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Abstract 
A small semi-improved riparian grassland located in South Wales country park was restored with direct planting of 19 herbaceous seed-mixture to restore it to traditionally managed hay meadow in 1986. Nineteen herbaceous plants were selected and sown in the three ha seasonally flooded grassy plot to establish a thriving wildflower meadow habitat. Thirty-five years later, the plot showed signs of domination with highly competitive plants, suspected soil nutrient elevation and minor scrub encroachment. This research aimed to establish the Craig-y-Nos Park hay meadow's current condition and investigate the influencing factors. Firstly, the five years of archival meadow survey data were reviewed to assess the previous site condition to estimate success rate, followed by autumnal vascular plant botanical survey and soil sampled from ten quadrats arranged along modified 'W transect'. Next, Palintest tested for soil structure and available nutrients. Finally, the obtained results were tabulated, presented in bar charts, and compared with old findings, restoration thresholds, and soil-nutrient guidance to assess restoration progress, establish the new starting point (baseline data), and identify critical factors for future management. Botanic surveys classified the site as moderately biodiverse showing a loss of ten initially sown plants offset with the arrival of 14 new species, predominantly nutrient-loving larger plants and grasses, indicating common shifts in species community. In line with the findings, the UWTSD lab analysis has shown acidic soil with a mean pH of 4.33 and elevated phosphorus (P) of Index 2-3 across the whole site, exceeding recommended standards, all in favour of taller, competitive grasses and plants. Also, the highest P concentrations in the upper halve and closer to edges were linked to pollution with agriculture fertilisers and flooding events. The overall appraisal was that the tested hay meadow is in good condition and offers ecosystem services but need correcting the P. Lastly, it was recommended that future management considers the shifts in species, including grazing with ponies, an excellent meadow biodiversity specialist.           























[bookmark: _Toc96284456]1.0 Introduction 

There has been an unprecedented 18% global natural habitat loss observed across the globe so far, and according to the latest study published by the Nature Communications Journal, by 2100, the loss will account for a quarter of all-natural habitat historical ranges (Nairn, 2020; University of Cambridge, 2020).  
Grasslands, including lowland wildflower and hay meadows, cover around 30–40% of the Earth's land surface and can offer a high number of valuable ecosystem services. Unfortunately, those habitats are among the most affected in the last century due to climate change, constantly rising human populations combined with extensive industrial agriculture and land-use change, encouraged by weak policies and management practices (Bardgett et al., 2021a; Pei et al., 2022). 
Presently, a large-scale restoration of thriving, wildflower-rich meadows is very high on the global agenda leading to a 'tsunami' of restoration projects to revitalise meadows ecosystem services. However, they often lack long-term monitoring of progression (Bengtsson et al., 2019; Rothero, Tatarenko and Gowing, 2020b; Bardgett et al., 2021a; Stafford et al., 2021).
[bookmark: _Toc96284457]1.1 Global Situation 

For centuries, grasslands have been regularly converted to farmlands, including cropland and livestock pastures. However, the fast-expanding global population demands compounded with climate change threats were major factors causing the most significant grassland decline during the 20th century  (Kołos and Banaszuk, 2018; Bengtsson et al., 2019; Wagner, L. Hulmes, et al., 2021). 
As grasslands and savannahs represent around 80% of the most fertile, productive land globally, their degradation rate is one of the fastest. For example, according to the Global Grassland and Savannah Report (2020), both Brazil's Cerrado [footnoteRef:1]and the United States and Canadas Great Plains [footnoteRef:2]has now been cultivated by more than 50%. Also, above 80% of North America's grasslands are now degraded, and only 10% of the unspoilt land is legally protected (Bengtsson et al., 2019; World Wide Fund For Nature, 2020).   [1:  It is the world’s largest savanna located in Brazil covering more than 20% of this country (Perobelli, 2022).]  [2:  Gigantic prairie and steppe which is 500 mile wide, and 3000 miles long located in the North America and Canada (Bardgett et al., 2021a).] 

Moreover, the Chinese Authority study revealed that every year in Tibetan and Mongolian territories of China a, 2,460 km² of grasslands and alpine meadows are degraded, and over 43 million hectares of the Eurasian steppe are transformed into croplands (Zhihui, Peijun and Jin, 2008; Bardgett et al., 2021a). Similarly, the southern African continent has lost 60% of its grassland biome to industrial agriculture and other irreversible land transformations (Fairbanks et al., 2000; Prinsloo, Reilly and Myburgh, 2021).
Interestingly, during the Second World War, almost six million acres of wildflower grasslands was cultivated to grow cereals, leading to a 97% decline in the lowland, species-rich European meadows during the last forty years (Bengtsson et al., 2019; Rothero, Tatarenko and Gowing, 2020a; Magnificent Meadows, 2022c). For example, in countries like Estonia, less than 12,000 ha of floodplain meadows existed in the early 1990s compared to 83,000 ha in 1939 (Jõgar and Moora, 2008). Some experts argue that those losses can also be blamed on the extensive climate change-induced floods occurring across Europe, leading to a 90% loss of total semi-natural European grasslands in favour of less diverse, wetter habitats (Garssen et al., 2017; Weston, 2020).
The current situation of grasslands and meadows is not hopeless, however. They were recognised as vital habitats worldwide, offering various ecosystem services. Therefore, the European Environment Agency (in 2016) and the United Nations Environment Programme (2019) set primary restoration targets to recover precious grasslands and floodplain meadows. Also, various types of hay meadows (including wet, mesotrophic to eutrophic) were classed as 'endangered' and placed on the European Red List of habitats (Janssen et al., 2016; Rothero, Tatarenko and Gowing, 2020a)
Many grasslands restorations project and strategies were started across the globe in the last decade, and the United Nations Decade on Ecosystem Restoration (2021-2030) was announced in 2019  (United Nations, 2019; Török et al., 2021) inspiring 15,500 ha grassland and savannah restorations across Asia and the Pacific. Other projects include  AFR100 Land Restoration Project in Africa managed by the Global Restoration Initiative, where 100 million ha of destroyed grasslands will be regenerated by 2030  (World Resources Institute, 2019) or the National Pollinator Strategy to restore wildflower meadows to protect and restore crucial habitats for pollinators (Friends of the Earth, 2017). 
However, the latest Climate Summit (COP26) in Scotland revealed that data collection and monitoring of the progression of those ambitious projects are neglected in favour of the trendy 'forest restoration fever' (Daisy, 2021). The environmental charities and researchers argued that most projects lack professional expertise, baseline data, long-term monitoring, and assessment of the achieved progress through cooperation with other researchers (Clilverd, 2016; Bardgett et al., 2021a; Stafford et al., 2021).

[bookmark: _Toc96284458]1.2 UK Status

Over 40% of the UK's land is covered in various grassland (Stafford et al., 2021), and thriving meadows have been an inherent aspect of the British landscape and culture for centuries. The latest Plant Life study revealed that over 2,000 roads across the UK include the word 'dol'[footnoteRef:3] or 'meadow', and the UK even has its own 'Meadow Day' in July that holds over 115 events across the UK (Plantlife, 2022). [3:  Welsh name for ‘meadow’.] 

Unfortunately, a staggering number of 7.5 million acres (approximately 97% which equals to an area of one and a half size of Wales) of UK wildflower meadows have been lost since the 1930s due to intensive agriculture and Wildlife Trusts survey (Lws and Waite, 2018) has revealed that 717 of privately owned wildlife sites were destroyed since 2013. In addition, approximately 75% of UKs grasslands are managed for various agricultural use (Barkham, 2015; Magnificent Meadows, 2022). 
To protect and reduce the decline of vital grasslands and meadows, around 200 SSSIs[footnoteRef:4] sites have been designated across the UK with over 3000 ha of protected area (Floodplain Meadows Partnership, 2019) and restoration projects implemented, including 'Save Our Magnificent Meadows' with over 6,000 ha of restored habitats. Nevertheless, similarly to a global situation, the undermining of grassland restoration projects and neglecting of the long-term funding and monitoring programmes were pointed out by the letter from 100 UK ecological experts (Grassland + coalition), signed by 49 MPs ahead of the latest 26th UN Climate Change Conference (COP26) (UK Parliament, 2021; Dunn, 2022). [4:  Site of Specific Scientific Interest legally protected by the Wildlife and Countryside Act 1981 (as amended) (Floodplain Meadows Partnership, 2019).] 

[bookmark: _Toc96284459]1.3 Welsh Meadows Status
Meadows are an iconic feature of the Welsh lowland countryside landscape (40% of the UK's meadows are in Wales). Unfortunately, most researchers and campaigners inform that a staggering 97-98% of Welsh wild meadows [footnoteRef:5]has been degraded within the last 75 years due to the overuse of fertilisers and industrial production of agriculture and early hay crops, overstocking and abandonment of farming, including permanent land-use changes (King et al., 2008; National Trust, 2019; Plantlife, 2022).      [5:  Defined as “all types of grassland full of flowers and insects” (King et al., 2008, p:1).] 

In 2008, lolo Williams, famous BBC presenter and Patron for the Wild Meadows Initiative for Wales (WMIW) founded by the Countryside Council for Wales and Esmée Fairbairn Foundation), made the case of the Welsh meadow mainstreamed. The WMIW, in close collaboration with conservation organisations and farmers, has conducted a report informing on wild meadows only covering three per cent of the tola Welsh land surface and should be increased to a minimum of five per cent by 2025 (King et al., 2008). Meadows offer many ecosystem services, including the environmental ones like significant biodiversity increase (up to 40 wild plants per one m² and over 60 grasses per site, including many pollinator species and small mammals). Also, they can buffer adjacent towns and villages against climate change-induced flooding affecting protect freshwater supplies. Their socio-economic values include the attraction of tourism and being perfect places to breathe in and to enjoy the countryside for residents as well as encourage the production of high quality' slow' food, such as lamb, beef and organic dairy products, which can support the growth of local farming businesses (King et al., 2008). Lastly, the cultural values will include their aesthetic appeal that can serve as an inspiration for the artist and provide a sense of belonging to the place and its heritage for the locals (Smith et al., 2021). 
In Wales, 163 meadow restoration projects was started in the last decade, including larger ones like Save Our Magnificent Meadows' (National Trust partnership), restoring 14,000 acres of grassland across England and Wales (National Trust, 2020), Magnificent Meadows Cymru hoping to save over 500 ha of wildflower meadows (Dunn, 2022) and many smaller ones including Elan Valley Meadows and Farming for the Future on the Llŷn Peninsula (Smith et al., 2021).
[bookmark: _Hlk94720967]To comply with Article 17 of the EU Habitat Directive (92/43/EEC), JNCC,[footnoteRef:6] have released a Fourth Report on Lowland hay meadows (Alopecurus pratensis, Sanguisorba officinalis).   According to the research, despite the number of successful restoration sites, Welsh protected, and restored grasslands or meadows can be put under significant stress from climate change in a logger run both from droughts and altered rainfall patterns causing extensive floods. In consequence, they may disappear and become poorly biodiverse wetter environments (Joint Nature Conservation Committee (JNCC), 2018). [6:  Joint Nature Conservation Committee] 

Moreover, many researchers, including the Welsh Government, indicate that despite high interest in the Welsh wild, many restoration projects are 'undermanaged' or underfunded and lack environmental and ecological expertise (Stafford et al., 2021). Therefore, they often lack quality botanic surveys and up to date baseline data (Bardgett et al., 2021a), adequate restoration methods  (Rothero, Tatarenko and Gowing, 2020b), long term planning and present "limited data on possible gains in grassland habitat through, for example, Agri-environment measures or habitat restoration projects" (Smith et al., 2021, p:46).
Vital lowland wild meadows prove crucial in absorbing adverse climate change impacts in Wales. In addition, they can help combat biodiversity loss and bring multiple cultural, socio-economic, and aesthetic benefits. Therefore, it is vital to ensure all meadow restoration projects are conducted professionally, gather accurate data, implement long-term planning, and appropriately monitor gains to allow for the most accurate progression assessment and flexibility to adjust (Rothero, Tatarenko and Gowing, 2020c; Cole et al., 2022).

[bookmark: _Toc96284460]1.4 Aims and objectives	
This project aims to establish/obtain what a thriving hay meadow is and what factors influence its quality. Using restored Craig-y-Nos's floodplain hay meadow plot, suffering from regular floods and ferns encroachment, a botanic survey will be performed, and soil samples tested to correlate with historical results and accepted guidelines/standards.    
Three key objectives were identified, which emphasise the need for testing 'which, if and how' specific abiotic and biotic factors influence the long-term quality, species composition, and habitat type stability of traditionally managed hay meadow.
The first objective was to establish the historical status of the surveyed meadow through desktop-study of the secondary, archival Craig-y- Nos's dataset. The results, collected within five years by Brecon Beacons National Park ecological experts', including meadows species composition, soil nutrients and fitment to target habitat type, would set a good reference and starting point for the research. Also, they would instruct on potential surveying methods applied in this research for data consistency lacking in similar projects across the UK. 
The second objective was to evaluate the present quality status of the tested meadow using the recommended quality guidance/guidelines. It would help establish if the changing environmental gradient and management practices had influenced the species compositions, therefore habitat type since the last survey in 2004. 
The third objective was to establish if specific soil nutrients can significantly influence meadows' vitality under the present conditions. Again, an in-depth literature review will help evaluate and critique the potential correlations and inform future management corrections. 
Having outlined the scope of research, the next step is to examine relevant available research papers and other professionally accepted resources, which will be presented in the following chapter.   

[bookmark: _Toc96284461]2.0 Literature Review 

In order to carry out this research, a clear understanding is need on what makes up a quality lowland hay meadow (HM). Therefore, this chapter will present literature findings regarding species-rich grasslands that help achieve successful HM considering associated biological and physical determining factors, including a brief revision of successful published restoration projects.  
[bookmark: _Toc96284462]2.1 Grasslands and Meadows: the global context 
Grasslands and meadows cover 40% of the Earth's surface and are essential for humans' life and the entire planet's ecosystem. The intensive global agriculture, including land-use change and recent climate issues correlating with fast-expanding humans' populations, are among the biggest threats to the existence of mentioned habitats globally. Leeds university study revealed that environmentally biodiverse grasslands "could store 34% of the global terrestrial carbon (C) and are vital for the provision of ecosystem services such as climate regulation" and many more (Eze et al., 2018, p:2)
The US Department of the Interior states that out of the 170 million ha of tallgrass prairie that once covered much of North America, less than four per cent has left and is continuously converted to farmland (National Preserve Kansas, 2022). Török et al.(2021) reported alarming losses in grassland and its associated biodiversity in Europe in only last 30 years with large scale, reaching 50-70% destruction of traditional grasslands areas, depending on the country. Fertile, lowland grasslands usually occupy flatter terrain, and on a global scale, are the most destructed by industrial agriculture amongst all ecosystems (Rodwell et al., 2007; Floodplain Meadows Partnership, 2019; Perkins, 2021).
A different study published in Nature Communications revealed that globally, an estimated 430 million ha of land (18 times the size of the Sahara desert) has been either degraded or degraded by agriculture then abandoned, which gives a massive opportunity for restoration (Yang et al., 2019). Nevertheless, many experts and recent COP26 Glasgow (2021) Summit resolutions note that climate change (CC), although increasingly influencing global grasslands, can also be mitigated by them. Also, thriving, biodiverse grasslands offer many ecosystem services. Therefore, according to governments and many experts, their restoration and long-term management must be taken more seriously (Garssen et al., 2017; Joint Nature Conservation Committee (JNCC), 2018; UK Parliament, 2021; Dunn, 2022)
[bookmark: _Toc96284463]2.2 UK Grasslands: General Overview 
Following Chapter 1.0, British species-rich grasslands [footnoteRef:7](SRG) were drastically modified over the last 100 years since the 1930s. Magnificent Meadows (MM), the UK's most prominent conservation partnership project, have stated that:  [7:  “Grasslands with 15 to 20+ species per square metre” (Save Our Magnificent meadows, 2022, p:1).] 

"The UK's remaining species-rich grasslands now cover a minute fraction of the area they once covered, even relatively recently in the early 20th Century" (Magnificent Meadows, 2022b, p:1) 
 Recently, they are receiving much more attention from governments and stakeholders across the globe, including the UK, and the large number of ecosystem services they can provide received wider recognition. 
According to Plantlife (2017) Report on SGR habitats, England has only 3% of the country covered with lowland grassland, including 7,200 ha of lowland and 870 ha of upland meadows. Also, over 20,142 ha of lowland dry-acid and 38,687 ha of lowland calcareous grasslands remain in England (Plantlife, 2017). Interestingly, MM latest data show that less than one per cent of the UK's territory can be considered an SRG, and around 2% of those are species-reach habitats (Magnificent Meadows, 2022b).  
[bookmark: _Toc96284464]2.2.1 Grasslands in Wales 
According to the latest Natural Resources Wales (NRW) (2021) report, Wales has over 1.2 million hectares of grass areas, of which over 1 million ha is improved grassland[footnoteRef:8]. However, SRGs occupy barely 192,000 ha, including 114.000 ha in the uplands and as little as 78,000 ha in the lowlands of Welsh territory.  [8:  Usually agriculturally improved (e.g., with fertilisers) permanent grasslands (pastures) (Natural Resources Wales, 2021). ] 

The NRW assessments of 61 unprotected grassland sites in Wales between 2008-2017 revealed that a high 48% of them have been lost since the last 2000-2009 survey, and the loss is continuing (Smith et al., 2021). 
Lastly, SRGs, according to the NRW report, are "the most fragmented ecosystem in the Welsh lowlands" (Smith et al., 2021, p:20), often scattered with improved agriculture fields. Another 2004-2017 study revealed that 72% of SSSIs grassland and all 23 SACs grasslands in Wales were considered in 'unfavourable condition', and data on repeated, up-to-date surveys are insufficient to assess the current situation (Smith et al., 2021). 

[bookmark: _Toc96284465]2.3 Grassland and Meadow Classification Systems and Conservation Status 
It can be challenging to differentiate grassland habitats due to various classifications being used. Various terms in literature, including 'wild meadow, wild grassland or SRGs or meadow', are often interchangeably used when describing those colourful meadow habitats (Magnificent Meadows, 2022b). 
According to Definitions of Natural Resources and Broad Habitats in the State of Natural Resources Report (SoNaRR) (Natural Resources Wales, 2021), there are eight main broad habitats, including marine, coastal margins, urban, freshwater, enclosed farmland, woodland, semi-natural grassland (SNG) and Mountains moorlands and heaths (MMH), also described as "stands of bracken (Pteridium aquilinum) interspersing with semi-natural grasslands in the lowlands" (Natural Resources of Wales, 2021, p:11).
SNGs, a complete opposite to the semi-improved and improved agricultural grassland, according to NRW definitions, represents a healthy and balanced mix of grasses and herbaceous plants. They also include small composition of mosses, rushes, sedges and sporadically lichens (Natural Resources Wales, 2021). 
[bookmark: _Hlk94813353]Importantly, lowland meadows are predominantly found within SNGs habitat and other five including Lowland dry acid and Lowland calcareous grasslands, Upland calcareous grasslands including Purple moor-grass, Rush pastures and Calaminarian grassland (Natural Resources Wales, 2021). All above are listed as 'priority habitats' in the Environment (Wales) Act 2016 due to supporting many plants, fungi, invertebrates, birds and mammals and 99% of those are located in the Welsh lowlands (Natural Resources Wales, 2021).   
Another policy that helps limit the loss of SNGs is Statutory sites protection. SoNaRR2020 revealed that in the 1960-2013 period, only 9% of Sites of Special Scientific Interest (SSSIs) were degraded compared to high 73% of the unprotected ones. Also,  only 5% of the SSSIs between 2005-2017 were degraded and all 26 SNGs qualified as Special Areas of Conservation (SACs) in Wales recorded zero losses (Smith et al., 2021). It is vital to mention that most 'special conservation' sites protecting grasslands in the UK were established based on the EU Habitat Directive (92/43/EEC) requirements, transposed into the UKs law (McLeod et al., 2009).  
[bookmark: _Hlk94804927]Another classification sorts SNGs due to their soil acidity as pH levels are correlated with based soil and underlying rock and influence their above-ground botanic compositions. The Neutral SNGs include MG1-5 and MG8 grasslands, usually formed on neither lime-rich nor strongly acidic soil. Calcareous, including CG1-10 grasslands, are found on lime-rich substrates like Welsh Carboniferous limestone. Lastly,  Acid SNGs, including U1-U4 grasslands, occur on thin, acidic soils with underlying rocks reaching up to the surface (Carey et al., 2009; Plantlife, 2017). Acid and Neutral grassland are widespread in mid-Wales and Calcareous in the north and south, including "the Great Orme, the Alyn and Eglwyseg Valleys in the Northeast, and locations in Pembrokeshire and the Gower peninsular in the South West" (Carey et al., 2009, p:2).  
(Plantlife, 2017) also informs that grass management practices involving HM as a management strategy in lowland and upland landscapes are mainly practised on MG3 -MG5 and MG8s, with the M5 being most abundant in Wales (Natural England, 2013). The latter are arranged under another National Vegetation Classification (NVC), further reviewed in Section 2.4.
[bookmark: _Toc96284466]2.4 Welsh Meadows 
Meadows are an intrinsic part of Welsh history and culture. According to National Trust, 40% of British wildflower meadows are in Wales (BBC News Wales, 2019; Parton, 2019). Typically, they were managed by several generations of the same family for millennia in an old, traditional way. The communal grazing and hay cutting took place on fields strips marked with wooden poles or giant boulders for ownership across the Welsh landscape which can be seen even today (Floodplain Meadows Partnership, 2019). 
[bookmark: _Toc96284467]2.4.1 Definitions
There are many ways to describe meadow habitats. Some examples of this are as follows:
"A true meadow is an area of grass maintained by an annual hay cut. It's made up of perennial plants species that grow and flower each year, re-appearing from their underground roots each spring" (Dines, 2015, p:1),
"Home to as many as a hundred plant species, cohabiting in a delicate balance that depends                     on an ancient form of husbandry" (Gates, 2020, p:3),
"…all types grasslands full of wildflowers, with abundant insect life that provides a fundamental life-support system for birds and other wild animals" (lolo Williams in (King et al., 2008, p:2)).

