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Final Project Report (to be submitted by 20th September 2018) 

Instructions: 

● Document length: maximum 10 pages, excluding this cover page and the last page on project tags. 

● We welcome the submission of Annexes (i.e. bachelor or master thesis, references, species lists, maps, 
drawings, pictures) to further HeidelbergCement’s understanding and future use of your findings, however 
they will not be reviewed by the Jury, and we kindly ask for these to be sent separately to the National 
Coordinators.  

● Please use the attached template for species data collected during the project and submit with the project 
report. 

● Word/PDF Final Report files must be less than 10 MB. 

● If you choose to submit your final report in your local language, you are required to also upload your final 
report in English if you wish to take part in the international competition. 

● To be validated, your file must be uploaded to the Quarry Life Award website before 20th September 2018 
(midnight, Central European Time). To do so, please log in, click on ‘My account’/ ‘My Final report’. 

●  In case of questions, please liaise with your national coordinator. 

● You should not publish additional private information in your final report (e.g.: address, day of birth, email-
address, phone number), just complete the categories we ask for below under “Contestant profile”.  

 

The final reports should comprise the following elements: 

For research stream projects:  

● Abstract (0,5 page)  

● Introduction : 

o For projects that are building upon a previous project, write a summary of actions that were 
already completed in the previous project.  

o Project objectives  

● Methods: a detailed description of the methods used during the project is required.  

● Results: the results of the project should be outlined and distinguished from the discussion.  

● Discussion: 

o Results should be analysed and discussed with reference to region/country taking into account 
other publications.  

o Outline the added value of the project for science and for the quarry / company.  

o Recommendations and guidance for future project implementation and development on site is 
requested. Where possible, please mention the ideal timing and estimated costs of 
implementation.  

● Final conclusions: a short summary of results and discussion.  

For community stream projects:  

● Abstract (0,5 page)  

● Introduction  
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o For projects that are building upon a previous project, write a summary of actions that were 
already completed in the previous project.  

o Project objectives  

o A short description of the site and the team members and the targeted audience of the project.  

● Actions and activities: a detailed description of planned or implemented actions and outreach activities done 
to elaborate the project, list of stakeholders involved.  

● Discussion: 

o Project teams should discuss the pros and contra and illustrate experiences.  

o Outline the added value of the project for biodiversity, the society and the quarry / company.  

● Deliverables: practical implementation and development recommendations of the project are required. 
Where possible, please mention the ideal timing and estimated costs of implementation.  

● Final conclusions: a short summary of the project findings and discussion.  

 

 

1. Contestant profile 

▪ Contestant name: Dr David Lee 

▪ Contestant occupation: Senior Lecturer in Wildlife Ecology 

▪ University / Organisation University of South Wales 

▪ Number of people in your team: Four 

 

2. Project overview 

Title: Biodiversity value of translocated ancient woodland soils in 
quarried landscapes 

Contest: (Research/Community) Research 

Quarry name: Forest Wood, Pontyclun 
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Abstract (max 0.5 page) 

This project assesses the biodiversity value of ancient woodland translocated soils in Forest Wood quarry, 
Pontyclun, South Wales. To this end, we focused on three biodiversity elements: microorganisms, plants and 
butterflies. In 2012, patches of ancient woodland were cleared in the quarry and the soils translocated to three 
other areas within the quarry. There also remains patches of standing ancient woodland. We established five 
survey plots in each of three areas of ancient woodland, the three translocation sites and a control site. We 
collected soil samples from these seven plots, and quantified the physical and chemical properties of each 
sample.  We also conducted lab-based analysis of the microorganism communities of these soils. Using 
standardised field methods, we surveyed the botanical communities, specifically woodland ground flora, in each 
plot, and the butterfly community of the entire quarry landscape. We compared the community compositions of 
these three biotic elements across plot types to ascertain the biodiversity value of translocated soils and 
establish whether they can act as suitable substrates for natural habitat regeneration, adding biodiversity value 
to the quarry landscape. Our results indicated that the translocated soils have biological value, and are more 
similar to woodland soils than control soils in all cases. However, there are significant differences between 
woodland and translocated soils. Further ecological manipulation experiments will further help understand the 
ecological resilience and recovery capacity of translocated and quarry waste soils, assuming appropriate donor 
material and sites are available within the local landscape. Our recommendation is to use translocation of soil to 
aid in habitat and ecological regeneration, and extending to quarry waste areas. Findings of this project are 
transferable to other quarries within HeidelbergCement's portfolio, as well as to the wider ecological restoration 
community. 
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Final report (max 9 pages) 

