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Abstract
Epiphytic lichens are a species rich taxonomic group important for conservation management. This field based study identified key factors influencing woodland microclimate and their effect on lichen diversity. Six sample sites representing a chronosequence of coppice growth within a thirteen year rotation were selected in a broadleaved deciduous woodland in south west England. A lichen survey was carried out on seventy- two randomly selected Ash trees using species richness and abundance to measure lichen diversity. Within each sample site, relative humidity and temperature were recorded for nine months (June 2015- February 2016) and ecological factors including aspect, tree size and host tree availability were measured in addition to the distance, size and species surrounding sampled trees in order to quantify stand structure variables.. This study revealed the multitude of interrelated environmental factors driving lichen diversity levels, with aspect and substrate availability found to be of particular importance in aiding suitable conditions. In agreement with previous studies, this study also suggests an effect of specific temperatures (>20°C) and humidity (>75%) thresholds in driving diversity outcomes. This study also suggests the relative importance of ash trees as a lichen host, and the potential implications for obligate and associated woodland species in-light of current co-extinction threats from Ash dieback in the UK.     
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1. Introduction
1.1 The Importance of lichen diversity

Lichens are important ecological and environmental indicators (Giordani et al., 2012) with climate change, air pollution and woodland management all major contributors to lichen diversity (Wirth et al, 1996; Thor, 1998; Ellis et al, 2007; Svoboda et al., 2010). Lichens are a major element of photoautotrophic communities. These communities are believed to fix approximately 50 million tons of Nitrogen (half of N fixation on land) and approximately 14 million tons of carbon dioxide every year, therefore potentially holding a substantial role in carbon offsetting (Elbert et al., 2012). The combination of management related activities, such as forestry, combined with the negative effects of air pollution, have caused the dramatic decline in woodland lichen diversity over the past 150 years (Hauck et al., 2013). Habitat degradation and loss has been identified as the most widespread threat to lichens, currently under major threat (Wirth, 1976; Rose, 1992; Wolseley, 1995 Wirth, 1999; Bergamini et al, 2005).
Research focusing on the relationships between lichen diversity and woodland management in European deciduous woodlands has subsequently rapidly increased over the last decade (Nascimbene et al., 2013) with evidence suggesting that improving lichen conservation in managed woodlands will benefit ecosystem functioning of temperate woodlands- a listed habitat of concern for Biodiversity conservation (Bergmeier et al., 2010; Nascimbene et al., 2007; Nascimbene et al., 2013).  
Lichens are a composite organism, comprising of a symbiotic association between an alga or cyanobacterium (photobiont) and fungus (mycobiont). The mycobiont builds the thallus structure to provide suitable conditions for a stable, long term association with their photobiont (Hawksworth, 1988); in return, as the photosynthetic partner, the photobiont provides carbon in the form of simple sugars to the fungal partner as a ready-made food source. The type of photobiont is a key trait, mediating the response of lichens to both climate (van Herk et al., 2002; Aptroot and van Herk, 2007; Smith et al., 2009) and land use (Stofer et al, 2006). The same algal partner may occur in many different lichen species but each lichen species has a different fungus species (Dobson, 2011). 

Epiphytes are considered to make an important contribution to ecological processes and ecosystem function (Ozanne et al, 2003; Sillett and Van Pelt, 2007). Reiners and Olson (1984) found that epiphytic lichens sequester nutrients and increase the availability of atmospherically derived nutrients such as Phosphorus to the wider forest ecosystem as leachate or litterfall. Lichen presence may also increase nutrient flux rates in canopy throughfall when compared to twigs and foliage with no lichen present (Pike, 1978; Reiners and Olson, 1984).