[bookmark: _Hlk94891493]However, the simplest to describe a meadow is species-reach grassland (SRG) habitat (or plant community) dominated by some grasses and herbaceous wildflowers managed for nutritious hay (GardensForWildlife, 2015; Smith et al., 2021). They are an ancient part of the agricultural landscape that has evolved from producing hay to feed to livestock. Many species that live there have unique adaptation to thrive on usually flat river floodplains, sometimes partially inundated, in a cycle between summer hay cut and aftermath grazing in the Autumn (Bowskill, 2021). 
Notably, the names like 'flower-rich' or 'species-rich' grassland and meadows are interchanged within the literature as meadows are usually semi-natural grasslands of high biodiversity managed all year round. Also, according to (Magnificent Meadows, 2022c), in the UK and Wales, SRGs and meadows, in particular, are associated with the highest number of 'priority species' compared to any habitat type. Moreover, (Smith et al., 2021) and the Welsh Government surveys (Wales Biodiversity Partnership, 2022) reveal that those precious habitats can also be found along road verges and watercourses in country parks.  
[bookmark: _Toc96284468]2.4.2 Grassland Habitats Managed as 'Hay Meadows' in Wales
As mentioned in point 2.3, mesospheric grasslands [footnoteRef:9] , including MG3-5 and MG8, are the most popular SNGs habitats managed more traditionally, usually as HM and pastures in Wales. Their brief description is presented in table 2.4.2.1 below.   [9:  Usually they occur in neutral or nutrient-rich floodplains, along rivers and on wet soils (e.g., in brook valleys), also on alluvial plains that dry out for prolonged time in the cycle (Natural England, 2021). ] 


[bookmark: _Toc96285509]Table 2.4.2. 1 NVC Semi-Natural Grasslands Classification
	Grassland Habitat Type (NVC Classification)
	Description of Habitat

	MG3 (Upland hay meadows)
	Categorised as Geranium (Anthoxanthum) grassland (Rodwell et al., 2007) or Sweet vernal grass (Anthoxanthum odoratum) – Wood crane's-bill (Geranium sylvaticum) grassland (Magnificent Meadows, 2022c), designated under Natura 2000 as 6520 Mountain HM (between 200-400m), also occurs along river banks and road verges, less than 1000 ha found in Northern England and Wales. Often associated with well-drained soils (Magnificent Meadows, 2022d).  
Community composition: Common Bent (Agrostris capillaris), Common Mouse-ear (Cerastium fontanum), Pignut (Conopodium majus), Cock's-foot (Dactylis glomerata), Red Fescue (Festuca rubra), Wood Crane's-bill (Geranium sylvaticum), Great Burnet (Sanguisorba officinalis), Yorkshire-fog (Holcus lanatus), Ribwort Plantain (Plantago lanceolata), Rough Meadow-grass (Poa trivialis), Meadow Buttercup (Ranunculus acris), Common Sorrel (Rumex acetosa), Sweet Vernal-grass (Anthoxanthum odoratum), The lady's-mantle (Alchemilla glabra), White Clover (Trifolium repens) (En-Academic.com, 2021). 

	MG4 (seasonally flooded unimproved neutral grasslands).
	Species of interest are meadow foxtail (Alopecurus pratensis) and great burnet (Sanguisorba officinalis). Usually, they occur in grasslands managed as traditional HM (Magnificent Meadows, 2022d).
Lowland floodplain meadows are recognised as threatened habitats (6510 Lowland HM (Alopecurus, Sanguisorba). Around 1200-1350ha of MG4s are left in England and Wales (0.6% of the unimproved and semi-improved grassland) (Dodd, 2014). 
They form four distinct subcommunities: 
MG4a Cocksfoot (Dactylis) sub-community, the richest of 25 species per m², rarely flooded, lowest fertility (7.6 (1.6-23.7) (Dodd, 2014). 
Most Common species: Goat's beard (Tragopogon pratensis), Lesser hawkbit (Leontodon taraxacoides), Fairy flax (Linum carthaticum), Cowslip (Primula veris), Black medick (Medicago lupulina) (Dodd, 2014). 
MG4b (Typical representative), occasionally flooded, low fertility (9.4 (2.3-20.8), species-rich 22 per m² (Dodd, 2014). 
Most common species:  Meadow buttercup (Ranunculus acris), Common sorrel (Rumex acetosa), Field wood-rush (Luzula campestris),  Sweet vernal grass (Anthoxanthum odoratum),  Meadow fescue (Festuca pratensis) (Dodd, 2014).
MG4c Yorkshire fog (Holcus lanatus) sub-community. Average 16 sp./m², more fertile 12.5 (2.5-39.3), also frequently flooded and grass dominated. 
Preferential species: Tufted Hairgrass (Deschampsia cespitosa) and Couch grass (Elytrigia repenes) (Dodd, 2014).
MG4d Creeping bent (Agrostis stolonifera) sub-community. Average 15 species/m², so the least species reach, flood-tolerant species, most waterlogged and tolerant to prolonged inundation, highest fertility 16.2 (5.4-44.1).
Prefered species: Creeping bent grass (Agrostis stolonifera), Cuckoo flower (Cardamine pratensis), Brown sedge (Carex disticha), Slender tufted sedge (Carex acuta), Meadowsweet (Filipendula ulmaria), Creeping jenny (Lysimachia nummularia), Amphibious bistort (Persicaria amphibia) (Dodd, 2014).

	MG5 (Unimproved neutral grassland and HM, species-rich lowland meadows)(Magnificent Meadows, 2022d). 
	It covers 937 ha in Wales, mainly in enclosed fields' downland' landscapes, often transitioning to calcareous grasslands. Species of interest are Centaurea nigra (Cynosurus cristatus) and Crested dog's-tai (Cynosurus cristatus), usually native plant, a substantial number of herbaceous species (exceptionally up to 95%), species-reach (12-38) with an average of 23 species per 4m² quadrats and rarely exceeding 40 species per 4m² (Jefferson, 2013).
Herbaceous species: bird's-foot trefoil (Lotus corniculatus), common cat's-ear (Hypochaeris radicata), cowslip (Primula veris), common sorrel (Rumex acetosa), common knapweed (Centaurea nigra), lady's bedstraw (Galium verum), meadow buttercup (Ranunculus acris), ox-eye daisy (Leucanthemum vulgare), ribwort plantain (Plantago lanceolata), yellow meadow vetchling (Lathyrus pratensis) (Jefferson, 2013). 
Grassland species: common bent (Agrostis capillaris), crested dog's-tail (Cynosurus cristatus), quaking grass (Briza media), red fescue (Festuca rubra), sweet vernal grass (Anthoxanthum odoratum), yellow oat-grass (Trisetum flavescens) (Jefferson, 2013).
Common transitions are Acid grassland (U4 Festuca ovina-Agrostis capillaris-Galium saxatile) grassland and Neutral MG4 and MG3. Soils infertile or moderately fertile, well-drained or moist brown soils such as clay loams (phosphorus index 0 or 1), pH 5.2-6.2 neither acid nor neutral. Subsections occur MG5a (pH 6.5-7.5), MG5b (more lime-reach), MG5c (more acid) with heath grass (Danthonia decumbens), tormentil (Potentilla erecta) and bitter (vetch Lathyrus Linifolius). In Wales, important for scarce decline species of invertebrates (Jefferson, 2013). 

	MG8 (Floodplain meadows and pastures) 
	They are categorised as Crested dog's-tail (Cynosurus cristatus) - Marsh marigold (Caltha palustris) grassland, traditionally managed as species reach, inundation pastures and meadows (Magnificent Meadows, 2022d). Found in well-drained, however, wetter soils in lowland agriculture enclosures, often full of grassy swards and wetland herbs. They were developed by mowing and grazing management practices (Scotland's Nature Agency, 2005).
Most common species: Sweet Vernal grass (Anthoxanthum odoratum), Marsh-marigold (Caltha palustris), Common Mouse-ear (Cerastium fontanum), Crested Dog's-tail (Cynosurus cristatus), Red Fescue (Festuca rubra), Yorkshire-fog (Holcus lanatus), Autumn Hawkbit (Leontodon autumnalis), Rough Meadow-grass (Poa trivialis), Meadow Buttercup (Ranunculus acris), Common Sorrel (Rumex acetosa), White Clover (Trifolium repens).





[bookmark: _Toc96284469]2.5 Ecosystem Services (EC) and Threats to Meadow Ecosystems
As mentioned in Chapter 2.1, HM can offer multiple EC recently highlighted by many experts and world governments, with COP26 (2021) in Glasgow, Scotland being the latest edition of the 'hay meadow manifesto'. Interestingly, over a decade ago, lolo Williams, in his joint 'Manifesto for the Wild Meadows of Wales' (2008) published by the Grassland Trust, made a similar point. Back then, he pointed out that wider land-owning Welsh community highly undervalued meadows and that they should play a much more significant role in the Welsh agriculture landscape (King et al., 2008).
His manifesto also stated that meadows offer a broad spectrum of ecosystem services, including:
[bookmark: _Toc96285569]Table 2.5. 1 Ecosystem Services of Hay Meadows 
	Contribution to local biodiversity
	It is having "distinctive wild-plant communities are adapted to the local climate, soil and land management" (King et al., 2008, p:6), and they incorporate 15 to 40 plant species per m² and the best-managed examples hold up to 100 grassland species in a single field. They also support many other fungi, birds, small mammals, reptiles, invertebrates, including butterflies and bees (King et al., 2008). (Wales Biodiversity Partnership, 2022) stated that wild pollinators, including honeybees, bumblebees, butterflies are crucial for pollinating agriculture crops and healthy beef, honey, and medicine production. In 2017, 3,366 registered beekeepers in Wales produced over £2 million worth of honey. Importantly, restoration and protection of meadows and pollinators contribute to the Environment (Wales) Act 2016 requirements. 
Regarding threats, however, it is equally essential that management of that biodiverse ecosystem is taken seriously and is of long-term character. It is critical that planting of tree monocultures on SNGs (through the Glastir Woodland Creation scheme) in Wales to meet CC targets (Bardgett et al., 2021), together with the expansion of biofuel croplands, combined with growing solar farms coverage also on SNGs (Smith et al., 2021) does not hinder meadow restoration efforts all working towards the CC mitigation.    


	Flood protection
	HMs, including protected floodplain habitats and other SNGs, are often located in river valleys on natural floodplains. They can significantly slow the run-off [footnoteRef:10]and decrease the peak discharge [footnoteRef:11]rate of rivers by absorbing the intensive rainfall,  helping to buffer local villages and towns further downstream from flooding helping mitigation of climate change effect (King et al., 2008).  [10:  “Runoff is the part of precipitation, snow melt or irrigation water that gathers when the land cannot absorb it” (Ather, 2020, p:2).]  [11:  The peak discharge is the time when the river reaches its highest flow (Ather, 2020, p:1).] 

Notably, the 2020 Guardian article 'The Losses Could be Profound' on river Lugg wrecking a 120-ha reserve warned against the growing CC threats. It emphasised that overgrazed hills and valleys where land management is non-existent and lush wildflower habitats are the feature of the past can suffer terrible destruction soon (Weston, 2020).

	Freshwater supply protection
	Meadows are of low-input agriculture settings. They are free from chemical and artificial fertilisers and pesticides. As they are often located in river floodplains, unlike the improved grasslands, they help not just absorb but filter the water, helping lower local pollution levels (King et al., 2008). (Cambridge Suds Design, 2020), in their report reminds that restoring and safeguarding wet and wildflower meadows is key to protecting river floodplains and their character and providing opportunities for nature conservation and recreation, all adhering to Sustainable Urban Drainage Systems (SuDS).


	Cultural, Educational, Recreational and Economical Services
	They are amongst the more recently recognised EC. lolo Williams, back in the day, reminded that HM are part of the Welsh culture and greatly influenced not only his childhood but other several thousands of Welsh families over the centuries, giving them a sense of place and inspiration to artists and writers. Moreover, he and more recent studies like (Southon et al., 2017) agree on peoples constant love of visiting colourful wild-meadow valleys. 
Lolo Williams once stated that wildflower meadows are "'green lungs', providing breathing spaces for people to enjoy, and breaking up the monotony of housing estates and business parks", not to mention being fantastic drivers for local Welsh tourism (King et al., 2008, p:7). 
(Smith et al., 2021) points to their educational services as they are visited by hundreds of school groups each year in Wales, not just engaging in environmental activities but also professional school studies of meadow management of the species-plant relationship. Overall, the creation and restoration of species-reach meadows fit some of the Well Being of Future Generations (Wales) Act 2015 goals such as 'A Healthier Wales' and 'A prosperous Wales' (Welsh Government, 2015).  
According to the latest research, well-managed HM can be the CC regulator as they are fantastic in soil-carbon storage (Bengtsson et al., 2019; Stafford et al., 2021). Also, according to a (Smith et al., 2021) report, UK soils contain up to 96% of all carbon (C) and their storage capacity under SNGs is equal and, in some cases, exceed storing capacity of soils under woodlands (Cole et al., 2022). Importantly, their C storing services increase with biodiversity levels, and "flower-rich grasslands and meadows can store 500% more carbon than fields of pure grass" (Dines, 2021, p:2). Lastly, stored C is more significant in SNGs on alluvial or floodplain habitats; therefore, meadow restoration and adequate monitoring of those territories are critical to Welsh CC resilience (Smith et al., 2021).       



[bookmark: _Toc96284470]2.6 Meadows Creation and Management 
[bookmark: _Hlk95043927]According to the guidelines of the largest Meadow Conservation Partnership (a collaboration of eleven leading UK organisations), there are four common ways to create meadows utilised in UK and Wales (Magnificent Meadows, 2022a): 

[bookmark: _Toc96285611]Table 2.6. 1 Restoration Using Natural Regeneration and Colonisation.
	Restoration Using Natural Regeneration and Colonisation (Magnificent Meadows, 2022e)

	One of the easiest and cheapest restoration methods relies on livestock moving freely between the restored site and adjacent' donor site' (a species-reach grassland) to disperse target species across both plots. It is much slower than the mechanical seed dispersal or green-hay method. However, it allows for suitable wildflowers to establish only when optimal conditions are reached, making them more stable and resilient to changes in weather once fully grown.

	Management (Magnificent Meadows, 2022e)

	Timed hay cutting and grazing are vital to this method, as it requires cutting a minimum of 50% of sward in 'donor site' to the bare ground (in Autumn or Spring) before restoration to make sure reinstated wild plants do not get outcompeted by larger specimens. Also, grazing is only allowed in drier weather and 'pulse grazing' [footnoteRef:12] is preferred. Lastly, it is essential to 'shut up' the field, which in restoration terms means completely stopping grazing in the first year, during the flowering season (April-June) to allow yellow rattle (Rhinanthus minor) and other flowers to bloom freely. Hay cutting regimes should start from the second year (mid-July to August).  [12:  “increasing, and then decreasing, the number of livestock for a short time” (Magnificent Meadows, 2022e, p:3)] 




[bookmark: _Toc96285612]Table 2.6. 2 Restoration Using 'Green Hay'.
	[bookmark: _Hlk95149844]Restoration Using 'Green Hay' (Magnificent Meadows, 2022h)

	The method involves spreading 'green hay' (Rothero, Tatarenko and Gowing, 2020c), so the foliage of species-rich plants from a 'donor site' is harvested just as target species shed their seeds to a species-poor 'recipient' site. Relatively cost-effective method, usually very successful method of recreation and restoration of meadows. However, sites need to be close to each other to allow for the trouble-free establishment of required wildflowers and grasses.  

	Management (Magnificent Meadows, 2022h)

	It is imperative to research the current soil conditions before green hay introduction for optimal plant-establishment conditions. Future management and logistics of these projects should be carefully planned to include appropriate fencing, water source and access for potential grazing livestock. Also, as before, creating a short sword and cut of minimum 50% of recipient grassland to bare ground in the previous year (June-July). Managing post-restoration is identical to the previous method. It is advised to keep relatively low numbers of grazing animals (e.g., ponies) on the recipient site and remove livestock if nibbling of young shoots of Rhinanthus minor was observed. 



[bookmark: _Toc96285613]Table 2.6. 3Restoration Using Brush-Harvested Seed.
	Restoration Using Brush-Harvested Seed (Magnificent Meadows, 2022g)

	This technique involves spreading wildflower seeds brush-harvested from specific local donor sites or obtained from local conservation groups onto the restored site by hand (between late July to early September or springtime March-April). The ratio is 10-40 kg of seeds per one ha. Water and pH levels including soil nutrients, must be comparable between donor and recipient sites for successful plants germination. The method is a considerably cheaper alternative to buying expensive seed mixes from professional shops; however, the availability of seeds can be limited. Also, the brush-harvesting should be done across the whole growing season on the donor site to allow for the collection of early and late flowering species.  

	Management (Magnificent Meadows, 2022g)

	In this method, up to 75% of bare ground should be created in July-August (one year in advance) or in March (restoration year), along with a very short sward for seeds to touch bare soil germinate. To reduce vegetation growth in the recipient site, grazing (starting from the second year) with livestock including ponies, cattle and sheep can be sued, however as before in the 'pulsing' method and entirely removed in wet weather. No supplementary feed to livestock is allowed. Hay cut in mid-July to August time is advised.      




[bookmark: _Toc96285614]Table 2.6. 4 Restoration Using a Wild-flower and Grass Mixture.
	Restoration Using a Wild-flower and Grass Mixture (Magnificent Meadows, 2022f)

	Perfect method when the local source is not existent. Seed should be picked from native collections that suit the local soil types or nutrient levels and purchased from reputable companies, following the 'Code of Practice' [footnoteRef:13]for collectors). Usually comes very expensive as it includes purchasing seed and ground preparation and the usual post-registration management practices. It is often practised researching a list of wildflower grasslands and meadows species of local or adjacent sites before deciding on the composition of the desired restoration mix. A minimum of 50% of bare ground and short vegetation sward in the preceding year are essential before the restoration. According to most suppliers, the recommended seed rate is four grams per m². Seeds are scattered on the surface to replicate the natural process, then rolled in or dispersed using cattle. [13:  “developed to encourage suppliers of native flora to be up front about what they are selling and to keep proper records on the origin of their stock”(Flora Locale, 2012, p:2).] 


	Management (Magnificent Meadows, 2022f)

	Management is a key aspect of success, and planning is essential. Like before, fencing, water and mineral source for chosen livestock and grazing regimes are all important. Controlling of problematic weeds like docks (Rumex spp), nettles (Urtica dioica), and thistles (Cirsium vulgare) with targeted pinpoint removal (e.g., by hand, scythe, or spot spraying except along watercourses) is advised. Sites suffering from high-weed growth are not suitable for this method. If cock's foot (Dactylus glomerata) and Yorkshire fog (Holcus lanatus) grasses were present in recipient field before restoration, an extra cut or grazing by ponies or cattle in late Autumn (except for the wet weather period). No grazing during the flowering season (April-July) in the first year. Hay cutting allowed from mid-July-August onwards, wide uncut margins left around the age are welcomed to supply pollen for pollinators. Cutting should be done from the centre-outwards to allow mammals and insects to escape. Also, aftermath grazing (after resprouting) is essential to control competitive grasses to allow wildflowers to thrive first.  



[bookmark: _Toc96284471]2.7 Factors Influencing Meadows Existence 
Many environmental factors shape and influence the species composition of meadows and can be critical to long-term meadow survival. 
[bookmark: _Toc96284472]2.7.1 Biotic Factors 
HM careful management by humans', often described as 'too little or too much or the influence of grazing animals shaping HM plant communities through grazing or plant-pollinator interaction observed in meadows, are all excellent examples of biotic factors. 
Moreover, the mystical interaction of wildflower plants, including yellow rattle (Rhinanthus minor) and eyebright (Euphrasia ag.), are also critical biotic factors. When added to HM mixture, they can significantly alter species compositing of the managed plot as they possess hemi-parasitic properties[footnoteRef:14] and open up space for much more delicate, less competitive herbaceous, wildflower species  (The North Pennines AONB Partnership, 2012; Shellswell and Squire, 2019; Save Our Magnificent Meadows, 2022). [14:  They can feed of highly competitive grasses which can significantly reduce their grow.] 

