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Abstract

With recent increases in the area of farmland being abandoned in Europe, it has become
of great importance to know the fate of such areas if they are left unmanaged. Are areas
of abandoned farmland important for biodiversity conservation? In this thesis I
investigate this question using a case study of an area of 56-year-old abandoned arable
farmland in Northamptonshire, UK, known as “The Roughs”. I compare the species
present from a wide range of taxonomic groups on the Roughs and on three adjacent
habitats with alternative land use trajectories. These consisted of a wheat field, an area of
15-year-old set-aside, and an area of ancient secondary woodland. I also investigate the
factors influencing the spatial variation in species richness on the Roughs.

The Roughs was more species rich than the other habitats for most taxa, and also
provided a habitat for a much greater number of species of conservation importance. The
Roughs was also more heterogeneous than the other habitats, both in terms of vegetation
structure and in terms of the distributions of species. The composition of species on the
Roughs was most similar to that of either the woodland or the set-aside, depending on
which taxonomic group was surveyed. This may explain why the Roughs is so species
rich, as it supports species with affinities for both woodland and grassland.

The factors explaining variation in species richness on the Roughs varied between
taxonomic groups, indicating that they have different habitat requirements. The species
richness of different taxonomic groups on the Roughs did not correlate with each other,
suggesting that no single group is of use as an indicator taxon on abandoned farmland.

Comparison of the plant community of this area of abandoned farmland with
those of two other areas showed that succession occurs in a broadly similar way on
different areas of arable farmland following abandonment.

Therefore abandoned farmland, if left unmanaged over long periods of time, can

become a habitat of great conservation importance.
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1 Introduction

1.1 Background

Large areas of farmland have been abandoned in Europe in recent times. In total an area
of arable farmland approximately the size of Belgium (30,000km?) has fallen out of use
in Europe between 1989 and 1997, a large proportion of which will have been abandoned
(European Commission Directorate General for Agriculture 1998) (Figure 1.1). In
Eastern Europe this has been due to the decline of communism after the fall of the Soviet
Union (Pain & Pienkowski 1997). With such large areas falling out of agriculture, it is of
great importance to know what will happen in the long term if they are left unmanaged.

Do they become habitats of conservation importance?
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Figure 1.1 The change in area between 1989 and 1997 of European farmland cultivated for different arable
crops. Source: CEC (1998). Countries included: Austria, Belgium, Bulgaria, Czech Republic, Denmark,
Estonia, Finland, France, Germany, Greece, Hungary, Irish Republic, Italy, Latvia, Lithuania, Luxembourg,

Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden and UK.



The majority of previous work on the development of biotic communities on
abandoned farmland has been restricted to woody plant species and most of this work has
been carried out over relatively short time scales (Pickett 1982; Gill & Marks 1991;
Walker et al. 2000; Meiners et al. 2002; Meiners et al. 2004). The longest continuous
dataset for abandoned agricultural land comes from the Buell-Small Succession study in
New Jersey, USA. The plant communities here have been surveyed annually or
biannually since abandonment in 1958 (Meiners et al. 2002; Meiners et al. 2004). The
number of native plant species present gradually increased over 40 years after
abandonment, although there were also many species of exotic invasive plant present.
Pickett (1982) also found that the number of plant species gradually increased over time
during 16 years following abandonment on another old field site. Continuous monitoring
of abandoned land has allowed the factors affecting the probability of invasion by woody
plant species to be investigated. On old field sites in the Eastern USA these factors have
been found to include competition with herbs, predation, frost damage, and to a lesser
degree drought and insect herbivory (Myster 1993). Experimental manipulation of the
density of established herbs has shown that herb density can have either a positive or
negative effect on the establishment of woody plants, and this effect varies between
woody plant species (Gill & Marks 1991).

In the UK there have been fewer studies, mainly due to the scarcity of abandoned
farmland. Walker et al. (2000) found that after 38 years a 4ha area of arable farmland
developed into a woodland dominated by Pedunculate Oak (Quercus robur) and
Common Ash (Fraxinus excelsior). The only survey of the woody regeneration of
unmanaged habitats to include many sites was one looking at unmanaged urban and ex-

industrial areas (Hodge & Harmer 1996). The species of woody plants which colonised



an area and their densities were unpredictable, possibly due to variations in the substrate
and soil types of areas which have been under a variety of management strategies. In one
of the few long-term studies carried out, Harmer et al. (2001) looked at records of the
succession of species occurring on two abandoned arable fields in the UK over a period
of over 100 years. They found that natural regeneration took at least 20-30 years to
establish a complete canopy cover after which the rate of turnover of all plant species
decreased. Unfortunately, owing to differences in sampling methodology only the
presence or absence of species could be compared over time.

An area of particular interest has been the intentional use of natural regeneration
to create woodlands. In general, this has not been a method favoured by those interested
in the use of woodlands to harvest timber, as such areas require subsequent intensive
felling to achieve a profitable composition of species (Mitchell & Kirby 1989). If the
objective is not the harvesting of timber then natural regeneration can be preferable, as it
can result in a patchier and more natural looking vegetation structure, and also allows
matching of the flora to that of the local area (Rodwell & Patterson 1994; Harmer 1999).
This is subject to the limitation that in order for natural regeneration to be successful
there must be nearby sources of seeds (Cohn 2000). Natural regeneration has also been
considered as a way of recreating lowland grasslands, although it was found that using
grazing or cutting resulted in a more species-rich habitat (Walker et al. 2004).

On the other hand, many studies have looked at the species inhabiting areas of
farmland under agricultural productivity reduction schemes, such as set-aside. Here there
has been a greater focus on species other than plants. Such studies have almost always
found that set-aside enhances biodiversity when compared to currently cultivated arable

farmland (Van Buskirk & Willi 2004).



At the other end of the scale from complete abandonment there are a variety of
schemes that aim to improve the biodiversity on farmland currently in use. Farmers are
paid to modify their management of land currently being used for crop or livestock
production. These schemes are designed to benefit species characteristic of low-intensity
farmland. For example, Cirl Bunting (Emberiza cirlus) numbers increased on farmland
under Countryside Stewardship Schemes, and not on farmland under normal management
(Peach et al. 2001). Reviews of the effectiveness of agri-environment schemes have
found that they are sometimes successful at conserving biodiversity (Carey et al. 2003)
and sometimes not (Kleijn et al. 2004).

So the flora and fauna of older abandoned farmland sites are relatively poorly
known, especially with regard to groups other than plants. In this study I aim to survey a
wide range of taxonomic groups on an area of long-term abandoned arable farmland, thus

providing important information on the conservation value of such areas.

1.2 Study site

During the Second World War an area on the Ashton Estate in Northamptonshire, owned
by the Rothschild family, was requisitioned by the military and an airfield was built upon
it. At the end of the war the area was returned to the estate, and the majority of it was
returned to agricultural production. But the 30ha area on which the airfield buildings had
been built was abandoned (OSGR of centre of area: TL093871). This was at the behest of
Miriam Rothschild, who wished to see if the area would be colonised by species from the
adjacent ancient secondary woodland. The area was abandoned in 1948 and has been left
unmanaged since that time (Rothschild 2003), being 56 years old at the time of my study.

It is now known as the Roughs. This provided an opportunity to survey the flora and



fauna of an area of long-term abandoned farmland. In order to understand how this
particular land-use trajectory compared to other possible uses of the land, three other
areas nearby were also studied. The ancient secondary woodland was surveyed as it
represented a possible endpoint in the sequence of succession occurring on the adjacent
Roughs. This area has been wooded since before 1824 (English Nature 1999). To
discover what the Roughs would have been like had it been farmed rather than abandoned
I surveyed an area of non-organic wheat. I also surveyed an area of 15-year old set-aside,
as this represents a further alternative land use for arable farmland. This area had been
subjected to yearly mowing but otherwise left unmanaged (Sid Jackson, estate manager,

pers. com.). Figure 1.2 shows an aerial view of the Roughs and Plate 1 shows

representative views of the four different habitats surveyed.

Figure 1.2 Aerial photograph of the Roughs (highlighted in green) in the 1990s. The area now consists of
scrub, grassland and woodland. The large buildings to the south were left up after the airfield had been

abandoned and are now used for storage. The area next to the buildings is a private residence.
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1.3 Aims

The aims of this study are to characterise the communities of animals and plants on the
Roughs and compare these to those found on the other three areas in order to understand
where the Roughs fits into the succession between farmland and woodland (Figure 1.3). 1
also aim to explain the variation seen in the distributions of species on the Roughs in
terms of vegetation and substrate characteristics and in terms of correlations between
taxa. In addition I aim to compare the plant community found on the Roughs with that of

two other abandoned farmland sites.

The Ro@

No management

No management

Secondary

Arable ancient
farmland woodland
Yearly
“topping”

Figure 1.3 Possible land use trajectories for arable farmland. The assumption is that if the Roughs were left

for an extended period of time it would eventually turn into woodland.

1.4 The structure of this thesis

General methods will be outlined in Chapter 2. In Chapter 3 I will describe the variation
seen in the vegetation and substrate types over the four habitats. In Chapter 4 I will then
assess the differences in species richness, diversity and spatial heterogeneity across the

four habitats. Differences in community composition will be described in Chapter 5,



while in Chapter 6 I will attempt to explain, in terms of vegetation and substrate
characteristics, the variation seen in species richness on the Roughs. In Chapter 7 I will
compare the Roughs to two other abandoned farmland sites, and in Chapter 8 I will

discuss the results of this study and their implications.

1.5 Summary

Very little work has been done on the flora and fauna of long-term abandoned farmland
sites. With increasing areas of land falling out of agriculture, it has become of great
importance to know which species colonise such areas, as this can inform conservation
decisions regarding land use. This study will characterise the species inhabiting an area of
long-term abandoned farmland and compare them to those inhabiting three areas with

differing land use trajectories.



2 Methods

2.1 Introduction

Here I will describe the methods employed to set up sampling points and the protocols
used in surveying the various taxonomic groups. For details of statistical techniques see

relevant chapters.

2.2 Survey design

The habitats to be surveyed were identified in consultation with the estate manager. Each
habitat was circumnavigated with a GPS unit (Garmin eTrex Vista, one point every 10m,
accurate to within 6m) in order to map its boundaries. Ten sampling points were then
created on each of the Wheat, Set-aside and Woodland, with twenty on the Roughs, to
give fifty sampling points in total. A greater number of sampling points was deemed
necessary on the Roughs as it was known from preliminary observations to be a more
heterogeneous environment than the other habitats (Magurran 2004 p.73).

The sampling points were arranged in triangular arrays within each habitat
(Figure 2.1). Each sampling point was at least 100m from its neighbouring points, and at
least 50m from the edge of the habitat. This was done to reduce the influence of edge
effects and to prevent overlap of sampling between sampling points (some methods
involved surveying the area within a 50m radius of the sampling point). The largest
possible inter-sampling point distance was used, given the area of habitat. Sampling
points were located initially using a GPS unit and then subsequently relocated using

bamboo poles placed at each point. Due to the lack of signal reception under the canopy



of the Woodland, sampling points were located by reference to paths. Surveys for the

target taxonomic groups and habitat surveys were carried out from each sampling point.

Wheat
Set-aside

Roughs
| Woodland

100 200 300 400 500
| | 1 | |

Metres

Figure 2.1 A map of the study site. The 50 sampling points are marked by crosses. No sampling point was

placed within 50m of the currently used tarmac road running down the centre of the Roughs.
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2.3 Survey protocols for the taxonomic groups

Taxonomic groups were chosen such that they represented a wide range of ecological
groups, were taxonomically well known, and easy to survey. On this basis it was decided
to survey birds, Lepidoptera, beetles, carabids (ground beetles), syrphids (hoverflies),

mammals and trees.

2.3.1 Birds

Birds were surveyed three times during the breeding season (18"-20™ May, 31% May-2"
June and 27"-29™ June 2004). In each of these periods a point count was carried out at
each sampling point. Point counts were used as they enable densities of birds to be
estimated (Reynolds et al. 1980), and allow inferences about habitat preferences to be
made (Bibby et al. 2000 p.91). Counts were carried out between 30 minutes after sunrise
and 10:15. During this time the number of species detectable using point counts stays
approximately constant (Bibby ef al. 2000). After my arrival at each sampling point I
waited for five minutes to allow birds to resume their normal activities after being
disturbed by my presence, and then recorded all birds seen or heard for a further five
minutes. The time spent recording at a point is a tradeoff between detecting all of the
individuals present and unintentionally recording some individuals more than once. Five
minutes is thought to be optimal with regard to these factors (Reynolds et al. 1980; Bibby
et al. 2000 pp.95-97).

Birds were identified using Svensson et al. (2001) and a CD of British Bird
Sounds (The British Library Board 2000). Unrecognized calls were recorded using a
directional microphone (Yoga Electret Condenser Microphone EM-288) and minidisk

recorder (Aiwa AM-65) for later identification. Each bird observed was categorized as

11



being stationary, flying, calling, singing or calling/singing in flight. The distance to each
bird was estimated as being less than 10m, between 10m and 50m, or greater than 50m.
Counts were not carried out in winds estimated as stronger than Beaufort force five, as
birds are more difficult to hear in strong winds. Wind speed was estimated to be Beaufort
force five when “small trees in leaf begin to sway”, the criterion used by the Butterfly
Monitoring Scheme (Institute of Terrestrial Ecology 1981). No counts were carried out in

the rain, as birds stop singing and calling in heavy rain (Bibby et al. 2000 p.39).

2.3.2 Lepidoptera

Transects for butterflies and day-flying moths were carried out twice (18"-25"™ May and
4™12™ August 2004). In each of these periods a transect was walked from each sampling
point. Walking a transect consisted of travelling 50m north from the sampling point, then
returning (continuing to observe Lepidoptera), and repeating this process to the south,
east and west to give a cross-shaped transect of total length 400m. It was probable in
some cases that the same individual was observed twice, although this was not a problem
as I was only comparing sampling points and not using each individual as an independent
data point, or calculating densities. If an impenetrable barrier was encountered then the
transect was diverted around it keeping as closely as possible to the original line of the
transect. The total length travelled in each direction was kept constant in these cases.
Methods for the observation of butterflies followed those recommended by
Pollard (1977). 1 traversed transects at a constant, slow pace and recorded all adult
Lepidoptera within a five-metre cube directly in front of me. When Lepidoptera could not
be identified in flight they were captured in a butterfly net. | moved away from the line of

the transect to capture individuals, but no further Lepidoptera were recorded until I

12



resumed from the point of departure from the transect. Lepidoptera were identified to
species using Lewington & Bebbington (1998), Skinner (1998) and Goater (1986).

All transects were carried out between 10:45 and 15:45. Transects were only
carried out under certain weather conditions, as the weather greatly affects the activity of
butterflies (Pollard 1977), and presumably also that of day-flying moths. Transects were
never carried out in the rain, or in wind speeds greater than Beaufort force four (estimated
as the point at which “dust is raised, small branches move” (Institute of Terrestrial
Ecology 1981)). Transects were only carried out if the temperature was over 17°C, or if
the temperature was between 13°C and 17°C and there was greater than 60% sunshine
during the course of the transect. Percentage sunshine was estimated by noting whether
each of the eight sections of each transect was mainly sunny or cloudy. Temperature was

measured in the shade before commencing transects in each habitat.

2.3.3 Beetles

Sweep-netting was used to sample the beetle communities in the sward of the four
habitats. This method was used because it is fast and simple (Southwood 1987 pp.240-
242) but can still reflect absolute population differences (Banks & Brown 1962). Sweep-
netting was carried out over 27"-29" July 2004. A sweep-net with a 15 inch diameter net
was used. Sweep-net transects were carried out in straight line to the north of each
sampling point. If an impenetrable barrier was encountered then the transect was diverted
around it, keeping as close to the original route as possible. All sweep-netting was carried
out between 10:00 and 16:00, as species composition remains consistent within a site
over this time period (Brian Eversham pers. com.).

