
Adam Bows (19039837) 

MSc Conservation and Ecology: BIOS7003 Career Development & Research Skills 

CW3: Research Project proposal 

Assessing the biodiversity outcomes of Wild Oxford, an Alkaline fen restoration 
project 

 
Raleigh Park fen after mechanical cut and collect September 2019 (Adam Bows) 

 

1.0 Summary 

This research project proposal briefly describes the ecology of the Oxfordshire Alkaline fens, 
their importance, threats, management and how the Wild Oxford project, a partnership 
between key nature conservation stakeholders, is seeking to restore them.  It outlines the 
research aims to determine the biodiversity outcomes of Wild Oxford and details the 
methodology, data collection and statistical analysis planned to answer three research 
objectives: 

1. Has the Wild Oxford project improved biodiversity outcomes?   

2. To what extent do the duration and range of ecological restoration techniques 
influence biodiversity? 

3. What is the role of abiotic factors in fen restoration?   
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2.0 Introduction 

2.1 Alkaline Fen ecosystems, importance and threats 

Fens are mires or wet, peat forming land, which are fed by sustained flows of minerotrophic 
groundwater and a high water table at, or just below, the surface for most of the year (Rydin 
and Jeglum 2013).  Soil saturation is crucial for the anoxic environment needed to form peat.  
The key difference to bogs, which are ombrotrophic and rely on rainwater for their water and 
nutrient supply, is that minerotrophic groundwater carries base-rich minerals; the resulting 
neutral to alkaline water pH influences the floristic richness of the fen (Rydin and Jeglum 
(2013). 

Alkaline fens fed by groundwater flowing through calcareous rocks and soils have a pH of 
6.8-8 and are defined as extremely rich fens in terms of their bryophyte and vascular plant 
flora (Rydin and Jeglum 2013).  They are characterised by the production of tufa, which is 
the deposition of calcium carbonate on leaves, twigs and stones through precipitation from 
waters high in dissolved calcium (Webb 2018).  Crucially, this process also makes 
phosphorous unavailable to plants, creating a diverse community of stress tolerant plants 
which require low nutrient conditions to thrive (Webb 2015b). Alkaline fens are consequently 
biodiversity hotspots (Nielsson, 2015), ecologically important due to their high plant diversity 
and unique species, especially their brown moss community (European Commission, 2013), 
but also for molluscs, invertebrates and birds (Rydin and Jeglum, 2013, Šefferová et al., 
2008).  

In the UK, the JNCC classifies Alkaline fens (H7230) as characterised by short sedges of 
three main National Vegetation Classification groups (JNCC, 2019a): 

 M9  Carex rostrata – Calliergon cuspidatum/giganteum mire 

 M10  Carex dioica – Pinguicula vulgaris mire 

 M13  Schoenus nigricans (Black Bog-rush) – Juncus subnodulosus (Blunt-flowered 
Rush) mire 

Species-rich Alkaline fens have undergone a catastrophic decline in the UK with up to 98% 
lost since 1940 (Šefferová et al., 2008).  They are a priority habitat in the Habitats Directive, 
with the latest assessment of conservation status indicating just 28.2km2 of Alkaline fen 
remain in the UK and 57–75% of that is in unfavourable condition (JNCC 2019b). 

Alkaline fens rely on a persistently high water table fed by groundwater low in available 
nitrogen and phosphorus (Šefferová et al., 2008); changing these factors can accelerate 
succession to carr/wet woodland if the water table is lowered by drainage (Morris, 2002) or 
with eutrophication, a shift to a lower diversity plant community dominated by Phragmites 
australis (Common Reed), as observed by Snowdon (2017) at Cothill Fen in response to 
increased nitrate levels.  Lowland Alkaline fens in particular are now very rare, having been 
lost and damaged due to drainage and diffuse pollution of groundwater from agriculture, 
undergrazing by livestock and airbourne nitrogen pollutant deposition (JNCC, 2019a, 
Verhoeven et al., 2011).  Lamers et al., (2015) emphasise the problematic issue of 
recolonisation of remaining habitats which have lost species due to chronic habitat 
fragmentation. 
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2.2 The Wild Oxford project and fen restoration 