[bookmark: _Toc96284473]2.7.2 Abiotic Factors
On the other hand, critical abiotic factors can also include geographic locations and geology (discussed in section 2.3), soil profile and nutrients availability (e.g., high flood and high phosphorus), hydrology and climatic parameters (Magnificent Meadows, 2022i).
The soil texture and nutrient availability are key when deciding if the land is suitable for creating or restoring meadow and long-term species survival rates.

[bookmark: _Toc96285637]table 2.7.2. 1 Abiotic Factors Influencing Meadow
	Abiotic factors
	Description

	Soil Texture
	Soil Texture and its particle size is an essential factor that influences soil moisture retention and determines its properties "such as water retention and availability, workability of the soil and nutrient retention" (critical for plants development) (Magnificent Meadows, 2022h, p:2). For example, soils of small particle formations like silts or clays are more water-nutrient retentive and work as balanced potassium (K) sources for plants. On the other hand, sandy soil, opposite to clays, are more free draining have much less stored K but tend to hold much more phosphorus (P) instead (Donoghue et al., 2019; Magnificent Meadows, 2022h).

	Phosphorus (P)
	It significantly affects plant growth, being a primary plant nutrient. It can favour more competitive grasses than delicate meadow flowers, often used by farmers as fertiliser to produce nutritious grasses on pastures (P Index 2) of moderate level for beef production. Thriving HM requires the P Index 0-1 (very low to low), so 0-15 mg/l of P in a dried soil sample. Importantly, unless of high level (above P Index >5), P does not show symptoms of leaching from the soil. However, regularly flooded meadows can have very high P contents from river deposits build-up, which can negatively influence the meadow restoration process (Loeb et al., 2009; Wagner et al., 2021; Magnificent Meadows, 2022h). 

	Nitrogen (N)
	Sites with high N and lower P levels are the most suitable wildflower restoration sites. On the contrary, sites with low N and high P will have ongoing issues with competitive perennial grasses weeds like nettles (Urtica dioica), docks (Rumex spp), and thistles (Cirsium vulgare), including White clover (Trifolium repens) dominant community. (Zhang et al., 2015) research suggests that nitrogen (N) is the most significant limiting factor in those wetter meadow habitats. Older, established and properly managed meadows usually show higher (above 1%) N build-ups stored within the soil organic matter (Magnificent Meadows, 2022h). 

	Potassium (K)
	K level is usually lower in sandy soils and much higher in clay-based soils as it derives from the slow weathering of those clay minerals. Higher amounts of K (above 200 mg/l so K Index 3 and above) detected in meadows are less influential than P on wildflower growth. However, K around Index 1 (40-120 mg/l) is considered optimal for wild meadows. (Warwickshire County Council, 2018, p:2) states that "species-rich unimproved grasslands typically have very low levels of extractable P (fertility index 0-1)". Nevertheless, K Index 2 (76-200 mg/l) favours competitive grasses. Lastly, K Index 0 is usually associated with a low number of herbaceous meadow species and can be improved with farmyard manure additions (Warwickshire County Council, 2018; Magnificent Meadows, 2022h).

	Magnesium (Mg)
	Unlike the above, it is not a limiting factor to wildflower growth as it is an essential nutrient for animals' health and should be tested when livestock grazing is incorporated into HM management. (Mueller, 2013) revealed that Mg can leach from soils left dry for more extended periods in summers hot, dry temperatures. However, Mg can be supplemented in water feeds or 'mineral licks' directly to animals or as a magnesium-lime application to restored fields (Magnificent Meadows, 2022h).

	Acidity (pH)
	(Magnificent Meadows, 2022h) soil guidance suggests that most soils in HM in Wales can struggle with acidity, as they are often located in lowland territories, at the bottom of the slopes where low pH occurs the most. It also adds that natural calcareous soils are those "on chalk, limestone, calcareous boulder clays and sands derived from seashells" (Magnificent Meadows, 2022h, p:2) and that the optimum for plant growth is soil pH of almost neutral level (pH 6-6.5). Lower pH can cause the transition of traditional HM over time into grassland associated more with post-mining regions called calaminarian grassland (Violetalia calaminariae) full of toxic metals in the soi (North Pennines AONB Partnership, 2017).


 

[bookmark: _Toc96284474]2.8 Methods of Assessment Review
Assessment of HM, especially those located in lowland, floodplain ecosystems, of relatively high biodiversity can be challenging as many above and below ground conditions play a key role and need testing. Also, the long-growing season and constantly evolving conditions like weather and many other influencing factors can vary significantly within days, months, seasons and years (Punalekar et al., 2016). (Toogood, Joyce and Waite, 2008) suggest that adequate site quality testing, monitoring and assessment of progression should ideally be based on long-term studies. Many published HM restoration surveys lasted from four (Klimkowska et al., 2010) to even 25 years of data collection, testing and monitoring surveys (Sullivan, Powell and Ashton, 2018). 
In addition, a review of 163 UK and Welsh restoration sites has revealed that baseline data and long-term monitoring of progression are missing across the conservation field, and despite large numbers of emerging restoration projects, the assessment of progression in Wales and the whole UK reminds unknown (Rothero, Tatarenko and Gowing, 2020c; Stafford et al., 2021). 
Various testing methods are applied to assess the meadow quality and restoration success. Some assess the measured by vascular plants composition, species richness, abundance, frequency, cover and balance of target plant communities (Hosie, Jones, Emma C Rothero, et al., 2019; Rothero, Tatarenko and Gowing, 2020c). 
The most basic technique utilised to assess the quality of grassland based on the presence of target or indicator species (both wildflower and grasses) of the surveyed meadow is rapid assessment (RA). (Magnificent Meadows, 2016) field guidance recommends using this technique for meadows restored with 'Wild-flower and Grass Mixture' (Table 2.7.4) to determine common indicator plants. 
The RA was used in a five-year survey of two ha field conversion to HM (Save Our Magnificent Meadows) project in the National Trust's Llanerchaeron estate in Wales. The use of RA (from seven to 50 quadrats in some years) to assess changes in both plant frequency and richness and to assess the ratio of indicator species was performed. The RA has shown positive indicator species increasing from an average of five per quadrant in 2013 to over 50 in 2017, due to reintroduction of propagules [footnoteRef:15] and changes in grazing regimes (sheep were exchanged with cattle and used less extensively) (Shellswell and Squire, 2019). However, an interesting observation was made that even the RA method is still time-consuming and labour intensive. Therefore, reduction to "20 evenly spaced samples on a grid" was much more sustainable (Shellswell and Squire, 2019, p:2).   [15:  “Any of various structures that can give rise to a new individual organism, especially parts of a plant that serve as means of vegetative reproduction, such as corms, tubers, offsets, or runners. Seeds and spores are also propagules” (Dictionary.com, 2022, p:3). ] 

A three-year Austrian lowland restoration study comparing the efficiency of five meadow restoration techniques within 66 testing plus eight donor sites have collected data using 4x4 m randomly placed quadrats. Using Shannon diversity index and target species' similarity check' (based on similarity to 'donor sites'), the result revealed the highest correlation between high species abundance and similarity to target species composition in 'donor sites' when using hay transfer and sod transplantation techniques. Also, it was observed that site abiotic factors were much less critical (Sengl et al., 2017). Importantly, using quadrats always introduces a form of bias in surveys as the ability to identify plant species and judge the percentage  square coverage may differ from person to person (Hellmann and Fowler, 1999). 
Nevertheless, many papers argue that soil and nutrient availability should be tested, and botanic surveys performed. It can reveal the quality of growing substrate and other processes in the soil that are not visible to the naked eye during surveys. Notably, (Magnificent Meadows, 2022i) soil testing guidance informs on some nutrients being very difficult to test. For example, Nitrogen (N) is very mobile and difficult to measure accurately. (Mueller, 2013) suggested that the effects of furnace drying soil samples for testing in the lab can affect the N content due to its high volatile properties.  
The (Loeb et al., 2009) study of meadows along Dutch river Dommel using five soil samples taken from the 20 m² marked fields, at 15 cm depth confirmed on N and P is the most limiting soil nutrients for the wildflower plants growth, however, highly dependent on the plant community. 
In turn, a University of Padova study of factors affecting Alpine meadows included sampling of 5,610 (10mx10m) plots in the Southern Alps, testing both species abundance and the available soil nutrients and 20 other possible variables. It was discovered that meadow plants' species richness' was highly correlated with soil fertility (low P and higher N were the most significant factors). In contrast, 'species composition' was highly dependent on topography and the chosen long-term management strategy (Marini et al., 2007).
Interestingly, many studies underline that above all tested factors and parameters influencing the site restoration success, including quality data and restoration methods, the two stand out. The highest percentage of successful sites in the UK and Wales are correlated with 'site ownership status' (easy to establish) and "consistency and sufficiency of the restoration management" (Rothero, Tatarenko and Gowing, 2020, p:2), which is much more challenging to implement. 
Although the Craig-y-Nos (CYN) HM restoration was officially started in 1986, the species and soil testing were performed highly inconsistently within the last 36 years. For the CYN HM project with fragmented historical survey data and a lack of long-term management strategy (Chapman, 2021 pers. comms), conducting a baseline data collection survey to establish the present status and progression would be essential. Therefore, this proposed survey investigating HM status at CYN, on a site where regular floods and signs of high soil nutrients were observed (Jenkins, 2021 pers. comms), could prove helpful. Furthermore, filling gaps in data on the Welsh' meadow restoration landscape' would help exchange information and share the best-practice experience with other conservation groups, including universities and researchers, contributing to the academic debate. 
The next chapter will introduce the site specifics, including the survey plot parameters and the broader properties of the visited area. 

[bookmark: _Toc96284475]3.0 Physical Background 

[bookmark: _Toc96284476]3.1 Location  
The researched site is in Craig-y-Nos Country Park (CYNCP), located in South Wales, within the upper Swansea Valley (Fig. 3.1.1), opposite the road A4067 (Grid reference: 51°49N 3°40W) on the left, adjacent to River Tawe flowing along the meadow's right-hand side boundary (Grid reference: 51°49'27.3 "N 3°40'43.4"W).
[bookmark: _Toc96286319][image: Map

Description automatically generated] Figure 3.1. 1 Craig-y-Nos Hay Meadow Location Map (MapInfo PRO16, Wales_Lad_2011_Gen_UK Data Services).
Maps sourced: OS Vector Map [GML2 geospatial data], Scale 1:10000, Tiles: so20ne, so20nw, Updated: 1 October 2019, Ordnance Survey (GB), Using: EDINA Digimap Ordnance Survey Service, <https://digimap.edina.ac.uk>, Downloaded: 2021-10-12 11:36:59.42

[bookmark: _Hlk96255615]CYNCP is a 40-acre, post-Victorian country park, very diverse, consisting of many smaller sub-sections with features including 'Duckpond', 'Pine forest', 'Main meadow', 'Far lake', 'Pavilion loan' all scattered across the park, including the researched 'Hay meadow' in the southernmost corner (CYNCP map in Appendix 8.1) (Craig-y-Nos Country Park Management, 2004).
[bookmark: _Toc96284477]3.2 Brief History of the CYNCP
In 1807, the site was purchased by famous Victorian opera singer Adeline Patti. Until her death in 1919, it was regularly transformed and served as pleasure and recreation grounds for an Italian singer. Thus, multiple artificial features are still present in CYNCP, including tall woodland plantations, man-maid ponds ('Duckpond' and 'Far lake') and three crossing bridges. Also, the site is adjacent to Craig-y-Nos Castle to the east, and both formed one estate in Aldine times (Visit Wales, 2022).
The CYNCP is crossed by two rivers, Tawe and Lynell, that merge opposite the car park (Appendix 8.1). Since being acquired by the Brecon Beacons National Park (BBNP) Authorities, the whole site was classed as Grade 2 Registered Victorian Park and Garden. Furthermore, it now forms part of the wider BBNP region, although governed separately. Being a country park with recreation and leisure in mind, the CYNCP is managed to carefully balance being a dog walker and family haven and conservation sanctuary for special Victorian features and biodiverse habitats, unique and of high value for the valley (Craig-y-Nos Country Park Management, 2004). 
[bookmark: _Toc96284478]3.3 Weather Conditions
The annual weather averages taken for this site are at the weather station in Swansea airport. They show this site to be cold as the mean annual temperatures recorded since 1985 in BBNP are 10C with mean lowest temperatures at 3C and the average yearly rainfall is around 1000-1500 mm, with October-January being the wettest months (TimeAndDate, 2022). The site is enclosed in a partially shaded deep valley, and the yearly average wind is moderate to low (average 11mph). Also, the southern sections of the park, especially meadows, get flooded up to 12 times per year, so the site becomes boggy and very humid (the mean average yearly humidity stands at 86%) (Craig-y-Nos Country Park Management, 2004; Met Office, 2018).
[bookmark: _Toc96284479]3.4 Geology and Hydrology
The long, flat valley site has steep slopes on either side, with underlying Carboniferous Limestone rock with Craig y Rhiwarth - Ashwood on limestone scree (SSSI) adjacent to the north. However, the soil of researched HM in the south of CYNCP, cut by Tawe, is mainly based on Old Red Sandstone deposited abundant two miles upstream, deposited during frequent (10 to 12) floods per year (Craig-y-Nos Country Park Management, 2004). Geology maps, however, show loamy, very fertile, free-draining floodplain soils along the entire length of the valley (Soilscape 12), with even more fertile, although slightly acid (Soilscape7), deposited on the hills to the east, and acid loamy and clayey, much less fertile soils (Soilscape17) directly above the HM to the right (Cranfield University, 2022). Lastly, there are multiple signs of ongoing erosion within the valley. The CYNCP 2004 report suggests that the watercourses are contaminated by agricultural fertilisers and animal waste leaching downhill from adjacent pastures (Craig-y-Nos Country Park Management, 2004). 

[bookmark: _Toc96284480]3.5 Fauna and Flora in Craig-y-Nos
There are no up-to-date biodiversity survey reports available for the CYNCP. However, some reports inform on over 70 species of mixed exotic (and native) including some ornamental plants scattered across including black pine (Pinus nigra), beech (Genus Fagus), eucalyptus (Eucalyptus spp.), false acacia (Robina pseudoacacia), mulberry (Morus alba), Norway maple (Acer platanoides), Sitka spruce (Picea sitchensis), sessile oak (Quercus petraea), walnut (Juglans regia) and many others including some invasive species. Also, over 50 (UK BAP [footnoteRef:16]registered) fauna species, including ducks, geese, multiple birds and five species of bats, amphibians, reptiles, and fish like brown trout (Salmo trutta), bullheads (Cottus gobio) and salmon (Salmo salar) and even otters (Lutra lutra).   [16:  UK Biodiversity Action Plan] 


[bookmark: _Toc96284481]3.6. CYNCP 'Hay Meadow' Project Review
[bookmark: _Toc96284482]3.6.1 Creation of 'Hay Meadow'
[bookmark: _Hlk95316511]With the help of the Institute of Terrestrial Ecology (ITE), the HM project was initiated by the CYNCP management in 1986. ITE helped create a traditional HM located on the western bank of river Tawe, at the southernmost section of the country park (Chapman, 2021, pers. comms). The shape and exact coverage of the HM were not provided in the park's archival reports (old documents state "X coverage"). However, the archival CYNCP maps show HM to be smaller, less than half the size and more of an elliptic shape (Appendix 8.2) compared to the present extent (Picture 3.6.1.1). 
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Description automatically generated with medium confidence]
[bookmark: _Toc96286345]Figure 3.6.1. 1 CYN Hay Meadow (View From Lower Side), (Photo by Morga, M., 2021).

Today, HM forms a rectangular shape and is twice the former size (approximately three ha or 12000 m²). It is partially divided by the line of trees in the middle, suggesting there were originally two separate pastures. It correlates with the archival information of the HM, prior to 1986, being a semi-improved pasture dominated by grass species (Chapman, 2021, pers. comms).
The field was sprayed with 'nonpersistent' herbicide in 1985 and sown in 1986, in stages with the 19 species of specified seed mix (Table 3.6.1.1), all recommended by ITE. Unfortunately, no seed mixing ratios was recorded back then. Shortly after the sowing, the field was flooded, all seeds flushed across the field or redistributed in clusters. The ITE later survey revealed a complete loss of two species, including wild carrot (Daucus carota) and hoary plantain (Plantago media) and HM being overgrown with grasses bentgrass (Agrostis), sweet vernal grass (Anthoxantum odoratum) and fescue (Festuca spp.) 


[bookmark: _Toc96285653] Table 3.6.1. 1 Nineteen Species Seed-Mix Planted in 1986 by the ITE (CYNCP Reports) (Chapman, 2021, pers. comms). 
	Nr.
	Weight (kg)
	Common Name
	Scientific Name

	1
	200
	Common Yarrow
	Achillea milleforium

	2
	400
	Common Knapweed
	Centaurea nigra

	3
	400
	Wild carrot
	Daucus carota

	4
	200
	Lady's Bedstraw
	Galium verum

	5
	100
	Meadow cranesbill
	Geranium Pratense

	6
	200
	Field scabious
	Knautia arvensis

	7
	200
	Rough hawkbit
	Leontodon hispidus

	8
	200
	Bird's foot trefoil
	Lotus corniculates (native)

	9
	20
	Ragged robin
	Lychnis flos-cuculi

	10
	200
	Black medic
	Medicago lupulina

	11
	400
	Ox-eye daisy
	Leucanthemum vulgare

	12
	400
	Hoary plantain
	Plantago media

	13
	400
	Salad burnet
	Poterium sanguisorba 

	14
	200
	Heal-all
	Prunella Vulgaris

	15
	400
	Meadow buttercup
	Ranunculus acris

	16
	200
	Yellow rattle
	Rhinanthus minor

	17
	400
	Common sorrel
	Rumex acetosa

	18
	400
	Lesser trefoil
	Trifolium dubium

	19
	200
	Four-seeded vetch
	Vicia tetrasperma



[bookmark: _Toc96284483]3.6.2 Surveying History (Fragmentary Data)
The historical data available on the HM subject are fragmented, and critical information regarding the HM restoration process is missing. The first available archival report was in 1997 by BBNP authorities, so eleven years after the initial exercise. It stated that despite ITE involvement, the HM was poorly managed and overgrazed with sheep, causing excessive fertilisation with 'concentrated dunging' contributing to seeds' poor establishment and germination. Moreover, the BBNP report informed that the HM project was later declared unsuccessful by BBNP and was abandoned for seven years (Chapman, 2021, pers. comms).  
In 1993, the field was under the new management of the National Park Ecologist together with Assistant Country Park Manager. An aftermath-grazing regime with fewer sheep was introduced (up to 15 animals) during the Autumn-Winter months until February, and supplementary feed was allowed. The summer hay cut was set for late July, and no sheep were allowed until late Autumn. Additionally, extra trimming (topped only) was performed in early Spring if vigorous grass growth was observed, and docks (Rumex spp.) were cut manually to allow for the flowering of wildflower species. The suggested target species was an MG5 grassland (Table 2.4.2.1, section 2.4). However, the BBNCP ecologist suggested the occurrence of possible shifts in time (Chapman, 2021, pers. comms).
The overall changes in management regimes worked, and soon the HM came back to life. As a result, its fauna and flora biodiversity increased significantly, especially for the colourful herbaceous species. Nevertheless, some of the MG5 species, like scabious (Knautia arvensis), declined wholly or, like common knapweed (Centaurea nigra), showed unequal distribution (Chapman, 2021, pers. comms). 
The introduction of the CYNCP Management Plan (2000-2004) resulted in conducting survey reports in 2000, 2002, 2003 and 2004. They all informed on the high soil acidity, ranging from pH 4.8 in 2000 to pH 5.05 in 2004, leaching of soil nutrients, particularly P and K, at deficient levels (Index 0). Moreover, possible shifts in species composition from MG5 towards more acidic, however rare in BBNP, U4 (Festuca ovina-Agrostis capillaris-Galium Saxatile) grasslands, were suggested (Craig-y-Nos Country Park Management, 2004) (Chapman, 2021, pers. comms). The in-depth results will be presented in Chapter 5.0, subject to further data analysis and result discussion.

[bookmark: _Toc96284484]3.6.3 Meadow Present Status
Presently, the Researched HM is doing well and looking highly biodiverse, attracting multiple pollinators and invertebrates, and getting much attention from families and dog-walkers visiting CYNCP, especially in the Spring-Autumn time. 
However, large patches of tall, more competitive grasses, including perennial ryegrass (Lolium perenne) and much larger, more nutrient loving plants like bracken (Pteridium aquilinum), encroaching the southernmost corner, or bitter dock (Rumex obtusifolius) scattered across the field, may all suggest localised elevations in soil fertility (Jenkins, 2021, pers. comms). Lastly, according to the CYNCP warden, the HM is subject to some flooding in Winter, alternating with droughts in Summer, and it has not been grazed for many years. The only hay cut is usually performed late in the year (late August), and no problematic species removal was implemented (Chapman, 2021. Pers. comms). 
Lowland meadows in floodplain environments are of high conservation interest in Wales. They are usually associated with specific environmental conditions found in MG4, MG5 and MG8 grasslands (i.e., much more biodiverse than surrounding improved agriculture grasslands). Therefore, some are classed as SSSI conservation sites in Wales. Hydrology and management were found to play a crucial role in spatial species distribution in those habitats ((Joint Nature Conservation Committee (JNCC), 2018)). Temporal inundation may also stimulate the growth of mosses, sedges, rushes, and ferns also present within the sward of discussed HM but are more characteristic of wetland communities. (Punalekar et al., 2016). 
After reviewing the obtained information from the CYNCP HM project, the next chapter will outline the sampling strategy and collection methods from the surveyed CYNCP meadow.   


