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Preface:
This dissertation is produced in conjunction with the Viva as final examination of the Master of Science (MSc)in Environmental Management and Conservation at the University of Trintiy St David, additionally this research module equivalent to 60-unit points.
My interest in this topic arose following a long-term interest in the flora and fauna present at the unique Bronze age raised bog UNESCO site at Cors Caron National Nature Reserve, located near Tregaron, Ceredigion in the heart of the Cambrian Mountains of West Wales, U.K. further enhanced by carrying out a critique of the existing Conservation Management Plan for Cors Caron whilst studying Habitat Management with Professor Rhian Jenkins during  part one of the course. I am very grateful as a result to have had the opportunity to carry out research at the site and in doing so gain new survey skills and also to gain a greater understanding regarding application of modern and traditional monitoring methodologies in the field regarding evaluation of SSSI feature numbers and habitat status. 
This research has also helped me to evaluate the importance of conducting similar feature appraisals enable greater understanding of the duration of time required for habitats to both recover and potentially achieve greater net gain in favourable status post implementing ecological restoration works at landscape scale.
As a result, the knowledge and understanding gained during this time has also helped me to achieve greater understanding and the ability to assist in development of and implementation of a robust and detailed scientific framework to enable high frequency sensor monitoring for nutrient management within the Afon Teifi Special Area of Conservation (SAC) as part of my current role as Nutrient Management Officer for Ceredigion County Council. It has also helped me to develop greater ability to apply critical thinking to outputs and analysis of the project work currently being undertaken and in assessing the efficacy of modern abiotic and biotic marine and freshwater SAC monitoring methods, in which I hope to develop further as part of my ecology practice skill set in the future.

Figure 2: Southeast Dome - Cors Caron Old Peat Bund Pool (Zanoni, L 2022)


Figure 3: Sundews from the West Bog: Cors Caron (Zanoni, L,2024)
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1.Introduction 
[bookmark: _Toc192797705][bookmark: _Toc196775428]1.1 Research Context & study site overview 
Why Bogs?
Natural Resources Wales (NRW) a member of The Nature Recovery Action Plan Implementation Group NRAP(IG) (Wales Biodiversity Partnership,2022) is responsible for implementing projects to manage and restore protected sites via an ‘ecosystem’ approach, within the context of enhancing connectivity of sites in the wider landscape and managing for resilience and climate change mitigation. 
An exemplar programme example for peatbog restoration was the ‘New LIFE for Welsh Raised Bogs’ project (Natural Resources Wales ,2025), a programme of hydrological management peat bog restoration works undertaken by NRW to restore functionality to six key Welsh peatbog sites, including Cors Caron National Nature Reserve (CCNNR), and  delivered 140,000m peat bunding and 150 peat dams total helping to increase resilience and stabilise hydrology at all the sites, in addition to removing 676 hectares of scrub, invasive non-native species and mowing over 100 hectares of dominant Molina Caerula(Purple Moor grass) .
 This programme recently concluded at Cors Caron in June 2024.,. though archive information pertaining to the project  can be found  on the blog site previously mentioned above (Natural Resources Wales,2025)  and also the ‘Cors Caron New LIFE for Welsh Raised Bogs(International Union for Conservation of Nature UK Peatland Programme, 2025) is also a useful source of information in addition to data base page ‘LIFE Welsh Raised Bogs(European Commission, 2025) which in addition to being a repository for the LIFE project also provides updates to hydrological reporting, related European Union Legislation and Natura 2000 Sites( latter designation also accorded to CCNNR )
Why are peatbogs important to restore?
If in favourable condition, peatbogs deliver valuable ecological services by delivering hydrological filtration and flood risk attenuation as described by (Shuttleworth et al,2019) and outlined implicitly at the seminal ‘Convention for Wetlands’ held in Zurich by (Ramsar,2020). This is due to the significant ability of peatbogs to sequester CO2 in relation to the 2-3 % of total global land mass covered, as widely described in the literature i.e., (Freeman et al ,2012); with sub-arctic(northerly) latitudes proposed to contain possibly up to 90% of total global peatland carbon stores (Yu,2011)
Consequently, the carbon storage functionality of peatland  is considered a priority internationally in the context of funding provision for landscape ecological restoration; consider a recent  declaration that ‘countries should include peatland conservation and restoration in their commitments to international agreements, including the Paris Agreement on climate change’ (IUCN,2021) Moreover a recent NRW Evidence Report (Natural Resources Wales ,2022) suggests restoration of all peatland areas to rewetted fen or bog could reduce emissions from NRW peatlands by approximately ‘78 kt CO2-e yr-1., with lowland raised bogs sequestering a further 414 t CO2-C yr-1’(Burden et al,2016) 
A recent briefing paper (CIEEM,2021) notes ‘Potential carbon sequestration of these habitats could double if they were in good order, equivalent to 32% of annual agricultural emissions. Peatbogs, left in degraded or unfavourable condition (UC), however, can act against climate change mitigation, by off gassing noted by ‘Burden et al (2016); ‘Methane emissions, in contrast, are highest from blanket bogs with almost 97 t CH4C emitted per year.’ , the authors also note that ‘Raised bogs contributed the second largest emissions of methane at 55 t CH4-C yr-1’.
Monitoring of key peatlands is therefore a priority for UK environmental regulatory bodies  such as NRW, the results of which can be viewed  via the ‘Welsh Peatlands Data portal a resource, (Natural Resources Wales, 2025)  and example outputs, from the portal site using CCNNR as an example are shown in Figs 4 and 5 below  which display relative site vales respectively for  carbon emissions(tCO2e/ha/yr) and peatland thickness (cm).
The Welsh Peatlands Data portal was primarily provided to spatially report on site metrics and progress arising from The National Peatlands Action Programme and  Figure 4 and Figure 5 below show example outputs for Cors Caron displaying sequestered CO2 levels and peat thickness.  The programme was set up in 2020 by the Welsh Government with NRW as the lead delivery body for the restoration works and from which it is reported that an estimated 8000 tonnes of carbon per annum is being saved (Welsh Government, 2025).
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[bookmark: _Ref196724870][bookmark: _Toc196768156]Figure 4: Screenshot from Welsh Peatlands Data portal showing values for Emissions (tCO2e/ha/yr) (Natural Resources Wales, 2025)
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[bookmark: _Ref196724890][bookmark: _Toc196768157]Figure 5: Screenshot from Welsh Peatlands Data portal showing values for Peat Thickness (cm)(Natural Resources Wales, 2025)
Following the science NRW has embarked on restoring its peatland sites, using innovative techniques such as’ low pressure bunding ‘techniques, one of these being CCNNR, A brief overview of the site and ecological restoration works are presented below.
[bookmark: _Toc132739503][bookmark: _Toc196775429]1.2 CCNNR: Structure and Current Ecosystem Restoration management.
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[bookmark: _Ref196725020][bookmark: _Toc196768158]Figure 6: GIS Map showing mesotopes and bisection of the Afon Teifi SAC and flood plain features at Cors Caron SAC (Zanoni,2022)

The raised mire habitat of the Cors Caron SAC bisected by the complex wetland floodplain structure of the Afon Teifi SAC, shown in Figure 6 above, provides area water storage and desynchronisation of flood peaks, for nearby towns of Tregaron, Lampeter and Llandysul) respectively (Joint Nature Conservation Committee, 2017). Internationally significant, the site is an intact raised bog system (macro tope) formed 12000 yrs ago, from glacial lake melt, consisting of three ‘mesotope domes’ (Northeast, West and Southeast). 
Nonetheless, despite the relative favourable condition of areas of CCNNR, degradation has occurred throughout the macro tope, due to past land management practices such as agricultural drainage and burning to enable stock grazing, industrial processes (i.e. peat cutting, evidence of which can be seen in Figure 7 below) and previous ecological restoration practices such as deep pressure bunding (shown in Figure 8 below)
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[bookmark: _Ref196725064][bookmark: _Toc196768159]Figure 7: Ariel Photo of Cors Caron near Tregaron, 1946: Copyright: Welsh Government (Peoples Collection Wales,2022)
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[bookmark: _Ref196725078][bookmark: _Toc196768160]Figure 8: Satellite image showing peripheral historic bund pools: New LIFE for Welsh Raised Bog Blog (2025)
As part of the ‘Life for Welsh Bogs’ project, NRW is carrying out current hydrological management measures at CCNNR using ‘low pressure bunding’ (LPB) pioneered by Natural England at Foulshaw Moss (Cumbrian Wildlife Trust,2016) and successfully trialled at Cors Fochno (NRW,2021). The technique enables construction of low bunds in ‘finger like’ cells, using single bucket diggers (as shown in Figure 9 below), these follow natural contouring around the base of the domes (no more than 30 cm depth) for rewetting, enabling water attenuation, allowing sphagnum moss rafts to re-establish, an essential component for reinterment of peatland. In the case of one ‘section’ of bunding failing unlike (deep pressure bunding practices) repairs can be achieved with hand tools(spade) without compromising the action of the remaining peat dam section and minimising disturbance to re-established ecology.
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[bookmark: _Ref196645650][bookmark: _Toc196768161]Figure 9: Photograph: depicting low pressure bund reprofiling at Cors Caron NNR from ‘Life for Welsh Bogs Blog’(2025)
[bookmark: _Toc132739504][bookmark: _Toc132739507][bookmark: _Toc196775430]1.3 Research Problem How to evaluate efficacy of ‘LPB’ ecosystem restoration works at (CCNNR) abiotic vs biotic methodologies.
Importance of Assessment and monitoring to evaluate the ongoing impact of conservation measures at CCNNR.
Having briefly looked at scope of works being carried out at CCNNR it is important to also note the requirement to carry out not only ongoing but also post project monitoring, for evaluating the efficacy of restoration measures… A salutary lesson  from  a recent ‘after only study’ (Caruana,A.,Camilleri,B.,Farrugia., & Jones,J.P.G.,2024) to evaluate a European funded project to mechanically excavate American  red swamp crayfish (Procambarus clarkii) in Malta, highlights the primacy of building in impact evaluation and post project monitoring, for the avoidance of comfortable assertions that works are successfully contributing to favourable conditions which proved ,not the case in this particular study.
Throughout the  CCNNR project considerable abiotic data has been collated by NRW staff /surveyors via ‘Dip wells’ measuring water table levels and gas readings to gauge levels of anoxia , which broadly demonstrate that the project is enabling water table levels to remain within 20 cm of the bog dome surfaces, with NRW reporting ‘Monitoring of water levels has shown an increase in mean annual water levels between 4cm-10cm following restoration work, promoting far greater resilience to future summer droughts, and providing suitable conditions for habitat restoration’.(Natural Resources Wales,2025), maintaining acceptable limits of hydration for bog mosses to thrive and enabling greater resilience constituent ecosystems. NRW are also currently awaiting publication of an updated hydrological study for the UK Centre for Ecology and Hydrology (C.E.H.) will be publicly available soon via their main website.
Moreover, additional data to aid with future environmental monitoring is being generated not only for this site but the whole of Wales via open sources geospatial data management and analysis tools such as ‘Earth Track’ App’ available at the ‘Living Earth’ Hub (2025) that provides mapping and monitoring information of landscapes form ‘Earth Observation (E.O). data, and where development for the ‘Welsh Open Data Cube (WDC) is also currently underway which will provide access to a full archive of time series Landsat sensor, Sentinel-1 radar and/or Sentinal-2 optical satellite Analysis Ready Data (A.R.D.)  and the capacity to generate land and water classifications 
Also though not in the scope of this master’s to go into through comparisons between different remote sensing systems available for determining % ratios of  water and vegetation cover a recently released technical review commissioned by the IUCN UK  Peatland programme  ‘Remote Sensing of Peatlands’ (Yallop A.R,,Thacker J.I.& Clutterbuck, B.,2024)  which provides an excellent evaluation of optical, radar and LIDAR techniques presently used for detecting changes in peatland condition and range of effects. And for carrying out initial quantitative evaluation of site potential for improvements, monitoring of restoration works (and to generate metrics for evaluating efficacy).
Figure 10 below shows a summary taken from the review demonstrated the types of typical key variables targeted for peatland mapping objectives using remote sensing technologies
However, the authors suggest that field surveys are undertaken by ‘identifying pure stands for each species on site’ to gather data for ‘training’ image classifies software and to ‘assess the mapping accuracy of outputs. Furthermore, there are limits to what can be attained regarding increasing sensor pixel density for both airborne and E.O optical sensors e.g. for Micro Air Vehicles (MAV) imagery of 5 cm is achievable for ground resolution but for most captures 12.5 cm is preferred for operational and user demand requirements.
They also note ‘In terms of peatland monitoring, there is unlikely to be an adequate gain in classification accuracy from using imagery of much higher resolution, given concomitant increases in difficulty of image/field survey co-registration and data storage’.
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[bookmark: _Ref196645763][bookmark: _Toc196768162]Figure 10: Summary of desired objectives for mapping peatland using remote sensing (Yallop A.R, Thacker J.I.& Clutterbuck, B.,2024)
Why Butterflies?
Hydrological and general data regarding vegetation alone does not give the complete picture, indeed recommendations  form a recent United Nations report   as regards fulfilling  aims and objectives of the UN Decade on Ecosystem Restoration ,argue the case that studies made in protected areas and other effective area-based conservation initiatives ‘OECM’s could clarify decline in endangered species and help in ‘developing indicator species for monitoring restoration of recovering ecosystems (Dudley et al, 2021).
Furthermore, the authors go on to make the following point’ restoration that focuses purely on vegetation types without ensuring that constituent species are present will risk creating an inherently unstable ecosystem’
They further recommend that the decade focus should encompass endangered &threatened species groups, including amphibians and insects and make the point that case studies carried out in protected areas and OECM’s could help not only to increase understanding in long term species declines but also help to develop indicator species for pre and post monitoring. to chart ongoing recovery of ecosystems following on from installation of ecological restoration measures. 
If we consider Cors Caron as a candidate  protected site one such  potential indicator species for study would resident in this ecosystem  is the large White Heath butterfly  Coenonympha Tullia (ssp. Polydama),which makes its home amongst the iconic lawns and hummocks of the raised bog mire  located at one  of the southernmost limits  for this feature in Wales, in addition to the population at  sister site  Cors- Fochno- Bog near Borth, Ceredigion, where CT has been continuously monitored 23 years- along one  transect – and  where recent restoration works have occurred as part of the  New LIFE for Welsh Bogs project (Lyons.2023)
Prior to these recent ecosystem restoration works at CCNNR (Boyce ,2008) and (Polkey,2017) had surveyed all three domes for ‘CT’ ecology attributes larval food source ratio to Molina Caerula (purple moor grass) excess for which indicates poorer favourable condition (FC), and adult number counts for CT respectively. 
 CT is considered a specialist indicator species in the literature  of raised bog mires, as we shall see in Literature review below, (Osbourne et al 2022)  and  existing data potentially presents an opportunity to use CT 2024 adult number counts for comparison with 2017/2018 data, to evaluate how effective ‘LPB’ and other measures such as scrub control, creating dams  and Molina Caerula mowing practices  (undertaken over 5 years) have been in restoring FC to macro topic ecology. 
Attaining adult numbers for CT and survey data for ‘Habitat quality%’ for larval food (and shelter data) could also enable further correlation to be made between CT ecology condition and adult numbers for 2024, helping to establish future monitoring methodology for evaluating’ FC’ arising from ongoing low pressure bunding (LPB) and other hydrological restoration management practices previously undertaken at CCNNR.
 This would also enable the generation of additional data for CT concerning its status as an SSSI species, an ongoing issue highlighted by NRW following the publication of its ‘Protected Sites Baseline Evaluation review in 2020’ (Natural Resources Wales, 2025). The review confirmed that nearly 50% of species and habitats at protected sites are under-recorded. Addressing the lack of SSSI feature recording at many conservation reserves, would in NRW’s opinion would require strategic partnership solutions, i.e. support from volunteers and/or Citizen Scientists to carry out habitat and species feature recording in the future...
However, this would necessitate an evaluation of ground conditions, and the existing survey transects to determine their status and suitability for integration into Citizen Science Methodologies at CCNNR., to facilitate a possible route to partnership working, helping to gain more data for filling evidence gaps and to help with ongoing monitoring.
[bookmark: _Toc196775431]1.4 Summary of Main Research Aims & Objectives
Assuming the following premise the main research aims and objectives are summarised below 
That there is a relationship between ecological works and adult numbers seen, due to ecological works leading to improvement in FC


 Aims
1) Establish a quantifiable basis for evaluating the extent of favourable condition restored to the bog, using a biotic feature (CT), by carrying out annual adult index count for Coenonympha Tullia (CT) utilising previous survey methodology carried out by (Polkey, 2017) ,to correlate with existing NRW survey data taken pre -bog hydrological management restoration works for adult numbers- .i.e. is there likely an indication of FC, based on increased adult counts alone pre &post on going ecosystem restoration works at Cors Caron.
2) 	Obtain peer reviewed analysis for this survey at this site for 2024 (& to facilitate ability to incorporate this data set into national statistics for the year for UK wide reporting for CT)- will also log the Polkey transects onto UKBMS site.
3)	 Carry out habitat assessment using Boyce,2008 quadrat rapid assessment preciously carried out at the bog to set a baseline from 2024- by gathering ‘patch habitat quality % data’ for CT, not done prior to commencement of works 
4)	Attempt more granular assessments of FC-for CT- in 2024 by recording and analysing EV/PMG/other communities %, per bog
 5)	Evaluate and assess the possibilities of using methodologies above to establish an overall decent methodology to assess FC improvement that could be correlated with CT adult numbers with other habitat metrics for the larval stage of the feature 
6)	In doing provide further facilitate ability for more detailed habitat monitoring going forward following the cessation of latest ecological works in June 2024.
7) 	Also providing the means ability for further data to be collated for the evidence base in turn enabling better spatial statistical analytical evaluation to enable more granular assessment of FC restored per bog area rather than as presently for the site as a whole.
8 	Evaluate suitability of both methodologies to be utilised by Citizen Scientists to explore possibility of devising a simple field methodology in the future to enable expansion /collation of greater data sets for both the SSSI Feature CT and to help evaluate FC in tandem with habitat metrics per bog area, where ecological restoration has taken place.
Objectives
Objectives for research proposal are summarised in Table 1 below:
[bookmark: _Toc196775573]Table 1: research objectives for use of CT as biotic indicate to assess efficacy of ecological restoration works at CCNNR.
	Objective 
	Description


	1
	Use current literature to evaluate understanding of the use of CT as a specialist indicator species to evaluate FC of restored /existing peatbog conditions. from annual adult index data and patch quality% surveys of CT ecology

	2
	Repeat existing transect methodologies as described in (Boyce, 2008 /Polkey, 2018) to collate 2024 adult CT numbers and correlate with existing survey data collated previously at CCNNR (to enable high level evaluation of extent of FC restored arising from the current ecological’ restoration works & cumulative action of previously undertaken works in the last 20 years

	3
	Utilising Polkey’s transects from the 2017 data to count adult numbers for CT for the 2024 flight seasons to obtain AES, and in doing so provide new baseline figure for adult counts post-cessation of Life4Welsh Bogs.

	4
	Using transect methodologies described in point 2, score Habitat quality habitat % figures for CT larval food and shelter source Eriophorum vaginatum (Hares-tail Cotton grass) and Molina caerulea Purple Moor Grass (PMG) and compare with Boyce’s evaluation at CCNNR undertaken in 2008.

	5
	Evaluate premise of using quality habitat % data to establish new baseline for future monitoring via correlation with adult count data to attempt a more in-depth evaluation of ecological restoration works at CCNNR, further facilitating more granular assessment of condition recovery per Bog (rather than just as a whole site value).

	6
	In doing so assess suitability of this method to be utilised in conjunction with Citizen Science approaches to facilitate more opportunities for data to be collated, to help fulfil strategic requirements and allow for more meaningful statistical and spatial data to be collated for the evidence base.

	7.
	It is envisaged that this data in turn will allow for clearer evaluation of the success of present and past ecological restoration measures and if issues are discovered enable more accurate application of interim corrective mitigation measures to existing (and new) ecological restoration works to further facilitate FC.