In response to these threats, Wild Oxford, a partnership between Berkshire, 
Buckinghamshire and Oxfordshire Wildlife Trust (BBOWT) and Oxford City Council, was 
created to connect people to nature on their doorstep and secure resilient, thriving wildlife 
habitats at eight locations in and around Oxford (BBOWT, 2019).  A key aim is to restore 
remnants of valley-head, spring fed Alkaline fens found at these sites, Oxfordshire being 
home to the largest grouping of these rare habitats outside North Wales and East Anglia 
(Webb, 2014).  Since 2014 these fens have been subject to ecological restoration by 
volunteers including (Webb 2019a, 2019b, 2019c): 

 Removal of encroaching willow scrub and carr woodland to prevent loss of the fens 
to succession; 

 Fen biomass removal through scything and raking to lower fertility and reduce 
dominance of the tall invasive P.australis and restore the characteristic low, light 
sward; 

 Application of green hay from part of the Lye Valley relic fen to introduce species lost 
from other sites including Pedicularis palustris (Marsh Lousewort), Succisa pratensis 
(Devil’s-bit scabious) and Anagallis tenella (Bog Pimpernel).  P.palustris is an 
ecosystem engineer proven to reduce the vigour of dominant sedges; Decleer et al., 
(2013) found that within six years this hemiparasite reduced the biomass of dominant 
Carex acuta (Acute Sedge) to 17% from 91% and reduced the height of the sward 
from 1m to 0.4m.  This opened up light for other fen vegetation and was correlated 
with an increase in non-carex biomass and a 40% uplift in plant species richness; 

 Construction of log dams to retain water on the fens and rewet areas of former fen 
which had been drained and become too dry to sustain their unique flora and fauna. 

Where herbivorous grazing is not possible, mowing and scrub removal have proven 
successful in other fen rehabilitation projects (Klimkowska et al., 2010, Nielsson, 2015) as 
has reintroduction of species via green hay (Graf and Rochefort, 2008, Hedberg et al., 
2014).  However, Lamers et al., (2015) suggest fen restoration is hampered by its trial and 
error basis without a sound baseline and monitoring, articulating several key concerns: 

 rewetting without an understanding of the hydrological cycle required by the target 
ecosystem can inadvertently cause harm.  Raising the water table all year round can 
shift a diverse Junco‐Molinion fen meadow to Carex dominated fens; 

 risk of eutrophication by phosphate release from rewetting areas of fertilised, 
desiccated peat where fens had previously been converted to agricultural land; and 

 absence of propagules in the seed bank and lack of a nearby donor source for 
transport by wind, water or animals necessitates planned reintroduction of 
characteristic fen bryophytes and flora. 

Klimkowska et al., (2007) Found that rewetting alone was not successful in restoring fen 
meadows; species reintroduction and removal of nutrient rich topsoil were the greatest 
indicators of success.  Topsoil removal has not yet featured in the Wild Oxford project but 
Hedberg et al., (2014) also note its effectiveness on a former rich fen in Poland which had 
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been degraded by drainage.  More locally at Cothill Fen, Morris (2002) found that the floristic 
diversity of this rich Alkaline fen was partly explained by former peat cuttings which had 
delayed succession to wet woodland by keeping the water table high by effectively lowering 
the ground level. 

Whilst not explicit in the Wild Oxford aims, these practical activities meet the definition by 
Clewell and Aronson (2013) of ecological restoration, namely altering physical and biological 
attributes of a degraded ecosystem to assist resumption of natural ecological functions.  The 
project has taken on board many principles of ecological restoration identified by Gann et al., 
(2019), in particular active stakeholder engagement, using many types of ecological 
knowledge and being informed by a native reference ecosystem, part of the Lye Valley fen 
SSSI which has remarkably retained much of its charismatic flora and fauna (Webb 2015b). 

However, the project lacks an essential element of ecological restoration as it has no clearly 
articulated objectives or indicators to assess ecosystem recovery and no baseline of the 
plant community prior to restoration activities was systematically recorded.  This provides a 
fascinating research opportunity to assess the effectiveness of small-scale ecosystem 
restoration in achieving biodiversity outcomes within a fairly urbanised context. 