Introduction  

This project addresses a stated research need of the Forest Wood quarry, Pontyclun, namely to establish the 
success (or otherwise) of ancient woodland soil translocation within the quarry's landscape. In 2012, ancient 
woodland soil was translocated to three patches in the quarry, with the aim of aiding the eventual restoration of 
ancient woodland habitat. Our project focused on three biotic elements of the quarry landscape – soil 
microorganisms, ground flora and butterflies - and aimed to quantify and characterise these communities on and 
in the two soil types ('undisturbed' and 'translocated'). We paired three translocated soil patches with three 
undisturbed ancient woodland soil locations in the quarry. We also included a control plot of old, quarry waste, 
totaling seven survey plots. 

Project objectives: 

1. Assess the microorganism communities of the three soil types using a combination of in situ field methods 
to describe the soil morphology and abiotic characteristics, and advanced ex situ laboratory techniques to 
describe the biotic communities; 

2. Record the ground flora (and shrub/tree layer) species found on the three soil types using the National 
Vegetation Classification (NVC) of UK woodlands methodology; and 

3. Survey the butterfly community of the quarry and assign species presence/abundance to habitat types, 
including ancient woodland and translocated soil areas, using the UK Butterfly Monitoring Scheme (BMS) 
methodology. 

Our findings will quantify the value (or otherwise) of translocated ancient woodland soils, and consider whether 
additional restorative measures are required to enhance the regenerative capacity of these soils and improve the 
biodiversity value of quarried landscapes. 
 
Methods 

Vegetation surveys 

We surveyed the ground flora (and shrub/tree layer) of the seven survey plots using the reduced methodology 
outlined for the NVC of UK woodlands (JNCC, 2004). We surveyed five 25m2 quadrats per plot, each with 
dimensions commensurate with noticeably different species assemblages within a given plot. We recorded the 
ground flora species presence and Domin cover (1-10) for each species in a quadrat. We also recorded 
tree/shrub species presence and their percentage cover in each quadrat and the immediate surroundings 
(nominally within 10m of the quadrat). 

Butterfly surveys 

We followed the UK BMS methodology to assess the butterfly communities of the quarry landscape (a Wider 
Countryside Butterfly Survey methodology was not appropriate for this site). We established a single 'Pollard 
Walk' (Pollard and Yates, 1993) transect of 2.03 km that sampled all habitat types and management approaches 
in the quarry. The transect was divided into sections corresponding to the different habitats of the quarry, as 
defined by Phase 1 habitat categories (JNCC, 2010), and surveyed weekly from April to August 2018 under 
standard weather conditions for the methodology. We recorded all butterflies seen within a 5m fixed-width of the 
transect line and assigned these records to the appropriate habitat section. 

Soil data collection and processing 

We collected one soil sample from the centre of each of the five 25m2 quadrats in each area. We removed leaf 
litter, collected soil from approximately 10cm depth and transferred each sample into sterile containers. We 
recorded, in situ, the basic chemical properties of the soils, e.g. pH, temperature, and potassium, nitrogen and 
phosphorous levels. Ex situ analysis of soil samples took place in the University of South Wales' microbiology 
laboratory: physical properties of each soil was characterised, e.g. moisture content, sand and clay content, and 
organic content. For microbial community analyses, DNA was also extracted from each soil sample, and the 
microbiome of each soil sample characterised by metabarcoding, using the 16s rRNA region (for bacteria and 
archaea), and the ITS region (for fungi). Samples were pooled according to survey plot for ITS analysis.  
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Data analysis 