Initial sampling was carried out at a single sampling point on the Set-aside on the

27" July in order to determine the minimum number of sweeps required to obtain all of
13



the species at a sampling point. Very few beetle Recognised Taxonomic Units (RTUs)
were identifiable in the field, so individuals of all orders that were found were identified
to at least family level, and most to species level. Brian Eversham carried out these initial
identifications. It was found that after 15 sweeps (each consisting of one sweep to the left
and one to the right) the majority of taxa had been discovered (Figure 2.2). Therefore 15
sweeps were carried out at each sampling point, for the purposes of making comparisons
between habitats. Animals were transferred to plastic zip lock bags containing tissue
paper charged with ethyl acetate and were frozen until identification was carried out.
Beetles were identified to family using Joy (1932), Unwin (1984), Majerus &

Kearns (1989), and Harde & Severa (2000) and then sorted to RTU.
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Figure 2.2 The cumulative number of taxa observed in a sweep-net sample on the Set-aside with increasing

numbers of sweeps. The curve reached an asymptote after approximately 15 sweeps.
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2.3.4 Carabids and spiders

Carabids and ground-dwelling spiders (Araneae) were sampled by pitfall trapping. Pitfall
trapping enables a habitat to be sampled continuously and therefore catches both
nocturnal and diurnal species. It also gives samples that are relatively clean, with little
material other than the animals themselves being found in the traps. This reduces the time
needed for the sorting of samples. Pitfall trapping was carried out between 30™ June and
7™ July 2004. Three pitfall traps were placed at each sampling point to give 150 traps in
total. Each set of three traps was arranged in a triangle with each trap 10m from the
sampling point. Calculating the proportion of the radius of approach obscured for each
trap by the other two traps shows that the reduction in catch caused by interference
between traps should only be 0.15% (see Luff (1975) for formula). One trap was placed
due north of each sampling point, with the other two at 120° intervals. Holes for traps on
the concrete-covered areas of the Roughs were excavated using a pick axe. In other areas
holes for traps were made initially using a borer and then widened with a trowel.

The traps themselves consisted of clear plastic cups (supplier: ESPO, dimensions:
124mm high, 79mm wide at top, SImm wide at base) set with their rims just below
ground level. Lemieux & Lindgren (1999) suggest putting lids on pitfall traps to prevent
them becoming flooded with rainwater and to minimise vertebrate bycatch. To this end
Petri-dishes were supported on wooden sticks 15mm above ground level directly above
the traps (Figure 2.3). Traps were filled with 200ml of a mixture of 85% water, 10%
ethylene glycol and 5% detergent. Detergent was used to reduce surface tension, making
it easier for animals to break the surface of the liquid in the trap and therefore allowing
greater numbers of animals to be trapped (Southwood 1987). Ethylene glycol helped to

preserve the arthropods that were caught (Lemieux & Lindgren 1999). It has also been
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shown that traps containing ethylene glycol catch more species and individuals of
carabids (Holopainen 1992; Lang 2000; Koivula et al. 2003) and lycosid spiders (Lang
2000) than traps containing various other preservatives or water.
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Figure 2.3 A cross-section of the pitfall trap setup. Each pitfall trap consisted of a plastic cup, with its lip
just below ground level. Rain covers were made from Petri-dishes supported on wooden sticks.

One of the main criticisms of pitfall traps is that they capture species with
differing efficiency in different habitats (Lang 2000; Koivula ef al. 2003). To combat this
bias, vegetation surrounding each trap was cropped to a height of approximately 3cm
within a 20cm radius of each trap. Greenslade (1964) found that doing this causes more
carabids to be caught.

All traps were set on the same day and were left out for one week. The plastic
cups were then retrieved and the contents sieved and preserved in 70% alcohol. Some
traps had flooded and so it was only possible to retrieve two out of the three traps from a
number of sampling points. One randomly selected trap was discarded from each
sampling point with three traps. Carabids were identified to species using Forsythe

(1987) and a series of unpublished keys by Brian Eversham. All carabid identifications
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were verified by Brian Eversham. Ray Symonds identified the spiders to species using

Roberts (1995).

2.3.5 Syrphids

Syrphids were sampled using water traps. This method of sampling leaves insects in good
condition for identification compared to the alternative sticky traps (Southwood 1987).
Water trapping was carried out between 30" June and 7" July. Three water traps were set
at each sampling point adjacent to each pitfall trap (see section 2.3.4). The pan of each
trap was a 2.5 litre white plastic bucket cut in half horizontally to reduce the volume of
liquid required (supplier: Richardsons of Leicester Ltd.). This gave a trap 180mm in
diameter and 58mm deep. White buckets were used as these catch greater numbers of
hoverflies compared to brown, orange or green bowls, and similar numbers to blue and
yellow bowls (Disney et al. 1982). The pans were supported just above the height of the
sward on a bamboo tripod secured with Duck tape (Figure 2.4). If this is not done and the
pans are set below the height of the sward they become less visible and may also act as
pitfall traps, catching animals moving through the sward (Henry Disney pers. com.). The
pan of each trap was filled with 700ml of a mixture of 95% water and 5% detergent.
Detergent was used as this makes insects more likely to break the surface of the liquid in

the trap (Southwood 1987).
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Figure 2.4 Water traps consisted of a white pan supported just above the level of the sward on a bamboo
tripod (third bamboo cane omitted for clarity). Duck tape was used to secure the pan to the canes and the
canes to each other.

All traps were set on the same day and were left out for one week. The contents of
the traps were then sieved and preserved in 70% alcohol. Some traps collapsed but it was
still possible to retrieve at least two traps from each sampling point. One randomly
selected trap was discarded from each sampling point with three traps remaining. All
hoverflies were identified to species using Stubbs & Falk (2002) and Gilbert (1993). A
number of female Sphaerophoria were found, which can currently cannot be identified to
species (Stubbs & Falk 2002). The males of this genus can be identified to species and as
all male Sphaerophoria found belonged to the species scripta it was assumed that all
females also belonged to this species. Roger Morris, organiser of the Hoverfly Recording
Scheme, verified the identification of a voucher specimen of each species of hoverfly
recorded.

It was found that many Lepidoptera had been caught in the water traps and so

these were identified to supplement the data gathered from the Lepidoptera transects.
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Lepidoptera from the water traps were identified to species using Lewington &

Bebbington (1998) and Skinner (1998).

2.3.6 Mammals

I recorded all mammals seen in each habitat while other data was being collected. I also
recorded the length of time spent in a habitat during each visit. Mammals were identified
to species using Bullion (1998). In order to obtain an index of the severity of rabbit
grazing the number of rabbit droppings in each ground cover survey quadrat (see section

2.4.2) was counted.

2.3.7 Trees

All the trees within a radius of 10m of each sampling point were surveyed, giving a
survey area of 314m” per sampling point. A tree was defined as being within 10m if the
centre of its trunk was within 10m of the sampling point. Tree surveys were carried out
from 20" July-8"™ September. Each tree was identified to species using Johnson & More
(2004), and its Circumference at Breast Height (CBH) and height were measured. Height
was determined by using a clinometer (supplier: Invicta) to measure the angle between
the top of the tree and the horizontal at a known distance from the tree base. A distance at
which the angle made with the horizontal was close to 45° was used for each tree as this
minimised the error of the estimate of the height. To simplify calculations, vertical height
rather than the absolute length of the trunk was measured. The height of trees that were
sufficiently short was measured using a tape measure. The CBH of species of tree with a
bush-like growth form (Common Hawthorn (Crataegus monogyna), Midland Hawthorn
(Crataegus laevigata), Blackthorn (Prunus spinosa) and Wild Privet (Ligustrum
vulgare)), or of those trees shorter than breast height was not measured.
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Three other species contributed significantly to the structure of the vegetation and
these were also surveyed. Within a 10m radius of each point the percentage cover of
Bramble (Rubus fruticosus), Dewberry (Rubus caesius) and Rose (Rosa spp.) was

estimated.

2.3.8 Other taxonomic groups

A number of animals belonging to other taxa were caught during these surveys and where
these were easily identifiable or the relevant expertise was available these were
identified. This was done using Alford (1975), Majerus & Kearns (1989), Prys-Jones &
Corbet (1991) and Benton (2000). None of these additional taxa had enough species for

analysis, but species lists for them are given in Appendix 1.

2.4 Habitat surveys

The vegetation diversity and physical structure can play an important role in determining
which species of animal are present in a habitat (Southwood et al. 1979). Sward height
and ground cover diversity were measured in order to assess how these varied between

the habitats and how these differences affected the animal and plant communities present.

2.4.1 Sward height

A rising plate meter was used to measure sward height. To construct this, a hole was
drilled in the centre of a 45.7cm by 45.7cm piece of 0.6cm-thick acrylic and a metre ruler
inserted into the hole. The plate then exerts a downward pressure of 7.0kg/m?. This is
identical in specification to the rising plate metre used by Murphy et al. (1995). The use
of a rising plate meter is preferable to the use of a sward stick, such as that used by the

Hill Farming Research Organisation, as a sward stick measures only the height of the
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tallest vegetation in the sward (Hutchings 1991), and can therefore be biased by single
tall plants.

Ten rising plate meter readings were taken at each point. The locations of these
were randomly selected within a 14m by 14m array centred on the sampling point. In
order to take a reading, the ruler was held vertically with its end on the ground, and the
plate was slowly lowered down the ruler until it was stopped by vegetation. The height of
the plate on the ruler was then recorded. Readings were not taken where there were trees
or bushes and so if points fell in these areas they were randomly selected again from the

array. All readings were taken between 29" July and 12™ August.

2.4.2 Ground cover

Ground cover surveys were made at each sampling point. The percentage cover of
various ground cover types was estimated to the nearest percent within 0.1m? quadrats at
the same locations as the rising plate meter readings (see section 2.4.1). Ground cover
was categorised as dicotyledonous vegetation, monocotyledonous vegetation, fern, moss,
lichen, fungus, dead wood, leaf litter, bare ground, loose stone, or concrete. Each quadrat
was excavated using a trowel to determine whether there was any subterranean concrete
or rubble. If there was a solid layer of concrete then the depth of this was recorded. If
there was subterranean loose stone then the percentage cover of this within the quadrat
was estimated. The percentage cover of visible concrete or loose stone within a 10m
radius of each sampling point was also estimated. All ground cover surveys were carried

out between 29" July and 12™ August.
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2.5 Summary

I used a wide variety of sampling techniques to survey for a wide range of taxa in order to
characterise the flora and fauna of the Roughs. I also surveyed three other habitats with
differing land-use trajectories in order to put the communities found on the Roughs into
context. In the next chapter I will describe the tree communities and substrates found in

the different habitats.
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3 Vegetation and substrates

3.1 Introduction

Vegetation diversity and physical structure is likely to have a major impact on the animal
species seen in a habitat (e.g. Southwood et al. 1979; Lawton 1983) and the nature of the
vegetation is likely to be affected in turn by the nature of the substrate. In this Chapter I
will present the results of the tree surveys, sward height surveys and ground cover
surveys. In Chapter 6 1 will go on to investigate how these factors affect the animal

communities present.

3.2 Methods

For sampling techniques see Chapter 2, sections 2.3.7 and 2.4.

3.2.1 Statistical techniques

A chi-square test, rather than the G-test recommended by Sokal & Rohlf (1995 p. 690),
was used to test for differences in proportional abundance of tree species because the chi-
square test will accept values of zero. Species of tree with expected counts of less than
five for either habitat were combined.

To test for differences in sward height, within sampling point sward height
variance, ground cover richness and ground cover diversity across the habitat types,
ANOVAs were used where ANOVA residuals did not differ significantly from normality
(tested using the Anderson-Darling test) and where original data did not have
significantly heterogeneous variances between habitat types (tested using Bartlett’s test

(Sokal & Rohlf 1995 p. 397)). Tukey’s pairwise comparisons were then carried out to
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determine the significance of differences between habitats. Where the residuals of
ANOVAs differed significantly from a normal distribution, transformations were applied
to the raw data. Where this failed to make the residuals normally distributed
nonparametric tests were used. The Kruskal-Wallis test was used instead of a one-way
ANOVA with Mann-Whitney U-tests being used to test for pairwise differences between
habitats. A Bonferroni correction (Sokal & Rohlf 1995 p. 703) was applied to the critical
p-values in each of the pairwise Mann-Whitney U-tests to give an experimentwise error
of 0.05 (6=0.05/k where k is the number of comparisons made and @ is the corrected
critical p-value for an individual comparison). In all boxplots outliers are excluded.
Outliers are defined as values falling outside the range:
Q1-1.5(Q3-Q1) <x <Q3+1.5(Q3-Q1)

Where x is the value taken by the variable, Q; is the first quartile and Qs is the third
quartile. Outliers were included in statistical tests.

Only the growth form (basal area as a function of height) of the Common Ash
(Fraxinus excelsior) was compared between the Roughs and the Woodland as this was
the only species with sufficient numbers of individuals with a recorded circumference at
breast height. Basal area was calculated as 4 = 7(C/27)° , where A is the basal area and
C is the circumference at breast height. This method assumes that all stems are
approximately circular in cross section. The coefficients of the regressions were
compared using a test for the equality of slopes of two regression lines (Sokal & Rohlf
1995 pp. 495-498).

Ground cover diversity was calculated using the Shannon diversity index, as this

accepts proportions (Magurran 1988 pp. 34-35).
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3.3 Results

3.3.1 Trees

No trees were found on the Wheat or the Set-aside, so the results presented here compare

only the Roughs and the Woodland. For tree species lists see Appendix 1.

3.3.1.1 Differences in composition

The proportional composition of the tree communities differed significantly between the
Roughs and the Woodland (Figure 3.1), with Common Ash being more dominant in the
Woodland, and Common Hawthorn (Crataegus monogyna) and Blackthorn (Prunus
spinosa) being more dominant on the Roughs. There were also significantly higher

densities of Common Ash and Pedunculate Oak (Quercus robur) on the Woodland

(Figure 3.2).
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Figure 3.1 There was a significant difference in proportional composition of tree species on the Roughs and
the Woodland (%=342, p<0.001). The greatest differences between the two habitats were seen in the
distribution of Common Ash (Roughs: 16.6%, Woodland: 46.4%), Hawthorn (Roughs: 37.5%, Woodland:
17.5%) and Blackthorn (Roughs: 38.1%, Woodland: 22.8%).
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3.3.1.2 Differences in height

Common Ash, Common Hawthorn and Blackthorn trees were all taller in the Woodland
than on the Roughs (Figure 3.3). There was no obvious peak in the height profiles of any
of the species such as might result from a burst of sapling establishment after the

decrease in rabbit grazing due to the outbreak of myxomatosis during the 1950s (Binggeli

1992)).
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Figure 3.2 Densities of the seven most abundant species of tree on the Roughs (filled boxes) and the
Woodland (open boxes). There were significantly higher median densities of Common Ash and
Pedunculate Oak on the Woodland (Common Ash: n=30, W=233, p=0.001, Pedunculate Oak: n=30,
W=268, p=0.036). P-values of less than 0.05 denoted by *. Central lines denote the medians, boxes denote
the interquartile ranges and vertical lines denote the ranges. Twenty two outliers excluded from the boxplot,

but not from the analysis.
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Figure 3.3 Heights of a) Common Ash and b) Blackthorn on the Roughs and Woodland. Trees in the
Woodland were significantly taller for these two species (Common Ash: n=20, W=55.0, p<0.001,
Blackthorn: n=18, W=100, p=0.023) and for Common Hawthorn (n=24, W=133, p=0.001, similar height

structure to Blackthorn, not shown here). Note the differences in scales on both axes.
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3.3.1.3 Growth form

The relationship between height and basal area for Common Ash was not different in the

two habitats (Figure 3.4).