2.3 Background to the study sites 

Three of the Wild Oxford Alkaline fens will be studied; Chilswell Valley and Raleigh Park to 
the West of Oxford on the Boars Hill escarpment and Lye Valley in East Oxford (Figure 1).  
The impact of the project on the plant communities at these sites was monitored by Webb 
(2019a, 2019b, 2019c).  These findings, ecological attributes, current condition and threats 
are summarised for each site in Table 1. 
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Figure 1: Location of the study sites within Oxford 

 

Chilswell 
Valley 

Raleigh 
Park 

Lye 
Valley 
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Table 1: Ecological attributes, condition and threats to proposed study sites 

 Chilswell Valley Lye Valley Raleigh Park 

Location South Hinksey Headington Botley 

Grid reference SP508035 SP548057 SP492052 

Designation LWS1 (Site 50b02) SSSI2, LWS (Site 50M02) LWS (Site 40x03) 

Size (ha) 6.3 4.5 9.6 

Fen area 0.44 (0.35 unrestored) (Webb, 2019a) 1.45 (Webb, 2019b) 0.38 (0.5 unrestored) (Webb, 2019c) 

Site Geology 
 

Jurassic Corallian limestone and 
sandstone in the West, with Lower 
Corallian Clay and Oxford Clay to the 
East (Webb, 2015a) 

Jurassic Corallian limestone overlying 
Jurassic clay (Webb 2015b) 

Jurassic Corallian limestone and 
sandstone to the West, grading into 
Corallian Calcareous Grit and Oxford 
Clay to the East (Webb, 2018). 

Fen hydrology 
 

Fed by Alkaline springs and seeps on 
the Northern slope which have formed 
sheets of tufa deposits.  High water 
table at or near the surface (Webb 
2015a). A stream runs through the 
bottom of the fen. 

Fed by tufa-forming, strong flowing 
calcareous spring lines and high water 
table, with a stream in the valley 
bottom. 

Fed by calcium rich, seepage zones 
rather than individual springs.  Abundant 
tufa deposits and petrified material.  
Water table close to surface.  Some 
areas of red iron oxide due to the action 
of sub-surface chemotrophic bacteria 
(Webb, 2018). 

Fen 
topography 
 

Single unit of valley-head, sloping, 
soligenous fen (defined by Rydin and 
Jeglum, 2013, as having a 
spring/seep line with sloping laminar 
water flow and no distinct open water 
channels). 

Single unit of gently sloping, valley 
head, soligenous fen 

Patchwork of valley head soligenous 
fens varying in slope gradient.  Main fen 
is relatively flat. 

Fen vegetation 
 

Areas of relic Alkaline fen undergoing 
restoration include the characteristic 

Webb (2015b) records an intact M13 
mire community  with M22 Juncus 

The relic fen is shifting towards a more 
biodiverse community characteristic of 

                                                
1 Local Wildlife Site 
2 Site of Special Scientific Interest 
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 Chilswell Valley Lye Valley Raleigh Park 

fen species (Webb 2019a): 

 A.tenella  
 Carex distans (Distant sedge) 
 Galium uliginosum (Fen Bedstraw) 
 Juncus subnodulosus, (Blunt-

Flowered Rush) 
 Oenanthe lachenalii (Parsley 

Water Dropwort) 
 P.palustris,  
 S.pratensis  

The unrestored fen is dominated by 
reed NVC communities S25 and S26  
(Webb, 2015a) 

subnodulosus (Blunt-flowered Rush) - 
Cirsium palustre (Marsh Thistle) Fen 
Meadow community dominated in 
areas by invasive, species poor 
P.australis or Carex acutiformis 
(Lesser Pond-sedge) communities.  
Includes 20 vascular flowering plants 
from the county Rare Plants Register 
and 14 species on the New Vascular 
Plant Red List for England  
 

Alkaline fen with key species recorded 
by Webb (2019c) including: 

 Bryum cf. pseudotriquetrum (Marsh 
Bryum) 

 Eleocharis uniglumis (Slender Spike 
Rush) 

  Chrysosplenium oppositifolium 
(Opposite-leaved Golden Saxifrage) 

Abundance of common wetland species 
such as Dactylorhiza fuchsia (Common 
Spotted Orchid), Iris pseudacorus 
(Yellow Iris) and Lotus pedunculatus 
(Greater Bird’s-foot-trefoil) has 
increased. 