We classified and quantified biological diversity using a suite of multivariate analyses - cluster analysis, similarity 
profile test (SIMPROF), non-metric multidimensional scaling (nMDS), analysis of similarities (ANOSIM), similarity 
of percentages analysis (SIMPER) - in PRIMER v6.0 (Clarke and Gorley, 2006). These techniques and their 
application in PRIMER are described fully in Clarke (1993), and Clarke and Warwick (2001). For biological 
community data, we factorised each plot as woodland, translocation or control, except for the butterfly data, 
which we factorised by survey month (April-August). We pre-treated the data sets with a square root 
transformation to down-weight the importance of the most abundant taxonomic units (Clarke and Warwick, 
2001), except for plant abundances, which were already scaled by Domin cover categories. For plants, we 
considered all plant species and also ancient woodland indicator (AWI) species only. We constructed similarity 
matrices (at different taxonomic levels for the microbial data) using the Bray-Curtis coefficient. We applied 
SIMPROF tests to cluster analyses to determine if samples differed from each other. We performed ANOSIM 
tests to investigate spatial differences between biological communities. If significant, we carried out a SIMPER to 
identify which species (or other taxonomic unit) contributed most to differences in communities across plot types. 
We tested parametrically, or non-parametrically if test assumptions were not fulfilled, for differences in 
abundance of key contributors to dissimilarities between plot types, and abiotic characteristics of the soil 
samples. Significance values were adjusted by a Bonferroni correction for groups of tests. We also calculated 
expected species richness from accumulation plots using Jacknife and bootstrap non-parametric richness 
estimators (Colwell and Coddington, 1994).  
 
Results 

Plants 

In total, we recorded 169 plant species across the three habitat types (see attached species list), with 63, 75 and 
137 species in woodland, control and translocation habitats, respectively. Of these, 61.9% (n = 39) of species 
recorded in the woodland were also found in the translocation areas, while 22 of these species (34.9%) were 
shared with the control site. Of the 137 species recorded in the translocation areas, 64 (37.0%) were also found 
in the control site. Nineteen species were shared across all three habitats, while eight, 21 and 53 species were 
unique to control, woodland and translocation areas, respectively. Overall, there was a significantly higher 
median species count in translocation habitat than in woodland habitat (H = 23.963, df = 2, P <0.001). Species 
counts in the control site did not differ from the other two habitats. Of the 169 species, 29 (17.2%) were classified 
as AWIs, with seven, 21 and 24 of these species found in the control, translocation and woodland habitats, 
respectively. Of these, seven (24.1%) were unique to woodland and two (6.9%) to translocation habitat, while 13 
species (44.8%) were shared between the two habitats. Control and translocation shared three species (10.3%), 
while the remaining four species (13.8%) were recorded in all three habitats. Overall, there were significantly 
higher median AWI counts in woodland and translocation habitats than in the control area (H = 11.112, df = 2, P 
= 0.004). Rarefaction of the species richness curves indicated there were 185-208 plant species and 30-31 AWI 
species for the site, suggesting that we captured at least 81.3% of the plant species richness and 93.5% of 
AWIs.  

Cluster analysis and SIMPROF indicated that two of 12 sample clusters based on overall plant species 
compositions related to control and woodland samples, with the remainder clustering translocation samples 
(Figure 1). The same analyses highlighted seven sample clusters based on their AWI species compositions 
(Figure 1), with three of these related to woodland samples, three to translocation samples, and one to a mix of 
control and translocation samples. Woodland and translocation clusters were not based exclusively on the 
individual survey plots. 

The nMDS ordination for all plant species separated woodland samples from translocation and control samples 
along the primary community composition axis, and translocation and control samples along the secondary axis 
(Figure 2). Community composition of plant species was significantly different across and between habitat types 
(ANOSIM: R = 0.955, P = 0.001). Translocation samples shared 47.9% similarity in community composition, 
woodland samples 46.3% similarity, and control samples 42.0% (Table 1). Hedera helix, Mercuralis perennis, 
Hyacinthoides non-scriptus and Eurhynchium striatum contributed most to the within-habitat similarities in 
woodland communities, Rubus fruticosus agg., Lysimachia nemorum and Conyza canadensis to translocation 
community similarities, and Clematis vitalba and Salix cineria agg. to control similarities. Fraxinus excelsior 
contributed similarly to woodland and control communities, while Fragaria vesca and Buddleja davidii both 
contributed to within-habitat similarities in translocation and control communities. The control site was 70.6% and 
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87.9% dissimilar to the translocation and woodland areas, respectively, while translocation areas were 84.4% 
dissimilar to woodland areas. Only one species, H. helix, explained >5% dissimilarity between habitats, and with 
a significantly higher abundance in woodland habitats than in translocation and control habitats (H = 25.777, df = 
2, P <0.001). 

Figure 1. Cluster analysis dendrograms of between sample similarities in community compositions for all plant 
species (left) and AWI species only (right). Black and red branches highlight SIMPROF results: black branches 
highlight clusters with distinct structures; red branches indicate no sub-structure to those clusters. 