[bookmark: _Toc196775432] 2. Literature Review
[bookmark: _Toc132739508][bookmark: _Toc196775433]2.1 Use of invertebrates as specialist indicator biotic markers for evaluation of peatbog restoration works 
There is increasing support: in the literature for use of specialist indicator species to evaluate peatbog restoration measures and target methodologies, e.g. recent research carried out. by (Kreiger et al,2019) utilised dragon fly fauna of raised bogs for determining if nutrient rich restored bogs may present secondary habitat for transition bogs species; their findings demonstrated that measures effected had created a viable network of smaller oligo to mesotrophic water bodies capable of supporting a range of macroinvertebrate diversity
[bookmark: _Hlk132731511] Assandri and Bazzi (2022) have also used peatland dragonfly assemblages to demonstrate that conserving ‘pristine sites’ should be a priority for preserving unique dragonfly assemblages, along with creating heterogeneity in restored sites to effectively support Odonata communities. 
Burkmar, (2018) presents extensive research survey data regarding specialist bog indicator species on Cheshire and Lancashire lowland bogs, noting these have ‘the potential to predict overall site quality for invertebrates. (Boyce,2007) also established a conservation objective for Araneid spider Singa hamata at CCNNR and suggests that simultaneous monitoring of both this feature and CT should be carried out along the same transect routes as they share similar habitat requirements.
It is not in the scope of this research undertake simultaneous studies at this time ,but it is a recommended that  Singa Hamata could be monitored alongside CT, in the future, potentially introducing more efficient SSSI survey methodologies for this feature whilst undertaking ecological restoration monitoring Furthermore, Countryside Council for Wales(CCW)  and NRW reporting notes  a considerable dragonfly assemblage of ombrotrophic and mesotrophic dragonflies at CCNNR  utilising these as specialist indicator species  would be  also be congruent with  current research findings and supportive of prioritising regular species monitoring, providing data on feature health. Also contributes to the assertion of others that this should be a tandem management and research concern alongside ecological restoration as ‘focus on vegetation alone’ could be detrimental to efforts to reverse species decline in these environments., (Dudley et al, 2021)
[bookmark: _Toc132739509][bookmark: _Toc196775434]2.2. CT ecology-and context of use as a specialist bioindicator species for peatland restoration assessment
Coenonympha tullia (Large heath Butterfly) is a sedentary, lowland mire specialist (, shown in Fig 5 below.) Preferring northern or ‘holoarctic’ latitudes, habitats are mainly found in the UK in the northwest of Scotland, with additional colonies in Northern England and North/ Mid Wales. First  officially counted at CCNNR by Turner, J..R.G., (1963),the CCNNR population  is considered the most southern in the UK, providing opportunities to contrast with other indigenous populations as regards  ‘’stress induced  Climate Change  pressures.; recording flight beginning and end times for the 2024 study( Polkey,2018) will enable a new baseline to be set  for making comparisons  with  other UK regional data  counts for CT , allowing for  regular assessment of climate change pressures at CCNNR.. CT, need lowland bog environments in favourable condition(FC) ; requiring optimum mire conditions as described in classic research by (Bourn and Warren, 1997)   internationally it is considered to be declining, due to habitat destruction arising from poor land management practices.(Weking et al, 2013) and has designated ‘IUCN Red List’ status,  Due to its attributes and current status CT has also become a ‘favoured ‘species for lowland mire restoration, e.g. following reintroduction at Chat Moss, Manchester, (The Wildlife Trusts, 2019) and Heysham Moss, Lancashire (BAIZA, 2017).
Figure 11 below shows relative abundance trends (illustrating fluctuations but also showing broadly speaking a slow upwards trend) from the 1990’s to the present for Coenonympha Tullia and Figure 12 shows the national average indexes across all logged sites from April – October 2023 (UKBMS, 2025).
They also note the note the following statistics from CT from national and local reporting as follows:
· Status since 1990 is Rapid increase with a change of 368.3% since monitoring began for this species.
· Status over the last 20 years is Stable with a change of -19.7%.
· Status over the last 10 years is Stable with a change of 69%
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[bookmark: _Ref196646017][bookmark: _Toc196768163]Figure 11: Average Index Figures for C. Tullia 1990-2024(UKBMS,2025)
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[bookmark: _Ref196646253][bookmark: _Toc196768164]Figure 12: Average Site Abundance Figures- C Tullia- April -October 2023(UKBMS,2025)

Additionally, despite warming temperatures exerting mixed effects on UK butterflies, with northern species like the Orange tip and Peacock having expanded their ranges northwards becoming common in Scotland, CT located at the most Southernmost ranges of their range are presently noted to be increasing at monitored sites, whilst others such as the Northern Brown Argus has declined. Nevertheless, CT is predicted to contract its range ever northwards, with a 73% decline in the period 2070 to 2099 as response to climate change (Hill, J.K.et al, 2002), making it all the more imperative to continue monitoring the Cors Caron and Cors Fochno sites some of being the most southerly sites for this feature in Wales. 
In summary researchers and reserve managers, concerned with ecological restoration, increasingly endorse CT’s suitability as a potential specialist species indicator of low land bog attribute conditions, backing up assertions from the literature that focussing joint efforts on environmental restoration monitoring, and environmental impacts arising from peatland restoration will foster greater knowledge transfer between academics and managers generating synergistic benefits.’ (Vasander et al.,2003). 
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[bookmark: _Toc196768165]Figure 13: Coenonympha tullia Adult (The Wildlife Trusts, 2023)
[bookmark: _Hlk132663769][image: A small island in a marsh
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Description automatically generated]Osbourne et al (2022) present an example of such research in an effort to assess the most suitable sites for CT: introduction. Their main premise  concerned percentage cover of two habitat resources  utilised to provide models to predict C. T presence: i.e. Cross-leaved heath :Erica tetralix ( shown in Figure 14 below)and hair’s-tail cotton sedge: Eriophorum vaginatum ( shown in Figure 15 below),  vital as adult nectar sources and  larval  food, respectively with the latter also being important for flood buffering/hibernation habitat  over winter months.
[bookmark: _Ref196647645][bookmark: _Toc196768166]Figure 14:Erica Tetralix (UKBMS,2023)
[bookmark: _Ref196647760][bookmark: _Toc196768167]Figure 15:Eriophrum Vaginatum (UKBMS,2023)








 The methodology provides quantitative assessment of habitat FC prior to C T reintroduction. and  corroborates  with previous research identifying  E. vaginatum tussocks height being important to  oviposition Ing  and  overwintering of larvae , described respectively by (Dennis & Eales,1999 and (Joy & Pullin,1999)  Crucially for this research proposal ,the innovative statistical approach, used ( borrowed from clinical medical studies), provided  a method  to enable proximal values to be suggested for ‘near-optimal’ habitat conditions for CT 
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Description automatically generated][bookmark: _Ref196648699][bookmark: _Toc196768168]Figure 16: Graphs showing Midpoint and Breakpoint values for Larval and Adult CT food Groups(Osbourne at al,2022)


(shown in Figure 16 above). It also provides a means to accurately score patch quality habitat percentage assessments, by demonstrating that abiotic markers’(high peat water level, low nutrient and anoxia) correlated with biotic markers (higher number and depth of E. vaginatum tussocks and number of E. Tetralix  florescence’s indicative of CT absence/presence. This finding could be utilised in future studies  to assess CT habitat fitness at CCNNR, in addition to making comparison with CT adult count data pre  and post restoration works, Potential results from this research could also provide an opportunity to add to the robustness of the model using CT as a biotic factor to assess FC of existing  and or restored bogland ecology (Osbourne et al, 2022).
[bookmark: _Toc132739510][bookmark: _Toc196775435]3. Methodology 
[bookmark: _Toc132739511][bookmark: _Toc196775436]3.1. Review of main methods for research aims & objectives
(Boyce, 2008) defined a methodology using sample areas 1-4 ( shown in Figure 17 below) to assess conservation objectives for feature and habitat attributes CT at CCNNR  (shown in Table 2 below) (Polkey,2018) ,building on methodologies laid down by Boyce expanded the count range to encompass one remnant bog areas., to obtain  CT adult count data (2017/2018) prior to commencement of recent LPB  works  His findings implied a continued stable CT population at CCNNR, whilst confirming anecdotal data that CT was more widespread than previously supposed; subsequent comparisons with data collated sporadically from 1987-2001, are  shown in Table 3 below.
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[bookmark: _Ref196648543][bookmark: _Toc196768169]Figure 17: Depicts sample areas and habitat transects for CT feature attribute determination (Boyce,2008)
[bookmark: _Toc196775574]Table 2 Showing Conservation Objectives for FC for the feature Coenonympha Tullia at CCNNR(Boyce,2008)
	Conservation Objective for when the feature is in favourable condition
	Conditions to maintain the large heath butterfly Coenonympha Tullia at Cors Caron SSSI in favourable condition 


	Lower Limit
	At least 3 butterflies recorded during 45-minute searches of both stations 1 and 4 and at least 40 butterflies recorded during searches of sample stations 2 and 3 combined.

	Habitat extent Lower limit
	The current extent of M18 raised bog is maintained on all three domes.

	Habitat quality Lower limit
	The Western and Northeastern raised mires have suitable habitat recorded from 50% of sampling points and 30 % of sampling points are classified as suitable habitat on the Southeast mire- described below

	Definition of suitable large heath habitat
	Bog Vegetation with no more than 50 % cover of purple moor grass and at least 5% cover of hare tails ‘cotton grass.




[bookmark: _Toc196775575]Table 3 Showing Adult count data for CT at CCNNR from 1987-2018 (Polkey,2017)
	
Adult Count Data at CCNNR for CT 1987-2018





	Polkey,2017
	Polkey,2018
	Older Data- 1987-2001

	West Bog:
Stations 2-3
47
Southeast Bog:
Station 1
7
Northeast Bog:
Station 4
12 



Average Index
139*

(* Generated from W Walks in Station Sample Areas 1-4 (Boyce,2008), not Pollard walks along the Transects 1-7)

	(CT) Population – Ad hoc 2018
Timed surveys/full sun/no wind/above 20 degrees

West Bog:
49 in 45 mins*

Southeast Bog*
15 in 30 mins


No Average index data


(* Generated from W Walks in Station Sample Areas 1-3 (Boyce,2008), not Pollard walks along the Transects 1-7)

	Not disclosed











Average Index Amended:
96


	Comments
	
	

	
Well exceed the lower limit of acceptable change for the Large Heath SSSI feature.

	
Well exceed the lower limit of acceptable change for the Large Heath SSSI feature.

	
Well exceed the lower limit of acceptable change for the Large Heath SSSI feature.  further to the knowledge base to enable further monitoring of CT at CC.



 





Polkey’s subsequent conclusions and recommendations, resulting from his 2017/2018 survey work are summarised in Table 4 (below) along with comments and evaluation of scope of works to be carried out, utilising this method. 
[bookmark: _Toc196775576]Table 4 Polkey 2018, Conclusions and Recommendations from 2017/2018 survey with comments regarding range of scope for 2024 survey/research proposal
	
Polkey (2017): Conclusions & Recommendations from 2017 survey
	
Comments regarding range of scope for 2024 CT Survey/research proposal



	Large heath geographical range across Cors Caron NNR is at least maintained and is greater than previously known and hence may possibly have increased.

	Agree but not in scope of this research to explore but should be addressed.

	The month of peak count (relative to the 1st week of April, week 1) does not appear to have changed from 1987 to 2017 to the very limited extent that conclusions on trends can be drawn from the current data set.

	 Agreed- Flight beginning and end times for 2024 season to be recorded to set new baseline for future monitoring with respect to Climate change pressures on this most southern population of CT

	However, it isn’t known how much Large Heath inter-change there is between these three locations. - 
	Agreed but not in scope would need genetic and in-depth   population studies to be carried out.
Also (Melling, 1984) notes
Natural colonisation unlikely due to CT’s ‘poor dispersal ability’


	Given the apparent absence of any trends in population indices or flight period at Cors Caron the need for annual monitoring should be reviewed - three or five yearly monitoring may be adequate
	Agreed- 2023 count will be effectively the first for five years.

	The current monitoring methodology has the following limitations:
- It will not indicate the full distribution of Large Heath across Cors Caron NNR- n- not scope
- It will not clearly show changes (if present) in the flight season from year to year due to climate -Y
  change or other reasons.
- it doesn’t cover any aspect of large heath habitat at Cors Caron NNR/SSSI/SAC-Y

	Agreed: 
 
Note: Habitat Quality percentage data will address lack of recent evaluation of CT habitat restoration at CCNNR, in addition to any existing data held by NRW.

	The purpose of large heath monitoring at Cors Caron should be revised and redefined in relation to:
- feature status.
- any requirement to assess distribution & population size on site.
- possible climate change effects.
- national and/or regional monitoring requirements. -

	Agreed, Adult number counts being carried out in accordance with UKBMS guidance and Habitat quality % counts in accordance with latest research methodologies.
Assessment of climate change effects also being addressed (see point 2 above)
Population size on site not in scope of this research see point 3 above)



[bookmark: _Toc132739514]It is also anticipated that by carrying out the Adult CT counts and logging these transect routes and the actual count numbers as part of the National UKBMS 2024 survey (UKBMS,2025) that the resulting data and analysis provided will also partially address recommendations 6, 7 and 8 (Polkey, 2017) in addition to providing the following key outputs:

· Establish a new baseline count for CT Adult numbers for facilitating future monitoring & evaluation of recent (and previous) ecological restoration works.

· Record First flight and last flight times, if possible, to set a new baseline for future monitoring regarding Climate Change pressures for CT at CCNNR.

· Provide and updated baseline for habitat quality percentage data, since previous study carried out in 2008, to facilitate present (and future evaluation) of impact of ecological restoration works on levels of favourable condition restored.


[bookmark: _Toc196775437]3.2 Habitat Quality percentage data sampling:
(Fowles & Smith., 2006) stress the importance of monitoring and improving the  distribution of habitat patches at landscape scale, in addition to focusing on traditional  habitat quality improvements for adults.(Anthes et al ,2003) also observe whilst current management strategies are based on studies  regarding habitat requirements of adult individuals, ‘we intend to emphasise larval habitat quality and population processes at the landscape level as additional key factors’; the LPB restoration programme at CCNNR  being a prime example of the latter approach..
 Boyce(2008) as previously discussed, established a robust technique  to sample for CT feature and habitat attributes; using  the additional sample transect established by Polkey for adult counts in 2017 on the remnant control bog area it could  also be proposed that in the future that  additional protocol measure for determining CT habitat quality % data  could be included  utilising additional: scoring aspects from the multi modal inference approach of (Osbourne at al, 2022).Table 5 below summaries this  proposed combined methodological approach. and additionally, outlines. scope of current thesis research.
[bookmark: _Toc196775577]Table 5 Protocol for assessing CT Patch quality % data using methodologies from (Boyce, 2008), (Polkey, 2018) and (Osbourne et al, 2022)

	 Habitat Quality % Sampling Protocol  
(Boyce,2008)/(Polkey,2018),(Osbourne at al, 2022) methodologies
	
 Comments /further recommendations

	
1)Carry out continuous 2mx2m quadrat sampling in sample areas 1-4, (shown in Figure 17 above.)
a) By setting transects along 4 figure northing/easting/ bearings fixed using a handheld GPS unit 

b) Note beginning point of each transect Infront of this point (note surveyor’s boot marks the ‘near left hand corner of each notional point)
c)Once completed 25 paces are taken along the set bearing using the GPS unit to regularly maintain position along the transect. At the 25th pace another quadrat is recorded, until end point of the transect is reached
	
Considered as more for this study rather than capping sampling to ‘10 randomised patches per study area’, as per (Osbourne et al, 2022)
Also eliminates a measure of variability in that sample area transects areas have been previously used to determine feature and habitat attributes works at CCNNR, enabling comparisons with previously collated adult Count data for CT. for future monitoring. 




	2) To enable direct correlation with CT adult data collated by (Polkey, 2017/2018), additional patch quality data will be sampled from section 7 of the adult number count route established by Polkey (2018), to count CT numbers in the remnant bog area
	Not in current scope of this study but:
recommended as per Polkey,2018) that a fifth sample area on remnant bog area be established for future monitoring of CT/habitat attribute alongside annual species and patch quality percentage data collation for assessing restoration work efficacy.
As an interim measure transect 7 will be assessed for habitat in addition to CT Adult Counts for the 2024 season.

	3)Data gathering/scoring of the quadrats will be undertaken using methods to record patch quality % data, for CT larval (and nectar food- sources, and noting presence /absence of sphagnum/bryophyte assemblages as per (Osbourne et al ,2022), not in scope here future recommendations) 
However, will look at relative values for midpoint/breakpoint values for EV in Discussion section

	As opposed to (Boyce,2008), (Osbourne et al,2022) offers more extensive evaluation of CT patch quality percentage data.  providing a viable subset of data to gauge extent of CT ecology restored in along transects. (see Figure 18: below for Result tables 5/6 showing significant p values for CT presence predictor variables, ET/EV for CT and midpoint/breakpoint and values for EV %, tussock count and depth (Osbourne et al,2022)


	4)(Osbourne et al,2022): Key indicator species values to use for CT presence
E Tetralix (5%/11.2%)
E Vaginatum (10.9%/56.6%)
E Vaginatum tussocks numbers (3 and 15 tussocks per 2 m × 2 m quadrat)
Maximum tussock depth. (1.8 and 13.5 cm) also scored *
(*i.e., the distance from the top leaf tips of the tussock to the dry material below the rosette of leaves- as a measure of larval overwintering habitat resource (Joy and Pullin, 1999) and oviposition site availability)
	Percentage area cover of common heathers, mixed bryophytes and sphagnum mosses (key- stone species) were recorded along with hummock depth and presence:
For the purposes of this study not in scope but on review of the study a future recommendation would be to include this multi modal inference to record presence/absence for common Sphagnum, (as per methodology)-
 Using 1 to denote presence/0 to denote absence: due to the fact we are assessing specifically for CT ecology flora, presence of which already. corelates strongly to the presence of sphagnum moss and bryophyte assemblages, vital to contributing to FC of lowland mires (Osbourne et al,2022)
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[bookmark: _Ref196648509][bookmark: _Toc196768170]Figure 18: Result tables 5/6 showing significant p values for CT presence predictor variables, ET/EV for CT (Osbourne et al, 2022)
[bookmark: _Toc132555149]
[bookmark: _Toc132739515][bookmark: _Toc196775438]3.3 Transect methodologies: Comparison Polkey (2018), UKBMS (2025) and Barkmann et al,2022)
For the purposes of controlling variables( and to enable direct comparison with previous data collated by using similar methodologies) it is proposed to  repeat the methodology carried out by (Polkey,2018) using established transect walks 1-7( as shown in Figure 19below) which are situated across all three intact domes and the remnant bog ,these  will be conducted in accordance with the methodology described in points 1-4  of  comparison Table 6 below.
[bookmark: _Toc196775578]Table 6 showing comparisons between Polkey,2008 and UKBMS, 2025, transect walk methods
	Polkey 2017 Transect Methodology
	UKBMS (2025) Transect Methodology

	
1) Counts of adult large heaths seen in front of the recorder within a 5-metre boundary were made

	
 Walk the transect at a slow, steady pace counting all butterflies seen within a fixed distance - 2.5m either side of the transect line and 5m ahead. In some habitats e.g., along sea cliffs or woodland rides, it is acceptable to record at a width of 5m along one side only of the transect line.
Do not stop walking and wait at favoured hotspots to improve your count, as this will bias results.

Always follow exactly the same route each time you make a transect walk.

	2) Transect walks should only be carried out in warm (13 C or more) and at least bright weather. The minimum criteria are 13-17C with at least 60% sunshine, or over 17C and not raining. 

	 
3)Transect counts should ideally be made between 10:45 and 15:45 hours. Between 10:00 and 17:00 hours is usually allowable, though butterfly activity may drop off rapidly during the late afternoon so later times should be avoided.
 

	
4)  Windspeed should be estimated using the Beaufort scale (0 - no wind, 6 - very strong wind).Avoid counts in if values above 2 (light waving of tree branches)



Polkey’s methodology  compares with that used by UKBMS (2025) guidance, that favours the ‘Pollard Walk’ methodology, (described in point 1 of the Table 6 above, with commonalities described in points 2-4).  Some authors however comment that linear transect walks may potentially present a less robust technique for data collation considering earlier critiques of existing European butterfly monitoring methodologies Van Swaay et al (2008) and a recent comparative study by Barkmann et al (2022), of standard transect counts (‘Pollard Walks’) with area time count methodologies. concluding that area time counts provide more thorough assessments, enabling a close connection to ‘specific habitat types. Both methods are found to be good indicators of relative butterfly abundance, however area time counts proved better suited than standard transect counts regarding analysis and calculation of international abundance trends. 
However, though of interest It is not in the scope of this research to carry out a comparable investigation of transect methodologies but perhaps regard to future monitoring it may be useful to trial a comparative trial to evaluate the different methodologies with respect to assessment of butterfly abundance.
[image: A map of land with red lines
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[bookmark: _Ref196648852][bookmark: _Toc196768171]Figure 19: Transect routes depicted in yellow for Adult CT Counts (Polkey,2017)
[bookmark: _Toc132739516][bookmark: _Toc196775439]3.4 Method Summary
Literature Review 
For completeness (as per original Research proposal) the Primary strategy for the proposal regarding methodologies to carry out the literature review are detailed below, the purpose of which is to present an understanding of the research pertaining to:
a) Context of other invertebrates being used as specialist indicator species for monitoring bogland ecological condition, with especial reference to monitoring post LPB /similar ecological restoration works.
b) [image: A green background with text

AI-generated content may be incorrect.]Low land peatbog habitat/ecology restoration practices and climate change.

c) Gain comprehensive knowledge of specific areas of the research inclusive of: CT ecology, its use as a bioindicator specialist data for monitoring efficacy of landscape ecology restoration works: 
Secondary Data:
As per research proposal, sources for the secondary data sources are summarized below (raw data tables for which can be referenced in Appendix 3)

[bookmark: _Toc132739518]Ethical Considerations
Secondary Data Source Summary:
a) Adult flight and beginning times to be recorded for the 2024 season and adult number counts taken weekly, walking transects walks, using methodology as per (Polkey, 2018) and guidance (Polkey,2018, UKBMS,2023)
b)  For GIS mapping purposes to utilize Adult CT Numbers for 2024 flight season with grid co-ordinates of sightings (as per Polkey, 2017)
c) Using Boyce 2008 habitat transect in Station areas 1-4 and additional   transect 7 (Polkey, 2017) on the Remnant Bog assess the pass /fail status of the 2mx2m quadrats previously recorded (Boyce,2008)
· For GIS mapping purposes to utilize from CT: Habitat quality % Pass/Fail scores with grid co-ordinates of quadrats (as per Boyce,2008)
d) Additionally evaluate recorded % ratios per quadrat for CT larval food source and PMG/other plant colonies.