[bookmark: _Toc96284485][bookmark: _Hlk95464894]4.0 Methodology 
After introducing a survey site and reviewing relevant literature, the next important step is to highlight the investigated site perimeter, including the chosen sampling strategy and soil testing methods. 
[bookmark: _Toc96284486]4.1 Test plot  
The chosen survey plot is called a 'Hay Meadow' (HM) (green rectangle) (Fig.4.1.1), located in the southernmost corner of the CYNCP (Grid reference: Lat. 51.8237525812951, Long. 3.679233775932803) (Google Maps, 2021). It is part of a larger cluster of different habitats forming a CYNCP. It consists of two sections, 'Upper and Lower Meadows', divided with a single line of beech (Fagus sylvatica) trees through the middle. Both halves are approximately 70m wide by 100m long, totalling almost three acres. The HM is mainly planar with slight depressions in places and partially shaded by tall tree canopies surrounding the meadow all-around. 
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 [bookmark: _Toc96286356]Figure 4.1. 1 Surveyed Hay Meadow (Upper and Lower Halves) (Google Maps, 2020) (Photo By Morga, M., 2021).


The CYNCP park manager (PC) has asked the Environmental Conservation and Management MSc student (UWTSD Swansea) to investigate the HM current quality status. In particular, whether it matches the original target species composition and what factors can influence its current shape. Also, PC has suggested utilising Brecon Beacons National Park (BBNP) recommended surveying methods (CYNCP archive surveys 2000-2004), including botanic survey and soil sampling for consistency. Obtained results would form baseline data to inform future best management practices (Chapman, 2021, pers. comms). 
Presently, the HM species community looks to be scattered by competitive, taller grasses and plants, which were observed across the whole plot (picture 4, Fig. 4.1.2). Also, encroachment of nutrient-loving larger plants (negative indicators) like bracken (Pteridium aquilinum) and common nettle (Urtica dioica) forming scrub in the southernmost corner (picture 3, Fig. 4.1.2), possibly indicating high soil fertility (Jenkins, 2021, pers. comms) including multiple tree saplings establishing within the sward in areas overhung with tree canopies (picture 1,2, Fig. 4.1.2).  
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[bookmark: _Toc96286357]Figure 4.1. 2 Surveyed Hay Meadow (View From Lower Side), (Photo by Morga, M., 2021).

Although many variables can influence the HM environmental gradient [footnoteRef:17], changes in hydrological regimes like flooding and leaching of soil nutrients are among the primary determining factors influencing those sensitive HM species communities. Moreover, they are usually associated with HM transitions into different grassland types (Punalekar et al., 2016). For example, high phosphorus (P) levels are the most limiting factor of wildflowers. Through flooding, leaching nutrients can become unequally distributed, causing 'microsite limitations' [footnoteRef:18] (Wagner et al., 2021). Other factors like acid soil can cause high magnesium Mg mobility and affect the biodiversity of HMs, limiting their vascular plants' communities to acid-tolerant grass species (McCrea, Trueman and Fullen, 2004; Magnificent Meadows, 2022a).  [17:  Fluctuations in site specific characteristics like soil nutrients, moisture content, land use or changes in elevation and species community (Wagner, L. Hulmes, et al., 2021). ]  [18:  “Site-specific constraints preventing establishment of desired meadow plants” (Wagner et al., 2021, p:2)] 

Notably, there are layers of Old Red Sandstone [footnoteRef:19](ORS) found in sections of BBNCP above Craig-Y-Nos (Fyfe, 2012) which Tawe vigorously deposits along its floodplain valley in CYNCP (Jenkins, 2021, pers. comms). (ORS) can also significantly lower the soil pH (down to 3.5) in tested HM. Due to the high silica content, sandstones make soils very acidic (Open University, 2020).  [19:  This sandstone was accumulated 400 million years ago, in very hot, sandy (desert conditions) in the Devonian period” ] 

Regular monitoring of the edaphic characteristics [footnoteRef:20] is essential, especially in lowland, constantly evolving flooded habitats like researched HM. Moreover, testing their influence on species composition to inform good management practices is also essential. This research proves essential without accurate, up-to-date records informing the CYNCP HM status and effectiveness of the HM management   [20:  “All physical, biological and chemical  soil properties that result from biologic and geologic phenomena or anthropogenic activities” (Matthews, 2014, p:53)] 

[bookmark: _Toc96284487]4.2 Sampling Strategy	
The first step of the research was to analyse the secondary data collected annually in the 2000-2004 period by the CYNCP authorities concerning meadows species composition and soil nutrients.   
[bookmark: _Hlk95422491]According to CYNCP archives, data on 'Species indicative of appropriate-inappropriate management' called 'performance indicators' (PIs) were collected and evaluated with a specially designed record sheet (Table 4.2.1.1 below). Data was collected from 10-quadrat static sampling stations, based on 'presence-absence' including percentage cover, but lacking in-depth interpretation. However, the 10 'static' stations mode was declared time-consuming when locating 'stopping point's each year, and the 'W transect' method was introduced instead'. Moreover, the last 2004 survey was discontinued (Chapman, 2021, pers. comms). 
[bookmark: _Toc96284488]4.2.1 Meadow Rapid Health Test
Before performing CYNCP recommended surveys, the HM was assessed with the simple visual meadow quality' health survey', recommended by Magnificent Meadows (MM) restoration programmes. It is a field-based rapid investigation that looks at specified indicators without requiring the setting of transects and testing stations. The survey results would be helpful to compare with the CYNCP 2004 results in the context of present HM vitality and its current management practices. The result would also be collated with later, more in-depth surveys to compare different field-surveying methods. 
This method gives a much quicker result without using specialist tools and complicated planning. The botanic survey activity is called 'How healthy is your meadow?' and consists of seven surveying steps with the associated scoring system. The consecutive steps, including scoring, are shown in Table 4.2.1.1) (Magnificent Meadows, 2020).
[bookmark: _Toc96285713] Table 4.2.1. 1 How Healthy is Your Meadow? (Scoring Method) (Magnificent Meadows, 2020).
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Once the survey is completed, the overall scoring is summarised. Obtained numeric result describes the HM as being in 'poor' (-3 to 10 points), 'good' (between 10-20 points) and 'very good' (20 points and above) condition. For consistency of the obtained results, it is advised to take a maximum of three hours for the assessment for anyone attempt and to be performed by the same person. Additionally, it should be carried out between May and September for consistent results (Magnificent Meadows, 2020). Detailed step-by-step guidance, including the recording card and precise scoring system available at:  http://www.magnificentmeadows.org.uk/assets/pdfs/meadow_activity_sheet.pdf
[bookmark: _Toc96284489]4.2.2 Belt Transect
The further analysis of CYNCP archives regarding the quantitative side of the HM floral survey showed that BBNP Ecologist recommended using the' W-transect' (W) method for surveying both the Upper field (UF) and Lower field (LF) divided with a tree-line section in the middle. The W-shaped transects were made of four-line transects (points A to E for the UF) and (points F to J for the LF), on each HM halve, forming the two separate W, with 15 sampling stations (1x1-metre quadrats) set within each field (CYNCP 'W' diagram in Appendix 8.3) (Chapman, 2021, pers. comms).
Also, no grid reference or spacing distance was recorded, except for descriptive physical landmarks for bearings, so it is impossible to replicate 22 years later. Notably, the BBNP ecologist recommended the W method as being practical and accurate when used in HM botanic surveys (Chapman, 2021, pers. comms). Therefore, the BBNP method was reconstructed for the presented study, but it was modified due to time constraints and limited labour.  
In the 'Fieldwork and Statistic for Ecological Projects' (FSEP) book, the W is explained as a series of 'line transects' with quadrats laid across, linked together to form a 'belt transect' (BT) which is a more common name. It is handy when surveying non-mobile organisms in more extensive areas (like wildflowers in grasslands) (Chalmers and Parker, 1989).   
[bookmark: _Hlk95465139]For this research, two separate BTs (A-B) for UF and (I-J) for the LF (Appendix 8.3) were recreated (Picture 1, Fig. 4.2.2.1). A total of ten of 1m² quadrat 'sampling stations' (Picture 2, Fig. 4.2.2.1), (five for each halve, numbered 1-5, East to West direction), spaced every 15 m (starting at 5m, ending at 65m distance) (Fig. 4.2.2.2). 
Importantly, 5m margins were left on each side of the transect (as per MM recommendation) to avoid decaying leaves and tree saplings set near tree canopies spoiling the botanic and soil sample results (Magnificent Meadows, 2022b).


[bookmark: _Toc96285732][bookmark: _Toc96286388]Figure 4.2.2. 1 recreated Belt Transect and One m2 Quadrat Used During HM Survey at CYNCP (Photo By Morga, M., 2021).
[bookmark: _Toc96285733][bookmark: _Toc96286389][image: Diagram

Description automatically generated] Figure 4.2.2. 2 CYNCP HM Survey Map Including Modified Transect Lines (Craig-y-Nos Country Park Management, 2004).


Wildlife Trust (WT) guidance recommends systematic sampling to be particularly helpful when there is a potential zonation of species along a similar environmental gradient. Also, WT specifies one m² quadrat as the optimal size when measuring species abundance in meadows. Like before, all estimations in each quadrat must be done by the same person for consistency. Additionally, a minimum of seven samples per field is required for optimal coverage of species present in the field, according to the conservation charity (Offwell Woodland & Wildlife Trust, 2000). 
[bookmark: _Hlk95465163]In addition, the broadest possible 'belt sections' were reconstructed (most external ones were the longest due to the field shape), diagonally from the woodland towards the river (as per CYNCP maps) in West to East direction to allow for the broadest possible coverage of extremes expected in the field. FSEP, in turn, recommends the minimum of 10 samples spaced systematically along the transect when conducting similar surveys and BTs going across the width to be more representative of the local environmental gradient than 'single line transects' (Chalmers and Parker, 1989). WT adds that belt transects "gives information on abundance as well as presence, or absence of species" (Offwell Woodland & Wildlife Trust, 2000, p:1). 
Lastly, grid reference for each of the 10-sampling points (Upper 1-5) and (Lower 1-5) was recorded with a hand-held GPS device and tabulated (Table 4.2.2.1).
[bookmark: _Toc96285904]Table 4.2.2. 1 Grid Referenced Locations of HM Sampling Points.
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[bookmark: _Toc96284490]4.2.3 Botanic Survey
The botanic survey of vascular plants, including species estimation, was conducted in late Summer, at the beginning of August over two days (1st and 2nd of August 2021), in sunny, moderately warm weather (15 C) just before the yearly hay cut. The 10-quadrat W transects were utilised, and the identification of positive/negative species indicators (PIs), specified by the CYNCP researchers, was implemented (Figure 4.2.3.1).     
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[bookmark: _Toc96286405]Figure 4.2.3. 1 Vascular Plant Species Identification and Estimation Using 1m2 Quadrats and Botanic Guides (Photo By Jenkins, R., 2021).
A similar method using PIs was described in guidance on 'Rapid Assessment' (RA) of meadows designed by MM, but much larger numbers of quadrats were specified for botanic surveys. However, the average plot size they investigated was from five to several hundred hectares. Another study pointed out that using too many quadrats was time-consuming and inefficient and resulted in a drastic reduction to way below twenty (Shellswell and Squire, 2019).  
The species record sheet for each of the ten 'sampling stations' (Table 4.2.3.1) was designed, and (PIs) were recorded according to the MG5 threshold. Extra significant species found in survey quadrats were also denoted for further analysis. The additional 'negative indicators' were qualified based on the available literature (Floodplain Meadows Partnership, 2021; Magnificent Meadows, 2022j). Many studies and conservation guidance suggest frequent HM transitions into different grassland thresholds, usually associated with shifts in edaphic factors triggered by climate change (Jefferson, 2005, 2013; Kołos and Banaszuk, 2018; Rothero, Tatarenko and Gowing, 2020b).
Also, the percentage coverage for each identified target species within each of the ten surveyed quadrat. Important to mention that total percentage cover can often exceed 100% within a single quadrat as grassland species like taller grasses can overlap, so the counting within the same sub-square [footnoteRef:21] occurs more than once (Offwell Woodland & Wildlife Trust, 2000).  [21:  Each 1m ²quadrat consists of hundred 1cm² sub-squares, each equivalent to 1% coverage.] 


[bookmark: _Toc96285931]Table 4.2.3. 1 Example of Modified HM Species Survey Record Sheet (MG5 Threshold).
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[bookmark: _Hlk95654713]The surveyed species listed on the record sheet were based on the target MG5 grassland community set for the HM when restored in 1986 (as per CYNCP archival data). Plant species used in RA methods are mostly selected based on Common Standards Monitoring Guidance for Lowland Grassland Habitats, utilising plant-specific traits, often related to soil nutrient demands and tolerances (Committee(JNCC), 2004). In the case of the CYNCP assessment, the MG5 grassland was set as a target species community, that is the most utilised as HM in Wales (section 2.3). Additionally, for this research, the common ragwort (Senecio jacobaea) (a negative indicator) was added to the column as it was observed in the HM sward in recent years (Chapman, 2021, pers. comms).
Species identification in the field-survey was performed with the use of multiple available guidance and books, including 'Wildflowers of Britain and Ireland' (Blamey, Fitter, and Fitter, 2003), 'Complete British Wildflowers' (Sterry, P., 2006) and 'Wonderful Wildflowers of Wales' (O'Reilly, P. and Parker, S., 2006). 
Lastly, extra rows in the 'species record sheet' for other potential significant species were allowed for both PIs columns as signs of transitions towards MG4 and U3 grasslands within tested HM were considered in CYNCP archival data, as mentioned in section 4.1 (Chapman, 2021, pers. comms). It would be essential to record the new arrival species for later analysis. 
Once the target plants were identified, a total percentage cover of set quadrats data was tabulated for each quadrat. Next, data was collated in tables and presented in bar graphs (MS Office, Excel Spreadsheet) (as per CYNCP archival data) for further analysis and discussion. 
[bookmark: _Toc96284491]4.2.4 Soil Sampling
Concerning the soil sampling, the CYNCP 2000-2004 archival data did not specify the exact sampling method. Therefore, the MM guidance was used. They usually recommended 25 sample points per field, but most published research is on extensive areas, measured in hectares. Therefore, due to the time and financial constraints, it was agreed that ten soil samples would be taken from the centre of each set quadrat (if not obstructed by larger plants). Using the already pre-set transect, including the same recorded grid reference for all ten soil sampling points, would save time (Jenkins, 2021, pers. comms). It would also minimise trampling and soil compaction as recommended in other studies (McCrea, Trueman and Fullen, 2004; North Pennines AONB Partnership, 2017).
As per MM guidance, a 'Pot auger' was used (Pictures 1,2, Fig.4.2.4.1), and soil cores were taken at around 15 cm depths across the ten sampling points for consistency, with the top organic soil surface removed for consistent results (Picture 4, Fig.4.2.4.1). Samples taken in a systematic pattern (as the botanic survey) would allow for later correlation with vascular species data within the same quadrats and statistical testing of a potential association between in-soil nutrient levels and observed species abundance. A similar study, but on a much larger scale, has used this method in Chinese alpine meadows (Bi et al., 2018) and the West Midland meadows, where species diversity was strongly related to soil fertility (McCrea, Trueman and Fullen, 2004). 
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[bookmark: _Toc96286419]Figure 4.2.4. 1 Equipment Used for Meadow Survey at CYNCP (Photo By Morga, M., 2021

Samples weighing approximately 1kg (recommended minimum was 500g) were double sealed in designated soil bags and kept fresh in labelled containers. They were stored away from sunlight for transportation and, as advised, analysed on the same day (Picture 3, Fig.4.2.4.1). Notably, soil sampling was recommended in February for the most accurate N results. However, it was impossible to achieve due to the time of this experiment (late Summer) (Magnificent Meadows, 2022a).
[bookmark: _Toc96284492]4.3 Sample Testing (UWTSD Laboratory)
One of the essential components of accurate testing of the soil samples for achieving valid results is using designated, best available, and practical soil analysis equipment. 
For this research, the UWTSD Technical demonstrator has recommended Palintest (Complete Management Soil Test Kit SK 500) Pictures 1, 2 (Fig. 4.3.1) as being least time consuming, reasonably precise, and much less complicated compared to other, more sophisticated devices. Furthermore, repeating the quick test in case of any mistakes is time saving. Moreover, the further lab analysis (to be carried out externally by NRW) would take several weeks (Garate, S., 2021, pers. comms). 
The researcher conducted the soil testing within the UWTSD lab premises around five hours after the initial soil sample collection in the field test. The way soil nutrients are measured by the Palintest KS 500 is by extracting the nutrient elements from the soil using a range of 'soil extraction and reagent tablets' (i.e., extract chemicals in the form of tablets) mixed with deionised water in probes. 
The obtained extracts are tested using a specialist' advanced soil-state digital readout colourimeter instrument'. It precisely assesses the obtained coloured form of tested soil sample Picture 3 (Fig. 4.3.1) and displays the reading Picture 4 (Fig. 4.3.1) (Palintest, 2011).  
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[bookmark: _Toc96286433]Figure 4.3. 1 Palintest (Complete Management Soil test Kit SK 500) (Photo By Morga, M., 2021).

[bookmark: _Hlk95663871]First, soil samples were weighed (Picture 1, Figure 4.3.2) then placed in the UWTSD Swansea furnace (make: ELE International) with drying temperature set at 125-180 C for two hours (Picture 2, Figure 4.3.2). After that, ground using soil mortar and pestle (Picture 3, Figure 4.3.2) to break down soil lumps and sieved using a 2mm sieve (Picture 4, Figure 4.3.2), sifting larger debris like gravel, plant roots and large organic matter.   
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[bookmark: _Toc96286434]Figure 4.3. 2 Some Procedures Involved in Testing Substrate Preparation (Photo By Morga, M., 2021).

Thus, prepared substrate material was subject to Palintest nutrient testing following the recommended mixing/extraction procedures (Table 4.3.1).

[bookmark: _Toc96286050]Table 4.3. 1 Soil Extraction Procedures for Palintest KIT SK 500
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Importantly, as N is highly active and volatile, it was tested twice due to low sensitivity and faulty readings. Therefore, both the fresh (moist) and oven-dried samples were extracted to obtain the most accurate readings as recommended in the Palintest guide (Palintest, 2011) and American study on drying effect on soil samples (Mueller, 2013)(Mueller, 2013). Additional equipment used in testing in Table 4.3.2 below:
[bookmark: _Toc96286051]Table 4.3. 2 Additional Equipment Used for the Palintest Procedure.
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The results were tabulated, and P, K and Mg availability indexes (Index 0-5) were assigned (Table 4.3.3) subject for further analysis. 
[bookmark: _Toc96286052]Table 4.3. 3 Soil Sampling Example Record Sheet (Chapman, 2121, pers. comms).
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[bookmark: _Hlk96116267]The soil structure was also analysed in the lab, following the MM' Soil Analysis Key' from MM presented in Appendix 8.4. Such an analysis was not performed in the previous studies. However, according to various papers, the soil texture strongly correlates with nutrient leaching and nutrient availability, supporting the findings and allowing for a more in-depth analysis of the results (Donoghue et al., 2019; Magnificent Meadows, 2022f)
Percentage frequency (PF) was calculated, and abundance (or percentage coverage) (PC) was estimated for each species and tabulated in the results table. The results were bar-graphed using MS Office Excel software. 
The percentage frequency (PF), which is the "probability that a species will be found within a single quadrat" (Field Studies Council, no date, p:1), was inferred from 'Present/Absent' data and calculated as follows: 
% frequency = species present in ‘n’ quadrats / total number of quadrats (10) x 100
Percentage cover is the amount of 1cm squares that a particular plant covers within the 1m x 1m quadrat, converted to a percentage value. In general, PF tells how often the plants occurred within the W transect, and PC gives information on the plant's abundance (or volume) throughout the surveyed transects.
Data obtained through botanic survey was recorded in record sheets, then tabulated and graphed using bar charts (Microsoft Excel) for further comparison and analysis  
[bookmark: _Hlk96262889]Magnificent Meadows (MM) guidance recommends the DAFON scale to interpret the percentage cover (Table 4.3.4) (Magnificent Meadows, 2016). 
[bookmark: _Toc96286053]Table 4.3. 4 DAFRON Scale recommended by the Magnificent Meadows Soil Key (Magnificent Meadows, 2016).
[image: Table

Description automatically generated]

[bookmark: _Toc96284493]5.0 Results, Analysis and Discussion 
This research aims to establish what a quality hay meadow is and associated abiotic and biotic factors, including management practices and soil nutrients that can influence HM quality.
The first necessary step was to collate the fragmented, archival CYNCP and establish the previous HM condition to be used as a reference point. Therefore, the obtained result for the vascular plant [footnoteRef:22]species assessment was graphed and analysed first.   [22:  They contain vascular tissues (xylem) which is important for transporting water and (phloem) used for transporting minerals and nutrients. Examples are all flowering plants found in meadows (Biology Online, 2021). ] 

[bookmark: _Toc96284494]5.1 HM Assessment Results Years 2000-2004 (CYNCP Archives) (Secondary Data). 
[bookmark: _Hlk95468544][bookmark: _Hlk95604159]Concerning the CYNCP archive results for the 1986, 1997 and 2000-2004 surveys, the conclusion was that in 1997, out of the 19 sown 1986 target plant species, seventeen was still present, and subsequent surveys (2000-2004) showed a mean of 11 positive PIs and only four negative PIs across the HM (both halves). Therefore, in the absence of further studies, the site was described as "managed in favourable status" (Chapman, 2021, pers. comms). 
A mean percentage frequency [footnoteRef:23] (PF) of indicator species of appropriate and inappropriate management (CYNCP data) summary was presented in Fig. 5.1.1 below.  [23:  “Percentage frequency is the probability that a species will be found within a single quadrat” (Field Studies Council, no date, p:1)] 

[bookmark: _Toc96286451][bookmark: _Hlk95835905]Figure 5.1. 1 Mean Percentage Frequency Indicator of Appropriate Management (Upper and Lower) (2002-2004) (CYNCP Achieves).

