methods

Results in tables 4.2 and 4.3 indicated differences between sampling methods for some key
invertebrate groups, tested here. Abundance of the ‘bird food’ invertebrate group was
significantly higher in sweep net than in vacuum samples. For Diptera, Chrysomelidae and
Coccinellidae, abundance was higher in sweep net than in vacuum samples, while for
Carabidae and Staphylinidae the reverse was true (Table 4.7). Figure 4.3 illustrates

differences between methods for all beetle families combined.

For the bird food group as a whole there was a significant interaction between treatment and
method (p<0.0001) (model containing fixed effects: year, method, treatment, and method:
treatment interaction). In Table 4.7, z values from the GLMM output are quoted, rather than

Chi’ values and degrees of freedom from model comparisons.

Table 4.7 Differences between results from sweep net and vacuum samples for some key
groups

Invertebrate group Significance of difference between | Direction of difference
methods
‘Bird food’ p<0.0001 z="40.32 sweep > vacuum
Diptera p<0.0001 z="39.25 sweep > vacuum
Carabidae p<0.0001 z=13.66 vacuum > sweep
Chrysomelidae p=0.087 z="1.71 sweep > vacuum
Coccinellidae p<0.0001 z="5.84 sweep > vacuum
Staphylinidae p<0.0001 z=26.92 vacuum > sweep
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Figure 4.3 Mean * SE Coleoptera per sample (all families), sweep net and vacuum samples
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4.4.8 Pollinator abundance

The pollinator group comprised all adult Lepidoptera (butterflies and moths), and all bees.
Hoverflies were not included as these were recorded under Diptera (Brachycera), however
these were included in pollinator transects carried out during a Masters project on the
wildflower meadows by Shackleton (2011) (section 6.2.4). Table 4.8 summarises the
differences in abundance of the Lepidoptera-Bee pollinator group between the controls and

trial plots, sampled using sweep netting and vacuum sampling.

From both sweep netting and vacuum sampling results, abundance of pollinators was
significantly higher in wildlife seed plots than in wildflower meadows (sweep netting chi
$q=9.673, p=0.0019; vacuum chi sq= 13.427, p=0.0002) or than in any other treatment (Table
4.8). In sweep net samples there were also significantly more pollinators in wildflower
meadows than in long grass plots, and more in all trial plot types than in controls (Figure 4.4).
There was no significant interaction between treatment and year for sweep net samples,

although there was a significant interaction in results from vacuum samples.
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Table 4.8 Abundance of pollinators in trial and control plots (sweep netting and vacuum

sampling)

Method Total no. | Significance | Direction of | Significance | Other
specimens | of treatment | treatment effect of significant
counted effect treatment : | predictors

year
interaction

Sweep 472 p<0.0001 ws*F>wm*>Ig**>c | ns Size(-),

netting 5 Distance  to

Chi® = 53.49 | )
ong grass (+),
df.=3 =&
Mean sward
height (+),
95%CI sward
height (-)
Vacuum 38 p<0.0001 ws***wm=lg=c p=0.0057 Year, Size(-),
sampling 5 5 Mean sward
Chi” = 28.62 Chi” = 21.63
height (+),
df. =3 df.=8
Bare
ground(+)

ws = wildlife seed, wm = wildflower meadow, Ig = long grass, ¢ = control. ‘*’ indicates

where effect of plot type is significantly greater than that of the next plot type — number of

stars indicates level of significance
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4.4.9 Trial plot characteristics and pollinator abundance

In both sweep net and vacuum sample results there was a significant negative relationship
between pollinator abundance and plot size. Both sets of results also showed a significant
positive relationship with sward height. Sweep net results showed a significant negative
relationship with variation in sward height, and a significant positive relationship with
distance to long grass. Vacuum sample results showed a significant positive relationship with

amount of bare ground (Table 4.8).
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4.5 Results - Invertebrate variety and species ecology
4.5.1 Invertebrate variety - Coleoptera (beetles)

Table 4.9 and Figure 4.6 summarise differences in numbers of Coleoptera families between
trial and control plots, using sweep netting and vacuum sampling. In vacuum samples,
wildflower meadows showed significantly higher variety than other trial plots (wildflower
meadow >long grass chi sq=8.706, p=0.0032), while all trial plot types showed significantly
higher variety than controls (Figure 4.6). In sweep samples, there were no significant
differences between trial plot types, although all showed significantly greater variety than
controls. There was no significant interaction between plot type and year in vacuum samples,

although with sweep net results this was significant.

Table 4.9 Number of Coleoptera families in trials and controls (sweep netting and
vacuum sampling)

Method Total no. | Significance | Direction of | Treatment: | Other
specimens | of treatment effect year significant
counted treatment interaction | predictors

effect

Sweep 3614 p<0.0001 wm=ws=|g***>c p=0.0002 Year, Mean

netting s - sward

Chi® = 35.62 Chi™ = 30.01
ight(+
df =3 df =8 height(+)

Vacuum 5126 p<0.0001 wm**>g=ws***>c | ng Year, Size(+),

samplin Mean sward

ping Chi’ = 37.58
ight(+
df =3 height(+),
95% CI sward
height(-)

ws = wildlife seed, wm = wildflower meadow, Ig = long grass, ¢ = control. ‘*’ indicates
where effect of plot type is significantly greater than that of the next plot type — number of

stars indicates level of significance
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4.5.2 Trial plot characteristics and Coleoptera variety

In both sweep net and vacuum sample results there was a significant positive relationship
between family variety and sward height. Vacuum sample results showed a significant
negative relationship with variation in sward height, although sweep sample results did not.
Vacuum sample results also showed a significant positive relationship with plot size (Table

4.9).

Although we were only able to identify Carabidae from 2011 samples to species level, and
the number of individuals was therefore not high (n=16), the particular species of Carabidae
present at different sites appeared to relate to habitat features of those sites (Appendix 13).
All of the species recorded were common, receiving ISIS (Jon Webb, Natural England) rarity
scores of either 1 or 2. Most species were associated with relatively open, dry habitats, with
many found in cultivated and / or garden situations. A few however were associated with

damper habitats, and this reflected the nature of the areas in which they were collected.

Both Syntomus (or Metabletus) obscuroguttatus and Syntomus (or Metabletus) foveatus were
recorded from the wildflower meadow control plot in Peckham Rye Park, Southwark. S.
obscuroguttatus is characteristic of damp situations, while S. foveatus is found in dry,
unshaded areas. This park was largely dry, but with a damper area where a slope levelled out
and plant species characteristic of damper soils were present in the wildflower meadow (e.g.
ragged robin, Silene flos-cuculi). Specimens collected from Waterlow Park, Camden,
included species of open, sunny situations — Bembidion properans, collected from the
wildflower meadow control plot, and Syntomus (or Metabletus) foveatus, collected from the
wildlife seed control plot. Several species characteristic of damper areas were also collected
in this park. These included Bembidion biguttatum, which is characteristic of damp grassland,
collected from the wildflower meadow trial plot. All three specimens collected from the
wildlife seed trial plot in this year were characteristic of damper situations. These were

Bembidion mannerheimii, Pterostichus vernalis, and Acupalpus dubius.
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4.5.3 Invertebrate variety — Heteroptera (true bugs)

Table 4.10 and Figure 4.7 summarise differences in numbers of Heteroptera families between
trial and control plots, using sweep netting and vacuum sampling. In both sweep and vacuum
samples, Heteroptera variety was not significantly different between wildflower meadow and
wildlife seed plots. Both of these had significantly higher variety than the long grass plots
(sweep: wildlife seed >long grass chi sq=6.989, p=0.0082 ; vacuum: wildlife seed >long
grass chi sq=8.273, p=0.0040), which had significantly higher variety than the controls. There
was no significant interaction between plot type and year in vacuum samples, although with

sweep samples there was a significant interaction (Table 4.10).

Table 4.10 Number of Heteroptera families in trials and controls (sweep and vacuum
sampling)

Method Total no. | Significance | Direction of | Significance | Other
specimens | of treatment effect of significant
counted treatment treatment: | predictors

effect year
interaction

Sweep 5095 p<0.0001 wm=ws**>|g***>c | p=0.0221 Year, Mean

netting Chi* = 67.78 Chi* = 17.88 sward

df.=3 df.=38 height(+),
95% CI
sward
height(-)

Vacuum 1875 p<0.0001 wm=ws**>]g***>c | ng Mean sward

sampling Chi® — 63.64 height(+),

df.=3 95% c1
sward
height(-)

ws = wildlife seed, wm = wildflower meadow, Ig = long grass, ¢ = control. ‘*’ indicates

where effect of plot type is significantly greater than that of the next plot type — number of

stars indicates level of significance

164




14 -

1.0 -

H Sweep

0.6 - B Vacuum

Mean Heteroptera families per sample

0.2 -

0.0 - , , L

Longgrass Longgrass Wildflower Wildflower Wildlife seed Wildlife seed
control meadow meadow control
control

Figure 4.7 Mean * SE Heteroptera families per sample for each plot type

4.5.4 Trial plot characteristics and Heteroptera variety

In both sweep net and vacuum samples there was a significant positive relationship between
Heteroptera variety and mean sward height. Both sample techniques also showed a
significant negative relationship between Heteroptera variety and variation in sward height

(Table 4.10).
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4.6 Discussion
4.6.1 Treatment effects on invertebrate abundance

The results strongly supported the hypothesis that overall invertebrate abundance was higher
in the treatment plots than the controls. For every invertebrate group tested, at least one
treatment type contained higher abundance than the controls (Tables 4.2 and 4.3). The only
exception to this was Diptera in sweep net samples, in which all trial plot types and controls
were equal. The hypothesis that overall invertebrate abundance was higher in the wildflower
meadow and wildlife seed plots than the long grass plots was supported for some, but not all

groups.

In a number of cases long grass performed equally as well as at least one other trial plot type
for a particular group (Tables 4.2 and 4.3). A clear example is for Auchenorrhyncha
(hoppers), where long grass and wildflower meadows performed equally well, and out-
performed wildlife seed plots. Long grass also ‘equalled’” wildflower meadows in abundance
of Lepidoptera larvae, other larvae, Orthoptera and Sternorrhyncha. Groups such as
Auchenorrhyncha and Orthoptera are specifically associated with grasses. Many species of
Auchennorrhyncha are oligophagous, feeding on a number of different grasses (Prestidge &
McNeill, 1983), while grasshoppers are associated with tall grass swards, but may be more
associated with particular grass species (e.g. Chorthippus species associated with fine-leaved
grasses, Gardiner et al. (2002). Both the long grass and wildflower meadow treatments
contained tall grass swards, providing potential resources for these species. For no
invertebrate group did abundance in long grass plots exceed that in both of the other

treatment types.

Wildlife seed plots contained the highest numbers of bees, and also performed well for
abundance of Lepidoptera larvae, Coleoptera, Heteroptera, ants and small wasps (Parasitica /
Aculeata), while wildflower meadows increased abundance for the highest number of
invertebrate groups overall (Tables 4.2, 4.3 and 4.4). Wildflower meadows and wildlife seed
plots would have provided a higher diversity of plant species and more nectar resources than
long grass plots, providing a wider range of potential invertebrate food and other resources,

as well as more complex vegetation structure. Tall flowering structures are linked to the
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diversity, probably translating to the overall abundance, of pollinators, seed feeders, gall-
producing species and other insects that exploit flowers and their stems (Woodcock et al.,
2009; Littlewood et al., 2012). This wide range of host species and structural niches also
probably explains the high levels of taxonomic variety recorded for Heteroptera and

Coleoptera in the wildflower meadows, followed by wildlife seed plots (section 4.5.3).

4.6.2 Trial plot characteristics and invertebrate abundance (all groups)

The most common significant relationships across invertebrate groups were a positive
relationship with mean sward height, and a negative relationship with variation in sward
height. Around one third of results showed a negative relationship with the amount of bare

ground present.

Short swards generally contain a lower abundance and reduced diversity of insects compared
with taller ones (Dennis ef al., 1998; Morris, 2000). This relationship is underpinned by both
the greater biomass of taller, more structurally complex swards, and the greater range of
niches available in them for invertebrates (Littlewood ef al., 2012). Auchenorrhyncha are
known to be strongly vertically stratified (e.g., Brown, Gibson & Kathirithamby, 1992), while
some spiders (Araneae) are dependent on both the physical structure of vegetation for web
building, and increased availability of prey (Gibson ef al., 1992; Dennis, 2008; Littlewood et
al., 2012). Although sward height variation showed a negative relationship with invertebrate
abundance in this study, lack of variation in sward height may have reflected the overall
properties of a taller sward. Taller grasslands usually have higher invertebrate species
diversity because they provide a greater level of heterogeneity in terms of feeding and
oviposition sites, refuges and microclimatic conditions (Helden & Leather, 2004), although
both phytophagous and predatory invertebrates can also be enhanced in taller swards where
the driver (at least for phytophagous species) appears to be higher nutrient content of the

taller vegetation (Dittrich & Helden, 2012).

Investigation of specific habitat requirements and species associations for different groups

would have required identification to species level, which was not attempted in this study for
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most groups. However the beneficial effects of taller swards for a range of invertebrates
constitutes a simple message that may be communicated to urban park managers as a

management tool for promoting healthier urban invertebrate populations.

The size of a habitat area available can influence the abundance of some invertebrate groups
(e.g. McGuinness, 1984; Triantis et al., 2003) — although in a review of the effects of habitat
area and isolation, Prugh et al. (2008) found that the type of land cover separating patches
most strongly affected the sensitivity of species to patch area and isolation. Helden & Leather
(2004) found that management regime was much more important in small urban sites than the
size of a site in determining the abundance of grassland Hemiptera. In this study the
significant relationships shown for some groups between abundance and plot size appeared to
be an artefact of marked variation in plot size between treatments. Due to financial and
physical constraints (i.e. the area made available for trial plot creation within parks), wildlife
seed plots were all smaller in area than the wildflower meadow and long grass plots. It is
therefore likely that these groups were responding to properties of the trial plots other than

size, although it was not possible to separate out this effect in the analyses.

Some invertebrate groups showed significant relationships with distance of the plots from
other areas of long grass or similar habitat (Tables 4.2 and 4.3). Negative relationships with
distance identified for Orthoptera, Lepidoptera larvae and Auchenorrhyncha may be related
to the availability of nearby source populations in existing long grass areas. Colonisation
rates of heathland-indicator Hemiptera (Heteroptera and Auchenorrhyncha) have been shown
to decline exponentially with distance from existing heather moor (Littlewood ef al., 2009).
Bees and Heteroptera in this study however, showed positive relationships with distance to
long grass habitats. Such a pattern could be caused by mobile species being attracted to (and
concentrated within) plots from surrounding areas that are relatively poor in forage resources.
Some bumblebees have been found to cover long foraging distances to visit highly attractive
forage resources. Osborne et al. (2008) found that Bombus terrestris routinely travelled 1.5
km to collect pollen and nectar from a borage field, although other bumblebee species appear
to forage less widely (e.g. Knight et al., 2005). This effect for Heteroptera may seem less
intuitive, although predatory Miridae species have been found to colonise fields from distant,

as well as close sources (Alomar et al., 2002).
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4.6.3 Trial plot characteristics and ‘bird food’ abundance

The hypothesis that ‘bird food’ invertebrates would be more abundant in the wildflower
meadow and wildlife seed plots than in the long grass plots was not fully supported. For this
broad aggregate group of invertebrates, all treatments resulted in higher abundance than
controls, while vacuum samples demonstrated highest abundance in wildflower meadows

(Table 4.5, and Figures 4.1 and 4.2).

The taller vegetation present in all trial plots compared with the controls would have benefits
for a broad range of invertebrates, as discussed (section 4.6.2). The higher abundance in
wildflower meadow vacuum samples is likely to reflect a high diversity of native plant
species providing a range of food and other resources for invertebrates. Although wildlife
seed plots contained a number of different plant species, several of which would provide
good nectar and pollen resources (e.g. Carvell et al., 2006), the numbers and types of these
are restricted compared with the wildflower meadows. Long grass plots contain fewer forbs
than wildflower meadows, although those present are likely to be native. For phytophagous
invertebrate species in particular, associations with particular host plants can result in a strong
link between plant and invertebrate assemblages (Woodcock et al., 2010; Littlewood et al.,
2012). Plant communities in the wildflower meadow plots — including both sown and unsown
species — are discussed in Chapter 6 (from Masters project by Henry Johnson, Imperial

College, 2011).

4.6.4 Wider environmental variables — park size and pollution effects on ‘bird food’
invertebrates

The results of this study did not support the hypothesis that abundance of the ‘bird food’
group of invertebrates was positively related to park size, as results from both sweep netting
and vacuum sampling were non-significant. Park size was chosen as a simple measure of the
amount of green space surrounding the trial plots and controls. Such measures in other
studies have shown a significant effect on the abundance of invertebrates, although others
have shown contrasting results (section 4.6.7). In a complex urban setting wider surrounding

habitats may also have been influential, but were unrecorded in the main study (although
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were considered in the Masters study on pollinators). Features of surrounding landscape may
affect grassland invertebrates in various ways, including shelter from the elements,
movement within the landscape or resource-related influences. Many species, especially
those with specialised habitat requirements, exist to a greater or lesser extent in a
metapopulation structure with smaller or marginal sites requiring occasional recolonisation

from source colonies (Littlewood et al., 2012).