For completeness, as stated in the preceding research proposal for this study  it is confirmed  that regarding primary data gathering/survey work did not involve direct handling of CT (live animals/invertebrates) via capture, mark and recapture techniques and so it was not deemed that there would be an ethical impacts  with the respect to the  CT feature, arising monitoring/survey work undertaken as part of this research.
In addition, corresponding reports used from NRW Surveyors are already in the public domain and are not deemed to pose an ethical issue, with respect to use within this research.
However, as a requirement of obtaining a permit form NRW and eligibility for insurance cover (for duration of field work) it was necessary to carry out a  full risk assessment regarding carrying out, covering aspects of the field work e.g. working near bodies of water, livestock, walking across boggy land, and being exposed to ticks/insect bites/sunburn. Full risk assessment forms were therefore be completed in accordance to guidance issued to surveyors from NRW &from UKBMS (2023) copy of which can be seen in Appendix 2.
[bookmark: _Toc196775440][bookmark: _Toc132739520]4. Results and Analysis
[bookmark: _Toc196775441]4.1 Overview
Primary data compiled from original field work recording sheets, can be viewed in the tables within Appendix 3 as previously mentioned and which summarise the following:
1)Adult number counts (and corresponding GPS co- ordinates marking observation position along the line transects)
It should be mentioned here that the surveyors for 2024 did not have access to a standard field GPS tracker but relied on a mobile phone app and also utilised the fitness app ‘STRAVA’ to facilitate location of the transect routes for both adult count and habitat transects.
It is perceived this may have had an impact regarding accuracy regarding location of the Boyce Habitat quadrats described in the section below, as was the actual technique of pacing out gaps between quadrats; a relative measure that could introduce human error into proceedings i.e. one surveyor stride length may be  comparatively shorter or longer with respect to other colleagues and could as with this study result in a lesser number of quadrats being surveyed.
2) Habitat quality habitat %, values for passing and failing quadrat data and data for % per quadrat for larval food plant sources and other vegetation.
Preliminary and secondary analysis of data was then achieved using methods described in Table 7 below
[bookmark: _Toc196775579]Table 7 Summary of suggested preliminary and secondary data analysis methods- Cors Caron Survey 2024.
	Analysis Stage
	Description of statistical analysis of data

	
Preliminary stage:
Collation & primary analysis
	
Analysis of primary data for adult butterfly counts and the habitat % for plant data to assess pass fail and any additional information will be via the Microsoft Office package: ‘Excel’; this will then be utilised to organise data to carry out the following initial analysis:

a) Look for patterns in the data, including ‘outlier’ data

b) Prepare simple charts. correlation/scatter graphs

c) Prepare simple correlation coefficient graphs/’scatter graph’ to help interpret potential relationships between variables within for adult numbers (and adult numbers from previous surveys) and/or habitat %. Pass/Fail data and to also process any additional plant % ratio data gathered. For larval and dominant plant sources.
d) Utilising The Wider Countryside Butterfly Survey is now a fully operational scheme, online recording &and statistical analysis tool , generate charts and Annual Summary and Annual Estimate Summaries for Station transects and overall transect counts. (UKBMS, 2025)


	Secondary Stage:
Determination of strength of relationship/correlations between data sets
	
To determine the strength of statistical significance of the data correlated (strength of relationships between data sets) via common statistical analytical tools e.g.

a) Paired T tests (for testing difference in means of data sets)

b) i.e. Spearman’s co-efficient, or Pearson’s chi-square (Χ2) test for independence (i.e., to formally test statistically significant association between tow categorical variables)




[bookmark: _Toc132739521][bookmark: _Toc196775442]4.2 Geographical Information System (GIS) 
Adult butterfly numbers for the 2024 season and the data for passing and failing habitat quadrats, using corresponding GPS co-ordinates were also mapped via QGIS, onto imported satellite map data from Google and using additional information supplied by the NRW New LIFE for Welsh Bogs Officer for CCNNR and other NRW sources and survey data from 1982- 2008, from the Polkey(2017) and Boyce (2008) survey reports respectively.
 It is envisaged this will overcome previous short comings regarding graphical representation of data such as that shown in Figure 20 below, depicting data (in non-GIS format) from Boyce (2008) which represents tiger moth and CT adult counts against GPS co-ordinates.
The main advantage being of creating GIS representation for the 2024 data in addition to mapping   recorded adult numbers. will provide the ability to produce a tool where data can be queried in the future, whilst providing better visual representation to help facilitate evaluation of abundance of CT adult sightings per transect and range of cover across surveyed areas..
[image: A map of a city
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[bookmark: _Ref196651778][bookmark: _Toc196768172]Figure 20: Map showing counts against GPS co-ordinates for (Coenonympha tullia and Tiger Moth data, 2008, (Boyce, 2008)
[bookmark: _Hlk195716880]To facilitate presentation of the results obtained from the 2024 survey data (and subsequent analysis), data for both butterfly and habitat counts will be presented according to the respective ‘Station’ designations as per Boyce (2008) for each of the bog areas which have recently been undergoing ecological restoration works  see Figure 21below) and  to  which Polkey matched up adult count transects 1-7 from the 2017 CT survey, respectively covering the Southeast (transects 1 & 2) West(Transects 3-5), Northeast (Transect 6) Bog areas. (shown in Figure 22 below).
The remnant bog historically was not accorded a station or habitat transect by Boyce; for the 2024 survey therefore in order to carry out a thorough assessment of the cutover remnant, Pokeys transect 7 was utilised in this instance for both habitat and CT adult count surveys in 2024. 
[bookmark: _Toc196775443]4.3 Non-walked weeks Boyce Station 1- 4 (Polkey Transects 1-6) & Remnant Bog (Polkey Transect 7)
 It should also be noted that there were a number of ‘unwalked’ weeks as follows:
1. Weeks 11 &13, during these times transect condition surveys were being carried out to assess health and safety aspects of the butterfly & habitat survey transects (to satisfy permit conditions to commence surveying at Cors Caron) 
2. Habitat surveys along Boyce transects 1-3 were also carried out, alongside capture of ‘first flight’, (the results for which will be presented below in the Ad hoc Butterfly Counts section)
3. Week 14 was missed due to unsuitable weather conditions, within the required parameters for carrying out Pollard walks. 
[image: A map of a sample station
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[bookmark: _Ref196652049][bookmark: _Toc196768173]Figure 21:  Map to show Sample Stations for Species Counts & Habitat Transects at Cors Caron (Boyce,2008)

[image: ]
[bookmark: _Ref196652235][bookmark: _Toc196768174]Figure 22: Q GIS Map showing Adult CT Count Transects 1-7 (Polkey,2017) & Habitat transects (Boyce ,2008) on SE, NE, W & Remnant Bog at Cors Caron (Zanoni, 2025)
For each of the Bog areas surveyed to contextualise site and transect conditions observed in 2024 along with the scope of ecological restoration works undertaken the following will also be presented:
· General season condition summary for the weeks walked to gather numbers at these transects (i.e. temperature and sun conditions)
·  NRW Final Work Satellite Map to depict scope of works undertaken per station area, inclusive of status of restoration works at the point of the survey (n.b. none will be presented for the Remnant bog as no works undertaken during project).
· Habitat condition summary, evaluation charts, raw data tables, UKBMS charts and  Q GIS mapping to illustrate 
· for the range of conditions encountered per section surveyed.
· Adult CT counts
· % Passing and Failing habitat quadrats
· % ratios of EV/PMG and other plant colonies.
· Representational range of transects surveyed.
[bookmark: _Toc196775444]4.4 General Season Condition Summary Stations 1-4 & Remnant Bog (Polkey Transects 1 -7)
[bookmark: _Hlk195798647][bookmark: _Toc196775580]Table 8 Raw Data for Survey Conditions for Weeks walked during UKBMS Survey Season 2024 South East Bog: Boyce Station 1- Transects 1 &2 (UKBMS, 2025).
	Week
	12
	15
	16
	17
	18

	Date
	Jun
23
	Jul
14
	Jul
19
	Jul
28
	Aug
03

	Sun
	20
	60
	40
	100
	60

	Temp
	19
	18
	21
	20
	16

	Large Heath
	 
	3
	5
	1
	 



Most weeks for the CT flight season 11-18 were walked on site, in accordance with time interludes and weather conditions   as previously described in the methodology section Regarding carrying out Pollard Walks for butterfly counts in accordance with UKBMS guideline, as can be observed in Table 8 above, conditions walked for transects 1& 2 (Southeast Bog, Station One) were regarding temperature average for the July /August period and with only week 12 being especially dull regarding Sun cover, neither were any walks carried out in conditions where the wind level was above 3 on the Beaumont scale.
[bookmark: _Toc196775445]4.5 Southeast Bog Station One: Results & Analysis CT Adult Counts and Habitat survey.
Site Description & Qualitative habitat assessment for Polkey Transects One & Two.
Prior to examining the raw results  and preliminary analysis for Polkey transects 1 and 2 (from the CT Adult Count Survey for 2024), a brief  description follows  regarding the location and qualitative assessment of condition  of the  survey area depicted on the UKBMS survey map in Figure 23 shown below showing the location of  Polkey transects  1 & 2 logged for Station One, situated on the South East Dome , which should be noted here  has historically undergone a greater proportion of inappropriate management measures in the past( peat cutting, burning, grazing) and as a result has always been considered to be one of the drier areas of the entire  CCNNR site. 
[image: A map of land with blue lines
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[bookmark: _Ref196652338][bookmark: _Toc196768175]Figure 23: Site map showing Polkey Transect 1 and 2- Station One 2024 Survey (UKBMS, 2025)

As a result, this bog has undergone the greatest proportion of the recent ecological restoration works, inclusive of low-profile bund construction around the contours of the bog reprofiling of old bunded areas, Molina mowing ditch blocking and invasive non-natural species (INNS) and scrub vegetation removal.
Location and details for extent of these works can be seen in Figure 24 below which shows the final work map for the NRW LIFE4Welsh Bogs South East Bog (passed to myself from the LIFE for Welsh Bogs Project officer via e mail communication in May 2024) 
[image: A aerial view of a field
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[bookmark: _Ref196652394][bookmark: _Toc196768176]Figure 24: NRW LIFE4Welsh Bogs Southeast Bog Final Map:) to depict scope of works undertaken per station area, inclusive of status of restoration works at the point of the survey (White, J.2024).
Additionally running adjacent to the section of the recreation area of the bog containing a boardwalk area, is also a not insignificant area of lagg woodland, south east of the site, where ground works arising from the old railway embankment construction works(now forming part of Sustrans cycle track 182 to Ystrad Meurig) created optimum conditions for the lagg mire to be populated by oak, sycamore  and ash trees in addition to  succession  tree species  such as  alder, holly and silver birch. This lagg woodland area is utilised by otters providing resting holts and easy access to a thriving lizard and amphibian population afforded ideal hibernacula resulting from formation of hardened banks around the deep bunded pools and historic pools formed from old peat workings found throughout the site. Polkey Transect one is accessed at the far end of this track through the lagg woodland band. Polkey Transect two runs on from transect one and crosses over part of the recreational board walk area, leading on past a band of scrub, becoming progressively more overgrown with marshy grass land and rushes on the approach to the bridge (start of Polkey Transect 3) crossing the Afon Teifi located to the Northeast of the site.
Habitat condition summary for the range of conditions encountered for Polkey Transects 1 & 2 surveyed.
 Table 9 below shows a qualitative assessment of the conditions and vegetation found during the CT Adult surveys conducted along transects 1 and 2. In summary it was observed that for Transect  1  the majority of  optimum favourable raised mire can be observed  heading towards the boardwalk crossing, at the start of transect 2, with the rest of the transect  showing relative Molina dominance , in addition to  cotton grasses  and some discrete areas of more typical bog moss lawns & hummocks.
Transect 2 demonstrated more typical bog moss lawn and hummock vegetation estimated to cover about 30% of the route however, this ran into more scrub, reed and marshy grass land and swamp vegetation, as the transect runs into the start of transect 3 near the bridge, crossing over the Afon Teifi heading to the West Bog Areas: Stations 2 & 3.
Presence of other key SSSI species were Tiger Moth and Singa Hamata (bog spider) were also observed but not in the quantities observed at the West and Northeast bogs.
In the main the transects are suitable for Citizen Scientists to utilise for survey purposes, although it is noted that on the approach to the old bridge that the ground conditions become relatively is relatively dilapidated and should be crossed with caution, (necessitating that appropriate equipment is taken as precautionary measures regarding undertaking surveys near open water).

[bookmark: _Toc196775581]Table 9: Qualitative table to score condition of Transects 1 and 2 against the Core Management Plan for the Cors Caron SAC (CCW,2008) descriptions for favourable condition for raised bog mire. During   CT Survey 2024.

	Cors Caron Management Plan (2008)
Definitions features for fully functioning bog
	Transect One
Comments
	Transect Two
Comments

	[bookmark: _Hlk195800487]The vegetation will be dominated by species of bog moss in lawns and hummocks. 
The rhyncosporion pool vegetation forms an intimate mix with the plant communities of the active raised mire.  

	
Not along majority of transect.


Near boardwalk areas heading to transect 2
	
30% of transect.


	Peat domes should be waterlogged with the water table at the surface or within a few centimetres of the surface for most of the year. 

	
Not along majority of transect.

	
30% of transect

	Plants Present:
· cross-leaved heath,
· heather 
· hare's tail 
· cotton grass 
form a low growing patchy canopy.
	
Not along majority of transect.

	
30% of transect

	Other plants present 
· bog rosemary, 
· deer grass 
· round leaved sundew 
will be less frequent but still fairly abundant.
	
Not along majority of transect.

	
30% of transect

	Other plants present:
· Purple moor grass, 
· Cladonia lichens and hypnaceous mosses will be scarce.  
	
More purple moor grass (Molina) observed than expected.
	
More purple moor grass (Molina) observed than expected

	Present: 
wet hollows on the mire surface containing bog mosses, that should dominate the vegetation and should be frequently encountered on the tops of the raised mires and wet all year round except during very dry periods.
 e.g. 
· golden bogmoss, 
· feathery bogmoss
· bog asphodel, 
· many headed
· cotton grass 
· white beak sedge.

	
Not along majority of transect.

	
30% of transect

	Central area of the raised mires will be free from trees and large saplings and invasive species such as Rhododendron ponticum
	

	


	Rand areas: dominated by bog mosses
	Not observed
	Not observed

	Transition from rand to wet heath: plants here typically eg:
· purple moor grass,
· cross leaved heath,
· tormentil 
· deer grass.  
	Not observed
	Not observed

	Non favourable conditions for fully functioning raised mire bog 
marshy grassland and swamp vegetation
Dominates Afon Teifi flood plain
Swamp vegetation plant species present:
· Reed Canary Grass
· Liverwort- Bog Earwort.
· Marshy grass land:
· purple moor grass 
· soft rush
Tussocky areas containing 
· marsh cinquefoil, 
· lady’s smock,
· yellow rattle
· occasionally common spotted and heath spotted orchids.
	Not observed
	
On approach to bridge (start of Transect 3) the route becomes more tussocky and marshier which gives way to   100-200 yards of swamp vegetation, that extends to the foot of the bridge and beyond the bridge, extending several 100 yds before giving way to wet heath.

	CS- achievable condition to survey
	Yes
	Yes

	Singa Hamata and Tiger Moth present
	Yes
	Yes



[bookmark: _Hlk195794649]Presentation of raw data tables and charts for CT butterfly counts for Station 1 – Polkey Transects 1 & 2.
The raw data, from which all the following section adult count data is extracted can be found in Appendix 3 in Table 3A complete with grid co-ordinates to correspond with sightings per UKBMS week. Table 11 below however shows a summary chart for data collated for CT counts along transects 1 and 2, within Station One from which comparison charts were generated to demonstrate comparative yields regarding numbers of CT per transect shown below in Figure 25 and Figure 26 
[bookmark: _Toc196775582]Table 10: Raw Data for CT Counts Polkey Transects 1 & 2 at the Southeast Bog:
	
Southeast Bog:  Boyce Station 1 
 Polkey Transects 1 & 2

	Week No
	Transect One
	Transect Two

	
	No of CT
	No of CT

	10
	-
	

	11
	0
	0

	12
	0
	0

	13
	0
	0

	14
	0
	0

	15
	2
	1

	16
	0
	5

	17
	1
	0

	18
	0
	0

	 
Transect Totals
	
3
	
6

	Station One
Annual Summary
	
9
	


Preliminary Comparison of CT adult count transects 1& 2: Southeast Bog - Station One

[bookmark: _Ref196652692][bookmark: _Toc196768177]Figure 25: Comparison Bar Chart to compare CT Count Yields for Transects 1&2- Southeast Bog: Station One Cors Caron 2024

[bookmark: _Ref196652771][bookmark: _Toc196768178]Figure 26: Comparison graph to compare CT Count Yields for Transects 1&2- Southeast Bog: Station One Cors Caron 2024
The comparison charts above, show that Transect 2 yielded the greater number of counts for the season  in comparison to Transect 1  with highest concentration of butterflies for both transects observed around the peak flight week period for CT (UKBMS weeks 15 and 16). Anecdotally it was observed during the data collation in the field that the greatest number of CT were counted on both transects, where habitat had plentiful % ratios of Eriophorum vaginatum(EV ) the larval food plant sources . lesser amounts of Molinia caerulea’Purple Moor Grass(PMG) and also displayed vegetation forms dominated by species of bog moss in lawns and hummocks, but as described in the overview in habitat section above favourable condition status for raised bog mire was generally not consistent for the length of both Transects 1 & 2, which could explain the relatively poor yield regarding CT counts. 
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[bookmark: _Ref196653285][bookmark: _Toc196768179]Figure 27: Q GIS Map showing Adult CT Count Transects 1&2 (Polkey,2017) & Habitat transect 1 (Boyce ,2008) on SE Bog: Station 1 at Cors Caron (Zanoni, 2025
The QGIS map shown in Figure 27 above illustrates Polkey Transects 1-2, and the Boyce Habitat Transect 1, showing passing and failing quadrats for the 2024 season, & clearly depicts the greatest concentrations of CT along Polkey Transects 1 and 2, which cross through some of the  dome area that has undegone  contour bunding , reprofiling work and scrub control, they are however,not repesentational of the central dome area, covered by Boyce Habitat Transect 1; had the weather conditions been more clement at the time of the habitat survey, it would have been interesting to note if  adhoc CT adult count numbers would have been observed to be on a par with those recorded for Habitat Transects 2 & 3 for the 2024 season.
Additionally it is also important to note that ecological restoration works did not cease entirely at the Southeast site until March 2024, which may have impacted overwintering  larvae ,a point made by Lyons (2023) in reporting for the  Cors Fochno site  also where,  and  has been observed at this site to  be causing a rise in the water table , indeed submerging  ‘up slope’ of the bund on average an area  5 m in  width  and  depth of 0.25m for several months of the year..
Joy & Pullin (1999) report that C tullia larvae survival can be considerably impacted by prolonged submergence whilst overwintering at the bottom of EV tussocks and so LPB initially could have quite pronounced ‘localised’ impact (Lyons,2023) on larval numbers, where restoration has taken place. This could therefore account for the relative paucity of CT we are presently seeing along Transects 1 and 2.
However, over a period of time (up to a decade) it is anticipated that the ‘flashes of water’ will be colonised by CT and as the hydrology of the site improves that there will be an increase in favourable Conservation status for the restored area. created by LPB (as with piling, another technique utilised to create mini dams at Cors Caron and Cors Fochno)
Furthermore to  help evaluate potential impact to the annual summary for Station One, due to missing weeks walked, the estimated annual sumary figures and related estimate  and actual summary charts are included in Table 11  and Figure 28 & Figure 29 below for comparison ( generated within records generated from the data logged  on the UKBMS site for the 2024 Survey) 
The estimated difference would be a total of 3 adults across the two transects potentially and this interpolated total will be taken forward for the overall annual estimate summary analyis below.

[bookmark: _Toc196775583]Table 11: Raw Data to show Annual Estimate Summary for Weeks walked during UKBMS Survey Season 2024 South East Bog: Station 1.(UKBMS,2025)
	UKBMS Week
No
	11
	12
	13
	14
	15
	16
	17
	18
	19

	Date
	Jun
10
	Jun
17
	Jun
24
	Jul
01
	Jul
08
	Jul
15
	Jul
22
	Jul
29
	Aug
05

	CT Adult Counts
	0
	0
	1
	2
	3
	5
	1
	0
	0

	General Total Estimate
	0
	0
	1
	2
	3
	5
	1
	0
	0



[image: A graph with orange lines
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[bookmark: _Ref196653418][bookmark: _Toc196768180]Figure 28: Estimate Chart for CT Counts transects 1 & 2 Cors Caron- Southeast Bog (Station One) (UKBMS,2025)
[image: A graph with a line graph
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[bookmark: _Ref196653443][bookmark: _Toc196768181]Figure 29: Summary Chart for CT Counts transects 1 & 2 Cors Caron- Southeast Bog (Station One) (UKBMS,2025)



Presentation of raw data tables and charts for Station One- Boyce Habitat Transect 1
[bookmark: _Toc196775584]Table 12: Summary Data for rapid assessment counts for the Southeast Bog- Habitat Transect 1
	Habitats Transect 1 (SE):
Comparison of Pass/Fail Quadrats for Boyce 2008 & Zanoni 2024

	Survey Year
	Pass
	Fail
	Total No of quadrats
	Total Passing Quadrat %

	Boyce 2008
	9
	19
	28
	32%

	Zanoni 2024
	12
	12
	24
	50%





[bookmark: _Ref196653742][bookmark: _Toc196768182]Figure 30: Comparison Chart to compare Pass/Fail Quadrat Numbers for 2008 &2024 for Habs Transect 1- SE Bog- Station One- Cors Caron

Regarding the rapid assessment habitat survey for Station One, this took place on a relatively dull rainy day, and therefore no ad hoc CT adult counts were observed, However the results  totals for passing and failing quadrats shown in Table 12 and  also summarised in the Chart shown in Figure 30 demonstrates quite the increase in passing quadrats for 2024 in comparison to those carried out by Boyce in 2008.
 Additionally the Q GIS Map  in Figure 31 below, shows the Boyce Habitat overlaid on the final work plan map for the most recent ecological measures, (which as observed earlier, covers  the central dome area  where it can also can be surmised, as the habitat responds to recent interventions & hydrological resilience across the dome increases, would  continue to provide not only a solid representational  section across the bog but also potentially provide a second additional adult CT  Count transect. 
Furthermore, counting for both habitat and adult CT numbers, along the same transect would provide the opportunity to directly correlate increase/decrease for Adult CT Counts with increase /decrease in favourable condition within the quadrats logged along the habitat transect. Currently the 2024 survey results at best set a new baseline for the habitat results to take forward for future monitoring to gauge the efficacy of the recent targeted conservation works, should this transect also be logged as a transect for butterfly counts as part of the UKBMS Survey Programme it is suggested therefore that additional official CT Adult count data could also be generated.
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[bookmark: _Ref196653884][bookmark: _Toc196768183]Figure 31: Q GIS Map showing Habitat transect 1 (Boyce ,2008) Pass/Fail Results overlaid on the NRW LIFE4Welsh Bogs Final Work Map SE Bog: Station 1 -Cors Caron (Zanoni, 2025)

Additionally. Percentage ratios for Eriophorum Vaginatum (EV) and Molina Caerula (Purple Moor Grass-PMG) and other vegetation present, were also measured the results of which are summarised in Table 13 and also the Comparison Chart  in  Figure 32 below, showing  proportions found for  larval food group EV to  Purple Moor grass values,, which illustrate that though there is an overall promising amount of the larval food group also emphasises that there is still  a large proportion of dominant  grasses , suggesting though generally there is an  overall improvement in % passes for quadrats in general for the South East  Bog ( perhaps potentially due in part to past ecological restoration measures from the 1980’s  - early 2000’s) the % vegetation ratio results suggest  there is still a ‘recovering status’ aspect for a proportion of this  bog area. Interestingly, though statistically non comparable it is of note that comparing the EV % ratio of 10% from this rapid assessment is close to the Midpoint % value (10.9%) rather than to the Breakpoint value (56.6%), the latter being established by a recent study to assess the most suitable sites for re: introduction. (Osbourne et al,2022), (as shown in Figure 33 below)


[bookmark: _Ref196653997][bookmark: _Toc196768184]Figure 32: Comparison Chart for % EV, PMG and other vegetation colonies at Habitat Transect One- Southeast Bog: Station One Cors Caron (2024)
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[bookmark: _Ref196654250][bookmark: _Toc196768185]Figure 33: Graph showing Midpoint and Breakpoint values for E. Vaginatum (Osbourne et al, 2022)

[bookmark: _Toc196775446]4.6 West Bog Stations Two & Three: Results & Analysis CT Adult Counts and Habitat survey.
General Season Condition Summary Station 1: Polkey Transects 3 to 5 
[bookmark: _Toc196775585]Table 13: Raw Data for Survey Conditions for Weeks walked during UKBMS Survey Season 2024 West Bog: Boyce Station 1- Transects 3 to 5 (UKBMS, 2025).
	Week
	12
	15
	16
	17
	18

	Date
	Jun
23
	Jul
14
	Jul
19
	Jul
28
	Aug
03

	Sun
	20
	60
	40
	100
	60

	Temp
	19
	18
	21
	20
	16

	Large Heath
	 
	3
	5
	1
	 



 
Site Description & Qualitative habitat assessment for Polkey Transects 3-5
Prior to examining the raw results and preliminary analysis for Polkey Transects 3-5 (from the CT Adult Count Survey for 2024), a brief  description follows  regarding the location and qualitative assessment of condition  of the  survey area (depicted on the UKBMS survey map in Figure 34 shown below showing the location of  Polkey transects  3 & 5 logged for Stations 2 & 3 situated on the West Bog Dome, which as for the Southeast Bog  for most weeks of the CT flight season 11-18 were walked in accordance with conditions as previously described, carrying out Pollard Walks in accordance with UKBMS guidelines, with sun cover & temperature conditions as shown in Table 13 above  and are  considered average for the July /August period.
 Generally, the West Bog with Transects 3 & 4 in particular, from previous reporting within the literature, have always been considered the best, regarding display of typical optimum raised bog mire and have previously yielded good counts for the feature CT. This bog has also received extensive restoration measures via the recent project, location and details and locations for which can be seen in Figure 35 below which shows the final work map for the NRW LIFE4Welsh Bogs West Bog (passed through from the LIFE for Welsh Bogs Project officer via e mail communication in May 2024) 
[image: A map of a land with blue lines and red dots
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[bookmark: _Ref196654334][bookmark: _Toc196768186]Figure 34: Site map showing Polkey Transect 1 and 2- Station One 2024 Survey (UKBMS, 2025)
[image: A map of land with different colored lines
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[bookmark: _Ref196654450][bookmark: _Toc196768187]Figure 35: NRW LIFE4Welsh Bogs West Bog Final Map:(White, J.2024) to depict scope of works undertaken per station area, inclusive of status of restoration works at the point of the survey.
Habitat condition summary for the range of conditions encountered for Polkey Transects 3,4 & 5 surveyed: 
Table 14 below shows a qualitative assessment of the conditions and vegetation found during the CT Adult surveys conducted along Transects 3-5.
In summary it was observed that once past the bridge crossing  from the end of transect 2 crossing that the band of rushes and taller reed stands ends abruptly and opens into a  wet heath band   covering a third of the length of transect 3 which rapidly gives way to optimum raised bog mire, continuing through along the length of Transect 4 into Transect 5 demonstrating  typical bog moss lawn and hummock vegetation.
This deteriorates and a third of the way along Transect 5 where more scrub, reed and marshy grass land and swamp vegetation, dominating with underlying quaking bog. it was decided therefore to cut this transect short and cut across to the nearby boardwalk serving the weather station on the West Bog, to lead onwards to fields belonging to the nearby Tennant Farm, to enable return to the Sustrans route 182, leading back to the visitor centre car park., 
 As with the Southeast bog presence of other key SSSI species associated with the same habitat as CT were observed i.e. Tiger Moth and Singa Hamata (bog spider) but in greater numbers.
In the main the transect routes walked were assessed as a suitable for Citizen Scientists to utilise for survey purposes, provided reasonable care and precautions are taken; to summarise Table X below provides a qualitative appraisal and scoring for defining features for Transect Conditions (3-5) at the West Bog 
[bookmark: _Toc196775586]Table 14: Qualitative table to score condition of Transects 3,4 and 5 against the Core Management Plan for the Cors Caron SAC (CCW,2008) descriptions for favourable condition for raised bog mire. during   CT Survey 2024.