3.3.2 Sward height

There was a significant difference in sward height across the four habitats (Figure 3.5).
The sward was taller on the Wheat than either the Set-aside or the Roughs, which in turn
had taller sward than the Woodland. There was also a significant difference in the
variance of sward height across the four habitats (Figure 3.6). The sward height on the
Woodland was significantly less variable than the sward height on the other three

habitats.
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Figure 3.4 The relationships for Common Ash between the cross sectional area at breast height (basal area,
in cm®) and height in the Roughs and Woodland. The upper of the two regression lines relates to the
Woodland, the lower to the Roughs. There is no significant difference between the slopes of the regressions

(F2,416:0.0009, p:098)
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Figure 3.5 Sward height differed significantly across the four habitats (H=35.4, p<0.001). The Wheat had
higher median sward than the Set-aside and the Roughs, which in turn had higher median sward than the
Woodland (Wheat vs. Set-aside, W=152, p<0.001; Wheat vs. Roughs, W=253, p<0.001; Wheat vs.
Woodland, W=155, p<0.001; Set-aside vs. Roughs, W=190, p=0.12; Set-aside vs. Woodland, W=155,
p<0.001; Roughs vs. Woodland, W=396, p<0.001). Habitats which have significantly different sward
height are denoted by different letters. n=10 for all habitats except the Roughs where n=20. Central lines
denote the medians, boxes denote the interquartile ranges and vertical lines denote the ranges. There were

no outliers.
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Figure 3.6 Variance in sward height differed significantly across the different habitats (H=23.3, p<0.001).
The woodland had less variable sward height than the other three habitats (Wheat vs. Set-aside, W=128,
p=0.08; Wheat vs. Roughs, W=177, p=0.34; Wheat vs. Woodland, W=153, p<0.001; Set-aside vs. Roughs,
W=104, p=0.03; Set-aside vs. Woodland, W=153, p<0.001; Roughs vs. Woodland, W=397, p<0.001).
Habitats which have significantly different variance in sward height are denoted by different letters. n=10
for all habitats except the Roughs where n=20. Central lines denote the medians, boxes denote the

interquartile ranges and vertical lines denote the ranges. There were no outliers.
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3.3.3 Ground cover

3.3.3.1 Vegetation

The ground cover composition varied across the four habitats (Figure 3.7). The Wheat
and Set-aside were dominated by monocotyledonous plants, with bare ground and
dicotyledonous plants respectively making up the rest of the cover in the two habitats.
The Roughs and Woodland were not dominated by any one category of ground cover,
although they had similar cover of monocotyledonous plants and moss. The main
difference between these two habitats was the greater cover of dicotyledonous plants on
the Roughs, and leaf litter on the Woodland. The number of categories of ground cover
differed significantly across the four habitats (Figure 3.8). The Wheat was less ground
cover rich than the Roughs or the Woodland and the Set-aside was less ground cover rich
than the Woodland. Ground cover Shannon diversity also varied significantly across the
habitat types (Figure 3.9). No Dewberry (Rubus caesius), Rose (Rosa spp.) or Bramble
(Rubus fruticosus) plants were found in any habitat other than the Roughs. The
percentage cover of these species was generally small with a few sampling points

showing much higher coverage (Figure 3.10).
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Figure 3.9 The ground cover Shannon diversity differed significantly across the habitats (F;4~=14.9,
p<0.001). The Wheat and the Set-aside were less diverse than the Roughs or the Woodland, and the
Woodland was more diverse than the Roughs (Tukey’s pairwise comparisons). n=10 for all habitats except

the Roughs where n=20. Vertical bars denote standard error of the mean.
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Figure 3.10 The distribution of percentage cover of Bramble (Rubus fruticosus), Dewberry (Rubus caesius)
and Rose (Rosa spp.) and on the Roughs. n=20 in all cases. Central lines denote the medians, boxes denote

the interquartile ranges and vertical lines denote the ranges. Five outliers were excluded from these plots.
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3.3.3.2 Substrate

No concrete, either above ground or subterranean, was found on any habitat other than
the Roughs (Table 3.1). Eight sampling points had concrete or stone visible within 10m
of them. Subterranean concrete was found at depths of up to 14cm at eight sampling
points on the Roughs. The percentage of subterranean loose stone varied between zero

and 90%, with seven sampling points having subterranean loose stone to some degree.

Sampling point Visible percentage Mean subterranean Mean percentage of
concrete or loose stone concrete depth (cm) subterranean loose stone
cover within 10m
1 40 14.0 (2) 0
2 0 0
3 4 0
4 0 15
5 0 0
6 0 0
7 0 10
8 100 7.6 (1) 90
9 0 0
10 0 2.6 (1) 12.5
11 0 0
12 0 0
13 5 2.5
14 35 2.0 (6) 2.5
15 30 0.8(2) 2.5
16 95 3.9(9) 0
17 0 8.9 (1) 0
18 0 6.9 (2) 0
19 7 0
20 0 0

Table 3.1 The visible percentage of concrete or loose stone within 10m of each sampling point, mean
subterranean concrete depth and mean percentage of subterranean loose stone on the Roughs. Figures in
brackets in the mean subterranean concrete depth column refer to the number of quadrats at that sampling

point in which subterranean concrete was found.
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3.4 Discussion

3.4.1 Trees

The Roughs tree community was dominated by Hawthorn and Blackthorn, species
characteristic of scrub (Salisbury 1916). The Woodland, on the other hand, was
dominated by Common Ash (Figure 3.1). Differences in proportional abundance were
only apparent in terms of densities in Common Ash and Pedunculate Oak (Figure 3.2).
This suggests that the successional transition from the Roughs to the Woodland would
involve an increase in density of Common Ash and Pedunculate Oak, with the relative
densities of other species remaining constant.

It seems that this transition is already happening to some extent as the majority of
Common Ash trees on the Roughs are less than 1m in height, suggesting very high rates
of recruitment (Figure 3.3). There is very little recruitment occurring on the Woodland.
This may be due to grazing pressure from Sika Deer (Cervus nippon) and Rabbit
(Oryctolagus cuniculus), as such grazers can have a large impact on regeneration
(Mitchell & Kirby 1989; Harmer & Gill 2000), or to shading out of seedlings by the
canopy. There is little evidence of a strong peak in sapling establishment caused by
reduced rabbit grazing because of myxomatosis on the Woodland (the Roughs would
have only recently been abandoned in the 1950s, when myxomatosis had its first effects
and so such a signal would not be expected there). However, the large number of 19-20m
high Common Ash trees could possibly have been caused by cessation of rabbit grazing
pressure on seedlings. On the other hand this might instead be due to a colonisation
masting event.

The lack of difference in the growth form of the Common Ash trees on the

Woodland and Roughs is also interesting (Figure 3.4). One might expect trees on the
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Woodland to be taller for a given basal area as the canopy is taller on the Woodland and
trees would have to grow taller to avoid shading. But the areas of the Roughs where the
majority of the Common Ash trees occur are already fairly heavily wooded, so conditions
may be the same for both populations. Alternatively the growth form of the trees may be

non-plastic.

3.4.2 Sward height

Sward height was greatest on the Wheat, lower on the Set-aside and Roughs, and lowest
on the Woodland (Figure 3.5). The Sward height on the Woodland was less variable than
in the other three habitats (Figure 3.6). Therefore the sward on the Roughs is most similar

in terms of height and heterogeneity to that of the Set-aside.

3.4.3 Ground cover

There was a gradient of ground cover richness and diversity from the Wheat to the
Woodland, with the Wheat having low ground cover richness and diversity and the
Woodland having high ground cover richness and diversity (Figure 3.8, Figure 3.9). This
suggests that the diversity and richness of the ground cover increases with increasing time
after abandonment, reflecting the trend seen in terms of species in a number of other

studies (Pickett 1982; Meiners et al. 2002; Meiners et al. 2004).

3.4.4 Substrate

Thirteen of the sampling points on the Roughs had some sort of concrete or loose stone in
their vicinity, either at the surface or below the ground (Figure 3.1). These areas of

concrete are almost certainly the foundations of old airfield buildings, roads or runways.
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3.5 Summary

Here I have shown that the four habitats vary significantly in their vegetation structures.
The Roughs are most similar to the Woodland in terms of its tree community (while still
showing important differences in this respect) but most similar to the Set-aside in terms
of sward height. On the Roughs there are extensive areas of concrete and loose stone,
both above and below ground. In Chapter 6 1 will use these factors to predict species
richness on the Roughs. In the next chapter I will describe how species richness and

species diversity differ between the habitats.
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4 Species richness and species diversity

4.1 Introduction

At the most basic level we need to know how many species of animal and plant there are
in a habitat to gain insight into its conservation value. It may also be of interest to know
the abundances of these species, as species-poor and early succession habitats may be
dominated by a few species (Magurran 1988 p. 19). In addition to the distribution of
individuals between species, knowledge of the distribution of species within an area may
be of importance. This is because increasing the area of a habitat with heterogeneous
species distributions will increase the number of species in that habitat whereas this will
not be the case in a habitat with homogeneous species distributions. In farmland areas
habitat heterogeneity can be of great importance for biodiversity at number of scales
(Benton et al. 2003). In this chapter I will investigate the differences between the four
habitats in terms of their species richness, species diversity and their within-habitat

heterogeneity.

4.2 Methods

For sampling techniques see Chapter 2, section 2.3.

4.2.1 Species richness

In most cases the number of species did not reach an asymptote with increasing sampling
effort, indicating that not all the species present had been observed (Figure 4.1). To
compensate for this, species richness estimators were used. A variety of richness
estimators is available, and there is no conclusive evidence as to which is the most

reliable (Colwell & Coddington 1994; Magurran 2004 pp. 90-93). Parametric estimators
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fit functions to species abundance distributions or species accumulation curves, and
extrapolate these functions to predict the number of unseen species. These are
computationally intensive, and will be inaccurate if parameters are not estimated
correctly. At least 80% of species and over 1000 individuals need to be collected in order
for this approach to be reliable (Magurran 2004).

As I could not guarantee that this was the case in my study, non-parametric
estimators of species richness were used. These estimate the number of species missing
from an inventory on the basis of the number of species observed at only a small number
of sites, or represented by a small number of individuals. If most species are represented
at a large number of sites, or by a large number of individuals, then we can be certain that

an inventory is nearing completion.
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Figure 4.1 The increase in observed beetle RTUs with increased sampling effort on the Roughs. The
accumulation curve shown is the result of 100 randomisations of the order in which the twenty sampling
points from the Roughs were added. Number of species rarely reached an asymptote, so estimators of
species richness were used. The estimated total species richness here was calculated using the non-

parametric estimator Jacknife 1.
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Studies of the accuracy of the different nonparametric estimators have not
consistently shown a single nonparametric estimator to be better than the rest (Bunge &
Fitzpatrick 1993; Magurran 2004 pp. 90-93). Therefore I used a number of nonparametric
species richness estimators for each taxon and compared the results. The estimators ACE,
ICE, Chao 1, Chao 2, Jacknife 1, Jacknife 2 and Bootstrap were used (see Appendix 2).
For abundance based estimators (Chao 1 and ACE) abundance data from the whole of
each habitat was used. For incidence based estimators (Chao 2, Jacknife 1, Jacknife 2 and
ICE) sampling point based presence or absence data were used for each habitat. For the
estimators Chao 1, Chao 2 and Jacknife 1, formulae are available to calculate the variance
of the estimated total species richness. For the other estimators bootstrapping was used to
calculate variance in the estimated total species richness.

The significance of the differences in species richness between habitats was
calculated using pairwise d-tests (Hochberg 1976; Bailey 1995). These are equivalent to
t-tests, but only assume that the data are normally distributed, not that the two samples
have equal variances. A Bonferroni correction was applied to these pairwise tests to give
an experimentwise error rate of 0.05 (6=0.05/k where k is the number of comparisons
made and & is the corrected critical p-value for an individual comparison). All species
richness estimates and their variances were calculated using the program EstimateS
version 7.0 (Colwell 2004).

All estimators gave qualitatively similar results when ranking the habitats in terms
of their species richness. In terms of pairwise comparisons between habitats, Jacknife 1
gave results representative of those seen using the other richness estimators. Out of a total
of 66 pairwise comparisons (four habitats and 12 taxonomic groups), 35 significant
results were found using Jacknife 1, with only six significant differences found using

other estimators being absent from the Jacknife 1 data. No estimators gave conflicting
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significant differences for any comparison. Only the results for Jacknife 1 are given as
these are representative of those found using the other estimators.

The numbers of species of conservation importance was also noted. These
comprised those with a UK Biodiversity Action Plan, those new to the county of

Northamptonshire, and those listed in a UK Red Data Book.

4.2.2 Species diversity

Various different measures of diversity are available, all of which take into account, to
some degree, the abundances of species. These vary in their weighting of species richness
and species evenness. As I had included species richness in my analysis I decided to use a
single measure of diversity with a heavy weighting on species evenness. Simpson’s index
of diversity was used as it meets these criteria (Magurran 2004 pp. 114-115). This is

calculated as:

_Z[IZVEHN—DJ

Where D = Simpson’s index of diversity, n; = the number of individuals in the ith species
and N = the total number of individuals. Standard deviations were generated by
bootstrapping. Simpson’s diversity index and its standard deviation were calculated using

the program EstimateS version 7.0 (Colwell 2004).

4.2.3 Fits to rank abundance models

In some cases, a diversity index consisting of a single number will fail to detect
differences between communities. An alternative way of comparing diversity between
communities is to assess the fit of species abundance data to different rank abundance

models. A number of different models have been proposed, each of which predicts a
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different relationship between the rank abundance of species, and their abundances. |
used four of these models as recommended by Magurran (1988 pp. 130-141):

1. The geometric series model

2. The log series model

3. The log normal model

4. The broken stick model

These represent a range of different ways in which individuals can be distributed between
species (see Figure 4.2). The models above are ranked in an order relating to how even
they assume the distribution of individuals between species to be: the geometric series

assumes the least even distribution of individuals between species, while the broken stick

assumes the most even.
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Figure 4.2 Rank abundance plot of the four species abundance models. Species are arrayed along the x-axis

in order of decreasing abundance. Note the logarithmic scale on the y-axis. Figure from p14 of Magurran
(1988).
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More specifically, the geometric series assumes that the most abundant species is
represented by a fraction p of the total number of individuals, the next most abundant is
represented by the same fraction p of the remaining fraction 1-p of individuals and so on.
The log series model assumes that the number of species with i individuals is

approximated by ax’ / i, where a and x are parameters fitted to a single dataset. This gives

a more even distribution of individuals between species than the geometric series. The
log normal model assumes a normal distribution of the species per class between different
abundance classes when those abundance classes are logarithmic. This gives an even
greater degree of evenness. Finally, the broken stick model assumes that individuals are
distributed between species such that the division of niche space between species is
random. If we imagine niche space as being a single dimension or “stick” then random
breaks are made along its length and the resulting distribution of lengths of fragments
correspond to the abundances of species in the community. The broken stick model gives
the most even distribution of individuals between species of the four models. For a full
description of how these models are fitted see Magurran (1988).