The hypothesis that abundance of the ‘bird food’ invertebrates would be negatively related to
air pollution was not supported, although there was an almost significant negative
relationship in vacuum samples with PM;q levels. While negative effects on house sparrow
populations have been suggested in some studies as linked to air pollution as well as
invertebrate abundance (e.g. Peach ef al., 2008), these results do not strongly suggest a direct
effect of air pollution populations of invertebrates eaten by birds. Direct monitoring of
pollution levels in situ would provide more reliable information about any effects at this

scale.

4.6.5 Differences between sampling methods

While the two sampling methods used, sweep netting and vacuum sampling, gave
qualitatively similar abundance results for most invertebrate groups, differences were
identified for some key groups. The significant interaction between sampling method and
treatment type for the bird food group indicates that apparent treatment effects differed
between methods. In a comparative study between sweep netting and vacuum sampling,
Doxon, Davis & Fuhlendorf (2011) observed that there were differences in invertebrate size
collected by each technique, with sweep netting more effective at capturing large (>50 mm)
Orthopteran and Lepidopteran larvae; and with different invertebrate groups dominating
samples from each technique. Diptera, Homoptera and Hymenoptera dominated vacuum
samples, while Homoptera, Orthoptera and Araneae dominated sweep net samples. Results
from both methods are reported here for a number of different invertebrate groups, so can be

interpreted according to the most appropriate method for each group.
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The observed differences for some groups between sweep netting and vacuum sampling were
probably due to differences in vegetation use by different types of invertebrate. In contrast to
Doxon et al. (2011), in the house sparrow project adult Diptera were observed in much
greater numbers in sweep nets than in vacuum samples (Table 4.2, Table 4.3) — perhaps due
to the rapid motion of sweep netting giving less time to escape, whereas more prolonged
disturbance is caused by vacuum sampling. Differences between sweep net and vacuum
sampling tend to be most notable for small invertebrates, which tend to be collected by
vacuum sampling but not by sweeping, where the air draught can push them away from the
net (Buffington & Redak, 1998; Leather, 2005). In addition, both sampling methods have
limitations in taller vegetation. Sweep nets are most effective for invertebrates from the top
part of taller vegetation, and in less dense vegetation (Leather, 2005); while the sampling
efficiency of vacuum methods is poorer in taller vegetation (Brook et al, 2008). Lower
overall invertebrate numbers recorded from wildlife seed plots might have in part been a
result of lower capture efficiency due to taller vegetation in this plot type. However the Vortis
sampling effort (minimum 100 sub-samples per trial plot, of 16 seconds duration each)
approached that recommended by Brook ef al. (2008) for effective sampling of a range of
taxa, including Heteroptera. A much lower sampling effort would have been required if
Heteroptera had not been included in the analysis (around 55 sub-samples according to Brook
et al., 2008). The inclusion of sward height in the analyses showed a positive relationship
between sward height and the abundance of many taxa, using both methods (Table 4.2, Table
4.3). Given that capture efficiency may be lower in taller vegetation, these relationships are if

anything likely to be more, rather than less, significant than indicated.
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4.6.6 Pollinator abundance and trial plot characteristics

Results did not support the hypothesis that pollinator abundance would be highest in the
wildflower meadow plots. Instead, both sweep net and vacuum samples showed pollinator
abundance to be significantly higher in wildlife seed plots than any other trial plot type.
Wildflower meadows came next in the sweep net results, although were equal with other

treatments in vacuum results.

The high numbers of pollinators found in the wildlife seed plots may reflect the presence of
particularly pollinator-attractive plants. The cornfield annual flowers and other plants such as
linseed would provide pollen and nectar - however the Phacelia tanacetifolia present in these
plots may be a key component of their attractiveness to pollinating species. This plant is often
used in agri-environment options, and studies have confirmed its attractiveness to short-
tongued bumblebees and honeybees (Carvell et al., 2006). Phacelia is a non-native plant, and
could be substituted where appropriate with native species such as borage Borago officinalis,
which is of similar appearance, and attractive to the same suite of pollinators (short-tongued
bumblebees and honeybees). Plants such as red clover Trifolium repens could be considered
for their attractiveness to longer-tongued bumble bees Carvell et al. (2006). In addition to
their beneficial plant composition, the relatively large component of bare ground in wildlife
seed plots (Chapter 2), and the presence of tall vegetation left in place over winter, are likely
to provide resources (e.g. for overwintering) that are relatively lacking elsewhere. Wildflower
meadows contain a variety plant species which may act as larval food plants, pollen and
nectar sources, or oviposition sites for insects. They also contain more bare ground than long
grass plots, at least in the early stages of their development (Chapter 2). These factors may

explain their position above long grass in their attractiveness to pollinators.

The trial plot characteristics that showed consistent significant relationships with pollinator
numbers between sampling methods — size (negative relationship) and sward height (positive
relationship) — seem to simply reflect the greater attractiveness of wildlife seed plots
compared with the other plot types. As discussed, wildlife seed plots were smaller in area
than long grass or wildflower meadows, and vegetation height was higher in these than the

other plot types. Vacuum sample results showed a significant positive relationship with bare
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ground, which may reflect the innate properties of the plot type, but could also provide other
habitat benefits as described. The positive relationship of sweep net results with distance to
long grass initially seems counter-intuitive, however this may reflect the attractiveness of

wildlife seed plots to mobile pollinators, as discussed (section 4.6.2).

4.6.7 Invertebrate variety and trial plot characteristics (Coleoptera and Heteroptera)

Results from vacuum sampling supported the hypothesis that invertebrate taxonomic variety,
measured at family level for beetles, would be highest in the wildflower meadow plots.
Vacuum sampling methods are likely to work best for this group due to the ground-dwelling
nature of a number of species (Carabidae and Staphylinidae) (section 4.6.5). Both sampling
methods however showed that beetle variety was greater in all treatments than in controls.
For Heteroptera variety, results from vacuum sampling and sweep netting showed very
similar patterns, and did not support the hypothesis that invertebrate variety, measured at
family level for Heteroptera, would be highest in the wildflower meadow plots. Both sweep
net and vacuum samples showed Heteroptera variety to be equally high in wildflower
meadow and wildlife seed plots, significantly higher here than in long grass plots, and
significantly higher in all trial plots than controls. Significant relationships of Heteroptera
variety with trial plot characteristics were generally consistent between sampling methods —
both showing a positive relationship with sward height and a negative relationship with

variation in sward height.

Different Heteroptera species have a range of feeding habits (e.g. Gibson, 1976; Salas-
Aguilar & Ehler, 1977) and it is possible that the greater diversity of forb species / flowers
present in the wildflower meadow and wildlife seed plots allowed for a wider range of
feeding strategies to be supported. For epigeal beetles, wildflower meadows are likely to
support the widest variety of species (and families), through the presence of structurally
different patches (e.g. Dennis et al., 1997) in comparison with the more uniform long grass
plots (Chapter 2). Additionally, in the first few years of their establishment, the wildflower
meadows may resemble early successional ‘brownfield’ sites, which were found in a study by

Small et al. (2002) to support species-rich assemblages of Carabid beetles. In contrast, the
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wildlife seed plots are re-cultivated each year and contain fewer sown native plants, so are

less likely to resemble this kind of habitat.

Although resources were lacking to identify all beetle specimens to species level, Carabidae
species from all samples in 2011 were identified, and a variety of different species were
identified from both wildflower meadow and wildlife seed plots (Appendix 13). The species
recorded appeared to correspond to habitat features of individual plots. For example,
Waterlow Park contains a number linear damp features in the form of either small streams or
boggy grassland areas. These ran either near or through each of the trial and control plots in
the park, and appear to have had a tangible influence on the species collected there, with the
matrix of damper and drier areas resulting in species characteristic of both situations being
collected. Fine-scale investigation of habitat associations among Heteroptera was difficult in
the absence of identification to species level, and taller swards may have acted as a general
indicator of improved habitat quality compared with short grass controls. Identification of
Heteroptera to species level was attempted, with all specimens from 2011 being supplied to
staff of the London Natural History Museum for mounting and identification. Unfortunately,
although all the specimens were mounted, species identification could not be completed

within the time frame of this study.
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4.7 Conclusions

The results of this study clearly demonstrate an overall increase in invertebrate abundance
and variety in all three treatments compared with controls, but particularly in the wildflower
meadow and wildlife seed treatments. This probably reflects the greater abundance of forbs,
higher botanical diversity and structural heterogeneity in these sown treatments. Allowing
increases in vegetation height (the long grass treatment) also enhanced invertebrate

abundance and variety but to a lesser extent.

Long grass without any added sown species proved to be equally beneficial for some
invertebrate groups (e.g. Auchenorrhyncha, Orthoptera) as habitats with forb species added.
However overall, native wildflower meadows performed best for a majority of invertebrate
groups, with wildlife seed plots equally as beneficial for some groups, and particularly for
pollinators. Pollinators were probably particularly attracted to wildlife seed plots due to the
presence of Phacelia tanacetifolia. This is a non-native plant, and could be substituted where

appropriate with native species such as borage Borago officinalis.

In terms of bird food abundance, all trial plots performed better than controls, with native
wildflower meadows containing the highest overall abundance. Abundance of ‘bird food’
invertebrates however may not constitute the full story in terms of their availability for use by

birds, as investigated in Chapter 5.

Wildflower meadows appeared to support the greatest family-level variety of ground
dwelling beetles, while Heteroptera variety was equally high in wildflower meadow and
wildlife seed plots. This may have been driven by the introduction of new forb species in

these treatments.

The conservation of particular invertebrate taxa requires a detailed knowledge of their habitat

use and associations. In general however, maintaining a diversity of plant species and mosaic
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of vegetation structures, including tall, infrequently cut areas as refuges, will benefit the

maximum number of invertebrate groups (e.g. Dennis, 2003).

Wider environmental variables, as represented by park size in this study, and proportion of
green space in the landscape within 1000 m in the Masters study by Kyle Shackleton (2011),
did not show significant effects on ‘bird food’ or pollinator abundance respectively, perhaps
due to the majority of species present being generalists and / or good dispersers (section
6.2.4). There was no strong evidence for effects of air pollution on bird food invertebrates
using these data, although in situ pollution monitoring may provide more reliable information

at this scale.
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Chapter 5 - Bird response to trial plot management

5.1 Introduction

This chapter aimed to determine which of the three treatment types deployed in the project
were most used by birds, and whether there were any corresponding changes in local house
sparrow population size or productivity. Relationships of bird use with physical properties of
the different treatment types, and with the wider environment, were assessed; and possible
relationships of plot use, population size and productivity with air pollution were

investigated.
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5.2 Aims and objectives

This chapter aims to assess use of three different treatment types by house sparrows and other
birds; any changes in local house sparrow populations or productivity; and any possible

relationships of these with air pollution.

The following hypotheses were tested:

- That usage by house sparrows would be highest in the wildflower meadows, due to
high invertebrate abundance; followed by the wildlife seed plots, and lowest in long

grass

- That usage by other granivorous bird species would be highest in the wildflower

meadows, due to high invertebrate abundance

- That usage by insectivorous birds would also be highest in the wildflower meadows

due to high invertebrate abundance

- That there would an increase in house sparrow productivity at colonies local to the

treatment plots, due to an increased supply of invertebrate food for young birds
- That there would be an increase in house sparrow population size at colonies local to
the treatments, due to an increased supply of invertebrate food for young birds and

increased seed food for adult birds

- That higher levels of air pollution would relate to lower trial plot usage by

granivorous birds, through reduced invertebrate availability

- That higher air pollution levels would be related to lower house sparrow population

size, through either direct or indirect effects on the birds

- That higher air pollution levels would be related to lower house sparrow productivity,

through either an effect on invertebrate food supply, or a direct effect on the birds
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5.3 Methods
5.3.1 Bird monitoring

House sparrow presence / absence surveys

Preliminary surveys of all 19 parks were carried out to determine presence or absence of
house sparrow colonies (or individuals). These involved slowly walking a route through the
park and surrounding streets, searching for house sparrows by sight and sound. Particular
attention was paid to areas of potential house sparrow habitat, such as dense shrubs or
buildings. The route walked and any locations of house sparrows were marked on a map.
These surveys were carried out between October 2008 and February 2009, up until work on

trial plot establishment started and before breeding season surveys began.

House sparrow breeding population surveys

Surveys of house sparrow breeding populations in and immediately around the parks were
carried out during April — May 2009, 2010 and 2011. All other bird species were also
recorded. The house sparrow breeding population present in 2009 is taken as a ‘baseline’ that

is unlikely to have been influenced by the establishment of trial plots in March 2009.

Two visits to each site were made during this period, starting around 7 am. Surveys were
carried out during calm, dry weather. Weather conditions and start and finish times were

recorded.

Areas near to the trial plots, or where house sparrows were located through initial surveys,
were walked slowly, carrying out a thorough search of streets and parks, and the areas of
gardens that were visible from the street. Gardens were not entered for complete searches due
to time and access constraints. Surveys were carried out to a minimum distance of 100 m
from the known colony edge. Searching was conducted visually using binoculars, and by
sound. The route walked was marked on a map during the initial visit. All birds were
recorded on the map using BTO two-letter species and activity codes. For house sparrows,

individuals were recorded as chirping (breeding) males, non-chirping males, or females. The
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count of chirping male house sparrows is used to determine the number of breeding pairs
present in a colony (De Laet et al., 2011). Other observations that were taken to indicate
numbers of breeding pairs were: a pair of house sparrows mating, a house sparrow carrying
nest material into a nest site (usually a cavity in a building), a house sparrow carrying food to

a nest site, or nestling house sparrows seen and / or heard within a nest hole.

During each survey, the route walked on the previous visit was reversed, to avoid bias from

higher bird activity in early morning and more noise interference later in the day.

Productivity surveys

Surveys of juvenile house sparrows were carried out during June and July 2009, 2010 and

2011. Two visits to each site were made during this period, starting at around 7 am.

A similar method was used as for adult surveys, with intensive searches carried out by sight
and sound, within a 50 m radius of the breeding colony edge. Surveys were carried out during
calm, dry weather. Weather conditions, and start and finish times, were recorded. The route

walked was recorded on a map, and reversed on each subsequent visit to avoid bias.

All house sparrows were recorded on the map using BTO two letter species and activity

codes. Juvenile house sparrows were also classed into the following categories:
a - recently fledged young (‘fluffy’ appearance, obvious gape, may be being fed by parents)
b — juveniles (‘soft’ appearance, remains of gape, often forming mobile groups)

¢ —juveniles of adult female type (‘softer’ appearance than adults, little gape remaining, often

forming mobile groups, but difficult to distinguish from adult females)

The count of juvenile house sparrows is used to indicate the number of young successfully
fledged by a colony in that season. The ratio of fledged young to breeding pairs can be used
to indicate productivity of the colony (Peach et al., 2013). Assumptions and potential bias in

this approach is discussed in section 5.6.
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Other bird species

All other bird species present on the breeding population survey routes were recorded on
maps, using BTO two-letter species and activity codes. This information was used to compile
species lists for each site, comprising all bird species recorded within each trial park and
streets immediately bordering that park. Species lists were supplied annually to each partner,

as well as uploaded annually onto the National Biodiversity Network.

5.3.2 Bird use of plots

Volunteer surveys

Bird usage of trial and control plots was assessed through monthly surveys conducted by
project staff (see below). In addition, volunteers conducted monthly usage surveys at
allocated plots. Volunteers were each assigned one set of plots (in some cases more) to
monitor for the duration of the project. A standard recording sheet was issued to volunteers,
and training was provided on bird identification (where necessary) and use of the recording
sheets. Most volunteers were already proficient at bird identification, as many already carried

out bird monitoring programmes at their respective parks.

Volunteers visually observed their assigned trial plot from a good vantage point using
binoculars, for 45 minutes. They then observed the corresponding control plot from a good
vantage point for a further 45 minutes. The order in which trial and control plot were
observed was alternated on each visit to reduce any bias from time of day and disturbance
level. Observations began between 7 am and 10.30 am, in order to cover the period 7 am to
12 noon. Visits were carried out on both weekdays and weekends, to account for different
levels of disturbance at these times. Observations were carried out one morning per month,
with a minimum period of two weeks between observation sessions. While occasional
months were missed by some volunteers, priority was given to the period May — August
(when young birds are being fed) and October — February (when seed resources for adults are

likely to be most important).
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Trial plots were obviously delineated and therefore easy for volunteers to observe. In most
cases control areas consisted of short amenity grass and were not fenced or obviously
delineated. Therefore some volunteers measured out control plots and temporarily marked
them before beginning observations. Marker cones were provided for temporarily marking
control plots at each corner. Volunteers recorded the park name, trial plot type, and whether
the trial or control was being monitored. They also recorded date, weather, start and finish
time, and the level and type of any disturbance. The maximum number of individuals of each
bird species using the plots at any one time within the observation period was tallied. The
total number of visits to the plots by different bird species was also recorded. Multiple visits
by one individual were included in this count. Where possible the subsequent activity was
noted, and ages of birds using the plots was recorded. Any other relevant observations were
noted, such as presence of adult birds feeding young. The presence of potential predators
(cats, sparrowhawks and crows) in or near the plots was also recorded. An experienced
surveyor accompanied each volunteer to their assigned plot at the beginning of the
monitoring season, to ensure they were confident and competent at recording the required

data.

