TEXE
oy

A4
UNIVERSITY OF
PLYMOUTH

School of Geography, Earth
and Environmental Sciences

Diversity, Abundance and Distribution of
Ground Invertebrates in Lower Sharpham Farm

April 2023

Student Name: Valeria Zavala Quiroga
Student Number: 10659224
Programme: BSc Environmental Science
Project Advisor: Angela Milne

Word count: 7,472

Disclaimer
The research presented in this dissertation is original and
has been carried out by the undersigned except where
otherwise stated

Signed: m




Abstract

Invertebrates constitute the largest group of animals on Earth and represent the bulk of
biodiversity. They are responsible for numerous essential ecosystems services and are
at the centre of many terrestrial food webs. Due to habitat loss from land use change
and conversion to intensive agriculture, they are experiencing a substantial decline in
biodiversity, hence conservation approaches such as rewilding have been sought. There
are limited studies of invertebrate biodiversity in rewilding projects, therefore the aim
of this study is to investigate the diversity and abundance of ground invertebrates at
Lower Sharpham Farm and the influences of vegetation structure in a rewilded field and
a farmed field. 18 pitfalls were installed in each field divided into 3 groups of 6 and were
left out for 5 days. After collection, 856 invertebrates were found and identified in the
laboratory. During that time, a vegetation survey was also carried out. Results within
rewilded field indicate that group 1 showed to have a higher invertebrate abundance
(n=205) and species richness (n=15) with higher biodiversity index (H=1.88). Results
within farmed field indicate that the area in group 1 showed to have a higher
invertebrate abundance (n=124) while group 3 had a higher species richness (n=13) with
a higher biodiversity index result (H=2.12). Results between fields comparison indicate
that rewilding fields increase invertebrate abundance (n=559), though the grazing in
farmed fields has little effect on invertebrate richness but decreases abundance (n=297).
Farmed field had a slightly higher biodiversity index result (H=1.87) compared to
rewilded field (H=1.82) due to the high dominance of springtails (Entomobryomorpha).
This study determines that rewilding works as a tool for promoting invertebrate
abundance and that organic farms have a positive impact on invertebrate diversity.
Overall, long-term regular monitoring is needed to evaluate the success of rewilding for
biodiversity overtime. The outcomes of the study not only evidence the importance of
rewilding for invertebrate conservation but also the importance of low intensive
agriculture practices for biodiversity.
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1. Introduction

Invertebrates are the largest and most diverse group within the animal kingdom and are
essential for healthy functioning ecosystems. They are key components in the provision
and regulation of valuable ecosystem services such as nutrient cycling, regulation of
water, pest control and pollination and they are also an important food source for
animals, which are all vital for human welfare (Noriega et al., 2017). However, there’s
been a large decline of invertebrates during the last decades, over 40% of insects are
threatened with extinction (Dirzo et al., 2014), mainly due to habitat loss from land use
change and conversion to intensive agriculture, particularly the heavy use of pesticides.
Continuing down this path could lead to an ecosystem collapse (Goulson, 2019).

An approach to the recovery and conservation of invertebrates is rewilding or ecological
restoration which aims to reverse biodiversity loss and restore the natural ecological
functions and interactions with minimal human interference. This allows nature to
shape the land and decide its own outcome so in the long term the environment can
self-regulate and sustain itself; a higher complexity of microhabitats tends to attract
more species (Pettorelli et al., 2019). This is the goal of Lower Sharpham farm and its
project partner Ambios.

Sharpham farm is a low intensive organic farm located in Totnes, Devon, and in 2020 its
tenants Ambios acquired an additional 50 acres of agricultural land with the vision of
rewilding it and enhance biodiversity. Since then, they have done annual surveys to
monitor the effect of the rewilding project and seen an increase in birds, mammals,
reptiles and flying insects (Ambios, 2022). But their monitoring of ground invertebrates
is limited. Insects are an important species for assessing the ecological value and quality
of a site and are indicators of ecosystem health as they are sensitive to environmental
change and respond quickly to disturbances or restoration (Borges et al., 2021).
Therefore, the purpose of this study is to contribute to this knowledge gap and
investigate factors that could influence ground invertebrate populations at Lower
Sharpham Farm.

1.1 Research questions, aims and objectives
The overall aim of this study is to investigate the diversity and abundance of ground
invertebrates in fields that have differing land uses at Sharpham farm and to assess the
relationship between vegetation structure and invertebrate diversity.

This investigation will address the following research questions:
How does land use affect invertebrate diversity in Sharpham Farm?

How does vegetation structure and habitat characteristics influence invertebrate
diversity at Sharpham Farm?



To meet the aims the main objectives are: (1) To select two contrasting fields
and find appropriate locations within each field to survey invertebrates; (2) to deploy
pitfall traps to collect invertebrates and identify all captured species into their
taxonomic group in the laboratory; (3) to use quadrats to survey the vegetation
structure surrounding the pitfall traps; and (4) to interrogate and analyse the data using
relevant graphical presentation and statistical analysis.



2. Literature Review

Invertebrates are animals without a vertebrate column, and they comprise around 97%
of all Earth’s animal species known to science, while only 3% are vertebrates (Salvador
etal., 2021). Invertebrates are the most biodiverse and abundant animals in the majority
of natural ecosystems and are key in supporting and maintaining a healthy functioning
environment (New, 1995). However, given their complex evolutionary history, trophic
and ecological roles, abundance, and variety of forms there are still millions of species
undiscovered and have merely begun to identify and understand their global
importance (Collen et al., 2012). The majority of invertebrates are in the Phylum
Arthropoda characterised by their hard exoskeleton, segmented bodies and jointed
appendages with an estimate of approximately 7 million species including discovered
and undiscovered (Serrano, 2022; Stork, 2017). It is divided into the subphyla Chelicerata
(arachnids), Myriapoda (centipedes and millipedes), Crustacea (crustaceans) and
Hexapoda (insects and springtails), which is the largest group with approximately 5.5
million insect species (Collen et al., 2012; Stork, 2017).

Invertebrates are keystone species and are crucial for life on Earth. Their importance
resides in the ecological services and functions they perform, with almost all species
having a unique role in the ecosystem (Silva et al. 2012). Pollinators like bees and
butterflies are essential for the reproduction of flowering plants and the growth of
agricultural crops (Katumo et al., 2022); decomposers such as earthworms and woodlice
break down decaying organisms and organic material recycling nutrients back into the
soil which contributes to plant growth and soil formation (Griffiths et al, 2021). Aquatic
invertebrates, similar to decomposers, help break down and filter organic matter
maintaining the water clean (Bouchard, 2004). Invertebrates also serve as bio controls
helping manage pests by feeding and antagonising on harmful organisms, and they can
be used as a natural alternative for chemical pesticides as well (Williams et al. 2022).
Furthermore, they are a vital food source for other animals and are the foundation of
many vertebrate food chains (Catherine, 2010). Other services include seed dispersal,
waste management, disease regulation, etc. Therefore, invertebrates underpin all
terrestrial, freshwater and marine habitats by providing and supporting numerous
ecosystem services that are essential for human society, economy and well-being, and
are an integral link in food webs as well as maintaining soil and water quality (Eisenhauer
and Hines, 2021; Catherine, 2010).

The world is currently experiencing a large decline of biodiversity at an unprecedented
rate, primarily driven by anthropogenic activity. The loss of invertebrates could lead to
cascading effects and significant consequences to the ecosystem services humankind
depends on (Eisenhauer et al., 2019). Substantial changes in invertebrate diversity and
composition have been happening almost unnoticed and are underrepresented, but
their decline is as severe as of vertebrates, with approximately 40% assessed species
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considered threatened (Dirzo et al.,, 2014). Studies in Europe show more than 75%
decline in flying insect biomass over 27 years, particularly pollinator species which are
vital for food security, and 42% in ground beetles (Hallmann et al., 2019). In the UK, of
the 2430 insects assessed by Natural England, 286 are threatened and 55 have gone
extinct (UK Parliament, 2020).

There are numerous anthropogenic pressures facing invertebrate populations, but the
main threat is land use change from the mass development of agriculture and industry.
Large areas of natural habitats have been converted to intensive agriculture, and the
chronic exposure from the heavy application of pesticides can have lethal effects
(Goulson, 2019). These leads to the direct decline of invertebrate diversity and the
complexity of biotic interactions, which also threatens the productivity and stability of
food production systems (Ricketts et al., 2008). The loss, degradation and fragmentation
of important habitats such as woodlands, wildflower grasslands, hedgerows, rivers, etc.
has contributed to the reduced availability of breeding, sheltering and foraging sites
(Fischer and Lindenmayer, 2007). Invertebrate species are also under great stress from
climate change and shifts in weather patterns (Musolin, 2007). They can be affected
directly by abiotic conditions or indirectly by changes in biotic relationships due to
climate change (Prather et al., 2012). Invertebrates are highly sensitive to temperature
change as they are poikilothermic ectotherms, which means that they are dependent on
the thermal conditions in their environment to regulate their bodies (Everatt et al.,
2013). Therefore, temperature is critical for their development and activity, and even
small fluctuations can alter the timings of their lifecycle, which can negatively impact
their behaviours and emergence patterns (Hegland et al., 2009). Responses to climate
change include changes in geographic distributions, population size, genetic
composition, and phenology (Prather et al., 2012).