Lichens make a substantial contribution to woodland biodiversity (Hauck et al., 2013); where over a third (over 800 species) of the lichen flora occurs in UK woodlands, with 500 of them being epiphytes of bark and deadwood (Hauck et al., 2013). Lichens influence the ecological success of woodland animals (Gerson and Seaward, 1977; Richardson and Young, 1977) for example from utilisation for nest building to forage material (Mitchell, 2001; Young et al., 2002; Flaherty et al., 2010). Epiphytic lichens increase habitat heterogeneity, subsequently increasing the diversity of macrofauna. Positive relationships have been observed between lichen biomass and invertebrate abundance (Gerson and Seaward, 1977). Epiphytes provide crucial habitat which support species of lower trophic levels within woodland ecosystems (André, 1985) with potential implications across the food-web (Ellis, 2012).
1.2 The importance of Ash trees as a lichen host
The British lichen population is considered to be of international significance in a European and global context (BLS, 2012). There are 536 lichen species recorded on Ash Fraxinus excelsior to date corresponding to 27.5% of UK lichen flora (Ellis, 2012), of which 220 are nationally rare and 84 of those are categorised as under threat in Britain using IUCN standards (Edwards, 2012; Ellis, 2012); in addition, for six of the threatened tree species more than half of the records are for specimens found on Ash , including Fuscoponnaria ignobilis (of which receives the highest UK legislative protection) and Wadeana dendrograph (for which the UK has international conservation responsibility).
Ash has an important place in temperate European biodiversity, particularly in the ecosystem functioning of temperate woodlands (Mitchell et al., 2014). A shift in woodland composition away from Ash to other species due to Ash dieback could result in slower nutrient cycling, changes in soil formation and drive shifts in the soil community, with resulting changes in ecosystem function (Herbst et al., 2007; Harmer et al., 2014). Obligate and highly associated lichen species of Ash trees are predicted to decline under all management scenarios in the first ten years of mitigation against Ash dieback (Harmer et al., 2014; Mitchell et al., 2014).
Since the 1970’s Ash trees have provided an alternative host for lichens affected by the decline of elm trees; with coextinction suggested as the most common form of biodiversity loss (Jönsson and Thor, 2012; Mitchell et al, 2014). With Ash dieback not only threatening its immediate host but having serious unknown cascade effects, it is important to recognise the relevance of coextinction threats from epidemic tree deaths and that they are accounted for, such as Ash dieback Hymenoscyphus fraxineus and lichens (Jonsson and Thor, 2012).  Coextinction probability rates of Ash on lichen communities as a direct result from Ash Dieback disease has been estimated to increase with lichen host specificity to Ash and decreasing lichen population size (Jönsson and Thor, 2012). Local extinction of lichen communities also occur at an accelerated rate when a given fraction of host tree is lost. Jönsson and Thor (2012) provided evidence suggesting that accelerated extinctions imposed by epidemic tree death (>60%) can cause significant changes to epiphytic lichen community composition of Ash. Coextinction probabilities have not only been found to be dependent on local management and Ash disease resistance, but also affiliate species traits with species with narrow niches and small population sizes believed to be more likely to become extinct (Jönsson and Thor, 2012; Mitchell et al, 2014).
Host tree species is an important factor thought to influence lichen diversity (Nascimbene et al, 2013); the dependence of epiphytic lichens on host tree species could increase their vulnerability to threats from infectious diseases such as Ash Dieback. Therefore, maintaining tree species diversity in mixed stands is vital for improving lichen diversity through the provision of a diverse microclimate  (Johansson et al., 2007; Jũriado et al., 2009; Jönsson and Thor, 2012; Nascimbene, et al., 2013).

1.3 Microclimate and lichen diversity

Woodland management and age independently affect microclimatic conditions. Old, undisturbed and multi-layered woodlands tend to be more buffered, humid microclimates than the surrounding areas and therefore favour the growth of humidity loving species (Werth et al, 2005; Ellis et al, 2009). On a local scale, epiphytic lichen community composition depends on microclimatic and substrate conditions (Ellis and Coppins, 2007; Nascimbene and Marini, 2010), depending primarily upon atmospheric water supply- making ambient moisture and temperature of paramount importance to lichen diversity (Ranius et al, 2008). 
Light and water supply are also considered to be important factors in explaining epiphyte variation among, as well as within trees (Ellis and Coppins, 2006; Marini et al, 2011). These factors are affected by the surrounding vegetation, bark condition, aspect, wind exposure, height above ground and tree inclination (Ranius et al, 2008). Lichen of European temperate woodland have an optimum under intermediate light conditions, avoiding deep shade and direct solar radiation (Barkman, 1958 Gauslaa and Solhang, 2000; Larsson et al., 2009), where excessive canopy closure can be detrimental to epiphytic lichens (Humphrey et al, 2002; Paltto et al, 2008; Jüriado et al, 2009; Moning et al, 2009; Nascimbene et al, 2012; Nordén et al, 2012; Király et al, 2013).
Where climate is favourable for most lichen species (high atmospheric moisture) relatively large lichen species richness can be found even where forest habitat quality is relatively low (e.g disturbed young stands). In contrast where climate is unfavourable, the influence of habitat quality from features such as availability of large trees, microhabitat quality, substrate availability and habitat continuity gain importance to lichen diversity (Coppins and Coppins, 2002; Ellis and Coppins, 2007).
The capability of lichens to sustain rich-biota is becoming increasingly evaluated against management practice (Nascimbene et al., 2007). Management history and landscape context are considered important drivers of lichen diversity. However, they may be more relevant in fragmented landscapes where metapopulation processes influence the spatial distribution of species (Dettki and Esseen, 1998; Snäll et al, 2003; Löbel et al, 2006; Hedenås and Ericsson, 2008; Caruso et al, 2011); particularly from dispersal limitations, dictated by the occurrence and distribution patterns of sexuate and vegetative diasporas (Scheidegger and Werth, 2002; Giordani, 2012), resulting in subsequent rates of colonisation of new substrata (Dettki and Esseen, 2003). Fritz et al (2008) also concluded that high epiphytic lichen richness was strongly linked to a combination of large substrate area, habitat continuity and old  large trees could be related to favouring the establishment of poorly dispersed species, which provide more time for colonisation and increased surface availability as well as stable substrate conditions, encouraged by reduced growth rate and changes in bark pH and texture (Aude and Poulsen, 2000; Friedel et al, 2006; Ranius et al, 2008; Fritz, 2009; Fritz and Heilmann-Clausen, 2010).
1.4 The Study