[bookmark: _Toc96286452]Figure 5.1. 2 Mean Percentage Frequency Indicator of Inappropriate Management (Upper and Lower) (2002-2004) (CYNCP Achieves).

Figure 5.1.1 above shows 11 appropriate management (AM) species (out of target threshold 13) recorded within tested HM across three consecutive surveys and only four improper management (IM) indicators (out of possible eight) (Fig.5.1.2) obtained in CYNCP surveys. It can be observed that the PF indicator for the AM species has gone up for all, with rough hawkbit (Leontodon hispidus) quadrupling its mean numbers by 2004. Only one, the Bird's foot trefoil (Lotus corniculatus), has decreased by 50% (mean PF). Regarding the PF indicator for the IM, the percentages remained very low or dropped within the three years of testing. White clover (Trifolium repens) was the only IM showing a considerable high mean 40% of PF in 2004, dropping from a mean 85% in 2002.  
[bookmark: _Hlk96188926]The CYNCP ecologist suggested that the proportion of a minimum of 60% of AM species to a maximum of 40% IM species (mean PF) is desired, which in the case of the CYNCP data (77% to 23% mean PF) as per the results in both graphs would indicate good management (Chapman, 2021, pers. comms). Furthermore, a study in a similar meadow setting has mentioned that standards for a successful meadow restoration can be set even higher (62.5% to 37.5%, respectively) (Shellswell and Squire, 2019).
Also, according to MM guidance, any wildflower meadow site with 15-20 species is considered 'moderately species-rich’ and above 20 as 'species-rich'. CYNCP data showed that there were 15 species recorded, although only AM and IM MG5 threshold, mainly forb[footnoteRef:24] species, were surveyed. Furthermore, the CYNCP survey did not include grasses, sedges, and rushes usually found in similar meadow habitats. Therefore, it can be assumed that the HM was a species-rich habitat back in 2000-2004.  [24:  Wildflower, herbaceous species not including grasses, sedges, rushes, and woody plants. ] 

[bookmark: _Hlk95859102]Additionally, analysing the three-year results shown above, the overall trend of PFs of AM species is relatively steady without excessive anomalies, showing good overall positive AM growth trends (Fig. 5.1.1). For example, the yellow rattle (Rhinanthus minor) showed a steady but continuous increase from 35% to 75% mean PF, which was beneficial for HM development. Their hemi-parasitic abilities help reduce the number of tall, competitive grasses (McCrea, Trueman and Fullen, 2004). Therefore, its high dispersal level in HM is an excellent indicator for a healthy, well-managed meadow, recommended by MM restoration guides (Magnificent Meadows, 2022b). 
Contrary to the yellow rattle (Rhinanthus minor), the Bird's-foot trefoil (Lotus corniculatus) was the only AM species that has decreased by 50% in the 2002-2004 period (Fig. 5.1.1). A five-year study on lowland 'River Meadow' restoration in Ceredigion, Wales, has noted similar Rhinanthus minor increase and Lotus corniculatus decrease simultaneously. The paper suggested that minor changes in management (s.2.7) and extreme weather due to climate change (s. 2.1) could play a crucial role in seed propagation (Shellswell and Squire, 2019). For example, a study on flood influencing species-rich floodplain meadows showed that within just two-week flooding, propagation, and establishment of seedlings if plants younger than six weeks was hindered (Gattringer et al., 2017). 
[bookmark: _Hlk95852331]Concerning the IM indicators, the PF of white clover (Trifolium repens), although dropping down from mean 85% to 40% for the whole meadow (Fig. 5.1.2) and from mean 90% to 60% in LM alone within three years, was still relatively high compared to other two IM species ((CYNCP UM and LM data in Appendix 8.6-8.11). Trifolium repens are associated with elevated nitrogen (N) levels in the soil as they are N loving plants which may suggest high N in the Lower HM. Usually, the N is considered an essential nutrient for meadow species growth (Magnificent Meadows, 2022c). However, higher N in the soil can also negatively influence the species composition of semi-natural meadows. Opposite, the red clovers (Trifolium pratense), showing high 100% mean PF (Fig. 5.1.1), are considered positive N fixers in the soil, and their equal spread across the meadow indicates the favourable status (Magnificent Meadows, 2016). 
All the above findings suggest the HM was managed well and in a favourable status. Nevertheless, potential N and flooding issues have also been highlighted. The overall changes in management, including aftermath grazing with a smaller number of grazing animals (15 sheep) (s. 3.6.2) and manual cuts of a bitter dock (Rumex obtusifolius), has proven to be very effective. On the other hand, the HM long-term monitoring only took four years, abandoned in 2004 (s. 3.6.2). Furthermore, the (Plantlife, 2017) Guidance on lowland grassland rehabilitation suggests that transformation from tall-grass dominated grassland into fine-grass and forb-dominated community may take a minimum of eight to 10 years (Plantlife, 2017). Therefore, to assess the CYNCP HM present status and to obtain quality baseline data allowing for adequate long-term management would prove critical for this site. 

[bookmark: _Toc96284495]5.2 General HM Health Survey (Primary Data)
The primary sampling exercise of CYNCP HM (S. 4.2.1) using the 'How Healthy is My Meadow' was a perfect starting point to rapidly assess the meadow's status to compare with the archival CYNCP results.  
[bookmark: _Toc96286085]Table 5.2. 1 How Healthy is Your Meadow? (Recording Card) (Surveyed in August 2021).
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Concerning the result, the HM achieved 20 points which, according to the scoring system (Table 5.2.1) and (s. 4.2), gives a borderline 'very good 'score, meaning the HM was healthy and in 'very good condition' (as per the scoring system) which fits the conclusion from the archival CYNCP studies.
Despite appearances of just a cursory investigation, this quick (max 3-hour) survey examines many aspects of HM health. For example, due to achieving 'above 11 different shapes of leaf' (step 3), the HM has earned the highest score (detailed scores in Appendix 8.5). Furthermore, multiple plant species were observed, including larger plants like Ribwort plantain (Plantago lanceolata), common knapweed (Centaurea nigra) or northern marsh orchid (Dactylorhiza purpurella) and early purple orchid (Orchis mascula). Also, medium size flowery species like autumn hawkbit (Leontodon autumnalis) and Bird's foot trefoil (Lotus corniculatus) and much smaller, including red clover (Trifolium pratense) and heath Grass (Danthonia decumbens). The above, combined with a good score for the high wildflower numbers (step 7), may indicate relatively balanced plants competition within the sward, resulting in high species biodiversity of the HM (Magnificent Meadows, 2020). It is also reflected in the overall score (Table 5.2.1). 
Notably, orchid spp. found in the studied HM were the highest scoring species in 'step 7' as they are great in breaking up openings in tall grasses, reducing their sward dominance (Sand-Jensen, Jørgensen and Larsen, 2019). Unfortunately, they have not been recorded by more advanced, systematic surveys (i.e., belt transect) specified for this research nor in 2000-2004 CYNCP studies, which shows a significant advantage of the 'Health Survey' (HS) method.    
Moreover, the site achieved the highest score for positive grass indicators, including Yorkshire fog (Holcus lanatus) and sweet vernal grass (Anthoxanthum odoratum) (step 4). Also, the yellow rattle (Rhinanthus minor) was highly scored for wide distribution in the sward (step 6) (many more plants was found in the upper meadow, however). The earlier provides a basic HM structure and attracts many meadow butterflies, including meadow brown (Maniola jurtina) and marble white (Melanargia galathea). At the same time, the latter is essential for restricting the excessive tall grasses levels. A paper on the restoration of tall grass-dominated, species-poor grassland in Wales has shown an increase in average forb species cover from one to five (per 1m² quadrat) within three years using Rhinanthus minor as means for restoration (Shellswell and Squire, 2019). Interestingly, it is recommended to sow Rhinanthus minor first, one year before restoring the meadow with other herbaceous species, which prepares the ground increasing seed germination rate in the following year due to much lower numbers of tall grasses (Natural England, 2009). 
[bookmark: _Hlk96056262]Lastly, it was inferred through the 'step 1' assessing common nettle (Urtica dioica) patches that very few smaller patches were present on the site verges (thus high score), mainly in the LM. The presence of Urtica dioica is an indication of nutrient-rich soils, usually with phosphorus (P) and nitrogen (N) being on the high side (Zhang et al., 2015; Magnificent Meadows, 2020). It favours more competitive species like bracken (Pteridium aquilinum) and spear thistle (Cirsium vulgare). They usually out-compete the more delicate herbaceous wildflowers. Additionally, a 32-year study on grassland fertilised with N showed that soil acidity dropped below pH 5.0, causing significant acidity, resulting in high reductions in plants growth (Schroder et al., 2011).
It is important to note that the HS survey shows that the biodiversity of CYNCP HM has not declined since 2004 as it achieved the borderline highest score margin. However, the HS method did not answer the question concerning the species community fitment to the targeted MG5 nor provided enough details on the abundance or distribution of target species (or positive indicators). Therefore, the type and quality of species composition in the sward need further investigation presented in s. 5.3 below. Importantly, soil nutrients were not included in the HS method and will be discussed in section 5.4 below.  
[bookmark: _Toc96284496]5.3 Botanic Survey Results (Primary Data)
Having looked at the secondary data on HM 2000-2004 surveys as well as presenting the initial results from HM' health survey', it would be beneficial to present the primary results based on a botanic survey of the CYNCP HM using modified 'W belt transect' with ten sampling quadrats (s. 4.2.2). Plant species with significant coverage found within surveyed quadrats, but not included in the pre-set MG5 threshold included by the CYNCP, will be added to the list (marked in orange colour bars) and used for comparison and further analysis (s. 4.2.2)
All individual recording tables for each sampling quadrat (10 in total) containing fractional data collected during the CYNCP HM survey (2021) are presented in Appendix 8.12- 8.21.  
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[bookmark: _Toc96286464]Figure 5.3. 1 Mean Percentage Frequency Indicators of Appropriate Management (Upper HM) (2021 Study).
[bookmark: _Hlk96158067][bookmark: _Toc96286465]Figure 5.3. 2 Mean Percentage Frequency Indicators of Inappropriate Management (Upper HM) (2021 Study).

[bookmark: _Toc96286466]Figure 5.3. 3 Mean Percentage Frequency Indicators of Appropriate Management (Lower HM) (2021 Study).

[bookmark: _Toc96286467]Figure 5.3. 4 Mean Percentage Frequency Indicators of Inappropriate Management (Lower HM) (2021 Study).

Figures 5.3.5, 6 below represent the mean PF values calculated for the entire HM for AM and IM indicators. 

[bookmark: _Toc96286468]Figure 5.3. 5 Mean Percentage Frequency Indicators of Appropriate Management (Upper + Lower HM) (2021 Study). 


[bookmark: _Toc96286469]Figure 5.3. 6 Mean Percentage Frequency Indicators of Inappropriate Management (Upper + Lower HM) (2021 Study).

The second calculation regarding the percentage cover within sampled quadrats to assess the overall abundance of species was presented in the four consecutive bar charts below. 


[bookmark: _Toc96286470]Figure 5.3. 7 Mean Percentage Cover of Appropriate Management Indicators (Upper HM) (2021 Study).

[bookmark: _Toc96286471]Figure 5.3. 8 Mean Percentage Cover of Inappropriate Management Indicators (Upper HM) (2021 Study).



[bookmark: _Toc96286472]Figure 5.3. 9 Mean Percentage Cover of Appropriate Management Indicators (Lower HM) (2021 Study)

[bookmark: _Toc96286473]Figure 5.3. 10 Mean Percentage Cover of Inappropriate Management Indicators (Lower HM) (2021 Study).

No mean PC values for the whole HM were calculated to show differences in abundance between the UM and LM. 
The analysis of mean PF for AM and IM (MG5 threshold) indicators in Figures 5.3.5, 6 shows nine of the AM and four of the IM indicator species present through the sward. It gave an approximate 70% AM to 30% IM proportion ratio (MG5 threshold), slightly less, but in line with the CYNCP archival and other literature successful HM restoration standard. 
[bookmark: _Hlk96189500]Also, ribwort plantain (Plantago lanceolata) was the most frequent AM species, found in 10/10 quadrats. On the other hand, the least frequent species were yellow rattle (Rhinanthus minor) and red clover (Trifolium pratense) (2/10 quadrats), and rough hawkbit (Leontodon hispidus), only present in one. Concerning the IM, the four recorded species were of very low frequency, found in two or below two out of 10 quadrats. 
In comparison to CYNCP, archival results for the PF mean values (Fig. 5.1.1, 1), AM indicators have decreased from 13 (in the 2002-2004 study) to nine, and the number of IM indicators remained the same. In addition, although the white clover (Trifolium repens) mean PF dropped significantly from 80% in 2004 (Fig. 5.1.2) to a low 20% in 2021 (Fig. 5.3.6), two new MG5 negative indicators have appeared, including bitter dock (Rumex obtusifolius) and perennial ryegrass (Lolium perenne).
[bookmark: _Hlk95987902][bookmark: _Hlk96000106]Comparing the HM halves, the upper meadow (UM) shows ten new AM species (outside the MG5 threshold) (Fig.5.3.1) with a high number of grasses. They are bentgrass (Argostis capillarsi), bristle bent (Agrostis curtisii) and false oat grass (Arrhenatherum elatius) being the most frequent, and Argostis capillarsi (all U3-4 species) showing the highest abundance (25%) (Fig. 5.3.7), but, of 'occasional' coverage according to DAFORN descriptive stats (s. 4.3). Interestingly, the soft rush (Juncus effusus) associated with U3 grasslands was the second highest with 20% PC (Fig. 5.3.7), also of 'occasional' coverage. Moreover, the UM has recorded four new IM species, usually associated with wet or more disturbed grounds (i.e., mare's-tail (Hippuris vulgaris) with common ragwort (Senecio jacobaea) being the highest frequent (Fig. 5.3.2), but insignificant PC ('rare' in DAFORN) (Fig. 5.3.8).
Opposite, in LM, only five new AM was noted with bentgrass (Argostis capillarsi) and bristle bent (Agrostis curtisii), scoring 100% PF (Fig.5.3.3), however of 'rare' coverage (DAFORN) (Fig. 5.3.9). Also, two new IM species were found, including tree saplings and field rose (Rosa arvensis), associated with surrounding hedges and overhanging tree canopies (signs of succession) but of low PF (Fig. 5.3.4) and insignificant 'rare' (DAFORN) coverage (Fig. %.3.10).   
The assessment of the above PC and PF calculations may suggest a slight decrease of MG5 species since the CYNCP 2004 survey and the arrival of many new species within the tested HM, especially in the UM. The site remained highly biodiverse and well-structured with grasses and herbaceous species. However, a large proportion of newcomers can be associated with wetter environments. For example, mare's-tail (Hippuris vulgaris) and moss spp. are found in wetter, inundated habitats (Merriam, Markwith and Coppoletta, 2018; Gardenia, 2022).
[bookmark: _Hlk96189977]Concerning the site's biodiversity, the total number of species was 29 (recorded by ten one m² quadrats) (Figures 5.3.5, 6). However, the average per each one m² quadrat, based on individual scoring cards (Appendix 8.12-8.21), stands at 9.3 species which indicate 'moderately species-rich’ as per MM guidance (Magnificent Meadows, 2022b). From the baseline-data perspective, all the above results could be used for ‘the goodness of fit test’(GFT) if data is collected for a few consecutive years. GFT can help HM restoration projects track their target community and monitor shifts in species composition over time (Hosie, Jones, Emma C. Rothero, et al., 2019). Notably, the W transect used in the HM surveys always includes some form of bias, as the behaviour of the person sampling often plays a key role (s. 2.9). Therefore, repetitive studies that consider whole plants growing seasons are critical as identifying species and visually assessing plants coverage may differ. A larger dataset can help mitigate those issues, and more suitable survey methods can be justified (Hellmann and Fowler, 1999). For example, the CYNCP data mentioned that bitter dock (Rumex obtusifolius) (IM species) was observed in some earlier studies (prior to 2000-2004) in HM. However, none of the 20-quadrat transects implemented in 2002-2004 have included it in their results (Chapman, 2021, pers. comms).

A topical factor affecting lowland HMs in the 21st century is climate change (CC), with associated flood and extreme heat events on the rise in Wales (s. 2.5 and 2.8.2). A case study on flooding tolerances of meadows revealed that as little as two-week food events, especially in summer months when plants are propagating, can have detrimental effects on the performance of seedlings and even on younger plants (below six weeks old) (Gattringer et al., 2017). It also causes unequal dispersal of seeds (Chapman, 2021, pers. comms), not to mention excessive nutrient deposition and critical HM growing substrate disturbance (Woodcock, McDonald and Pywell, 2011). It is in line with the unequal dispersal observed within the tested HM. Species richness was higher in the UM than LH (23 to 16 respectively) (Appendix 8.12-8.21), and the yellow rattle (Rhinanthus minor) was only recorded in the LM in the 2021 survey (Fig. 5.3.3). Like CYNCP HM, a Conwy Valley study has discovered that Rhinanthus minor, being an annual plant, needs to regerminate every year and high temperatures and drought in Spring hinder this process massively (Plantlife, 2021).
Gattringer et al.(2017) added that river discharges would soon be significantly altered due to CC, and floodplain meadow communities might also be subject to substantial alterations. Moreover, he stated that little attention is paid to HM CC resilience, and the current knowledge is limited.   Interestingly, longer growing seasons due to CC can also significantly affect HMs species composition (Fridley et al., 2016; Stampfli et al., 2018). Also, site landform (HM is in the valley) combined with enclosure in-between trees (s. 3.3) limiting the sunlight can have some impact on plants growth (Wen et al., 2013). 
The 2021 survey discovered several MG5 (AM) indicators decreasing within the sward. Having a small sample pool (two sets of five quadrats and single, late summer data collection) to analyse this diverse HM habitat better, an additional investigation was conducted to validate the results (in line with CYNCP testing) (Chapman, 2021, pers. comms). It was helpful to assess how many plants have survived since they were initially sown by BBNP ecologists (Chapman, 2021, pers. comms). It was revealed that out of 19 plants sown back in 1986 during 'grassland restoration with seeds' (s. 2.7.3), only nine have survived in 2021 (Table 5.3.1). It may suggest that the HM specific, strong environmental gradient [footnoteRef:25] (e.g., frequent floods or acid soil) is unsuitable for those plants. For example, wild carrot (Daucus carota) requires neutral pH and well-drained soil (The Royal Horticultural Society, 2021). Also, it prevails in calcareous grasslands in the UK  (Magnificent Meadows, 2016).  [25:  It usually describes daily or seasonal fluctuations of abiotic factors (Barletta and Dantas, 2016). ] 

[bookmark: _Toc96286100][image: Table

Description automatically generated]Table 5.3. 1 Species Planted by CYNCP in 1986 HM Restoration Programme Compared With the Number Found in 2021 Survey.
 

Moreover, some new AM and IM indicators, e.g., soft rush (Juncus effusus), nettle (Urtica dioica), hogweed (Heracleum sphondilium) including Circissium spp. and Rumex spp. were found. Although currently, they are not a direct threat to the meadow’s species composition, as in low abundance, when in high numbers, they can indicate common problems that may occur shortly (Dicks et al., 2013).
Interestingly, according to the MM guidance on 'problematic species found in HMs' (Table 5.3.2 below) (Floodplain Meadows Partnership, 2022), besides waterlogging (discussed earlier), their presence can also indicate improper management the soil disturbance, including soil eutrophication (also discussed in s. 2.8).