The monitoring and conservation of invertebrate populations has never been so
important, and it requires consideration at international, national and local scale
(Schuldt and Assmann, 2010). The alarming declines in biodiversity has push forward
decision makers and the public into action. During the last few decades countries have
started increasing efforts and as result new biodiversity assessments, monitoring
initiatives and measures are being discussed and put into place (Eisenhauer et al., 2019).
Internationally, the UN Convention on Biological Diversity (CBD) established the 20 Aichi
Biodiversity Targets for 2020 which provide a framework to address the drivers that
influence the direct pressures on biodiversity, aiming to mitigate loss and safeguard
ecosystems (Proenca et al., 2017). Despite not achieving the targets, progress has been
made to reach its goals. Building on this, the Kunming-Montreal Global Biodiversity
Framework is currently implemented, outlining an ambitious pathway to achieve global
targets and goals by 2030/50 (CBD, 2023).

However, less attention is brought to invertebrates and conservation actions are
generally applied to vertebrate taxa. Given their immense species richness, global
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assessments on invertebrate status and available data are often limited, with greater
focus on pollinators species (Collen et al., 2012). Only over a million species have been
described which remains around 80% to be discovered (Stork, 2017). This knowledge
gap hinders the capacity to predict and limit defaunation impacts, and thus there is an
urgent need to increase invertebrate assessments and monitoring, and enhance their
representation, in order to improve the understanding and knowledge of their biology,
dynamics and systems involved as well as understand the changes in global biodiversity,
which will lead to effective planning for their conservation and facilitate policy decisions
and action plans (Dirzo et al., 2014; Collen et al., 2012).

The ecological importance and value invertebrates have in providing an integral
functional role in the ecosystem is the vital reason for conserving biodiversity, without
them natural biotic systems would not function properly nor the provision of ecosystem
services that benefits humanity (Eisenhauer and Hines, 2021). They occupy numerous
trophic niches in communities and represent a major biodiversity group in terrestrial
ecosystems, particularly ground invertebrates, and thus they serve as tools to monitor
the health of natural environments and can help indicate the effects of various
anthropogenic impacts and other intrusions or can show the success of conservation
management actions (New, 1995). They are key species for assessing the ecological
changes and quality of a site as they are sensitive to environmental change and respond
quickly to disturbances or restoration, hence they are indicators of ecosystem health
and reflect overall levels of community composition, richness and abundance (Borges et
al., 2021). To mitigate invertebrate loss, it is essential to understand their key roles and
how conservation measures are affecting biodiversity trend (Eisenhauer et al., 2019).

There are various ways to conserve and manage invertebrates, such as through
ecological restoration. An increasingly popular measure for ecosystem recovery is
rewilding which aims to reverse biodiversity loss and restore the natural ecological
functions and interactions with minimal human interference, and return the landscape
or ecosystem to what it was before human intervention (Pettorelli et al., 2019). At
present, there are different methods to approach rewilding which can be broken down
into active and passive rewilding. The former uses more active management in which
selected fauna, like keystone species, are reintroduced to the environment to restore
the ecological processes and trophic functions lost (Lorimer et al., 2015). This can be
divided into two types: Pleistocene rewilding, which focuses on reintroducing specific
species that had functionally similar assemblage of species as existed in the Pleistocene
Age (Donlan et al., 2006), and Trophic rewilding which uses species reintroductions for
the reactivation of top-down trophic interactions and associated trophic cascades
(Svenning et al., 2016). On the other hand, in Passive rewilding natural vegetation
succession is allowed to follow its own course without the reintroduction of species. This
allows nature to shape the land and decide its own outcome so in the long term the
environment can self-regulate and sustain itself (Overton, 2022). Passive rewilding



usually refers to abandoned post-agricultural landscapes no longer actively managed
and uses minimal intervention to facilitate natural processes to regain dominance and
enhance ecosystem resilience (Pettorelli et al., 2019). However, challenges arise as the
outcomes can be unpredictable and varies between each site. Numerous species may
increase in abundance, but others could decline as their habitat changes or risks are not
foreseen, and unwanted ecological interactions could increase (Nogués-Bravo et al.,
2016). Prior research and regular assessments are necessary to ensure an effective
rewilding project (IUCN, 2013).

Restoration and rewilding projects work as a strategy for conserving and restoring
complex ecosystem dynamics and have the ability to form microhabitats (Thakur et al.,
2020). A higher complexity of habitats tends to attract more species as more diverse
structural characteristics in the environment has further available resources that can
support and sustain an array of species (Kovalenko et al.,, 2012). A diverse and
structurally complex vegetation can provide greater food sources and food web
productivity, protection from predators or physical disturbances, and higher habitat
niches. It comprises attributes such as number, size, and spatial arrangement of
structural components (Velasco-Charpentier et al., 2021). Abiotic factors such as
temperature and moisture can also play an important role in the invertebrate diversity
of soil ecosystems, as well as biotic factors like microorganisms and nutrients are
important in the abundance and distribution of soil invertebrates (Juman et al., 2017).
Ground dwelling organisms also respond with high sensitivity to anthropogenic
perturbations and presence, hence reducing impacts of human interventions and
disturbances would increase abundance (Doran and Zeiss, 2000). Habitat heterogeneity
has been shown to be positively correlated with invertebrate diversity, and in most
habitats plant communities determine the physical structure of the environment thus
they have significant influence on the distributions and interactions of species, though
the effects of heterogeneity may vary depending on the taxonomic group (Tews et al.,
2004). Overall, a wider range of habitats will support a greater abundance and diversity
of invertebrates.

Currently, a strategy for improving habitats and increasing biodiversity in agricultural
land is through Countryside Stewardships or Agri-environment schemes. They provide
financial incentives for farmers, foresters, and land managers to look after and improve
the environment as well as manage their land to enhance biodiversity and landscape
recovery (Natural England, 2017). It aims to mitigate the negative effects of agricultural
intensification and encourages and supports efforts to restore wildlife habitats, reduce
pollution, manage flood risk, preserve countryside character, and improve educational
access (Chatterton, 2021). There are different ways to achieve environmentally
sustainable agriculture which may include the creation of beetle banks, wildflower
strips, reduction of pesticides, managing hedgerows, planting wild bird seeds, etc. These
has shown to be effective in increasing species richness and abundance (Dicks et al.,
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2013). Though it is important to consider the baseline of biodiversity before
implementation of the scheme and regular monitoring is needed to ensure an effective
judgement (Kleijn and Sutherland, 2003). Farmers can make a positive change in
reducing biodiversity loss if they are properly engaged.

As land use intensification is a major threat to biodiversity, which involves increased
fertilization, use of pesticides, higher livestock densities or increased human
intervention, conservation management is key to restore plant, vertebrate and
invertebrate taxa (Allan et al., 2014). Terrestrial arthropods like ground dwelling
invertebrates are understudied and underrepresented in farmland biodiversity studies
and ecological restoration projects across the UK, and there is limited data regarding
how land use intensity differentially affects a range of taxonomic groups such as
Coleoptera, Isopoda, Araneae, Collembola, etc., and its effects in relationships and
interactions between taxa and the environment (Manning et al., 2015). Therefore, this
research will contribute to this gap in literature by investigating the diversity and
abundance of ground invertebrates at Sharpham Farm.
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3. Methodology
3.1 Study location

This study was carried out at Lower Sharpham Farm located in Totnes, South Devon. It
is an 80-acre low intensive organic beef and sheep farm managed by The Sharpham
Trust and Ambios. They aim to find a balance between agriculture and improving the
natural environment by farming sustainably and offering engaging and educational
activities (Sharpham Trust, 2023). Livestock grazes the land in a grazing management
regime to provide a better habitat for wildlife. An additional 50 acres of agricultural land
was acquired in 2020 with the intention of rewilding the area and expanding their
conservation training resources, with the aim to restore the biodiversity and habitat,
and allow nature to recover and decide its own course (see figure 1). In 2021, they
entered into a Higher Tier Countryside Stewardship agreement which supports the
project (Ambios, 2022).

The study consisted of a ground invertebrate survey using pitfall traps. It was carried out
in Autumn 2023 from 23" November to 1%t December. It required 5 one-day visits to the
farm; first to assess the site and decide on which fields to survey, one to place the traps,
two days to survey vegetation and one final visit to collect traps. Upon assessment of
the site two contrasting fields were selected: one farmed field and one rewilded field.
The site was divided into various fields (see figure 2); field 9 was chosen in the farmed
area as it was not being grazed at the time of the survey so that the traps were not
disturbed by the animals. It was also accessible and provided a large area of survey
(2.6226 ha). Similarly, field 18 was selected in the rewilded area for its characteristics,
ease of access, size (3.2859 ha), and past history of use for biodiversity monitoring.

Lower Sharpham Farm

Sharpiam House
»

Wild'Sharpham holding

Figure 1. Aerial map of Lower Sharpham Farm holding showing the current farmed area
in red and the rewilding project area in yellow (Ambios, 2020).
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3.2 Pitfall traps

The pitfall trap technique is a simple and effective method to survey ground
invertebrates (Kim et al., 2021). It consisted in burying 36 plastic cups flush to the surface
of the ground into which the invertebrates fall into. A second cup was fitted inside
another acting as a backup if one gets damaged. Inside the cups there was around 30ml
of salt solution to prevent the insects from escaping and preserves them for a later
collection. Each trap had a cover fitted on top leaving a small gap to prevent rain from
filling and protect them from predators (see figure 3) (Wheater and Cook, 2003). Wood
sticks were put inside the cups to allow small invertebrates such as shrews to escape if
they fall into the traps.