Since lichens are a species rich component of woodland ecosystems, it is suggested that the improvement of lichen diversity is likely to improve woodland ecosystems function (Jönsson and Thor, 2012). Climate is a principal factor controlling species distribution, although lichen distribution may be modified by spatial habitat patterns (Ellis et al., 2007). Through gaining a greater evidence-based understanding of lichen responses to microclimate, inferences could be made to enhance biodiversity conservation and ecosystem functioning of threatened habitats (Nascimbene et al., 2013). 
This study investigates the effects of microclimate on epiphytic lichen diversity of ash. Spatial patterns of lichen diversity were studied within temperate woodland. 
1.5 Aim and Objectives
Aim:

To identify the effect of microclimate on epiphytic lichen diversity on Ash Fraxinus excelsior.
Objectives:
· To identify the effects of temperature on lichen diversity
· To identify the effects of humidity on lichen diversity 
· To assess the effects of aspect on lichen diversity

· To assess the effects of stand structure on lichen diversity

· To assess the effect of tree size on lichen diversity
Methodology
2.1 Site Description

A field study took place within a broadleaved deciduous woodland at Worley Hill NR (See Fig 1).The site lies on a south westerly facing slope of the Polden Hills, adjacent to the Somerset villages of Littleton and Compton Dundon, Somerset  of South West  England (Grid reference: ST 49742 31090). Worley Hill NR is a designated Site of Specific Scientific Interest (SSSI). Owing primarily to its underlying limestone geology, the landscape is most commonly known in terms of conservation for its rich butterfly diversity and ground flora. A majority of the Polden Hills landscape is managed for calcareous grassland and Ancient semi-natural woodland sites by a network of conservation centred organisations. Adjacent to Worley Hill NR along the plateau is Long Wood: 52ha ancient semi-natural deciduous woodland.
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2.2 Site History
Between 1960 and 1991 the study site was a scattered conifer plantation on ancient woodland. Worley Hill has since been restored to ancient semi-natural woodland. 
Since 1991 Worley Hill has been managed for wildlife conservation and utilised for educational purposes.  Since 1991, the conifer plantation south of the woodland was restored to grassland over a ten year period until 2001 and has since been managed by winter Sheep grazing (Potts, 2013). New Hill and Tannager NR, north of the site boundary is managed as calcareous grassland by Somerset Wildlife Trust. 
2.3 Site Management
The study site had been subjected to a fifteen year rotation coppice management regime. The first cycle from 1991 included conifers in the coppicing cycle and the second cycle reduced the coppice regime to a 13 year rotation.
2.4 Sample sites selection
The coppiced woodland provided a set of well-defined coupes, representing a range of age classes thus allowing a series of successional stages of coppice growth to be selected for the study. The coupes were used to provide a range of long term samples, with six of the coupes selected to represent a chronosequence of woodland understorey. Six coupes were selected spanning over a 13 year coppice management regime, the most recently coppiced (2014/15) and oldest accessible coppiced (2002/03) were selected along with every second year in between (2004/05, 2006/07, 2010/11 and 2012/13). Sites coppiced in 2001/02, 2003/04 2005/06, 2007/08 and 2008/09 were excluded from this study due to restricted accessibility or undefinable boundaries. The perimeter of each plot was recorded using a Garmin Oregon 400t GPS (Serial no:1HJ001569). Only sample site area and sample site age were applied to the dataset as variables in the model for further analysis. Sample site age was measured in years since last coppiced. Sample site was not applied as a variable to analysis models as other unmeasured site factors would need to be considered.
2.5 Lichen Survey

Every accessible Ash tree in the selected sample sites with a girth of ≥ 50cm at chest height within were numbered with a wire and plastic tag. Twelve Ash trees from each sample site (Stofer et al., 2003; Giordani et al., 2012) were then randomly selected using a random number generator (www.Random.org). 
A lichen survey of the selected trees only was carried out using a standardised methodology (Scheiddeger et al., 2002) using a frequency ladder.
Only lichens on the bole of the tree, present within the frequency ladder (See Fig 2) were sampled and recorded by allocating a score from zero to five on each aspect of the tree according to the number of grids the species was present in. 
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Figure 2. The frequency ladders of a tree relevé were fixed 100 cm from the ground with pins. The centre of each frequency ladder was oriented to N, E, S, W, respectively (Scheiddeger et al., 2002).
All sampled lichens were identified using morphological features with a 30x hand lens and chemical testing (C and K only). All samples were subsequently verified by Graham Boswell of the British Lichen Society. Specimens were also verified using a hand lens and chemical testing.
Lichen species and aspect abundance scores were used for analysis to identify aspect as a factor, and quantify species richness and abundance of each all trees and sample sites. Species records and their subsequent aspect scores were entered onto a Microsoft Excel spreadsheet for further analysis. Total species richness and abundance scores were also used to calculate a Simpson Diversity Index as an indicative diversity score of each sample site.
2.6 Microclimate
Habitat conditions of each sampled tree were recorded to indicate conditions of stand density, maturity and stand composition. Measurements of the distance to, girth of, and species of the closest tree (Scheidegger et al., 2002; Wolseley et al., 2006) lying within a 90° spectrum of the North, East, South and West aspect of all sampled trees (See figure. 3) were recorded. The girth of each sampled tree was taken at chest height. Distance to the nearest tree was recorded from base to base of where possible. All recordings were applied to an Excel spreadsheet for further analysis using RCmdr (R Core team, 2013). 
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Figure 3. Environmental condition recording area for each aspect from the sampled tree (arrows denote the 90° sampling area).
2.7 Sample site conditions
To indicate suitable substrate and host tree availability within each sample site, the circumference of the twelve sampled trees in each sample site was added together (total sampled area). The total number of Ash trees in each sample site was also applied to the analysis to indicate suitable substrate availability by sample site.
2.8 Temperature and humidity