Staff surveys

Staff also carried out plot usage surveys throughout the year, using the same methods and
recording sheets as volunteers. Each set of trial and control plots was visited once per month,
covering the period 07:00 — 12:00 h. During the breeding season (April — August), one visit
was also made to each plot between 16:00 and19:00 h.

5.3.3 Foraging watches 2011

During June-July 2011, foraging watches were carried out on the trial plots that had received
most usage by house sparrows over the course of the project. This included the trial plots at
Laycock Street Green, Whittington Park, Paradise Park and St. Helier Open Space, which
were all ‘wildlife seed’ plots. Foraging watches involved detailed observations of house
sparrow use of the trial plots to record whether plots were being used to collect food, or for
other purposes. The age of birds using the trial plots (adult or juvenile), and where possible,

the type of any food items being collected was recorded.
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The results of foraging watches were represented graphically in order to illustrate the
proportion of observations where house sparrows were seen to collect seeds from the trial
plots, the proportion where invertebrates were collected, and the proportion of observations
where the item collected could not be determined or where no food items were collected. The
proportion of observations where adult or young house sparrows were observed using the

trial plots, and of observations where age could not be determined, were also illustrated.

5.3.4 Pollution analysis

Records of atmospheric levels of two air pollutants, PM;o and NO,, were obtained through
the Centre for Environmental Policy, Imperial College London, from the London
Atmospheric Emissions Inventory (LAEIL, 2006). These pollutants are commonly monitored
as indicators of air quality under European Directive 96/62/EC, and result largely from traffic
pollution (especially NO,), but also industrial and other sources (DEFRA no date). The LAEI
2006 database contains information on emissions from all sources of air pollutants in the
Greater London area, including emissions projections for the years 2010 and 2015, based on
emissions data from the years 2003, 2004 and 2006. Data for the projected year of 2010 were

used in this analysis, based on an average of projections from 2003, 2004 and 2006.

The data were used to model pollutant levels at each trial and control plot using ArcGIS (grid
references recorded in year three of the project using a Garmin GPS handset model 60c), to
investigate whether air pollution may have any relationship with house sparrow usage of a
plot. Pollution data was available at a resolution of 20m?, however pollution trends between
plots could be detected. Appendix 12 shows NO, levels between plots in Peckham Rye Park,
Southwark, based on the centre point of each plot. Pollution modelling was carried out by

Laura Hill at Imperial College, London.

5.3.5 Statistical analysis

Plot usage data was classified into three groups: house sparrows only; all granivorous birds
including house sparrows; and insectivores. The insectivore group did not include all

insectivorous species, as a number of other ecologically distinct groups were identified,
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including thrushes, corvids, gulls, and migratory species such as warblers. The species
composition of the three bird groups is shown in Table 5.1. For each group, data analysis was
carried out using the statistical software ‘R’ version 2.10.1 (R Development Core Team,
2009). Generalised linear mixed models (GLMMs) were used in most cases, using the ’lmer’
function of the ‘Ime4’ package in R (e.g. Bolker et al., 2009). A number of random effects
were included in the models as appropriate, including ‘Park’ and interactions with Park to
account for random variation between different park sites. Where necessary a unique
identifier for each observation was included as a random effect to account for overdispersion

while using a Poisson distribution.

In order to test whether there was a significant effect of treatment type on usage by house
sparrows, by all granivores, or by insectivores, or whether there was a significant treatment
type: year interaction, null models containing only the random effects were initially fitted
with the relevant bird group as the dependent variable. These were compared against models
containing the random effects plus treatment type. Models were also fitted containing the
random effects, treatment type and interaction, and compared against models containing
random effects and treatment type only, to determine the significance of any interaction.
‘Deconstructed” models containing measured variables relating to the plots were also
compared against the null models, and then simplified by backwards stepwise deletion to
determine which properties of the trial plots accounted for a significant amount of variation in
bird usage. The measured variables were determined at the same time as invertebrate
sampling, and were also used in measures of plot establishment (Chapter 2). These included:
mean bare ground cover, mean sward height, and 95 % confidence interval of variation in
sward height. Other variables also included were: year, season, time of day, observer,
distance to shrubs and distance to other food sources (measured by project interns Kathrin
Stoetzel and Eniko Sucz), percentage tree cover within 100m of plot (measured by Masters
student Nicholas Friend, Imperial College London 2011), distance to house sparrow nest, and

predator presence.

For house sparrow breeding population data, generalised linear mixed models were fitted,
with maximum count of breeding pairs per year as the dependent variable, and containing

Park, and interactions with Park (Park: Treatment type and Park:Year) as random effects. In
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productivity models, the dependent variable was the ratio of maximum fledgling or juvenile
counts respectively per year to the maximum count of breeding pairs each year (included as a
natural logarithm offset). Fixed effects for both population and productivity models were
treatment type, year, and treatment type: year interaction. As some parks contained more than
one treatment type, population and productivity analyses were re-run omitting any parks that
contained more than one trial plot. Results were qualitatively compared against the original

models to determine whether the significance or direction of any effects were different.

Likelihood ratio tests were used to determine the overall significance of variables within each
initial model, and backwards stepwise deletion was used to remove terms from the model,
starting with the highest order interactions and the least significant terms, until only
significant terms remained. Differences between levels of factors were tested using likelihood

ratio tests between models containing combined and uncombined levels of factors.

For both population and productivity data, models were then fitted similarly, containing
treatment type, year and treatment type: year interaction, plus NO, and PM, pollution levels.

These models were also simplified using backwards stepwise deletion as described.
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Table 5.1 Composition of bird species groups in analysis of plot usage data in descending
order of overall abundance (all plot types)

House sparrows Granivores Insectivores
House sparrow only House sparrow Starling
Passer domesticus Passer domesticus Sturnus vulgaris
Goldfinch Robin
Carduelis carduelis Erithacus rubecula
Chaffinch Pied wagtail
Fringilla coelebs Motacilla alba
Greenfinch Meadow pipit
Carduelis chloris Anthus pratensis
Linnet Wren
Carduelis cannabina Troglodytes troglodytes
Reed bunting Great tit
Emberiza schoeniclus Parus major
Blue tit
Parus caeruleus
Long tailed tit

Aegithalos caudatus

Dunnock
Prunella modularis

Stonechat
Saxicola torquata

Coal tit
Parus ater
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5.4 Results
5.4.1 House sparrows — presence / absence surveys

House sparrow colonies were found to be present in or very near 14 out of the 19 project
parks. In most cases the colonies were in streets backing on to the parks. Summer house
sparrow population surveys were carried out based on these colony locations. Of the parks
where no house sparrow colonies were located nearby, Kensington Gardens and Waterlow
Park had reports of house sparrows sighted within the park during the course of the project.

Appendix 6 shows distances of the nearest house sparrow nests to each trial and control plot.

5.4.2 House sparrow populations

Breeding population

The model containing all parks (first model) and the model omitting parks that contained
more than one treatment type (second model) showed general agreement. Models of house
sparrow breeding populations did not show a significant effect of treatment (i.e. any trial plot
being present) or of treatment type on the maximum number of house sparrow pairs present.
There was only a significant difference in house sparrow populations between years in the
second model, and no significant interaction between treatment type and year in any model.
In the model that included air pollution levels however, there was a significant negative
relationship between maximum number of breeding pairs and levels of NO,. Results are

summarised in Table 5.2.

Table 5.2 Significance of fixed effects in models of house sparrow population size

Dependent variable Significance | Direction of | Significance of | Significant

and fixed effects of treatment | treatment effect | treatment:year predictors
effect interaction

Max. breeding pairs ns na ns Year

Treatment type, year (both models) | (both models) (both models) (second model)

Max. breeding pairs ns na ns NO, p=0.028,

Treatment type, year, Chi* = 57.86,

NO,, PM;, df.=1

direction -ve
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Productivity

In models for house sparrow productivity, those containing all parks (first models) and those
omitting parks that contained more than one treatment type (second models) showed general
agreement, apart from in the direction of treatment effect for long grass plots using juvenile
counts (Table 5.3). Significant interactions between treatment type and year showed that any
effects of plot type were different in different years. There was however a significant overall
effect of treatment (effect of any trial plot being present) on house sparrow productivity using
both fledgling and juvenile measures. In every model tested there was significantly higher
productivity at sites where wildlife seed plots were present than where wildflower meadows
were present. In most models there was also significantly higher productivity where long
grass plots were present than where wildflower meadows were present. The significant

interaction treatment: year interaction however makes interpretation less straightforward.

Using both measures of productivity, 2011 proved to be a relatively poor year for
productivity (although this was only monitored at a sub-set of sites in 2011). However,
whereas productivity varied greatly between years, with low counts at sites with long grass
and wildflower meadow plots in 2011, productivity at sites with wildlife seed plots remained

apparently stable (Figure 5.1).

Models containing pollution levels showed different results using fledglings or juveniles as
the dependent variable. Where juveniles were used, there was a significant negative
relationship between productivity and levels of NO,. Where fledglings were used there was
no significant relationship with NO,, and a positive relationship with levels of PM;,. Results

are summarised in Table 5.3.
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Table 5.3 Significance of fixed effects in house sparrow productivity models (fledgling

and juvenile)

Dependent Significance of | Direction of | Significance of Significant
variable treatment effect | treatment effect treatment:year predictors
and fixed effects interaction
Feldglings per | p<0.0001, ws***>wm=lg (first) | p<0.0004 Year
pair Treatment | Chi’=0,d.f=0 | ws**>wm=Ig Chi*=20.68, d.f=4 | (both models)
type, year (first model) (second model) (first model)

Chi*=0,d.f.=0 p<0.001,

(second model) Chi’=18.55,d.f=4

(second model)

Juveniles per pair | p<0.0001 ws=lg***>wm p<0.0001 Year
Treatment  type, | Chi’=0, d.f. =0 Chi*=33.40, d.f=4 | (both models)
year (first model) (first model) (first model)

p<0.0001 ws***>]og=wm p=0.0002

Chi* = 1.42¢”, | (second model) Chi*=22.52, d.f=4

df.=0 (second model)

(second model)
Feldglings per | p<0.0001 lg=ws***>wm p=0.003 pml0
pair  Treatment | Chi’ = 9.836¢” Chi*=16.04, d.f=4 | p<0.0001
type, year, NO,, | d.f.=0 Chi* = 50.16,
PM df.=1

direction +ve

Juveniles per pair
Treatment type,

year, NO,, PM,

p<0.0001
Chi’=0,d.f.=0

lg=ws***>wm

p=0.010
Chi*=13.20, d.f=4

NO, p<0.0001
Chi’ = 68.37,
df =1

direction -ve

ws = wildlife seed, wm = wildflower meadow, Ig = long grass, ¢ = control. ‘*’ indicates

where effect of plot type is significantly greater than that of the next plot type — number of

stars indicates level of significance
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Figure 5.1 Mean * SE productivity per year (fledglings) for each treatment
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5.4.3 Bird use of plots

Overall bird usage of treatment plots is summarised in Table 5.4 for the species considered in

analyses.

Table 5.4 Total plot counts for bird species considered in the analysis, each trial
plot type over three years

Bird species Long grass Wildflower Wildlife seed Control
n=9 plots meadow n=8 plots | n=8 plots n=25 plots

House sparrow 10 0 350 53

Goldfinch 16 50 136 12

Chaffinch 6 11 24 8

Greenfinch 12 7 3 19

Linnet 5 8 0 0

Reed bunting 0 7 0 0

Starling 565 449 370 1655

Robin 25 23 25 46

Pied wagtail 1 3 15 35

Meadow pipit 19 27 0 1

Wren 0 20 15 0

Great tit 1 13 12 1

Blue tit 1 10 2 9

Long tailed tit 5 0 0 16

Dunnock 2 10 1 3

Stonechat 0 8 0 0

Coal tit 0 3 0 0

House sparrows

House sparrows were only regularly observed using four wildlife seed plots. Due to the high

number of zero values for house sparrow observations at other plots, only the four plots

where house sparrows were regularly observed feeding, and their corresponding controls,

were used in this analysis. Analysis using ‘treatment type’ did not show a significant

treatment effect or a significant interaction between treatment and year for these plots.

However the ‘deconstructed” model containing various properties of the trial and control

plots showed a significant positive relationship between house sparrow use of plots and the
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mean amount of bare ground measured in quadrats within the plots (p=0.003). This model
also showed significantly higher use of the plots in spring / summer than in autumn / winter
(p=0.006). A large number of habitat and other variables were included in this model,
including distance of the plots from other food sources, shrubs, and house sparrow nest sites,
presence of potential predators, and percentage tree cover within 100 m of the plots (tree
cover from Masters project by Nicholas Friend, Imperial College, 2011). None of these

factors showed a significant effect on house sparrow use of the trial plots.

A model containing season, bare ground and quantity of ‘bird food’ invertebrates did not
show a significant relationship with the invertebrates, while season and bare ground were still
significant (p=0.006 and p=0.016, respectively). Patterns of house sparrow use of trial plots

are shown in Figures 5.2 and 5.3.

Granivores

There was an almost significant treatment effect (p=0.59) in the initial models of granivore
plot use, although no significant difference between different plot types was detected.
However in the model containing treatment type plus covariates, there was an almost
significant treatment effect (p=0.61), and significantly higher use of wildlife seed plots than
any other plot type (long grass, wildflower meadow or control). There was no significant

interaction in either of these models between treatment type and year.

In deconstructed models of granivore plot use there was a significant positive relationship
with mean sward height. This was true both in the model containing a number of properties
of the plots (p=0.005), and in the model containing only mean sward height, pollution (NO;
and PMjy), and ‘bird food’ invertebrates (p=0.038). Here, the only significant relationship
was with mean sward height (p=0.038) and there was no significant relationship with
pollution levels or invertebrate numbers. Patterns of plot use by granivores (including house
sparrows) are shown in Figure 5.4, and limitations of the pollution data and analyses used are

discussed in section 6.4.
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Insectivores

In the initial analysis there was no significant treatment effect for use by insectivorous birds,
and no significant interaction between treatment and year. However in the deconstructed
model there was a significant effect of season (p<0.0005). Insectivore use of plots was
significantly higher in spring than in the other seasons. Patterns of plot use are shown in

Figure 5.5.
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Table 5.5 Bird use of plots — models using treatment type. Dependent variable in bold,
fixed effects below

Dependent variable Significance of | Direction of | Significance of
treatment treatment effect treatment:year

and fixed effects effect interaction

House sparrows usage of | ns na ns

plots

Treatment type

(n=4 wildlife seed plots,
n=4 control plots)

House sparrow use of |ns na ns
plots Treatment type,
‘bird food’ invertebrates

(n=4 wildlife seed plots,
n=4 control plots)

Granivore use of plots | p=0.059 ws=wm=Ilg=c ns
including house sparrows

( s P ) Chi’= 7.43

Treatment type df =3

(all plots included) o

Granivore use of plots | p=0.061 ws*>wm=lg=c ns
including house sparrows

( s P ) Chi*= 7.35

Treatment type, NO,, df =3

PM,, ‘bird food’ |

invertebrates (all

plots included)

Insectivore use of plots ns na ns
Treatment type

(all plots included)

ws = wildlife seed, wm = wildflower meadow, Ig = long grass, ¢ = control. ‘*’ indicates
where effect of plot type is significantly greater than that of the next plot type — number of

stars indicates level of significance
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Table 5.6 Bird use of plots — ‘deconstructed” models containing various physical
properties of plots rather than ‘treatment type’. Dependent variable in bold, fixed

effects below

Dependent variable

and fixed effects

Significant predictors

Direction of significant predictors

House sparrow use of plots

Year, season, time of day,
observer, mean sward height,
sward height variation, mean
bare ground, distance to
shrubs, distance to other food,
percent cover in  100m,
distance to house sparrow nest,
predator presence
(n=4  wildlife

and n=4 controls)

seed plots

season, p=0.006

Chi’=1038 d.f.=2

mean bare ground,
p=0.003

Chi’=8.56 df =1

spring=summer**>autumn/winter
mean bare ground +ve

House sparrow use of plots

season, mean bare ground,
‘bird food’ invertebrates

(n=4 wildlife seed plots
and n=4 controls)

season, p=0.006

Chi’=10.38 d.f.=2

mean bare ground,
p=0.016

Chi’=5.86 d.f.=1

spring=summer*>autumn/winter
mean bare ground +ve

Granivore wuse of plots
(including house sparrows)

Year, season, time of day,
observer, mean sward height,
sward height variation, mean
bare ground, distance to
shrubs, distance to other food,
percent cover in 100m,
distance to house sparrow nest,
predator presence

(all plots included)

mean sward height,
p=0.005

Chi’=8.00 d.f.=1

mean sward height +ve

Granivore wuse of plots
(including house sparrows)

Mean sward height, NO;,
PM,y, ‘bird food’ invertebrates
(all plots included)

mean sward height,
p=0.038

Chi’=430 df =1

mean sward height +ve
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Insectivore use of plots
season, p<0.0005 spring**>winter=summer=autumn
Year, season, time of day,
observer, mean sward height, | Chi’=19.60 d.f.=3
sward height variation, mean
bare ground, distance to
shrubs, distance to other food,
percent cover in 100m,
predator presence

(all plots included)

“** indicates where effect of a factor level is significantly greater than that of the next level —

number of stars indicates level of significance
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5.4.4 Foraging watches (2011)

Figure 5.6 shows the percentage of observed house sparrow foraging trips into well-used trial
plots where seed or invertebrate food was taken (all of these were ‘wildlife seed’ plots). Also
shown are visits where unknown food items were taken, and where house sparrows were
recorded in the trial plots but not seen feeding. Figure 5.7 shows the percentage of observed
house sparrow foraging trips into well-used plots where observed birds were adult or
juvenile, and where age could not be determined. In over 52 % of the observed visits,
invertebrate food items were taken (Figure 5.6). In over 27 % of visits, ‘unknown / other’
food items were taken, and ‘seed’ was reported to be taken in around 8 % of house sparrow
visits. These records were collected by experienced RSPB staff, so will be reasonably
accurate, although it can be difficult to observe the nature of small food items taken by birds.
It can also be difficult to distinguish older juveniles from female birds. Around 51 % of the
observed house sparrow visits to plots were made by adult birds, and around 48 % were made

by juveniles, with around 1 % of unknown age (Figure 5.7).