[bookmark: _Toc96286101]Table 5.3. 2 Guidance on Problematic Plant Species Occurring in Meadows (Floodplain Meadows Partnership, 2022). 
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Those are in line with current site management information (the lack of grazing and late hay cuts) (s. 3.6.3). Additionally, the lack of adequate management may also correlate with small tree saplings found in 2021 research which is often a sign for slowly progressing succession(Carey et al., 2009). Importantly, if not appropriately managed, meadows will turn into the scrub and become woodland (Norfolk Wildlife Trust, no date; Baur et al., 2006).
It must be mentioned that good management practices are not all the same for all meadow types and associated varying vascular plants (s. 2.7). For example, those based on species-reach neutral grasslands, which are most mesotrophic (including MG3-5 and 8), should be cut for hay from mid-July to allow flowering species to set seeds. Also, aftermath grazing should be used in Autumn-Winter seasons only, excluding Springtime for 'shutting up' the field (Magnificent Meadows, 2022a). However, early, or even double hay-cuts can be implemented in the case of problematic species, e.g., spear thistle (Cirsium vulgare). An interesting study on giant hogweed reduction methods has shown that just removing all flowering heads timed during a peak flowering stage results in massive reductions in seed production and propagation in the tested meadow (Dicks et al., 2013). 
Other studies on controlling highly competitive species in meadow habitats with older, traditional techniques (i.e., using hand scythe) have also proven very effective. Researchers reported that the ability to reach even less accessible sections like seasonally flooded areas to cut away sedges and encroaching bracken (Pteridium aquilinum) was astonishingly easy. Also, it has helped open up the sward for more wildflower species and was very efficient and cost-effective (Kołos and Banaszuk, 2018; Ecology Training UK, 2020). Significantly, cutting sward short, below 5cm, may increase evaporation, and in drier meadow may work counterproductively and hinder the establishment of more delicate plants (Jõgar and Moora, 2008).
On the other hand, acid grasslands (pH lower than 5.5) are usually managed with much more extensive grazing, and even liming is practised neutralising acidity. Therefore, HM is much less biodiverse with fewer flowering species and dominating grasses, sedges, and rushes (Magnificent Meadows, 2008). However, the grazing animal type used, and timing are key for successful restoration. For example, aftermath grazing stocking rates for acid HMs, including the floodplain meadows specified by Norfolk Wildlife Trust, are 0.3LU/ha, which would account for two ponies in the case of the surveyed HM or up to six lowland sheep (Norfolk Wildlife Trust, no date). Many HM restoration projects recommend light aftermath grazing (Jefferson, 2005; Hosie, Jones, Emma C. Rothero, et al., 2019). However, mixing it with annual hay cuts was the best option for maintaining highly biodiverse meadows (George et al., 2021).
Nevertheless, some researchers like (Sengl et al., 2017) may swear by the ‘restoration treatment’ being the most critical for flourishing meadows, above any abiotic factors. On the contrary, others suggest P levels (Magnificent Meadows, 2022c) or pH should be tested first to establish the environmental limits (or tolerance level) for choosing the right wildflower plants for HM restoration (Magnificent Meadows, 2022b).

[bookmark: _Toc96284497]5.4 Soil Sampling Results
Although the UM and LM make up one meadow, it was observed that they differ regarding species richness, with UM totalling 23 recorded species with 14 newcomers including seven IMs (Fig. 5.3.1, 2) and LM having a total of 16 with seven new and only four IMs (Fig. 5.3.3, 4). Analysing primary botanic data may suggest varying soil nutrient levels across the entire plot and different responses of MG5 target species planted over 36 years ago. For example, ribwort plantain (Plantago lanceolata) was found in all ten quadrats during the 2021 survey, the common knapweed (Centaurea nigra) was recorded in only four all in UM, and common yarrow (Achillea millefolium) disappeared completely (Individual quadrats in Appendix 8.12.-8.21). 
Certain nutrients like pH and phosphorus (P) can be primary limiting factors for plant growth, especially in regularly inundated meadows (Magnificent Meadows, 2022c). Marini et al. (2007) stated that maintaining the lowest possible P levels is essential for restoring and conserving wildflower meadows. Moreover, Warwickshire County Council (2018), in his report on HM restoration, stated that “it is important that seed mixtures are matched to site conditions, e.g., pH and fertility” (Warwickshire County Council, 2018, p:3). Therefore, it was essential to test the soil quality at CYNCP HM.  
Firstly, the CYNCP soil nutrient archival (somewhat fragmentary) (secondary data) was collated and presented in Table 5.4.1 below. 
[bookmark: _Toc96286126]Table 5.4. 1 CYNCP Soil Nutrient Archival Data Collected During 2000-2004 HM Surveys (Chapman, 2021, pers. comms).
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The CYNCP archives do not specify the exact number of sampling points (except for ‘upstream and downstream meadow’) (Table 5.4.1). Also, a significantly low pH was observed across the 2001-2004 surveys with acid soil ranging from pH 4.85 (LM in 2000) to pH 5.2 in the UM in 2003 (except for one outlier in LM). Also, the P levels were 'low' (Index 0-1) and K' very low' (Index 0) across most surveys except for 2000, where P=1 in both halves and 2003 with K=1 in LM. On the contrary, Mg levels were satisfactory (Index 2) across all surveys. According to the BBNP soil analyst report, the soil was acidic with shallow values of both P and K with Mg at satisfaction levels. Additionally, the agriculture liming was specified, but no further comments were made. Lastly, N levels were not tested in surveys conducted by the CYNCP twenty years ago (Chapman, 2021, pers. comms).
An assumption could be made that having acidic soil while managing for the MG5 target ((the CYNCP used the MG5 threshold in botanic surveys for positive and negative indicators, also mentioned in CYNCP Management Plan (2004), may not be the optimal long-term option. Also, liming the HM that is supposed to be managed more traditionally may work counterproductively. Using artificial treatment on HM was found to affect soil biochemistry and is detrimental to many wildflower species (Silverton et al., 1993). 
The minimum required pH level for the MG5 grassland community is 5.6, with pH 6-6.5 levels optimal (Magnificent Meadows, 2008). The results in Table 5.4.1 showed that perfect pH 6.2 only occurred once in 2003 in the LM, and the mean 3-year pH stands at 5.2.    
[bookmark: _Hlk96158801]Case studies on HM restoration have often informed on transitioning species communities. For example, a 20-year study on northern English species-rich grassland revealed shifts towards faster growing and taller canopies species communities in response to CC induced extreme weather events (Fridley et al., 2016). Notably, the British Ecological Society (2021) report on nature-based CC solutions stressed that wildflower HM might need to transition into less ‘fascinating’, wetter habits to adopt to CC. However, they will still offer valuable ecosystem services, including water and carbon storage (s. 2.5) (Stafford et al., 2021). Although, they may lose slightly on the aesthetics side.  
In the context of the above findings, the fresh 2021 results may be valuable baseline data when choosing the way forward concerning long-term management decisions. The primary data obtained during the HM sample testing in the UWTSD Swansea lab were tabulated and presented below in Table 5.4.2. In addition, N levels that are key to plants growth (s. 2.8.2 and 4.3) were added to the soil sampling protocol. Many restoration projects mentioned N as ‘particularly important’ and significantly influenced HM vascular plants performance (Zhang et al., 2015). Moreover, testing soil for N content was recommended by MM guidance (Magnificent Meadows, 2022c). 
To help interpret the obtained values, the MM recommended soil nutrient threshold levels, including the Index key, were used (Complete index tables including interpretation in Appendix 8.22. and 8.23). 










[bookmark: _Toc96286127]Table 5.4. 2 Soil Sampling and Testing Results (HM Survey, 2021).
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The soil testing results (Table 5.4.2) showed acidic soil (mean HM pH 4.33) (pH key in Appendix 8.23) with similar pH for HM and LM. 2003 (LM only) (Table 5.4.1). The 2002-2004 mean HM pH was pH 5.2 so still acidic, however, significantly less, and MM ‘soil key’ (SK) would class it as ‘acid-neutral’ so from the baseline data perspective, an increase in acidity and change of the soil classification can be noted. 
The Countryside Survey on hundred and twenty semi-natural grassland and meadow plots have shown the mean soil acidity pH 5.7-5.9 for the neutral grasslands in Wales (e.g., MG4, 5, 8) pH (Carey et al., 2009), unlike the recorded in the 2021 survey nor twenty years ago in CYNCP archives except for one outlier in 2003 (LH) (Table 5.4.1).
According to MM ‘soil interpretation guidance’, any result below pH 5.0 is considered acidic. In Wales, it is often the case, even in places underlined with calcareous or limestone soils but often overlayed with acid topsoil. One of the reasons for high acidity is geographic location and landform shape. The surveyed HM is enclosed in a small field at the bottom of slopes (s. 3.2), accumulating various chemical compounds running down hills, causing increased acidity (Magnificent Meadows, 2022). However, the Old Red Sandstone (ORS), deposited by Tawe along the HM valley (s. 3.3) (Cranfield University, 2022), can also be a determining factor. Due to high silica content, ORS can increase soil acidity to even low pH 3.5 (Open University, 2020). The Soilscape data on soil profiles for CYNCP show ‘Soilscape 12 index: Freely draining floodplain soils’ deposits along Tawe, including tested HM (however, of high fertility). Therefore, it was essential to perform additional soil texture tests. 
Manual soil texturing was performed following the MM SK (s. 4.3) (Appendix 8.4). The sampling soil had a very significant dark-red colour (like ORS) and was described as: 
“moulding easily due to the silt but feel gritty and soapy with the wet mixture clinging to fingers” (Magnificent Meadows, 2022, p:3). The verdict was:  sandy silt loam.
Concerning the 2021 soil data, the result aligns with the above findings and shows the soil being a product of a Tawe deposition filled with ORS deposits, possibly causing higher acidity. Also, clay or silty soil can hold water for longer and are rich in K, but when mixed with sandy soils, they have much lower K and higher P, which also comes in line with the findings in Table 5.4.2.
Other nutrients were analysed and described using relevant indexes recommended by MM available in Appendix 8.23 and 8.24). First, was P using ‘Olsen’s Phosphorus Index’ for dry soil samples (Table 5.4.3):
[bookmark: _Toc96286128][bookmark: _Hlk96268600]Table 5.4. 3 P Analysis Using MM Key (Appendix 8.22).
	Index 1 (Low) was found in four samples of LM and the middle two of HM.
	According to MM, it is a perfect range for hay meadows and wildflower restoration projects. 

	Index 2 (Moderate) is only present in UM in two samples (2 and 5). 
	Not suitable for wildflowers. However, grasses and more competitive plants may dominate. Therefore, careful consideration of target plant species is essential if P is above 20 mg/l (UM 5).

	Index 3 (High) was found on the edges of both HM halves in sample 1 (UM) and sample 5 (LM).
	If P is above 25 mg/l, an intervention is required. The tested HM was 44mg/l in UM and 34 mg/l for LM. In HM environments, two yearly hay cuts or several silage cuts are advised, with grass taken away immediately after. 



After analysing pH and P results, which are the strongest limiting factors (McCrea, Trueman and Fullen, 2004; Magnificent Meadows, 2008), it was useful to collate with botanic survey findings for significant observations and interpretations. 
P is the primary plant nutrient and a critical limiting factor for wildflowers. Soil testing showed there might be a problem with high P in the HM throughout the whole UM, with the highest concentration closer to the corner boundaries of HM where it meets the river (LM) and hilly side (south-east of HM) (Table 5.4.2). 
Such high values, according to MM, are stimulants for competitive grasses and a disadvantage for herbaceous species (Magnificent Meadows, 2022i). It is in line with PC results in UM. It became more species-rich due to identifying eight new types of grass on the PC bar-graph (Figure 5.3.1.7), and in UM1 quadrat with P = Index 3, out of total elven species, eight was grasses (Appendix 8.12). 
It also shows the two highest PC bentgrass (Argostis capillarsi) and bristle bent (Agrostis curtisii), indicating ‘U3’, more acidic grasslands (Magnificent Meadows, 2008, 2022b), all in line with the findings. 
Moreover, a high P Index 2 and above is strongly linked with agriculture fertilisers being deposited during flooding with polluted rivers or leaching from adjacent agriculture fields (Magnificent Meadows, 2022i). A study on HM restoration with MG5 target threshold has revealed that high P, exacerbated by flooding events, was the more decisive edaphic factor limiting “restoration progress particularly in terms of floristic similarity to restoration target” (Wagner et al., 2021, p:1). 
Increased sedimentation during flooding was proven to cause high P, including elevated N in the riparian meadows (Garssen et al., 2017). The N results in this survey were affected by Palintest readings (‘N below range’ issues as in s. 4.3). Nevertheless, according to MM key, they came up unnaturally low as Mg 0.7 mg/l equals 0.0007 % (ENDMEMO conversion chart) (Appendix 8.22). Interpretation in (Table 5.4.4).

[bookmark: _Toc96286129]Table 5.4. 4 N Analysis Using MM Key (Appendix 8.23).
	N ‘Low’ (below 0.5%) after conversion from percentage results.
	For older grasslands like tested HM, the expected value is 1% due to organic build-up. However, N is very mobile and can leach with water (e.g., inundation of grasslands). 



It was challenging to assess the N result in HM due to the Palintest issue. However, low N with high P often provides broader coverage of competitive grasses and nettles, docks and thistles spp., identified in the ‘Health test’ and recorded in the mean PF for the IM bar chart (Fig.5.3.1). Also, when high P is discovered in soil, it is interpreted as a significant determinant regardless of N. The high P needs resolving first if the thriving wildflower meadow is desired restoration target (Magnificent Meadows, 2022i). Notably, the soil sampling was performed over two sunny days in late Summer. Therefore, it would be vital to conduct more seasonal sampling to observe the influence of Tawe floods and local agriculture fields, including potential N fluctuations, to make a clear judgement. Additionally, researchers often use ‘biomass lab analyses’ for N uptake testing to be reliable, but it is more expensive and time-consuming. Therefore, it is more prevalent in large-scale research (Loeb et al., 2009; Zhang et al., 2015; Garssen et al., 2017).
The K and Mg contents are not limiting factors and much less influence HM species (Magnificent Meadows, 2022i). The result was as follows (Table 5.4. 5):
[bookmark: _Toc96286130]Table 5.4. 5 K and Mg Analysis Using MM Key (Appendix 8.23).
	K- Index 0 (Very Low)
	High levels are not restrictive to wildflower meadows, but Index 0 may not produce significant amounts of herbaceous species and favour competitive grasses (In line with earlier findings). Should be considered in future management choices.

	Mg Index 2-3 (High or Very High)
	Mg is often high when K is low as they are highly interactive. High Mg does not strongly influence HM plants but is an essential nutrient for grazing animals’ health. Therefore, high Mg can be beneficial for implementing grazing regimes.   


 
The MM guides inform that low K can be fixed with farm-yard manure. From the baseline data perspective, the two nutrients are not detrimental to tested HM. However, future HM management should consider those in their plans. Interestingly Mg and K work antagonistically to each other in the soil, so higher MG meaks low K and vice-versa  (Magnificent Meadows, 2022i). 
In summary, results below pH 5.5 are typical for acidic grasslands, and the site-specific condition encourages species community shifts as more competitive plants dominate the sward. Other case studies inform on transitioning species communities. For example, a 20-year study on northern English species-rich grassland revealed shifts towards faster growing and taller canopy species communities in response to CC induced extreme weather events (Fridley et al., 2016). Furthermore, when shifting towards more acidic communities occurs, the managing techniques are more orientated towards animal grazing and more frequent sward cuts (Magnificent Meadows, 2008). Notably, the British Ecological Society (2021) report on nature-based CC solutions stressed that wildflower HM might need to transition into less ‘fascinating’, wetter habits to adopt to CC. However, they will still offer valuable ecosystem services, including water and carbon storage (s. 2.5) (Stafford et al., 2021). Lastly, considering all the above observations, using high Mg and low K as an opportunity to introduce carefully designed grazing regimes in the case of the CYNCP could prove beneficial. Grazing meadows with ponies is highly recommended for meadows, unlike the sheep or cattle, they dung in ‘latrine areas’, which is avoided during the grazing process easy to control. Therefore no issues with elevated nutrients in the soil (The Wildlife Trust, 2016)
[bookmark: _Toc96284498]6.0 Conclusion
There has been a tsunami of wildflower grassland and HM restoration projects across the UK and Wales, and colourful, biodiverse meadows are high on the agenda. However, due to changing climate with associated extreme weather events combined with a lack of coordinated management and long-term monitoring, HMs, especially in lowland riparian zones, face multiple challenges. As a result, they are threatened to survive in their current form.
HMs are mostly artificial habitats traditionally managed by agricultural families for generations. Today they require careful management and long-term on-site monitoring. Based on the CYNCP HM example, the restoration of semi-improved grasslands with direct-sown seeds may work miracles. However, numerous case studies and broader literature emphasise that understanding the various processes shaping those habitats is vital for successful long-term restoration. Many site-specific more and less influential abiotic and biotic factors can influence HMs. However, few are critical, and they are a combination of site-specific environmental gradients linked to edaphic factors and human intervention. 
During the HM first visit, signs of inundation were spotted along with bracken and tree sapling encroachment along its southernmost verges, domination with highly competitive grasses, and possible high nutrient accumulation in growing substrate. However, the meadow rapid ‘health test’ resulted in a score of 20 points, describing the meadow as ‘in perfect condition.’ It was in line with twenty-year-old CYNCP archival secondary data analysis. It resulted with HM in ‘favourable condition’ with moderate-to-low acidity and very low mean P = Index 0 and K = Index 0 except for the Mg = Index 2 being in good high levels. However, It was noted that basic visual assessments could be misleading as they are highly subjective. Significantly, they also have the advantage of being fast and picking up rare species in the sward. 
The second is a botanic survey measuring the frequency and coverage of vascular plants. This time, It revealed that the site was still in reasonably good shape with a mean of 9.3 species per 1m², so 'moderately species-rich’. However, essential species like a yellow rattle (Rhinanthus minor) or red clover (Trifolium pratense) were in low frequencies and only present in one (LM) halve. The difference in species distribution and abundance between the two sub-plots was more pronounced, with UM being much more species-rich than LH (23 to 16, respectively). Additional calculations revealed that only nine out of 19 species originally sown in 1986 survived today. Moreover, 14 new, primarily competitive grass and plants from wetter environments have established themselves within the sward, with 50% IMs. 
The literature linked it with three significant factors. First, the CC severe weather events, including droughts and frequent flooding, cause land disruption, sedimentation, and nutrient pollution, albeit very challenging to assess in a short time survey but crucial in plants functionality according to literature. Second, a lack of adequate management, i.e., very late hay-cuts and no aftermath grazing regimes, was pointed out, which are relatively easy to adjust and implement, although need adjusting accordingly. Third, perhaps the most breakthrough was finding Old Red Sandstone deposits that cause acidic soils in the CYNCP meadow, usually fertile loamy clays, during the soil texture analysis, which resulted in soil testing that revealed further issues. Critical soil nutrient nutrients were altered, including significantly low soil pH (mean pH 4.33), causing acidic soil and P levels at Index 2-3 very high across the whole HM. According to published case studies, the above findings may be responsible for shifts in species composition in riparian meadows towards more acidic grasslands with the dominance of highly competitive grasses and plants characteristic for more acidic environments. Also, P levels this high were linked directly with agriculture fertiliser from adjacent fields or influxes from potentially polluted Tawe. Therefore, it was inferred that only one HM survey based on one season is insufficient and more professional, long-term studies are essential.
Nevertheless, obtained results can serve as baseline data used for further studies to encourage other management practices adequate to the transitioning species community in the field. Lastly, N appeared very challenging to read by the soil kit, and the result came up inconsistent. It was learnt that the high volatility of N is the reason, and data were not considered in conclusion.    
On the positive side, remaining soil nutrients with low K = Index 0 and high Mg = Index 2 could serve as an opportunity for grazing with miniature ponies on-site as Mg is essential for grazing animals' health and has a high abundance in CYNCP HM. 
The last conclusion was that shifting plant communities is not necessarily an alarming trend as they provide essential ecosystem services in riparian zones regardless of the classification type. The critical determining factor that makes a difference is timely human intervention adequate to changing circumstances.   
[bookmark: _Toc39486008][bookmark: _Toc96284499]6.1 Limitations and Recommendations
This research emphasised that investigating hay meadow quality and assessing processes that shape those meadows within a short time with limited resources is a challenging task. Furthermore, the consecutive research highlighted that many variables need testing once or retesting or even long-term systematic testing to evaluate thoroughly. Therefore, potential limitations that could have influenced the outcome of this study are: 
· Soil nutrients were tested only once in August, with minimal sample size, so more cyclical sampling is recommended using seasonal or yearly patterns with the inclusion of flood events which also solves the issue of small samples and allows for robust statistical analysis.
· Similarly, the botanic survey of vascular plants was performed only once in August, and seasonal fluctuations, including vascular plants growing seasons, need full consideration when planning future surveys. It is recommended that the same person conducts surveys for consistency of the results.
· Soil compaction, water table, yield, moisture, and organic content (including total carbon content), have not been tested and are often included in long-term studies. Therefore, broadening the range is vital to obtain more precise, representative results.  
· Many researchers use biomass lab analysis for nutrient uptake instead of sampling soil as being more precise and consistent, which was not included due to time and financial constraints but is highly recommended. 
· Greater consideration of hay meadow plants traits allowing or limiting their ability for adaptation to changing climatic conditions is critical and very little knowledge was available in scientific literature. Therefore, consideration of those factors in future research would significantly contribute to the broader science and knowledge gathering process.
· High P was linked to influxes of fertilisers from rivers or adjacent farmland, therefore additional testing of adjacent agriculture fields and river quality in future studies with consideration of agriculture schedules would be beneficial to prove/disprove this factor.
   