Microclimatic conditions were monitored in each sample site using temperature and relative humidity to indicate abiotic conditions. Six Tinytags (Gardiner and Hassell, 2009) (Model/Serial no’s: Tinytag: 300102; Tinytag Plus 270874; 268625; Tinytag Plus2: 683442; 683465; 683438;) were attached to a branch (Ylisirnio et al., 2016) towards the centre of each sample site 1.5m from the ground. Temperature and relative humidity was recorded every hour from 20th June 2015 at 00:00hrs until 1st February 2016. Tinytag Explorer Software (Gardiner and Hassell, 2009) was used to download temperature and humidity data for analysis. Total number of hourly recordings at three thresholds (Harrison et al., 1989; Sundberg et al., 1999) of >10, >20 and >25°C for temperature, and >50,>75 and >90% for relative humidity were calculated for further analysis. Minimum, maximum and average temperature recordings of each sample site were also taken. An x and y conditioning plot was used in RCmdr (R Core Team, 2013) to illustrate any potential comparative patterns of temperature and humidity between sample sites. 
2.9 Data Analysis
All numerical and species records were entered onto a Microsoft Excel spreadsheet. One spreadsheet was created for further analysis using R (R Core Team, 2013) with the following data included:
· Lichen species richness and abundance scores of each aspect

· Lichen species  
· Tree size 
· Distance to the nearest tree  
· Tree size of nearest tree (circumference at chest height)

· Nearest species from each aspect of the sampled tree.  
· Sample site area (ha)
· Sample site age 
· Aspect of sample site perimeter  
· Total number of sample site species 

· Six threshold recordings  (three temperature and three humidity) 
· Minimum, average and maximum temperature and humidity recordings

· Total available surface 
· Total Ash trees per sample site
· Sample site SDI score

A Generalised Linear Model (GLM) was applied using RCmdr (R Core Development Team, 2013) to identify relationships and the better model in understanding drivers of lichen diversity. Three models were used- plot species richness, tree species richness and tree species abundance to also determine any differences of factors driving species richness as opposed to species abundance. A Poisson model was applied to all models in this study.
3.Results
3.1 Lichen Diversity
A total of 1240 specimens and thirty-nine species were identified across the six sample sites. The total number of species in each plot ranged from twenty-nine to thirteen (See Table 1). Lichen species richness and abundance was strongly associated with tree size, tree aspect and site age. Site species richness was particularly associated with the number of Ash trees per sample site and woodland edge aspect. There was no correlation between plot area or total sampled area on lichen species richness and abundance. Species richness and abundance was greatest in sample site four with a south facing woodland edge. Species richness was poorest in sample sites, five and six with no woodland edge perimeter.
Table 1. Sample site summary data of sample site area, species diversity (SDI) and available substrate.

	Sample site Number
	Sample site age (yrs)
	Sample site area (ha)
	Ash trees per sample site
	Total available surface (cm)
	Total number of lichen sp.
	Total Lichen abundance 
	Simpson Diversity Index (SDI)

	1
	1
	0.436
	34
	1055
	14
	262
	0.888

	2
	3
	0.243
	36
	1040
	15
	253
	0.851

	3
	5
	0.325
	25
	1109
	19
	140
	0.887

	4
	9
	0.322
	111
	930
	29
	275
	0.935

	5
	11
	0.3
	19
	780
	13
	168
	0.751

	6
	13
	0.131
	40
	784
	13
	142
	0.7


3.2 Tree aspect
60% of all recorded individuals were taken from the south and west aspects, with only eighteen of the total thirty-nine species being recorded on the east aspect (See table 2).

Table 2. Lichen species and abundance records calculated across all seventy-two trees. Percentages are taken from the total across all sampled trees.
	Aspect
	Total species recorded
	Percentage of total species recorded (%)
	Total individual recordings
	Overall individual recordings 

(%)

	North
	21
	53.85
	252
	19.55

	East
	18
	46.15
	266
	20.64

	South
	25
	64.10
	361
	28.01

	West
	27
	69.23
	410
	31.80
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Tree species richness and abundance was greatest on the west and south aspect across all sampled trees (See Fig 4a and 4b).
Figure 4a and 4b. Mean number of species richness (a) and species abundance (b) according to tree aspect across all sampled trees.
3.3 Plot aspect
Mean species richness and species abundance was greatest in sample sites with an exposed perimeter as opposed to those with no exposed perimeter. Mean species richness and abundance was greatest on the sample site with a south facing woodland edge perimeter, followed by the plot with a north facing woodland edge (See Fig. 5a and 5b).
Figure 5a and 5b. Mean number of species richness(a) and species abundance (b) according to plot edge aspect across all sampled trees (‘E’ denotes enclosed with no woodland edge; ‘N’ denotes plot/s with a North facing woodland edge; ‘S’ denotes plots with a south facing woodland edge) .
3.4 Tree size

A positive correlation was recorded between increased lichen species richness per tree with increased sampled tree circumference (See Fig.6).