Data fitting the geometric series model are most likely to come from early-
succession or harsh habitats, while those fitting the broken stick are most likely to come
from habitats with a more even distribution of individuals between species (Magurran
1988 p. 19), although there are many exceptions to this rule. The dataset for each taxon in
each habitat was fitted to each model, and a chi-square goodness of fit test was
performed. Model-fitting was carried out using the program Species Richness and

Diversity 3 (Henderson & Seaby 2002).
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4.2.4 Within-habitat beta diversity

Beta diversity measures the degree to which sites differ from each other in terms of
species composition. Heterogeneity in species distributions may reflect heterogeneity in
the environment. Heterogeneous habitats may be expected to be available for colonisation
to a greater number of species and so may be of greater conservation importance than
homogenous habitats, all other things being equal (Benton et al. 2003), although there are
a number of species-poor habitats of conservation importance, e.g. heather moor land.
Within-habitat heterogeneity in species distributions was assessed using pairwise
comparisons between sampling points of the species composition. The Morisita-Horn
similarity index was used to compare species compositions, as this takes into account the
abundance of species, and has been found to be the most satisfactory similarity measure
by a number of authors as it is unaffected by differences in sample size and diversity
(Wolda 1981; Magurran 2004 pp. 174-175). The resulting data were not independent of
each other, and therefore jacknifing was used to give a number of independent
pseudovalues equal to the number of sampling points. In effect, the pseudovalue for a
point is representative of the degree to which that point contributes towards the overall
heterogeneity of the habitat. Pseudovalues were not normally distributed, and no
transformations of the raw pairwise comparison data were able to correct for this.
Therefore Kruskal-Wallis tests were used to assess differences across habitats, and
pairwise Mann-Whitney U-tests were used to look at differences between habitats. A
Bonferroni correction was applied to these pairwise tests to give an experimentwise error
rate of 0.05 (6=0.05/k where k is the number of comparisons made and @ is the corrected

critical p-value for an individual comparison).
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4.3 Results

4.3.1 Species richness

For the arthropod taxa, species richness was low on the Wheat, higher on the Set-aside,
highest on the Roughs and lower again on the Woodland (Table 4.1, Figure 4.3). This
pattern did not hold for the carabids, where there were no significant differences in
species richness across habitats. The Roughs consistently had the highest species richness
of all the habitats surveyed.

There were more species of bird on the Roughs and Woodland than on either the
Wheat or the Set-aside, where there was very low species richness (Table 4.1, Figure
4.4). The Roughs was significantly richer in bird species than the Woodland on two of the
three dates surveyed and there was no difference in species richness of trees between the
Roughs and the Woodland. As with the arthropods, the Roughs is consistently ranked as
the most species-rich habitat for birds and trees. The number of species observed as a
percentage of the total estimated number of species was always over 60% (Figure 4.5)
with the exception of the birds (16™ May) on the Wheat.

Ten species of conservation importance were found during surveys of the habitats
(Figure 4.6, Table 4.2). All ten species were found on the Roughs, with one on the
Wheat, three on the Set-aside and two on the Woodland. For full species lists for the four

habitats see Appendix 1.

44



Taxonomic group Comparison
Rvs. S Rvs. W R vs. Wh Svs. W Svs. Wh W vs. Wh

Beetles 0.003 0.000 <0.001 0.011 <0.001 0.256
Carabids 0.073 0.713 0.936 0.185 0.065 0.754
Lepidoptera May 0.001 <0.001 <0.001 0.069 <0.001 <0.001
Lepidoptera Aug 0.001 <0.001 <0.001 <0.001 0.001 0.358
Lepidoptera (water traps) 0.255 0.001 0.009 0.003 0.048 0.129
Syrphids <0.001 <0.001 <0.001 0.045 0.726 0.018
Spiders 0.015 <0.001 <0.001 0.095 0.007 0.134
Birds 18th May <0.001 0.001 <0.001 <0.001 0.001 <0.001
Birds 31st May <0.001 0.012 <0.001 <0.001 0.331 <0.001
Birds 27th June <0.001 <0.001 <0.001 <0.001 - <0.001
Trees <0.001 0.623 <0.001 <0.001 - <0.001

Table 4.1 P-values for the comparisons of species richness between habitats. Comparisons were made using
pairwise d-tests. Test statistic values are omitted for clarity. A Bonferroni correction was used to give an
experimentwise error rate of 0.05 resulting in a critical p-value for any individual comparison of 0.0083 (p-
values less than this given in bold). No test was carried out when no species were found in either habitat
(indicated by “-”). R=Roughs, S=Set-aside, W=Woodland, Wh=Wheat. n=10 for all habitats except the
Roughs where n=20.

4.3.2 Species diversity

The differences in arthropod diversity between the sites were broadly similar to the
differences seen in terms of species richness (Table 4.3, Figure 4.7). Diversity increased
from the Wheat to the Set-aside and from the Set-aside to the Roughs, and then decreased
again between the Roughs and the Woodland, although this was not the case with the
carabids and the Lepidoptera from the water traps.

The Roughs and Woodland had a greater diversity of bird and tree species than
the Wheat and Set-aside (Table 4.3, Figure 4.7). There was no difference in diversity
between the Roughs and Woodland, or between the Wheat and Set-aside in terms of bird

and tree diversity.
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Figure 4.3 Estimated total species richness of all of the arthropod taxa across the four habitats. Species

richness was estimated using Jacknife 1. Habitats which have significantly different species richness within

a taxonomic group are denoted by different letters (see Table 4.1 for details). Vertical bars denote standard

error of the mean.
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mean.
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Figure 4.5 The percentage of the total estimated number of species that were actually observed for the

different taxonomic groups. All estimates were carried out using Jacknife 1.

Species Vernacular name Conservation Habitat
importance Wh S R Wo
Pterostichus macer None (a ground beetle) ~ Nationally scarce + +
Gongylidiellum latebricola  None (a spider) New to the county +
Pirata uligunosa None (a spider) New to the county +
Alauda arvensis Skylark UK BAP + + +
Carduelis cannabina Linnet UK BAP +
Muscicapa striata Spotted flycatcher UK BAP +
Pyrrhula pyrrhula Bullfinch UK BAP +
Streptopelia turtur Turtle dove UK BAP +
Turdus philomelos Song thrush UK BAP + +
Lepus europaeus Brown hare UK BAP + + +

Table 4.2 Species of conservation importance found in at least one of the four habitats. BAP=Biodiversity

Action Plan. + denotes presence. Wh=Wheat, S=Set-aside, R=Roughs, Wo=Woodland.

47









4.3.3 Fits to rank abundance models

There was no obvious pattern between habitats in the fits to the models (Table 4.4).
Where there were sufficient data, the log series and log normal models never gave a

significantly poor fit to the data, whereas the geometric series and broken stick models

did.
Taxonomic group Habitat
Wheat Set-aside Roughs Woodland
G L N BJ]G L N B|J]G L N BJG L N B
Beetles - 0+ + - 0+ + -1- + + -1- + + -
Carabids -+ + -+ + + +- + + +]- + + -
Lepidoptera May + + o+ + + 11+
Lepidoptera Aug + -+ 4+ o+ - o+ o+ -] -
Lepidoptera (water traps) | + -+ o+ -+ o+ s+ o+
Syrphids e e T S S R S T S SR S i
Spiders -+ + -1- + + -1+ + + -1- + + -
Birds 18th May + + + o+ +1+ o+ + 4
Birds 31st May + + + +]+ + + ++ + + +]|+ + + +
Birds 27th June + o+ o+ o+l o+ o+ o+
Trees -+ o+ - - + o+ .

Table 4.4 The fits of the rank abundance distributions of the various taxa to the four models in the four
habitats. “+” denotes no significant deviation from the model, while “-” denotes a significant deviation ()*
goodness of fit test p>0.05). In some cases there were insufficient data to test against a model and these are
denoted by a lack of symbol. G=geometric series model, L=log series model, N=log normal model,

B=Dbroken stick model.

4.3.4 Within habitat beta diversity

In the majority of taxa there were differences among the four habitats in within-habitat
beta diversity, the only exception being the Lepidoptera in May (Table 4.5, Figure 4.9).
In general the Wheat and Set-aside were highly homogeneous, with the Roughs and
Woodland being more heterogeneous. The only exception to this was for Lepidoptera in
August, where the Woodland was highly homogeneous and the Wheat highly

heterogeneous.
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Taxonomic group

Comparison

All R vs. S Rvs.Wo Rvs.Wh Svs.Wo Svs.Wh Wovs. Wh

Beetles 0.002 0.113 0.937 <0.001 0.351 0.038 0.004

Carabids 0.001 0.108 0.676 0.001 0.385 0.003 0.004
Lepidoptera May 0.313 - - - - - -

Lepidoptera Aug <0.001 0.468 <0.001 <0.001 <0.001 0.020 0.001

Lepidoptera (water traps)  0.004 0.007 0.057 0.312 0.075 0.003 0.097

Syrphids <0.001 0.292 0.554 <0.001 0.480 0.002 <0.001

Spiders <0.001 0.001 0.037 <0.001 0.011 0.212 0.141
Birds 18th May 0.002 0.007 0.024 - 0.014 - -
Birds 31st May 0.024 0.016 0.244 - 0.032 - -
Birds 27th June 0.001 0.002 0.041 - 0.006 - -
Trees - - 0.004 - - - -

Table 4.5 P-values for the comparisons of within habitat Morisita-Horn similarity indices. An initial test for

an effect of habitat on within-habitat similarity was made using a Kruskal-Wallis test (column “All”). If

this was significant then further pairwise Mann-Whitney U-tests were carried out, using a Bonferroni

correction to give an experimentwise error rate of 0.05. If there were insufficient observations within a

habitat then that habitat was excluded from the analysis (denoted by “-”). R=Roughs, S=Set-aside,
Wo=Woodland, Wh=Wheat. n=10 for all habitats except the Roughs where n=20.
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Figure 4.8 The differences between habitats in pairwise sampling point Morisita-Horn similarity indices within habitats
for a) Beetle RTUs, b) Carabids, ¢) Lepidoptera (May), d) Lepidoptera (Aug), ¢) Lepidoptera (water traps), f) Syrphids, g)
Spiders, h) Birds ( 18" May), i) Birds (31* May), j) Birds (27™ June), k) Trees. The more similar two sampling points are
in terms of both the identity of their species and the abundances of those species the higher the value of the similarity
index is. A value of one indicates identical communities, while a value of zero indicates communities that are completely
dissimilar. Boxes with different letters denote habitats with significantly different levels of within-habitat similarity (see
Table 4.5 for details). Central lines denote the medians, boxes denote the interquartile ranges and vertical lines denote the

ranges.
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4.4 Discussion

4.4.1 Species richness

The Roughs had universally higher species richness than the other sites (Figure 4.3,
Figure 4.4). The fact that the habitat in an intermediate stage of succession had the
highest species richness is in keeping with other work on coral reefs and rainforests (e.g.
Connell 1978). In this study the only group for which this was not the case was the trees,
where the Roughs and Woodland had almost exactly equal species richness. Previous
work on old-field succession has shown that tree species richness increases gradually
during succession, with no subsequent decrease in the number of species present (Pickett
1982; Meiners et al. 2002; Meiners et al. 2004). As such work has been carried out over
relatively short time periods it is possible that species richness eventually reaches an
asymptote, as shown by the similar numbers of tree species on the Roughs and
Woodland.

As I had noted any additional species of tree or woody shrub observed on the
Roughs and Woodland outside my sampling areas during my fieldwork, I probably had a
complete inventory of the species present. In total I observed 18 species on the Roughs
and 14 on the Woodland (see Appendix 1). Comparing this to the predicted numbers of
14.7 and 15.8 respectively we can see that the species richness estimators performed
reasonably well (the observed number of species on both habitats was 12). The
underestimation of the number of species on the Roughs was due to a number of species
apparently represented by one or two individuals on the whole site (Orchard Apple
(Malus domestica), Plum (Prunus domestica), Wild Privet (Ligustrum vulgare) and Black
Pine (Pinus nigra)), which may have been planted and then been unable to reproduce.

This would lead to an unexpectedly high number of singletons in the habitat and therefore
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an underestimation of the total species richness as calculated from the sample species
richness.

The patterns seen in bird and Lepidoptera species richness were consistent over
different sampling times, and also, in the case of Lepidoptera, between different sampling
techniques. This is encouraging as it suggests that the patterns observed are robust against
variation in sampling technique or the seasonality of species. In addition, the fact that at
least 60% of the predicted species had been observed for all taxa suggests that the species
richness estimators should be fairly unbiased by sample size (Colwell & Coddington
1994).

Not only were there greater numbers of species on the Roughs, there were also
greater numbers of species of conservation importance (Figure 4.6, Table 4.2). While the
apparent rarity of the two species of spider may be due to an extent to under recording of
this group, this is unlikely to be the case with the remaining species, as they are from well
known groups. All ten species of conservation importance found in the study were found
on the Roughs, and only four of them occurred outside the Roughs. The presence of six
species of conservation importance on the Roughs found nowhere else in this study
demonstrates that abandoned farmland is may potentially be of great conservation value.
In addition, Pterostichus macer, a nationally scarce ground beetle, had previously been
observed on the Woodland (National Biodiversity Network 2004). It now seems to be

extinct on the Woodland, but a population survives on the adjacent Roughs.

4.4.2 Species diversity

Species diversity was generally highest on the Roughs, and followed a similar pattern to

that seen for species richness, with the Roughs being ranked highest in species diversity
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in eight of the eleven taxa (Figure 4.7, Figure 4.8). This shows that individuals were more

evenly distributed among species on the Roughs than in the other habitats.

4.4.3 Fits to rank abundance models

Where there were sufficient data for goodness of fit tests to be carried out, the log series
and log normal models fit the rank abundance data for all of the taxa (Table 4.4). The
geometric and broken stick models fitted some of the datasets, but not others, with no
obvious pattern. We would expect highly stressful habitats, such as the Wheat, to be best
described by the geometric model and late-succession habits, such as the woodland
(where there is greater evenness), to be best described by the broken stick model

(Magurran 2004 p. 19), but this was not the case.

4.4.4 Within habitat beta diversity

In general, the within habitat beta diversity was low on the Wheat, higher on the Set-
aside, highest on the Roughs and lower again on the Woodland (Figure 4.9). The two
exceptions to this pattern were seen in the Lepidoptera from transects in August and from
the water traps. In these cases the Wheat had higher beta diversity than at least one of the
other habitats. This is probably due to small sample size (nine individuals on the Wheat
for the transects, and ten in the water traps). When sample sizes are small, similarity
between sites is underestimated as not all species present at each site have been sampled
(Chao et al. 2005).

Of particular interest was the greater within-habitat beta diversity of trees on the
Roughs than on the Woodland, as there were no significant differences in alpha diversity
(species richness and species diversity) between these two habitats. This indicates that
although the two habitats have similar number of species, with similar distributions of

individuals between species, those species are more evenly spread throughout the habitat
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on the Woodland, and more heterogeneously distributed on the Roughs. This is probably
due to the fact that the Roughs is currently being colonised, with not all species having

reached all areas.

4.5 Summary

The Roughs is a highly species-rich and diverse habitat compared to the other habitats
studied and is home to a number of species of national conservation importance, the
majority of which were not found in the other habitats. The species on the Roughs are
much more heterogeneously distributed than those in the other habitats surveyed,
suggesting that the Roughs itself is highly heterogeneous. Therefore the Roughs is of
great conservation importance. In the next chapter I will examine the differences in

species composition between the habitats.
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5 Community composition

5.1 Introduction

Not only do habitats differ in their species richness and diversity, but also in the identities
of the species present. Here I will investigate the similarities and differences in species

composition between the habitats using similarity indices and ordination techniques.

5.2 Methods

5.2.1 Whole habitat similarity

Initially I assessed the similarity between whole habitats, without taking into account the
variation among sampling points in a habitat. This was done in order to get a general idea
of the similarity of the habitats. The Morisita-Horn index of similarity was used as this
takes into account the abundances of species and has been found to be robust to
differences in sample size and diversity (Wolda 1981). Habitats with no species from a

taxonomic group were excluded from analysis.