Last and probably the most important is riparian hay meadows surveys during prolonged wet weather or after flood events are not advised from a safety reason perspective but to avoid excessive trampling, plants destruction and soil disturbance/compaction.   
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Appendix 8. 1 Craig-y-Nos Walking Routes Map (Craig-y-Nos Country Park Management, 2004).
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Appendix 8. 2 Craig-y-Nos Archival Maps (!986 restoration Project) (Chapman, 2021, pers. comms).
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Appendix 8. 3 Craig-y-Nos W Transect (2000-2004 Hay meadow Survey) (Chapman, 2021. pers. comms).
[image: ]


Appendix 8. 4 Soil Key and Interpretation Guidance (Magnificent Meadows, 2022).
[image: ]

	



Appendix 8. 5 How Healthy is My Meadow? (Survey Sheet) (Magnificent Meadows, 2022).
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Appendix 8. 6 CYNCP Archives Mean PC (AM) (Upper and Lower HM) (2002-2004 Surveys) (Chapman, 2021, pers. comms).
[image: ]






Appendix 8. 7 CYNCP Archives Mean PC (IM) (Upper and Lower HM) (2002-2004 Surveys) (Chapman, 2021, pers. comms).
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Appendix 8. 8 CYNCP Archives Mean PF (AM) (Upper HM) (2002-2004 Surveys) (Chapman, 2021, pers. comms).
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Appendix 8. 9 CYNCP Archives Mean PF (IM) (Upper HM) (2002-2004 Surveys) (Chapman, 2021, pers. comms).
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Appendix 8. 10 CYNCP Archives Mean PF (AM) (Lower HM) (2002-2004 Surveys) (Chapman, 2021, pers. comms).[image: ]

Appendix 8. 11 CYNCP Archives Mean PF (IM) (Lower HM) (2002-2004 Surveys) (Chapman, 2021, pers. comms).
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Appendix 8. 12 Botanic Survey Record Sheet Upper 1 (MG5 Indicators) (2021 Survey).
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Appendix 8. 13 Botanic Survey Record Sheet Upper 2 (MG5 Indicators) (2021 Survey).
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Appendix 8. 14 Botanic Survey Record Sheet Upper 3 (MG5 Indicators) (2021 Survey).
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Appendix 8. 15 4 Botanic Survey Record Sheet Upper 4 (MG5 Indicators) (2021 Survey).
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Appendix 8. 16 Botanic Survey Record Sheet Upper 5  (MG5 Indicators) (2021 Survey).
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Appendix 8. 17 Botanic Survey Record Sheet Lower 1 (MG5 Indicators) (2021 Survey).
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Appendix 8. 18 Botanic Survey Record Sheet Lower 2 (MG5 Indicators) (2021 Survey).
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Appendix 8. 19 Botanic Survey Record Sheet Lower 3 (MG5 Indicators) (2021 Survey).
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Appendix 8. 20 Botanic Survey Record Sheet Lower 4 (MG5 Indicators) (2021 Survey).
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Appendix 8. 21 Botanic Survey Record Sheet Lower 5 (MG5 Indicators) (2021 Survey).
[image: ]

Appendix 8. 22 Soil Nutrient Indexes Phosphorus (P) (Magnificent Meadow, 2022).
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Appendix 8. 23 Soil Nutrient Indexes Acidity (pH), Nitrogen (N), Magnesium (Mg), Potassium (K) ) (Magnificent Meadow, 2022).
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Mean Percentage Frequency Indicator of Appropriate Management (Upper+Lower) (2002-2004) (CYNCP Achives)

2002	Common yarrow (Achillea millefolium)	Common knapweed (Centaurea nigra)	Lady’s bedstraw       (Galium verum)	Flatweed (Hypochaeris radicata)	Autumn hawkbit (Leontodon autumnalis)	Rough hawkbit (Leontodon hispidus)	Bird's foot trefoil (Lotus corniculatus)	Ribwort plantain (Plantago lanceolata)	Meadow buttercup (Ranunculus acris)	Yellow rattle (Rhinanthus minor)	Common sorrel (Rumex acetosa)	Common dandelion (Taraxacum officinale agg.)	Red clover (Trifolium pratense)	5	15	0	90	55	20	40	100	65	35	65	0	50	2003	Common yarrow (Achillea millefolium)	Common knapweed (Centaurea nigra)	Lady’s bedstraw       (Galium verum)	Flatweed (Hypochaeris radicata)	Autumn hawkbit (Leontodon autumnalis)	Rough hawkbit (Leontodon hispidus)	Bird's foot trefoil (Lotus corniculatus)	Ribwort plantain (Plantago lanceolata)	Meadow buttercup (Ranunculus acris)	Yellow rattle (Rhinanthus minor)	Common sorrel (Rumex acetosa)	Common dandelion (Taraxacum officinale agg.)	Red clover (Trifolium pratense)	5	15	0	100	70	66	25	100	50	65	90	0	25	2004	Common yarrow (Achillea millefolium)	Common knapweed (Centaurea nigra)	Lady’s bedstraw       (Galium verum)	Flatweed (Hypochaeris radicata)	Autumn hawkbit (Leontodon autumnalis)	Rough hawkbit (Leontodon hispidus)	Bird's foot trefoil (Lotus corniculatus)	Ribwort plantain (Plantago lanceolata)	Meadow buttercup (Ranunculus acris)	Yellow rattle (Rhinanthus minor)	Common sorrel (Rumex acetosa)	Common dandelion (Taraxacum officinale agg.)	Red clover (Trifolium pratense)	20	25	0	95	95	100	20	100	65	75	75	0	100	Vascular Plant Species


Percentage Frequency (%)




Mean Percentage Frequency Indicator of Inappropriate Management (Upper+Lower) (2002-2004) (CYNCP Achives) 

2002	Common mouse-ear chickweed (Cerastium fontanum)	Creeping Thistle (Cirsium arvense)	Spear Thistle (Cirsium vulgare)	Hogweed (Heracleum sphondilium)	Perennial ryegrass (Lolium perenne)	Creeping buttercup (Ranunculus repens)	Bitter Dock (Rumex obtusifolius)	White clover (Trifolium repens)	5	0	0	0	0	25	0	85	2003	Common mouse-ear chickweed (Cerastium fontanum)	Creeping Thistle (Cirsium arvense)	Spear Thistle (Cirsium vulgare)	Hogweed (Heracleum sphondilium)	Perennial ryegrass (Lolium perenne)	Creeping buttercup (Ranunculus repens)	Bitter Dock (Rumex obtusifolius)	White clover (Trifolium repens)	5	0	0	0	0	45	0	75	2004	Common mouse-ear chickweed (Cerastium fontanum)	Creeping Thistle (Cirsium arvense)	Spear Thistle (Cirsium vulgare)	Hogweed (Heracleum sphondilium)	Perennial ryegrass (Lolium perenne)	Creeping buttercup (Ranunculus repens)	Bitter Dock (Rumex obtusifolius)	White clover (Trifolium repens)	5	0	0	5	0	20	0	40	Vascular Plant Species


Percentage Frequency (%)




Mean Percentage Frequency Indicators of Appropriate Management (Upper HM) (2021 Study)


Upper	Common yarrow (Achillea millefolium)	Common knapweed (Centaurea nigra)	Lady’s bedstraw (Galium verum)	Flatweed (Hypochaeris radicata)	Autumn hawkbit (Leontodon autumnalis)	Rough hawkbit (Leontodon hispidus)	Bird's foot trefoil (Lotus corniculatus)	Ribwort plantain (Plantago lanceolata)	Meadow buttercup (Ranunculus acris)	Yellow rattle (Rhinanthus minor)	Common sorrel (Rumex acetosa)	Common dandelion (Taraxacum officinale agg.)	Red clover (Trifolium pratense)	Yorkshire fog (Holcus lanatus)	Bent grass (Argostis capillarsi)	Early purple orchid (Orchis mascula)	Bristle bent (Agrostis curtisii)	Timothy (Phleum pratense)	Crested Dog's-tail (Cynosurus cristatus)	Soft Rush (Juncus effusus)	Moss spp.	False oat grass (Arrhenatherum elatius)	Cocksfoot grass (Dactylis glomerata)	Heath Grass (Danthonia decumbens) 	0	80	0	0	0	20	0	100	40	0	40	0	20	0	30	80	0	80	20	40	20	40	80	20	40	Vascular Plant Species


Percentage Frequency (%)



Mean Percentage Frequency Indicators of Inappropriate Management (Upper HM) (2021 Study)

Upper	Common mouse-ear chickweed (Cerastium fontanum)	Creeping Thistle (Cirsium arvense)	Spear Thistle (Cirsium vulgare)	Hogweed (Heracleum sphondilium)	Perennial ryegrass (Lolium perenne)	Creeping buttercup (Ranunculus repens)	Bitter Dock (Rumex obtusifolius)	White clover (Trifolium repens)	Common ragwort (Senecio jacobaea)	Field rose (Rosa arvensis) 	Tree saplings	Mare's-tail (Hippuris vulgaris)	Field horsetail (Equisetum arvense)	Creeping thistle (Cirsium arvense)	0	0	0	20	20	0	40	0	0	40	0	0	20	20	20	Vascular Plant Species


Percentage Frequency (%)



Mean Percentage Frequency Indicators of Appropriate Management (Lower HM) (2021 Study)

Lower	Common yarrow (Achillea millefolium)	Common knapweed (Centaurea nigra)	Lady’s bedstraw (Galium verum)	Flatweed (Hypochaeris radicata)	Autumn hawkbit (Leontodon autumnalis)	Rough hawkbit (Leontodon hispidus)	Bird's foot trefoil (Lotus corniculatus)	Ribwort plantain (Plantago lanceolata)	Meadow buttercup (Ranunculus acris)	Yellow rattle (Rhinanthus minor)	Common sorrel (Rumex acetosa)	Common dandelion (Taraxacum officinale agg.)	Red clover (Trifolium pratense)	Yorkshire fog (Holcus lanatus)	Bent grass (Argostis capillarsi)	Early purple orchid (Orchis mascula)	Bristle bent (Agrostis curtisii)	Timothy (Phleum pratense)	Crested Dog's-tail (Cynosurus cristatus)	Soft Rush (Juncus effusus)	Moss spp.	False oat grass (Arrhenatherum elatius)	Cocksfoot grass (Dactylis glomerata)	Heath Grass (Danthonia decumbens) 	0	0	0	0	60	0	60	100	60	40	60	0	20	0	0	100	0	100	0	0	40	0	80	0	60	Vascular Plant Species


Percentage Frequency (%)



Mean Percentage Frequency Indicators of Inappropriate Management (Lower HM) (2021 Study)


Lower	Common mouse-ear chickweed (Cerastium fontanum)	Creeping Thistle (Cirsium arvense)	Spear Thistle (Cirsium vulgare)	Hogweed (Heracleum sphondilium)	Perennial ryegrass (Lolium perenne)	Creeping buttercup (Ranunculus repens)	Bitter Dock (Rumex obtusifolius)	White clover (Trifolium repens)	Common ragwort (Senecio jacobaea)	Field rose (Rosa arvensis) 	Tree saplings	Mare's-tail (Hippuris vulgaris)	Field horsetail (Equisetum arvense)	Creeping thistle (Cirsium arvense)	0	0	0	0	20	0	0	40	0	0	20	20	0	0	0	Vascular Plant Species


Percentage Frequency (%)



Mean Percentage Frequency Indicators of Appropriate Management (Upper + Lower HM) (2021 Study)


Mean	Common yarrow (Achillea millefolium)	Common knapweed (Centaurea nigra)	Lady’s bedstraw (Galium verum)	Flatweed (Hypochaeris radicata)	Autumn hawkbit (Leontodon autumnalis)	Rough hawkbit (Leontodon hispidus)	Bird's foot trefoil (Lotus corniculatus)	Ribwort plantain (Plantago lanceolata)	Meadow buttercup (Ranunculus acris)	Yellow rattle (Rhinanthus minor)	Common sorrel (Rumex acetosa)	Common dandelion (Taraxacum officinale agg.)	Red clover (Trifolium pratense)	Yorkshire fog (Holcus lanatus)	Bent grass (Argostis capillarsi)	Early purple orchid (Orchis mascula)	Bristle bent (Agrostis curtisii)	Timothy (Phleum pratense)	Crested Dog's-tail (Cynosurus cristatus)	Soft Rush (Juncus effusus)	Moss spp.	False oat grass (Arrhenatherum elatius)	Cocksfoot grass (Dactylis glomerata)	Heath Grass (Danthonia decumbens) 	0	40	0	0	30	10	30	100	50	20	50	0	20	0	15	90	0	90	10	20	30	20	80	10	50	Vascular Plant Species


Percentage Frequency (%)



Mean Percentage Frequency Indicators of Inappropriate Management (Upper + Lower HM) (2021 Study)


Mean	Common mouse-ear chickweed (Cerastium fontanum)	Creeping Thistle (Cirsium arvense)	Spear Thistle (Cirsium vulgare)	Hogweed (Heracleum sphondilium)	Perennial ryegrass (Lolium perenne)	Creeping buttercup (Ranunculus repens)	Bitter Dock (Rumex obtusifolius)	White clover (Trifolium repens)	Common ragwort (Senecio jacobaea)	Field rose (Rosa arvensis) 	Tree saplings	Mare's-tail (Hippuris vulgaris)	Field horsetail (Equisetum arvense)	Creeping thistle (Cirsium arvense)	0	0	0	10	20	0	20	20	0	20	10	10	10	10	10	Vascular Plant Species


Percentage Frequency (%)



Mean Percentage Cover of Appropriate Management Indicators (Upper HM) (2021 Study)


Upper	Common yarrow (Achillea millefolium)	Common knapweed (Centaurea nigra)	Lady’s bedstraw (Galium verum)	Flatweed (Hypochaeris radicata)	Autumn hawkbit (Leontodon autumnalis)	Rough hawkbit (Leontodon hispidus)	Bird's foot trefoil (Lotus corniculatus)	Ribwort plantain (Plantago lanceolata)	Meadow buttercup (Ranunculus acris)	Yellow rattle (Rhinanthus minor)	Common sorrel (Rumex acetosa)	Common dandelion (Taraxacum officinale agg.)	Red clover (Trifolium pratense)	Yorkshire fog (Holcus lanatus)	Bent grass (Argostis capillarsi)	Early purple orchid (Orchis mascula)	Bristle bent (Agrostis curtisii)	Timothy (Phleum pratense)	Crested Dog's-tail (Cynosurus cristatus)	Soft Rush (Juncus effusus)	Moss spp.	False oat grass (Arrhenatherum elatius)	Cocksfoot grass (Dactylis glomerata)	Heath Grass (Danthonia decumbens) 	0	43	0	0	0	3	0	8	2	0	4	0	5	0	14	24	0	5	1	6	20	4	9	1	4	Vascular Plant Species


Percentage Coverage (%)



Mean Percentage Cover of Inappropriate Management Indicators (Upper HM) (2021 Study)

Upper	Common mouse-ear chickweed (Cerastium fontanum)	Creeping Thistle (Cirsium arvense)	Spear Thistle (Cirsium vulgare)	Hogweed (Heracleum sphondilium)	Perennial ryegrass (Lolium perenne)	Creeping buttercup (Ranunculus repens)	Bitter Dock (Rumex obtusifolius)	White clover (Trifolium repens)	Common ragwort (Senecio jacobaea)	Field rose (Rosa arvensis) 	Tree saplings	Mare's-tail (Hippuris vulgaris)	Field horsetail (Equisetum arvense)	Creeping thistle (Cirsium arvense)	0	0	0	50	1	0	15	0	0	7	10	0	5	8	20	Vascular Plant Species


Percentage Coverage (%)



Mean Percentage Cover of Appropriate Management Indicators (Lower HM) (2021 Study)


Lower	Common yarrow (Achillea millefolium)	Common knapweed (Centaurea nigra)	Lady’s bedstraw (Galium verum)	Flatweed (Hypochaeris radicata)	Autumn hawkbit (Leontodon autumnalis)	Rough hawkbit (Leontodon hispidus)	Bird's foot trefoil (Lotus corniculatus)	Ribwort plantain (Plantago lanceolata)	Meadow buttercup (Ranunculus acris)	Yellow rattle (Rhinanthus minor)	Common sorrel (Rumex acetosa)	Common dandelion (Taraxacum officinale agg.)	Red clover (Trifolium pratense)	Yorkshire fog (Holcus lanatus)	Bent grass (Argostis capillarsi)	Early purple orchid (Orchis mascula)	Bristle bent (Agrostis curtisii)	Timothy (Phleum pratense)	Crested Dog's-tail (Cynosurus cristatus)	Soft Rush (Juncus effusus)	Moss spp.	False oat grass (Arrhenatherum elatius)	Cocksfoot grass (Dactylis glomerata)	Heath Grass (Danthonia decumbens) 	0	0	0	0	2	0	9	45	3	9	17	0	5	0	0	17	0	7	0	0	14	0	15	0	4	Vascular Plant Species


Percentage Coverage (%)



Mean Percentage Cover of Inappropriate Management Indicators (Lower HM) (2021 Study)

Lower	Common mouse-ear chickweed (Cerastium fontanum)	Creeping Thistle (Cirsium arvense)	Spear Thistle (Cirsium vulgare)	Hogweed (Heracleum sphondilium)	Perennial ryegrass (Lolium perenne)	Creeping buttercup (Ranunculus repens)	Bitter Dock (Rumex obtusifolius)	White clover (Trifolium repens)	Common ragwort (Senecio jacobaea)	Field rose (Rosa arvensis) 	Tree saplings	Mare's-tail (Hippuris vulgaris)	Field horsetail (Equisetum arvense)	Creeping thistle (Cirsium arvense)	0	0	0	0	1	0	0	4	0	0	0	3	0	0	0	Vascular Plant Species


Percentage Coverage (%)
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Step Number

Identification Descri

1 Nettle patches 14
2. Signs of livestock 1
E Leaf type 05
Grasses (positive indicators) 12
5. Grasses (negative indicators) (5)
6. Yellow rattle (Rhuminantus minor) presence 04
7. iflowers- How many different species? 13
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UPPERF.

Hay Meadow Perimeter
(CYNCP Management Plan, 2004).
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SAMPLING POINT
(Upper field, Lower field)

Distance on
Transect (m)

GRID REFERENCE
(GPS hand-held device)

Upper 1 5 SN 84261 15249
Upper 2 20 SN 84270 15259
Upper3 35 SN 84273 15289
Upper 4 50 SN 84278 15309
Upper 5 65 SN 84283 15317
Lower 1 5 SN 84409 15150
Lower 2 20 SN 84419 15153
Lower 3 35 SN 84434 15159
Lower 4 50 SN 84434 15166
Lower 5 65 SN 84467 15170
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UPPER (1-5), Lower (1-5) Grid reference (....)
Indicators of Present Indicators of Present
Appropriate (PY | Coverage Inappropriate (PY | Coverage
Management Abeit ) Management Abeit )

(A) (A)
Common yarrow Common mouse-
(Achillea ear chickweed
millefolium) (Cerastium

fontanum)

Common Creeping Thistle
knapweed (Cirsium arvense)
(Centaurea nigra)
Lady’s bedstraw Spear Thistle
(Galium verum) (Cirsium vulgare)
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Extraction Extract Chemical Deionized Water Soil (ml) Range
(Tablet) (mi)
Soil pH N/A No extraction required, direct 4-8 pH
sampling
Nitrogen 1M Ammonium 50 20 0-25 mg/l
(N) Chloride
Phosphate 0.5M Sodium 50 20 0-150
P Bicarbonate mg/l
Potassium 0.1M magnesium 50 2 0-450
(K) Acetate mg/l
Magnesium 1M Potassium 50 10 0-500
(MG) Chloride mg/l
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Additional Equipment Used for
Palintest

Funnel

Sample Container

Dilution Tubes

Soil scope 2ml

Soil scope 10 ml
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Sample

Reference

(Upper/Lower)

pH

P (mg/1)

K (mg/1)

Mg (me/I)

Moisture Content

Index

Index

Index

(mg/1)

(me)

1

2
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DAFORN Scale (Rapid Assessments)

Description Code | Coverage (%

Dominant 81100

Abundant 61-80

Frequent 2160

Occasional 2140

Rare 120

None Not present in any of the sample
points
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Recording Card- How healthy is your meadow? (CYNCP Hay Meadow) August 2021

Step Number

Identification Description

Scoring Points Available

1 Nettle (Urtica dioica) (patch size) 3

2 Signs of livestock (present/absent) -

3 Leaf type (shape types) 5

2 Grasses (positive indicators) 3

5 Grasses (negative indicators) 5

6 Yellow rattle (Rhumingntus minor) presence a

7 Wildflowers- How many different species? 10
20

TOTAL
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I  MGs threshold (plants included by the CYNCP survey).