	Cors Caron Management Plan (2008)
Definitions features for fully functioning bog
	Transect Three
Comments
	Transect Four
Comments
	Transect Five
Comments

	The vegetation will be dominated by species of bog moss in lawns and hummocks. 
The rhyncosporion pool vegetation forms an intimate mix with the plant communities of the active raised mire.  

	
Majority of transect.



Majority of transect
	
Majority of transect.




Majority of transect
	
30% of transect



30% of transect

	Peat domes should be waterlogged with the water table at the surface or within a few centimetres of the surface for most of the year. 

	
Majority of transect.

	
Majority of transect
	
30% of transect

	Plants Present:
· cross-leaved heath,
· heather 
· hare's tail 
· cotton grass 
form a low growing patchy canopy.
	
Over 50% of transect.

	
Over 50% of transect
	
30% of transect

	Other plants present 
· bog rosemary, 
· deer grass 
· round leaved sundew 
will be less frequent but still fairly abundant.
	
Over 30% of transect.

	
Over 30% of transect
	
10% of transect

	Other plants present:
· Purple moor grass, 
· Cladonia lichens and hypnaceous mosses will be scarce.  
	

	

	
More purple moor grass (Molina Caerula) observed than expected

	Present: 
wet hollows on the mire surface containing bog mosses, that should dominate the vegetation and should be frequently encountered on the tops of the raised mires and wet all year round except during very dry periods.
 e.g. 
· golden bogmoss, 
· feathery bogmoss
· bog asphodel, 
· many headed
· cotton grass 
· white beak sedge.

	
Over 50% of transect.

	
Over 50% of transect
	
30% of transect

	Central area of the raised mires will be free from trees and large saplings and invasive species such as Rhododendron ponticum
	

	

	


	Rand areas: dominated by bog mosses
	Not observed
	Not observed
	Not observed

	Transition from rand to wet heath:plants here typically eg:
· purple moor grass,
· crossleaved heath,
· tormentil 
· deer grass.  
	Not observed
	Not observed
	Not observed

	Non favourable conditions for fully functioning raised mire bog 
marshy grassland and swamp vegetation
Dominates Afon Teifi flood plain
Swamp vegetation plant species present:
· Reed Canary Grass
· Liverwort- Bog Earwort.
· Marshy grass land:
· purple moor grass 
· soft rush
Tussocky areas containing 
· marsh cinquefoil, 
· lady’s smock,
· yellow rattle
· occasionally common spotted and heath spotted orchids.
	Not observed
	
A third of the way into original transect 5 route the route becomes more tussocky and marshier within 150 yards into  quaking bog heavily overgrown with swamp vegetation, This made it impossible to cross to the end of the original transect 5 route, so the route was ended as shown and surveyors double backed to boardwalk installed for servicing weather station on the west bog, which leads onto a route back across the nearby tenant farmland  and eventually  leads back to the Sustrans track.
	

	CS- achievable condition to survey
	Yes
	Yes
	No

	Singa Hamata and Tiger Moth present
	Yes
	Yes
	No





Presentation of raw data tables and charts for CT butterfly counts for Stations 2 & 3 – Polkey Transects 3-5
The raw data, from which all the following section adult count data is extracted can be found in Appendix 3 in Table 3A, complete with grid co-ordinates to correspond with sightings per UKBMS week. Table 15 below however shows a summary chart for data collated for CT counts along transects 3- 5, within Station 2 &3 from which comparison charts were generated to demonstrate comparative yields regarding numbers of CT per transect shown below in comparison charts for Figure 36 & Figure 37 respectively.

[bookmark: _Toc196775587]Table 15: Raw Data for CT Counts Polkey Transects 3,4 & 5 at the West Bog: Stations 2&3.
	
West:  Boyce Stations 2 & 3
Polkey Transects 3, 4 & 5

	Week No
	Transect Three
	Transect Four
	Transect  Five

	
	No of CT
	No of CT
	No of CT

	10
	-
	
	

	11
	0
	0
	0

	12
	3
	6
	3

	13
	0
	0
	0

	14
	0
	0
	0

	15
	18
	40
	6

	16
	7
	24
	1

	17
	3
	9
	0

	18
	2
	4
	0

	 
Transect Totals
	
33
	
83
	
10

	
Station Two & Three Annual Summary
	

126
	
	







Preliminary Comparison of CT adult count transects 3,4 & 5: West Bog - Station Two and Three.

[bookmark: _Ref196654692][bookmark: _Toc196768188]Figure 36: Comparison Bar Chart to compare CT Count Yields for Transects 3,4 & & 5 West Bog: Station One Cors Caron 2024

[bookmark: _Ref196654719][bookmark: _Toc196768189]Figure 37: Comparison Bar Graph to compare CT Count Yields for Transects 3,4 & & 5 West Bog: Station One Cors Caron 2024
[bookmark: _Hlk196679889]The comparison charts  above , show that Transect 4 yielded the greater number of counts for the season  in comparison to transects  3 & 5  (with, 3 respectively being greater for CT abundance to 5) . The highest concentration of butterflies for all transects  was observed around the peak flight week period at the CCNNR site being  15 for CT. 
Anecdotally it was observed that the greatest number of CT were counted on  Transects 3-4  and paritally for 5, where habitat had plentiful % ratios of Eriophorum vaginatum(EV ) the larval food plant sources and . lesser amounts of Molinia caerulea’Purple Moor Grass(PMG) and also displayed vegetation forms dominated by species of bog moss in lawns and hummocks.,. Additionally ecological restoration works did not cease entirely until September 2022 at the West site,, allowing for a longer time period for CT to adapt to and reoccupy  rewetted bog areas, responding to potentially enhanced resilience, conferred by the recent works, though , regarding the latter point it is still  considered  that insufficient time has elapsed to  determine if  recent conservation measures have contributed to the increased abundance observed. and that further consistent flight periods/habitat surveys need to be carried out over the coming decade to facilitate more meaningful analysis.
[image: A map of a desert

AI-generated content may be incorrect.]
[bookmark: _Ref196654860][bookmark: _Toc196768190]Figure 38: Q GIS Map showing Adult CT Count Transects 3-5 (Polkey,2017) & Habitat transect 1 (Boyce ,2008) on SE Bog: Station 1 at Cors Caron (Zanoni, 2025
The QGIS map in Figure 38 shows  Polkey(2017) Transects 3-5, and the Boyce(2008) Habitat Transect 2, showing passing and failing quadrats for the 2024 season, clearly depict the greatest concentration sof CT along Polkey Transects 3 and 4, which cross through a proportion of the dome area that has undegone  contour bunding , reprofiling work and scrub control, , and could be considered relatively  repesentational of the central dome area,( also covered by Boyce Habitat Transect 2).
During the Habitat survey, at the start of the flight season, ;adhoc CT adult count numbers were also observed  and it would have been interesting to see what yield may have been obtained had this transect alos been utilised to count  adults for the entireity of the flight period. 
Furthermore to  help evaluate potential impact to the annual summary for Station Two  & Three, due to missing weeks walked, the  annual estimated sumary (AES) figures are included in Table 16  below below for comparison, along with the  AES estimates and summary chart ( as per  Figure 39 and Figure 40 below,) generated within records generated from the data logged  on the UKBMS site for the 2024 Survey) 
The estimated difference would be a total of 85 adults across the three transects and this interpolated total will be taken forward for the overall annual estimate summary analyis below.
[bookmark: _Toc196775588]Table 16: Raw Data to show Annual Estimate Summary for Weeks walked during UKBMS Survey Season 2024 West Bog: Stations 2 & 3. (UKBMS,2025)

	UKBMS Week
No
	11
	12
	13
	14
	15
	16
	17
	18
	19

	Date
	Jun
10
	Jun
17
	Jun
24
	Jul
01
	Jul
08
	Jul
15
	Jul
22
	Jul
29
	Aug
05

	CT Adult Counts
	6
	12
	29
	47
	64
	32
	12
	6
	3

	General Total Estimate
	6
	12
	29
	47
	64
	32
	12
	6
	3


Estimate Chart for CT Counts transects 3,4 & 5 Cors Caron- West Bog (Station Two & Three)(UKBMS,2025)
[image: A graph with a line
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[bookmark: _Ref196667355][bookmark: _Toc196768191]Figure 39: Estimate Chart for CT Counts transects 3,4 & 5 Cors Caron- West Bog (Station Two & Three) (UKBMS,2025)
[image: A graph with a line graph
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[bookmark: _Ref196667380][bookmark: _Toc196768192]Figure 40: Summary Chart for CT Counts transects 3,4 & 5 Cors Caron- West Bog (Station Two &Three) (UKBMS,2025


Presentation of raw data tables and charts for Station Two and Three Boyce Habitat transects 2
Regarding the rapid assessment habitat survey for Stations Two & Three, this took place across two relatively warm days and the results show a considerable increase in passing quadrats for 2024 in comparison to those carried out by Boyce in 2008 as shown in Summary Table 17  and  illustrated in summary chart in Figure 41 below.
The QGIS Map shown in Figure 42 below, also shows the Boyce Habitat Transect 2 overlaid on the final work plan map depicting the most recent ecological restoration applied to the bog, and as observed earlier with Boyce Habitat Transect 1 , provides a solid representational section across the bog making it suitable to provide a second additional Adult CT Count transect. 
Currently the 2024 survey results at best set a new baseline for the habitat and it is recommended to log transect for butterfly counts as part of the UKBMS Survey Programme to generate further additional official CT Adult count data, not only to generate additional CT Adult Count data but to allow for future comparative analysis with habitat surveys going forward.

[bookmark: _Ref196667953][bookmark: _Toc196768193]Figure 41::Habs Transect 2: Comparison of Pass/Fail Quadrats for Boyce 2008 & Zanoni 2024- Cors Caron Survey.2024

[bookmark: _Toc196775589]Table 17 Summary Data for rapid assessment counts for the West Bog- Habitat Transect 2
	Habitats Transect 2 (W):
Comparison of Pass/Fail Quadrats for Boyce 2008 & Zanoni 2024

	Survey Year
	Pass
	Fail
	Total No of quadrats
	Total Passing Quadrat %

	Boyce 2008
	38
	28
	66
	58%

	Zanoni 2024
	47
	16
	63
	74%




[image: A map of a mountain range
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[bookmark: _Ref196668651][bookmark: _Toc196768194]Figure 42: Q GIS Map showing Habitat transect  (Boyce ,2008) Pass/Fail Results overlaid on the NRW LIFE4Welsh Bogs Final Work Map SE Bog: Station 1 -Cors Caron (Zanoni, 2025)

[bookmark: _Toc196775590]Table 18 Summary Data for rapid assessment counts for the West Bog- Habitat Transect 2: Comparison between % of EV, PMG & other for the West Bog
	Habitats Transect 2 (W):
Comparison between % of EV, PMG & Other 

	 Mean EV%
	Mean PMG%
	Mean Other Colonies%

	19
	24
	58





[bookmark: _Toc196768195]Figure 43 Comparison between % EV, PMG and other Vegetation for West Bog- Cors Caron Survey 2024
Additionally. Percentage ratios for Eriophorum Vaginatum (EV) and Molina Caerula (Purple Moor Grass-PMG) and other vegetation present, were also measured the results of which are summarised in Table 18 and also the Comparison Chart  in  Figure 43 above, showing  proportions found for  larval food group EV to  Purple Moor grass values,, which corroborate the previous results  shown from the  initial quadrat assessments , showing  an abundance of the larval food group, mean other  vegetative colonies  and a lesser proportion of dominant  grasses , suggesting an  overall  continuing improvement in  favourable condition West  Bog ( perhaps potentially due in part to past ecological restoration measures from the 1980’s  - early 2000’s)It is also noted presently with an EV % ratio of 19% that the West bog is currently registering significantly beyond the Midpoint % value of 10.9%, as established by a recent study assessing suitable sites for CT reintroduction (Osbourne et al., 2022),
[bookmark: _Toc196775447]4.7 Northeast Bog Stations Four: Results & Analysis CT Adult Counts and Habitat survey.
General Season Condition Summary Station 4: Polkey Transects 6 
Table 19: Raw Data for Survey Conditions for Weeks walked during UKBMS Survey Season 2024 North East Bog: Boyce Station 4- Transect 6 (UKBMS, 2025).
	Week
	12
	15
	16
	17
	18

	Date
	Jun
23
	Jul
14
	Jul
19
	Jul
28
	Aug
03

	Sun
	20
	40
	100
	60
	60

	Temp
	19
	18
	23
	20
	16

	Large Heath
	12
	64
	32
	12
	6




Site Description & Qualitative habitat assessment for Polkey Transects 6
Prior to examining the raw results and preliminary analysis for Polkey Transects 6 (from the CT Adult Count Survey for 2024), a brief  description follows  regarding the location and qualitative assessment of condition  of the  survey area (depicted on the UKBMS survey map in Figure 44 shown below showing the location of  Polkey transects 6 logged for Stations 4 situated on the Northeast Bog Dome, which as for previous bog areas,  for most weeks of the CT flight season 11-18  were walked in accordance with conditions as previously described, carrying out Pollard Walks in accordance with UKBMS guidelines, with sun cover & temperature conditions shown in Table 19 above  and  are considered average for the July /August period.
Generally, the Northeast Bog, from previous reporting within the literature, is considered fair regarding display of typical optimum raised bog mire and have previously yielded relatively good counts for the feature CT. This bog has also received extensive restoration measures via the recent project, location and details and locations for which can be seen in Figure 45 below , which shows the final work map for the NRW LIFE4Welsh Bogs West Bog (passed through from the LIFE for Welsh Bogs Project officer via e mail communication in May 2024) 

[image: A map of land with blue lines
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[bookmark: _Ref196672738][bookmark: _Toc196768196]Figure 44: Site map showing Polkey Transect 6- Station Four 2024 Survey (UKBMS, 2025)
	[image: A map of a field
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[bookmark: _Ref196672975][bookmark: _Toc196768197]Figure 45: NRW LIFE4Welsh Bogs Northeast Bog Final Map:(White, J.2024) to depict scope of works undertaken per station area, inclusive of status of restoration works at the point of the survey.

Habitat condition summary for the range of conditions encountered for Polkey Transect 6
Table 20 below shows a qualitative assessment of the conditions and vegetation found during the CT Adult surveys conducted along Transect 6 and provides a qualitative appraisal and scoring for defining features for transect conditions at the Northeast Bog 
 In summary favourable condition was observed along 50% of the Polkey 6 transect and as with the Southeast bog presence of other key SSSI species associated with the same habitat as CT were observed i.e. Tiger Moth and Singa Hamata (bog spider) but in greater numbers. However, due to the route being covered 50 % along its length by boardwalk and is therefore assessed as not being representational of the bog mire ecology as a whole, but in time will potentially be a good indicator transect to assess effects of some of the restoration works carried out to the east of the site.
In the main the transect route walked were assessed as a suitable for Citizen Scientists to utilise for survey purposes, provided reasonable care and precautions are taken 
[bookmark: _Toc196775591]Table 20: Qualitative table to score condition of Transect 6 against the Core Management Plan for the Cors Caron SAC (CCW,2008) descriptions for favourable condition for raised bog mire. During   CT Survey 2024.

	Cors Caron Management Plan (2008)
Definitions features for fully functioning bog
	Transect Six
Comments

	The vegetation will be dominated by species of bog moss in lawns and hummocks. 
The rhyncosporion pool vegetation forms an intimate mix with the plant communities of the active raised mire.  

	
Estimated to be 50%of transect.




	Peat domes should be waterlogged with the water table at the surface or within a few centimetres of the surface for most of the year. 

	

Estimated to be 50%of transect.


	Plants Present:
· cross-leaved heath,
· heather 
· hare's tail 
· cotton grass 
form a low growing patchy canopy.
	
Estimated to be 50%of transect.


	Other plants present 
· bog rosemary, 
· deer grass 
· round leaved sundew 
will be less frequent but still fairly abundant.
	
Estimated to be 50%of transect.


	Other plants present:
· Purple moor grass, 
· Cladonia lichens and hypnaceous mosses will be scarce.  
	
More purple moor grass (Molina) observed than expected.

	Present: 
wet hollows on the mire surface containing bog mosses, that should dominate the vegetation and should be frequently encountered on the tops of the raised mires and wet all year round except during very dry periods.
 e.g. 
· golden bogmoss, 
· feathery bogmoss
· bog asphodel, 
· many headed
· cotton grass 
· white beak sedge.

	
Estimated to be 50%of transect.


	Central area of the raised mires will be free from trees and large saplings and invasive species such as Rhododendron ponticum
	


	Rand areas: dominated by bog mosses
	Not observed

	Transition from rand to wet heath: plants here typically eg:
· purple moor grass,
· cross leaved heath,
· tormentil 
· deer grass.  
	Not observed

	Non favourable conditions for fully functioning raised mire bog 
marshy grassland and swamp vegetation
Dominates Afon Teifi flood plain
Swamp vegetation plant species present:
· Reed Canary Grass
· Liverwort- Bog Earwort.
· Marshy grass land:
· purple moor grass 
· soft rush
Tussocky areas containing 
· marsh cinquefoil, 
· lady’s smock,
· yellow rattle
· occasionally common spotted and heath spotted orchids.
	Observed at start of transect entrance form boardwalk.

	CS- achievable condition to survey
	Yes

	Singa Hamata and Tiger Moth present
	Yes



Presentation of raw data tables & charts for CT Butterfly counts for Station 4- Polkey Transect 6.
The raw data, from which all the following section adult count data is extracted can be found in Appendix 3 in Table 3A, complete with grid co-ordinates to correspond with sightings per UKBMS week. Table  21 below however shows a summary chart for data collated for adult CT counts along Transect 6, within Station 4  from which comparison charts were generated ,to demonstrate comparative yields regarding numbers of CT per transect  as shown below  in Figure 46 & Figure 47 respectively.
[bookmark: _Toc196775592]Table 21: Raw Data for CT Counts Polkey Transects 6 at the Northeast Bog: 
[bookmark: _Toc196775593]Station 4.

	Northeast Bog
Boyce Station Four- Polkey Transect 6

	Week No
	No of CT

	11
	0

	12
	0

	13
	0

	14
	0

	15
	3

	16
	4

	17
	2

	18
	0

	
Station Four Total
	
9




Preliminary Comparison of CT adult count Transect 6- Northeast Bog- Station 4.
The comparison charts  below , show that  for Transect 6  that the highest concentration of butterflies for all transects  was observed around the peak flight time  for CT (weeks 15 & 16 ) at the CCNNR site.
Anecdotally it was observed that the greatest number of CT were counted on  where habitat had plentiful % ratios of Eriophorum vaginatum(EV ) the larval food plant sources and . lesser amounts of Molinia caerulea’Purple Moor Grass(PMG) and also displayed vegetation forms dominated by species of bog moss in lawns and hummocks.,. Additionally ecological restoration works, as with the Southeast site, did not cease entirely until  March 2024 at the West site,, allowing less time period  comparatively for CT to adapt to and reoccupy  rewetted bog areas, responding to potentially enhanced resilience, conferred by the recent works Indeed it is deemed necessary that several more years of Adult CT counts are carried out , whilst additionally  logging  other variables FF/LF and  conducting habitat surveys to enable long term trends to be perceived, arising from the latest restoration programme.