3.5 Sample site age
There was a positive correlation between total species richness up to a coppice rotation age of nine years, with a steep decline thereafter (See Fig 7).                                              

Figure 7. Correlation between sample site age and site species richness.                                                             

3.6 Temperature and Humidity
Total humidity recordings >50% were lowest in plot five (3632) compared to plot three where 5568 recordings >50% were made. Maximum and minimum recordings in each plot were the same and were therefore not applied for analysis (See table 3). 
Table 3. Figures representing the three humidity thresholds (number of hourly recordings taken at or above that threshold).
	Plot
	Minimum (%)
	Maximum (%)
	Average  (%)
	hrs >50%
	hrs >75%
	hrs >90%

	1
	0
	100
	91
	4125
	3466
	2570

	2
	0
	100
	72
	4550
	3898
	2545

	3
	0
	100
	91
	5568
	5059
	3830

	4
	0
	100
	74
	4460
	4013
	3151

	5
	0
	100
	59.5
	3632
	2515
	1190

	6
	0
	100
	89.8
	5340
	4937
	4203


Temperature recordings of >10°C were lowest in species poor sites two and five. Sample site four had fewest recordings at the highest threshold (See table 4). Minimum, maximum and average scores failed to indicate any differences between sample sites.  

Table 4. Figures representing the three temperature thresholds (number of hourly recordings taken at or above that threshold).
	Sample site
	Minimum 
(°C)
	Maximum

(°C)
	Average

(°C)
	hrs >10°C
	hrs >20°C
	hrs >25°C

	1
	-3
	29.1
	12.2
	4072
	200
	16

	2
	-4
	28
	11.9
	3977
	172
	15

	3
	-3.5
	29
	12
	4001
	184
	15

	4
	-2.6
	27
	11.9
	4030
	113
	9

	5
	-3.7
	27.6
	11.6
	3632
	134
	11

	6
	-3.6
	28
	11.8
	4125
	134
	11


Similar patterns in temperature and humidity recordings could be observed in the three plots where lichen species abundance was greatest (Plots one, two and four), relative to all other plots (See Fig.8). 

Figure 8. Patterns between temperature and humidity in each sample site.
For analysis all thresholds were applied to each of the three models in turn to identify which thresholds were of greatest importance. Those thresholds which were found to have a high confidence in influencing the response variable were then applied to further models using other variables (See table 5) to identify the most important relationships influencing species richness and abundance on a stand and site scale. 
3.7 Plot Species Richness

When all thresholds were combined in the same model, only the temperature thresholds were significant (See table 5). 
Table 5. GLM models including temperature and humidity thresholds only (*denotes a statistically significant variable in the model.  ‘X’ denotes that variable was applied to the model).
	Model
	Humidity >50%
	Humidity >75%
	Humidity >90%
	Temp >10°C
	Temp >20°C
	Temp >25°C
	AIC

	Plot sp richness
	X*
	X*
	X*
	
	
	
	1610.2

	Plot sp richness
	
	
	
	X*
	X*
	X*
	1348.5

	Plot sp richness
	X
	X
	X
	X*
	X*
	X*
	1349.8


Each temperature threshold was applied systematically to the plot species richness model (See table 6) with all other site variables: aspect, age, area, total Ash trees, Ash tree circumference, range and the total available sampled surface, to identify the most important relationships to the model.
When total available surface was added, site age and the temperature threshold (>10°C) were no longer most important to site species richness; total available substrate was a more important factor in explaining site species richness that the >10°C threshold. When this temperature threshold was removed and site aspect, total surface available, Ash circumference range and the total Ash trees were added to the model, all factors were important to site species richness.  
When the threshold of >20°C was included in the model the most important factors were the threshold and site aspect and no additional variables were important to site species richness.

The >25°C threshold, site age and site aspect were no longer important to the model when total surface available was included. When total surface available was included in the model with >20°C and site aspect total available surface was not important to the model. Indicating that temperature threshold >20°C is one of the most important factors to the model as opposed to >25°C and should be included in the best model of factors driving site species richness. 
Table 6. Variables applied to the plot species richness model (‘X’ denotes variables entered into the model, * denotes those variables important in defining the relationship in the model).
	Model
	Temp >10
	Temp >20
	Temp >25
	Sample site area
	Sample site age
	Ash Crcum. Range
	Total sampled surface
	Ash trees per sample site
	Plot aspect
	AIC

	Plot sp richness
	X*
	
	
	
	X*
	X*
	
	
	X*
	1349.8

	
	X*
	
	
	
	X*
	
	
	X*
	X*
	1349.8

	
	X*
	
	
	X*
	X*
	
	
	
	X*
	1349.8

	
	X
	
	
	
	X
	
	X*
	
	X*
	1349.8

	
	
	
	
	
	
	X*
	X*
	X*
	X*
	1349.8

	
	
	X*
	
	
	X*
	X
	
	
	X*
	1349.8

	
	