18 pitfall traps were installed on both rewilded field and farmed field. They were divided
into 3 groups of 6, spaced around each field with a distance of 10 meters between each
trap. The 3 locations within each field were distributed in different areas so that they
covered most of the field and different habitats to ensure a representative sample, and
the traps within each group were systematically distributed to avoid bias and easier
identification (see figure 4 for placement of traps). The coordinates of each trap were
recorded to mark where they were installed for later collection (see Appendix 3 for
coordinates table). The cups were collected five days later, after determining it was an
adequate time to sample enough invertebrates to provide sufficient data given the
limited study time. The invertebrates were transferred into labelled sample bottles for
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transport and then taken to the laboratory for identification. Any live insect that fell into
the cup while setting up or collecting the traps were removed and not taken into
consideration.

Figure 3. Picture A shows a pitfall trap with rain cover on rewilded field. B shows a sketch
of a pitfall trap (RSPB, n.d.)

(A) () ’
3
2
1
Field 9 Field 18
2.6226 ha 3.2859 ha

Figure 4. Map of the 18 pitfall trap locations on farmed field (A) and rewilded field (B),
divided into 3 groups of 6 with a distance of 10 m between each trap. The numbers 1, 2
and 3 indicate the order of the groups (not to scale).

3.3 Vegetation survey

After installing the traps, a vegetation survey was carried out using 50 cm? quadrats to
assess a representative sample of the surrounding vegetation of each pitfall trap. The
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present vegetation structure and composition were recorded as well as the plant cover
percentage. A ruler was used to measure different vegetation heights within the
guadrats and FSC guides and identification keys were used to identify the field plant
species. During the survey, habitat characteristics and observations of the overall field
and surrounding the traps were also recorded.

3.4 Equipment

The following equipment was used in this study:

e 1 First aid kit e 1 Measuring tape 30m

e 2 Quadrats (50 x 50cm) e 1 Ruler

e ID keys/guides for field e 2L Salt solution
vegetation and insects e 72 Cups

e 1 Bulb corer e 36 Rain covers

e 2 Trowels e 36 Sample bottles

3.5 Invertebrate species identification
Once the samples were collected and taken to the laboratory, all the invertebrates
found in each trap were identified under a microscope and grouped into categories of
the taxonomic level of Order (see Table 1). FSC identification guides were used to
identify and classify the invertebrates into their correct taxonomic group based on their
morphological characteristics and were recorded into Excel worksheet. After
identification, they were put into vials with 70% ethanol for preservation. Once

completing the identification, they were proceeded to be analysed.

N

Figure 5. Picture A displays invertebrates collected in sample bottle and B displays
invertebrates before being identified under microscope.
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Table 1. Photos of invertebrate species identified under the microscope.
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3.6 Data analysis

The data was analysed comparing the invertebrate biodiversity and vegetation structure
within each rewilded and farmed field and between fields. Tables were produced to
compare the invertebrate abundance within the three areas investigated in each field.
The Shannon Wiener Biodiversity Index test (H) is a method used to measure the species
diversity within a community based on species richness and abundance, thus it was used
to assess the invertebrate biodiversity found in each field. This analysis produces
diversity indices which provide information on the community composition. It also
considers the relative evenness of the data (Nolan and Callahan, 2006). This method
uses the following equation:

S Where pi = proportion of entity in sample
H = — E Pi In Pi In = natural logarithm of proportion
i=1

> = sum of all entities
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Stacked bar charts and pie charts were created to show the composition and comparison
of the percentage distribution of invertebrate and plant species within each field. A
further bar chart was used to compare the differences in abundance of invertebrate
found in both fields. Alongside this, to assess the vegetation structure a scatter plot was
created to show the relationship between the average vegetation height and the
number of invertebrates found in each trap. From this data, a regression analysis was
conducted to assess its significance using p-value. Further statistical tests were carried
out to analyse the differences in vegetation height between the three areas investigated
within the fields. A normality test was first used to determine whether the data is
normally distributed or not. Then an ANOVA and a Kruskal-Wallis test was used to assess
whether there is a significant difference between the data.
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4. Results
4.1 Rewilded field
4.1.1 Invertebrate biodiversity

The rewilded field observed a total abundance of 559 invertebrates divided into 18
different taxonomic orders within the 3 areas investigated. Table 2 shows that group 1
had a total of 205 invertebrates across 15 different orders of species. Group 2 had a total
182 invertebrates in 11 species and group 3 observed a total of 172 in 13 different
species within the rewilded field. The most abundant orders of species were
Entomobryomorpha (springtails), Coleoptera (beetles) and Isopoda (woodlice), whilst
Hymenoptera, Lithobiomorpha and Pseudoscorpiones were the least abundant. Group
1 area showed to have a higher number of individuals and different species within
rewilded field. The average of invertebrates found in each area is 186 individuals.

Table 2. Abundance of invertebrate species found in the 3 groups investigated within
the rewilded field with their respective means and associated standard deviations.

Species Rewilded Field Groupl Group2 Group3 TOTAL Mean
Entomobryomorpha (Springtails) 77 78 73 228 76
Coleoptera (Beetles) 58 35 41 134 45
Isopoda (Woodlice) 13 37 22 72 24
Opiliones (Harvestmen) 10 3 7 20 7
Stylommatophora (Slugs and snails) 9 6 10 25 8
Araneae (Spiders) 8 7 3 18 6
Mesostigmata (Mites) 8 6 4 18 6
Diptera (True flies) 6 2 4 12 4
Polydesmida (Millipede) 4 0 0 4 1
Symphypleona (Springtails) 4 3 2 9 3
Amphipoda (Sandhoppers and scuds) 3 0 0 3 1
Oribatida (Mites) 2 0 0 2 1
Pseudoscorpiones (False scorpion) 1 0 0 1 0
Poduromorpha (Springtails) 1 0 3 4 1
Hemiptera (True bugs) 1 1 0 2 1
Opisthopora (Earthworms) 0 4 1 5 2
Lithobiomorpha (Centipedes) 0 0 1 1 0
Hymenoptera (Ants and wasps) 0 0 1 1 0
TOTAL 205 182 172 559 186
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Table 3. Shannon-Wiener Biodiversity Index (H) test result for the 3 different areas.

Rewilded Groupl Group2 Group3
H 1.88 1.65 1.72

After carrying out the Shannon-Weiner Biodiversity Index, Table 3 shows that group 1
had the highest biodiversity index (H) with 1.88, followed by group 3 with 1.72 while
group 2 had the lowest with 1.65 within the field. The overall biodiversity for the
rewilded field had a result of 1.82 (see Appendix 5).
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Figure 6. Pie chart showing the overall distribution of percentages of the invertebrate
species identified in the rewilded field.

The distribution chart (figure 6) shows that the largest invertebrate group in the overall
rewilded field was the springtails (order Entomobryomorpha) with a 41%, the second
largest were the beetles (order Coleoptera) with 24% and then the woodlice (order
Isopoda) with 13% out of 559 invertebrates. These groups comprise almost 80% of the
whole rewilded field. The ‘Others’ slice in the chart includes 9 other groups of species
found in the field but their percentage was less than 1% of the total.
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4.1.2 Vegetation

The rewilded field was composed of 9 different plant species within the three areas
investigated. Figure 7 shows that the main dominant vegetation surrounding pitfall traps
within the 3 groups was Italian ryegrass (Lolium multiflorum) with 66% in group 1, 57%
in group 2 and 81% in group 3. In groups 1 and 2, Cocksfoot grass (Dactylis glomerata)
was the second dominant species with 27% and 28%, whilst in group 3 was Creeping
buttercup (Ranunculus repens) with 9%, which group 2 had of 11%. Group 3 also had 8%
of Common nettle (Urtica dioica).
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Figure 7. Plant composition percentage within the 3 groups investigated in rewilded
field.

Statistical analysis was carried out to assess for significant difference between
vegetation heights within the three areas investigated. The normality test result showed
a p-value of 0.054, thus the data was normally distributed between sites. Subsequently,
an ANOVA test was used, and the results indicate that there was not a significant
difference (p-value=0.051) between the average heights of the three groups
investigated. Rewilded field vegetation heights ranged from 15cm to 100cm.
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4.2 Farmed field

4.2.1 Invertebrate biodiversity

The farmed field observed a total abundance of 297 invertebrates divided into 17
different taxonomic orders within the 3 areas investigated. Table 4 shows that group 1
had a total of 124 invertebrates across 10 different orders of species. Group 2 had a total
104 invertebrates in 11 species and group 3 observed a total of 69 in 13 different species
within the farmed field. The most abundant orders of species were Coleoptera (beetles),
Entomobryomorpha (springtails) and Araneae (spiders), whilst Lithobiomorpha,
Hemiptera and Pseudoscorpiones were the least abundant. Group 1 area showed to
have a higher number of individuals whilst group 3 had higher species richness within

farmed field. The average of invertebrates found in each area is 99 individuals.

Table 4. Abundance of invertebrate species found in the 3 groups investigated within

the farmed field with their respective means and associated standard deviations.

Species Farmed Field
Coleoptera (Beetles)
Entomobryomorpha (Springtails)
Araneae (Spiders)
Stylommatophora (Slugs and snails)
Diptera (True flies)

Symphypleona (Springtails)
Opisthopora (Earthworms)
Mesostigmata (Mites)

Amphipoda (Sandhoppers and scuds)
Pseudoscorpiones (False scorpion)
Isopoda (Woodlice)

Polydesmida (Millipede)

Opiliones (Harvestmen)

Oribatida (Mites)

Poduromorpha (Springtails)
Hemiptera (True bugs)
Lithobiomorpha (Centipedes)
Hymenoptera (Ants and wasps)

TOTAL

Table 5. Shannon-Wiener Biodiversity Index (H) test result for the 3 different areas.
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After carrying out the Shannon-Weiner Biodiversity Index, Table 5 shows that group 3
had the highest biodiversity index (H) with 2.12, followed by group 2 with 1.70 while
group 1 had the lowest with 1.56 within the farmed field. The overall biodiversity for the
rewilded field had a result of 1.87 (see Appendix 4).
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Figure 8. Pie chart showing the distribution of percentages of the groups of species
found in the farmed field.