[bookmark: _Ref196681171][bookmark: _Toc196768198]Figure 46:Comparison of CT numbers for Polkey Transect 6 -Cors Caron Survey 2024



[bookmark: _Ref196681277][bookmark: _Toc196768199]Figure 47:Comparison Chart for Adult CT numbers at the Northeast Bog- Station - Cors Caron Survey 2024
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[bookmark: _Ref196683109][bookmark: _Toc196768200]Figure 48:Q GIS Map showing Adult CT Count Transects 6 (Polkey,2017) & Habitat transect 1 (Boyce ,2008) on NE Bog: Station 4 at Cors Caron (Zanoni, 2025

The QGIS map in Figure 48  above shows  Polkey(2017) Transects 6 and the Boyce(2008) Habitat Transect 3, showing passing and failing quadrats for the 2024 season, clearly depict the greatest concentration sof CT along Polkey Transects 6 crossing  through a proportion of the dome area that has undegone  contour bunding , reprofiling work and scrub control, , and could be considered relatively  repesentational of the central dome area,( also covered by Boyce Habitat Transect 3).
During the Habitat survey, at the start of the flight season, ;adhoc CT adult count numbers were also observed  and it would have been interesting to see what yield may have been obtained had this transect also been utilised to count  adults for the entireity of the flight period. 
Furthermore to  help evaluate potential impact to the annual summary for Station Four, due to missing weeks walked, the  annual estimated sumary (AES) figures are included in Table 22  below below for comparison, along with the  AES estimates and summary chart ( as per  Figure 49 and Figure 50 below,) generated within records generated from the data logged  on the UKBMS site for the 2024 Survey) 
The estimated difference would be a total of 0 adults across the three transects and this interpolated total will be taken forward for the overall annual estimate summary analyis below.



[bookmark: _Toc196775594]Table 22: Raw Data to show Annual Estimate Summary for Weeks walked during UKBMS Survey Season 2024 West Bog: Stations 2 & 3. (UKBMS,2025)

	UKBMS Week
No
	11
	12
	13
	14
	15
	16
	17
	18
	19

	
	
	
	
	
	
	
	
	
	

	Date
	Jun
10
	Jun
17
	Jun
24
	Jul
01
	Jul
08
	Jul
15
	Jul
22
	Jul
29
	Aug
05

	CT Adult Counts
	0
	0
	0
	0
	3
	4
	2
	0
	0

	General Total Estimate
	0
	0
	0
	0
	3
	4
	2
	0
	0
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[bookmark: _Ref196681921][bookmark: _Toc196768201]Figure 49:Estimate Chart for CT Counts transects 6 Cors Caron- West Bog (Station Two & Three) (UKBMS,2025)
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[bookmark: _Ref196681947][bookmark: _Toc196768202]Figure 50:Summary Chart for CT Counts transects 6 Cors Caron- West Bog (Station Two & Three) (UKBMS,2025)

Presentation of raw data tables for Station 4- Boyce Habitat Transect 3
Regarding the rapid assessment habitat survey for Stations Four, the results show a minimal increase in passing quadrats for 2024 in comparison to those carried out by Boyce in 2008 as shown in Summary Table 23 below (and also illustrated in summary chart in Figure 51) 
The Q GIS Map shown in Figure 52 below, also shows the Boyce Habitat Transect 3 overlaid on the final work plan map depicting the most recent ecological restoration applied to the bog, and as observed earlier with Boyce Habitat Transect 1 , provides a solid representational section across the bog making it suitable to provide a second additional Adult CT Count transect. 



Currently the 2024 survey results at best set a new baseline for the habitat and it is recommended to log transect for butterfly counts as part of the UKBMS Survey Programme to generate further additional official CT Adult count data, not only to generate additional CT Adult Count data but to allow for future comparative analysis with habitat surveys going forward.

[bookmark: _Ref196682822][bookmark: _Toc196768203]Figure 51:Habs Transect 3-Comparison of Pass/Fail Quadrats for Boyce 2008 & Zanoni 2024-Cors Caron Survey 2024

[bookmark: _Toc196775595]Table 23 Summary Data for rapid assessment counts for the Northeast Bog- Habitat Transect 3.
	Survey Year
	No of quadrats
	Total Passing Quadrat %

	BOYCE 2008
	34
	63%

	ZANONI 2024
	36
	63%

	

	
	



	Comparison between % of EV, PMG & other for Northeast Bogs

	Bog Name
	 Mean EV%
	Mean PMG%
	Mean Other Colonies%

	Northeast
	22
	33
	45
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[bookmark: _Ref196683419][bookmark: _Toc196768204]Figure 52: Q GIS Map showing Habitat Transect 3  (Boyce ,2008) Pass/Fail Results overlaid on the NRW LIFE4Welsh Bogs Final Work Map NE Bog: Station 4 -Cors Caron (Zanoni, 2025)

[bookmark: _Toc196775596]Table 24: Summary Data for rapid assessment counts for the Northeast Bog- Habitat Transect 3: Comparison between % of EV, PMG & other for the West Bog.

	Habs Transect 3-: Comparison of Pass/Fail Quadrats for Boyce 2008 & Zanoni 2024

	Survey Year
	Pass
	Fail

	Zanoni 2024
	19
	11

	Boyce 2008
	20
	12




[bookmark: _Ref196685075][bookmark: _Toc196768205]Figure 53: Northeast Bog-Boyce Transect 3 % Counts for EV,PMG & other Plant Colonies-CorsCaron 2024

Additionally. Percentage ratios for Eriophorum Vaginatum (EV) and Molina Caerula (Purple Moor Grass-PMG) and other vegetation present, were also measured the results of which are summarised in Table 24 above and also the Comparison Chart  in  Figure 53 above, showing  the largest proportions found for  larval food group EV  but  still  relatively  high to  Purple Moor grass values,, which corroborate the previous results  shown from the  initial quadrat assessments , showing  the most abundance of the larval food group, mean other  vegetative colonies  and a lesser proportion of dominant  grasses , suggesting an  overall  continuing improvement in  favourable condition Northeast  Bog ( perhaps potentially due in part to past ecological restoration measures from the 1980’s  - early 2000’s)It is also noted presently with an EV % ratio of 22% that the Northeast   bog is currently registering significantly beyond the Midpoint % value of 10.9%, as established by a recent study assessing suitable sites for CT reintroduction (Osbourne et al., 2022),

[bookmark: _Toc196775448]4.8 Remnant Bog: Results & Analysis CT Adult Counts and Habitat survey 
General Season Condition Summary Station 4: Polkey Transects 7
[bookmark: _Toc196775597]Table 25 Raw Data for Survey Conditions for Weeks walked during UKBMS Survey Remnant Bog: - Transects 7 (UKBMS, 2025).
	Week
	15
	15
	16
	17
	18

	Date
	Jul
09
	Jul
13
	Jul
18
	Jul
28
	Aug
03

	Sun
	60
	60
	60
	100
	60

	Temp
	18
	16
	20
	20
	16

	Large Heath
	1
	3
	1
	 
	 




Site Description & Qualitative habitat assessment for Polkey Transects 7
Prior to examining the raw results and preliminary analysis for Polkey Transects 7 (from the CT Adult Count Survey for 2024), a brief  description follows  regarding the location and qualitative assessment of condition  of the  survey area (depicted on the UKBMS survey map in Figure 54 shown below showing the location of  Polkey transects 7 situated on the Remnant Bog Dome, which as for previous bog areas,  for most weeks of the CT flight season 11-18  were walked in accordance with conditions as previously described, carrying out Pollard Walks in accordance with UKBMS guidelines, with sun cover & temperature conditions shown in Table 25 above  and  are considered average for the July /August period.
Generally, the Remnant Bog, from previous reporting within the literature, is considered to be in unfavourable condition status for raised bog mire feature though due to presence of wet heath and the larval and adult food groups,  CT counts have previously been observed. This bog has also  not received extensive restoration measures via the recent New LIFE for Welsh Bogs Project 

[image: A map of land with a blue line
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[bookmark: _Ref196739102][bookmark: _Toc196768206]Figure 54:: Site map showing Polkey Transect 7- Remnant Bog 2024 Survey (UKBMS, 2025)

Habitat condition summary for the range of conditions encountered for Polkey Transect 7
Table 25 below shows a qualitative assessment of the conditions and vegetation found during the CT Adult surveys conducted along Transect 7 and provides a qualitative appraisal and scoring for defining features for transect conditions at the Remnant Bog 
 In summary favourable condition was observed along 30% of the Polkey 6 transect, due to the route being covered boardwalk along  50 %  of its length and is therefore assessed as not being representational of the bog mire ecology at this bog., 
In the main the transect route walked were assessed as a suitable for Citizen Scientists to utilise for survey purposes, provided reasonable care and precautions are taken (with the caveat that permission to enter is gained from the nearby tenant farmers, who frequently graze cattle & sheep onsite).
[bookmark: _Toc196775598]Table 26: Qualitative table to score condition of Transect 7 against the Core Management Plan for the Cors Caron SAC (CCW,2008) descriptions for favourable condition for raised bog mire. -CT Survey 2024.

	Cors Caron Management Plan (2008)
Definitions features for fully functioning bog
	Transect Seven
Comments

	The vegetation will be dominated by species of bog moss in lawns and hummocks. 
The rhyncosporion pool vegetation forms an intimate mix with the plant communities of the active raised mire.  

	
×



	Peat domes should be waterlogged with the water table at the surface or within a few centimetres of the surface for most of the year. 

	×


	Plants Present:
· cross-leaved heath,
· heather 
· hare's tail 
· cotton grass 
form a low growing patchy canopy.
	 Hares tail, cotton grass cross leaved heath present but sporadically distributed amongst Molina clumps and other vegetation.

	Other plants present 
· bog rosemary, 
· deer grass 
· round leaved sundew 
will be less frequent but still fairly abundant.
	


	Other plants present:
· Purple moor grass, 
· Cladonia lichens and hypnaceous mosses will be scarce.  
	
More purple moor grass (Molina) observed than expected.

	Present: 
wet hollows on the mire surface containing bog mosses, that should dominate the vegetation and should be frequently encountered on the tops of the raised mires and wet all year round except during very dry periods.
 e.g. 
· golden bogmoss, 
· feathery bogmoss
· bog asphodel, 
· many headed
· cotton grass 
· white beak sedge.

	
Extremely sporadic and not observed extensively along the length of the transect to any extent.

	Central area of the raised mires will be free from trees and large saplings and invasive species such as Rhododendron ponticum
	
Not observed 

	Rand areas: dominated by bog mosses
	Not observed

	Transition from rand to wet heath: plants here typically eg:
· purple moor grass,
· cross leaved heath,
· tormentil 
· deer grass.  
	Not observed

	Non favourable conditions for fully functioning raised mire bog 
marshy grassland and swamp vegetation
Dominates Afon Teifi flood plain
Swamp vegetation plant species present:
· Reed Canary Grass
· Liverwort- Bog Earwort.
· Marshy grass land:
· purple moor grass 
· soft rush
Tussocky areas containing 
· marsh cinquefoil, 
· lady’s smock,
· yellow rattle
· occasionally common spotted and heath spotted orchids.
	
 Yes

	CS- achievable condition to survey
	Yes

	Singa Hamata and Tiger Moth present
	No




Presentation of raw data tables & charts for CT Butterfly counts for Station 4- Polkey Transect 7
The raw data, from which all the following section adult count data is extracted can be found in Appendix 3 in Table 3A, complete with grid co-ordinates to correspond with sightings per UKBMS week. Table  27 below however shows a summary chart for data collated for adult CT counts along Transect 7 on the Remnant Bog,  from which comparison charts were generated ,to demonstrate comparative yields regarding numbers of CT per transect  as shown below  in Figure 55 & Figure 56 respectively.
[bookmark: _Toc196775599]Table 27: Raw Data for CT Counts Polkey Transects 6 at the Remnant Bog: 
[bookmark: _Toc196775600]Station 4.
	Remnant Bog- No Boyce Station-Polkey Transect 7

	Week No
	No of CT

	11
	0

	12
	0

	13
	0

	14
	0

	15
	2

	16
	1

	17
	0

	18
	0

	Unnamed Station Total
	3




Preliminary Comparison of CT adult count Transect 7 Remnant Bog.
The comparison charts  below , show that  for Transect 7  that the highest concentration of butterflies for all transects  was observed around the peak flight time  for CT (weeks 15 & 16 ) at the CCNNR site .
Anecdotally it was observed that the greatest number of CT were counted on  whereever  habitat observed  had plentiful % ratios of Eriophorum vaginatum(EV ) the larval food plant sources and . lesser amounts of Molinia caerulea’Purple Moor Grass(PMG) and also displayed vegetation forms dominated by species of bog moss in lawns and hummocks., however the majority of habitat was dominated non favourable conditions for fully functioning raised mire bog 


[bookmark: _Ref196741120][bookmark: _Toc196768207]Figure 55:Comparison of CT numbers for Polkey Transect 7 -Cors Caron Survey 2024



[bookmark: _Ref196741169][bookmark: _Toc196768208]Figure 56:Comparison of CT numbers for Polkey Transect 7 -Cors Caron Survey 2024

The QGIS map in Figure 57 shows Polkey (2017) Transect 7, which lacks a designated Boyce (2008) Habitat Transect or sample station. To establish a baseline for a preliminary habitat assessment, the Boyce method was applied along the transect to evaluate the number of passing and failing quadrats for the 2024 season. The highest concentration of Coenonympha tullia (CT) was found in the first third of the transect, where the most favourable recovering bog habitat is located.
For completeness the  annual estimated sumary (AES) figures are included in Table 28  below below for comparison, along with the  AES estimates and summary chart ( as per  Figure 58 and Figure 59:below,) generated within records generated from the data logged  on the UKBMS site for the 2024 Survey) 
The estimated difference would be a total of 0 adults across the transect and this interpolated total will be taken forward for the overall annual estimate summary analyis below.
[image: A map of land with red dots
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[bookmark: _Ref196746629][bookmark: _Toc196768209]Figure 57 :Q GIS Map showing Adult CT Count Transects 7 (Polkey,2017) & Habitat transect 1 (Boyce ,2008) on NE Bog: Station 4 at Cors Caron (Zanoni, 2025

[bookmark: _Toc196775601]Table 28 Raw Data to show Annual Estimate Summary for Weeks walked during UKBMS Survey Season 2024 Remnant Bog (UKBMS,2025)

	UKBMS Week
No
	11
	12
	13
	14
	15
	16
	17
	18
	19

	
	
	
	
	
	
	
	
	
	

	Date
	Jun
10
	Jun
17
	Jun
24
	Jul
01
	Jul
08
	Jul
15
	Jul
22
	Jul
29
	Aug
05

	CT Adult Counts
	0
	0
	0
	0
	2
	1
	0
	0
	0

	General Total Estimate
	0
	0
	0
	0
	2
	1
	0
	0
	0



[image: A graph with a blue line
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[bookmark: _Ref196748112][bookmark: _Toc196768210]Figure 58:Estimate Chart for CT Counts transects 7 Cors Caron- Remnant Bog  (UKBMS,2025)
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[bookmark: _Ref196748137][bookmark: _Toc196768211]Figure 59Estimate Chart for CT Counts transects 7 Cors Caron- Remnant Bog) (UKBMS,2025)

Presentation of raw data tables for Remnant Bog Habitat Survey Polkey Transect 7
The 2024 survey results establish a new baseline for the habitat., however, it is recommended to continue Adult Coenonympha tullia (CT) counts along Transect 7 and to establish a 5th control Habitat transect running horizontally across the site. This will provide a better representation of the habitat in this location moving forward.
Additionally. percentage ratios for Eriophorum Vaginatum (EV) and Molina Caerula (Purple Moor Grass-PMG) and other vegetation present, were also measured the results of which are summarised in Table 29  and also the Comparison Chart  in  Figure 60 above which  show both the  lowest  and highest proportions found for  larval food group EV   and  Molina Caerula. respectively. values, which corroborate the previous results  shown from the ‘pass/fail ‘quadrat assessments  reflecting the relatively poor condition of this part of CCNNR., for which at 4%  the  level of  EV registers significantly below the Midpoint % value of 10.9%, as established by a (Osbourne et al., 2022),

[bookmark: _Ref196751954][bookmark: _Toc196768212]Figure 60:Comparison of Pass/Fail Quadrats for Remnant Bog Boyce 2008 & Zanoni 2024-Cors Caron Survey 2024

[bookmark: _Toc196768213]Figure 61:Remnant Bog % Counts for EV, PMG & other Plant Colonies-CorsCaron 2024

[bookmark: _Toc196775602]Table 29 Summary Data for rapid assessment counts for the Remnant Bog
	Remnant Bog- No Station- Rapid Assessment Counts for Habitat Features
	Total Passing Quadrat %

	BOYCE 2008- 0 QUADRATS
	0%

	ZANONI 2024- 24 QUADRATS
	14%




[bookmark: _Toc196775603]Table 30: Summary Data for rapid assessment counts for the Remnant Bog Comparison between % of EV, PMG & other for the West Bog.
	Comparrison between % of EV, PMG  & other for Remnant Bogs

	Bog Name
	 Mean EV%
	Mean PMG%
	Mean Other Colonies%

	Remnant Bog
	4
	6
	90



[bookmark: _Toc196775449]4.9 Results and Analysis Summary Section
CT Adult 2024 Counts and Habitat Rapid Assessment Survey: Spatial Analysis and Statistical comparison work.
This section is located in Appendix 1 ,(Sections 1.1-1.4 respectively) and   briefly explores  other  the potential use of other  statistical and spatial analytical methods for future adoption, though recognising that significance of any ‘results’ from the present study are limited due to lack of preceding data sets and that employment  of  other statistical analysis is contingent on generating consistent and expanded data sets as recommended in sections 4.5 to 4.8 regarding Adult CT counts and habitat assessments as part of ongoing post restoration works monitoring .. Approaches applied to  the 2024 study findings: are as follows:
1)  Annual Estimated Summary (AES) comparison of the 2024 survey and the UKBMS National (AES)total and that for sister bog site at Cors Fochno for CT adult counts.
2)  Spearman t test for Polkey Counts to check significance between Annual Estimated Summary totals for 2024 and those from the 1980-2001 & 2017 periods.
3) ANOVA test to examine if there is a significant relationship between % ratios of EV/PMG and other plant colonies,

[bookmark: _Toc132739522][bookmark: _Toc196775450]5. Discussion  
Overview
This is the first attempt at CCNNR that a specialist indicator species has been evaluated regarding future use to provide biotic data for assessing favourable condition restored following on from past and/or present ecological restoration works  Furthermore based on the results and analysis  for the 2024 surveys  for  CT adult number counts  and  assessment of habitat % quality  there is reasonable confidence to make a  proposal going forward to combine  survey methodologies  
It is envisaged that this would not only fill existing evidence gaps for the feature CT but also allow more accurate assessment of all three main mesotope areas, to which LPB techniques have been applied but would provide the ability to assess for requirements regarding targeted adjustment of current and future restoration methodology protocols undertaken at CCNNR (and other sites undergoing similar restoration programmes)
Potentially study findings could also add to those add to those from researchers (Kreiger et al,2019), (Assandri and Bazzi,2022), (Burkmar,2018) and (Osbourne et al, 2022), who are currently developing protocols for specialist indicator species monitoring to assess increased ecosystem resilience arising from landscape restoration practices 
Sections 5.1 to 5.3 assess the extent to which the original core research aims and objectives have helped to achieve the overall research goals outlined above and also identify limitations and offer recommendations for future research.
[bookmark: _Toc196775451]5.1. Evaluation and discussion of key findings from the 2024 Bog Habitat and Butterfly Counts:
What can be concluded from comparisons of Annual estimated summaries 2024 & 2017?
Regarding examining the first set of core aims for this research study: Table 31 below scores how much of these related outcomes have been fully or partially achieved by the recent study:

[bookmark: _Toc196775604]Table 31-  Summary Table to show Evaluation of Core research Aims, and Related outcomes for CT Adult Counts- collated during the Cors Caron Survey 2024
	Core research aims
	Related Outcomes
	 Evaluation Outcome achieved/partially achieved


	[bookmark: _Hlk196142699]1) Determine if there is a correlation between 2024 CT adult estimated summary data with extent of FC restored (as a result of commencement of recent ecological restoration works established 2017 & 2018 (pre low pressure bunding (LPB) works)

	Will provide updated survey data to enable ongoing monitoring for CT feature at CCNNR with respect to SSSI data as per Cors Caron 2008 Management Plan.

Will also provide a ‘condition’ survey of the existing transects utilised previously for CT adult counts and habitat surveys.

Carry out assessment of these transect routes and the methodologies to facilitate participation by Citizen Scientists enabling the opportunity for greater partnership working to achieve more significant data set collation going forward.

Accurate recording of flight beginning and end timings will also enable comparison/ evaluation of the potential impacts of climate change on CT, in relation to data collated regarding other nationally recorded data for UK populations of this feature.
 
First occasion at CCNNR that CT adult counts will be utilised as a biotic factor for testing efficacy of current techniques to restore FC of existing bogs at CCNNR. 




	


















Partial first flight recorded, last flight estimated as weather inclement (Beaumont scale 4+ for wind conditions) for final week counts.