199



M Invertebrate
B Unknown / other food item

M Non-feeding

M Seed

n=108

0% 20% 40% 60% 80% 100%

Percentage of observations

Figure 5.6 Percentage of observations where seed, invertebrate or other food items were
taken by house sparrows, and of non-feeding house sparrow visits to trial plots (wildlife
seed plots, n=4)
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Figure 5.7 Percentage of house sparrow visits to trial plots by adults and juveniles, and
percentage of observations where age could not be determined (wildlife seed plots, n=4)
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5.5 Discussion

5.5.1 Limitations to house sparrow census methods

Counts of house sparrow nests and numbers of fledglings / juveniles in urban and suburban
areas are limited by access, especially where nests are located in back gardens of houses. A
standard route is walked however, as in methods recommended by De Laet, Peach &

Summers-Smith (2011), so this limitation remains constant between surveys.

Nest counts may be dominated by nests that subsequently fledged young, as both visibility
and audibility of nests increase with chick age and brood size, through increased provisioning
rate and increased begging volume (Anderson, 2006; Seel, 1969; in Peach et al., 2013). These
surveys could therefore overestimate productivity. Lack of access to back gardens may result
in bias towards counting juveniles that have successfully fledged and survived, as young
fledglings are relatively immobile (Peach et al., 2013; pers. obs.), and most chick mortality
occurs within four days of hatching (Peach et al., 2008; 2013) — therefore chicks that survive

beyond the first few days are more likely to be observable.

Despite these limitations, Peach et al. (2013) showed that in these standardised count
methods for numbers of nests and counts of young sparrows, variation in fledgling and
juvenile counts reflected variation in counts of active nests across colonies and surveys.
These relationships were fairly strong despite the potential weakening effect of variation in
post-fledging mortality. In Peach er al. (2013), their aggregate counts of fledglings and
juveniles across three surveys (May to August) were representative of a more intensive
sampling regime, also tested by them - and a useful indirect measure of the extent of local
mid-late chick stage breeding activity. While only two of our four surveys at each site per
year (June and July) were considered ‘juvenile’ surveys, any juveniles present in May were

included in our juvenile counts.
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5.5.2 House sparrow breeding populations and productivity

For wildlife seed plots, the results appeared to support the hypothesis that there would be an
increase in house sparrow productivity at colonies local to the treatments. This hypothesis
was not supported for population size. There was no significant house sparrow population
response to presence of the trial plots, but the significant relationships shown with
productivity may indicate a positive effect of the wildlife seed plots on productivity of local
colonies. It is also possible however that these colonies had higher productivity than other
sites before the introduction of the plots. Although the first year’s breeding population
surveys can provide a baseline for house sparrow population size at each site prior to
instatement of the plots (as the plots would not have been in place in time to affect over-
winter survival the preceding season) they unfortunately do not provide a baseline for
productivity at the sites. While due to time and resource constraints the project did not
include monitoring of control sites (with no trial plots present), the absence of any house
sparrow use of wildflower meadow plots means that these sites do make an interesting
comparison with wildlife seed sites. Figure 5.1 illustrates the significant interaction between
treatment type and year in productivity models. Overall productivity near long grass and
wildflower meadow plots varied greatly between years, while that at sites near wildlife seed
plots was more stable across years. This suggests that the presence of wildlife seed plots

might have helped to buffer local colonies against food shortages in some years.

The hypothesis that higher air pollution levels would be related to lower house sparrow
population size or productivity was partially supported, but results differed between pollution
types. The significant negative relationships of population size and of productivity (using
juveniles as a measure) with NO; levels appear to support findings in previous studies, where
higher NO; levels corresponded with poorer chick growth and condition (Peach et al., 2008),
and greater population declines (Ockenden, unpublished data). As in these studies, the
mechanism by which this may act is unclear, and may be through direct effects of NO, on the
birds themselves, or through indirect effects via impacts on invertebrate populations. It is
possible that NO; levels could act as a proxy for other pollutant levels, or simply for an
urbanisation gradient. The positive relationship of PMjy levels with productivity (where
fledglings were used as a measure) appears counter-intuitive. Levels of NO, and PM,, were

significantly positively correlated (Pearson correlation coefficient 0.88, p<0.0001), although
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robustness of this result is questionable as PM( data generally showed little variation, with a
majority of modelled concentrations being the same across sites (21.13pg m™). The direct
and indirect effects of different pollutants on house sparrows and their invertebrate prey

requires further investigation.

5.5.3 Bird use of plots
House sparrows

The results did not support the hypothesis that plot usage by house sparrows would be highest
in the wildflower meadows (due to high invertebrate abundance, Chapter 4), followed by the
wildlife seed plots, and lowest in long grass. All trial plots included in house sparrow usage
models were wildlife seed plots, due to a very high number of zeroes in results for the other
two plot types. Although there was no significant treatment effect in the initial models of
house sparrow plot use in these models, the significant positive relationship with mean bare
ground in the deconstructed models is likely to reflect structural differences between the trial
and control plots, and the nature of this plot type includes a high proportion of bare ground
compared with control plots, which contained a short dense grass sward (Chapter 2). Several
studies have demonstrated the importance of sward structure in allowing birds access to food
resources (e.g. Buckingham, 2005; Evans et al., 2006; Vandenberghe et al., 2009; Hoste-
Danytow, Romanowski & Z 'mihorski, 2010).

House sparrow use of wildlife seed plots during spring and summer (March to August)
(Figure 5.3) coincides with the main breeding period for house sparrows, and the time during
which house sparrows require invertebrates to feed their young. The summer period (June to
August) showed the highest level of plot use, and this is also the time when a lack of
invertebrates can affect house sparrow productivity through nest failures (Peach et al., 2008).
It was therefore of note that a very large proportion of known food items collected in the trial
plots were invertebrates. The open vegetation structure in these plots may have allowed birds
good access to the invertebrate resources present (e.g. Douglas et al., 2010). House sparrows
were not recorded using wildlife seed plots beyond September, indicating that the plots were

not used to access the available seed resources at this time.
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Heavy use of wildlife seed plots by adult birds during summer (Figures 5.3 and 5.7), and the
high proportion of invertebrate food items collected (Figure 5.6), indicates that the plots were
used by adults provisioning nests or young fledglings with invertebrates. The plots were also
used in almost equal proportion by juvenile birds (Figure 5.7). Fledged house sparrows form
mobile groups during summer that tend to move around exploiting available food resources,
and can retain a proportion of invertebrate material in their diet (e.g. Summers-Smith, 1988).
These juvenile birds may have been feeding on invertebrates, but may also have been using
young seeds and other plant material. Vegetation quadrats carried out in wildlife seed plots in
late summer 2011 showed that only linseed had set seed by this time and seeds were
generally unripe (Chapter 3), so it is likely that juveniles were feeding on invertebrates, other
plant material, ripening linseed, or a combination of these. Some fat hen seed heads were
present in the plots at this time, and observations were made of sparrows taking either the
small fat hen seeds or small invertebrates from the seed heads. Weeds such as fat hen can

comprise a useful component of winter bird crops (Henderson et al., 2004).

It was expected that variables such as distance of plots from other food sources, shrubs, and
house sparrow nest sites, percentage tree cover within 100 m of the plots, and presence of
potential predators, would have an effect on house sparrow use of the plots. The result that
none of these factors showed a significant effect was therefore surprising. Vangestel et al.
(2010) and Shaw et al. (2011) suggest that feeding distances from hedge / shrub cover, and
from nest sites respectively, are low, and that the extent and connectivity of shrub cover in a
locality dictates house sparrow foraging range (Vangestel ef al., 2010). In addition, analysis
of data from this project by Friend (2011) suggested that plot distance from nest sites did
have a significant effect on use by house sparrows, although a sub-set of the full data was
used here as data entry had not yet been fully completed. While some differences in results
between different statistical models, and between the full data and its subset, are to be
expected, there remains a contradiction between these two results. The body of evidence that
most house sparrow movements for foraging, especially during the breeding season, are over
short distances (e.g. Cheke, 1972; Heij and Moeliker, 1990; Anderson, 2006; section 1.2.3)
supports the likelihood that treatment plots located closer to nest sites or shrub cover may be

used more frequently.
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Granivores

The results did not support the hypothesis that usage by granivorous bird species would also
be highest in the wildflower meadow plots. The evidence for an effect of treatment on plot
use by granivores (all species) was stronger in the initial models than for house sparrows
alone, being almost significant (around p=0.06) in both initial models, and in one of these
models usage of wildlife seed plots was significantly higher than for the other treatments. The
granivore models contained data from a larger number of trial plots, as fewer sites contained

zero counts than for house sparrows alone.

The significant positive relationship between granivore plot use and mean sward height in the
deconstructed models is likely to reflect structural aspects of the trial plots. Wildlife seed
plots contained the tallest vegetation, and all treatments were taller than controls (Chapter 2).
Additionally, mean sward height was the only significant predictor in the model containing
air pollution levels and ‘bird food’ invertebrate abundance. These results are consistent with
higher use of wildlife seed plots than the other treatment types, and do not support the
hypothesis that higher levels of air pollution would relate to lower trial plot usage by

granivorous birds through reduced invertebrate availability.

Insectivores

The results did not support the hypothesis that usage by insectivorous birds would be highest
in the wildflower meadow plots. The lack of treatment effect in models of insectivore plot use
suggests that the foraging habitat provided by the trial plots may be less suitable for these
species, which include starlings and a mixture of various other species (Table 5.4), than for
granivorous birds. Previous studies have found that species such as starlings, which tend to
feed on soil-dwelling rather than foliar invertebrates, prefer short swards (and to a lesser
extent, patchy bare ground within the sward) — at least in part due to improved mobility and
increased prey accessibility (e.g. Buckingham, 2005; Devereux et al., 2004; Atkinson, et al.
2005). The higher use of trial plots in spring may, as with granivores, reflect increased
foraging by adults to provision young. In autumn and winter starlings tend to switch from a
mainly insectivorous diet to a more varied one including fruits and seeds (Holden and

Cleeves, 2002).
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Influence of vegetation structure on plot use

In both the house sparrow and granivore models of plot use, aspects of vegetation structure
within the trial plots — mean amount of bare ground and mean sward height respectively -
showed significant positive relationships with bird use. This closely agrees with results from
a study in grassland by Buckingham (2005), where the variables sward height and bare
ground influenced foraging by the widest range of bird species, and had the greatest
explanatory power in the models. The sward structure of vegetation is important in allowing
access to food resources. Buckingham (2005) found that bird species fell into two groups
based on their sward structure preferences, which closely reflected where they obtained their
food. Species such as starlings that feed on soil-dwelling invertebrates selected short swards,
while species that feed on sward-dwelling invertebrates or seeds selected taller swards with
greater spatial heterogeneity. In a similar scenario for seed resources, few granivorous species
took advantage of the enhanced seed abundance on hayfields during winter, possibly because
the seed was inaccessible in the relatively dense swards. In seeded rye grass swards, lodging

of vegetation increased accessibility of the seed resource for birds.

Spatial heterogeneity in sward structure, especially the fine-scale availability of bare areas
within the sward, was shown by Buckingham (2005) to be a consistent requirement of birds
across feeding guilds, while sward composition was less influential. Bird usage generally
decreased as forb cover increased within the grass sward, particularly in winter. Forbs were
more likely to have inhibited prey accessibility than prey abundance, as invertebrate diversity
and abundance generally increase with broad-leaved plant diversity (Fuller ef al., 2003;
Buckingham, 2005). A number of other studies have also demonstrated the importance of
sward structure in allowing birds to access food resources (Evans et al., 2006; Vandenberghe

et al., 2009; Douglas et al., 2010; Hoste-Danytow, Romanowski & Z mihorski, 2010).

In this project, wildlife seed plots provided both the tallest sward and largest amount of bare
ground among the trial plot types (Chapter 2). Although they contained fewer ‘bird food’
invertebrates than the wildflower meadows (Chapter 4), this structure may have allowed
more ready access for birds to invertebrate resources, and accounted for their popularity with

ground-feeding granivorous birds, especially house sparrows. From these analyses, structure
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would appear to be the most important predictor of granivorous bird use, despite other likely
contributing factors being tested. It may have been expected for example that distance of trial

plots from house sparrow nest sites or shrub cover would have been influential.

Starlings made up the majority of the insectivorous species observed feeding in the trial and
control plots (Table 5.4). Behavioural studies have shown that species such as starlings which
feed on soil-dwelling invertebrates forage more efficiently on short swards, due in part to
increased visibility which reduces the time spent watching for predators (Buckingham, 2005;
Devereux et al., 2004). The taller swards in each of the treatment types would have reduced
visibility for these species, making predator avoidance more difficult and reducing foraging

efficiency.

5.5.4 Management implications

In wildflower meadow and long grass areas, future management could be introduced to
encourage use by granivorous birds, by helping to keep an open sward structure and some
bare ground within the plots. In a farmland setting, Buckingham (2005) found that grazing
promoted winter field usage by the largest number of granivorous species, through
manipulating sward structure. Fields grazed during winter were favoured by several species.
Autumn aftermath grazing also allowed wintering granivores to use silage fields, which were
avoided at other times of year. Summer grazing however reduced field usage in the following
winter by skylarks and yellowhammers, probably by preventing seeding. Grazing had a more
limited effect on field usage during summer, only benefiting a few granivores and small
insectivores. Regular weed control, both by herbicides and mechanical methods, had a
consistent negative effect on field usage by granivorous birds. This result was analogous to
the indirect effects of pesticides demonstrated in arable crops, where herbicides killed the

plants that produce the seed and invertebrate food of birds (Boatman et al., 2004).

In an urban setting grazing is usually unfeasible, although has been tried in some cases (e.g.
Holland Park woodland grazing of pigs, Saskie Laing pers. comm.) It is more likely that

power harrowing or other methods of ground scarification could be used to this effect at
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urban sites, which may also provide regeneration niches for wildflowers within the meadows
(e.g. Walker et al., 2004). Mowing paths through long grass or wildflower meadow plots
would not only diversify sward structure, but would also be likely to channel public use of

the plots into particular areas and help avoid wider trampling.

5.6 Conclusions

House sparrow usage of wildlife seed plots was significantly higher than that of controls.
These were used heavily during the breeding season, and not beyond September, apparently
for collect invertebrates rather than seeds. Other variables such as distance to house sparrow
nests did not have a significant influence on plot usage. For insectivorous birds, season was
the only significant predictor of plot use, probably reflecting increased starling foraging for

invertebrates during the breeding season.

Sward structure measurements (amount of bare ground for house sparrows and sward height
for all granivores) were significantly positively related to plot usage, indicating that
vegetation structure was key to these plots being used. This is consistent with studies in
farmland that have shown sward structure to be more important for birds than food
abundance per se in allowing access food resources (Buckingham, 2005; Evans et al., 2006;
Vandenberghe et al, 2009; Douglas et al., 2010; Hoste-Danylow, Romanowski &
Z mihorski, 2010). Productivity was more consistent across years at sites where wildlife seed
plots were present than where the other treatments were present. The presence of wildlife
seed plots may have buffered local house sparrow colonies against food shortage in some

years.