 
For AWI species, woodland, translocation and control samples were ordinated along the primary community 
composition axis (Figure 2). Community composition was significantly different across and between habitat 
types (ANOSIM: R = 0.686, P = 0.001). Translocation samples shared 66.8% similarity in AWI composition, 
woodland samples 53.2% similarity, and control samples 50.8% (Table 1). Fragaria vesca contributed most to 
the within-habitat similarities in control and translocation areas, while M. perennis was the biggest contributor to 
similarities within woodland areas. The control site was 70.3% and 96.8% dissimilar to the translocation and 
woodland areas, respectively, while translocation areas were 74.6% dissimilar to woodland areas. The main 
species contributing to dissimilarities between plots were F. vesca, which was less abundant in woodland, L. 
nemorum, C. lutetiana and G. urbanum (more abundant in translocation areas), H. non-scriptus (more abundant 
in woodland areas), and M. perennis and A. nemorosa (absent in the control site). 

Figure 2. nMDS ordination plot with 20, 40, 60 and 80% similarity clusters for plant community compositions, 
and based on all plant species (left) and AWI species only (right). 

 
Table 1. Species percentage contributions to within-habitat and between-habitat dissimilarities of plant 
communities, for all plant species (upper section of table) and AWI species only (lower section). Direction of 
difference in mean abundance is indicated in parentheses. Significant differences are represented by * (P <0.05) 
and *** (P <0.001). Only species contributing ≥5% to similarities/dissimilarities are included. C = Control, T = 
Translocation, W = Woodland. 
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 Species 
Within-habitat similarity Between-habitat dissimilarity 

C T W C and T C and W T and W 

 All plant species: 

 Hedera helix - 1.6 34.8 1.4 (T>C) 7.6 (W>C) *** 4.8 (W>T) 

 Clematis vitalba 15.2 0.5 - 3.2 (C>T) 4.9 (C>W) 0.6 (T>W) 

 Fragaria vesca 11.8 6.3 - 0.9 (T>C) 3.7 (C>W) 2.9 (T>W) 

 Buddleja davidii 10.1 9.7 - 2.5 (T>C) 3.9 (C>W) 4.9 (T>W) 

 Salix cineria agg. 9.5 0.5 - 2.4 (C>T) 3.7 (C>W) 0.7 (T>W) 

 Rubus fruticosus agg. 4.3 9.2 2.1 2.5 (T>C) 2.0 (C>W) 3.3 (T>W) 

 Fraxinus excelsior 7.9 1.9 8.0 1.2 (C>T) 2.0 (W>C) 1.7 (W>T) 

 Mercuralis perennis - 3.7 8.0 3.0 (T>C) 4.0 (W>C) 2.8 (W>T) 

 Hyacinthoides non-scriptus - - 7.4 - 2.7 (W>C) 1.8 (W>T) 

 Lysimachia nemorum - 5.8 - 3.3 (T>C) - 3.0 (T>W) 

 Eurhynchium striatum 0.5 - 5.5 1.0 (C>T) 3.3 (W>C) 2.3 (W>T) 

 Conyza canadensis 1.5 5.4 - 1.8 (T>C) 1.0 (C>W) 2.4 (T>W) 

 AWI species only: 

 Fragaria vesca 81.0 26.2 - 4.7 (T>C) 13.6 (C>W) * 12.2 (T>W) * 

 Lysimachia nemorum - 22.7 - 17.9 (T>C) * 0.2 (W>C) 12.2 (T>W) * 

 Mercuralis perennis - 13.6 23.7 14.9 (T>C) * 14.4 (W>C) * 11.6 (W>T) 

 Hyacinthoides non-scriptus - 0.7 21.4 1.6 (T>C) 9.4 (W>C) * 7.3 (W>T) * 

 Cicaea lutetiana - 8.9 11.7 10.5 (T>C) * 8.4 (W>C) 7.5 (T>W) 

 Anemone nemorosa - 6.2 11.0 6.3 (T>C) * 6.8 (W>C) * 5.1 (W>T) 

 Arum maculatum - 1.1 8.2 - - 2.6 (W>T) 

 Geum urbanum - 7.8 5.2 6.7 (T>C) * 2.7 (W>T) 3.2 (T>W) 

 Carex sylvatica 10.2 4.6 0.1 8.8 (C>T) 6.3 (C>W) 4.7 (T>W) 