 





[bookmark: _Ref196762994][bookmark: _Toc196768214]Figure 62:Chart showing Comparisons of Annual Estimated summaries for CT surveys at Cors Caron 1987-2024

Most initial aims have been achieved, showing a considerable increase in CT adult counts at Cors Caron, based on Annual Estimated Summary (AES) comparisons to Polkey 2017 and historic figures (see comparison chart in Figure 62 above). However, several flaws should be considered:
1. Statistical analysis is less meaningful due to gaps in previous data records and mismatched methodologies between Polkey (2017) and Boyce (2008) timed adult counts. The W walks method used by Polkey and Boyce prevents direct comparison with 2024 data, as areas surveyed differ, skewing results.
2. The W method was not used in 2024 due to health and safety concerns, surveyor inexperience with rewetted areas, and ground-nesting birds, making it unsuitable for butterfly count data collection.
3. Comparison of 2024 data per transect with Polkey 2017 data is impossible due to lack of access to raw data in the original report.
The net result statistics show a significant difference between 2017 and 2024, indicating a rising trend across the site. However, the lack of detailed data and consistent annual surveys for CT numbers limits further analysis. This upward trend may be partly due to measures taken between the 1980s and 2001, such as regulating grazing, banning burning, installing deep-bunded pools, and blocking ditches, which have contributed to net gains in CT numbers and favourable conditions (FC).
A more granular spatial analysis is not possible without more detailed data from individual transect counts, which should be consistently carried out in future surveys, as recommended by Lyons (2023). Current methodology limitations prevent cross-comparison of individual transect adult CT counts between Polkey's 2017 survey and earlier sporadic counts from the 1980s-2001.
Using Polkey's 2024 transect counts to assess FC improvements at a granular level is currently limited. A Q GIS map (see Figure 63below) showing CT adult counts for the 2024 season along Polkey's 2017 transects and ad hoc counts along Boyce's habitat transects. The heat map suggests Transect 4 in the West bog is performing best, followed by Transects 3 and 5. However, without comparable 2017 data, it is unclear how much improvement has occurred or if there have been losses or gains due to staggered cessation of restoration works. 
Additionally  it was noted  that  Some transects do not represent the station areas or improvements undertaken in the Southeast, Northeast, and West  example, while surveying Boyce's habitat transect on the Northeast bog, ad hoc  numbers for Adult CT counts for Transect 6, as well as Transects 1 and 2 on the Southeast bog, indicated that if these had been logged as UKBMS Survey transects, the overall transect count for the Northeast bog would have significantly increased, suggesting a greater percentage of favourable condition (FC) improvement for the Northeast bog compared to the Southeast bog. However, Polkey's 2024 survey counts show that Northeast and Southeast bogs are on par in terms of adult counts alone, suggesting a lesser state of favourable condition (not borne out by the results of the Habitat surveys.) 
Despite these discrepancies, the suggestion is not to abandon these particular transects for several reasons:
1. Historical Data: There is valuable historical data linked to previous works that can be built upon.
2. Potential for Improvement: As the general resilience of the bog area improves due to recent and historic works, further improvements could occur in these transect areas. Premature abandonment could result in the loss of useful data for future comparisons.
3. Negative Data Counts: Logging negative data counts is just as important as positive ones to illustrate trends arising from recent works.
4. Identifying Needs: Following on from the previous point negative data counts can help identify areas where more restoration work is required or where existing measures need refinement. This is particularly important if these areas continue to yield low count numbers compared to other areas of the bog.. The recommendation following on from the previous observations is to collate future adult CT counts from both sets of transects, effectively using a 'both-and' scenario. This involves utilizing Polkey's transects to gauge site FC as a whole whilst also incorporating adult count data from the Boyce Habitat transects, in addition to utilising them for carrying out quadrat assessments for habitat surveying. It is anticipated that such an approach will lead to more representative reporting for annual CT counts and further enhance the capacity to assess the effects of restoration work using CT as a biotic factor.
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[bookmark: _Ref196763189][bookmark: _Toc196768215]Figure 63:Q GIS Map showing Adult CT Count Transects 1-7 (Polkey,2017) & Habitat transect 1-3 (Boyce ,2008)  also showing heatmap gradients for CT Counts 2024 & Pass/Fail Scores for Habs Quadrats at Cors Caron (Zanoni, 2025)

Physical Accessibility and feasibility for future use by Citizen Scientists to facilitate expansion of data set collation.
Regarding one of the aims to assess suitability of the routes to be utilised by Citizen Scientists Most of the original transect routes walked in 2017 are passable, and  could reasonably  be attempted by surveyors at intermediate and beginner level to carry out  these surveys, although a word of caution should be noted that obviously with the requisite health and safety precautions in place as the raised bog mire  terrain from a  walking category perspective is usually graded as being  moderate to hard  and  the site is also  extremely exposed to the elements.
However, it should be noted that Transect 5 was cut short due to the deterioration caused by uncontrolled rushes (Juncus) obscuring the quaking bog beneath. A new suggested route to the boardwalk, allowing it to join the route to Maes Llyn tenant farmland and exit onto Sustrans trail 182, was used for this survey year and should remain.
These routes, as previously stated in the methodology, are now logged on UKBMS site for the UK Butterfly Monitoring Survey (UKBMS,2025) and should be carried forward for subsequent surveys as per previously stated reasons. resulting in a new baseline for figures post the recent tranche of ecological restoration works.
This also adds to the SSSI data, helping with ongoing requirements to fill evidence gaps for this feature with respect to the Protected sites baseline assessment 2020
(Natural Resources Wales, 2025)

It is suggested therefore that Citizen Scientist involvement could be a way toward to incorporate partnership working, which has been successful where the environmental regulator has previously embraced Citizen Science i.e. as per the ‘Surveying the Waterway Environment for Pollution Threats’  a water quality citizen science project, funded by Natural Resources Wales(SWEPT 2019) , which was repeated in Autumn 2024 and is an example of joint partnership working where volunteers and staff for the Pembrokeshire Marine Special Area of Conservation & West Wales Rivers Trust., helped to collate water samples and carry out testing for levels of  nitrates and phosphates on the shore to help NRW officers to target efforts for reducing water pollution.entering the marine (Special Are of conservation)SAC.
 Another metric that could be captured successfully via CS involvement is First flight (FF)and last flight (LF) estimates have also been assessed, adding to climate data metrics whereby CT appears to be within scope for 2024, despite other species doing poorly due to extreme weather (refer to UKBMS reporting for CT 
In short, including FF/LF metrics addresses the need to collate and log climate change metrics for CT, also allowing for comparative assessment regionally (Cors Fochno) and nationally (UK-wide) within UKBMS annual reporting for all butterfly features, including CT, in turn allowing for evaluation of other pressures affecting the feature aside ecological restoration works.
In summary Table 32 below additional key recommendations to improve on CT Adult methodology, utilising  both the Polkey(2017) and Boyce (2008) transects.


[bookmark: _Toc196775605]Table 32 Summary of Recommendations to improve CT Adult Count methodology utilising Polkey (2017) and Boyce (2008) Transects

	Aspect of data collation for improvements
	Recommendation

	1.Preliminary Statistics
	The initial statistical analysis is inconclusive due to the lack of like-for-like data. 
More annual counts and per transect data are needed to build a meaningful dataset. 
This will allow for a more granular assessment, to identify which transects in each station area are performing better per annum.
This foundation will help correlate results with habitat data collected along the habitat transects.

	2.Future Data Collection: Polkey (2017) transects 1-7
	It is recommended to continue collecting data annually per transect (to add to the baseline set in the 2024 UKBMS survey)
Additionally continue to and logging it as part of the UKBMS Wider Countryside Butterfly Survey

	3. Future Data Collection: Boyce (2008) t Habitat Transects 1-3
	Utilise these transects for CT Adult count transects in addition for use for quadrat habitat surveys.
Log these as part of the UKBMS (2025)’ Wider Countryside Butterfly Survey Annual Survey’ to facilitate data collection from Citizen Science groups,
This will allow for expansion potentially of data sets annually facilitating more enhanced analysis. & comparison with regional and national Adult CT Counts per annum.



[bookmark: _Toc196775452]5.2 Comparison of aims and evaluation of perceived outcomes and actual outcomes arising from Butterfly Adult Survey Counts and Habitat % Surveys for Coenonympha Tullia at Cors Caron 2024
 To help with evaluating the second set of core aims for this research study table 33 below scores how much of these related outcomes have been fully or partially achieved by the recent study:
[bookmark: _Toc196775606]Table 33 Summary table to show Evaluation of Core research Aims, and Related outcomes for Habitat Survey Data- collated during the Cors Caron Survey 2024.
	
Core research aims
	
Evaluation Outcome achieved/partially achieved


	
Related Outcomes:

1.) Determine strength of correlation with 2024 Habitat % data and 2024 Annual estimated summary 2024 data.

· Establishing survey data for Habitat Quality % will provide the basis of a new baseline for surveying of the feature (CT) at the bog for determining/ monitoring efficacy of restoration of FC as a result of current restoration works.

· A more robust tool could potentially be developed by further comparison of % counts of key CT larval and nectar source from collated Habitat quality % sample data with 2024 adult number counts species to help establish a future monitoring tool for surveyors at CCNNR and other sites to-measure efficacy of LPB restoration works
· Biotic data obtained assessing % of CT ecology flora present in comparison adult CT counts will also contribute to the work of other researchers in the literature (i.e. Osbourne,2022) with respect to measuring. % of key plants present, providing quantifiable measurement of ability of environment to support reintroduced CT populations and/or to assess likelihood of them being present as a result of undertaken ecological restoration works.

	
.


























Partial as only EV % ratio v=covered in this study larval food groups, (but neither tussock number or depth measurements for E.V. or the adult food source % ratios for – Erica Tetralix were measured.

	· Determine level of FC restored to favoured CT ecology in this area, not previously quantified in 2017/2018 surveys.
	






Habitat Surveying at CCNNR: utilising Boyce 2008 methodologies
Having evaluated the core aims related to habitat surveys. carried out as per the original methodology (Boyce,2008), it can be said that most objectives have been achieved, whereby a new baseline has been set in 2024 for pass/fail values at all three bogs areas previously surveyed, and the remnant bog (not previously surveyed, establishing a new baseline for this bog area); In summary the figures suggest quadrats for SE and NE bogs are holding steady, despite temporary flooding from block ditching, which may cause initial larval mortality however Lyons (2023) suggests CT will adapt.to rewetted conditions  in time. 
Regarding appraisal of the methodology, it was also perceived in the main to be repeatable and effective for the purposes of rapid data collation for larval food sources and dominant vegetation. 
Also, most of the original transect routes from 2008 were found to be passable, potentially allowing going forward for Citizen Scientists and inexperienced surveyors to conduct rapid assessment quadrat surveys (with prior guidance), although it is noted that ground conditions comprise of moderate to hard terrain, in addition to the exposed nature of  site conditions., so some rudimentary training is recommended with regard to carrying out field work near water bodies and that all necessary health and safety permits are in place prior to commencing surveys.
Presently, these routes are not logged on the UK Butterfly Monitoring Scheme (UKBMS, 2025),  however, after noting increased CT ad hoc sightings during  the 2024 habitat assessments and that the compared to the Polkey transects, these transects cover a significant range of bog areas with historic and recent restoration work, it is recommended that the Boyce Habitat transects are also  utilised officially for adult CT counts, in addition to  being used for habitat  assessments 
Polkey (2017) also recommends shorter survey intervals (3-5 years), but due to staggered restoration works, a review of this interval is suggested. whereby habitat surveys are conducted within 36 months to allow CT redistribution, and annual adult CT count surveys are carried out for both the original and habitat transects to help increase adult CT count capacity over restored bog areas. 
Challenges and Solutions re: the Boyce (2008) methodology
 There are however some limitations to note with the rapid assessment (Boyce, 2008) as follows:
1) Replication issues with Boyce quadrat pacing and setup have been identified., whereby differences in surveyor pace and stride can affect transect length and quadrat recording accuracy, making it difficult to replicate results accurately. , however it is suggested These issues could be overcome by higher-quality GPS checker to check grid co-ordinates for the survey quadrats instead of utilising the mobile app ‘Strava’, which was utilised during this study to help locate transects, measure distance covered and log co-ordinates for the quadrats.
2) Additionally, there may be bias or inaccuracies in estimating the percentage ratios for plant types between surveyors. Therefore, this method would benefit from comparison with data gathered from remote sensing methodologies as covered earlier where it was noted remote sensing and satellite methodologies could be used to assess vegetation in peatlands Yallop (2024),. However, Yallop also makes the point that significant work should be undertaken before using optical, radar, or LIDAR methods. Due in part to’ a limited understanding of these technologies' capabilities and limitations in the peatland community, causing challenges in peatland policy and practice’.  And further recommends devising a method based on five linked components: typology, potential data sources, field data collection, image processing, and error assessment. Monitoring or change detection adds a sixth component and Suitable units of evaluation should assign the same class at the same sample locus at the same time, relatable the core modus operandi of both the Polkey (2017) & Boyce (2008) method and elements of Osbourne' et al, (2022). 
Additional measurements from the 2024 Survey & further recommendations for future habitat surveying & analysis using Boyce (2008) methodology
As Boyce (2008) only recorded Pass/Fail figures, additional metrics for the latter were collated, for the habitat transects setting a new baseline by gathering % ratios for larval food groups (EV), Molina Caerula (PMG)habitat markers and for all other vegetation features, using Boyce's rapid assessment techniques 
The overall results are shown in comparison charts in Figure 64 and illustrating some interesting trends, for example despite having 50% more passing quadrats on the Southeast bog, the percentage of EV coverage is less than for the Northeast and West bog respectively and has proportionally more invasive Purple Moor Grass (PMG). 
Regarding the latter the high level of PMG and very low level of EV on the Remnant bog clearly shows the lack of favourable condition status, correlating with virtually no sightings of CT observed during the season.
The West bog shows a coherent pattern ratio between EV: PMG to other vegetation groups, concords with the high sightings of CT observed, whereas the relatively higher other vegetation value for the Northeast bog in comparison corelates well with the lower CT numbers observed. 
It is suggested therefore to continue to collating % ratio data during ongoing monitoring for future to assess relative differences in % ratios in time between EV/PMG and other plant colonies , with more granular data allowing for better spatial and statistical analysis can be carried out to ascertain if CT abundance correlates positively with increase in larval food groups and decrease in Molina Caerula (PMG) at recorded quadrats. locations, for assessing efficacy of restoration measures.
Furthermore, comparing   previous study data with 2024 average percentages for (EV)) &, taken together with the Adult CT Counts for the 2024, certainly indicate that CT could be successfully utilised as a biotic factor for evaluating favourable conditions (FC). Presently the current data provides a general metric that could relate to past works and recent project effects 



It is also recommended that additional measurements are taken for EV tussock number and depth, (key metrics for CT larvae survival). & Erica Tetralix % ratios (adult food group) and that regular comparisons are made to the guide values (midpoint & breakpoint produced by the previous study (Osbourne et al,2022) 
However meaningful statistical analysis such as that demonstrated by used by the Cors Fochno study cannot be achieved until  a regular surveying regime at CCNNR is put in place employing a  consistent  set of methodologies: having assessed both the previous adult count transects and habitat transects as suitable Citizen Science   assessment, it is also suggested that a partnership programme should be established to facilitate a sustainable and complimentary approach to gathering data at CCNNR for CT in addition to utilising metrics from  existing evidence bases. 

[bookmark: _Ref196764205][bookmark: _Toc196768216]Figure 64:Comparison between % EV, PMG & other plant colonies- Cors Caron Survey 2024.

[bookmark: _Ref196764170][bookmark: _Toc196768217]Figure 65: Plot to show Comparison between % EV, PMG & other plant colonies- Cors Caron Survey 2024.
[bookmark: _Toc132739525][bookmark: _Toc196775453]6.Conclusion  
The main research aim for this study was to assess the viability of using Coenonympha Tullia (CT) as a biotic indicator for assessing the efficacy of previous and current ecological restoration works carried out at Cors Caron National Nature Reserve (CCNNR) 
The CT adult count study was achieved by utilising a methodology carried out by Polkey (2017) prior to commencement of the ‘New LIFE for Welsh Bogs Project restoration programme and provides an updated baseline data for CT adult abundance at CCNNR, 
To summarise contextualized against  CT figures for sister site , Cors Fochno, having also undergone similar ecological restoration measures (Lyons,2023) , and also making additional comparisons with national data reported by UKBMS for the 2024 flight season, the current study  results show that, overall  that the CT population at Cors Caron  is faring positively , with the West bog still indicating the largest population increases and whereby a comparison with the annual estimated summary from 2017 demonstrates a net adult CT abundance increase of x 71%.
This increase above, however, does not Including ad hoc counts totalling 24 CT adults logged during habitat surveys carried out concurrently as the adult counts during the study, totalling 168 butterflies for the 2024 flight period. 
It should be noted that  these additional numbers cannot be officially counted as the transects utilised for  reassessment of the habitat quadrats,  using the original  survey methodology employed (Boyce ,2008) are presently not entered onto the official  UK Butterfly Monitoring Scheme (UKBMS,2025), nor have they been previously used for the purpose of logging data to contribute regional and national analysis .
Furthermore, station counts carried out in sample areas 1-4 carried out by Polkey (2017) and Boyce (2008) also cannot be compared to Count data obtained in 2024due to a different count methodology being utilised known as the timed ‘W walk method’, rather than the Pollard Walk methodology ‘employed along transects 1-7 in 2017.
The W Walk method was dismissed for the 2024 surveys due to health and safety concerns, as improved hydrological resistance led to more water logging in survey areas. The Pollard Walk method, suitable for all surveyor levels and commonly used by Citizen Scientists, informed the decision to log the Polkey transects with the UKBMS national butterfly counting scheme. This enables the expansion of data sets for annual CT adult counts, potentially generating more statistically significant data for post-conservation work monitoring at CCNNR.
This would facilitate further data generation for CT regarding its status as an SSSI species, an ongoing issue identified by NRW following its 2020 Protected Sites Baseline Evaluation review. The review confirmed that nearly 50% of species and habitats at protected sites are under-recorded. Addressing the lack of SSI feature recording at many conservation reserves could garner support for habitat feature recording, offering a potential strategic partnership solution.
It is acknowledged from perusal of recent comparative studies (Barkmann et al.2022) & (Van Swaay et al,2008) that area time count methodologies may provide more comprehensive coverage for adult counts, allowing in turn for closer connection to habitat types. Indeed Boyce (2008) developed a method that allows for this approach and a future recommendation might be to undertake comparative studies to test this at the CCNNR site.
Assuming that the upward trend observed across the site as a whole for  CT  adults  counts from  prior reporting  ahead of the present restoration works  (Polkey, 2017) and from the  habitat condition survey  (Boyce,2008) it could therefore be  there is a strong indication of continuing ‘favourable recovering status’ for the raised bog mire as defined in the Management plan for Cors Caron (Countryside Council for Wales ,2008)and the Ramasar Information Sheet:UK14003( Joint Nature Conservation Committee, 2008) and Natura Standard Data Form: UK0014790: Cors Caron(Joint Nature Conservation Committee, 2017)
 It has also established first flight and an estimated last flight date for CT that are within expected parameters; starting in the second week of June contrasting to the Cors Fochno (Lyons.,2023), which commences within May, peaking in the second half of June and early July.  However, for all three subspecies of Coenonympha tullia (ssp. Polydama found in CCNNR) last flight is usually begins the second week of August, with subspecies scotia, maintaining the highest figures during last flight (U.K. Butterflies,2025:
Compared to Boyce's 2008 survey, the Southeast and West Bogs show considerable improvement, while the Northeast bog remains unchanged. The Remnant bog however, with no restoration improvements continues to show unfavourable conditions. Due overall to limited previous data and only one complete data set from Boyce in 2008, these results should be viewed with caution. They may indicate the following trends:
· A steady continuation of favourable condition improvement across the site, possibly due to long-term and recent ecosystem restoration measures carried out from the 1980s to 2024.
· Improvements due to controlling previous poor agricultural practices, burning, cutting, and overgrazing.
The staggered completion of works, with the West bog finishing two years before the Northeast and Southeast bogs, which ceased two months before the 2024 surveys, means results should be viewed with caution as the latter bogs are still recovering. Additionally, 2024 survey work for CT adult counts and habitat assessments confirmed the existing transects are generally fit for purpose. This allows both Polkey's and Boyce's survey methods to be used together to assess the site's favourable or unfavourable condition for CT and raised bog mire status.
Future Recommendations: 
Table 34 below presents a list of recommendations based on this current research To continue to improve data collection for Coenonympha tullia (Large Heath butterfly) and develop methodologies for using it as a biotic indicator at Cos Caron National Nature Reserve.
[bookmark: _Toc196775607]Table 34 Summary of Future recommendations to facilitate utilising CT as a biotic indicator to determine efficacy of favourable ecological restoration works at CCNNR:
	  Future Recommendation
	Proposed Aims & Objective

	Increase frequency of data collation and combine Polkey (2017) & Boyce (2008) methodologies
	To assess recent changes, a greater set of data needs to be collated using CT over several years to refine the methodology established using the Polkey (2017) and Boyce (2008) survey methodologies.,

Include of regular logging of  first and light flight for tracking of Climate Change effects.

Citizen Scientist involvement could be a  explored  as a way toward to incorporate partnership working, to facilitate possibility of obtaining expanded data sets.

	Add Adult Food % ratios, EV Tussock depth and number counts to future Habitat surveys.
	Current results may show significance regarding adult numbers, but to achieve greater% ratios regarding vegetation bog, additional aspects to habitat survey protocols should be incorporated into the Boyce rapid assessment testing methods
 i.e. As per (Osbourne,2022)- include Euphonium Vaginatum EV tussock number & depth and Erica Tetralix ET (numbers (adult food group) 

	Incorporate the Boyce Habitat Transects into the UKBMS National Monitoring Butterfly Survey Methodology.
	Log the Boyce (2008) habitat transects as official transects for annual counts with the UKBMS scheme.
Additionally, continue  to use the Habs Transects to carry out rapid assessment habitat counts potentially allowing for enhanced statistical and spatial   analysis i.e. via direct comparisons with habitat condition and numbers of CT adults to be evaluated 

	Utilise Satellite/Geospatial data sets and other similar evidence bases i.e.E.O. Basis to compare with CT data.
	Compare biotic data sets generated for CT alongside abiotic data regarding increased hydrology and other climatic conditions e.g. (CO2 sequestration metrics.
Additionally utilise enhanced environmental monitoring capacity and/or data available
e.g. employ via remote sensing techniques and/or satellite imagery and geospatial datasets with Analysis Ready data (ARD) capacity.

	Undertake a full population evaluation at Cors Caron
	Polkey (2017) also makes the point that a full population evaluation should, be undertaken at Cors Caron to establish a true evaluation of population at CCNNR Utilise this as an additional baseline for evaluation of annual indicative assessments
Also envisaged will help to assess. genetic mixing between CT bog populations not evaluated within recent studies.
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Technical background document – Butterfly Population trends 
March 2023 

1. Data collection method overview
The UK Butterfly Monitoring Scheme (UKBMS) has operated since 1976 and involves thousands of volunteers collecting data every week throughout the summer. Data are collected from over 3,000 sample locations across the UK. The scheme comprises three survey components: 1. Traditional butterfly transects (Pollard Walks); 2. Wider Countryside Butterfly Survey transects; 3. Targeted surveys in which non-transect methods are used to survey specific species. The protocols for these are summarised as follows:

1. Traditional butterfly transects (Pollard walks): Butterfly counts are made along fixed-route walks (transects), typically 2-4km long and sub-divided into sections according to habitat and management units, established at a site and recorded on a regular (weekly) basis under set weather conditions suitable for butterfly activity from the beginning of April until the end of September. All butterflies seen within an imaginary box, 5m wide, 5m high and 5m ahead of the surveyor are recorded within each section. All butterfly species are recorded on the majority of transects with just a small number of transects where only targeted species are recorded.

2. Wider Countryside Butterfly Survey transects (WCBS): The WCBS is based on the BTO’s Breeding Bird Survey (BBS). Using the traditional transect methodology, butterflies are counted along two parallel 1-km long survey lines each subdivided into five 200m sections, located within randomly selected 1-km squares (stratified by recorder density). Counts are made at least twice a year in July and August with optional additional counts outside this core period. 
 
3. Targeted surveys: Alternative, more rapid approaches targeted at specific species and sites where the standard transect methods are not appropriate include:
· ‘Timed counts’ - recording the abundance of adults of a particular species over a set period of time and within a set area under UKBMS weather criteria. These are carried out especially for scarce fritillary species such as Heath Fritillary and High Brown Fritillary, that vary in distribution over extensive habitats from year to year, for species that are not easily detected on transects, and for scarce species in habitats/locations where it is difficult to make repeated visits. 
· Egg and larval web counts - recording the number of eggs or larval webs of a species from a given area of suitable habitat (carried out for Marsh Fritillary, Glanville Fritillary, Brown Hairstreak and Large Blue).

2. Sample site selection
The sampling locations of traditional butterfly transects, and targeted single species surveys are chosen either by the recorder, a local transect co-ordinator or a project officer from a local conservation body, who also choose the exact route. The same sites are sampled on a yearly basis, though for timed counts the location of the route may change according to changes in the species distribution.