5.2.2 Sampling point based ordinations

I carried out ordinations using the species abundance data from each sampling point
within each of the habitats. The ordination technique used was detrended correspondence
analysis (DCA). This technique arranges sites along a number of axes, with sites being
arranged along each axis such that there is maximum dispersion between sites with
different species and minimum dispersion between sites with the same species (Jongman
et al. 1995 pp. 95-109). Sampling points with no representatives from any species in a

taxonomic group were excluded from the analysis. In most cases the first and second
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ordination axes were plotted. However, in some cases the first or second axis was based
solely on a single sampling point that contained a species not found at any of the other
sampling points, and so did not satisfactorily separate the majority of the other sampling
points. In these cases subsequent axes were plotted until satisfactory separation of

sampling points was achieved.

5.3 Results

5.3.1 Whole habitat similarity

The arthropod communities on the Roughs and Set-aside were consistently similar
(Figure 5.1a-g), with the exception of the carabid communities where the Roughs was
most similar to the Woodland (Figure 5.1b). The Wheat and Woodland arthropod
communities were generally dissimilar to each other and to those on the other habitats,
with the exception of the carabids and Lepidoptera from the water traps. Similar bird
communities were found on the Roughs and Woodland, and also on the Wheat and Set-
aside (Figure 5.1h-j). The Roughs and Woodland, the only two habitats with trees, were

very similar in terms of tree species composition (Figure 5.1k).

5.3.2 Sampling point based ordinations

The beetle, carabid, syrphid and spider communities of the Wheat, Set-aside and
Woodland were all highly distinct from each other, with no overlap (Figure 5.2). The
Roughs community overlapped with the community of at least one of the other habitats in
each of these cases. In the case of the beetles and the syrphids there was overlap with
both the Set-aside and the Woodland. The carabid community of the Woodland
overlapped completely with that of the Roughs. The spider community of the Roughs was

similar to the communities found in all three other habitats. The tight clustering of the
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points representing the sampling points on the Wheat for these four taxa indicates that the
Wheat communities are highly homogeneous. The greater spread of the points relating to
the Roughs, and to a lesser extent those relating to the Set-aside and Woodland, shows
that these communities are more heterogeneous.

The lepidopteran communities of the different habitats are much less well defined
(Figure 5.3). The Woodland is least similar to the other sites, while the Set-aside and
Roughs overlap to a great extent. The points relating to the Wheat are very spread out,
overlapping with those of all of those relating to the other habitats.

The Roughs and Woodland bird communities were almost completely distinct
over the three time periods that they were surveyed, as indicated by the lack of overlap
between the areas occupied by their respective sampling points in the ordinations (Figure
5.4). The points relating to the Woodland were more tightly clustered than those relating
to the Roughs demonstrating that the Woodland has a more homogeneous bird
community. There were insufficient numbers of birds observed on the Wheat and Set-
aside for them to give meaningful ordination results.

The DCA for the trees showed that the Roughs and Woodland tree communities
were very similar, although there was a greater spread in the points relating to the

Roughs, demonstrating its greater tree community heterogeneity (Figure 5.5).
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Figure 5.1 The similarity in species composition between the habitats for a) Beetle RTUs, b) Carabids, c¢) Lepidoptera
(May), d) Lepidoptera (Aug), ¢) Lepidoptera (water traps), f) Syrphids, g) Spiders, h) Birds (18" May), i) Birds (31*

May), j) Birds (27" June), k) Trees. Estimated total species richness for each habitat is given in brackets (calculated using

Set-aside

M

Qo o
S~

Jacknife 1). Similarity was calculated using the Morista-Horn index. A similarity value of one denotes two identical
habitats, while a value of zero denotes two completely dissimilar ones. The thickness of the lines joining the habitats is
proportional to their similarity. Habitats with a similarity of zero are joined by broken lines. Habitats with no species in a

taxonomic group were excluded from analysis and are not joined to any of the other habitats by lines.
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Figure 5.3 DCAs of the sampling point data from the four habitats for a) Lepidoptera from water traps, b)
Lepidoptera from transects (May), ¢) Lepidoptera from transects (August). Sampling points close together

have similar species compositions, while those far apart have dissimilar ones.
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Figure 5.4 DCASs of the sampling point data from the four habitats for a) Birds 18" May, b) Birds 31 May,
¢) Birds 27" June. Sampling points close together have similar species compositions, while those far apart

have dissimilar ones. In a) and b) the Set-aside sampling point obscures the Wheat sampling point.
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Figure 5.5 DCA of the sampling point data for trees. Sampling points close together have similar species

compositions, while those far apart have dissimilar ones.

5.4 Discussion

The different habitats showed varying degrees of similarity to each other across the
various taxa. In general the whole habitat based similarities and the ordinations showed
similar patterns within a taxon. In the taxa where sufficient numbers of individuals were
surveyed, the Wheat was always highly distinct from the other habitats, and highly
homogeneous (Figure 5.2), reflecting the highly uniform nature of arable farmland. The
Roughs was most similar to either the Set-aside or the Woodland and this varied among
taxa. The ordinations, which allow us to get an idea of the overlap between communities
in different habitats, show the Roughs to be most similar to the Woodland for carabids,
and most similar to the Set-aside for beetles and Lepidoptera (Figure 5.2, Figure 5.3). The
Roughs fell midway between the two habitats in terms of its syrphid and spider
communities (Figure 5.2). The whole habitat comparisons show that the Roughs are most
similar to the Woodland in terms of bird and tree communities (Figure 5.1). The extent to
which the Roughs are similar to the other habitats therefore depends on which taxonomic

group one surveys. This is probably due to the heterogeneous nature of the Roughs,
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which has areas of both woodland and grassland. For groups inhabiting the sward or
depending on open areas, such as beetles from sweep netting or the Lepidoptera, then the
Roughs is most similar to the Set-aside. For groups dependent on wooded areas, such as
the birds, or with regard to the nature of the tree community itself, the Roughs is most

similar to the Woodland.

5.5 Summary

In terms of species composition, the Roughs falls somewhere between the Set-aside and
the Woodland. The degree of similarity shown to each of these habitats depends to a great
extent on which taxonomic group is looked at. Analysis of groups inhabiting grassland
areas show the Roughs to be most similar to the Set-aside, while those inhabiting wooded
areas show the Roughs to be most similar to the Woodland. This shows how the
heterogeneous nature of the Roughs allows it to be inhabited by a wide range of species,
with both woodland and grassland affinities. In the next chapter I will investigate the

factors affecting the species richness of the various taxa on the Roughs.
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6 Explaining variation in species richness on the Roughs

6.1 Introduction

It is important to know the factors that affect the number of species a habitat is likely to
contain, as with this information it is possible to assess the conservation importance of
existing sites, and even to design restoration schemes that maximise the number of
species within a habitat. Knowledge of how the species richness of different taxonomic
groups covaries can also be useful, as this allows the use of indicator taxa in the
surveying of a site, which potentially saves time and money (Lawton et al. 1998; Vessby
et al. 2002). In this chapter I will investigate how the nature of the vegetation is affected
by the substrate, how the species richness of the focal taxa varies in response to a number

of environmental variables and how species richness covaries between taxa.

6.2 Methods

6.2.1 Explaining vegetation structure in terms of substrate

Linear regressions of various vegetation variables (see Table 6.1 for details of the
variables) on an index of percentage concrete cover were carried out. The index of
percentage concrete cover was calculated as the sum of the percentage of above ground
concrete, subterranean concrete and subterranean loose stone (see Table 3.1). In most
cases it was necessary to transform the dependent variables in order to correct for a lack
of normality or homoscedasticity (see Table 6.1 for transformations used). Ground cover
richness and diversity were not included in this analysis as concrete had been included as

a category of ground cover, thus confounding such an analysis.
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6.2.2 Explaining species richness in terms of vegetation and substrate

Multiple stepwise regressions were carried out to test for the effects of a number of the
vegetation and substrate variables (see Chapter 3) on the species richness of the animal
taxa on the Roughs. This analysis was only carried out on the Roughs, as the results of
regressions including such different habitats as the Wheat and Woodland might not be
applicable to the way species richness varies within the Roughs. Total sampling point
species richness was estimated using Chao 1 (see Appendix 2 for formula), as this species
richness estimator is abundance based, and therefore does not require multiple sampling
points (Magurran 2004 p. 87). The program EstimateS 7.0 (Colwell 2004) was used to
calculate estimated sampling point species richness.

Stepwise multiple regressions were employed as these allow explanatory variables
which have been removed to be reinstated in the model if they would then explain a
significant amount of variation in the response, and vice versa for those explanatory
variables that have been added. Using the alternative forward selection or backward
elimination procedures by themselves would not allow for this and so important
explanatory variables might be excluded from the final model (Sokal & Rohlf 1995 p.
656). Critical p-values were set at p<0.05 for variables to enter the model and p>0.10 for
variables to leave the model. The residuals of the final models did not differ significantly
from a normal distribution after a Bonferroni correction (critical p-value=0.005). It was
not possible to test for additivity of the effects of the explanatory variables due to small
sample size (n=20).

The univariate relationships between the environmental variables and taxon
species richness were also plotted for all comparisons with a Spearman’s rank correlation
coefficient greater than 0.3 or less than -0.3. This was done to restrict the number of plots

to a manageable number.
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6.2.3 Correlations between taxa

I carried out pairwise correlations between the estimated species richness values of all of
the taxa I surveyed on the Roughs. The data were not normally distributed, and
transformations failed to correct for this, so nonparametric Spearman’s rank correlations

were used.

6.3 Results

6.3.1 Explaining vegetation structure in terms of substrate

None of the regressions of vegetation variables on concrete cover index was significant,
although there were trends towards a negative relationship between concrete cover and
sward height and a positive relationship between concrete cover and Bramble cover

(Table 6.1, Figure 6.1).

6.3.2 Explaining species richness in terms of vegetation and substrate

A variety of explanatory variables were important in explaining species richness
responses (Table 6.2, Table 6.3, Figure 6.2-Figure 6.4). Different variables were
important for different taxa, and were not consistent across different dates for the
Lepidoptera and birds. The simple linear regressions showed similar trends within a

taxonomic group to the final models for the multiple regressions.
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5 g
S| 3. E
o E =) 2, .
§ ,§ &5 ,§ F P R~ (adj.) g
Mean sward height 2.67 -0.01 3.56 0.075 11.9 Ln
Variance of sward height | 56.24 0.14 0.21 0.652 0.0 None
% bramble cover -3.94 0.02 3.68 0.071 12.4 Logit
% Rosa spp. cover -4.76 0.003 0.08 0.778 0.0 Logit
Tree species richness 1.28 0.002 0.31 0.583 0.0 Ln
Tree species diversity -1.32 0.0003 | 0.00 0.968 0.0 Ln
Common Ash density 2.63 0.003 0.03 0.856 0.0 Ln
Hawthorn density 4.44 -0.01 0.48 0.498 0.0 Ln
Blackthorn density 4.02 -0.01 0.08 0.777 0.0 Ln
Common Ash height -0.43 0.02 1.79 0.217 8.1 Ln
Hawthorn height 0.53 0.002 0.08 0.778 0.0 Ln
Blackthorn height 0.53 -0.003 ] 0.18 0.681 0.0 Ln

Table 6.1 Coefficients, F statistics, P-values, R-squared values and transformations for linear regressions of
vegetation variables on concrete cover index. For regression plots see Figure 6.1. None of the regressions

was significant at p<0.05.
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Figure 6.1 The relationships between the percentage of concrete cover and various vegetation variables. a)-c) Tree height
in the three most common species. d) Tree species richness. e)-g) Density of the three most common species of tree. h)
Tree diversity (Simpson’s index). i) Bramble cover. j) Rose cover. k) Sward height. 1) Variance in sward height. For

details of regressions see table 6.1.
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2 £ £ 28| 3 2 |z %
g |z |2 |2E|=25 |z I IR RN I
D S a2l aw | as e = T2l T2 T e
53 < 5} o = oz = a. =] B= =2
;M O = o< | a0F | & %% n=|d=| &5
Ground cover -2.24 -2.30 2.4 -1.34
richness -3.61 -2.85 1.94 -3.29
0.003 0.017 0.072 0.006
Ground cover 11.9 10.1 -9.9 6.1
diversity 3.25 4.50 -1.77 3.05
0.017 0.001 0.098 0.009
Mean sward -0.30 -0.370 0.52 0.50 -0.333
height -2.35 -3.13 4.81 435 -4.20
0.035 0.008 <0.001 0.001 0.001
Variance of -0.051 0.084 0.051 -0.043 -0.051
sward height -2.77 4.22 3.22 -3.29 -3.77
0.017 0.001 0.009 0.007 0.002
% bramble -0.155
cover -3.16
0.008
% Rosa spp. -0.97 -1.35 0.69 0.38
cover -2.91 -3.97 3.28 1.97
0.013 0.002 0.006 0.072
Solid -0.111 | -0.120
substrate -3.13 -3.18
index 0.008 0.010
Tree species -1.47
richness -2.60
0.026
Tree species -19.5 -11.8
diversity -2.20 -3.79
0.044 0.003
Trees <0.7m -0.065 0.020
height -3.20 4.54
0.006 0.001
Trees 0.7- 0.094 0.136 -0.099
7.6m height 2.41 3.06 -3.67
0.031 0.012 0.003
Trees >7.6m -0.57
height -3.47
0.005
Rabbit 0.027 0.033 -0.022 0.027
grazing index 2.24 2.29 -3.39 4.53
0.043 0.045 0.005 0.001
Constant 8.43 19.83 20.34 10.57 5.19 491 -6.62 5.75 -2.65 17.41
2 (adjusted) 33.7 62.5 52.8 0.0 47.6 61.99 68.4 9.75 56.8 71.7

Table 6.2 Final models for multiple regressions on species richness on the Roughs. The first value in each
cell is the regression coefficient for that variable, the second is the t-statistic for the fit of that variable and
the third is the p-value associated with that t-statistic. These values are only given for the variables in the
final model for any one taxon. Also given are the constants and the adjusted r-squared values for the final

models. All variables considered are shown here.
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Ground cover | 0.128 | -0.017 | -0.212 1 0.229 [ 0.037 | -0.272 | -0.555 | 0.095 | -0.184 | 0.384
richness 0590 | 0.944 | 0369 |0332 0877 |0.245 |o.011 | 0691 |0437 |0.095
Ground cover | 0.081 | -0.027 | -0.134 | 0.263 | -0.125 | -0.199 | -0.322 | -0.056 | -0.099 | 0.352
diversity 0.733 | 0910 | 0573 0262 1059 | 0400 |o0.167 |0813 |0678 | 0.128
Mean sward | 0.023 | -0.032 | -0.026 | -0.211 ]| 0.327 | 0.523 ] 0.332 | -0253 | 0.340 | -0.403
height 0925 | 0895 |0914 |0371 |0.159 | o0.018 |0.166 | 0.282 | 0.143 | 0.078

Variance of 0.018 0.003 -0.155 | -0.229 | 0.558 0.320 | -0.134 | 0.314 | -0.048 | -0.137
sward height 0.940 0.990 0.513 0.332 0.011 0.168 | 0.574 0.178 | 0.842 0.565

% bramble 0.043 -0.350 | -0.077 | 0.350 | -0.354 | -0.342 | -0.091 | 0.049 | 0.130 | -0.124

cover 0.857 0.131 0.747 0.131 0.125 0.140 | 0.701 0.839 | 0.583 0.602
% Rosa spp. 0.118 -0.244 | -0.477 | 0.165 -0.179 | -0.211 | -0.338 | 0.137 | 0.122 0.393
cover 0.619 0.300 0.033 0.488 0.449 0.372 0.145 0.565 0.607 | 0.087

% concrete 0.247 -0.148 | -0.320 | 0.482 0.005 -0.188 | -0.230 | -0.027 | 0.074 | -0.010
cover index 0.293 0.534 | 0.169 0.060 0.982 0.428 0.329 0.909 | 0.757 | 0.968