 Viola reichenbachiana / riviniana 5.9 0.4 2.3 3.7 (C>T) 4.3 (C~W) 2.8 (W>T) 

 Brachypodium sylvaticum 1.5 1.7 - 5.0 (T>C) 1.3 (C>W) 3.1 (T>W) 

 Asplenium scolopendrium - 0.2 4.9 0.8 (T>C) 5.5 (W>C) 4.5 (W>T) 

 

Butterflies 

In total, 13 weekly surveys were completed during the sampling period and 17 butterfly species recorded (see 
attached species list). Rarefaction of the species richness curve indicated there were 19-22 species for the 
overall site, suggesting we captured at least 77.3% of the site’s butterfly species richness. Cluster analysis and 
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SIMPROF indicated there were five sample clusters based on butterfly species compositions (Figure 3). 
Broadly, these relate to survey month, although there is some clustering of early and late surveys.

Figure 3. Cluster analysis dendrogram of between-
sample similarities in the compositions of butterfly 
species. Black and red branches highlight the 
SIMPROF results. 

Figure 4. nMDS ordination plot with 20, 40 and 60% 
similarity clusters for temporal butterfly community 
compositions. 

 
The nMDS ordination clearly separated temporal samples along the secondary community composition axis 
(Figure 4). Butterfly community composition was significantly different across survey months (ANOSIM: R = 
0.446, P = 0.007). On average, community similarities increased (from 32.7%) to the sampling season midpoint 
(65.8%), when more flight periods overlapped, then tailed off again to the end of the season (37.6% similarity). 
Small copper (24.5%), small white (20.7%) and common blue (19.0%) tended to contribute most to the 
dissimilarities between the start and end of the sampling season, while ringlet (14.3%) and meadow brown 
(13.4%) contributed to mid-season dissimilarities. 

Soil 

Abiotic characteristics 

There was a significant difference in moisture content (P = 0.013) and organic content (P = 0.004) between all 
three plot types, with woodland soil having the highest level of moisture and organic content, and control soil the 
lowest. There was a significant difference in pH (P = 0.002) between both the woodland and the translocated 
soils and the control, with the woodland soil having the lowest pH and the control the highest. There was a 
significant difference in temperature (P = 0.013) between the woodland and translocated soils, but not between 
the woodland or the translocated and the control. Soil type was also significantly different (P = 0.002) between 
the three sites (Figure 5). Nitrate and potassium levels were not different between plot types. 

Figure 5. Soil texture analysis of soil samples. Each dot represents a 
different sample. Green dots represent the woodland soils, orange 
represent the translocated soils and blue represent soils from the 
control site. 

Microbial community analysis 

Metabarcoding of the 16s rRNA (bacteria/archaea) and ITS regions 
(fungi) revealed the full diversity of the microbial community in the soil. 
In total, 18,551 bacterial species were recorded across the three 
habitat types, with 16,662, 16,663 and 12,573 species recorded in 
woodland, translocated and control habitats, respectively. Rarefaction 
of the bacterial species richness curve indicated there were 18,924 
species for the overall site, suggesting our study captured 98% of total 
bacterial biodiversity. For archaea, 76 species were recorded, with 54, 
62 and 49 species recorded in woodland, translocated and control 
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habitats, respectively. Rarefaction of the archaeal species richness curve indicated there were 80 species for the 
overall site, suggesting we captured 95% of total archaeal biodiversity. For fungi, 4,413 species were recorded, 
with 3,955, 3,828 and 2,616 species in woodland, translocated and control habitats, respectively. Rarefaction of 
the fungal species richness curve indicated there were 4,601 species for the overall site, suggesting 96% of total 
fungal biodiversity was captured in our study. 

Bacteria 

On average, woodland survey plots shared 61.5% of bacterial species with translocated sites, and 56.2% with 
the control site. The translocated sites shared on average 59.5% with the control site (Figure 6). The nMDS 
ordination for all bacterial species separated all but one control samples from translocation and woodland 
samples along the primary community composition axis (Figure 7). 

Figure 6. Percentage of species (OTUs) 
shared between each survey plot.           

Figure 7. nMDS ordination plot with 60 and 65% similarity 
clusters for bacterial species community compositions. 

 

Figure 8. Relative 
abundance of major 
bacterial classes 
according to habitat 
type. 