The distribution chart (figure 8) shows that the largest invertebrate group in the overall
farmed field was the beetles (order Coleoptera) with a 44%, proceeded by the springtails
(order Entomobryomorpha) with 21% and then the spiders (order Araneae) with 7% out
of 297 invertebrates. These groups comprise around 70% of the whole farmed field. The
‘Others’ slice in the chart includes 6 other groups of species found in the field but their
percentage was less than 1% of the total.
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4.2.2 Vegetation

The farmed field was composed of 12 different plant species within the three areas
investigated. Figure 9 shows that the main dominant vegetation surrounding pitfall traps
within the 3 groups was an unknown grass with 41% in group 1, 70% in group 2 and 47%
in group 3. Italian ryegrass (Lolium multiflorum) was observed in group 1 with a 32% and
in group 3 with 11%, but not in group 2. The second dominant species in group 3 was
Cocksfoot grass (Dactylis glomerata) with 31%, whilst in group 2 was white clover
(Trifolium repens) with 19%. Group 1 also has 11% of Creeping buttercup (Ranunculus
repens).
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Figure 9. Plant composition percentage within the 3 groups investigated in farmed field.

Statistical analysis was carried out to assess for significant difference between
vegetation heights within the three areas investigated. The normality test result showed
a p-value of 0.030, thus the data was not normally distributed between sites.
Subsequently, a Kruskal-Wallis test was used, and the results indicate that there was a
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significant difference (p-value=0.004) between the average heights of the three groups
investigated. Farmed field vegetation heights ranged from 5cm to 30cm.

4.3 Comparison between fields
4.3.1 Invertebrate biodiversity

In total 856 invertebrates were captured during the 5-day sampling period, 559 in the
rewilded field and 297 in the farmed field, and were divided into 18 and 17 different
taxonomic orders of species. The average of invertebrates found in each trap was 31
insects in the rewilded field and 16 insects in the farmed field.

Table 6. Summary table of invertebrate species abundance identified under each
taxonomical order in rewilded and farmed field.

Invertebrate Species Rewilded  Farmed
Entomobryomorpha (Springtails) 228 63
Coleoptera (Beetles) 134 132
Isopoda (Woodlice) 72 6
Stylommatophora (Slugs and snails) 25 14
Opiliones (Harvestmen) 20 2
Araneae (Spiders) 18 21
Mesostigmata (Mites) 18 9
Diptera (True flies) 12 10
Symphypleona (Springtails) 9 11
Opisthopora (Earthworms) 5 9
Polydesmida (Millipede) 4 0
Poduromorpha (Springtails) 4 1
Amphipoda (Sandhoppers and scuds) 3 2
Oribatida (Mites) 2 5
Hemiptera (True bugs) 2 1
Pseudoscorpiones (False scorpion) 1 1
Lithobiomorpha (Centipedes) 1 1
Hymenoptera (Ants and wasps) 1 9
TOTAL 559 297

Table 6 highlights the number of invertebrate species collected in each field. Within the
most abundant, rewilded field had a total of 228 Springtails (Entomobryomorpha) in
contrast with farmed field with 63 springtails. Both fields had a similar number of beetles
with 134 in rewilded and 132 in farmed. Woodlice also had a contrasting number with
72 and 6 invertebrates respectively. Within the least abundant, centipedes and false
scorpions had 1 individual in each field. Millipedes are absent in the farmed field whilst
rewilded field has 4.
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Species Rewilded vs Farmed
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Figure 10. Bar chart comparing the number of invertebrates of each group of species
found in the rewilded field and farmed field.

Figure 10 shows an illustration of the comparison of the number of invertebrates under
each taxonomic group found in the fields. There is a large abundance of springtails
(Entomobryomorpha) in the rewilded field compared to the farmed field causing a big
gap between the fields. There is also a large gap in between the woodlice and
harvestmen group. The beetles however have similar numbers in both fields. Also, there
are some groups of species that are higher in the farmed field than the rewilded field
such as the spiders, earthworms and ants and wasps. Overall, farmed field is slightly
more biodiverse (H=1.87) than rewilded field (H=1.82).



4.3.2 Vegetation

PLANT COMPOSITION
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Figure 11. Plant composition percentage comparison between rewilded and farmed
field.

Figure 11 highlights the differences between the overall plant composition in both fields.
Italian ryegrass covers a 68% in the rewilded field in contrast with farmed field with 14%.
Farmed field has a 53% of unknown grass whilst in rewilded field is absent. Cocksfoot
grass is observed with 18% and 12% respectively, whilst creeping buttercup covers an
8% in rewilded and 5% in farmed. White clover is only present in farmed field with 7%.
Overall, farmed field has more plant species than rewilded field. However, vegetation
structure is more varied in rewilded field (see table 6 for visual characteristics of the
fields).
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Figure 12. Scatter plot showing the relationship between the average vegetation height

and the number of invertebrates found in each trap.

Figure 12 shows a weak negative relationship between vegetation height and number
of invertebrates in both fields. After carrying out a regression analysis the p-value was
higher than 0.05 therefore not significant, though in this study it is likely to find more
invertebrates in shorter vegetation. The graph also shows the variation in sizes, the

rewilded field has a wider range of heights compared to the farmed field which is more

even and uniform.

Table 7. General characteristics and observations of each field.

Visual . . .
. o Rewilded Field Farmed Field
Characteristics
Tussocks Many Few

Field observations

Patches of 1m nettles
No cow dung present

No patches of 1m nettles
Cow dung present

Vegetation height

15 to 100cm

5to 30cm

Luminosity Generally more shaded Generally more light
Grass Dense and uneven Dense and even
Fallen leaves Many Few

Dead wood Yes No

Grazed No Yes

Slope Not very steep Steep

Humidity Moist Moist

Neighbouring habitats

Reedbed and river

Woodland and meadow
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Figure 13. Visual observation comparison of rewilded field (A) and farmed field (B) in
photos.

Table 7 and Figure 13 show a comparison between the visual characteristics of the
rewilded and farmed field. The rewilded field observes a range of different vegetation
height, there was short and long grass as well as tall plants such as sorrel, nettles and
thistle. The field had many tussocks scattered around and was moist and more shaded.
The farmed field had shorter grass which was more even and uniform in height from
being grazed, though the bottom of the field had slightly longer grass and there was a
number of tussocks scattered around. The field was also moist and had more light. The
surrounding habitats around the fields include hedgerows and reedbed in rewilded field
and woodland and a meadow in the farmed field.
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5. Discussion
5.1 Variations within rewilded field

Results from the three areas investigated within rewilded field indicate that the area in
group 1 showed to have a higher invertebrate abundance (n=205) and species richness
(n=15) with a higher biodiversity index result (H=1.88). It was located approximately
10m away from hedgerow and trees and was near tall tussocks. Leaf litter was abundant
and area was mostly shaded. A study has shown that being close to field edges in
agricultural land increases diversity and richness and is positively related to landscape
complexity, stating that as complexity increases so does biodiversity, though some
species are not affected (Evans et al, 2016). Another study showed that a higher number
of invertebrate species favoured shaded areas than unshaded, particularly invertebrates
associated with higher moist conditions as shaded areas tend to have greater soil
moisture (Cauwer et al., 2005). Organic matter such leaf litter tends to attract more
decomposers such as springtails, woodlice, earthworms and beetles, this is the case for
group 2 (Ruiz-Lupién et al, 2021). However, group 2 had the least species richness
compared to other groups. It was located closer to the middle of the field thus
confirming the conclusion of the previously mentioned study of field edges. The
rewilded field was mainly composed of decomposers and predators.

In terms of plant composition, 9 different plant species were identified with the most
dominant being Italian ryegrass which has been showed to benefit wildlife for its
nutritive value as food source (FarmWildlife, no date). Group 1 and 2 observed tussocks
of cocksfoot grass as well which can provide shelter from predators and creates
microhabitats, thus increasing invertebrate abundance (Wildlife Trust, 2022). However,
group 3 was absent of cocksfoot grass and had a lower plant species diversity which
could explain the lower number of invertebrates compared to the other areas. Studies
have shown that plant diversity and richness affects and supports invertebrate diversity
and populations (Ebeling et al., 2018).

5.2 Variations within farmed field

Results from the three areas investigated within farmed field indicate that the area in
group 1 showed to have a higher invertebrate abundance (n=124) while group 3 had a
higher species richness (n=13) with a higher biodiversity index result (H=2.12). Group 1
was located at the top of the slope and was around 10m away from a woodland area
which provides shade and leaf litter. This could explain the higher abundance of
invertebrates as they feed on organic matter. The area also had a high amount of cow
dung which would have attracted decomposers like beetles and springtails providing
suitable microhabitats to reproduce and feed on farmland (Geiger et al, 2010). Group 1
and 2 also have the presence of earthworms which indicate good soil quality as they
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stimulate organic matter decomposition enhancing soil fertility. Group 3 had a less dung
and leaf litter present and was located in a steep area which could affect the number of
invertebrates. Despite this, it had a higher biodiversity index which may be due to the
high dominance of beetles in group 1 and 2 whilst invertebrates in group 3 were more
evenly distributed. The farmed field was mainly composed of decomposers and
predators, but it also had a number of herbivores.