Tree species -0.303 | 0.013 0.111 -0.087 | -0.218 | -0.492 | -0.330 | 0.045 -0.211 | 0.467

richness 0.194 0.957 0.642 0.717 0.357 0.028 0.156 0.851 0.372 0.038
Tree species -0.045 | -0.392 | -0.083 | -0.315 | -0.040 | -0.228 | 0.258 -0.173 | -0.104 | -0.153
diversity 0.859 0.108 0.744 0.202 0.876 0.362 0.301 0.491 0.682 0.545
Trees <0.7m -0.509 | 0.290 0.213 -0.217 | -0.174 | -0.141 | -0.306 | 0.047 -0.124 | 0.430
height 0.022 0.215 0.367 0.358 0.462 0.554 0.190 0.845 0.601 0.058
Trees 0.7- -0.119 | 0.125 0.111 0.248 -0.075 | -0.111 | -0.459 | 0.155 -0.163 | 0.382

7.6m height 0.617 0.599 0.642 0.292 0.754 0.641 0.042 0.515 0.491 0.097

Trees >7.6m 0.138 -0.141 | 0.029 0.197 -0.267 | -0.269 | -0.116 | 0.068 -0.326 | 0.266
height 0.562 0.552 0.904 0.405 0.255 0.252 0.682 0.778 0.161 0.257

Rabbit 0.073 0.131 -0.294 | 0.104 0.023 -0.377 | -0.363 | 0.276 -0.265 | 0.419
grazing index | 0.795 0.582 0.209 0.662 0.925 0.101 0.116 0.240 0.258 0.066

Table 6.3 Correlations between the species richness of the various taxonomic groups and the explanatory
variables. Comparisons with an ry of greater than 0.3 or less than -0.3 are given in bold and are plotted in

Figures 6.2-6.4.
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Figure 6.2 The relationships between environmental variables and species richness of various taxa on the Roughs. Beetles:

a),b). Carabids: c¢),d). Lepidoptera e)-k). Syrphids 1)-0), continued in figure 6.3. For test statistics and p-values see table 6.3.
73



1
400

20 —
.
(2] .l
k=]
-g_ 0,
>
[7) .
.
- s
o .
.
00— &« @
a) T T T T
0 100 200 300
Rabbit grazing index
15 —
.
10 —
o .
& : .
5 .
.
.
.
.
. . .

b)07\ ) A

0o 1 2 3 4 5 6 7 9
Ground cover richness
15 —
.
10 —
4 . . . .
°
[ LY
.
2 .
.
.
. ..
0 —| . .
C) \ \ \ \
0.0 05 1.0 15
Ground cover diversity
15 —
.
10 —
1Y . . .
e . )
Q. - .
o | .
.s
.
.
.
- .
d)) — .
T T T T 1
0 10 20 30 40
Mean sward height
15 —
.
10 —
14 . . .
) ) .
2 [}
2 .
. .
.
.
.
. . .
0 - . -
T T T T T T T T
e) 0 1 2 3 4 5 6 8

% Rose cover

Spiders

Spiders

g)

Spiders

Spiders

25
20
>
©
2 15
£
S
o
-
» 10
i
o
5

—.
N
o

15
>
=

. . . . = 10
- 2
- B
. . & 5
.
.
.
« e
. .
\ \ \ \ \ \ T \ k)o
0 1 2 3 4 5 6 7

Tree species richness

15
>
©
. 0
. 2
.. . PR
e
. e " & 5
.
.
.
- .
. .
T T T T T 1)0
0 100 200 300 400
Tree density (<0.7m tall)
18
° 16
14
2
S 12
3
.e . c 10
. =
., . ~N 8
. 2 s
. . @
. 4
.
.
I . 2
. .
0
T T T T T T T T 1 m)
0 10 20 30 40 50 60 70 80 90
Tree density (0.7-7.6m tall)
18
- 16
14
2
S 12
3
r c 10
. =
., S8
. 2 s
.. o
. 4
.
- * . 2
. 0
T T T T 1
0 100 200 300 400 Il)
Rabbit grazing index
18
.
16
14
. 2
S 12
3
£ 10
. ~
. N8
(2]
. ° . T 6
L1 [E
. 4
. .
. . .
« e o 2
L] . 0
T T T T
0 50 100 150 O)

Variance in sward length

. . .
. . .
1 L]
L] . L]
.
.
] L] . L]
T T T T 1
0 10 20 30 40
Mean sward height
.
I
'
1 1}
]
'
’ L]
] L] L[] .
T T 1
0 10 20
Tree density (>7.6m tall)
- .
_ .
. .
— ] .
B .
. .
| H . = .
H
H
.
_ .
o 1 2 3 4 5 6 7 9
Ground cover richness
_ .
.
- . - L]
B L] L]
. - .
— L]
.
.
_ .
T T T T
0.0 0.5 1.0 15
Ground cover diversity
7 L]
| .
.
- as -
B .
. .
P .
— L]
.
.
_ . .
T T T T 1
0 10 20 30 40

Mean sward height

Figure 6.3 The relationships between environmental variables and species richness of various taxa on the Roughs. Syrphids:

a), continued from figure 6.2. Spiders: b)-i). Birds j)-0), continued in figure 6.4. For test statistics and p-values see table 6.3.
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Figure 6.4 The relationships
between environmental variables
and species richness of various taxa
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None of the correlations between taxa was significant after a Bonferroni correction was applied (Table

6.4).
< < s @
5 g Ea . , .
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3 2 g Sz [§5 |Z g P > %
3 g 52 |52 |52 | & 2 £EE | E& | ES
= S 4= 4 < 22 15 2 8= 8= @2
Carabids -0.198
0.404
Lepidoptera May -0.421 | 0.119
0.064 | 0.617
Lepidoptera August 0.511 | -0.128 | -0.257
0.021 0.589 | 0.274
Lepidoptera (water traps) 0.011 ] 0.079 ] 0.146 | -0.300
0.962 0.741 0.540 | 0.199
Syrphids 0.147 0.031 0.108 0.121 0.153
0.535 0.897 0.650 | 0.613 0.520
Spiders -0.122 | -0.102 | 0.164 | 0.040 | -0.213 | 0.135
0.607 | 0.668 0.489 | 0.868 0.367 ] 0.571
Birds 18th May 0.354 0.463 -0.226 | 0.290 -0.194 | -0.423 | -0.165
0.125 0.040 | 0.339 ] 0.214 | 0.413 0.063 0.487
Birds 31st May 0.206 | -0.126 | -0.138 | 0.289 | -0.326 | 0.486 | 0.251 -0.186
0.385 0.597 | 0.563 0.216 | 0.161 0.030 | 0.286 | 0.432
Birds 27th June -0.089 | 0.095 -0.120 | -0.169 | -0.177 | -0.046 | -0.473 | 0.133 -0.113
0.708 0.691 0.616 | 0.476 | 0.456 | 0.846 | 0.035 0.576 | 0.635
Trees -0.303 | 0.013 0.111 -0.087 | -0.218 | -0.492 | -0.330 | 0.045 -0.211 | 0.467
0.194 | 0.957 | 0.642 0.717 | 0.357 | 0.028 0.156 | 0.851 0.372 0.038

Table 6.4 Pairwise Spearman rank correlations between the species richness values for the taxa. The first value in each cell

is the ry statistic for that correlation and the second is the associated p-value. A Bonferroni correction was applied, so the

critical p-value for any one comparison was 0.001. None of the correlations was significant. n=20 for all comparisons.
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6.4 Discussion

6.4.1 Explaining vegetation structure in terms of substrate

It would seem that the presence of concrete has little effect on the structure of the
vegetation. This is encouraging as it suggests that the Roughs may not be a particularly
abnormal abandoned farmland site and so the findings of this survey may be applicable to
abandoned farmland lacking this type of substrate. The heterogeneity seen in many
aspects of the vegetation on the Roughs (see sections 3.4.2, 3.4.3 and 5.3.2) is therefore

probably caused by differences in grazing or differences in soil type.

6.4.2 Explaining species richness in terms of vegetation and substrate

The lack of agreement between different survey dates as to which variables are important
in explaining Lepidoptera and bird species richness is of interest as it suggests that
different variables are important in determining the distributions of species at different
times of year. This may relate to changes in the habitat use by various species. For
example, early in the year birds will be setting up territories and looking for mates,
whereas later they will be provisioning broods. These different activities might require
them to spend different amounts of time in different habitats, causing the differences seen
in factors explaining species richness in different time periods.

For the rest of the taxa, the variables affecting species richness seemed to be those
relating to the sub-habitat in which the animals operate. The spiders, which would have
been ground dwelling species as they were sampled by pitfall trapping, were affected by
sward height, ground cover and rabbit grazing variables, while the syrphids were affected
by sward height variance, the richness and diversity of ground cover and the density of

intermediate height trees. The species richness of the beetles, which were collected from
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the sward, was surprisingly not affected by any of the sward or ground cover variables,
but was negatively associated with the tree species richness and the density of trees less
than 0.7m tall. Carabid species richness was negatively affected by variance in sward
height and the percentage of Bramble and Rose cover. These are variables that would
affect the microclimate and physical structure encountered by a ground dwelling insect. A
similar result was found by Chung et al. (2000). They found that beetle communities
operating in a certain microhabitat were most affected by changes in the nature of that

habitat.

6.4.3 Correlations between taxa

None of the unadjusted p-values for the correlations between taxa was smaller than 0.021.
Given the large number of tests (55) carried out this suggests strongly that there were no
associations between the taxa I studied. This may be due to the richness of the different
taxa being affected by different, independent factors. The results of the multiple
regressions confirm this, as none of the final models for the taxa included the same sets of
variables (Table 6.2). Similar results have been found in other attempts to discover

indicator species (Lawton et al. 1998; Vessby et al. 2002).

6.5 Summary

While the Roughs differs from other abandoned agricultural areas in that it was also used
as an airfield, the presence of concrete had no measurable effect on the vegetation
structure. This suggests that other areas of abandoned farmland may be broadly
comparable to the Roughs, bearing in mind that other areas are unlikely to have the same
management history. The factors affecting the species richness of the focal taxa varied

between those taxa. In most cases the important variables were those measuring aspects
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of the sub-habitat inhabited by that taxon. None of the taxa I studied were useful as
indicator taxa, as they varied in species richness independently of one another. In the next
chapter I will compare the plant community of the Roughs with that of two other

abandoned farmland areas.
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7 Comparison with the plant species on other abandoned

farmland sites

7.1 Introduction

The only other studies to look at the species inhabiting abandoned farmland in the UK
have focussed on plants, and of these only one has continuously documented the changes
that have occurred over a long period of time. Harmer ef al. (2001) looked at the changes
in vegetation occurring over 100 years following the abandonment of two sites at the
Rothamsted Experimental Station. Various surveys have been carried out on these two
sites since their abandonment. One site, Broadbalk wilderness, was abandoned in 1882,
and the other, Geesecroft wilderness, was abandoned in 1883. These surveys have not
always used the same methods and so the resulting data are limited to species lists for the
sites at different times after abandonment. Here I will compare the plant community of
the Roughs with that of the two Rothamsted sites, at various times after their

abandonment.

7.2 Methods

In addition to the surveys of all trees within 10m of each sampling point I also noted any
other tree species seen growing on the Roughs. The resulting species list was used in the
following analysis (see Appendix 1 for species list). Harmer et al. (2001) list both the
species of tree and other species of plants present or absent at various times after
abandonment. The first of my analyses compares only the species of trees and woody
shrubs. The second analysis compares all of the plant species. I did not survey the non-

woody species of the Roughs, but a previous survey had been carried out and a species

79



list compiled (Tuffs & Cawthorne 1998 unpublished data — Miriam Rothschild pers.
com.). I took this list to be representative of the species present on the Roughs six years
later and combined it with my own list for the woody species to give a list of all the
plants present on the Roughs (see Appendix 3 for species lists).

The similarity of sites was measured using Jaccard’s similarity index (Magurran

1988). This is calculated as:

C_j

Ca+b- Jj
Where C; is the Jaccard similarity index of the two sites, j is the number of species
common to both sites and @ and b are the total numbers of species at the first and second
sites respectively. This is an intuitive index of the similarity as it gives a value equal to
the proportion of the total number of species observed in either habitat that are shared by
both habitats. It was not possible to use an index that takes into account abundances or
distributions as the information regarding any one plant species was restricted to its

presence or absence.

7.3 Results

7.3.1 Woody plant species

The woody plant community on the Roughs was most similar to that on Broadbalk
wilderness after the latter had been abandoned for 56 years (Figure 1.1). This is also the
exact age of the Roughs. This pattern is not seen on Geesecroft wilderness where the
similarity to the present-day Roughs rose to its maximum after 30 years of abandonment

and then stayed relatively constant (Figure 7.2).
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7.3.2 All plant species

For all plant species the plant community on the Roughs is most similar to that of
Broadbalk wilderness after 21 years (Figure 7.3), but most similar to that of Geesecroft

wilderness after 30 years (Figure 7.4).

7.4 Discussion

The similarity of the Roughs to a similar-aged Broadbalk wilderness shows that in terms
of woody plant species different areas of abandoned farmland can develop in a broadly
similar way. This pattern is not evident in the relationship between the Roughs and
Geesecroft wilderness. It would appear that the woody plant community here progressed
rapidly to a state of moderate similarity to the Roughs, and then remained in this state
over the next 90 years. These differences may be due to differences between Broadbalk
and Geesecroft in terms of soil pH or efficiency of drainage (Harmer et al. 2001). One
would therefore infer that the Roughs is more similar to Broadbalk wilderness than
Geesecroft wilderness with regard to these factors. The woody plant species shared by all
three areas were Field Maple (Acer campestre), Sycamore (Acer pseudoplatanus),
Common Hawthorn (Crataegus monogyna), Common Ash (Fraxinus exelsior),
Pedunculate Oak (Quercus robur) and Elder (Sambucus nigra). These six species, also
common in a variety of other habitats, are therefore characteristic of abandoned farmland.

In terms of the whole plant community, the two Rothamsted sites reached their
peak in similarity to the Roughs much more quickly than for solely the woody species.

Broadbalk wilderness is most similar to the Roughs after 21 years, and Geesecroft is most
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similar to the Roughs after 30 years. This difference is probably due to some areas of the
Roughs remaining as open grassland until the present day, along with their characteristic
grassland plants. The number of non-woody plant species is so great that the Roughs
therefore appears to be very early in succession when all plant species are included in the
analysis. The peak similarity values are also less for all species than they are for woody
species. This may be because the factors mentioned above have a greater effect on non-
woody species, or because surveys for smaller, less obvious, non-woody species are
likely to be less complete than those for more apparent and more easily identifiable
woody species, and therefore similarity between sites is likely to be underestimated
(Chao et al. 2005). It should be pointed out that this comparison involves only three sites,
and therefore general conclusions regarding the nature of plant community change on

abandoned farmland can only be drawn after further work.

7.5 Summary

Every abandoned farmland site will have its own idiosyncratic flora dependent upon the
availability of the colonists and the physical characteristics of the site in question. Despite
this there appear to be broad similarities in the colonisation of such sites by woody plants.
When considering all plant species together a habitat such as the Roughs may appear to
be at an earlier stage in succession than other areas of an equivalent age due to the

persistence of areas of grassland with their own characteristic flora.
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8 General discussion

8.1 Introduction

With the increase in area of abandoned farmland it has become more important than ever
to know the fate of such areas. Leaving an area to develop naturally has the obvious
advantage of low financial costs, and such an approach can also be beneficial when
compared to active restoration, as it gives rise to a more heterogeneous habitat (Andersen
1995; Harmer 1999). However, in order to make informed decisions about the type of
management to carry out, we need to know what the long-term impacts of such
management will be over a wide range of taxonomic groups. Here I will summarise my

findings with regard to this, and discuss their implications.