Levels of air pollutants (NO, and PM) at trial plots showed some significant relationships
with house sparrow population size and productivity, but implications of these results are not
clear. Further research may be needed on the direct and indirect effects of air pollution on

house sparrows and / or their invertebrate prey.
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Management of urban parks and green spaces should aim to provide a variety of vegetation
structures to allow birds, particularly house sparrows, access to food resources. A varied
sward structure is also likely to increase invertebrate variety and abundance (Chapter 4).
Varying mowing regimes and cutting ‘paths’ through taller vegetation may also help to direct

public use of such habitats and avoid widespread trampling.
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Chapter 6 - General Discussion

6.1 Likely drivers of house sparrow decline and contribution of project

Various mechanisms have been suggested to explain the recent decline in urban house
sparrow populations (Chapter 1). While no one cause has yet been proven, recent studies
have provided information on potential demographic blocks and shown correlations with
environmental and other variables (Peach et al., 2008; Bell et al., 2010; Vangestel et al.,
2010). It is becoming clear that populations must be affected by more than one ecological
variable in combination. Relative contributions of different contributing factors and their
interactions would be difficult to demonstrate, due to the number of possible variables and
potential confounding variables involved, and a lack of pre-decline data making controlled
experimental studies difficult. However, recent evidence has strengthened support for the
following proposed mechanisms. Poor nestling condition, poor juvenile survival and low
productivity have been demonstrated where nestling diet contained a low proportion of
invertebrate material (Peach et al., 2008; Klvanova et al., 2012; Seress et al., 2012), and
further studies have shown that artificial provision of invertebrate food can boost
reproductive success through increased clutch size (therefore presumably increased female
fecundity) and increased nestling survival (Peach, Sheehan & Kirby, 2014: Peach et al. in
press). Bell et al. (2010) demonstrated correlations between re-establishment patterns of
sparrowhawks in urban areas and patterns of house sparrow declines (although no
experimental evidence of this), while various studies have demonstrated behavioural effects
of predators on birds (Lima, 1986; Cowie & Simons, 1991; Seress & Bodkony, 2011;
Bonnington et al., 2013) and negative effects of predator avoidance behaviour on nutritional
fitness of house sparrows (Lima, 1986; MacLeod et al, 2006). Vangestel et al. (2010)
showed that fragmentation of hedge cover in urban areas was correlated with smaller
foraging range sizes, probably due to predator avoidance (Lima, 1987; Kleindorfer, Sulloway
& O'Connor, 2009), and with lower nutritional fitness in urban house sparrows compared

with rural ones.

Restriction of urban house sparrow foraging range size through fragmentation of hedge and

shrub cover, as well as through behavioural responses to increased predation pressure; along
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with poor food availability within foraging ranges due to tidying or development, could
combine to explain the poor nestling diet and low productivity observed. Where nutrition is
already an issue, additional factors such as lack or loss of nest sites close to high quality
foraging habitat, or increased mortality (either direct or indirect) of poor condition birds at
colonies with a locally active predator, are likely to have detrimental effects on local
populations. Hole et al. (2002) suggested that rural house sparrow declines are mediated by a
series of local colony extinctions. A similar effect in urban areas, caused by loss of individual
colonies, and combined with reduced dispersal of individuals between colonies through
decreased connectivity of hedge cover, could be a plausible mechanism for overall urban

declines.

Under this scenario, along with hedge connectivity, the quality of foraging habitat within a
range would be of great importance, in terms of both absolute amount of food present, and its
accessibility to foraging birds. This study contributes new knowledge on use of foraging

habitat by house sparrows in urban areas.

The main aim of the study was to test the effectiveness of three different targeted
conservation measures designed to provide invertebrate and seed resources in urban
landscapes. Secondary aims were to evaluate the practicality of instating such management in
terms of techniques, cost, and stakeholder reactions; and to investigate potential effects of air
pollution on invertebrates and house sparrow populations. This chapter summarises the key
findings of the project in the context of these aims. The results are discussed in relation to the
above hypotheses on urban house sparrow decline. Applications and limitations of the study
are then discussed. Finally, some remaining gaps in knowledge on urban ecology are

identified, with recommendations made for future research.
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6.2 Key findings
6.2.1 Treatment plot establishment

Establishment of the treatment plots was generally successful (section 2.6), and is discussed
in detail for wildflower meadows by Johnson (2011) (section 6.2.2). Differences in sward
structural diversity of the different treatment types, measured by bare ground and grass cover,
reflected the method of establishment of each treatment (section 2.5). Structural differences
between the treatment types are likely to have had a strong influence on use by birds (Vickery
et al., 2001; Vandenberghe ef al., 2009; Hoste-Danytow, Romanowski & Z 'mihorski, 2010);
and the varied structure of the wildlife seed plots, including a high proportion of bare ground,
may be the defining characteristic of this treatment leading to its preference by house
sparrows for feeding (section 5.5.3). Structural diversity, particularly availability of bare
ground, appeared to vary according to the method of plot establishment and initial
composition of plots (section 2.5). Bare ground did not change over time in the long grass
treatment plots, which were developed from an already dense amenity grass sward. In the
wildflower meadows bare ground decreased over time as a grassy sward became established
on initially bare plots. In the wildlife seed plots, bare ground was high in each year of the

project - these were re-cultivated in each year and did not include sown grasses.

Wildlife seed plots received positive stakeholder reactions but were expensive to establish.
Wildflower meadows were less expensive overall but more difficult to establish, and received
mixed public reaction, especially in the first year. This seemed to be more positive where
interpretation was provided. Long grass was the ‘easiest’ and cheapest habitat type to deliver,
although it is prone to accidental cutting by under-informed staff or contractors. This option
can require interpretation effort to promote public acceptance of long grass as a component of
an urban park. Ongoing engagement with and education of grounds maintenance staff and

contractors is essential to maintaining any of these habitat types in parks (section 2.4.6)

6.2.2 Wildflower meadow plot establishment

Johnson (2011) described overall success in establishment of the wildflower meadow
treatment plots, although the percentage cover of different species, and species richness,

varied between individual plots (Johnson, 2011). The percentage cover of sown forbs and

212



(sown) fine grasses in the treatment plots (considered desirable) was significantly higher than
in controls, while percentage cover of non-sown coarse grasses (considered undesirable) and
Trifolium repens was significantly higher in the controls than the treatment plots (Johnson,
2011). Figure 6.1 shows the percentage cover of coarse grasses and sown forbs for each
meadow plot, against a summary of the methods of seedbed preparation. Although not
statistically testable due to the constrained sample size for different preparation techniques,
more intensive seedbed preparation appeared to result in more sown forbs and fewer coarse
grasses becoming established. Plot siting and seedbed preparation appeared to be major
influences on plant community composition in the first three years (Johnson, 2011). This
could not be tested statistically, however differences in species composition were not
explained by abiotic conditions such as nutrient content or pH. Abiotic factors and ongoing
management are likely to become more influential as the meadows continue to develop
(Johnson, 2011). Low levels of soil phosphorus are important for the long-term maintenance
of plant diversity in grassland systems (Fagan et al., 2008; Janssens et al., 1998), while high
available nitrogen can promote the growth of competitive nitrophilic species (e.g. Crawley et
al., 2005). Other management techniques that should favour meadow establishment include
rolling the seedbed (e.g. Wells et al., 1981) and adhering to an appropriately low sowing rate
(Flower, 2008). These conditions were not met in all cases by the project partners. Autumn
sowing may also have been beneficial as this can reduce weed cover (Gilbert et al., 2003),

although was not feasible due to the timeframe of the project.
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Figure 6.1 Percentage cover of ‘coarse grasses’ and ‘sown forbs’ for each treatment
plot, with a summary of the methods of seedbed preparation listed beneath. From
Johnson (2011) WP = Waterlow Park, TMA/TMB = Tottenham Marshes A and B, KG
= Kensington Gardens, PH = Parliament Hill, PR = Peckham Rye Park, GP = Green
Park, PF = Perrets Field

Johnson (2011) states that it is vital for ‘wildflower meadow’ creation projects to distinguish
between attempting to restore semi-natural habitats, and creating diverse swards that are
attractive and increase biodiversity. He states that the meadows in this project achieved the
latter, and increased plant species richness in the parks. In urban meadows, the species sown
and the management regimes used need to be tailored to project goals, available resources,

site location, and likely pressures on the meadows.

Based on establishment success of plant species in the meadow plots and comparison with
existing literature (Pywell et al., 2003; Johnson (2011) suggested a mix of species that are
likely to establish successfully across a number of soil types and could be used as a core

component of urban meadow creation projects. These were: Agrostis spp., Festuca spp.,
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Cynosurus cristatus, Leucanthemum vulgare, Achillea millefolium, Plantago lanceolata,
Centaurea nigra, Lotus corniculatus, Galium verum, Prunella vulgaris, Hypochaeris
radicata and Rumex acetosa, with further species added where resources allow, according to

soil type, pH and site hydrology.

6.2.3 Treatment plot effects — vegetation and invertebrates

All trial plots contained significantly more bird food resources (invertebrates and seed) than
the short amenity grass controls. The wildlife seed plots contained the most seed (both
standing and ground seed) in autumn and winter (section 3.5.1). They also contained the
tallest vegetation (section 3.5.2), most bare ground (section 2.5.1), and in winter, the most
lodged vegetation (section 3.5.2). Some seed (linseed) was also available in these plots in late

summer (in 2011) (section 3.5.3).

Wildflower meadows contained the highest numbers of invertebrates in the ‘bird food’ group
(using vacuum sampling) (section 4.6.3). The other plot types contained high numbers of
particular invertebrate groups, such as bees in the wildlife seed plots and Auchenorrhyncha in
long grass plots (section 4.6.1). These differences were probably due to the presence of
particular plant groups. Phacelia tanacetifolia in the wildlife seed plots is known to be
attractive to bees (Walther-Hellwig & Frankl, 2000; Carreck & Williams, 2002), while
Auchenorrhyncha are strongly associated with grasses (Prestidge & McNeill, 1983).

Invertebrate variety, measured at the family level, was generally highest in wildflower
meadows for the groups analysed. This included Coleoptera (in vacuum samples), and
Heteroptera (in both sweep net and vacuum samples) (section 4.6.7). The high family level
variety of Coleoptera in wildflower meadows appeared to reflect high variety of ground
dwelling Carabid beetles. For Heteroptera, variety at the family level was higher in both
wildflower meadow and wildlife seed plots than in long grass. For both groups this increased
variety may have been due to the varied plant resources in these plot types supporting a wide
range of feeding strategies. Different Heteroptera species have a range of feeding habits (e.g.

Gibson, 1976; Salas-Aguilar & Ehler, 1977) and the greater diversity of forb species / flowers
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present in the wildflower meadow and wildlife seed plots may have allowed for a wider range
of feeding strategies to be supported. For ground dwelling beetles, wildflower meadows are
likely to support the widest variety of species (and families), through the presence of
structurally different patches (e.g. Dennis ef al., 1997) in comparison with the more uniform
long grass plots (Chapter 2). Additionally, in the first few years of their establishment, the
wildflower meadows may resemble early successional ‘brownfield’ sites, found by Small et
al. (2002) to support species-rich assemblages of Carabid beetles. The wildlife seed plots are
re-cultivated each year and contain fewer sown native plants, so are less likely to resemble
this kind of habitat. The tall flowering structures present in both wildlife seed and wildflower
meadow treatment types should support a diversity of pollinators, seed feeders, gall-
producing species and other insects that exploit flowers and their stems (Woodcock et al.,

2009, Littlewood et al., 2012).

Sward height was the most consistent factor promoting abundance of a number of
invertebrate groups. This accounts for the low invertebrate abundance found on short amenity
grass controls (section 4.6.2), and forms a simple message for park managers that reducing
intensity of grass mowing should provide conservation gains in the urban environment, as
demonstrated for grassland Hemiptera by Helden & Leather (2004), and grassland spiders by
Keep (2006). Short swards generally contain a lower abundance and reduced diversity of
insects compared with taller ones (Dennis et al., 1998; Morris, 2000) - a relationship which is
underpinned by both the greater biomass of taller, more structurally complex swards and the
greater range of niches available in them for invertebrates (Littlewood et al., 2012). Taller
grasslands usually have higher invertebrate species diversity because they provide a greater
level of heterogeneity in terms of feeding and oviposition sites, refuges and microclimatic
conditions (Helden & Leather, 2004), although both phytophagous and predatory
invertebrates can also be enhanced in taller swards where the driver for the phytophagous
species appears to be higher nutrient content of the taller vegetation (Dittrich & Helden,

2012).

Further (negative) predictors of abundance for various groups included the amount of bare
ground present (e.g. Araneae, Diptera), variation in sward height (various groups), and

distance to neighbouring areas of long grass habitat (e.g. Auchenorrhyncha, Orthoptera)
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(section 4.6.2). The negative association for several groups with bare ground and sward
height variation is seemingly at odds with the known positive impacts of structural diversity
on invertebrate populations (e.g. Littlewood et al., 2012). It may be that these measures acted
as a proxy in some analyses for the different treatment types, of which wildflower meadows
supported the highest numbers of many groups, probably due to containing the widest variety
of native flowering plant species (e.g. Noordijk et al., 2010) and grasses (e.g. Prestidge &
McNeill, 1983), and which contained less bare ground and a more uniform sward than the
wildlife seed treatment plots (after year one). There may also have been an effect of the
taxonomic level to which groups were identified, by which the detail of structural
associations of different species was lost. Auchenorrhyncha for example are known to be
strongly vertically stratified (e.g., Brown Gibson & Kathirithamby, 1992). The negative
relationship of grass-associated invertebrate groups with distance to areas of other long grass
habitat is likely to reflect the function of these as refuge areas and habitats for source

populations (e.g. Dennis, 2003; Littlewood et al., 2009; Noordijk ef al., 2010).

Based on the project results overall, the increased biomass of a taller sward, a variety of
sward structures, a wide variety of grasses and flowering plants, and refuge areas of tall

vegetation that are rarely cut, should benefit the highest numbers of invertebrate groups.

6.2.4 Pollinator communities in wildflower meadows

A Masters project was carried out by Shackleton (2011) on pollinator communities in the
wildflower meadow treatment plots and their controls. The meadow plots showed higher
pollinator abundance than controls for 12 out of 14 groups recorded. Bumblebees, hoverflies
and butterflies all showed significantly higher species richness in the treatment plots than the
controls (Shackleton 2011). These results indicate that the wildflower meadow plots were
much more attractive to pollinators than the amenity grass controls. In fragmented habitats
such as cities, individuals may accumulate where patch resources are superior to those of the

surroundings (Steffen-Dewenter & Tscharntke 2000).
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The predominant pollinator species recorded by Shackleton (2011) were bumblebees (59.5%
of individuals recorded). Of these, 96.7 % of individuals belonged to one of the ‘big six’
common generalist species: Bombus lucorum, Bombus terrestris, Bombus hortorum, Bombus
lapidarius, Bombus pascuorum and Bombus pratorum (Prys-Jones & Corbet 1991). B.
lapidarius made up 56.3% of all Bombus individuals. Episyrphus balteatus made up 78.5% of
hoverfly individuals, and 75.6 % of butterfly individuals were either Pieris rapae or Maniola
jurtina. Urban areas are likely to host more generalist than specialist species for a number of
reasons. In urban areas, the process of succession is often not allowed to occur, so habitats
remain relatively uniform (Niemela 2011). Generalist species also tend to have good dispersal
capabilities compared to specialists, and so are less affected by habitat fragmentation and
isolation through urbanisation (e.g. Strauss & Biedermann 2006; Niemela 2011). Surviving
patches of habitat also tend to consist of a disproportionate amount of edge habitat (Niemela
2011), leaving a small suitable area for species intolerant of edge effects. Nectar feeding species
that can feed from a wide variety of flowers including exotic and invasive species, are more likely
to survive in urban areas, where the number of these types of plants is high (e.g. Biesmeijer et al.
2006). Butterflies for example are opportunistic nectar feeders (Hardy & Dennis 1999), so larval
host plant availability may be more limiting than nectar sources, and species with common or
multiple larval foodplants (e.g. Riley 2007; Koh & Sodhi, 2004) are more likely to survive

urbanisation.

All pollinator groups showed considerable variation in abundance between sites, however
there was no one site which outperformed the others across all groups (Shackleton, 2011).
This may have been due to the different plant species composition of plots between sites
(Johnson, 2011) providing more suitable resources for some pollinator groups than others.
There was considerably less variation in species richness between sites however, as
demonstrated by the bumblebees (Shackleton, 2011), probably due to poor dispersal ability

and low immigration of more specialist species (e.g. Lundholm & Richardson 2010).