Fen condition Fen plant diversity increased from 4 to 
68 species between 2014 and 2019, 
around half are wetland plants (Webb, 
2019a), suggesting the habitat is 
returning to Alkaline fen 

Webb (2019b) reported that the SSSI 
status is unfavourable but recovering, 
but plant species numbers increased 
from 47-65 between 2017 and 2018 
as a consequence of the 
management.  

Plant species increased from 45 to 52, 
whilst short turf, open fen conditions 
apparent.   The drier areas are still 
dominated by ruderals but increasingly 
colonised by wetland species (Webb, 
2019c). 

Threats to fen  Groundwater nitrate pollution from 
adjacent agricultural land 

 Succession to carr and wet 
woodland 

 Erosion of peat from fen bottom 
due to flash flooding in stream 

 Groundwater nitrate pollution from 
urban development 

 Peat erosion and eutrophication 
due to flash flooding 

 Reduction in spring flow due to 
water catchment development 

 Fly tipping, arson 

 Invasion, dominance and out-
competition by Juncu inflexus (Hard 
rush), Typha latifolia (Greater Reed 
Mace), Salix cinerea (Grey Willow) 
and Salix fragilis (Crack Willow) 

 Vulnerability of desiccation due to 
climate change and catchment 
development.  Absence of grazing/management leading to invasion by dominant 

P.australis (Common Reed) 
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3.0 Research objectives 

3.1 Research aims and objectives 

Webb (2019a, 2019b, 2019c) identified an increase in species richness associated with the 
Wild Oxford project.  However, this has been limited in spatial and temporal scale, only 
considered one component of biodiversity (changes in vegetation) and did not include 
statistical analysis. 

The core research aim is to determine the extent that ecological restoration of the Oxford 
Alkaline fens has increased biodiversity, considering three objectives: 

Objective 1: Has the Wild Oxford project improved biodiversity outcomes?  
This will consider biodiversity in terms of plant diversity, species richness and 
nectar/pollen resource value for invertebrate pollinators. 

Objective 2: To what extent do the duration and range of ecological restoration 
techniques influence biodiversity?  This will investigate any differences in 
biodiversity by duration and management intensity of restoration, grazing, re-wetting 
and active re-introduction of wetland species using green hay.  

Objective 3: What is the role of abiotic factors in fen restoration / vegetative 
assembly?  This will assess any relationships between hydrology (depth to water 
table, nutrient load, pH), peat depth, slope gradient and light at ground level with 
biodiversity on the plots undergoing restoration. 

3.2 Null Hypotheses 

To assess these objectives three Null hypotheses will be tested: 

1. “The Wild Oxford project has not increased biodiversity in the Oxford Alkaline 
fens” 

2. “There is no relationship between the application of different ecological 
restoration techniques and biodiversity.” 

3. “There is no relationship between abiotic factors, biodiversity and ecological 
restoration actions.” 
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4.0 Research methodology  

4.1 Linkage with Wild Oxford monitoring 

The research project will build upon the vegetative monitoring undertaken by resurveying the 
6 plots sampled by Webb (2019a, 2019b, 2019c), enlarging the sample to 20 plots and most 
importantly, including control areas were no intervention has taken place.  To assess 
ecological restoration against the principles established by Gann et al., (2019), a benchmark 
‘reference ecosystem’ plot at Lye Valley, the  most representative Oxfordshire Alkaline fen 
plant community, will also be sampled for comparison against the other plots. 

Table 2 shows the number and types of sample plots proposed and figures 2-4 the locations 
for the proposed sample plots in Chilswell Valley, Lye Valley and Raleigh Park respectively. 

Table 2: Sampling strategy by site 

Site Number of 20mx20m sample plots3 Total 

Control (no 
intervention) 

Reference 
ecosystem 

Active Restoration – date commenced 

2014-
15 

2016-
17 

2017-
18 

2018-
19 

2020-
21 

Chilswell 
Valley 

2  2#    1 5 

Lye 
Valley 

1 1  2    4 

Raleigh 
Park 

4   4# 2 1#  11 

Total 7 1 2 6 2 1 1 20 

# plots where green hay has been applied (Webb, personal communication). 

 

 

 

 

 

 

 

 

                                                
3 Where a 20mx20m square plot is impractical, a linear strip or irregular shaped plot will be used to 
achieve 400m2 coverage. 