8.2 The findings of this thesis

A recurring theme has been that the Roughs is more spatially heterogeneous than
the other habitat types. The vegetation structure is more heterogeneous (Chapter 3),
which is characteristic of unmanaged areas undergoing natural regeneration (Harmer
1999). In addition the distribution of tree species is much less uniform on the Roughs
than on the Woodland (Chapter 5). Such habitat heterogeneity may have an important
positive effect on the biodiversity of a habitat (Benton et al. 2003). This seems to have
been the case as there are greater numbers of species in all of the taxa surveyed on the
Roughs, and for many of the taxa their distribution is more heterogeneous on the Roughs
than in the other habitats (Chapter 4). The heterogeneous habitat structure on the Roughs,
brought about by natural regeneration, may be compared to the heterogeneous structure

of coppiced woodland (e.g. Andersen (1995)), brought about by management to create a
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mosaic of patches of different ages. In both cases the heterogeneity of the habitat allows
colonisation by a more varied suite of species.

A similar pattern of greatest species richness of animals at intermediate stages in
succession has been previously observed in a variety of habitats (Connell 1978). It is
possible that habitats in an intermediate state of succession may characteristically be
more heterogeneous, because succession occurs at different rates in different areas within
a habitat. If this is the case, with habitats earlier or later in succession being more
homogeneous, then more heterogeneous mid-succession habitats may support greater

numbers of species (Figure 8.1).

Maxiiommn value for habitat characteristic
Most advanced
regeneration
o
E Mean level of
= regeneration
o
e
m
= &
=
- =
= T
Least advanced regeneration
Time

Figure 8.1 Schematic diagram of a habitat characteristic, such as vegetation height or ground cover in
relation to time since disturbance. The thick line denotes the mean value of the habitat characteristic over
the whole habitat and the shaded area denotes the range of values of the characteristic seen in different
areas of the habitat. If habitats at an intermediate stage of succession are more heterogeneous, consisting of
areas with a greater range of values for a habitat characteristic, then they may offer more niches than
habitats at other stages in succession and therefore will support more species.
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In terms of the plant community, previous studies have shown that the number of
species present tends to gradually increase, and then reach an asymptote (Pickett 1982;
Begon et al. 1996; Meiners et al. 2002; Meiners et al. 2004). This was also the case in
this study where there was little difference between the number of woody species
observed on the Roughs and Woodland. Therefore it appears that after 56 years of
abandonment the Roughs has reached its maximum woody plant species richness.

Looking at the similarities between the communities from the different habitats
provides further evidence for the theory that the Roughs is more species rich by virtue of
its heterogeneity. In general, the communities on the other three areas had few species in
common, whereas the Roughs had many species in common with both the Set-aside and
the Woodland. It would seem that the Roughs is a heterogeneous mixture of areas similar
in nature to these two habitats, allowing species with both grassland and woodland
affinities to colonise this habitat.

The differences in the factors affecting the species richness of the various taxa
may be due to differences in the ways different groups use the Roughs. No single factor
predicts species richness for all groups (Chapter 6). This also provides another insight
into why the Roughs is so species rich. With many different factors affecting species
richness, a heterogeneous environment is much more likely to hold many species than a
homogeneous one, as so many different niches are available.

In comparison with other sites, the Roughs woody plant community is most
similar to those at Broadbalk and Geesecroft after similar lengths of time. The whole
plant community of the Roughs seems to be at a much earlier stage of succession, as there
are still large areas of grassland. This again demonstrates the importance of the
heterogeneity of the Roughs, as it should therefore provide a habitat for species

characteristic of both late and early succession. This greater heterogeneity may be partly
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due to the differences in area between the sites. The Roughs has an area of 30ha, whereas
Broadbalk wilderness is 0.26ha in area and Geesecroft wilderness is lha in area. The
small area of these sites may preclude any patchiness of the kind seen on the Roughs.

When compared to unmanaged sites that are of ex-industrial or urban origin,
ranging in age from 10-42 years, the Roughs is far more species rich, with 18 species of
woody plant compared to an average of 3.2 species for sites where some degree of
colonisation had occurred (Hodge & Harmer 1996). This too may be due to the large area
of the Roughs, as the mean area of the sites included in Hodge & Harmer’s study was
only 2.14ha, and larger sites are more likely to have greater numbers of species. In
addition, the proximity of a source of woody plant colonists may have been a limiting
factor in these areas, which was not the case with the Roughs, as it is bordered on one
side by the Woodland. Only nine out of the forty six sites in Hodge & Harmer’s survey
had a greater density of stems per hectare than the Roughs, which had 2730 stems per
hectare, also suggesting that the species composition of these sites may have been limited
by a lack of colonists.

The large number of species of conservation importance present on the Roughs as
compared to the Woodland, which is a SSSI (Site of Special Scientific Interest) and
therefore has legal protection, is of great interest. If we wish to provide habitats for these
rare species then leaving areas of arable farmland unmanaged may be a cheap way of
achieving this. I suggest that such sites which have been left to regenerate naturally are

potentially of great importance to conservation and deserve further attention.

8.3 Implications

This long-term experiment, started by Miriam Rothschild in the 1940s, has shown that

abandoning areas of arable farmland can indeed give rise to habitats of conservation
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importance. Abandoned farmland can be valuable in conservation terms by virtue of its
intermediate nature between woodland and grassland, being a heterogeneous mixture of
the two types of habitat. However, in order to maintain such a habitat for the purposes of
the conservation of biodiversity it would have to be kept in an intermediate state of
succession. On the Roughs there are still extensive areas of grassland, and therefore it
would seem that intervention is, for now, not necessary. It may be that these open areas
are being maintained by rabbit or deer grazing, and so intervention would only be needed
if such grazing ceased. On the Broadbalk wilderness site at Rothamsted an area adjacent
to the unmanaged woodland has been kept as grassland by the removal of woody
colonists and by grazing (Harmer et al. 2001), so this is a viable option. Another
possibility is that the soil on the Roughs has been impacted by the passage of heavy
vehicles while the area was in use as an airbase, and this might serve to prevent the
growth of trees.

If farming continues to become less profitable and large areas of arable farmland
in the UK fall out of use then this will be a marvellous opportunity for organisations
concerned with conservation to acquire areas which could one day turn into important

habitats.

8.4 Conclusion

I have shown that abandoned arable farmland has the potential to turn into a highly
heterogeneous, species-rich and species-diverse habitat. It can also be home to a number
of rare and important species. If further work gives similar results to my own I would
recommend that any conservation organisation which has the opportunity to acquire
arable farmland should do so, as after half a century, for no extra cost, they will have a

habitat of great value to conservation.
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Appendix 1
All species observed in the four habitats (“+” denotes presence)

Ground beetles (Coleoptera: Carabidae) caught by pitfall trapping and sweep netting

Species Vernacular name Wheat Set-aside Roughs Woodland

Abax parallipipedus + +
Agonum assimile +
Agonum dorsale +

Agonum obscurum +
Amara communis + +

Amara lunicollis + +

Amara ovata +

Asaphidion curtum + +
Badister bipustulatus +
Bembidion biguttatum +
Bembidion guttula +

Bembidion lunulatum +

Bembidion obtusum + + +
Calathus piceus +
Carabus nemoralis +

Carabus violaceous + +
Clivina fossor + + +
Demetrias actricapillus +

Dromius linearis +

Harpalus affinis +
Harpalus rubripes +

Leistus spinibarbis +
Loricera pilicornis +
Nebria brevicollis + +
Notiophilus palustris +

Notiophilus biguttatus
Pseudophonus rufipes
Pterostichus cupreus
Pterostichus diligens
Pterostichus macer +
Pterostichus madidus
Pterostichus melanarius
Pterostichus niger
Pterostichus strenuus
Stomis pumicatus
Synuchus nivalis
Trechus quadristriatus

+

+

+ o+ 4+ +
+

+ o+ 4+

o+ o+t

Bumblebees (Hymenoptera: Apidae) caught in water traps

Species Vernacular name Wheat Set-aside Roughs Woodland

Bombus hortorum + + T T
Bombus lapidarius
Bombus lucorum
Bombus pascuorum
Bombus pratorum
Bombus jonellus
Bombus terrestris +
Psithyrus barbutellus

Psithyrus rupestris +
Psithyrus vestalis +

J’_

+ o+ +
+ o+ 4+ +
+ o+ 4+

+
+ 4
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Appendix 1

Lepidoptera observed on transects, caught in water traps and observed during other fieldwork

Species Vernacular name Wheat Set-aside Roughs Woodland
Aglais urticae Small Tortoiseshell + + + +
Agriphila geniculea +

Agriphila straminella + + +
Agriphila tristella + +

Anthocharis cardamines Orange Tip +

Anthophila fabriciana +

Apama monoglypha Dark Arches + + +
Aphantopus hyperantus Ringlet + + +
Autographa gamma Silver Y + + + +
Callistege mi Mother Shipton + +

Callophrys rubi Green Hairstreak +
Camptogramma bilineata  Yellow Shell +

Celastrina argiolus Holly Blue +
Chrysoteuchia culmella +

Coenonympha pamphilus ~ Small Heath + +

Colias crocea Clouded Yellow +

Crambus lathoniellus +

Epirrhoe alternata Common Carpet +

Euclidia glyphica Burnet Companion +

Eupitheca centaureata Lime-speck Pug +

Eupitheca pulchellata Foxglove Pug +

Gonepteryx rhamni Brimstone (butterfly) +

Inachis io Peacock + + +

Lycaena phlaeas Small Copper + +

Maniola jurtina Meadow Brown + + + +
Melanargia galathea Marbled White +

Mythimna impura Smokey Wainscot + +

Nemophora degeerella +
Noctua pronuba Large Yellow Underwing +

Ochlodes venatus Large Skipper + +
Opisthograptis luteolata Brimstone (moth) +

Pararge aegeria Speckled Wood + +
Pieris brassicae Large White +

Pieris napi Green-veined White + + + +
Pieris rapae Small White + + +

Pleuroptya ruralis Mother of Pearl +
Polyommatus icarus Common Blue + + +
Pyrausta aurata +
Pyrausta purpuaris +

Pyrgus malvae Grizzled Skipper + +

Pyronia tithonus Gatekeeper + +
Rivula sericealis Straw Dot + +
Scoparia ambigualis +
Scotopteryx chenopodiata  Shaded Broad-bar +

Thymelicus lineola Essex Skipper +

Thymelicus sylvestris Small Skipper + + + +
Tyria jacobaeae The Cinnabar + +

Vanessa atalanta Red Admiral + +
Vanessa cardui Painted Lady +

Xanthorhoe designata Flame Carpet +
Xanthorhoe ferrugata Dark-barred Twin-spot Carpet +

Xanthorhoe montanata Silver-ground Carpet + +
Zygaena filipendulae Six-spot Burnet +
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Appendix 1

Hoverflies (Diptera: Syrphidae) caught in water traps

Species Vernacular name Wheat Set-aside Roughs Woodland

Brachypalpoides lenta +
Chalosyrphus nemorum +
Chrysotoxum cautum

Episyrphus baleatus + +
Eristalis arborustum +
Eristalis intricarius

Eristalis tenax + +
Ferdinandea cupra

Helophilus pendulus +
Melanostoma millenum +
Melanostoma scalare

Meliscaeva auricollis

Metasyrphus corollae + +
Metasyrphus luniger
Myathropa florea
Parhelophilus versicolor
Platycheirus albimanus
Platycheirus tarsalis
Sphaerophoria scripta
Syrphus ribesii

Volucella bombylans +

Volucella inflata +
Xylota segnis + +

+

I i T i

+
+
+ o+t

+ o+ 4+
+
+

Ants (Hymenoptera: Formicidae) caught in pitfall traps

Species Vernacular name Wheat Set-aside Roughs Woodland

Lasius flavus +
Lasius niger +
Myrmica rubra +
Myrmica ruginodis + +

Orthoptera caught by sweep-netting

Species Vernacular name Wheat Set-aside Roughs Woodland

Chorthippus albomarginatus ~ Lesser Marsh Grasshopper + +
Chorthippus brunneus Field Grasshopper
Chorthippus parallelus Meadow Grasshopper +
Pholidoptera griseoptera  Dark Bush-cricket

+ o+ +

Ladybirds (Coleoptera: Coccinellidae) caught by sweep-netting and pitfall trapping

Species Vernacular name Wheat Set-aside Roughs = Woodland

Adalia 10-punctata 10-spot Ladybird +
Adalia 2-punctata 2-spot Ladybird +

Adonia variegata Adonis' Ladybird +

Coccinella 7-punctata 7-spot Ladybird + + +

Halyzia 16-guttata Orange Ladybird +
Micrapsis 16-punctata 16-spot Ladybird + +

Propylea 14-punctata 14-spot Ladybird + + + +
Psyllobora 22-punctata 22-spot Ladybird +

Subcoccinella 24-punctata 24-spot Ladybird + +
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Appendix 1

Spiders caught by pitfall trapping (identified by Ray Symonds)

Species

Vernacular name

Wheat

Set-aside

Roughs

Woodland

Alopecosa pulverulenta
Bathyphantes gracilis
Centromerus sylvaticus
Cnephalocotes obscurus
Diplocephalus latifrons
Diplocephalus picinus
Diplostyla concolor
Drassodes cupreus
Enoplognatha ovata
Erigone atra

Erigone dentipalpis
Euophrys frontalis
Gongylidiellum latebricola
Lepthyphantes flavipes
Lepthyphantes pallidus
Lepthyphantes tenuis
Lepthyphantes zimmermanni
Meioneta rurestris
Metellina mengei
Micrargus herbigradus
Micrargus subaequalis
Oedothorax apicatus
Ozyptilia trux
Pachygnatha degeeri
Pardosa nigriceps
Pardosa palustris
Pardosa prativaga
Pardosa pullata
Phrurolithus festivus
Pirata hygrophilus
Pirata uliginosus
Pocadicnemis juncea
Pocadicnemis pumila
Saaristoa abnormis
Tibellus oblongus
Trochosa terricola
Walckenaeria antica
Walckenaeria atrotibialis
Walckenaeria nudipalpis
Xysticus cristatus
Zelotes latreillei

+

+

o+ 4

+

+
+

+

o+t o+

+ +

4+t

o+ o+t

+ o+ 4+ +

+
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Appendix 1
Gastropods caught by pitfall trapping (identified by Richard Preece)

Species Vernacular name Wheat Set-aside Roughs Woodland
Aegopinella nitidula +
Candidula intersecta +

Cepea nemoralis + +
Cernuella virgata +

Cochlicops lubrica + +
Monacha cantiana + +

Nesovitrea hammonis +

Trichia hispidia + + +
Vitrina pellucida +

Trees and woody shrubs observed during tree surveys and during other fieldwork

Species Vernacular name Wheat Set-aside Roughs = Woodland
Acer campestre Field Maple + +
Acer pseudoplatanus Sycamore + +
Aesculus hippocastanum  Horse Chestnut +
Betula pendula Silver Birch + +
Cornus sanguinea Common Dogwood +

Corylus avellana Hazel +
Crataegus laevigata Midland Hawthorn +
Crataegus monogyna Common Hawthorn + +
Fraxinus exelsior Common Ash + +
Ligustrum vulgare Wild Privet +

Malus domestica Orchard Apple +

Pinus nigra Black Pine +

Prunus domestica Plum +

Prunus spinosa Blackthorn + +
Quercus robur Pedunculate Oak + +
Rhamnus cathartica Purging Buckthorn +

Salix caprea Goat Willow +

Salix cinerea Grey Sallow +

Sambucus nigra Elder + +
Sorbus torminalis Wild Service +
Ulmus glabra Wych Elm + +
Ulmus minor English Elm + +