In terms of plant composition, 12 different plant species were identified with the most
dominant being an unknown grass species. Groups 1 and 3 have the higher plant species
and more distributed. However, group 3 does not correlate plant species richness with
invertebrate abundance, but it does correlate with invertebrate diversity. Group 3 area
also had more light which studies have shown that invertebrates preferred shaded areas
which could explain the lower number of invertebrates (Cauwer et al., 2005).

5.3 Comparison between fields

The results indicate that rewilding has a positive effect on terrestrial invertebrate
abundance (n=559), however there was little effect on species richness and groups such
as springtails (Entomobryomorpha) and beetles (Coleoptera) were dominant species.
Studies suggests that rewilding can enhance the biodiversity of agricultural landscape
were previous farming practices led to a decline in invertebrate populations (Jepson,
2015). The Knepp State is an example of a successful rewilding project which has
increase the abundance of insects and their habitats through the use of free roaming
herds of grazing animals (Knepp, 2022). The rewilded field is lightly grazed by animals
such as sheep and pigs, and studies suggest that animals can stimulate habitat
complexity given their different grazing techniques and ability to disperse seeds and
transfer nutrients, which can change the landscape causing a positive impact on
biodiversity. By creating more natural habitats and mosaics of short and tall vegetation,
rewilding can help support a wider range of species (van Klink and WallisDeVries, 2018).
Natural revegetation increases organic matter content and water holding capacity which
can lead to a higher density of decomposers such as springtails and woodlice (Arbelo et
al, 2006). However, high densities of grazers and homogeneous vegetation can result in
a decreased number of species. The intensity of disturbance can lead to shorter grazing
lawns which reduce the resources needed to support higher invertebrate populations,
hence farmed field had lower invertebrate abundance (n=297) as it is systematically
grazed by animals (van Klink et al, 2014). Studies show that trampling affects the
distribution and population of arthropods and habitat suitability, though depends on
disturbance intensity (Bonte and Maes, 2008). A study on grazing in grasslands have
found that moderate grazing intensity positively affects species diversity in contrast with
intensive grazing (Pulungan et al., 2019).
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Nonetheless, in terms of species richness both fields had similar orders of species, 18 in
rewilded field and 17 in farmed field. Organic farms, like Sharpham Farm, tend to
support higher number of species and abundance across most taxa compared to non-
organic farms as they reduce insect mortality from direct exposure to pesticides using
alternatives to manage pests (Fuller et al, 2005). Organic farming practices also
contribute to soil biodiversity such as earthworms, beetles and springtails, which can
improve soil health and nutrient cycling. They promote more natural habitats and
heterogeneity which can provide higher food resources for invertebrates thus
supporting its diversity (Bavec and Bavec, 2015). Plants also tend to benefit from organic
farming as they are directly affected by pesticide or herbicide inputs hence without
chemical exposure plant diversity can increase rapidly (Fuller et al, 2005). Furthermore,
the surveyed fields were not a long distance away from each other (see figure 2) thus
movement between fields may occur and cause to have similar species richness. Studies
show that habitat connectivity can lead to higher levels of biodiversity and abundance
of species as well as conserving invertebrates (Diengdoh et al., 2023).

The biodiversity index test had surprising results, showing that farmed field was slightly
more biodiverse (H=1.87) than rewilded field (H=1.82). As mentioned before the
Shannon-Wiener test not only considers the abundance and richness of species, but also
the evenness of the data. As seen in figure 8, the farmed field had a slightly higher
distribution of species whilst the rewilded field had a large dominance of springtails
which cause several groups of species to be lower than 1% (figure 6) and consequently
resulted in a higher biodiversity in farmed field even though rewilded field had higher
abundance. Springtails are one of the most abundant invertebrates in the UK and can
be found in almost any habitat. These tiny arthropods are often found in soil, organic
debris, and areas of high moisture. They have a high reproduction rate hence
populations can quickly increase in size, and they are also sensitive to disturbances
(Frampton and Hopkin, 2001). Springtails are decomposers and play an important role
in nutrient cycling and soil fertility and they serve as food source for farmland predators
such as beetles, predatory mites, and some spiders. They are an understudied taxa,
though their functional role in decomposition processes and soil formation are
important species for soil health (Chen et al., 2007).

Beetles are one of the most diverse taxa of invertebrates and are one of the main
studied groups due to their presence in most habitats, functional diversity and ecological
roles, covering a variety of niches in trophic networks (Leote et al., 2022). Beetles have
various functional roles in the ecosystem such as decomposers, predators and
pollinators, which contribute to essential ecological processes. Therefore, they are key
in farmland ecosystems working as pest control, pollination, nutrient recycling, and soil
health (Jones et al., 2020). A study on beetles in agricultural land show that organic
farms have a higher beetle biomass and diversity compared to intensive farms, thus
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organic farming has positive effects on beetle communities (Hutton and Giller, 2003).
Also, as the animals had recently grazed the farmed field, several cow dung was present
on the field and given their role as decomposers, this could attract more beetles. These
could explain the reason why beetles were as abundant in the farmed field as in the
rewilded field. However, dung beetle species were not present in the traps.

Is important to take into consideration the period between the implementation of
restoration measures and the time taken for the land to establish new habitats which
contribute to ecological processes. Rewilding projects may take longer to be fully
realised into habitats of value and to support higher levels of biodiversity (Woodcock et
al., 2012). The rewilding project at Sharpham Farm started in 2020 thus it had been
almost 3 years into the project at the time of the survey. The results at this stage indicate
a difference in abundance but similar richness and biodiversity. In another few years
down the line, where vegetation would be allowed to grow and develop further, a
stronger relationship could have been identified with vegetation structure and its
influence in invertebrate diversity. During the 5 days the traps were outside, enough
data was collected to form a representative sample, however numbers may be
associated with the time of the year. Coming to the end of autumn, invertebrate
numbers are generally lower in comparison to summer months, particularly pollinator
species, though ground beetles and springtails are still active during winter (Fitzgerald
et al., 2021). Understanding different species behaviours and ecological characteristics
can help indicate invertebrate population patterns and establishment in restoration
projects within agricultural lands (Woodcock et al., 2012).

Field characteristics and vegetation structure

The results from plant composition indicate that the farmed field had more plants
species (n=12) than rewilded field (n=8) (Figure 11). This is unexpected as studies show
that vegetation complexity is higher in ungrazed grasslands (Kruess and Tscharntke,
2002; Manning et al., 2015). However, as previously mentioned, other several studies
on grazing show that moderate intensive grazing enhances species diversity and richness
in grasslands (Pulungan et al., 2019; Li et al, 2021). The distribution of plant species was
more even in farmed field whereas rewilded field had a high dominance of Italian
ryegrass. Grazers can suppress dominant species which allows other less dominant
species to coexist, thus balancing vegetation competitiveness (Pulungan et al., 2019).
Over grazing can lead to bare land and decreased species diversity, though neither of
the fields had bare soil showing and the grass was very dense. Sharpham Farm grazing
regime rotates livestock within farmed fields, this allows plant growth and
recolonization of invertebrates. Also, as organic farms don’t apply pesticides, it benefits
plant species.

32



Rewilded field had different vegetation sizes and many tussocks scattered around the
field which can provide refuge for invertebrate species from predators and increase
their abundance (table 7). Studies suggests that diverse vegetation structure supports
more species and tall grassland can enhance diversity and abundance, though some
species are characterised in short swards (Morris, 2000). The farmed field has more
shorter and even grass from grazing, though the presence of grazers can also modify
vegetation and increase richness. The results from the average vegetation height and
the number of invertebrates (figure 12) show surprisingly that in this study it was likely
to find more invertebrates in shorter vegetation. A reason for this could be that some
invertebrates are more active during sunlight hence they can be found in shorter
vegetation (Campera et al., 2022). This could also be due to a pitfall trap limitation as
denser and taller grass could impede movement thus invertebrates could have eluded
the traps or went over it as there was a small gap between ground and rain cover
(Morris, 2000).

It is important to take into consideration the surrounding habitats around the fields. The
rewilded field was next to hedgerows and reedbeds and the farmed field was next to a
woodland and a meadow, studies have shown that interactions between habitats can
influence diversity and species composition, and where diverse vegetation surrounds
habitats invertebrate richness increases (New, 1995).

5.4 Limitations and further work

Main limitations of this study include the time of the year. The ground invertebrate
survey was carried out during the end of autumn thus invertebrates are not as active as
in spring and summer months, therefore seasonal surveys would be more
representative for future studies (Fitzgerald et al., 2021). Also, vegetation was not in
bloom at the time of the study which rendered the identification of plants and grass
difficult. Even though there was a lot of invertebrate data, the pitfall traps were only out
for five days and a longer deployment time would generate more data that is
representative of each field. Moreover, cups with larger diameter or traps with baits can
attract and capture more invertebrates, though for this study average size cups were
used without baits thus considering these factors in a further study could increase
capture efficiency (Kim et al., 2021). Due to time restraint and knowledge, the
invertebrates were only taken to the taxonomic level of order, biodiversity results may
change if they were identified to lower taxa such as genus or species level. Furthermore,
a future study could use more different land use fields or compare the data to a more
intensive farm. Limited literature of similar studies and lack of past and baseline surveys
could limit scope of the study. The results represented in this study are a snapshot of
the current state of Sharpham Farm and ideally regular monitoring of invertebrates
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should be carried out to assess shifts in species diversity and abundance over time as
vegetation changes.
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6. Conclusion

In conclusion, this study has shown that rewilding works as a tool for promoting
invertebrate abundance in Sharpham Farm, though more time is needed to establish
higher levels of biodiversity. The success of rewilding projects in restoring invertebrate
biodiversity may depend on factors such as time scale of the site, surrounding landscape
context and initial condition of the site (Torres et al, 2018). Rewilding has positive effects
on invertebrate biodiversity by restoring habitats which will increase food resources,
create niches and microhabitats, and reduce intensive grazing (Contos et al., 2021).
Organic farms have showed to be beneficial at increasing invertebrate biodiversity and
richness by reducing pesticide use and intensive continuous grazing, therefore measures
should be aimed at increasing the size and extent of organic farming to restore
biodiversity in agricultural land (Fuller et al, 2005). Even though farmed fields have lower
abundance, moderate grazing has a positive effect on invertebrate richness and
biodiversity. Overall, long term regular monitoring of invertebrate populations is needed
to evaluate the success of rewilding for biodiversity. Monitoring of vegetation
succession and structure changes over time can also help understand how invertebrate
communities could be affected by ecological restoration approaches. Results of the
study also emphasize the importance of effective approaches for the conservation and
restoration of invertebrates.
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8. Appendices

Appendix 1 Risk Assessment Fieldwork

Assessment Ref. No.