Figure 2: Chilswell Valley sample plots 

 

 

 

 

Control plot 

Same plot will be sampled twice; as a control plot in 2020, then as a 
restoration plot in 2021 

Base map courtesy of Webb (2019a) 
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Restoration plot 

Previously 
sampled by 
Wild Oxford 



 

Figure 3: Lye Valley sample plots 
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Base map courtesy of Webb (2019b) 
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Figure 4: Raleigh Park sample plots 
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Base map courtesy of Webb (2019c) 
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4.1 Biotic data collection 

4.1.1 Vegetation species diversity and abundance. 

To enable direct comparison with the existing Wild Oxford data, the sampling methodology 
of Webb (2019a, 2019b, 2019c) will be used, recording species presence / absence within 
40 randomly sampled 625cm2 circular quadrats from within each 20mx20m plot.  This means 
that 6.5% of each plot (25m2 of 400m2) will be sampled using small quadrats, exceeding the 
minimum threshold of 5% habitat area suggested by Wheater et al., (2011) to avoid 
problems of sampling patchy vegetation.  Random sampling will be achieved through 
generation of random numbers applied to a numbered grid.  The frequency or abundance of 
species can then be estimated across the whole sample plot by expressing as a percentage 
the total number of times a species was found in each quadrat (Bullock, 1996). 

Circular quadrats are proposed for consistency with previous research and to minimise 
errors in counting associated with the increased edge effect of square quadrats (Wheater et 
al., 2011).  To minimise overestimation, only individual species with at least 50% of their 
area within the quadrat will be counted.  This methodology was also used by Snowdon 
(2017) to study Cothill Fen, evidencing its appropriateness for this habitat type.    

A total of 800 quadrats are planned to be recorded across all three sites.  The maximum 
height of the vegetative herb layer within each quadrat will also be recorded, in order to 
calculate the mean height per sample plot.  

4.1.2 Attractiveness for invertebrate pollinators 

To obtain a broader view of biodiversity than available from plant species diversity alone, the 
availability of nectar and pollen resources will be used to estimate the attractiveness of the 
sites for invertebrate pollinators.  Baude et al., (2016) developed the Agriland database of 
empirically measured nectar sugar content for 260 UK wildflowers, shrubs and trees.  This 
database was used by Timberlake et al., (2019) and Cresswell et al., (2019) to estimate 
nectar values based on floral abundance to determine the relative value of habitats for 
invertebrate pollinators.  Pollen is an important protein resource for invertebrate pollinators 
and Hicks et al., (2016) developed a smaller database of nectar and pollen values for 53 
native wildflowers. 

These databases will be used to estimate nectar and pollen resource by counting the 
number of individual open flowers (capitulum for Asteraceae) by species per quadrat to 
enable comparison of each plot for attractiveness to pollinators. 

4.2 Abiotic data collection 

4.2.1 Hydrology, pH and nutrient load. 

Rydin and Jeglum (2013) state that depth to water table is key to the structure and 
composition of peatland vegetation.  Dipwells will be installed in each plot according to the 
methodology recommended by Rothero et al., (2016) and the water table depth measured 
using an electronic buzzer fixed to a measuring tape or a data logger. 

The pH of the water within each dipwell will be measured in-situ using an electronic pH 
meter.  This accords with Tahvanainen and Tuomaala (2003) who found that samples 
collected from dipwells rather than open water or mats of saturated surface vegetation will 
provide a more representative and consistent recording of pH. 
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Nutrient load in the form of Nitrogen and Phosphorous will be measured in situ using 
electronic meters or quick test kits such as the Kyoritsu Pack Test used by the Freshwater 
Habitats Trust.  Biggs et al., (2016) found that whilst the latter are limited in comparison to 
laboratory testing, they can differentiate polluted water from clean water.  Webb has already 
recorded Nitrate levels of 5-10ppm in Chilswell Valley (2019a) and elevated levels at Lye 
Valley (2019b).  As the research goals are to identify any links between water quality and 
overall vegetation species diversity rather than detailed plant physiological response, quick 
tests will be sufficient for the project’s purposes. 

4.2.2 Peat depth, gradient and light at ground levels 

Peat depth will be measured using a peat probe in the corner of each sample plot using the 
practical guidance provided by Scottish Natural Heritage (2017).  All sample plots are on 
sloping ground of varying gradients.  The aspect of each plot will be recorded and its slope 
angle measured using a clinometer and ranging poles.  An electronic light meter will record 
the light levels at ground level in each vegetative quadrat sampled. 