	X*
	
	
	X
	
	
	X
	X*
	1349.8

	
	
	X*
	
	X
	
	
	X*
	
	X*
	1349.8

	
	
	X*
	
	
	
	
	X
	X
	X*
	1349.8

	
	
	X*
	
	
	
	
	X
	
	X*
	1348.4

	
	
	X*
	
	X
	X*
	
	
	
	X*
	1349.8

	
	
	X*
	
	
	X
	
	
	
	X*
	1348.8

	
	
	X*
	
	
	
	X


	
	
	X*
	1351.9

	
	
	X*
	
	
	
	
	
	
	X*
	1350



	
	
	
	X*
	
	X*
	X*
	
	
	X*
	1349.8

	
	
	
	X*
	
	X*
	
	
	X*
	X*
	1349.8

	
	
	
	X*
	X*
	X*
	
	
	
	X*
	1349.8

	
	
	
	X
	
	X
	
	X*
	
	X
	1349.8


                                                                                                                                                                               The >20°C threshold had a positive effect in explaining site species richness: increasing richness by 1.0622 (95% CI:0.0815, 0.1309, p<0.001) species. The southern site aspect also had a positive effect on increasing site species richness, increasing richness by 18.3173 (95% CI: 16.4393, 20.2193, p<0.001) species. In contrast, the northern site aspect had a negative effect on site species richness, reducing richness by 6.9236 (95% CI: -8.5725, -5.2772, p<0.001) species.
Table 7. Coefficient summary of the GLM output and numerical summary (2.5% and 97.5% confidence intervals).
	
	Estimate
	Std.Error
	Z value
	Pr (>|z|)
	2.5%
	97.5%

	Intercept
	-1.3200
	1.9519
	-0.676
	0.499
	-5.1169
	2.4945

	hrs.temp.20
	0.1062
	0.0126
	8.387
	<2e-16
	0.0815
	0.1309

	site.aspect [T.N]
	-6.9236
	0.8423
	-8.220
	<2e-16
	-8.5725
	-5.2772

	site.aspect [T.S]
	18.3173
	0.9657
	18.968
	<2e-16
	16.4393
	20.2193


AIC- 1350
Deviance explained- 99.1%

There were substantial differences in effect between the southern site aspects, northern site aspect and sample sites which were enclosed. The site species richness model has identified hours exposed to temperatures >20°C in combination with perimeter exposure to woodland edge as the most important relationship driving to site species richness (See Fig. 9).


3.8 Tree species richness 
The temperature threshold >10°C was most important in the model producing the lowest AIC (See Table 8). This threshold was then applied to the same model with other tree variables to identify relationships which determine tree species richness.
Table 8. Summary of temperature and humidity models for tree species richness (‘X’ denotes variables entered into the model, * denotes those variables important in defining the relationship in the model).
	Model
	Humidity >50%
	Humidity >75%
	Humidity >90%
	Temp >10°C
	Temp >20°C
	Temp >25°C
	AIC

	Tree sp richness
	X*
	X*
	X*
	
	
	
	904.93

	
	
	
	
	X*
	X
	X
	904.68

	
	X
	X
	X
	X
	X
	X
	906.81


Temperature was not important to tree species richness when Ash circumference was included the model (See Table 9). The nearest species variable was eliminated from the model as there were many multiple levels within it, and not enough samples from each species to determine their true relationship with tree species richness. The variables most important in affecting tree species richness were the number of Ash trees per sample site, tree aspect and tree girth (See table 9). 
Table 9. Summary of the sequence of variables applied to the tree species richness model (‘X’ denotes variables entered into the model, * denotes those variables important in defining the relationship in the model).
	Model
	Temp >10°C
	Ash circ.
	Tree aspect
	Distance to nearest tree
	Nearest species circ.
	 Ash trees per sample site
	Site age
	AIC

	Tree sp. richness
	X
	X*
	
	
	
	
	
	896.49

	
	
	X*
	X*
	
	
	
	
	882.35

	
	
	X*
	X*
	X
	
	
	
	884.31

	
	
	X*
	X*
	
	X
	
	
	884.05

	
	
	X*
	X*
	
	
	X*
	
	879.23

	
	
	X*
	X*
	
	
	X*
	X
	881.02


There was a positive effect of the west aspect on tree species richness, increasing richness by 0.8396 (95% CI: 0.4161, 1.2717, p=0.0053) species, and south aspect of 0.5748 (95% CI: 0.1659, 0.9900, p=9.73e-05) species compared to the east aspect. Tree girth increased species richness by 0.0116 (95% CI: 0.0047, 0.0188, p<0.001) species. The amount of ash trees in the sample site also had a positive effect on tree species richness, increasing richness by 0.0056 (95% CI: 0.0007, 0.0110, p=0.0292) species (See table 10). 
Table 10. Summary of GLM output: tree species richness~aspect, ash circumference and available Ash trees. 879.23 and 12.4.
	