Shackleton (2011) also assessed habitat within 300 m of each meadow to create a habitat
quality index (HQI) and a connectivity measure (C). Differences in pollinator abundance and
species richness were analysed against the following variables: plot type, mean vegetation

height, plant species richness, plot size, connectivity, HQI, temperature and light intensity.
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Responses to vegetation structure and height were not consistent across pollinator groups,
with both positive and negative effects recorded. This supports the need identified through
sampling of other invertebrate groups in the wider project for high structural variety of sward
in order to support the most species (section 6.2.3). Likewise, the pollinator groups showed
differing responses to landscape variables. Some general trends were however clear.
Connectivity showed a significant positive relationship with butterfly abundance and
butterfly species richness (Shackleton, 2011), presumably through aiding dispersal across a
highly fragmented landscape. In contrast, relationships with the habitat quality index (HQI)
of pollinator abundance and species richness were generally negative, demonstrated
particularly by the Syrphidae (Shackleton, 2011). This may be expected in fragmented urban
habitats, with individuals accumulating where patch resources are superior to those of the
surroundings (Steffen-Dewenter & Tscharntke 2000), and therefore being more generally

widespread where more resources are available in the wider landscape.

6.2.5 Treatment plot effects — birds

Despite containing abundant invertebrate resources, wildflower meadows were not observed
being used by house sparrows, and only a few observations were made of house sparrows
using long grass plots, while wildlife seed plots were used most by house sparrows (section
5.5.3). Use of wildlife seed plots was highly seasonal and almost entirely confined to the
breeding season, when invertebrates are required for feeding young, rather than in autumn or
winter when diet is dominated by seed. Observations suggested that the majority of visits to
these plots by house sparrows were for gathering invertebrates, although use by fledged
juveniles was also commonly observed, which may have been feeding also on young seeds or
other plant material (section 5.5.3). Use of the plots at this time is consistent with the need for
adults to achieve breeding condition and to provision young, and with lack of invertebrate
food at this time limiting productivity (Peach et al., 2008; Peach, Sheehan & Kirby, 2014:
Peach et al. in press). However, overall invertebrate abundance in a plot, even of the ‘bird
food’ group, was not therefore a key predictor of house sparrow use, and some other property
of the plots must have been more important. In the main analyses, the most significant
predictors of house sparrow use were the amount of bare ground present among plot
vegetation, and season (section 5.5.2). This suggests that the access to invertebrate or other

food provided in the breeding season by the open structured vegetation of the wildlife seed
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plots was more important than food abundance per se — an observation supported by recent
literature on the importance of varied vegetation structure in providing access to food for
birds (e.g. Buckingham, 2005; Vandenberghe et al., 2009; Douglas et al., 2010; Hoste-
Danylow, Romanowski & Z 'mihorski, 2010).

It was surprising that analyses did not show use of plots to be related to their distance from
house sparrow nest sites, hedges, or alternative potential food sources (section 5.5.2). This is
in contrast to findings by Vangestel et al. (2010) and Shaw et al. (2011), which suggest that
urban house sparrow foraging range is dictated by habitat patch connectivity through hedge
cover, and distance from nest sites, respectively. In a separate analysis of the project data by
Friend (2011), distance to nest sites was a significant predictor of plot use, although a sub-set
of the data was used here as data entry had not yet been fully completed. While some
differences in results between different statistical models, and between the full data set and its
subset, are to be expected, there remains a contradiction between these two results. The body
of evidence that most house sparrow movements for foraging, especially during the breeding
season, are over short distances (e.g. Cheke, 1972; Heij and Moeliker, 1990; Anderson, 2006;
section 1.2.3) supports the likelihood that treatment plots located closer to nest sites or shrub
cover may be used more frequently. One possibility is that most of the plots were located
close enough to house sparrow colonies for differences in distance to have had a negligible
effect on their relative use. Apart from in the most centrally located parks (Green Park, Hyde
Park, Kensington Gardens and Waterlow Park), where house sparrows were essentially
absent apart from occasional sightings or distant colonies (Hyde Park trial plot at 617 m), all

of the plots were located within 437 m of house sparrow nest sites (Appendix 6).

Higher productivity was observed in house sparrow colonies where wildlife seed plots were
present in the local park, compared with sites where wildflower meadows were present. In
some analyses, productivity was also higher where long grass plots were present than where
wildflower meadows were present (section 5.5.2). Although control sites without trial plots
were not included in the study, and some parks contained more than one plot type, the
complete lack of house sparrow use of the wildflower meadows allowed for reasonable
comparison of productivity between meadow and ‘non-meadow’ sites. It is also possible

however that these colonies had higher productivity than other sites before the introduction of
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the treatment plots. While the first year’s breeding population surveys can provide a baseline
for house sparrow population size at each site prior to instatement of the plots (as these would
not have been in place in time to affect over-winter survival the preceding season) they
unfortunately do not provide a baseline for productivity at the sites. Despite this, overall
productivity near long grass and wildflower meadow plots varied greatly between years,
while at sites near wildlife seed plots this was more stable across years. This suggests that the
presence of wildlife seed plots might have helped to buffer local colonies against food
shortages in some years. Presence of wildlife seed plots would have provided an accessible
food source during the breeding season, when invertebrate food is most needed for nestling
and fledgling birds. This seems likely as there are known positive effects on house sparrow
reproductive success of increasing invertebrate supply (Peach, Sheehan & Kirby, 2014: Peach

et al. in press).

6.2.6 Air pollution

A significant negative correlation was found between modelled levels of NO;, and house
sparrow productivity, using juveniles as a measure (section 5.5.2). Juvenile counts provide a
reliable measure of productivity of a colony, as Peach ef al. (2013) found that both fledgling
and juvenile counts were positively correlated with nest counts, both across colonies and

acCross surveys.

This result ties in with relationships found in other studies where air pollution levels have
shown negative correlations with house sparrow chick condition and growth (Peach et al.,
2008), and house sparrow population changes (Ockenden, unpublished data). All these
studies however, including this project, have been correlative rather than experimental. As
such, this project lends some support to the possibility of air pollution having negative effects
on urban house sparrows, particularly through some mechanism that affects productivity. It

does not however provide any direct evidence to support this hypothesis.

Any mechanisms by which air pollution may affect house sparrows are not yet understood,
and could involve direct effects on house sparrows themselves, effects on their invertebrate

prey, or other indirect mechanisms (Peach et al., 2008). This study did not provide any strong
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evidence for an effect of air pollution on ‘bird food’ invertebrate abundance within treatment
plots (section 4.6.4), although direct in situ pollution monitoring, rather than modelled data,

would provide more meaningful results at the spatial resolution used here.

6.3 Implications of project results for urban land managers

Land managers need to weigh up costs and benefits of each of the treatments tested here in
the context of priorities and constraints on their sites (section 2.6.1). Wildlife seed plots
proved to be the most beneficial for foraging house sparrows and well received by the public,
but considerations such as expense and the use of non-native species may preclude their use
at some sites. Created wildflower meadows provided the most overall benefits for
invertebrates and were less expensive than wildlife seed plots, but were not used by house
sparrows. Initial establishment of this habitat type can be difficult, especially if the aim is to
re-create a diverse semi-natural grassland community. The goals of any diverse grassland
creation or restoration project need to be clearly defined. Long grass was the cheapest habitat
type to deliver, although it is prone to accidental cutting by under-informed staff or
contractors and can require interpretation effort to promote public acceptance. Decisions by
park managers on which treatment type to establish in their park will need to balance

budgetary and stakeholder requirements against biodiversity aims.

Beyond the specific habitats tested in this project, a number of recommendations can be made
from the project results on general management principles for biodiversity conservation in
urban green spaces. Results of the invertebrate monitoring and bird use surveys clearly
demonstrate the low habitat quality provided by short amenity grass. Maintaining areas of
taller grass, or indeed any other taller (preferably native) vegetation, will improve habitat
quality for biodiversity. This need not be in large regular shaped plots as used in this project,
but can be designed to fill corners or follow borders, to enhance the aesthetic appeal of a site.
This more relaxed approach to urban park management can also incur financial savings

(section 2.4.6).
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The results of bird monitoring demonstrate the importance of heterogeneous vegetation
structure and patches of bare ground, in allowing birds access to invertebrate and other food
resources (section 5.5.3). Vegetation structure can be varied by mowing paths into long grass
or meadows, and by incorporating different heights of vegetation into plantings. Where non-
native species are undesirable, some components of the wildlife seed plot vegetation used in
this project could potentially be replaced by native species with similar ecological roles, to
provide a similar habitat structure and ecological function. For example borage Borago
officinalis may replace Phacelia tanacetifolia in providing for pollinating insects, and teasel
Dipsacus fullonum can provide a tall stemmed seed source for some birds. Bare ground areas
can be maintained by annual cultivation of wildlife seed type habitats, or by scarification of

more grassy habitats such as wildflower meadow and long grass areas.

This project, along with other recent studies on house sparrows, has indicated that habitat
structure is of key importance in urban areas. This applies both within foraging vegetation,
shown in this study, and in the wider local environment (section 1.2.10). Increasing habitat
connectivity through provision of hedges and shrubs, and providing varied heights of other
vegetation, including uncut invertebrate refuge areas and patches of bare ground for bird
access, in the vicinity of house sparrow nesting sites, may provide a mechanism for
supporting or increasing local populations. Provision of hedges should help to increase
foraging range through increased habitat connectivity, whilst mitigating against indirect
behavioural, if not direct effects of predation (Vangestel et al., 2010). Hedges may potentially
also reduce any effects of pollutants through acting as physical barriers to air pollution
(Varshney & Mitra, 1993; Keuken & Van der Valk, 2010). Diversifying vegetation structure
in adjacent areas and including areas of open ground should increase the supply and

accessibility of invertebrate prey.

For urban land managers, sites where house sparrow populations are already present within or
adjacent to the site would be of highest priority for deploying wildlife seed type habitat
patches to provide accessible invertebrate food, and could also be improved for house
sparrows through the above suite of wider measures. Site managers with a general brief to
increase biodiversity in their parks could opt for one of the less expensive treatments, or a

general policy of reduced vegetation cutting frequency, and achieve substantial
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improvements for wildlife compared with a landscape of short amenity grass. Where house
sparrow populations are already present within the site or in neighbouring streets these sites
would be of highest priority for deploying wildlife seed type plots, and for the above suite of
recommended habitat improvements; while site managers with a general brief to increase
biodiversity in their parks could opt for one of the less expensive treatments and achieve

substantial improvements for wildlife.

6.4 Study limitations

This was an ambitious study involving several different strands of investigation and
numerous project partners and trial sites. As such there were a number of study limitations,
described here. Every effort was made, where possible, to mitigate and account for such

limitations in the project set up and in analyses.

6.4.1 Project set-up

The sample size for each treatment type in the study was either 8 or 9 trial plots (section
2.4.1), each with an associated control plot, the total combined number of plots in the trial
being 50. While this is lower than ideal, it was the maximum number that could be instated
and monitored given the financial and human resourcing of the project, and is relatively high

compared with other field trials of this nature (e.g. Carvell et al., 2007).

As treatment plots were set up and managed by eight different partner organisations across
nineteen different sites, there were inevitably differences between management techniques
for different plots. This was minimised as far as possible by providing clear, step by step
work plans for management of each individual treatment plot and its control (Appendix 2),
and by engaging directly with park staff and contractors as well as site managers. For
wildflower meadows, which were the most complicated treatment to instate, analysis of
management techniques and their effects on plant species composition of the plots was

carried out by Johnson (2011).
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The trial was set up as a paired experiment, in which each treatment plot was compared
against a control plot. This was to account for variation between parks in terms of
management, as well as size, surrounding habitat, distance from house sparrow colonies and
other confounding variables. As such, direct comparisons between treatment and control plots
were valid. In analyses, the variable ‘Park’ and interactions between Park and Year, and Park
and Plot (‘Plot’ being an individual plot identifier), were included in all models as random
effects, to account for random variation between park sites. In addition, measurements of
variables such as distance from hedges, house sparrow nest sites and other food sources were
included in analyses and would have accounted for minor differences between trial and

control plots as well as differences between parks.

Ideally, the trial would have been set up to include monitoring of control sites, where no
treatment plots were instated. This would have been particularly useful for analysis of
changes in demographic parameters in local house sparrow populations. Unfortunately this
was not possible due to resource limitations, so comparisons of population size and
productivity could only be made between parks containing different treatments. Additionally,
stakeholder questionnaires could have been better designed to allow more powerful analysis

of stakeholder reactions using social science techniques.

6.4.2 Invertebrate sampling

There were limitations to the sampling techniques used, particularly for some invertebrate
groups. Ants are a social species with clumped spatial distribution (nests), and are often
surveyed by area searching and hand-sampling, although the similarity in composition of ants
sampled by different methods in the same habitat may be more similar than has been appreciated
(Gotelli et al., 2010). Andersen ef al. (2002) found that a greatly simplified sampling protocol
yielded representative results for ant community composition compared with more
comprehensive surveying. Although simplified sampling methods may sometimes be
appropriate (e.g. Andersen et al., 2002), and abundance rather than community composition
of ants was considered in this project, the sampling protocol may nevertheless have
introduced bias, as an area searching technique was not used. In analyses, groups for which a

high number of zeroes were obtained in samples, resulting in under-dispersion of data (such
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as may be expected for ants due to the clumped distribution of ant hills) were analysed using
zero-inflated-poisson models (section 4.3.5). Ants however did not fall into this category —
indicating that their distribution among samples was seemingly not strongly clumped - and

were analysed using generalised linear mixed models.

Vacuum sampling and sweep netting tend to achieve different results for different groups of
invertebrates. Doxon ef al. (2011) found that different invertebrate groups dominated samples
from each technique. Diptera, Homoptera and Hymenoptera dominated vacuum samples,
while Homoptera, Orthoptera and Araneae dominated sweep net samples. They observed that
neither sampling method effectively sampled all invertebrate families and that investigators should be
aware of the potential biases of different sampling techniques. Results from both methods are
reported in this project, and are treated separately (section 4.4). The differences observed for
some groups between the two techniques were probably in part due to differences in
vegetation use by different types of invertebrate. In contrast to Doxon ef al. (2011), in this
project adult Diptera were observed in much greater numbers in sweep nets than in vacuum
samples (Table 4.2, Table 4.3) — perhaps due to the rapid motion of sweep netting giving less
time to escape, whereas more prolonged disturbance is caused by vacuum sampling. In
addition, both sampling methods have limitations in taller vegetation. Sweep nets are most
effective for invertebrates from the top part of taller vegetation, and less effective in dense
vegetation (Leather, 2005); while the sampling efficiency of vacuum methods is poorer in
taller vegetation (Brook et al., 2008). Lower overall invertebrate numbers recorded from
wildlife seed plots might have in part been a result of lower capture efficiency due to taller
vegetation in this plot type. However the Vortis sampling effort (minimum 100 sub-samples
per trial plot, of 16 seconds duration each) approached that recommended by Brook et al.
(2008) for effective sampling of a range of taxa, including Heteroptera. A much lower
sampling effort would have been required if Heteroptera had not been included in the analysis
(around 55 sub-samples according to Brook et al., 2008). The inclusion of sward height in the
analyses showed a positive relationship between sward height and the abundance of many
taxa, using both methods (Table 4.2, Table 4.3). Given that capture efficiency may be lower
in taller vegetation, these relationships are if anything likely to be more, rather than less,

significant than indicated.
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Surveying for adult Lepidoptera usually involves transects (Pollard & Yates, 1993), and this
third technique was used in the Masters project on pollinator groups in wildflower meadows
(adult Lepidoptera, bees and hoverflies) (Shackleton, 2011) to determine any patterns that
may have gone undetected using vacuum sampling or sweep netting. Ideally this would also

have included the other treatment types, but this was outside the scope of a Masters project.

Body size of invertebrates can influence whether they are picked up in samples. Doxon et al.
(2011) observed that sweep netting was more effective than vacuum sampling at capturing
large (>50 mm) Orthopteran and Lepidopteran larvae. Differences between sweep net and
vacuum sampling are most notable for small invertebrates, which tend to be collected by
vacuum sampling but not by sweeping, where the air draught can push them away from the
net (Buffington & Redak, 1998). In this project, samples were sorted into size classes, and
only invertebrates over 2mm in body length were included in the analyses. Further analysis
could potentially be carried out on different size classes, although the use of both sampling

methods will have accounted to some extent for the limitations of each method.

Due to resource limitations, the taxonomic levels to which invertebrate identification was
carried out were not as detailed as desired, meaning that treatment effects on species richness,
and on individual species, could not be analysed. More detailed identification was undertaken
for some major groups (Coleoptera and Heteroptera), although this was to family rather than
species level. This did give some more detail on the variety of invertebrates supported by
each treatment, and samples were retained for possible further identification in future.
Identification to species level was carried out for one family of Coleoptera in 2011
(Carabidae), giving some insight into habitat associations within sites (Appendix 13), but did

not provide enough information for analysis of species richness.