4.3 Data collection timing, programme and equipment 

The survey work will be undertaken between spring 2020 and summer 2021.  This is to 
spread the fieldwork over the time available to the researcher who is a part-time student with 
only 1.5 days available a week for study.  The data collection programme and equipment are 
detailed in Appendix 1. 

Biotic data will be collected during the peak flowering season in June and July to support 
accurate identification and presence of sufficient flowers to determine nectar sugar values.  
Surveys outside these seasons pose too great a risk of missing species which are dormant 
or difficult to identify during the rest of the year. 

All plots will be sampled once, the control and benchmark plots (8 in total) in summer 2020 
and the 12 restoration plots in summer 2021.  The sequencing is designed to minimise the 
risk of unplanned restoration work commencing on the control plots, which would pose 
problems in investigating the effects of restoration.  Abiotic data collection will commence in 
spring 2020 when the dipwells have been installed, aiming to collect at least one year of data 
to identify any seasonality effects. 

4.3.1 Consent and Risk Assessments 

Outline consent has been obtained from the landowner of the three sites, Oxford City 
Council and from BBOWT who lead the project (Appendix 2).  Health & safety risk 
assessments will be conducted prior to commencing fieldwork.  The main risks are inclement 
weather, lone working, infection with tick-borne Lyme disease and water-borne Weil’s 
disease. 

4.3.2 Possible data collection problems 

A detailed risk assessment of potential problems with adjusted risk following suggested 
remediation is contained in Appendix 3.  The main risks and proposed mitigation are: 

 Data collection taking longer than anticipated, especially counting small flowers.  
Mitigated by spreading fieldwork over two summers and scaling back data collection 
if necessary 
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 Drought, affecting water table readings and survival of delicate fen plants during 
sampling.  Difficult to mitigate, but sampling over two summers and three sites 
reduces the likelihood of data collection in all areas being seriously affected. 

 Problems accessing the control plots due to dense vegetation.  Mitigated against by 
cutting paths through vegetation and using stratified grid sampling as required. 

4.4 Data analysis 

Statistical analysis will be undertaken using the R statistical software in the R Studio 
interface using R Markdown, the Tidyverse packages and the Vegan community ecology 
package.  The descriptive statistics proposed to express the biotic and abiotic datasets and 
differences between them are summarised in Table 3. 

Table 3: Descriptive statistics 

Data Measure Method 

Biotic 
(vegetative 
sampling) 

Species 
abundance 

Frequency of occurrence by species per plot and by 
sites 

Species richness, 
diversity and 
evenness 

Diversity indices per plot and by sites including: 

 the Shannon-Wiener Index 

 the Gini-Simpson Index 

 the Fisher Alpha Index 

 Renyi Index  

Pielou eveness index to determine evenness (relative 
dominance/balance between proportions of species). 

Changes in 
species recorded  

Comparison with existing Wild Oxford data (species 
abundance, richness and diversity) 

Biotic 
(vegetative 
and  
nectar/pollen 
values) 

 

Describe 
differences and 
similarities within 
and between sites 

Gower’s Similarity Co-efficient and/or Percentage 
similarity (Renkonen Index) for control and 
restoration plots. 

Cluster analysis and dendrograms to look at 
distances between plots and sites 

Classify and compare plots according to NVC 
communities 

Comparison of nectar/pollen values between plots 
and sites and by flower source 

Abiotic Describe 
differences within 
and between sites 

Comparison (minimum, maximum and mean) 
between plot and sites of: 

 Hydrological data (average nutrient loads, 
mean pH and water table depth) 

 slope gradient / peat depth between plots and 
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Data Measure Method 

sites 

 light at ground level 

Cluster analysis / dendrograms to look at distances 
between plots and sites 

 

To identify any relationships between the biotic data, ecological restoration techniques and 
abiotic attributes, the data will be analysed and a range of null hypotheses tested using the 
inferential statistics summarised in table 4.  