WCBS routes are located in random 1-km squares, originally stratified by recorder density in different regions (i.e. regions with more potential recorders had more random 1-km squares generated for sampling). Survey lines within squares are set up as far as possible to follow two north-to-south 1km lines, approximately 500m apart. The lines are divided into 200m sections. The same sites/routes are sampled on repeat visits.   

3. Data submission
The primary method for capturing UK Butterfly Monitoring Scheme (UKBMS) data, including the Wider Countryside Butterfly Survey (WCBS) and a growing proportion of data from targeted surveys, is through the online capture system available at www.ukbms.org/mydata. This includes recorder details, site details (e.g. location and habitat information), the butterfly counts, and weather and other visit details from each survey. A proportion of data are also captured via the Transect Walker software package or via spreadsheets. 

4. Standardisation and harmonisation of the UKBMS dataset 
All UKBMS data are collated into a single dataset to enable analysis and reporting. Data are standardised to conform with the UKBMS database structure, including standardised species nomenclature, data integrity checks to ensure that all mandatory information is captured, valid date and time information and accurate geographic location information.
 
5. Data verification 
The UKBMS online data capture system is built using the Indicia software tools and links to the iRecord verification system (www.brc.ac.uk/irecord) to enable review of the data by experts approved by Butterfly Conservation. To support verification, iRecord applies automated data checks against known species distributions (e.g. derived from the Butterflies for the New Millennium recording scheme) and timing of adult flight periods. Experts can use these checks and other information to confirm observations. 

The UKBMS online data capture system (www.ukbms.org/mydata) also provides data summaries to enable UKBMS Branch Co-ordinators to review all transect data for their area and make corrections. 

Further review and correction is undertaken by staff at Butterfly Conservation and the UK Centre for Ecology and Hydrology at the end of each field season, including the following checks that are discussed with Branch Co-ordinators and/or transect recorders: 
· Counts outside of known distribution.
· Counts outside of the standard flight period for a species. 
· Species newly recorded on a transect site. 
· All records of rare specialist species at sites monitored for the first time, and at any sites that seem unlikely habitat for a species
· Potential data input errors or misidentifications - all counts of specialist butterfly species 

Transect visits which are undertaken outside the criteria for butterfly activity (e.g. based on weather conditions and time of day) are flagged and excluded from the main data analyses; data is retained within the database for use in other analysis. 

6. Data analysis
Data analysis follows a series of steps outlined below, taking into account butterfly phenology, and variation in data patterns for species and sites. Statistical models are used to impute missing values. Data from all components of the UKBMS feed into the trend analyses. 



6a. Calculation of phenology metrics
Algorithms are applied to butterfly counts throughout the season for each species at each site to estimate phenology metrics for each year. These are calculated separately where it is possible to separate distinct peak flight periods. This includes uni-voltine species such as Brimstone and Peacock where the over-wintering of the adults produces two distinct flight periods in a year, and for bi/multi-voltine species where the flight curve for the first generation can be readily split out from the flight curve for second (and subsequent) generations. Where the flight periods overlap enough to obscure such peaks, they are treated as one for analytical purposes. 

The following metrics are calculated for each site, year and species (split into generations where possible with confidence):
· Number of generations
· Date of gap between generations
· Date of first positive count (for each generation)
· Date of last positive count (for each generation)
· Date of highest positive count (for each generation)
· Count at date of highest positive count (for each generation)
· Mean date of flight period (for each generation), as defined as the weighted date of counts (Brakefield, 1987)
· Length of flight period (for each generation), as defined as the standard deviation of counts (Brakefield, 1987)

Long-term and decadal phenology trends are calculated for each species (and generation) at each site, where sufficient data are available, using linear regression models on the timing and duration phenology metrics.


6b. Calculation of abundance indices for each species, site, year
The UKBMS relies on the creation of abundance indices, i.e. based on the number of individual butterflies recorded in transect sections and sites. These indices are relative rather than an absolute measure of the size of a population. The site index reflects a more or less constant proportion of the number of butterflies present, although the proportion seen is likely to vary according to species; some butterfly species, such as Marbled White are conspicuous, whereas others such as Dingy Skipper are much less likely to be detected. Indices have been shown to relate closely to other, more intensive, measures of population size such as mark, release, recapture (MRR) methods (Pollard & Yates 1993)1. 

6c. Calculation of collated indices (regional index of abundance for each year) and trends 
The method for combining site indices to produce overall indices for each butterfly species (collated indices’) involves applying the Generalised Abundance Index (GAI) method developed by Dennis et al in 20162 with an additional modification that the data from each site in each year are weighted in the final stage relative to the proportion of the species flight period surveyed that year for that site. The method uses all butterfly counts in a season (from traditional transects, WCBS transects and targeted surveys) to estimate the seasonal pattern of butterfly counts for that year, and this is used to extrapolate from observed data to account for gaps in recording. The weighting ensures that the observed data have a stronger effect upon the final indices than the extrapolated data. 
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[bookmark: _Toc196775458]1.2 AES comparison of the 2024 survey and the UKBMS National total and 2024 for CT.
Linking transect data for adult counts to the UKBMS survey system and online algorithmic toolkit has enabled the generation of coherent data sets and charts , as shown in Tables 35 and 36  and also respectively  in Figure 66 & Figure 67 below.. These tables display the overall AES for the CT Survey at Cors Caron 2024 and the National AES and Overall Annual Summary for CT in 2024. The system, fully described in Section 1.1, above is transparent, peer-reviewed, and relatively simple to use or generating preliminary tables and charts to report on flight season findings, provided transects and season data are correctly logged on the UKBMS site.
[bookmark: _Toc196775608]Table 35 to show the Overall Annual Estimated Summary (A.E.S.) Figures -Cors Caron  CT Survey 2024 (UKBMS,2025).
	Week
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	Total

	Date
	May
20
	May
27
	Jun
03
	Jun
10
	Jun
17
	Jun
24
	Jul
01
	Jul
08
	Jul
15
	Jul
22
	Jul
29
	Aug
05
	

	Large Heath
	0
	10
	20
	45
	107
	108
	39
	96
	49
	19
	6
	0
	499

	Estimate for Large Heath
	3
	12
	30
	61
	119
	158
	112
	109
	55
	21
	8
	3
	691



[bookmark: _Toc196775609]Table 36 to show National Annual and Estimated Summary Figures for CT-UKBMS Survey 2024(UKBMS,2025)
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[bookmark: _Ref196764457][bookmark: _Toc196768218]Figure 66:UKBMS Annual Summary Chart-for Coenonympha Tullia Cors Caron Survey -LZ -2024
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[bookmark: _Ref196764477][bookmark: _Toc196768219]Figure 67:UKBMS Annual Summary Chart-for Coenonympha Tullia Cors Caron Survey -LZ -2024
- 




[bookmark: _Toc196775459]1.3 Spearman t test for Polkey Counts to check significance between Annual Estimated Summary totals for 2024 and those from the 1980-2001 & 2017 period.
For the purposes of this preliminary study   the  online UKBMS methodology  has proved  efficient for assembling collated data sets, providing comparisons to national and regional data  and to facilitate presentation of baseline results for the 2024 survey season.
However, as an exercise, an  attempt at further statistical analysis utilising preliminary figures  to correlate the 2024, 2017 and previous AES results for evaluation of    the strength and direction of the linear relationship between relative survey years to date. utilising the ‘Data tab- Online Statistics programme’ (DATAtab Team,2025)  
A Spearman Correlation analysis was carried out where the hypothesis scenarios, interpretation and results can be viewed in Table 37 below   and the scatter plot generated with the result can be seen in Figure 68 below..


.
[bookmark: _Toc196775610]Table 37: Summary Table to show hypothesis and correlation results for Spearman t test for Polkey Counts to check significance between Annual Estimated Summary totals for 2024& earlier counts. (DATA tab, 2025)
	Null Hypothesis
	Alternate Hypothesis

	There is no correlation between Survey year for CT Counts and Annual Estimated Summary for Population.
	There is a correlation between Survey year for CT Counts and Annual Estimated Summary for Population.

	Valid Cases
	3

	Correlation result & interpretation:

Survey year for CT Counts and Annual Estimated Summary for the Population:
r = 1, p < 001.


	This table summarises the results of the correlation analysis for the variables Survey Year for CT Counts and Annual Estimated Summary for Population, showing the correlation coefficient (r) and the p-value (p).
Correlation Coefficient:
The correlation coefficient indicates the strength and direction of the linear relationship between Survey Year for CT Counts and Annual Estimated Summary for Population. The coefficient 1 suggests positive correlation. This means that, generally, as Survey Year for CT Counts increases, Annual Estimated Summary for Population also tends to increase and vice versa.
It’s important to note that correlation does not imply causation, meaning that we cannot conclude from this result whether one variable influence or causes changes in the other.
P value:
Here, the p-value of <.001 is less than 0.05, which suggests that the correlation observed in the sample (r = 1) is unlikely to be due to chance. 
The null hypothesis that there is no correlation between Survey Year for CT Counts and Annual Estimated Summary for Population in the population is therefore rejected. 

The result of the Spearman correlation thus showed that there was a statistically significant correlation between Survey Year for CT Counts and Annual Estimated Summary for Population, r(1) = 1, p = <.001.



In summary, noting that the correlation does not imply causation (i.e. it cannot be concluded from this result that one variable influence or causes changes in the other) the result of the Spearman correlation showed that there was positive correlation between Survey Year for CT Counts and Annual Estimated Summary for Population. In other words, the correlation between Survey Year for CT Counts and Annual Estimated Summary for Population was statistically significant, r(1) = 1, p = <.001. 
However, considering the considerable gaps between data sets from the early 2000s and the 2024 data, more consistent data collated over a number of years, as in the example of consistent annual reporting at Cors Fochno (Lyons. 2023) is required, before more significant statistical analysis can be attempted regarding potential trends between respective year counts at the CCNNR site.
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[bookmark: _Ref196764692][bookmark: _Toc196768220]Figure 68::Scatter Plot: Spearman Correlation Plot for AES comparisons for years 2024- 2000- Cors Caron CT Surveys
Figure::Scatter Plot: Spearman Correlation Plot for AES comparisons for years 2024- 2000- Cors Caron CT Surveys
[bookmark: _Toc196775460]1.4 Mixed Model ANOVA test to examine if there is a significant relationship between % ratios of EV/PMG and other plant colonies during the Survey period 2024 (DATAtab Team, 2025).
For completeness examination of % results for EV/PMG and other vegetation data collated during the Habitat Transect surveys were also evaluated through the ‘Data tab- Online Statistics programme’ (DATAtab Team,2025) where the hypothesis scenarios can be viewed in Table 38 below  defining conditions for the Null and alternative hypothesis respectively.
[bookmark: _Toc196775611]Table 38 Mixed Model Anova Hypothesis for EV/PMG/other Vegetation % ratios– Habs Survey- CorsCaron 2024.
Hypothesis
	Null hypothesis
	Alternative hypothesis

	There is no significant difference between the groups of the first factor Mean EV% and Mean PMG% (measurement repetition) in relation to the dependent variable.
	There is a significant difference between the groups of the first factor Mean EV% and Mean PMG% (measurement repetition) in relation to the dependent variable.

	There is no significant difference between the groups of the second factor Bog Name in relation to the dependent variable.
	There is a significant difference between the groups of the second factor Bog Name in relation to the dependent variable.

	There is no interaction effect between the factor Mean EV% and Mean PMG% and Bog Name
	There is an interaction effect between the factor Mean EV% and Mean PMG% and Bog Name



A mixed model ANOVA  test was then carried out performed to test whether there was a significant difference between the groups of the first factor Mean PMG %, Mean Other Colonies and Mean EV (repeated measures) in relation to the dependent variable, a significant difference between the groups of the second factor Bog Area in relation to the dependent variable, and whether there was an interaction between the two factors Mean PMG %, Mean Other Colonies and Mean EV and Bog Area in relation to the dependent variable the numerical results for which are displayed in Table 39 below: and a graphical depiction to show relative values for EV/PMG and other vegetation /per bog area surveyed in Figure 69 below:
[bookmark: _Toc196775612]Table 39: Mixed Model Anova Test Value results for EV/PMG/other Vegetation % ratios– Habitat Survey- CorsCaron 2024.
	
	Sum of squares
	df
	Mean Square
	F
	p
	η2
	η2p

	Mean EV%, Mean PMG%
	253.13
	1
	253.13
	NaN
	aN
	0.25
	1

	Bog Name
	588.38
	3
	196.13
	NaN
	aN
	0.57
	1

	RM Factor x Bog Name
	186.38
	3
	62.13
	NaN
	aN
	0.18
	1

	Residuals (Between Subjects)
	0
	0
	NaN
	
	
	
	

	Residuals (Within Subjects)
	0
	0
	NaN
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[bookmark: _Ref196764933][bookmark: _Toc196768221]Figure 69:Graph generated from Mixed Anova Test carried out to determine relationship significance between EV/PMG/mean other colony data gathered during Cors Caron Survey 2024.
.
The results indicated a significant difference between the groups of the first factor (Mean PMG %, Mean Other Colonies, and Mean EV) in relation to the dependent variable. Additionally, there was a significant difference between the groups of the second factor (Bog Area) in relation to the dependent variable. Furthermore, an interaction was observed between the two variables (Bog Area and Mean PMG %, Mean Other Colonies, and Mean EV) in relation to the dependent variable.
Additionally, the test also confirms the importance of the rules for scoring quadrats in indicating favourable condition (FC) for Coenonympha tullia (CT) habitat, as outlined in Boyce's (2008) survey methodology, despite the absence of additional data.




[bookmark: _Toc196775461]Appendix 2
[bookmark: _Toc196775462]2.2 Example of hazard form (UKBMS, 2025)
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[bookmark: _Toc196775463]Appendix 3
[bookmark: _Toc196775613]Table 3A:  CT Adult Counts – Polkey Transects and ad hoc counts along Boyce Habitat Transects- Survey Zanoni Survey Cors Caron 2024.
	Butterfly Week Number- UKBMS
	Polkey Transect No/ Boyce Habitat Transects 1-3
	National Grid Ref
	No of Adults
	Polkey Transect Adult Counts
	Boyce Habitats Transect - Ad hoc Adult Counts 
	Polkey & Boyce Adult Count Totals
	Comments

	11
	Boyce 2
	 
	 
	 
	 
	 
	 

	
	
	SN68146263
	1
	
	
	
	

	
	
	SN68096285
	1
	
	
	
	

	
	
	SN68106292
	1
	
	
	
	

	
	
	SN68106299
	1
	
	
	
	

	
	
	SN68106341
	1
	
	
	
	

	
	
	
	
	0
	5
	5
	First flight recorded- Part One of Habitat Survey.

	
 Total Adult Count Wk 11
 
	0
	5
	5
	 

	
	
	
	
	
	
	
	

	12
	Polkey 1
	N/A
	0
	
	
	
	

	
	
	
	
	0
	0
	0
	N/A

	12
	Polkey 2
	N/A
	0
	
	
	
	

	
	
	
	
	0
	0
	0
	Part of the transect along board walk at Southeast Dome- Grid Ref: SN68396262 avoided during this visit due to wet/uncertain ground conditions and presence of wetland birds. 

	12
	Polkey 3
	 
	 
	 
	 
	 
	 

	
	
	SN68266272
	1
	
	
	
	

	
	
	SN68246272
	1
	
	
	
	

	
	
	SN68066283
	1
	
	
	
	

	
	
	
	
	3
	0
	3
	N/A

	12
	Polkey 4
	 
	 
	 
	 
	 
	 

	
	
	SN67976300
	1
	
	
	
	

	
	
	SN68036310
	1
	
	
	
	

	
	
	SN68056312
	1
	
	
	
	

	
	
	SN68086317
	1
	
	
	
	

	
	
	SN68196335
	1
	
	
	
	

	
	
	SN68396372
	1
	
	
	
	

	
	
	
	
	6
	0
	6
	N/A

	12
	Polkey 5
	 
	 
	 
	 
	 
	 

	
	
	SN68576368
	2
	
	
	
	

	
	
	SN68536367
	1
	
	
	
	

	
	
	
	
	3
	0
	3
	N/A

	12
	Boyce 2
	 
	 
	 
	 
	 
	 

	
	
	SN68096368
	1
	
	
	
	

	
	
	SN68106378
	1
	
	
	
	

	
	
	
	
	0
	2
	2
	Resumed Habitat survey at boardwalk crossing : quadrat No: 41, Grid reference  SN68106347.

	Total Adult Count Wk 12
	12
	2
	14
	Boyce Transect 2- West Dome - Habitat survey- LH Sightings. - total 7

	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	

	13
	Boyce 3
	 
	 
	 
	 
	 
	 

	
	
	SN69596392
	1
	
	
	
	

	
	
	SN69606384
	1
	
	
	
	

	
	
	SN69606375
	1
	
	
	
	

	
	
	SN69606370
	2
	
	
	
	

	
	
	SN69606367
	1
	
	
	
	

	
	
	SN69606362
	3
	
	
	
	

	
	
	SN69606360
	2
	
	
	
	

	
	
	SN69606359
	1
	
	
	
	

	
	
	SN69606357
	1
	
	
	
	

	
	
	SN69606352
	1
	
	
	
	

	
	
	
	
	0
	14
	14
	Boyce Transect 3- N/E Dome - Habitat survey- LH Sightings.

	
 Total Adult Count Wk 13
 
	0
	14
	14
	 

	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	

	15
	Polkey 7
	 
	 
	 
	 
	 
	 

	
	
	
	
	0
	0
	0
	1 record whilst assessing conditions at Transect 7-discounted

	15
	Polkey 6
	 
	 
	 
	 
	 
	 

	
	
	SN69556347
	2
	 
	 
	 
	 

	
	
	SN69566345
	1
	 
	 
	 
	 

	15
	Polkey 7
	 
	 
	 
	 
	 
	 

	
	
	SN70336456
	2
	 
	 
	 
	 

	
	
	SN70176456
	
	 
	 
	 
	Discounted as confirmed meadow browns

	
	
	
	
	5
	0
	5
	Erica Tetralix heather in bloom White beak sedge out

	
	
	
	
	
	
	
	

	15
	Polkey 1
	 
	 
	 
	 
	 
	 

	
	
	SN68736204
	1
	
	
	
	

	
	
	SN68616212
	1
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	2
	0
	2
	N/A

	15
	Polkey 2
	 
	 
	 
	 
	 
	 

	
	
	SN68506233
	1
	
	
	
	

	
	
	
	
	1
	0
	1
	N/A

	15
	Polkey 3
	 
	 
	 
	 
	 
	 

	
	
	SN68246272
	1
	
	
	
	

	
	
	SN68196275
	1
	
	
	
	

	
	
	SN68186278
	2
	
	
	
	

	
	
	SN68166277
	1
	
	
	
	

	
	
	SN68146279
	2
	
	
	
	

	
	
	SN68136279
	2
	
	
	
	

	
	
	SN68116281
	1
	
	
	
	

	
	
	SN68096282
	1
	
	
	
	

	
	
	SN68086283
	1
	
	
	
	

	
	
	SN67976290
	1
	
	
	
	

	
	
	SN67966290
	1
	
	
	
	

	
	
	SN67946291
	2
	
	
	
	

	
	
	SN67926293
	2
	
	
	
	

	
	
	
	
	18
	0
	18
	N/A

	15
	Polkey 4
	 
	 
	 
	 
	 
	 

	
	
	SN67926294
	1
	
	
	
	

	
	
	SN67936296
	2
	
	
	
	

	
	
	SN67986299
	1
	
	
	
	

	
	
	SN67976301
	2
	
	
	
	

	
	
	SN67986303
	1
	
	
	
	

	
	
	SN68006305
	2
	
	
	
	

	
	
	SN68026309
	2
	
	
	
	

	
	
	SN68026310
	2
	
	
	
	

	
	
	SN68046312
	1
	
	
	
	

	
	
	SN68046313
	4
	
	
	
	

	
	
	SN68056314
	3
	
	
	
	

	
	
	SN68096320
	1
	
	
	
	

	
	
	SN68096321
	1
	
	
	
	

	
	
	SN68096322
	2
	
	
	
	

	
	
	SN68106323
	1
	
	
	
	

	
	
	SN68186338
	1
	
	
	
	

	
	
	SN68196340
	1
	
	
	
	

	
	
	SN68206341
	2
	
	
	
	

	
	
	SN68226343
	1
	
	
	
	

	
	
	SN68246347
	1
	
	
	
	

	
	
	SN68266348
	1
	
	
	
	

	
	
	SN68296354
	1
	
	
	
	

	
	
	SN68596355
	1
	
	
	
	

	
	
	SN68306356
	1
	
	
	
	

	
	
	SN68336362
	1
	
	
	
	

	
	
	SN68356365
	1
	
	
	
	

	
	
	SN68366368
	1
	
	
	
	

	
	
	SN68376368
	1
	
	
	
	

	
	
	
	
	40
	0
	40
	N/A

	15
	Polkey 5
	 
	 
	 
	 
	 
	 

	
	
	SN68456371
	1
	
	
	
	

	
	
	SN68466370
	1
	
	
	
	

	
	
	SN68516369
	1
	
	
	
	

	
	
	SN68536368
	1
	
	
	
	

	
	
	SN68546368
	1
	
	
	
	

	
	
	SN68646359
	1
	
	
	
	

	
	
	
	
	6
	0
	6
	Ended transect walk at last grid reference - terrain unworkable ended at crossing point for boardwalk back to Maes Llyn farm

	15
	Boyce 4
	 
	 
	 
	 
	 
	 

	
	
	
	
	0
	0
	0
	Zanoni Transect 7-Habitat survey

	
	
	
	
	0
	 
	 
	 

	 
 Total Adult Count Wk 15
	72
	0
	72
	 

	
	
	
	
	
	
	
	

	16
	6
	 
	 
	 
	 
	 
	 

	
	
	SN69496354
	1
	
	
	
	

	
	
	SN69506353
	1
	
	
	
	

	
	
	SN69516353
	1
	
	
	
	

	
	
	SN69526351
	1
	
	
	
	

	
	
	
	
	4
	0
	4
	N/A

	16
	7
	 
	 
	 
	 
	 
	 

	
	
	SN70266456
	1
	
	
	
	

	
	
	
	
	1
	0
	1
	Stopped due to stock on the track and adult seen not near expected habitat type- see Zanoni habitat survey 2024

	16
	1
	 
	0
	 
	 
	 
	 

	
	
	
	
	0
	0
	0
	N/A

	16
	2
	 
	 
	 
	 
	 
	 

	
	
	SN68506238
	2
	
	
	
	

	
	
	SN68486240
	2
	
	
	
	

	
	
	SN68456249
	1
	
	
	
	

	
	
	
	
	5
	0
	5
	N/A

	16
	3
	 
	 
	 
	 
	 
	 

	
	
	SN68296269
	1
	
	
	
	

	
	
	SN68206274
	1
	
	
	
	

	
	
	SN68146280
	1
	
	
	
	

	
	
	SN68136281
	1
	
	
	
	

	
	
	SN68106283
	1
	
	
	