Ground insect and vegetation surveys at Sharpham Trust. It consists in
setting up pitfall traps on the field with salt solution and assessing the
surrounding vegetation. The traps will be collected at a later date and will
be taken to the lab to identify the insects. This will require five one-day
visits to the site, one first visit to assess site, one to place traps, two to
survey vegetation and one final visit to collect traps.

Activity Assessed

Assessment Date

Dates will be confirmed with supervisor

From 14/11/2022 to 14/12/2022 approx.

Faculty / Directorate Science and Engineering

Very Unlikely

Unlikely

Possible

Likelihood

Almost Certain

Assessor Valeria Zavala Quiroga School / Service SOoGEES
Version No. 1 Additional individuals involved in developing the RA
Signature of Assessor M\ Signature of Academic Supervisor / Approver
Risk Score Matrix Risk Score and Description
Sehy Risk Risk Catego Description
Insignificant Score | Level gory P

Acceptable No further actions needed

Should be reviewed to ensure that there
is nothing else which could be done

Medium | Tolerable/Adequate

Immediately review current control
Undesirable measures, and where appropriate
decide on further actions

Stop activity and make immediate

Unacceptable )
improvements

Likelihood (L) x Severity (S) = Risk Score (RS)
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What is/are the

Risk Score with current controls

What further action is necessary?

Target Risk Score Likelihood x

hazard(s? |nvol.ved with |~ Who might be harmed What are yOl..I already doing to in place (Add these actions to the action Severity = Risk Score
the activity being and how? control the risk?
undertaken? L S RS plan below). L S RS
Travelling to/from Student and e Be aware of surroundingsand | 2 - 4 - Major | 8- Arrange best route and type of 2- 4 - Major | 8-
sampling site accompanying person refrain from using phones and | Unlikely Medium | transportation Unlikely Medium
texting while on the move. Risk Risk
e Injuries on the field | e Could be severely e Abort activity if weather
or while or fatally injured. conditions are unsatisfactory.
commuting * Risk of e Contact details are shared
e Collision with falling/tripping due with supervisor and contact to
motor vehicles. to slippery ground be made prior to and after trip
e Adverse weather in rainy conditions via email/mobile.
conditions. e Sunburn/heatstroke | 4 Undertake prior knowledge of
e Getting lost e Cuts, scrapes and site before sampling
* Injurieson bruises e Avoid busy roads/crossing
transportation roads when possible.
* Publicaltercation e Look at a map before going
out to the field.
e Plan fieldwork around the
weather forecast.
e Wear sun cream.
e Have a first aid kit on hand in
the field for minor injuries.
e Knowledge of local medical
facilities.
Carrying out sampling Student and e Suitable PPE, footwear and 2- 3- 6- Assess the area on arrival and 2- 3- 6-
activities within accompanying person clothing to be worn Unlikely | Moderate | Medium | choose a safe area to set up Unlikely | Moderate | Medium
worksite area e Visual check of terrain and Risk pitfall traps. Risk
avoid danger points/unstable
ground.
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e Uneven/difficult
terrain

e Slips, trips and falls

e Infections or
allergic reaction
during sampling

e Sharp objects or
vegetation

e Insect bites/stings

e Fallen branches or

e Injuries such as cuts,
bruises and broken
bones.

e Lower leg/foot
injuries

e Head injuries

e Allergic reaction

Be aware of surroundings and
be careful when surveying
Wear disposable gloves if
required.

Avoid drinking/eating during
sampling.

Exercise good hygiene.
First-aid kit to be carried.
Knowledge of local medical
facilities.

holes on the Charged mobile to be carried
ground at all times.
Severe weather Student and Wear appropriate clothing for | 1-Very | 4-Major | 4-Low 1-Very | 4-Major | 4-Low
conditions (very accompanying person activity. Unlikely Risk Unlikely Risk
hot/very cold) whilst at Eat and drink properly — keep
field site:
e Couldleadtoa hydrated.
serious condition or Stop activity if deemed
e Hypothermia even death. necessary and weather
e Hyperthermia e Injuries. conditions turn severe.
e Lightning e Fainting/dizziness Plan ahead and avoid
e Down pours e Fatigue/weakness extreme weather conditions
e Sunburn where possible.
e Heatstroke Check forecast and warnings
beforehand
If lone working at Student Contact details to be shared 2- 3- 6- Conduct the fieldwork with 1-Very | 3- 3 - Low
sampling site. with supervisor and contact to | Unlikely | Moderate | Medium | someone to avoid being alone. Unlikely | Moderate | Risk
Unwanted attention, Risk

harassment or
negative attitudes
from local residents

e Stress and the
inability to continue
the fieldwork

be made prior to and after trip
via email/mobile.

Undertake prior knowledge of
site before sampling.
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either around worksite
or whilst travelling
to/from worksite:

e Intimidation
e Bullying
e Theft

e Sexual harassment.

e Verbal assault.
e Physical assault.

Physical injuries.
Feeling unsafe.
Loss of
items/money.

Sampling only to be carried
out during working hours and
always in daylight.

Minimise time at sampling
location.

Ensure phone is fully charged
before any trip.

Advisor will be aware of a
friends contact details in case
student forgets to get in touch
and cannot be contacted.
Assess the risk in the sampling
area on day of visit.

Do not access the sampling
location if there are
people/situation that makes
you feel uncomfortable.
Behave responsibly and
considerately. Do not wear
provocative/offensive
clothing

Do not block footpaths where
working.

Concerning theft — be aware
of valuables/property and its
placement.

If not comfortable during
sampling, leave site.

If deemed necessary, inform
the police.
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Biting/stinging insects Student and Wear insect repellent, long 2- 2 - Minor | 4-Llow 2- 2 -Minor | 4-Low
accompanying person sleeves and long trousers. Unlikely Risk Unlikely Risk
Tick bites If allergic to insect bites,
e Skin rashes, allergic carry appropriate medicine
reactions. and inform supervisor.
e Infections Pat down cloths regularly
e Sickness Be aware of surroundings
Wildlife: Student and 2- 2 - Minor | 4-Llow 2- 2 -Minor | 4-Low
accompanying person Do not approach animals Unlikely Risk Unlikely Risk
e Chased/bitten by e Injury from animal Place bags between yourself
animals (e.g. dogs) bites/scratches. and animal — move away
e Infections from site if animal does not
retreat.
COVID-19 Student and Follow government 2- 3- 6 - 2- 3- 6 -
accompanying person guidance. Unlikely | Moderate | Medium Unlikely | Moderate | Medium
Maintain good hygiene — Risk Risk
e Unwell from wash hands regularly.
contracting COVID- If feeling unwell, stay at
19 home and if necessary, take
e Potential for an LTR test.
spreading the virus Avoid socialising until feel
better.
Lab Work Student and Gloves, safety glasses and 2- 3- 6- 2- 3- 6-
accompanying person lab coat must be worn at all Unlikely | Moderate | Medium Unlikely | Moderate | Medium
e Faulty equipment times Risk Risk

e Bacteria from soil

e infections

Follow safety measures
Only use necessary
equipment

Maintain good hygiene
Don’t touch face with gloves
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Refer to scoring matrix on page %

Action Plan and Monitoring

This section should be completed by the Risk Assessor and discussed with Manager / Academic Supervisor

This section should be completed by the Manager / Academic Supervisor for

monitor and review

Hazard

Action required

Action assigned to

Target date

Date Completed

Adverse weather

conditions

Plan fieldwork around the weather forecast and assess risk on the days of visit.

Incidents on site

Assess the area on arrival and choose a safe area to survey from as well as being
aware of surroundings while working.

Incidents while travelling | Plan mode of transportation beforehand and look at route before travelling as

to site

well as avoid busy roads/crossing roads when possible.

Review

When reviewing this risk assessment remember to move completed actions into the ‘what are you already doing.” column, as these actions should be in place
by the time you review the risk assessment. You should review your risk assessment if you think it might no longer be valid (e.g. following an incident in the
workplace or if there are any significant changes to hazards, such as new work equipment, work activities, personnel etc.)

Examples

Score

Good control measures are in place. Controls do not rely on a person
using them (i.e. personal compliance with safety rules). Controls are
very unlikely to break down. People are very rarely in this area or very
rarely engage in this activity.