6.4.3 Bird surveys

Some degree of observer bias will have been introduced into the project data through use of
volunteers for bird counts at treatment and control plots, and potentially through different
members of RSPB staff carrying out house sparrow population surveys. Faanes & Bystrak

(1981) evaluated observer bias in sampling of breeding bird populations and found that in

227



most cases, differences between well trained observers contributed little beyond sampling
error. They cautioned however that care should be taken in choosing observers, and in
interpreting results from observers of variable competence. In this project, observer bias was
minimised through the interview and induction process for staff, and the selection process for
volunteers, which required prior birdwatching experience. Induction and training of
volunteers was also carried out by experienced RSPB staff. ‘Observer’ (staff / volunteer) was
included as a variable in analysis of data from bird counts, although not from house sparrow

population surveys as the population surveys were carried out by experienced staff.

Counts of house sparrow nests and numbers of fledglings / juveniles in urban and suburban
areas are limited by access, especially where nests are located in back gardens of houses. A
standard route is walked however, as in methods recommended by De Laet, Peach &
Summers-Smith (2011), so this limitation remains constant between surveys. The counts of
house sparrow nests carried out may have been dominated to some extent by nests that
subsequently fledged young, as both visibility and audibility of nests increase with chick age
and brood size, through increased provisioning rate and increased begging volume
(Anderson, 2006; Peach et al., 2013). Lack of access to back gardens may likewise have
resulted in bias towards counting juveniles that have successfully fledged and survived, as
young fledglings are relatively immobile (Peach et al., 2013; pers. obs.), and most chick
mortality occurs within four days of hatching (Peach et al., 2008; 2013), so that chicks which
survive beyond the first few days of life are more likely to be observable. The surveys could
therefore have slightly overestimated productivity. However, surveys were carried out by
trained RSPB staff, and searches for both nests and individual birds were carried out
thoroughly according to accepted methods (De Laet et al., 2011). Despite the above
limitations, Peach et al. (2013) showed that in such standardised count methods, variation in
fledgling and juvenile counts reflected variation in counts of active nests both across colonies
and across surveys. These relationships were fairly strong despite the potential weakening
effect of variation in post-fledging mortality. Aggregate counts of fledglings and juveniles
across surveys were representative of a more intensive sampling regime, also tested by them,
and were a useful indirect measure of the extent of local mid to late chick stage breeding
activity (Peach et al., 2013). It is therefore likely that results of fledgling and juvenile surveys
in this project gave a good representation of productivity at the surveyed house sparrow

colonies.
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Due to limited resources, only a sub-set of sites were surveyed for fledgling and juvenile
birds in the third year of the study. Results from the sites that were surveyed suggested this
was a year of poor productivity at some sites, while sites where wildlife seed treatment plots
were present showed relatively high productivity (section 5.4.2). This is an interesting result,
and ties in well with previous studies as discussed in the thesis (e.g. Peach ef al., 2008), but
unfortunately the power of this observation is relatively low and would have been higher if
full surveys had been possible. Due to the set up of the project (paired treatment and control
plots), the most reliable results of the study are the differences between treatments and
controls in invertebrate abundance and bird usage. It was decided therefore that resources

were best spent on obtaining results for these aspects of the study.

6.4.4 Pollution analysis

In analyses of relationships between air pollution levels and house sparrow demographic
parameters, and between air pollution levels and invertebrate abundance, modelled pollution
levels were used rather than direct measurements at colony sites or treatment plots. These
models were based largely on distance from roads (Appendix 11), and would not have taken
into account variation arising from the diffuse nature of air pollution, such as local spatial
variation due to physical barriers or temporal variation due to weather patterns. The
explanatory power of the analyses was therefore low, and these did not take into account non-
independence of the data points. It would have been more useful, especially at the within-plot
scale, to have measured pollution levels directly; and analysis of time series data may have
provided more meaningful results. A Masters study to directly measure pollution levels

within the plots was in fact planned, but due to unforeseen circumstances did not go ahead.

6.4.5 Overall assessment of limitations

The paired design of this project was designed to account for variation between sites, and
allowed direct comparison of treatment plots against controls. As far as possible, differences
between sites were also accounted for by including potential sources of variation in the
statistical analyses used. Due to the limitations of running such a large field trial, which

meant that control sites could not be surveyed, the strongest results of this thesis are those
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comparing treatments against controls, subject to the limitations described in this section. The

least powerful analyses are those of pollution data and stakeholder reaction surveys.

6.5 Knowledge gaps and future research

More precise and detailed experimental studies on creation and management techniques for
diverse grassland communities in an urban setting would be beneficial. In particular, long
term monitoring (far beyond the 3 years of this study) of created urban wildflower meadows
would be useful to determine changes in structure, species composition and invertebrate
communities over time, to inform management of urban green spaces for plant and

invertebrate conservation.

Future research that may benefit house sparrow conservation could include direct
observational studies on foraging in the presence and absence of predators, and the
behavioural effects of manipulating habitat structure and connectivity where predators are
present. Detailed investigation of neighbouring urban house sparrow colonies, including
productivity and survival, genetic analysis of relatedness within and between colonies, and
mark-resighting to assess movement between populations, as in rural areas by Hole et al.
(2002) may help to determine the level of mixing between urban colonies. Concurrent
investigation of relationships between habitat connectivity and colony relatedness would be

informative.

Correlative results on air pollution gathered to date are supported by little direct evidence of
the effects of air pollution on house sparrows or their invertebrate prey. Fumigation studies
have been carried out with various groups of invertebrates (e.g. Houlden et al., 1990), but
new studies could be focused on particular bird prey groups, perhaps coupled with field
observations along pollution gradients, while controlling for habitat. Direct monitoring of
pollution levels at experimental sites and analysis of time series data may provide more

explanatory power than the analyses of modelled data in this study.
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Appendices

Appendix 1 Summary of site management prior to trial plot creation

Site Plot type Prior management
Beddington Park Long grass Short grass
Wildlife seed Short grass
Burgess Park Long grass Long grass (rarely cut)
Cheam Park Wildlife seed Long grass (cut in autumn)
Green Park Wildflower meadow Short grass
Hyde Park Long grass Short grass
Kensington Gardens Long grass Short grass
Wildflower meadow Short grass
Laycock Street Wildlife seed Short grass
Leyton Marshes Long grass Mix of long and short grass
Paradise Park Wildlife seed Short grass
Parliament Hill Long grass Long grass (rarely cut)
Wildflower meadow Long grass (rarely cut)
Peckham Rye Park Wildflower meadow Short grass
Wildlife seed Short grass
Perrets Field Wildflower meadow Short grass
Primrose Hill Long grass Long grass (rarely cut)
St. Helier Open Space Wildlife seed Short grass
Tooting Common Long grass Short grass

Tottenham Marshes A

Wildflower meadow

Long grass (rarely cut)

Tottenham Marshes B

Wildflower meadow

Long grass (rarely cut)

Waterlow Park Wildflower meadow Short grass

Wildlife seed Short grass
Waterworks Nature Reserve | Long grass Long grass (rarely cut)
Whittington Park Wildlife seed Short grass
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Appendix 2 Long grass trial plot specifications (example of 2011 work plan)

London House Sparrow Parks Project - Plot Specifications 2011
Hyde Park long grass plot

The grass in the long grass plot remains uncut through the winter, until cutting
commences in spring (usually late March)

The control area continues to receive an amenity grass cut in keeping with other
amenity areas of the park

The trial plot should be marked with corner posts to ensure it can be distinguished
from the control area

The long grass plot is cut as often as necessary through the spring (depending on
general management of the site), to a minimum height no shorter than 100mm.
Cuttings are removed after each cut

Commencement, frequency and cessation of cutting will be weather dependent. For
example in a wet spring, cutting may continue into late May

Following the first cut and removal of cuttings, if the accumulated debris is sufficient
to cause damage to the sward, this may require raking or harrowing to remove the
thatch. This will only be done if necessary, in discussion with the Project Officer

Cutting of the long grass plot ceases in late spring (usually May) for the remainder of the

year. The plot will be monitored for bird wuse untili November 2011
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Appendix 3 Summary of seed mixes used in wildflower meadow plots

Mix ‘a’: King’s seed company (http://www kingsseeds.com/)

5% Common Bent (Agrostis capillaris)

20% Crested Dogstail (Cynosurus cristatus)

15% Creeping Red Fescue (strong) (Festuco rubra subsp. rubrg)

20% Slender Creeping Red Fescue (Festuco rubra subsp. trichophylla)
20% Sheep's Fescue (Festuca oving)

1.3% Black Medick (Medicago lupulina)

0.7% Cat's Ear (Hypochaeris radicata)

1.0% Common Birdsfoot Trefoil (Lotus corniculatus- likely to be agricultural variety)
1.0% Common Knapweed (Centaurea nigra)

1.6% Greater Knapweed (Centaurea scobiosa)

1.0% Common Sorrel (Rumex acetosa)

0.7% Cowslip (Primula veris)

0.6% Hoary Plantain (Plantago media)

1.0% Ribwort Plantain (Plentago lonceolata)

1.3% Kidney Vetch (Anthyllis vulneraria)

0.7% Lady's Bedstraw (Galium verum)

1.0% Meadow Bultercup (Ranunculus acris)

2.0% Meadow Cranesbill {Geranium pratense)

0.5% Oxeye Daisy (Leucanthemum vulgare)

0.7% Rough Hawkbit (Leontodon hispidus)

1.6% Salad Burnet (Poterium sanguisorba- likely to be agricultural variety)
0.7% Selfheal (Prunella vulgaris)

0.7% Wild Carrot (Dowcus corota)

0.3% Yarrow (Achillea millefolium)

1.6% Yellow Rattle (Rhignthus minor)

Mix ‘b’: King's seed company (http://www.kingsseeds.com/)

5% Bentgrass (Agrostis capillaris)

20% Crested Dogstail (Cynosurus cristatus)

15% Creeping Red Fescue (Festuca rubra subsp. rubra?)
25% Slender Creeping Red Fescue (Festuca rubra subsp. trichophylia)
10% Sheeps Fescue (Festuco ovina)

5% Yorkshire Fog (Holcus lanatus)

0.5% Yarrow native (Achillea millefolium)

1.5% Common Knapweed (Centaurea nigra)

0.5% Wild Basil (Clinopodium vulgare)

0.5% Wild carrot (Doucus carota)

1.5% Meadow-sweet (Filipendula uimaria)
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0.5% Hedge Bedstraw (Galium album)

1.0% Lady’s Bedstraw (Galium verum)

0.5% Rough hawkbit (Leontodon hispidus)
1.0% Ox Eye Daisy (Leucanthemum vulgare)
1.5% Birdsfoot Trefoil native (Lotus corniculatus- likely to be agricultural variety)
0.5% Ragged Robin (Silene flos-cuculi)

0.5% Hoary Plantain (Plantago media)

1.0% Cowslip (Primula veris)

1.0% Self Heal (Prunella vulgaris)

1.5% Meadow Buttercup (Renunculus acris)
3.0% Yellow rattle (Rhianthus minor)

1.0% Red Campion (Silene dioica)

1.0% White Campion (Silene latifolia)

1.0% Bladder Campion (Silene vulgaris)
0.5% Tufted vetch (Vicia cracca)

Emorsgate ‘EMS5F':

2.5% Yarrow (Achillea millefolium)

10% Common Knapweed (Centaurea nigra)
10% Lady's Bedstraw (Galium verum)

2.5% Meadow Cranesbill (Geranium pretense)
5% Field Scabious (Knautia arvensis)

2.5% Meadow Vetchling (Lathyrus pratensis)
2.5% Rough Hawkbit (Leontodon hispidus)
6% Oxeye Daisy (Leucanthemum vulgare)
10% Birdsfoot Trefoil (Lotus corniculatus)
2.5% Musk Mallow (Malva moschata)

2.5% Ribwort Plantain (Plantago lanceolata)
6.5% Cowslip (Primula veris)

10% Selfheal (Prunella vulgaris)

12.5% Meadow Buttercup (Ranunculus acris)
7.5% Yellow Rattle (Rhignthus minor)

2.5% Common Sorrel (Rumex acetosa)

5% Bladder Campion (Silene vulgaris)
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Appendix 4 Wildflower meadow trial plot specifications (example of 2011 work plan)

London House Sparrow Parks Project - Plot Specifications 2011
Parliament Hill wildflower meadow plot

The plot is cut at least once during spring (usually late March until late April). It is then

allowed to grow throughout the summer until seeds have formed.

The plot is cut during this period to a minimum height no shorter than 100mm, removing all
cuttings. Then cutting ceases (usually late April) for the remainder of the summer until the
seeds have formed (usually late August). Commencement, frequency and cessation of cutting

will be weather dependent. For example in a wet spring, cutting may continue into May.

Any potential problem weeds such as thistle should be either spot-treated with herbicide (if

permitted) or removed by hand, in consultation with the Project Officer.

Once the meadow has established well, any fencing around the trial plot should be removed.

In autumn (usually late August) and in suitable weather conditions, the plot needs to be cut to
a minimum height no shorter than 100mm, with cuttings left and allowed to dry (usually for 2
to 5 days depending on weather and initial maturity of seed-heads). While drying, it shall be

turned at least twice before baling or being gathered up and removed from site.

Following removal of the cuttings, scarify the area using the appropriate machinery and

equipment (eg chain harrow).

The plot then remains uncut through the winter
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Appendix 5 Wildlife Seed trial plot specifications (example of 2011 work plan)

London House Sparrow Parks Project - Plot Specifications 2011
Cheam Park
Early March 2011:

Remove existing vegetation from the plot to leave a clean seed bed

If necessary, leave a fallow period of 10 to 14 days and then remove any weeds to leave a
clean seed bed

Mid / late March (depending on weather):
Rake the soil to an even finish, with a maximum particle size not exceeding 30mm

Using appropriate machinery or by hand, sow the seed mixes supplied through RSPB at the
following rates:
Wildlife seed mix (main plot component): 8g/square metre

Species composition: Linseed, triticale, barley, Phacelia, white millet, sunflower
Cornfield annuals mix (supplied in smaller bag): 4g/square metre

Corn chamomile, corn marigold, corncockle, cornflower, field poppy, scentless mayweed,
white campion

Sow the plot in two operations. The first, in the centre of the plot, comprises the ‘Wildlife
seed’ element of the mix. The second, around the perimeter of the plot, comprises the
cornfield annual flower element. There should not be a hard defined edge between the two
areas and each should graduate into the other (see diagram).

Lightly roll the seedbed and remove stones exceeding 30mm.

Cornfield mix @ 4g/m>  (No fertiliser required)

Wildlife seed mix @ 8g/m*
(Standard NPK fertiliser @ 10g/m?)

Cornfield mix @ 4g/m>  No fertiliser required
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May 2011:

If necessary, apply a standard NPK fertiliser to the centre only of the Wildlife seed mix plot,
application rate at 10g/ m” (see diagram). Avoid spreading fertiliser into the perimeter of the
plot where the cornflower mix is sown. Fertiliser should only be applied if rain is forecast in

the following days, or if it can be watered in, to avoid scorching the vegetation

The vegetation is then left in place over winter (plots will be monitored until at least

November 2011)
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Appendix 6 Closest locations of house sparrow nests to trial and control plots, recorded
during 2008 presence absence surveys and 2009 — 2011 breeding surveys

Park Trial plot type Distance from Distance from
trial plot (m) control plot (m)
Beddington Park Long grass 110 105
Wildlife seed 190 180
Burgess Park Long grass 366 437
Cheam Park Wildlife seed 286 237
Green Park Wildflower meadow | n/a n/a
Hyde Park Long grass 617 584
Kensington Gardens Long grass n/a n/a
Wildflower meadow | n/a n/a
Laycock Street Wildlife seed 34 50
Leyton Marshes Long grass 45 50
Paradise Park Wildlife seed 53 47
Parliament Hill Long grass 259 244
Wildflower meadow | 177 158
Peckham Rye Park Wildflower meadow | 300 420
Wildlife seed 105 122
Perrets Field Wildflower meadow | 100 92
Primrose Hill Long grass 334 314
St. Helier Open Space | Wildlife seed 190 186
Tooting Common Long grass 105 115
Tottenham Marshes A | Wildflower meadow | 312 264
A
Wildflower meadow | 295 355
B
Waterlow Park Wildflower meadow | n/a n/a
Wildlife seed n/a n/a
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Waterworks Nature | Long grass 418 399
Reserve
Whittington Park Wildlife seed 66 39
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Appendix 7 Partner questionnaires 2009 and 2010-11 (wildflower meadow examples)
London House Sparrow Parks Project - Land Management Questionnaire:

Wildflower Meadow plots 2009

In order to assess the ease of establishment of this plot type, we would greatly appreciate
your time taken in answering the following questions. In addition to your answers, please do
add any relevant comments or feedback you feel may be beneficial to the project, or to parks
implementing the plot type in future.

Section 1 — Plot Marking
Was a fence or rope put up around the plot, and if so for what period?

What were the reasons for fencing the plot?