- Additional plants recorded during the 2021 survey and included in the modified record table.
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Species Planted by CYNCP in 1986 HM Restoration Programme

Nr. Common Name Scientific Name Present (P) / Absent (4)
1 Common yarrow Achillea milleforium A

2 Common knapweed Centaurea nigra P

3 Wild carrot Daucus carota A

4 Lady's bedstraw Galium verum A

5 Meadow cranesbill Geranium Pratense A

6 Field scabious Knautia arvensis A

7 Rough hawkbit Leontodon hispidus P

8 Bird's foot trefoil Lotus corniculates (Native) P

9 Ragged robin Lychnis flos-cuculi A

10 Black medic Medicago lupulina A

11 Ox-eye daisy Leucanthemum vulgare P (spotted in HM)
12 Hoary plantain Plantago media P (different type)
13 Salad burnet Poterium sanguisorba A

14 Heal-all Prunella Vulgaris A

15 Meadow buttercup Ranunculus acris P

16 Yellow rattle Rhinanthus minor P

17 Common sorrel Rumex acetosa P

18 Lesser trefoil Trifolium dubium P (different type)
19 Four-seeded vetch Vicia tetrasperma A
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Below, we have compiled a table showing what problem species you might encounter and some information about
what these mean and what you can do about it:

MATEUSZ MORGA (mateuss25@hotmail.com) is signed in |

What does this indicate? Possible solutions.

Problem plat

Curled Dock (Rumex crispus)

Marsh Ragwort (Senecio aquatica)

Soft rush (Juncus effusus)

Nettle (Urtica dioica)

Pond sedges (Carex acuta, C.
acutiformis, C. riparia and C. vesicaria)

Hogweed (Heracleum sphondylium)

Tall oat grass (Arhenatherum elatius)

Spear thistle

Sharp-flowered rush (J. acutiflorus)

Waterlogging and
Eutrophication

‘Waterlogging and soil
disturbance

Waterlogging and acidification
and soil disturbance
Eutrophication

Waterlogging and late or
missed cuts

Eutrophication and late or
missed cuts

Late or missed cuts or lack of
grazing

Eutrophication + soil
disturbance

Wet soil and low nutrient
availability

Repair surface drainage, cut early
(mid June)

Repair surface drainage, cut early
(mid June); avoid overgrazing

Repair surface drainage, apply
lime; avoid overgrazing

Cut early (mid June); cut twice
annually (June & September)

Restore surface drainage; cut early
(mid June)

Cut early (mid June); cut twice
annually (June & September)

Cut early or twice

Cut early and do not overgraze

Improve surface drainage and
addition of farmyard manure
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Upstream Mg

Meadow (UM) pH Mg/l | Index | Mg/l | Index | Mg/l | Index
2000 5 10 1 57 0 91 2
2003 5.15 8 0 53 0 64 2
2004 505 6 0 45 0 64 2

Downstream

Meadow (LM)
2000 4.85 11 1 57 0 93 2
2003 6.2 9 0 83 1 83 2
2004 5.05 6 0 36 0 51 2
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Mg/l Index Mg/l Index Mg/l Index

Upper 1  5 SN 84261 15249 3.9 44 3 25 0 115 3

Upper 2  20 SN 84270 15259 4.2 16 2 25 0 90 2

Upper3 35 SN 84273 15289 4.1 13 1 40 0 100 2

Upper 4  50 SN 84278 15309 4.1 10 1 45 0 100 2

Upper 5  65 SN 84283 15317 5.6 22 2 60 0 95 2

Lower Meadow (LM)

Sampling Point 

(East to West 

Direction) (m)

Lower 1  5 SN 84409 15150  4.8 14 1 30 0 100 2

Lower 2  20 SN 84419 15153  4.2 15 1 25 0 110 3

Lower 3  35 SN 84434 15159 4.0 15 1 30 0 95 2

Lower 4  50 SN 84434 15166 4.2 11 1 20 0 100 2

Lower 5  65 SN 84467 15170 4.2 34 3 20 0 95 2

MEAN VALUE UM 4.38 21 2 39 0 100 2

MEAN VALUE LM 4.28 18 2 25 0 100 2

(- )Below Recognised 

Range (Palintest)

MEAN VALUE UM+LM 4.33 20 2 32 0 100 2

Upper MEADOW (UM)

pH

P K Mg

-

0.3

-

N

Mg/l

Sampling Point 

(East to West 

Direction) (m)

Grid Reference

0.7

-

0.4

0.1

0.3

1



0.5

-

-

-
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Figure 1: Approximate posiions of transects and quadrats on hay meadow

Bearings starting from A

AtoB =203
Bio C=45° }Upper

CtoD=202° (" meadow
DtoE=48°

LS }m

‘Physical landmerks for bearings
A= Comer of sward_B= 1t tree along fence line C = Alder between Pati tree and Ash
D = Tallest Ash with Beech behind E = Sycamore between2 Ash

F = Comer of sward G= Conarete shed H = Enclosed ree ~1=2nd Birch left of dead ree
T= Right post of style.

Sprened
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Table 1: Soil particle size

Table 2: Soil texture description

Sitty clays

‘Adheres to fingers and is very sticky when wet. Has a ‘buttery’ appearance.

Clays

Form solid balls when wet and can be rolled into long threads. The soil
smears to give a polished surface and is very sticky but does not cling to
fingers. Clays do not feel smooth or soapy.

Sandy clays

Deformation of the ball is difficult when wet and sand grains can clearly be
seen on the surface. Very sticky when wet.

Sandy silt
loams.

Mould easily due to the Silt but feel gritty and soapy. The wet mixture will
cling to fingers.

Sandy Toams

Feels gritty and breaks into short threads when rolled out. It will form a
deformed ball when moulded together. Slightly sticky when wet.

Loamy sands

Not sticky but will form a weak ball when wet, which collapses easily. Feels
gritty but will retain a ‘glistening’ wet look after water has been applied.

Sands.

Feels gritty and cannot be moulded into a ball when wet, lacking cohesion.
Moisture quickly disappears and the surface dries to a matt finish.

Using a moist sample of the soil, assess the soil texture using the following key.

Question

Ans.

YES

GoToQ2
GoTo Qb

T Does the soil feel or sound noticeably sandy?

LOAMY SAND.

GoToQ3
GoToQ

SAND

NO
YES
NO
YES
NO

3 Is it difficult to roll the soil into a ball?

3
g
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(Upper and Lower Hay Meadow combined)
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Upper hay meadow species assessment presence year by year
(Species indicative of good management)
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% occurance based on 10 quadrats

Upper hay meadow species assessment presence year by year
(Species indicative of inappropriate management)

Cerastium
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Lower hay mesdow spocies assessment prosence yoar by year
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Modified HM Botanic Survey Record Sheet (MGS I ndicators)

(sampled 2nd August)

(Sunny, 15°C)

UPPER 1_ (5m) Other Species. |Grid reference: SN 84261 15249 Other Species.
Indicators of Appropriate Management |, 75" , | <% | ndicators of inappropriate Management |, ieient , | “iars®
common yarrow achlea milsfolum) cormtomtomtanem)
e e m——
oty bedetraw (Gatham verum) e
et er—— e
Astamn hawiil{ ontodan aunirnals) e
v P ceontoden Hspidus) e
e tter bock (ramexcbsolus)
Rbwort plantain (Plantago lanceolata) P 2 |White clover (Trifollum repens)
Meadow buttercup (Ranunculus acris) P 2 (Senedio]
vellow rarte (Rhinanthus minor) re1d rose (osoarvenss)
common sorrel (Rumex acetosa) P 2 |Tree
[common dandellon (Taraxacum officinale agg ) | Mare*s-tall (+ ) P 2
3 dover ot pratense) R T ——)
e 5 R
Bent grass (Argostls caplllarst) P 65
oy purple orehd (orchis mascuta)
ristie bent (Agrostis curtisil) P 5
Timothy (Phleum pratense) P 1
Crested Dog's-tall (Cynosurus cristatus) P 10
Soft Rush (Juncus effusus) P 20
Moss spp. P 5
o R )
cockatoot grass (acyls lomarata)
P
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Modified HM Botanic Survey Record Sheet (MG5 Indicators)

(Sampled 2nd August)

(Sunny, 15°C)

UPPER 2_(20m) Other Species |Grid reference: SN 84270 15259 Other Species
Indicators of Appropriate Management |, == | <==oee | incicators o inappropriste Management | =t , | covrmse
o e e oY < e
[Common knapweed (Centaurea nigra ) P 10 |creeping Thistie (Cirsium arvense)
Lady’s bedstraw  (Galium verum) | Spear Thistle (Grsium vulgare)
e [ ——
R r—) e T—v—
Rough hawkbit (Leontodon hispidus) | Creeping buttercup (Ranunculus repens)
Bird's foot trefoil (Lotus comiculatus) [Bitter Dock (Rumex obtusifolius) P 20
Ribwort plantain (Plantago lanceolata ) P 20 |white dover(Trifolium repens)
e e
e e
e e
e [P rr—
Red clover ( Trifolium pratense ) |Field horsetail (Equisetum arvense ) P 8
Yorkshire fog (Holcus lanatus) P 35 |Creeping thistle (Girsium arvense)
Bent grass (Argostis capillarsi) P 8
e
Bristie bent (Agrostis curtisii) P 5
T
Erer—
ot s s s
| Moss spp. P 2
False oat grass (Arrhenatherum elatius ) P 10
| Cocksfoot grass (Dactylis glomerata)
e
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Modified HM Botanic Survey Record Sheet (MGS Indicators)

(Sampled 2nd August)

(Sunny, 15°C)

UPPER3_(35m)

GiherSpeces  [Grid reference: SN 84273 15269 Er———
Indicators of Appropriate Management et | rare® | Indicators of Inappropriate Management | | P || Corere
|(P)/Absent (a) (%) (P)/Absert (A)| (%)
Cormmon yarrow (Achiea miefotium) 3 - chickwee (Cerast
Common knapweed (Centauren nigra) P 70 |creeping Thistie (Cirsiumarvense)
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Modified HM Botanic Survey Record Sheet (MGS5 Indicators)  (Sampled 2nd August)  (Sunny, 15 C)
UPPER 4_(50m) Otherspecies  arid reference: SN 84278 15309 Other Spedes
Indicators of Appropriate Management | M=% || €% | Indicators of Inappropriate Management [ RS || €2leEe
Common yerrow (Achiliea miliefoiium) |common mouse-ear chickweed (cerastium fontanumy
e o)) P 50 |Creeping Thistle (Cirsium arvense)
Lady’s bedstraw  (Gallum verum) [Spear Thistle (Cirsium vulgare)
Flatweed (Hypochaers radicata) ogweed (Heracieum sphonaiium)
Autumn hawibrt (Lzontodon autumnalis) erennial ryegrass (Lotium perenne)
Rough hawkbit (Leontodon hispidus) P 3 |creepingbuttercup (Ranunculus repens)
oira foot tetoll (Lotus comiculatus) aitter Dock (Rumex obtusitotius)
Ribwort plantain (Plantago lanceolata ) P 30 |white clover (Trifolium repens)
Meadow buttercup (Ranunculus acris ) P 2 |common ragwort (Senecio Jacobaea) P 10
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Modified HM Botanic Survey Record Sheet (MGS5 Indicators)

(Sampled 2nd August)

(Sunny, 15" C)

UPPER 5 (65m) therspecies [Grid reference: SN 84283 15317 Otherspecies
Indicators of Appropriate Management |, "7 || ©1%2 | Indicators of Inappropriate Management |, MET | Ceee

Common yarrow (Achilea millefollum) [Common mouse-ear chickweea (Cerastium fontanum)

common knapweed (Centaurea nigra) P 40 |creeping Thistie (Cirsium arvense)

Lacys bedstraw _(Gatlum verum) Spear mistie (cirstum wigare)

Flatweed (Hypochaeris radicata) Hogweed (Heradleum sphondilium ) P 50

Autumn hawkbit (Leontodon autumnalls ) Perennial ryegrass (Lolium perenne) P 1

Rough hawibit (Leontodon hispidus) creeping buttercup (Ranunculus repens)

i’ foot wretoll (Lotus comiculatus) aitter Dock (Rumex obusifollus)

Ribwort plantain (Plantago lanceolata) P 3 |White clover (Trifollum repens)

[Meadow butte rcup (Ranunculus acris) |Common ragwort (Senedo jacobaea) P 5

Vellow rattie (Rhinantus minor) Fiold ror (Rosa arvensis)

Common sorrel (Rumex acetosa) ree sapiings

Common dandellon (Taraxacum officinale o991 vare's-tal (- )

Red clover (Tifoilum pratense) Field horsetal (Equisetum arvense)

Yorkshire fog (Holcus lanatus) |Creeping thistle (Cirslum arvense) P 20

Bent grass (Argostis capillarsi) P 2

Early purple orchi (Orchis mascula)

arste bent (Agrosts curtisil)

Timothy (Phieum pratense)

Crested Dog's-tall (Cynosurus cristatus) P 1

Soft Rush (uncus offusus)

Moss spp.

Fatse oat grass (Arrhenatherum latius) P 5

Cocksfoot grass (Dactylls glomerata) P 1

Fioath Grass (Danthonla decumbens]
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Modified HM Botanic Survey Record Sheet (MGS Indicators )

(Sampled 1st August)

(Sunny, 10°¢)

LOWER 1 (5m) Otherspecies [arid reference: SN 84419 15153 Other species
Indicators of Appropriate Management | , W=7 | | €S | jndicators of Inappropriate Management | , WEST | | €0

Common yarrow (Achliea miliefollum) |Common mouse-ear chicweed (Cerastium fontanum)

Common knapweed (Centaurea nigra) [creeping miste (Crsium arvense)

Lacy's beastraw _(Gallum verum) Spear Thistie (Cirstum vuigare)

Fiatweed (Hypochaeri radicata) Hogweed (Heradleum sphondium)

Autumn hawkbit (Leontodon autumnalis) P 2 Perennial ryegrass (Lolium perenne)

Rough hawicit (Leontodon ispidus) Crocping butteraup (Ranunculus repens)

Bird"s foot trefoll (Lotus corniculatus) P 20 |Bitter Dock (Rumex obtusifolius)

Ribwort plantain (Plantago lanceolata) P 15 | white clover (Trifolium repens) P 3

Meadow buttercup (Ranunculus acris ) P 3 |Common ragwort (Senecio jacobaea)

Velow rattie (Rhinanthus minor) Fiotd rore (Rosa arvensis)

Common sorrel (Rumex acetosa) P 35 |Treesaplings

Common dandellon (Taraxacum officinale agg-) Mare s-tai (Hippuris vulgarls)

Red dover (Tfollumpratense) Field horsetall (Equisetum anvense)

Voriahire fog (olcus lanatus) [creeping thistie (cirstum arvense)

Bent grass (Argostis caplllarsi) P 20

Earty purpte orchia (Orchls mascuta)

erstle bent (Agrasels curdsi )

Timothy (Phieum pratonse)

Crested Dog's-all (Cynosurus cistatus)

Soft Rush (Juncus effusus) P 3

Moss spr.

False oat grass (Ahenathenim elatius)

Codkstoot grass (Dactyls glomerata)

eath Grass (Danthonla decurbens)
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Modified HM Botanic Survey Record Sheet (MG5 Threshold) (Sampled 1st August)

LOWER 2 (20m)

Otherspecies [Grid reference: s 84434 15160 Otmerspecies
Indicators of Appropriate Management | "= | “>*% | indicators of Inappropriate Management | " | €roe

Common yarrow (Achillea millefolium ) |Common mouse-ear chickweed (Cerastium fon J1

Common knapweed (Centaurea nigra) creeping Thistle (cirsium arvense)

Lady’s bedstraw _ (Gallum verum) |Spear Thistle (Cirsium vulgare)

Fiatweed (Hypochaers radicata) ogwesd (Heracieum sohonium)

Autumn hawkbit (Leontodon autumnalls) P 2 Perennial ryegrass (Lolium )

Rough hawkbit (Leontodon hispidus ) |Creeping buttercup (Ranunculus repens)

oints oo trefol (totus coriculans) eieer Dock (Rumex obrusifolius)

Ribwort plantain (Plantago lanceolata) P 35 | white clover (Trifolium repens) P 5

[Meadow buttercup (Ranunculus acris) |Common ragwort (Senecio, )

Vellow rattie (Rhinanthus minor) et ore (Roso arvensis)

Common sorrel (Rumex acetosa) [Tree saplings p 3

Common dandelion (Taraxacum officinale agg .) Mare's-tall (Hippuris vulgaris )
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Modified HM Botanic Survey Record Sheet (MG5 Threshold) (Sampled 1st August)
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Modified HM Botanic Survey Record Sheet (MGS5 Threshold) (Sampled 1st August)
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Modi

d HM Botanic Survey Record Sheet (MG5 Threshold) (Sampled 1st August)

LOWER 5 (65m) Other Spedies Grid reference: SN 84409 15150 Other Species.
. Present | Coverage - . Present | Coverage
Indicators of Appropriate Management (e nmeant (81| (ot Indicators of Inappropriate Management |, Ze5 | <75
Common yarrow (Achiliea millefolium) |common mouse-ear chickweed (Cerastium fontanum)
Commeon knapweed (Centaurea nigra) |creeping Thistle (GIrsium arvense)
Lady's bedstraw _(Galum verum) [spear Thistie (Cirsium vulgare)
Flatweed (Hypochaerls radicatar) Hogweed (Heracleum sphondlilium )
Autumn hawkbit (Leontodon autumnalis) Perennial ryegrass (Lolium perenne) P 1
Rough hawkblt (Leontodon hispidus) |Creeping buttercup (Ranunculus repens)
Bird's foot trefoll (Lotus comiculatus) Bitter Dock (Rumex obtusifolius)
Ribwort plantain (Plantago lanceolata) P 20 |white clover (Trifolium repens)
Meadow buttercup (Ranunculus acris) P 2 |Common ragwort (Seneclo jacobaea)
Vellow rattle (Rhinanthus minor) Field rore (Rosa arvensis)
| Common sorrel (Rumex acetosa) P 5 [ Tree saplings
Common dandellon (Taraxacum offidnale agg .) Mare's-tail (Hippuris vulgaris)
Red clover (Trifollum pratense) P 1 Fleld horsetall (Equisetum arvense)
Vorkshire fog (Holcus lanatus) |creeping thistie (qirsium arvense)
Bent grass (Argostis caplilarsi) P 40
Early purple orchid (Orchis mascula)
Bristle bent (Agrostis curtisil) P 5
Timothy (Phleum pratense)
Crested Dog's-tall (Cynosurus cristatus)
Soft Rush (Juncus effusus)
[Moss spp.
False oat grass (Arrhenatherum elatius) P 30
Cocksfoot grass (Dactlls glomerata)
Heath Grass (Danthonia decumbens) P 5
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5-15mg/kg phosphorous is very
suitable for the restoration or
creation of wildflower grasslands.

This range is perfect for restoration
and creation of wildflower
grasslands.

Wildflowers may struggle to compete
against grasses and plants that like
higher levels of soil nutrients. In soils
with phosphorous levels above
20mg/kg and the plants used should
be considered in terms of their
ability to cope in high nutrient
environments.

Reducing the level of phoSPhoTous 15
recommended if levels are over
25mg/kg.

Methods to achieve this include
growing a cereal crop (such as
barley) with nitrogen added but no
phosphorus if the land is arable. If
the land is already under grass, take
one or two years of grass cuts and
then re-measure phosphorous. An
early grass cut (June), followed by a
second cut in August/September or
several silage cuts in one year may
also reduce the load. Take the cut
grass away as leaving it on the
ground will let it decompose and add
nutrients back to the soil.
Phosphorous may take a long time to
reduce in heavy clay soils and more
drastic methods such as removing the
topsoil may be required. See soil
nutrient stripping for more
information.

36 290

86 - -132

Very high

Values above 50mg/Kg are probably
too high to consider species rich
grassland restoration without drastic
measures such as topsoil stripping,
deep ploughing or chemical
amendment. See soil nutrient

for more information.
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‘Modified Morgan [ Status interpretation
me/t
<40 Very low | This level of potassium 1= very low
resulting in low herbage yields.
Roplacement of this essential nutrient may
be required in future management.
T - % p= This range 15 perfect for restoration and
61-120 “0-75 b creation of wildflower grasstands.
z- 121-180 76-200 Moderate Tldflowers may struggle to compete with
more competitive Brases and weeds in
Soits with higher potassium tevel.
== 781240
3 241-400 261-400 Tign AS potassium 15 very SolGble, The notrient
may be leached out of soils. However. in
Clay-based soils this may be difficutt to
Schieve. Other restoration work to
- 3013600 ~a00 Very High | counteract the cffects of high phosphorous
and nitrogen may also lead to a decrease
in potassium and soil tests should be
undertaken to determine potassium levels.
rlar;le 4: Nilroge;r: index - Table 6: Magnesium index Table 7: pH
ndex Arable ong-term Description
tang 5 Index_ [ Mg/l e e e
Tow <0.25% < 0.5% 0 025 i
Medium 0.25 - 0.5% 05 - 1% 1 26-50 5-54 | Acid - Neutral
o 5% - 2 51-100 5-6.5 | Neutral (mesotrophic)
Z - B 3 0175 565 | Calcareous