Severity Table Likelihood Table
Severity of Severity of
. L Examples Score . 'ty
injury injury
None or very insignificant injuries, health effects, damage or Ver
Insignificant | disruption to work. Short-term and/or localised environmental |1 unliT<e|
harm. y
Cuts bruises, mild skin irritations, mild headaches and pains
Minor requiring minor first aid treatment. Minor property damage or |2 Unlikely
disruption to work. Notable contributor to environmental harm.

this activity.

Reasonable control measures are in place but they do rely on a
person using them (some room for human error). Controls unlikely to
breakdown. People are not often in this area / do not often engage in
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More serious injuries or ill-health requiring time off work or a

hospital visit for example burns sprains, strains, short term Inadequate controls are in place, or likely to breakdown if not
Moderate musculoskeletal disorders, cut requiring stitches, back injuries, 3 Possible maintained. Controls rely on personal compliance. People are 3

fractures to fingers and toes. Short term absence relating to sometimes in this area or sometimes engage in this activity and

physical or mental health issues. More serious property damage situations sometimes arise from this activity.

or disruption. A significant contributor to environmental harm.

Broken limbs, amputations, long-term health problems or

longer absence. Acute illness requiring medical treatment. Loss Poor controls in place. Heavy reliance on personal compliance (lots of
Major of consciousness, serious electric shock, loss of sight. Major 4 Likely room for human error). People are often in this area / engage in this |4

property damage, major disruption to work. A major activity on a regular basis / situation often arise from this activity.

contributor to significant environmental harm.

Injury or ill-health which leads to death either at the time, soon

after the incident, or eventually, as in the case of certain Almost No controls in place where there should be, exposure to the hazard is
Fatal occupational diseases, such as asbestos-related cancers. 5 ) expected to occur in most circumstances. The activity is considered 5

Catastrophic business losses. The major contributor to certain such high risk that it will “certainly lead to injuries.

significant environmental harm.

49



Appendix 2 Risk Assessment Laboratory

LP & HP microscopy RA Davy 2 South & 702

Use of stereo and compound microscopes in Davy 201, 203, 205 207

Likelihood

Very Unlikely

Unlikely

Possible

Likely

Almost Certain

Assessment Ref. No. IA 2022-06-09 Activity Assessed suite, 209 and 702
Assessment Date 09/06/2022 Faculty / Directorate | Faculty of Science and Engineering
Assessor Jane Akerman School / Service School of Biological and Marine Sciences
Version No. 03 Additional individuals involved in developing the RA n/a
Signature of Assessor Ve Signature of Academic Supervisor / Approver e . =
Risk Score Matrix Risk Score and Description
L S'everity ) i LS Category Description
Insignificant Minor Moderate Major Fatal Score Level

Acceptable

No further actions needed

Tolerable/Adequate

-

Should be reviewed to ensure that there
is nothing else which could be done

Undesirable

10-15

Immediately review current control
measures, and where appropriate
decide on further actions

Unacceptable

16-25

Stop activity and make immediate
improvements

Likelihood (L) x Severity (S) = Risk Score (RS)

What is/are the

Risk Score with current controls

Target Risk Score Likelihood x

What furth ion i ? ) .
hazard(s) involved Who might be harmed | What are you already doing to in place at further gctnon ' necess?ary Severity = Risk Score
. . . . (Add these actions to the action
with the activity being | and how? control the risk?
L S RS plan below). L S RS
undertaken?
Transmission of Staff, students and Lab users instructed not to come 2- 4 - Major | 8- Review all local and activity 2- 4 - Major | 8-
COVID-19 between others to campus if experiencing Unlikely Medium | based risk assessments. Unlikely Medium
building users symptoms of COVID-19. Staff & Risk Ensure all preventative Risk
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students to frequently sanitise
hands via wash basins or hand
sanitiser. Lab users to book
laboratory space prior to entering
the building to prevent
overcrowding.

Staff & students to clean benches
and any equipment with an
appropriate disinfectant before
they start work and

again after they have finished.
Ventilation to be maintained in all
communal areas either via open
windows (provided this does not
breach any containment rules) or
mechanical means. Staff &
students who are not
comfortable or confused with
operations/instructions to speak

to their school technical manager.

Staff & students to retain
awareness of the risk at all times.

measures are followed and report
any breaches

Using microscope for
extended periods of
time with poor
posture

Microscope user may
develop eye or back
strain or other
repetitive strain injury

Height and backrest adjustable
chairs provided in Davy 205 for
extended periods of microscope
use. All staff and students
undertake health and safety
online training, including safe use
of DSE, which can be applied to
microscope use. Users instructed
during compulsory lab inductions
to set microscope and chair at
correct height and position prior
to use and to take regular breaks.

2 -
Unlikely

3 -
Moderate

6_
Medium
Risk

Review all local and activity

based risk assessments.

Ensure all preventative

measures are followed and report
any breaches

2-
Unlikely

3 -
Moderate

6 -
Medium
Risk
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Adequate lighting provided in all
laboratories and maintained by
Estates.

Faulty electrical Electrocution of Annual PAT testing of electrical 2- 4 - Major | 8- Review all local and activity 2- 4 - Major | 8-
equipment and microscope user items and regular checks by Unlikely Medium | based risk assessments. Unlikely Medium
spillage of liquids and/or electrical fire technical staff for loose wiring and Risk Ensure all preventative Risk
when using affecting all building other faults. Electrical supply measures are followed and report
microscope light users fitted with trip switches. Users any breaches
sources instructed to handle liquids with

care to avoid spillages, paper

towels provided in all labs and

chemical spill kit available in Davy

204a. Fire safety and evacuation

procedures in place and outlined

during compulsory lab inductions.
Breakages to Minor cuts to Induction procedure outlines safe | 3 - 2 -Minor | 6- Review all local and activity 3- 2-Minor | 6-
glassware such as microscope user handling of glassware and Possible Medium | based risk assessments. Possible Medium
watch glasses, and/or other lab users | immediate reporting of breakages Risk Ensure all preventative Risk
specimen tubes, to technical staff for prompt measures are followed and report
slides, cover slips etc. disposal. Provision of dustpan and any breaches

brush in all laboratories and glass

bins provided in Davy 204 and

702. Emergency contact details

displayed in all labs. Injuries

reported to first aid trained staff.

Provision of first aid kits in Davy

202 and LABplus.
Unsafe use of sharp Minor cuts or Induction procedure outlines safe | 3 - 3- 9- Review all local and activity 3- 3- 9-
manipulation tools moderate scalpel use and storage of sharp tools and | Possible | Moderate | Medium | based risk assessments. Possible | Moderate | Medium
such as forceps, injury of microscope reporting of injuries to first aid Risk Ensure all preventative Risk

scalpels, mounted
needles etc.

user and/or other lab
users

trained staff. Covers provided for
scalpel blades and sharps bins in
Davy 203, 205 and LABplus.
Emergency contact details

measures are followed and report
any breaches
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displayed in all labs. Provision of
first aid kits in Davy 202and
LABplus.

Exposure to
preservation and/or
mounting chemicals

Injury orill health of
microscope user
and/or other lab users

COSHH forms completed and
copies held in laboratory
information folder prior to using
chemicals. COSHH forms for
ethanol, IDA and 10% formalin
accessible to SOBMS technical
staff by clicking embedded
hyperlinks. Appropriate measures
for handling and storage
conducted according to COSHH
regulations, including use of
appropriate PPE and adherence to
safety signage. Accidental release
and exposure reported to first aid
trained staff. Emergency contact
details displayed in all labs.
Provision of appropriate PPE,
eyewash stations, hand washing
facilities, and adequate ventilation
in all labs. Chemical spill kit
housed in Davy 204a.

2-
Unlikely

2 - Minor

4 - Low
Risk

Review all local and activity

based risk assessments.

Ensure all preventative

measures are followed and report
any breaches

2-
Unlikely

2 - Minor

4 - Low
Risk

Slips, trips and falls

Injury of microscope
user and/or other lab
users

Walkways and other transit areas
kept as free of clutter as possible.
Bag storage area provided in Davy
205. Compulsory lab inductions
instruct users to handle liquids
with care to avoid spillages, to
transport liquids in small
guantities in sealed containers
and to report spillages and
obstructions to technical staff

2-
Unlikely

3 -
Moderate

6_
Medium
Risk

Review all local and activity

based risk assessments.

Ensure all preventative

measures are followed and report
any breaches

2-
Unlikely

3 -
Moderate

6 -
Medium
Risk
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https://liveplymouthac-my.sharepoint.com/:w:/r/personal/matthew_hoddinott_plymouth_ac_uk/_layouts/15/Doc.aspx?sourcedoc=%7B6714ADCC-FC9E-42F9-8225-45896F19288B%7D&file=Ethanol%20COSHH%20JA%202020-01-16.docx&action=default&mobileredirect=true
https://liveplymouthac-my.sharepoint.com/:w:/r/personal/matthew_hoddinott_plymouth_ac_uk/_layouts/15/Doc.aspx?sourcedoc=%7B5E383E9C-1A0C-4540-8328-61C1DDB38F35%7D&file=IDA%20COSHH%20JA%202020-01-16.docx&action=default&mobileredirect=true
https://liveplymouthac-my.sharepoint.com/:w:/r/personal/matthew_hoddinott_plymouth_ac_uk/_layouts/15/Doc.aspx?sourcedoc=%7B821BC177-28C9-4A75-BF58-A95F9578DA78%7D&file=Formalin%2010%25%20COSHH%20JA%202020-01-16.docx&action=default&mobileredirect=true

immediately. Chemical spill kit
housed in Davy 204a and paper
towels provided in all labs.
Regular checks by technical staff
to remove unnecessary clutter.