 

 

 

 

 

Community composition in each habitat type was then compared at the Class taxonomic level. Figure 8 shows 
the overall composition of the bacterial communities (according to class) within each habitat type. Community 
composition of bacterial classes was significantly different across and between habitat types (ANOSIM: R = 
0.351, P = 0.010). The control site was 10.3% and 12.7% dissimilar to the translocation and woodland areas, 
respectively, while translocation areas were 8.8% dissimilar to woodland areas. The main classes contributing to 
dissimilarities between woodland and translocated plots were Sphingobacteria and Alphaproteobacteria, both 
more abundant in woodland areas. Chloroflexi, which was most abundant in the control plot, contributed most to 
dissimilarities between this and the other habitat types.  

Archaea 

On average, woodland plots shared 44.2% of archaeal species with translocated sites, and 34.1% with the 
control site. The translocated site shared 51.3% of archaeal species with the control site (Figure 9). nMDS 
ordinated samples into two major groups along the primary community axis, with some overlap. One group 
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contained all but two woodland samples; the other group contained all but one control samples. The translocated 
samples were distributed evenly across the two groups (Figure 10).   

Figure 10. Percentage of species (OTUs) 
clusters for archaeal species community 
compositions. 

Figure 11. nMDS ordination plot with 50 and 60% similarity 
shared between each survey plot. 

Figure 12. Relative 
abundance of major 
archaeal classes 
according to habitat type 

 

 

 

 

 

 

Archaeal community composition in each habitat type was then compared at the Class taxonomic level. 
Thaumarchaeota was the dominant class in every habitat type (Figure 12). The composition of archaeal classes 
was significantly different across and between habitat types (ANOSIM: R = 0.123, P = 0.037). The control site 
was 11.9% and 14.3% dissimilar to the translocation and woodland areas, respectively, while translocation areas 
were 8.4% dissimilar to woodland areas. The main class contributing to dissimilarities between all areas was 
Methanomicrobia, which was most abundant in the control plot and least abundant in the woodland plot.  
Methanobacteria (W<T<C) and Thaumarchaeota (C<W<T) also contributed to dissimilarities between all areas. 
Halobacteria contributed to dissimilarities between woodland plots and the other habitat types, being unique to 
woodland areas. Conversely, Crenarchaeota was only present in the translocated and control samples. 

Fungi 

On average, woodland survey plots shared 55.2% of fungal species with translocated sites, and 53.8% with the 
control site. The translocated sites shared on average 54.7% with the control site (Figure 13). nMDS ordination 
for all fungal species separated the samples into two major groups along the primary community axis. One group 
contained all woodland and translocated samples; the other group contained the control sample. (Figure 14). 
Community composition in each habitat type was then compared at the level of the class. Figure 15 shows the 
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overall composition of the fungal communities (according to class) within each habitat type.  

Figure 13. Percentage of species (OTUs) 
shared similarity between survey plots. 

Figure 14. nMDS ordination plot with 40 and 60% clusters for 
fungal species community compositions. 

 

Figure 15. Relative 
abundance of major 
bacterial classes according 
to habitat type. 

 

 

 

 

 

 

Community composition of fungal classes was significantly different across and between habitat types (ANOSIM: 
R = 0.756, P = 0.014). The control site was 35.1% and 31.9% dissimilar to the translocation and woodland 
areas, respectively, while translocation areas were 16.1% dissimilar to woodland areas. The main class 
contributing to dissimilarities between the control plot and all other areas was Agaricomycetes, which was far 
more abundant in the control plot than the woodland or translocated. Mortierellomycotina was the class 
contributing most to dissimilarity between the woodland and translocated plots, being more abundant in the 
woodland samples. 

Discussion 

Our results show that after seven years, the translocated soil and associated biological communities 
demonstrate encouraging resemblance to the donor ancient woodland site. However, there are differences in 
both the vegetation and microbial communities between plot types.  

Our sampling design appears to have captured a substantial amount of the plant and butterfly species richness 
in the landscape, suggesting the survey effort and methods employed are sufficient for robust ecological 
interpretations. Sites demonstrated hypothesized within-habitat variation, due to ecological factors and stratified 
methodologies, and significant between-site community differences. However, encouragingly, for woodland and 
translocation sites these differences were perhaps reflected more by differences in species’ Domin rank 
abundances than differences in their presence/absence, as evidenced by comparatively high proportions of 
shared species. Importantly, similar AWI species richness was reported in woodland and translocated areas. 
The control site was not without botanical value, both at the community and AWI species levels. While butterfly 
community data have yet to be analyzed spatially, and linked to both plant communities and soil type, the site 
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supports a community representative of the wider landscape. To support this, BEST analyses will be conducted 
in Primer, which links environmental and species best explain community patterns.   