What type of fencing was used? Please state reasons for choosing this style

Did you experience any vandalism of the plot, fence or signposts? Please describe

What equipment was used to fence or otherwise mark out the plot?

How many labour hours were needed to mark out the plot?

Section 2 — Plot Preparation

In the initial preparation of the plot, were any herbicides or other chemicals used? If so,
please state the chemical used and date of application.

Was a second herbicide application carried out? If so please state the date of application

How was the herbicide applied and what machinery, if any, was used?

How many staff hours did this take?

How was vegetation removed from the plot to leave a clean seed bed (especially if herbicide
was not used)? Please advise the date(s) when this took place.

What machinery or equipment was used for this? Please state make and model.

If herbicide was not used, was the above process repeated before cultivation? If so please
give the date this took place.

How many staff hours did this take (each time)?

Please give details of the methods used to cultivate the plot (e.g. turf stripping, rotorvation,
use of a special method such as adding crushed concrete etc)

What machinery or equipment was used for this? Please state make and model.

How many staff hours did this take?
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To what depth was the plot cultivated?

What machinery or equipment was used for this? Please state make and model.
Please state the date this was carried out.

How many staff hours did this take?

Was the plot then raked to an even finish? If so was this done by hand or machinery?
What machinery or equipment was used for this? Please state make and model.
How many staff hours did this take?

Section 3 — Plot Seeding

On what date was the plot seeded?

Was sand or another medium used to help with the initial spreading? If so, what medium?
Was the seed spread by hand or using machinery?

If machinery was used, please indicate tractor or seed spreader type, including make and
model.

Approximately how many staff hours did seed spreading take?

Who was responsible for spreading the seed? E.g. parks staff, contractors or volunteers?
Was the seedbed then rolled and stone-picked?

If so, what machinery or equipment was used for this? Please state make and model.
How many staff hours did this take?

Apart from natural rainfall, was the plot watered?

If the plot was watered, what method was used and how often did this happen? Please state
dates.

Roughly what percentage of the plot showed germination by the end of August 2009?
Was your plot re-seeded (during spring/summer) as a result of poor germination? If so, what

do you think were the main factors leading to poor germination?

Section 4 — Plot Maintenance
Cutting:

277



Please can you advise the number of times the plot was cut in 2009, and the dates of these
cuts.

Please state why this number of cuts were made (eg rate of grass growth, weed control)

Please advise the length of the cuts, and what type of machinery was used (please state make
and model).

How many labour hours did this take (per cut)?

How soon after cutting were cuttings collected? Please state the make and model of
machinery used.

How many labour hours did this take?

Weeding:

If the plot was weeded, please advise dates when this took place

If problems arose with particular dominating weeds, what species were these?

Please describe the method used to deal with weeds (e.g. hand pulling, spot treating with
herbicide, cut and collect etc)

Who carried out the weeding? (e.g parks staff, contractors, volunteers)
Please name any herbicides or equipment that were used to deal with the weeds
Approximately how much labour time was spent dealing with weeds?

Remedial action:
11. Was any remedial action taken on your plot? (eg autumn over-sowing with extra seed)

12. If so, please specify and give dates when the remedial action took place
13. How many labour hours were needed for the remedial action?

Section 5 — Comments and feedback
Were there any other problems / difficulties in instating your plot? If so please describe

How were these difficulties resolved?

Do you have any comments or suggestions for management of the plot during the rest of the
project?

Have you had feedback from the public about the plot? If so please describe.

Thank you very much for your time in completing this questionnaire.
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London House Sparrow Parks Project - Land Management Questionnaire 2010-11
Wildflower Meadow plots 2010-11

In order to assess the ease of maintaining this plot type, we would greatly appreciate your
time taken in answering the following questions. In addition to your answers, please do add
any relevant comments or feedback you feel may be beneficial to the project, or to parks
implementing the plot type in future.

Section 1 — Fencing

Was a fence or rope present around the plot at any time during 2010 or 2011?

If so for what period?

What were the reasons for fencing the plot?

What type of fencing was used? Please state reasons for choosing this style

Did you experience any vandalism of the plot, fence or signposts? Please describe

What equipment was used to fence or otherwise mark out the plot?

How many labour hours were needed to mark out the plot?

Section 2 — Plot Maintenance

Spring cutting:

Did the plot receive spring cuts in 2010 and / or 2011? If so please advise dates of these cuts.

Please state why this number of cuts were made (eg rate of grass growth, weed control) — or
if none, why no cuts were made.

Please advise the length of the cuts, and what type of machinery was used (please state make
and model).

How many labour hours did this take (per cut)?

How soon after cutting were cuttings collected?

How were cuttings collected? Please state the make and model of machinery used.
How many labour hours did this take?

Autumn cutting:
Please advise the date of the autumn cut in 2010

Please advise the length of the cut, and what type of machinery was used (please state make
and model)

How many labour hours did this take?

How long were cuttings left in place before being collected?
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Were cuttings turned before being collected? If so, how many times, and how long between
turnings?

What method was used to turn them? Please specify equipment and personnel used (e.g. staff,
contractors or volunteers)

How many labour hours did this take?
How were cuttings collected? Please state the make and model of machinery used.
How many labour hours did this take?

Scarification:
Was your plot scarified after the 2009 or 2010 autumn cut?

If the plot was scarified, please state the date(s) that this was carried out.

What machinery or equipment was used to do this? Please state make and model.
To what depth was the plot scarified?

How many staff hours did this take?

Section 3 — Remedial action

Weeding:

If weeds were dealt with in 2010-11, please advise dates when this took place

If problems arose with particular dominating weeds, what species were these?

Please describe the method used to deal with weeds (e.g. hand pulling, spot treating with
herbicide, cut and collect etc)

Who carried out the weeding? (e.g parks staff, contractors, volunteers)

Please name any herbicides or equipment that were used to deal with the weeds
Approximately how much labour time was spent dealing with weeds?

Other remedial action:

Was any other remedial action taken on your plot during 2010-11? (this could include
watering)

If so, please specify and give dates when the remedial action took place

How many labour hours were needed for the remedial action?

Section 4 - Future management

Do you plan to maintain your wildflower meadow plot after the end of the house sparrow

project?
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Please give reasons for maintaining / not maintaining the plot in the future

Section 5 — Comments and feedback
Were there any other problems / difficulties in managing your plot? If so please describe

How were these difficulties resolved?
Do you have any comments or suggestions for management of the plot during the rest of the
project or beyond?

Have you had feedback from the public about the plot recently? If so please describe.
Thank you very much for your time in completing this questionnaire.
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Appendix 8 Feedback questionnaire sent to partners at end of project

House Sparrow Parks Project — End of Project Questionnaire for Partners

Where appropriate please score between 1 and 10 (1 being lowest and 10 being the highest)

How well have the house sparrow plots been received by park users? Score

long grass [ |

wildflower [ ]

wildlife seed[ ]

What habitat features do you have in the vicinity of the current plots? Tick
Plot 1 (long grass) Plot 2 (wildflower meadow) Plot 3 (wildlife seed mix)

nest sites in buildings

hedges

OO OO
OO OO
OO OO

shrub beds

water

Other (please state)

How likely are you to retain the features ticked in question 2? Score

Comments:

How likely are you to retain your existing house sparrow plots? Score



Comments:

Are there any barriers to retaining the existing plots? Y/N

If yes, what are they?

How likely are you to create similar areas elsewhere in your park(s)? Score

Are there barriers to increasing the number of plots within your park(s)? Y/N

If yes, what are they?

Are the research results from the London House Sparrow Parks Project likely to

influence your wider park management? Y/N

What have you learned from the project about creating and managing targeted wildlife

provision within your parks?

Do you require any support (from the RSPB or others) to retain or increase the

number of meadows within your park(s)? Y/N

If yes, what could we do to help?

Would you like an on-site visit by RSPB to discuss your future plans and any

management issues specific to your park(s)? Y/N

Would you advise other park managers to create similar features in their park(s)?

Y/N

If no, what would be your reasons?
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Appendix 9 Online feedback questionnaire for Friends groups

=
RSPB

Enriching nature, Enhancing communities
London House Sparrow Parks Project Friends Group Questionnaire

The London House Sparrow Parks Project has been
monitoring trial wildlife areas (meadows) in 19 parks across

London.

We aim to increase food - insects and seeds - for urban birds,

especially house sparrows.

Thank you for taking the time to answer a few questions on the trial area(s) in your local

park. Your opinion will help us to work for wildlife in a way that local people can enjoy.

How often do you use your local park?

Daily Weekly Monthly Annually Other (please
state)

Are you a member of a ‘Friends’ group for the park?
Yes No

What do you use the park for?

Dog walking Leisure/relaxation ~ Sport / excercise Other (please state)

Would you like to see more wildlife in London’s parks?

Yes No

Were you aware of the trial wildlife area(s) in the park?

Yes No

6. Do you think this type of wildlife area is a good idea?
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Strongly agree Agree Indifferent Disagree Strongly disagree

7. Do you have any further comments?

e.g. any concerns about the wildlife areas and any potential solutions
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Appendix 10 Examples of established trial plots

Photographs of wildflower meadows

1. The Green Park, The Royal Parks 2011
Photo by Tim Webb, RSPB

2. Parliament Hill, City of London 2011 3. Peckham Rye Park, Southwark 2011
Photo by Lyndon Parker, RPSB Photo by Jacqueline Weir

4. The Green Park, The Royal Parks 2010 5. Perrets Field, Sutton 2009
Photos by Jacqueline Weir
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Photographs of wildlife seed plots

6. Peckham Rye Park, 2010

Photo by Jacqueline Weir

7. Waterlow Park, Camden 2009 8. Waterlow Park, Camden 2009
Photo by Tim Webb, RSPB Photo by Tim Webb, RSPB

9, 10, 11. Whittington Park, Islington 2009. Photos by Tim Webb, RSPB
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Appendix 11 Methods used in London Atmospheric Emissions Inventory modelling of
air pollutant levels

Taken from the London Atmospheric Emissions Inventory 2004 Report, Julius Mattai and
David Hutchinson Greater London Authority November 2008

The LAEI 2004 emissions estimation methodology

The LAEI emission estimates are predominantly based on emission factors and activity
datasets estimated or measured in the 2004 base year. Each year the latest sets of emission
factors and activity data are added to the LAEI and the full time series are updated to take

account of improved data and any advances in the emission estimation methodology.

The manual, LAEI 2004 Emissions Estimation Methodology, which can be found on the
LAEI 2004 CD-ROM, is a step-by-step guide to preparing the LAEI 2004 and it contains
information on the datasets, data sources, methodologies and assumptions used in estimating
emissions in the LAEI 2004. The Manual aims to provide a consistent and harmonised
approach to preparing and reporting the LAEI and this report draws heavily from the Manual.
Annual improvements to the Manual are undertaken to accommodate new technical
information and methodologies to improve comparability and transparency. Any

improvements in methodological approaches are implemented retrospectively to earlier years.

The emission factors used in preparing the LAE1 2004 were derived predominantly from four

main sources:

* The UK Emission Factor Database (EFD), which is based on emissions data used to
compile the NAEIL The emission factors in the UK EFD are UK average factors for a large
number of different source sectors, including industrial processes, combustion, transport,

residential and commercial combustion.

* EMEP/CORINAIR Emission Inventory Guidebook 2007 - prepared by the UNECE/EMEP

288



Task Force on Emissions Inventories and Projections (TFEIP) and provides a comprehensive

guide to state-of-the-art atmospheric emissions inventory methodology.

* United States Environmental Protection Agency (US EPA), Compilation of Air Pollutant
Emission Factors. The US EPA has developed a large compendium of emission factors,

which is known as AP 42 and it includes emission factors for some of the pollutants in the
LAEI 2004. The US EPA reviews and revises its air pollutant emission factors every three

years (US EPA, 2005).

¢ Other UK and European emission studies and literature.

Generally, emission factors are applied to activity data of acceptable quality to estimate
emissions (i.e., Activity Rate x Emission Factor = Emission Rate). The LAEI 2004 provides

emission estimates of what occurred in the base year 2004 but used socio-economic activity

data (e.g., population growth, energy use, indicators of economic growth, etc), emission

factors and a set of assumptions and simplifications of the future situation to make emission
projections for 2010. There are uncertainties associated with the projected 2010 emission
estimates; however, measures were taken to ensure that these uncertainties were assessed and

minimised.
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Appendix 12 NO; gradients within Peckham Rye Park, Southwark modelled from

London Atmospheric Emissions Inventory projections for the year 2010 by Laura Hill,

Imperial

College,

Peckham Rye

Meadow

Wildlife seed

Legend
Avr_No2

London
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Appendix 13 Carabidae species found in samples from 2011, and their habitat associations

WS=wildlife seed, WM=wildflower meadow, LG=long grass

Park Plot | Trial | Method | No. Species Count | Rarity a) Habitat
type | or sample (ISIS) association (ISIS)
cont. points 0,1,2,4,8, | b) Habitat details
in 16 (Luff, 1998)
which ascending
present rarity)
Cheam WS | Trial | Vacuum | 4 Bembidion 4 1 a) Unspecified
Park, obtusum b) Common in S
Sutton and E England,
open soil in dry
situations, esp.
cultivated ground
Cheam WS | Trial | Vacuum | 1 Syntomus 1 2 a) Field
Park, (Metabletus) b) Eastern UK, esp.
Sutton truncatellus E and SE England.
Open ground in
fields, open
woodland and
grassland
Green WM | Trial | Vacuum | 1 Calathus 1 1 a) Field
Park, Royal fuscipes b) Common and
Parks widespread in
Great Britain (few
in Ireland). Open
habitats with well
draining soil,
including gardens,
grassland and
cultivated land
Kensington | WM | Trial | Vacuum | 1 Calathus 1 1 a) Field
Gardens, fuscipes b) As above
Royal
Parks
Kensington | WM | Trial | Vacuum | 1 Amara aenea 1 1 a) Unshaded early
Gardens, successional
Royal mosaic
Parks b) Common in
England and Wales.
Dry, open and
sunny habitats
including gardens
Paradise WS | Trial | Vacuum | 1 Unknown sp. 1 NA NA
Park,
Islington
Paradise WS | Trial | Vacuum | 1 Harpalus 1 1 a) Field
Park, rufipes b) Very common
Islington and widespread in

Britain and Ireland.
Open dry
situations, esp.
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arable fields on
sand or chalk, and
waste ground.
Larvae feed on
seeds of many
common ‘weeds’

Parliament | LG | Trial | Vacuum Badister 1 a) Field

Hill, City bullatus b) Widespread in

of London (bipustulatus) Britain and Ireland.
Open, dry and often
sandy soils, usually
at low altitudes

Parliament | WM | Trial | Vacuum Notiophilus 2 a) Unshaded early

Hill, City substriatus successional

of London mosaic
b) Widespread in
Britain and Ireland.
Dry soils with little
or open vegetation

Peckham WM | Cont. | Vacuum Syntomus 2 a) Grassland and

Rye Park, (Metabletus) scrub matrix

Southwark obscuroguttatus b) Southern
England (not
Ireland). Moss and
litter on heavy soils
and in  damp
situations

Peckham WM | Cont. | Vacuum Syntomus 1 a) Unshaded early

Rye Park, (Metabletus) successional

Southwark foveatus mosaic
b) Common and
widespread in
England, esp. S and
E. Dry, sandy
heaths and
grassland, coastal
dunes, sometimes
arable land and
gardens

Perrets WM | Trial | Vacuum Amara sp. NA NA

Field,

Sutton

Waterlow WM | Trial | Vacuum Bembidion 1 a) Mineral marsh

Park, biguttatum and open water

Camden b) Common in
England, esp. S and
E (not found in
Ireland). Open
ground near water,
or damp grassland

Waterlow | WM | Cont. | Vacuum Bembidion 1 a) Unshaded early

Park, properans successional

Camden mosaic
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b) Almost confined
to England and
Wales. Open,
sunny situations

Waterlow
Park,
Camden

WS

Trial

Vacuum

Bembidion
mannerheimii

a) Grassland and
scrub matrix

b) Widespread in
Britain and Ireland.
Damp, not wet,
shaded  situations
e.g. woods, upland
grassland and
moorland, bogs

Waterlow
Park,
Camden

WS

Trial

Vacuum

Pterostichus
vernalis

a) Grassland and
scrub matrix

b) Common and
widespread in
Britain (except N
Scotland) and
Ireland. Typical of
damp grassland
with some litter,
often near water

Waterlow
Park,
Camden

WS

Trial

Vacuum

Acupalpus
dubius

a) Permanent wet
mire

b) Common in mid-
to S England and
Wales (few in
Scotland or
Ireland). Found
among litter in
marshy habitats

Waterlow
Park,
Camden

WS

Cont.

Vacuum

Syntomus
(Metabletus)
foveatus

a) Unshaded early
successional
mosaic

b) Common and
widespread in
England, esp. S and
E. Dry, sandy
heaths and
grassland, coastal
dunes, sometimes
arable land and
gardens
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