Other injury, ill health,
fire or other cause for
evacuation

Injury orill health of
microscope user
and/or other lab users,
smoke inhalation and
or burns to lab users

Technical staff monitor lab users
during working hours and ensure
labs are locked at the end of the
working day. Fire safety and
evacuation procedures in place
and outlined during compulsory
lab inductions. Face coverings to
be worn if possible during fire
evacuation. Emergency contact
details displayed in all labs,
including details of multiple first
aid trained staff. Defibrillator
available in south end foyer of
Davy Building. Access restricted to
Davy Building and all laboratories
outside of normal working hours.

2 -
Unlikely

4 - Major

8_
Medium
Risk

Review all local and activity

based risk assessments.

Ensure all preventative

measures are followed and report
any breaches

2 -
Unlikely

4 - Major

8 -
Medium
Risk

Lone working by staff
and/or postgraduates

Injury orill health of
lone workers

Lone working avoided where
possible. Lone workers must
undertake fire marshal training,
risk assess their activities in
relation to lone working, carry
mobile phones and inform a
household member of their
whereabouts. Access to building
outside of working hours
restricted and granted on a case-
by-case basis, once approved by
DOS or other appropriate
individual.

2 -
Unlikely

4 - Major

8_
Medium
Risk

Review all local and activity

based risk assessments.

Ensure all preventative

measures are followed and report
any breaches

2 -
Unlikely

4 - Major

8 -
Medium
Risk
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Inappropriate
workplace conditions

Lab users may
experience ill health

Adequate lighting and appropriate
heating/cooling maintained.
Window openers, window blinds
and heating/cooling controls
provided. Toilet facilities and
access to drinking water in Davy
204 and SoGEES technical office
provided.

2 -
Unlikely

2 - Minor

4 - Low
Risk

Review all local and activity

based risk assessments.

Ensure all preventative

measures are followed and report
any breaches

2 -
Unlikely

2 - Minor

4 - Low
Risk

Refer to scoring matrix on page %
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Appendix 3 Coordinates Table

Table 8. Pitfall traps coordinates of farmed (9) and rewilded field (18).

TRAP LAT LONG ALT (FT
A.S.L)
9.1 502 24'35.43516" W 3239'56.38788" 265
9.2 502 24'35.18532" W 3239'57.40416" 221
9.3 502 24'35.11476" W 3239'57.83724" 218
9.4 502 24'34.96104" W 3239'57.93948" 218
9.5 502 24'35.27424" W 3239'58.15512" 231
9.6 502 24'35.46036" W 3239'57.9852" 220
9.7 502 24'36.65988" W 3239'57.80124" 181
9.8 50924'37.47888" W 3239'58.49424" 186
9.9 502 24'37.41408" W 3239'58.64508" 186
9.10 502 24'37.4274" W 3239'58.68756" 183
9.11 509 24'37.45908" W 3239'58.86792" 182
9.12 502 24'37.51092" W 3239'58.82292" 178
9.13 502 24'40.3146" W 3240'1.06176" 127
9.14 502 24'40.26672" W 3240'1.37568" 103
9.15 502 24'40.25772" W 3240'1.52328" 102
9.16 502 24'40.3326" W 3240'2.45172" 108
9.17 502 24'40.46256" W 3240'2.44776" 89
9.18 509 24'40.49784" W 3240'2.34876" 91
18.1 502 24'39" W 3239'50" 98
18.2 502 24'38.82348" W 3239'50.26032" 103
18.3 502 24'38.61864" W 3239'49.89456" 70
18.4 502 24'38.84508" W 3239'49.6188" 93
18.5 502 24'39.16332" W 3239'49.72824" 99
18.6 509 24'39.39444" W 3239'49.97016" 88
18.7 502 24'41.81796" W 3239'51.99264" 52
18.8 509 24'41.55084" W 3239'51.67764" 75
18.9 509 24'41.58396" W 3239'51.66072" 94
18.10 502 24'41.37876" W 3239'51.13836" 99
18.11 502 24'41.98644" W 3239'51.29856" 68
18.12 502 24'41.98824" W 3239'51.2964" 77
18.13 502 24'44.6058" W 3239'58.24512" 48
18.14 502 24'44.59536" W 3239'58.15512" 53
18.15 502 24'44.41032" W 3239'58.8322" 60
18.16 502 24'44.226" W 3239'57.29652" 55
18.17 509 24'44.73144" W 3239'57.58128" 24
18.18 502 24'44.70372" W 3239'57.70476" 40
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Appendix 4 Invertebrate identification worksheet
Table 9. Raw data example of invertebrate identification found in each trap.

Trap ples ( le of the first 6 traps)

Species 18.1.1 181.2 18.1.3 13.1.4 1815 18.16
Order Coleoptera Beetles

Sp. A Family Staphylinidae rove beetle ocypus olens

Sp. B looks like A but much smaller

Sp.C head bigeer than torax

I GR LY

Sp. D beetle larvae
Sp. E similar to A but biggertorax

Sp. F honey color elytra carabidae
Sp. G B but curved body

Sp. H tiny beetle

Sp. | brownish big torax big body 2

(TR R NE

R LY

Sp.J similar to C but yellowish

CRCELICA G

Sp K larvae

Order Isopoda Woodlice
Sp. A shiny 2 2 2 1
Sp. B striped red/gray 2 1 2 1

Order Pseudoscorpiones False scorpions
Sp. A 1

Order Polydesmida Millipede
Sp. A flat backed 1 2 1

Order Opiliones Harvest Spider
Sp. A bigger brown 1
Sp. B black with two gold dots 3 1 1 2 2

Order Araneze Spiders
Sp. A white bum 1
Sp B big eyes brownish 1
Sp C brown/black 1
Sp D Black 2
Sp Ewhite ftranslucent with two black dots 1 1
Sp F big yellow/brownish torso and legs 1

Class Acari Mites

Order Mesostigmata
Sp. A 4 1 1 1
Sp. B double outercircle 1

Order Oribatida
Sp A black 1 1

Class Collembolz Springtail.
Order Entomobryomormha
Sp. A yellowish 1 2 1 2 1
Sp. B hairy 1
Sp D like A but black gray spots 1
Sp Ewhite ftransparent 15 14 9 B 12 10

Order Symphypleona

Sp Ctiny big head long antena 3 1

Order Poduromorpha
Sp F long body short antenna

Sp G larvae 1

Order Hemiptera Bugs
Sp. A 1
Sp Byellow

Order Stylommatophora Slugs and snails
Sp. A slug 1 2 3 1
Sp. B spotted slug 1
Sp. A flat snail 1
Sp. B spiral snail

Order Diptera True flies
Sp. A 2 1
Sp. B fly larvae 1 1

Sp. C tiny stripped pointy bum 1

i

Order Amphipoda 5 pers and scuds

Sp A orange 3
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Appendix 5 Biodiversity Index

Table 10. Shannon Wiener Biodiversity Index calculation for overall rewilded field.

Species
Coleoptera
Isopoda
Pseudoscorpiones
Polydesmida
Opiliones
Araneae
Mesostigmata
Oribatida
Entomobryomorpha
Symphypleona
Poduromorpha
Hemiptera
Stylommatophora
Diptera
Amphipoda
Opisthopora
Lithobiomorpha
Hymenoptera
Total

Table 9. Shannon Wiener Biodiversity Index calculation for overall farmed field.
pi*In
-0.36041343 -1.86636779

Species
Coleoptera
Isopoda
Pseudoscorpiones
Polydesmida
Opiliones
Araneae
Mesostigmata
Oribatida
Entomobryomorpha
Symphypleona
Poduromorpha
Hemiptera
Stylommatophora
Diptera
Amphipoda
Opisthopora
Lithobiomorpha
Hymenoptera
Total

Rewilded
134
72
1

20
18
18
2
228

559

Farmed

132

o = O

21

63
11

14
10

297

pi

0.23971377
0.12880143
0.00178891
0.00715564
0.03577818
0.03220036
0.03220036
0.00357782

0.4078712
0.01610018
0.00715564
0.00357782
0.04472272
0.02146691
0.00536673
0.00894454
0.00178891
0.00178891

pi

0.44444444
0.02020202
0.003367

0
0.00673401
0.07070707
0.03030303
0.01683502
0.21212121
0.03703704
0.003367
0.003367
0.04713805
0.03367003
0.00673401
0.03030303
0.003367
0.03030303

In
-1.42830967
-2.04948335
-6.32614947
-4.93985511
-3.3304172
-3.43577772
-3.43577772
-5.63300229
-0.89680384
-4.1289249
-4.93985511
-5.63300229
-3.10727365
-3.84124282
-5.22753718
-4.71671156
-6.32614947
-6.32614947

In

-0.81093022
-3.90197267
-5.69373214

-5.00058496

-2.6492097
-3.49650756
-4.08429423
-1.55059741
-3.29583687
-5.69373214
-5.69373214
-3.05467481
-3.39114705
-5.00058496
-3.49650756
-5.69373214
-3.49650756
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pi*In

-0.3423855 -1.81566451

-0.26397639
-0.0113169
-0.0353478

-0.11915625

-0.11063327

-0.11063327

-0.02015385

-0.36578046

-0.06647643
-0.0353478

-0.02015385

-0.13896573
-0.0824596

-0.02805476

-0.04218883
-0.0113169
-0.0113169

-0.07882773
-0.01917082

-0.03367397
-0.18731786
-0.10595477
-0.06875916

-0.3289146
-0.12206803
-0.01917082
-0.01917082
-0.14399141
-0.11418004
-0.03367397
-0.10595477
-0.01917082
-0.10595477

sum

sum

H

H

1.82

1.87