Table 4: Inferential statistical methods proposed to test the research hypotheses 

Aim Null hypothesis tested Statistical method 

1. Establish any 
relationships between 
the biotic measured 
variables and the 
nominal variables 
(restoration treatment 
and control) across plots 
and sites 

1. There are no 
statistically significant 
differences  in the 
species abundance, 
diversity, evenness and 
nectar values between 
the restoration 
treatments 

 

 T-test to compare controls with all 
sites undergoing restoration 
lumped together (if normally 
distributed data); 

 ANOVA test (if data normally 
distributed) to compare two or 
more groups of nominal variables 
(control and different stages of 
restoration).  Possibly also the 
Tukey Multiple Comparison test 

 Cluster Analysis 

 Pearson’s product moment 
correlation coefficient  and/or 
Kendall’s coefficient of 
concordance 

 Multivariate analysis using 
Principal Component Analysis to 
explore any relationships within 
the data 

 Correlation Matrix 

2. Identify any 
statistically significant 
differences in abiotic 
variables between plots 
and sites 

2. There is no statistically 
significant difference in 
abiotic factors between 
the sample plots  

3. Determine any 
relationships between 
the biotic and abiotic 
variables between plots 
and sites (and their 
restoration treatment). 

3. There are no 
statistically significant 
relationships between 
abiotic factors and 
species diversity / nectar 
value and restoration 
treatment 

 

 

4,000 words (excluding Bibliography and Appendices) 
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Appendix 1: Data collection Programme, equipment and budget 
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Appendix 2: Consent from landowner, Oxford City Council, and Wild Oxford lead 
partner, BBOWT 
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Appendix 3 Risk assessment of potential data collection problems and adjusted risk following mitigation 

Potential risk 
Unadjusted risk 

(High/Medium/Low) Possible mitigation 
Adjusted risk 

(High/Medium/Low) 
Likelihood Severity Likelihood Severity 

Drought, causing: 
 water levels too low to measure Depth to 

Water Table (DWT), pH or nutrient load. 
 possible absence of target fen plants 

from sample plots 
M H 

 Sample DWT, pH and nutrient load over 
two summer seasons, with lower 
likelihood of drought over two 
consecutive summers. 

 Provide sufficient dipwells and sample 
plots across the 3 sites, consider back-up 
plot locations 

M M 

Pre-intervention control plots inaccessible 
for sampling due to dense impenetrable 
vegetation including bramble and Willow 
scrub at Raleigh Park. 

H H 

 Cut narrow paths through vegetation to 
enable access for stratified grid sampling 

 Drone sampling using a camera to 
survey inaccessible plots from the air 

M H 

Pre intervention control plots cleared before 
surveys can be undertaken 

M H 

 Clear communication and agreement in 
writing from Oxford City Council and Wild 
Oxford about the sample plots forming 
part of the research project that should 
be left without intervention 

 Sample control plots in 2020 
 Identify alternative back-up control plots 

L H 

Dipwells damaged or vandalised 

L M 

 Ensure dipwells discretely installed out of 
the way of main paths 

 Check regularly for damage 
 Relocate/ re-install dipwells if necessary 

L M 

Difficulty and time spent counting very small 
individual flowers such as Hemp Agrimony, 
Brooklime and water mint, potentially 
slowing down fieldwork H M 

 Test flower counting method through a 
pilot in 2020 and adjust as necessary 

 Develop a standard measure of flower 
units per plant species before sampling 
e.g. by counting flowers on a number of 
sample plants and deriving a mean per 
flower unit (raceme, capitulum etc). 

M M 
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Potential risk 
Unadjusted risk 

(High/Medium/Low) Possible mitigation 
Adjusted risk 

(High/Medium/Low) 
Likelihood Severity Likelihood Severity 

Pollen values unavailable or restricted to a 
small number of species 

H M 

 Only estimate pollen values for a handful 
of key species where data is available in 
the literature 

 Remove from project and rely on the 
nectar values instead which cover a very 
wide range of plant species 

H L 

Data collection takes far longer than 
planned for and cannot be completed 
during the timeframe available 

H H 

 Pilot sampling in summer 2020 to test 
actual duration of surveys 

 Spread data collection over two summers 
 Reduce scale of data collection to fewer 

sample plots if necessary.  Raleigh Park 
does have more sample plots than others 
and there could be scope to reduce the 
sampling whilst still achieving the same 
minimum number of sample plots across 
all three sites. 

M M 

 

 