Mammals observed during all fieldwork

Species Vernacular name Wheat Set-aside Roughs Woodland
Cervus nippon Sika Deer + + +
Lepus europaeus Brown Hare + + +
Muntiacus reevesi Muntjac + +
Oryctolagus cuniculus Rabbit + + + +
Sciurus carolinensis Grey Squirrel + +
Vulpes vulpes Red Fox +
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Appendix 1

Birds observed during point counts and during other fieldwork

Species Vernacular name Wheat Set-aside Roughs Woodland
Acrocephalus schoenobaenus Sedge Warbler +

Aegithalos caudatus Long-tailed Tit +

Alauda arvensis Skylark +

Anas platyrhynchos Mallard

Anthus pratensis Meadow Pipit

Carduelis carduelis Goldfinch +

Carduelis chloris Greenfinch +

Carduelis cannabina Linnet +

Certhia familiaris Treecreeper + +
Columba oenas Stock Dove + +
Columba palumbus Woodpigeon + +
Corvus corone Carrion Crow + +
Corvus frugilegus Rook + +
Corvus monedula Jackdaw + +
Cuculus canorus Cuckoo + +
Dendrocopos major Great Spotted Woodpecker +
Dendrocopos minor Lesser Spotted Woodpecker +
Erithacus rubecula Robin + +
Fringilla coelebs Chaffinch + +
Garrulus glandarius Jay + +
Hirundo rustica Swallow +

Locustella naevia Grasshopper Warbler +

Luscinia megarhynchos Nightingale +

Milvus milvus Red Kite +
Muscicapa striata Spotted Flycatcher +

Parus caeruleus Blue Tit + +
Parus major Great Tit + +
Perdix perdix Partridge +

Phasianus colchicus Pheasant + +
Phylloscopus collybita Chiffchaff + +
Phylloscopus trochilus Willow Warbler +

Pica pica Magpie +

Picus viridis Green Woodpecker + +
Pyrrhula pyrrhula Bullfinch +

Regulus regulus Goldcrest +
Sitta europaea Nuthatch + +
Streptopelia turtur Turtle Dove +

Strix aluco Tawny Owl +

Sylvia atricapilla Blackcap + +
Sylvia borin Garden Warbler + +
Sylvia communis Whitethroat +

Sylvia curruca Lesser Whitethroat +

Troglodytes troglodytes Wren + +
Turdus merula Blackbird + +
Turdus philomelos Song Thrush + +
Turdus viscivorus Mistle Thrush +

Vanellus vanellus Lapwing
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Appendix 1

Beetle Recognised Taxonomic Units (RTUs) caught by sweep-netting

RTU

Genus/species (if identified) Wheat

Set-aside

Roughs

Woodland

Anthricidae A
Apionidae A
Apionidae B
Apionidae C
Apionidae D
Apionidae E
Apionidae F
Apionidae G
Apionidae H
Apionidae 1
Apionidae J
Attelabidae A
Buprestidae A
Cantharidae A
Cantharidae B
Carabidae A
Carabidae B
Carabidae C
Carabidae D
Carabidae E
Carabidae F
Chrysomelidae A
Chrysomelidae B
Chrysomelidae C
Chrysomelidae D
Chrysomelidae F
Chrysomelidae G
Chrysomelidae H
Chrysomelidae 1
Chrysomelidae J
Chrysomelidae K
Chrysomelidae L
Chrysomelidae M
Chrysomelidae N
Chrysomelidae O
Chrysomelidae P
Chrysomelidae Q
Chrysomelidae R
Chrysomelidae S
Chrysomelidae T
Chrysomelidae U
Chrysomelidae V
Chrysomelidae W
Chrysomelidae X
Chrysomelidae Y
Chrysomelidae Z
Coccinellidae A
Coccinellidae B
Coccinellidae C
Coccinellidae D
Coccinellidae E
Coccinellidae F
Coccinellidae G

+

Rhagonchyna fulva

Dromius linearis

Bembidion obtusum

Pterostichus melanarius

Demetrias actricapillus +
Pterostichus madidus

Bembidion biguttatum

Cryptocephalus moraei

+

Propylea 14-punctata
Adonia variegata +
Coccinella 7-punctata

Micrapsis 16-punctata

Halyzia 16-guttata

Subcoccinella 24-punctata
Rhyzobiaslitura sp.

+ o+ + +

+

+ +

o+ 4+ o+ttt

+ 4
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Appendix 1

Beetle Recognised Taxonomic Units (RTUs) caught by sweep-netting (continued)

RTU

Genus/species (if identified)

Wheat

Set-aside

Roughs

Woodland

Coleoptera A
Coleoptera B
Curculionidae A
Curculionidae B
Curculionidae C
Curculionidae D
Curculionidae E
Curculionidae F
Curculionidae G
Curculionidae H
Curculionidae I
Curculionidae J
Curculionidae K
Curculionidae L
Curculionidae M
Curculionidae N
Curculionidae O
Curculionidae P
Curculionidae Q
Curculionidae R
Curculionidae S
Curculionidae T
Curculionidae U
Elatiridae A
Lathrididae A
Lathrididae B
Lathrididae C
Lathrididae D
Lathrididae E
Lathrididae F
Lathrididae G
Melryidae A
Nitidulidae A
Nitidulidae B
Nitidulidae C
Oedemeridae A
Phalacridae A
Salpingidae A
Scirtidae A
Staphylinidae A
Staphylinidae B
Staphylinidae C
Staphylinidae D
Staphylinidae E
Tenebrionidae A
Throscidae A

Dienerella sp.

Oedemera lurida

Lissodema cursor

4+t +

+

o+ o+ + o+

+

i e o s S SR S S S S S

+

+

+
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Appendix 2

Non-parametric species richness estimators

All formulae and definitions are from Colwell (2004).

Definition of variables

Sobs

S rare

Sabund

Sinfr

Sfreq

Minfir

O

Pk
Nyare
Nini
Cace
Cice
V ace
y2ice

i

Total number of species in all samples pooled

Number of rare species (each with 10 or fewer individuals) when all samples are
pooled

Number of abundant species (each with 10 or fewer individuals) when all samples
are pooled

Number of infrequent species (each found in 10 or fewer samples)

Number of frequent species (each found in more than 10 samples)

Total number of samples

Total number of samples that have at least one infrequent species

Number of species that have exactly i1 individuals when all samples are pooled (F,
is the frequency of singletons, F, is the frequency of doubletons)

Number of species that occur in exactly j samples (Q; is the frequency of uniques,
Q; is the frequency of duplicates)

Proportion of samples that contain species k

Total number of individuals in rare species

Total number of incidences (occurrences) of infrequent species

Sample abundance coverage estimator

Sample incidence coverage estimator

Estimated coefficient of variation of the F; for rare species

Estimated coefficient of variation of the Q; for infrequent species

The number of quadrats containing j unique species
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Appendix 2
The estimators

Chao 1 (Chao 1984)

. F ___FF
2F,+1) 2(F +1)

SChaol = Sobs

var(S, ):F[M4+(£J3+(FI/F2)2J
Chaol 2 4 Fz 2

Chao 2 (Chao 1987)

SChaoZ = S()bs + le - QIQZ 2
200, +1) 20, +1

var(S .,) =0, [%4 + [%J n (Q1 /2Qz )2 J

Jacknife 1 (Burnham & Overton 1978, 1979; Heltshe & Forrester 1983)

m—1

SJackl = Sobs + Ql (—j
m

var(S ) = mT_l[i ]zfj _[i ]f/J /m]

Jacknife 2 (Smith & van Belle 1984)

S s = S, +(Q1 2m=3) Q,(m-2)’ ]

m m(m—1)

Bootstrap (Smith & van Belle 1984)

Sobs
SBoot = Sabs +Z(1_pk)m

k=1
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Appendix 2
ACE (Abundance-based Coverage Estimator (Chao & Lee 1992; Chao et al. 1993))

S F
— g 1 2
Sace - Sabund + yace

Cace Cace
10
> (i - DF,
Where C :I—Land 72, = max rare i=1 _
ace i - ace Cace (Nmre )(Nmre — 1)
l i

ICE (Incidence-based Coverage Estimator (Lee & Chao 1994))

S, 0

S =9 + inf r + RN 2

ice freq Cl.ce Cl.ce }/ ice

10
0 o 2JU-Ng,
Where Cice =1- 10—1 and }/ie = max inf inf Jj=1 . _ 1,0
/ Cice (minfr - 1) (Ninfr)
Z JO,

J=1
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Appendix 3

Plant species observed on the Roughs (data from this study and Tuffs & Cawthorne (1998)
unpublished data — Miriam Rothschild pers. com), Broadbalk wilderness and Geesecroft wilderness
(data from Harmer et al. (2001)). Woody plant species are in bold. “+” denotes presence.

Broadbalk Geesecroft

Roughs

Species 2004

cle6l

9881
681
€061

L 4| 8g61

+ 4| sver

L 4| P961

L4 Ten

+ 4| se61

$681
8681
€061

L] €161
+| Ls6l
v 4| TLel

Acer campestre +
Acer pseudoplatanus +
Achillea millefolium
Aethusia cynapium + +
Aegopodium podagraria +
Agrimonia eupatoria + + +
Agrostis sp
Alliaria petiolata
Alnus glutinosa +
Alopecurus myosuroides
Alopecurus pratensis
Anagallis arvensis
Anchusa offinalis
Angelica sylvestris
Anisthantha sterilis +
Anthemis cotula + +

Anthoxanthum odoratum + + + +

Anthriscus sylvestris + + + | + + + + +
Anthriscus temulentus +
Aphanes arvensis
Aquilegia
Arabadopsis thaliana +
Arctium lappa +
Arctium minor
Arenaria serpyllifolia
Armoracia rusticana
Arrhenatherum elatius
Arum maculatum
Atriplex patula +
Bellis perennis

Betula pendula
Brachypodium pinnatum
Brachypodium sylvaticum
Briza media + +

Bromopsis ramosa + + + +
Bromus hordeaceus
Bromus ramosus
Bromus sterilis

Bryonia dioica
Calamagrostis epigeios
Calystegia sepium
Capsella bursa-pastoris
Cardamine flexuosa
Cardamine hirsuta
Cardamine pratensis
Carduus acanthoides
Carex flacca

+ +| €861
+ +| 8661

+ +
J’_
J’_
J’_
J’_

+ +
+
+
+
+
+
+
+

+ +
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Carex hirta +

Carex otrubae +

Carex pilulifera

Carex sylvatica +

Centaurea nigra + + +
Centaurea scabiosa

Centaurium erythraea +

Cerastium fontanum + + + +
Cerastium glomeratum +

Chaerophyllum temulum

Chamaenerion angustifolium + +
Chenopodium album +

Chenopodium polyspermum +

Chenopodium rubrum +

Circaea lutetiana

Cirsium arvense + + + +
Cirsium palustre +

Cirsium vulgare +

Clematis vitalba

Clinopodium calamintha +
Clinopodium vulgare +

Conopodium majus

Conium maculatum +

Convolvulus arvensis + + + +
Conyza canadensis +

Cornus sanguinea +

Corylus avellana + + +
Crataegus monogyna
Crepis capillaris
Cymbalaria muralis
Cynosurus cristatus
Dactylis glomerata
Dactylorhiza fuchsii
Dactylorhiza maculata
Daucus carota
Deschampsia cespitosa
Digitalis sp

Dipsacus fullonum
Dryopteris dilatata
Dryopteris filix-mas
Elytrigia repens
Epilobium hirsutum
Epilobium montanum
Epilobium tertragonum
Equisetum arvense
Erigeron acer
Euphorbia exigua + +
Erophila verna
Euphrasia sp +
Festuca arundinacea +
Festuca gigantea
Festuca ovina +
Festuca pratensis
Festuca rubra +
Filipendula ulmaria
Filipendula vulgaris +
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Fragaria vesca
Fraxinus excelsior
Galeopsis tetrahit
Galium aparine
Galium mollugo
Galium tricornatum
Galium verum
Geranium dissectum
Geranium molle
Geranium robertianum
Geum urbanum
Glechoma hederacea
Glyceria declinata
Gnaphalium uligunosum
Hedera helix
Helictotrichon pubescens
Heraculum sphondylium
Holcus lanatus
Hyacinthoides non-scripta
Hypericum hirsutum
Hypericum perforatum
Hypochaeris radicata
llex aquifolium

Inula conyza

Iris foetidissima
Juncus effusus

Juncus inflexus
Knautia arvensis
Lactuca serriola
Lamium album
Lamium purpureum
Lapsana communis
Lathyrus pratensis
Leontodon autumnalis
Leontodon hispidus
Leontodon saxatilis
Leucanthemum vulgare
Ligustrum vulgare
Linum catharticum
Lithospermum officinale
Lolium multiflorum
Lolium perenne
Lonicera periclymenum
Lotus corniculatus
Luzula campestris
Luzula sylvatica
Lynchis flos-cuculi
Malus domestica
Malva moschata
Medicago lupilina
Mentha arvensis
Mentha spicata
Mercurialis perennis
Mileum effusum
Moehringia trinerva
Myosotis arvensis

+ +

+ o+ o+ o+ o+

+ o+ 4+ +
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Nepeta album +
Odontites vernus
Ononis repens
Ophioglossum vulgatum
Ophrys apifera

Papava rhoeas +
Pastinaca sativa
Persicaria maculosa
Phalaris arundinacea + + +
Phleum bertolini +
Phleum pratense + + o+ + +
Picris echoides +
Picris hieracoides
Pimpinella major
Pimpinella saxifragia +
Pinus nigra
Plantage major
Plantago lanceolata
Pleum pratense
Poa annua

Poa chaixii +
Poa nemoralis +
Poa pratensis
Poa trivialis
Polygonum aviculare +
Potamogeton sp
Potentilla anserina
Potentilla reptans
Potentilla sterilis
Primula veris
Prunella vulgaris
Prunus avium + + + + + + + +
Prunus domestica
Prunus spinosa
Pteridium aquilinum
Quercus robur
Ranunculus acris
Ranunculus auricomus
Ranunculus ficaria
Ranunculus repens
Ranunculus sp

Reseda lutea
Rhamnus cathartica
Ribes rubrum + + + 4+
Ribes uva-crespa +
Rosa sp
Rubus caesius +
Rubus fruticosus + + + + + + + + +
Rubus idaeus
Rumex acetosa
Rumex conglomeratus +
Rumex crispus
Rumex obtusifolius
Rumex sanguineus
Sagina procumbens
Salix caprea
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Salix cinerea
Sambucus nigra
Sanguisorba officinalis
Sanicula europaea
Scrophularia nodosa
Sedum acre

Sedum sp

Senecio erucifolius
Senecio jacobaea
Sherardia arvensis
Silene alba

Silene vulgaris
Sinapsis arvensis
Solanum dulcamara
Solanum nigrum
Sonchus arvensis
Sonchus asper
Sonchus oleraceus
Sorbus aucuparia
Sparganium erectum
Stachys officinalis
Stachys sylvatica
Stellaria graminea
Stellaria holostea
Stellaria media
Symphoricarpos albus
Tamus communis
Taraxacum officinale
Taxacum sect Ruderalia
Taxus baccata

Torilis arvensis
Torilis japonica
Tragopogon pratensis
Trifolium campestre
Trifolium dubium
Trifulium pratense
Trifolium repens

Trisetum flavescens
Tussilago farfara
Typha latifolia

Ulex europaeus
Ulmus glabra

Ulmus minor

Urtica dioica

Urtica urens
Valeriana officinalis
Valerianella dentata
Verbascum thapsus
Veronica agrestis
Veronica arvensis
Veronica chamaedrys
Veronica hederifolia
Veronica officinalis
Veronica persica
Veronica serpyllifolia

Tripleurospermum inodorum
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Vicia hirsuta
Vicia sativa

Vicia sepium
Vicia tetrasperma
Viola arvensis
Viola canina
Viola hirta

Viola odorata
Viola riviana
Viola tricolor
Vulpia bromoides

+ 4+ 4+
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