	Estimate
	Std.Error
	Z value
	Pr (>|z|)
	2.5%
	97.5%

	Intercept
	0.1321
	0.3067
	0.431
	0.6666
	-0.4612
	0.7489

	Ash.crcum.cm
	0.0116
	0.0034
	3.897
	0.0006
	0.0047
	0.0188

	Avai.Ash.trees
	0.0056
	0.0026
	2.180
	0.0292
	0.0007
	0.0110

	aspect[T.N]    
	0.1102
	0.1895
	0.581
	0.5609
	-0.2666
	0.4869

	aspect[T.S]    
	0.5748
	0.2064
	2.784
	9.73e-05
	0.1659
	0.9900

	aspect[T.W]    
	0.8396
	0.2154
	3.403
	0.0053
	0.4161
	1.2717



A positive relationship with increased tree size and host tree availability were important drivers of tree species richness in addition to the south and west aspect of each tree, regardless of the tree location (See Fig 10). 

Figure 10. Effects plot illustrating the relationship of aspect, tree size and number of Ash trees on tree species richness.
3.7 Tree species abundance
Of the six temperature and humidity thresholds applied to the species abundance model, all three humidity thresholds were important to the model producing the lowest AIC (See Table 11). 
Table 11. Summary of AIC values by applying temperature and humidity thresholds (‘X’ denotes variables entered into the model, * denotes those variables important in defining the relationship in the model).
	Model
	Humidity >50%
	Humidity >75%
	Humidity >90%
	Temp >10°C
	Temp >20°C
	Temp >25°C
	AIC

	Tree sp. abundance
	X*
	X*
	X*
	
	
	
	966.36

	
	
	
	
	X*
	X*
	X*
	1813.3

	
	X
	X
	X
	X
	X
	X
	1760.8


Each humidity threshold was applied to the tree species abundance model with all other tree scale variables to determine relationships explaining tree species abundance. When humidity thresholds >50 and 75% were included in the model independently of one another, tree girth and tree aspect remained to be important factors to the tree species abundance model. In contrast the >90% humidity threshold was not considered important to the model when tree girth and tree aspect were included. The model with the lowest AIC (1680) included the humidity threshold of >75%, tree girth, tree aspect, Ash trees per sample site and site age (See table 12).

Table 12. Summary of the sequence of variables applied to each tree species abundance model (‘X’ denotes variables entered into the model,* denotes those variables important in defining the relationship in the model). 
	Model
	Humidity >50%
	Humidity >75%
	Humidity >90%
	Ash circ.
	Aspect
	Distance nearest tree
	Nearest sp. circ.
	Ash trees  per site
	Site age
	AIC

	Tree sp abundance
	X*
	
	
	X*
	X*
	
	X
	
	
	1720

	
	X*
	
	
	X*
	X*
	X
	
	
	
	1719.4

	
	X*
	
	
	X*
	X*
	
	
	X*
	
	1680.1

	
	X*
	
	
	X*
	X*
	
	
	X*
	X
	1674.4

	
	
	X*
	
	X*
	X*
	
	X
	
	
	1728.5

	
	
	X*
	
	X*
	X*
	X
	
	
	
	1727.9

	
	
	X*
	
	X*
	X*
	
	
	X*
	X*
	1680

	
	
	
	X
	X*
	X*
	
	X
	
	
	1733.3

	
	
	
	
	X*
	X*
	
	
	X*
	X*
	1690.8


The west aspect had the most positive effect on tree species abundance, increasing abundance by 1.8459 (95% CI: 1.1620, 2.5402, p<0.001), the south aspect increased lichen abundance by 1.1837  (95% CI: 0.5327, 1.8433, p<0.001) individuals for every one lichen found on the east aspect. The number of Ash trees per site also increased lichen abundance by 0.03088 (95% CI: 0.0217, 0.0405, p<0.001). A negative effect on lichen abundance was found with hours recorded >75% humidity, reducing lichen abundance by 0.0004 (95% CI: -0.0007, -0.0002, p<0.001). Site age also reduced lichen abundance by 0.0618 lichens (95% CI: -0.1213, 0.0037, p=0.0382) (See Table 13).
Table 13. Summary of the GLM output: Trees species abundance~ Humidity recordings >75%, Ash circumference, tree aspect and number of Ash trees and site age.
	
	Estimate
	Std.Error
	Z value
	Pr (>|z|)
	2.5%
	97.5%

	(Intercept)     
	1.73121
	0.7593
	2.280
	0.0226
	0.1603
	3.3388

	hrs.hum.75
	-0.0004
	0.0001
	-3.617
	0.0002
	-0.0007
	-0.0002

	Ash.crcum.cm 
	0.0370
	0.0062
	5.971
	2.35e-09
	0.0240
	0.0501

	aspect[T.N]    
	-0.1974
	0.2981
	-0.662
	0.5079
	-0.7777
	0.3836

	aspect[T.S]     
	1.1837
	0.3320
	3.565
	0.0003
	0.5327
	1.8433

	aspect[T.W]     
	1.8459
	0.3465
	5.326
	1.00e-07
	1.1620
	2.5402

	avai.Ash.trees
	0.03088
	0.0045
	6.722
	1.80e-11
	0.0217
	0.0405

	site.age
	-0.0618
	0.0298
	-2.072
	0.0382
	-0.1213
	-0.0037


AIC- 1680
Deviance explained- 16.9%

The tree species abundance model identified a wider range of factors than that of the species richness models and the only model where site age and a humidity threshold were important. Tree aspect, tree size, the number of host trees in addition to site age were the most important factors contributing to tree species abundance (See Fig.11).   