	

	
	
	SN68056285
	2
	
	
	
	

	
	
	
	
	7
	0
	7
	N/A

	16
	4
	 
	 
	 
	 
	 
	 

	
	
	SN67936294
	1
	
	
	
	

	
	
	SN67946295
	1
	
	
	
	

	
	
	SN67986302
	1
	
	
	
	

	
	
	SN68016308
	1
	
	
	
	

	
	
	SN68026310
	1
	
	
	
	

	
	
	SN68046312
	1
	
	
	
	

	
	
	SN68046314
	1
	
	
	
	

	
	
	SN68066317
	1
	
	
	
	

	
	
	SN68076319
	2
	
	
	
	

	
	
	SN68086321
	1
	
	
	
	

	
	
	SN68096324
	1
	
	
	
	

	
	
	SN68106327
	1
	
	
	
	

	
	
	SN68136329
	1
	
	
	
	

	
	
	SN68206340
	2
	
	
	
	

	
	
	SN68226344
	2
	
	
	
	

	
	
	SN68246347
	1
	
	
	
	

	
	
	SN68266351
	2
	
	
	
	

	
	
	SN68316358
	2
	
	
	
	

	
	
	SN68376368
	1
	
	
	
	

	
	
	
	
	24
	0
	24
	N/A

	16
	5
	 
	 
	 
	 
	 
	 

	
	
	SN68456370
	1
	
	
	
	

	
	
	
	
	1
	0
	1
	N/A

	 
 Total Adult Count Wk 16
 
	42
	0
	42
	 

	
	
	
	
	
	
	
	

	17
	1
	 
	 
	 
	 
	 
	 

	
	
	SN68756203
	1
	
	
	
	

	
	
	
	
	1
	0
	1
	N/A

	17
	2
	 
	 
	 
	 
	 
	 

	
	
	
	0
	
	
	
	

	
	
	
	
	0
	0
	0
	N/A

	17
	3
	 
	 
	 
	 
	 
	 

	
	
	SN68186278
	1
	
	
	
	

	
	
	SN68076285
	1
	
	
	
	

	
	
	SN67936292
	1
	
	
	
	

	
	
	
	
	3
	0
	3
	N/A

	17
	4
	 
	 
	 
	 
	 
	 

	
	
	SN67976301
	1
	
	
	
	

	
	
	SN68006305
	1
	
	
	
	

	
	
	SN68076318
	1
	
	
	
	

	
	
	SN68086319
	1
	
	
	
	

	
	
	SN68086320
	1
	
	
	
	

	
	
	SN68156331
	2
	
	
	
	

	
	
	SN68256349
	1
	
	
	
	

	
	
	SN68306357
	1
	
	
	
	

	
	
	
	
	9
	0
	9
	N/A

	17
	5
	 
	 
	 
	 
	 
	 

	
	
	
	
	0
	0
	0
	N/A

	17
	6
	 
	 
	 
	 
	 
	 

	
	
	SN69466362
	1
	
	
	
	

	
	
	SN69626338
	1
	
	
	
	

	
	
	
	
	2
	0
	2
	N/A

	17
	7
	 
	 
	 
	 
	 
	 

	
	
	
	
	0
	0
	0
	N/A

	 
 Total Adult Count Wk 17
 
	15
	0
	15
	 

	
	
	
	
	
	
	
	

	18
	1
	 
	 
	 
	 
	 
	 

	
	
	
	
	0
	0
	0
	N/A

	18
	2
	 
	 
	 
	 
	 
	 

	
	
	
	
	0
	0
	0
	N/A

	18
	3
	 
	 
	 
	 
	 
	 

	
	
	SN68336267
	1
	
	
	
	

	
	
	SN67976290
	1
	
	
	
	

	
	
	
	
	2
	0
	2
	N/A

	18
	4
	 
	 
	 
	 
	 
	 

	
	
	SN67956297
	1
	
	
	
	

	
	
	SN68066318
	1
	
	
	
	

	
	
	SN68236346
	1
	
	
	
	

	
	
	SN68326360
	1
	
	
	
	

	
	
	
	
	4
	0
	4
	N/A

	18
	5
	 
	 
	 
	 
	 
	 

	
	
	
	
	0
	0
	0
	N/A

	18
	6
	 
	 
	 
	 
	 
	 

	
	
	
	
	0
	0
	0
	N/A

	18
	7
	 
	 
	 
	 
	 
	 

	
	
	
	
	0
	0
	0
	N/A

	 
 Total Adult Count Wk 18
 
	6
	0
	6
	 

	Season Counts for Large Heath 2024
	147
	21
	168

	



[bookmark: _Toc196775614]Table 3B:  Boyce Habitat Counts and % of Larval and Purple Moor Grass – Zanoni Survey 2024

	Southeast Bog
Habitat transect 1

	Quadrat No.
	National Grid Reference - Zanoni 2024
	%
EV
	% PMG
	% Other vegetation and/or open water
	 Zanoni   "Pass" Quadrats 2024 
	Boyce "Pass" Quadrats 2008

	1
	SN68606210
	40
	40
	20
	Y
	N

	2
	SN68576209
	10
	25
	65
	Y
	N

	3
	SN68546209
	20
	20
	60
	Y
	N

	4
	SN68526209
	0
	35
	65
	N
	Y

	5
	SN68506209
	20
	65
	15
	N
	N

	6
	SN68486209
	10
	5
	85
	Y
	N

	7
	SN68456209
	10
	15
	75
	Y
	Y

	8
	SN68436209
	5
	5
	90
	Y
	Y

	9
	SN68406209
	0
	30
	70
	N
	N

	10
	SN68386209
	5
	25
	70
	Y
	N

	11
	SN68366209
	10
	15
	75
	Y
	N

	12
	SN68336209
	0
	30
	70
	N
	Y

	13
	SN68306209
	0
	95
	5
	N
	Y

	14
	SN68286209
	0
	2
	98
	N
	Y

	15
	SN68256209
	0
	35
	65
	N
	N

	16
	SN68236209
	15
	25
	60
	Y
	Y

	17
	SN68206209
	10
	25
	65
	Y
	N

	18
	SN68186209
	15
	15
	70
	Y
	Y

	19
	SN68156209
	25
	45
	30
	Y
	N

	20
	SN68136209
	0
	40
	60
	N
	Y

	21
	SN68116209
	5
	80
	15
	N
	N

	22
	SN68096209
	10
	75
	15
	N
	N

	23
	SN68076209
	15
	60
	15
	N
	N

	24
	SN68056209
	10
	80
	10
	N
	N

	25
	
	
	
	
	
	N

	26
	
	
	
	
	
	N

	27
	
	
	
	
	
	N

	28
	 
	 
	 
	 
	 
	N

	
	
	 
	 
	Total of passing quadrats
	12
	9

	
	
	 
	 
	Total % pass for transect
	50%
	32%

	
	
	Transect 1- 4 less quadrats but still indicative of % overall
	
	

	
	
	
	
	
	
	

	
	Mean
	10
	37
	53
	
	

	
	Median
	10
	30
	65
	
	

	
	Mode
	10
	25
	65
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South East Bog Cors Caron CT Survey 2024-Comparison chart  for CT Counts for Transects 1 & 2 per UKBMS Survey Week .

Transect 0ne No  of CT	
11	12	13	14	15	16	17	18	0	0	0	0	2	1	0	0	Transect Two  No  of CT	
11	12	13	14	15	16	17	18	0	0	0	0	1	5	0	0	
11	12	13	14	15	16	17	18	
11	12	13	14	15	16	17	18	 UKBMS Week Number 


Number of CT COunted



 South East Bog (Station One) Cors Caron CT Survey 2024-Comparison Chart showing  Numbers  of CT per  Transect, per UKBMS Survey Week 

Transect 0ne No  of CT	
11	12	13	14	15	16	17	18	0	0	0	0	2	1	0	0	Transect Two  No  of CT	
11	12	13	14	15	16	17	18	0	0	0	0	1	5	0	0	
11	12	13	14	15	16	17	18	
11	12	13	14	15	16	17	18	UKBMS Week


No of CT Counted



Habs Transect 1- Comparison of Pass/Fail Quadrats for Boyce 2008 & Zanoni 2024

Zanoni 2024	
Pass	Fail	12	12	Boyce 2008	
Pass	Fail	9	19	



Comparison between % of EV, PMG  & other Plant colonies for South East Bog

South East	
 Mean EV%	Mean PMG%	Mean Other Colonies%	10	37	53	

 West Bog- Stations 2 & 3- Cors Caron CT Survey 2024,Comparison of numbers of CT per transect, per UKBMS Survey Week.

Transect Three No  of CT	
11	12	13	14	15	16	17	18	0	3	0	0	18	7	3	2	Transect Four  No  of CT	
11	12	13	14	15	16	17	18	0	6	0	0	40	24	9	4	Transect Five  No  of CT	
11	12	13	14	15	16	17	18	0	0	3	0	6	1	0	0	


West Bog- Stations 2 & 3- Cors Caron CT Survey 2024 Comparison of numbers of CT,per transect, per UKBMS survey week

Transect Three No  of CT	
11	12	13	14	15	16	17	18	0	3	0	0	18	7	3	2	Transect Four  No  of CT	
11	12	13	14	15	16	17	18	0	6	0	0	40	24	9	4	Transect Five  No  of CT	
11	12	13	14	15	16	17	18	0	3	0	0	6	1	0	0	


Habs Transect 2- West Bog: Comparison of Pass/Fail Quadrats for Boyce 2008 & Zanoni 2024.

Zanoni 2024	
Pass	Fail	47	16	Boyce 2008	
Pass	Fail	38	28	
Number of quadrats




Comparison between % of EV, PMG  & other  plant colonies for West Bog- Cors Caron Survey 2024

West	
 Mean EV%	Mean PMG%	Mean Other Colonies%	19	24	58	

Northeast Bog- Station 4- CorsCaron CT Survey 2024: Comparison of Numbers of for  Polkey Transect 6  per UKBMS Survey Week.


No of CT	
11	12	13	14	15	16	17	18	0	0	0	0	3	4	2	0	
11	12	13	14	15	16	17	18	

North East Bog-Station 4- CorsCaron CT Survey 2024:Comparison of Numbers for Polkey Transect 6 per UKBMS Survey Week.

North East Bog-Boyce Station Four 	Polkey Transect Six No of CT	No of CT	
11	12	13	14	15	16	17	18	0	0	0	0	3	4	2	0	North East Bog-Boyce Station Four 	Polkey Transect Six No of CT	No of CT	
11	12	13	14	15	16	17	18	

Habs Transect 3-:Comparison of Pass/Fail Quadrats for Boyce 2008 & Zanoni  2024

Zanoni 2024	
Pass	Fail	19	11	Boyce 2008	
Pass	Fail	20	12	
Pass	Fail	
Numbers of Quadrats




North East Bog- Boyce Habs Three Transect-% Counts for EV, PMG & Other Plant Species

North East	
 Mean EV%	Mean PMG%	Mean Other Colonies%	22	33	45	

Remnant Bog- Cors Caron CT Survey 2024- Comparison of  Numbers for Polkey Transect 7 per UKBMS Survey week.

No of CT	
11	12	13	14	15	16	17	18	0	0	0	0	2	1	0	0	
11	12	13	14	15	16	17	18	

Remnant Bog- Cors Caron CT Survey 2024- Comparison of numbers for Polkey Transect 7 per UKBMS Survey Week.

No of CT	
11	12	13	14	15	16	17	18	0	0	0	0	2	1	0	0	
11	12	13	14	15	16	17	18	

Comparison between % EV, PMG & other Colonies for Remnant Bog

Remnant Bog	
 Mean EV%	Mean PMG%	Mean Other Colonies%	4	6	90	



 Comparison of % EV,PMG & other Colonies for Remnant Bog

Remnant Bog	
 Mean EV%	Mean PMG%	Mean Other Colonies%	4	6	90	

 Comparisons of Annual Estimated Summaries for CT Surveys at Cors Caron 1987- 2024

Annual Estimated Summaries Cors Caron CT Counts 1987-2024	Annual Summary	
Cors Caron- 1987-2001- Polkey Transects 1-5	Polkey 2017	Zanoni 2024	96	139	238	

Habs transect 1-3 &  Remnant bog -Comparison between % of EV, PMG & Other plant colonies- Cors Caron Survey  2024.

 Mean EV%	
South East	North East	West	Remnant	10	19	22	4	Mean PMG%	
South East	North East	West	Remnant	37	24	33	6	Mean Other Colonies%	
South East	North East	West	Remnant	53	58	45	90	
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Northeast Bog

Habitat Transect 3
Quadrat National %EV| % % Other Zanoni | Boyce
No. Grid PM vegetation "Pass " | “Pass "
Reference - and/or open | Quadrats | Quadrats
Zanoni 2024 water 2024 2008

1 SN69596394 5 20 75 Y N
2 SN69596392 15 0 85 Y N
3 SN69606389 | 10 10 80 Y N
4 SN69606386 | 30 20 50 Y Y
5 SN69606384 | 40 45 15 Y N
6 SN69606382 | 65 15 20 Y N
7 SN69606380 | 45 35 20 Y Y
8 SN69606378 | 55 35 10 Y Y
9 SN69606376 | 35 35 30 Y Y
10 SN69606374 | 15 25 60 Y N
11 SN69606372 | 20 60 20 N Y
12 SN69606370 5 65 30 N Y
13 SN69606367 0 80 20 N Y
14 SN69606365 | 15 0 85 Y N
15 SN69606362 | 30 0 70 Y Y
16 SN69606360 5 0 95 Y Y
17 SN69606357 | 10 0 90 Y Y
18 SN69606355 | 10 0 90 Y Y
19 SN69606353 5 70 25 N Y
20 SN69606350 0 0 100 N Y
21 SN69606348 | 20 0 80 Y N
22 SN69596346 | 20 45 35 Y Y
23 SN69596344 | 25 35 30 Y N
24 SN69596341 35 35 30 Y N
25 SN69606339 0 85 15 N Y
26 SN69606337 0 20 80 N Y
27 SN69606335 0 95 5 N Y
28 SN69606333 | 100 0 0 N N
29 SN69606331 10 90 0 N Y
30 SN69606329 | 20 80 0 N Y
31 N
32 Y
Total of 19 20

passing

quadrats

Total % pass 63% 63%
for transect

Transect 3 - 2 less quadrats
but still indicative of %

overall
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Northeast Bog

Habitat Transect 3
Quadrat National %EV| % % Other Zanoni | Boyce
No. Grid PM vegetation "Pass " | “Pass "
Reference - and/or open | Quadrats | Quadrats
Zanoni 2024 water 2024 2008
Mean 22 33 45
Median 15 30 30
Mode 0 0 20
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West Bog

Habitat Transect 2
Quadrat National % EV | % % Other Zanoni Boyce
No. Grid PMG | vegetation | "Pass" “Pass"
Reference - and/or Quadrats | Quadrats
Zanoni 2024 open water | 2024 2008
1 SN68106265 5 50 45 Y Y
2 SN68096267 10 15 75 Y Y
3 SN68096269 10 0 90 Y Y
4 SN68106272 10 0 90 Y Y
5 SN68106274 | 20 0 80 Y Y
6 SN68106277 10 0 90 Y N
7 SN68106279 | 30 0 70 Y N
8 SN68106281 25 0 75 Y N
9 SN68096283 | 40 0 60 Y N
10 SN68096285 0 0 100 N N
11 SN68096288 | 35 0 65 Y Y
12 SN68096290 0 0 100 N Y
13 SN68096290 0 0 100 N N
14 SN68106292 | 30 0 70 Y Y
15 SN68106294 | 20 0 80 Y Y
16 SN68106296 15 0 85 Y Y
17 SN68106299 10 75 15 N Y
18 SN68106301 10 80 10 N Y
19 SN68106303 10 45 10 Y Y
20 SN68106305 5 75 30 N Y
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West Bog

Habitat Transect 2

Quadrat National % EV | % % Other Zanoni Boyce

No. Grid PMG | vegetation | "Pass" “Pass"

Reference - and/or Quadrats | Quadrats
Zanoni 2024 open water | 2024 2008

21 SN68106307 | 20 70 10 N N
22 SN68106309 15 40 45 Y N
23 SN68106311 0 45 55 N N
24 SN68106313 15 0 85 Y N
25 SN68106315 10 0 90 Y N
26 SN68106317 15 15 70 Y N
27 SN68106320 10 0 90 Y N
28 SN68106322 50 0 50 Y N
29 SN68106324 10 90 0 N N
30 SN68106326 | 55 10 35 Y N
31 SN68106328 | 30 50 25 Y N
32 SN68106330 | 20 60 20 Y N
33 SN68106332 10 60 30 N N
34 SN68106335 | 40 40 20 Y N
35 SN68106337 15 65 35 N Y
36 SN68106339 10 50 40 Y N
37 SN68106341 20 35 45 Y N
38 SN68106343 5 40 55 Y N
39 SN68106345 0 65 35 N Y
40 SN68106347 5 70 20 N N
41 SN68096350 15 55 30 N Y
42 SN68096352 5 55 40 N N
43 SN68086354 25 40 35 Y N
44 SN68086356 10 50 40 Y N
45 SN68096359 15 30 55 Y N
46 SN68096361 25 0 75 Y Y
47 SN63096363 15 75 10 N Y
48 SN68096365 15 10 75 Y Y
49 SN68096368 | 40 0 60 Y Y
50 SN68096370 | 35 0 65 Y Y
51 SN68096373 | 20 0 80 Y Y
52 SN68096375 | 25 0 75 Y Y
53 SN68106377 | 35 25 40 Y Y
54 SN68106379 | 35 0 65 Y Y
55 SN68106382 25 0 75 Y Y
56 SN68096385 | 25 0 75 Y Y
57 SN68096387 | 40 0 60 Y Y
58 SN68106389 5 0 95 Y Y
59 SN68096392 30 0 70 Y Y
60 SN68096394 | 20 0 80 Y Y
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West Bog

Habitat Transect 2
Quadrat National % EV | % % Other Zanoni Boyce
No. Grid PMG | vegetation | "Pass" “Pass"
Reference - and/or Quadrats | Quadrats
Zanoni 2024 open water | 2024 2008
61 SN68096397 | 35 0 65 Y Y
62 SN68096399 10 0 90 Y Y
63 SN68106401 20 0 80 Y Y
64 Y
65 Y
66 Y
Total of 47 38
passing
quadrats
Total % pass 74 58
for transect
Transect 2- 4 less
quadrats but still
indicative of % overall
Mean 19 24 58
Median 15 0 65
Mode
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Remnant Bog

Zanoni Transect
Quadrat National Grid | % EV | % PMG % Other Zanoni "Pass"
No. Reference - vegetation Quadrats 2024
Zanoni 2024 and/or open
water
1 SN69836453 0 0 100 F
2 SN69856453 0 0 100 F
3 SN69886453 0 2 98 F
4 SN69896454 0 0 100 F
5 SN69926455 0 0 100 F
6 SN69946455 0 1 99 F
7 SN69976455 1 2 98 F
8 SN69996455 0 0 100 F
9 SN70016455 0 0 100 F
10 SN70036455 0 1 99 F
11 SN70056455 0 0 100 F
12 SN70086456 0 0 100 F
13 SN70106455 0 0 100 F
14 SN70126456 0 1 99 F
15 SN70146456 0 1 99 F
16 SN70166455 0 5 95 F
17 SN70186456 5 10 85 P
18 SN70206456 15 0 85 P
19 SN70236456 0 0 100 F
20 SN70256456 30 40 40 P
21 SN70286456 25 65 10 F
Total of 3
passing
quadrats
Total % pass 14%
for transect
Mean 3.6 6.1 90.8
Median 0 0 99
Mode 0 0 100
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Table Z.1. Summary of desired objectives for mapping pealiand Using remote sensing

Objective Key variables Comments
Cover ‘Sphagnum cover (m?)  Peat mire

‘species if possible Peatland: peat soil

>30cm

Eriophorum cover (ne) ce-me Genus-sp.

species

Other key indicators ~~ See quidance in cme-me

Trichophorum INCC (2009) for Sp.

cespitosum, other pertinent

Drosera spp. indicator species of Genus-sp

Narthecium ossifraqum  condition Sp.
Indicators of  Presence, abundance, ~ Seealso Section3  cm-m?  Sp.
degradation  and structure of cminz

Calluna (m?fcm)

Presence and coverof  Seealso Section3  cminz  Genus-sp.

treesiscrub tree height

(m)
Structure Bare peat m

Height of canopy eminz

including Sphagnum

hummocks and

hollows
Hydrology Microtope pattem Seealso:Lindsay  cminz

change (2010)

Standing water e
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Large Heath (Coenonympha tullia)

Summary

Log10 Colated Index

20

24

22

20

Trend

Phenology

Abundance

This chart shows the index of abundance (LCI = Log Collated
Index) over time. It shows fluctuations in populations from
year to year, and is scaled so that the average index over the
whole series is equal to 2 (horizontal line). Further details on
the analysis of UKBMS data can be found [here]
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Large Heath (Coenonympha tullia)

Summary

Counts

204

204

Trend

Phenology

Abundance

This chart shows the average number of butterflies seen on
transects between April and October across all sites (fitted
values from a Generalised Additive Model). The blue line gives
average counts over the full BMS series (1976 to date) and the
red line gives the average for the last year.
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TABLES  Variable importance, number of models, average and most significant p-values for Coenonympha tullia presence predictor
variables—derived from the GLMMs as part of the multi-model inference approach

E tetrofix 088 13 0098 <0001
C.wulgaris 086 9 0132 <0001
€ vaginatum 063 8 0542 <0001
‘Sphagnum cover 052 9 0560 <0001
Mixed Bryophytes 042 8 0415 <0001
Peat water content 034 6 0547 <0001
E. tetrolix x E. vaginatum 023 2 0482 0003
Ev tussock count 020 8 0671 <0001
Evtussock depth 016 6 0603 0080
3 008 B 0752 0665

Note: Importance refers to the sum of ‘Akaike weights’ for all candidate models in which a specific term was a predictor. The 10 most important predictors
are listed, ordered by descending sum of weights (X 4. €. tetrlix, . vuigari, €. vaginatum, Sphagnum cover and Mixed Bryophytes are the most influential
significant predictors.

TABLE 6  Calculated values for the Midpoint and Breakpoint for the four Habitat Resources which are strongest predictors of C. tullia presence
E tetralix (% cover) 4961099 1115:004
E. vaginatum (% cover) 1091+ 963 56571019
Ev tussock count (per 2m quadrat) 2762182 15.18£007
Ev tussock depth (cm) 1782229 13502034

Note: Midpoint represents the ‘mathematical’ mid-inflection point of the logistic curve, where the probability of C. tulfia presence is S0%—below this level. a
population is vulnerable to extirpation. Breakpoint is a statistically and biologically significant estimate of the upper inflection point of the logistic curve, the
“near-optimal’ abundance of each habitat resource.
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Primary Data Source Summary:
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