Metabarcoding revealed diverse and distinctive microbial communities between plot types. These communities 
play an essential ecological role, the exact nature of which is poorly understood. Microbes are an important but 
often overlooked element in the success or otherwise of habitat restoration (Johnson et al., 2014). This initial 
analysis revealed a robustness to the microbial soil community, with woodland and translocated soil samples 
containing more similarities than control samples, across all three microbial domains analysed. However, 
woodland and translocated soil samples were still significantly different. Further work is required to elucidate the 
ecological functions fulfilled by these community members, and to determine any key groups or functional gaps 
which may aid or slow habitat regeneration, respectively. 

Added value of the project 

As well as quantifying the biota of undisturbed and translocated ancient woodland soils in Forest Wood quarry 
and assessing their biological value and regeneration capacity, this project has contributed to the understudied 
field of microbial soil ecology, and developed industry-relevant and industry-based research skills and 
application in undergraduate and Masters students. In August, the team also organised a ‘microbe hunt’ 
outreach event at a local festival, encouraging children to engage with the microbial world hidden in soil. Project 
results are being shared with other stakeholders, as follows: 

● Species records to the South East Wales Biological Records Centre, Butterfly Conservation Wales, and 
County Ecologists; site visit by County Ecologist; 

● Dragonfly County Recorder site visit, with follow-up surveys planned for 2019; 
● Cross-refer with the National Biodiversity Atlas Wales for new species locality records;  
● Microbial taxa to be submitted to relevant online databases (e.g. National Centre for Biotechnology 

Information); and 
● A minimum of one peer-reviewed paper published within 12 months of project completion. 

Recommendations and guidance for future project implementation and development on site 

This project clearly demonstrates that there is biological value in using translocated soil to aid regeneration of 
ancient woodland habitat, even on old quarry waste. When woodland clearance is unavoidable, then soil should 
be transported to an area of restoration rather than discarded. While not yet investigated, we plan to quantify the 
ecological functionality of microbial groups identified, to better establish the resilience and recovery capacity of 
translocated soils and, indeed, whether using translocated soils to seed quarry waste can help catalyze their 
biodiversity value. We recommend that experimental manipulation of soils will further explore these ecological 
traits. The butterfly survey results indicate a promising amount of diversity, and it is recommended that this is the 
first of an annual monitoring event. We also intend to quantify the spatial patterns of butterflies in relation to plant 
communities and soils types to better understand the value or potential of translocated areas to this element of 
biodiversity. 

Final conclusions 

● Translocation of soil has a positive effect on the surveyed biota of the habitat, and, after seven years, 
translocated areas are more similar to donor ancient woodland habitat than recipient quarry waste habitat. 

● The control plot is not without biological value, or further potential.
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To be kept and filled in at the end of your report 

Project tags (select all appropriate): 

This will be use to classify your project in the project archive (that is also available online) 
 

 
Project focus: 

☐Beyond quarry borders 

☒Biodiversity management 

☐Cooperation programmes 

☐Connecting with local communities 

☐Education and Raising awareness 

☐Invasive species 

☒Landscape management  

☐Pollination 

☒Rehabilitation & habitat research 

☐Scientific research 

☒Soil management 

☐Species research 

☐Student class project 

☐Urban ecology 

☐Water management 

 
Flora: 

☒Trees & shrubs   

☐Ferns   

☒Flowering plants   

☒Fungi   

☐Mosses and liverworts 

 
Fauna: 

☐Amphibians  

☐Birds   

☒Insects   

☐Fish   

☐Mammals   

☐Reptiles   

☐Other invertebrates 

☐Other insects   

☐Other species 

 

Habitat: 

☐Artificial / cultivated land 

☐Cave   

☐Coastal  

☐Grassland 

☐Human settlement   

☐Open areas of rocky grounds 

☐Recreational areas   

☐Sandy and rocky habitat 

☐Screes   

☐Shrub & groves   

☐Soil   

☐Wander biotopes 

☐Water bodies (flowing, standing)   

☐Wetland 

☒Woodland 

 

 

Stakeholders: 

☐Authorities   

☐Local community   

☐NGOs   

☐Schools 

☒Universities 

 

 

 

 

 

 