Figure 11. Effects plot of variables influencing tree species abundance.      
The best model of factors affecting lichen diversity was the site species richness model with factors of temperature >20°C and sample site aspect (deviance explained: 99.9) because the effect of the south woodland edge was significantly greater. Results show a difference in contributing factors to species abundance in contrast to species richness.  Numbers of host tree species and tree size were important factors driving tree species abundance. Numbers of host trees increased species abundance more than tree species richness.

4. Discussion

4.1 Microclimate
Results show that site and tree aspect and available substrate (tree size and available host trees) were key drivers of lichen diversity. A temperature threshold >20°C and RH >75% were also important factors to lichen diversity. This study firstly suggests the importance of irradiance exposure and moisture availability, secondly, how ecological factors -woodland edge, tree size and host species contribute to their effect and thirdly, differences in factors driving species richness as opposed to species abundance and how they contribute to their effect.  
The southern aspect increased species richness more than any other factor. Species richness was also substantially greater on the west and south aspect of each sampled tree with the number of available host trees also influencing lichen diversity. Although stand density and surrounding tree species were also important factors contributing to lichen diversity.   
This study found a negative relationship with increased time >75% RH and lichen abundance. This may be because when the optimal thallus water content is surpassed, net photosynthetic activity may be reduced thus reducing growth rates (Lange, 2003); species abundance was much lower in sample sites located in the interior woodland where RH is typically higher than woodland edge. This study found that species richness correlated with increased temperature recordings >20°C. These findings may coincide with evidence from Sonesson (1989) of epiphytic lichen demonstrating that photosynthetic rates were optimised at 20°C. This temperature threshold has also been found to be beneficial to epiphytic growth where lichens were rarely found to be metabolically active under temperatures of 22°C (Lange, 2003).   
Conditions lichens are dependent upon for photosynthesis and respiration are light, temperature, water content (WC) and ambient CO₂ partial pressure (Sundberg et al., 1999; Lange, 2003). Hydration is the dominant factor dictating metabolic activity (Lange, 2003) with WC determining metabolic activity and subsequent levels of net photosynthesis (NP). These findings, in agreement with previous evidence indicate that moisture retention is a fundamental factor influencing lichen diversity (Billings and Drew, 1938; Culberson, 1955; Hoffman and Kazmierski, 1969; Hale, 1955; Sheard and Jonescu, 1974). This study also suggests that certain thresholds determining moisture availability and temperature are key factors influencing epiphytic lichen diversity, where tree size and stand density are substantial contributors to these conditions (Jüriado et al., 2009). 
In contrast to homoiohydric leaves, lichens are poikilohydric organisms, unable to regulate water uptake and water loss, and the importance of thallus WC to the survival and growth of lichens has been well documented (Larson, 1979; Green and Snelgar, 1981; Coxson et al., 1983). Studies using a crustose lichen Lacanora muralis found that such species depended exclusively on external hydration due to its low water holding capacity relative to foliose and fruticose species and high desiccation rates. Although evidence of metabolic activity has showed some monthly patterns throughout the year, there was no correlation with rainfall thus emphasising the importance of atmospheric moisture to lichen growth (Lange, 2003). Santanoo and Banoonpragob (2013) found that thallus water content increased with Relative Humidity rise, with <75% RH, water uptake reached up to 22% dry weight (dw) compared to >80% RH, allowing lichens to absorb up to 41% dw. 
Although respiration generally increases with increasing thallus WC  (Sundberg et al., 1999), it has been demonstrated that an optimum threshold is required for lichens to activate the biochemical processes of the photosynthetic apparatus (Lange, 2003); with an equilibrium between hydration and subsequent limitation of CO₂ supply from the suprasaturation of the thallus (Lange, 2003); this has been partly explained by the narrow range of the optimal thallus water content required by lichens (100 and 200% dw). Subsequently, lichens are unable to photosynthesise with maximal capacity for any extensive period of time, in addition, some crustose lichens have only been found to photosynthesise for only 16% of the year, addressing the prolonged periods of time required by lichens for growth and colonisation and the importance of ecological continuity in providing stable conditions (Selva, 1994; Coppins and Coppins, 2002). 
A woodland edge effect could be a confounding factor in the provision of optimal water content conditions required by epiphytes (Herbst et al., 2007) with particularly large levels of stand transpiration towards the woodland edge. Subsequent increased transpiration results from enhanced sap flux density at the woodland edge, and that the edge effect dominates the water use of small woodlands, with sap flux densities higher in Ash than in any other species (Herbst et al., 2007). 
4.2 Aspect
This study found that the sample site exposed to a south facing woodland edge had greater species richness and abundance than any other sample site, supporting previous studies suggesting  the large potential of epiphytic lichens as indicators of forest edge effects. Woodland edge is typically characterised by higher wind speed, higher radiance and temperature fluctuations, with lower humidity than enclosed woodland areas (Chen et al., 1993; Chen et al., 1995). In this study species abundance was relatively high on the northerly woodland edge, although species richness was relatively poor compared to the southern woodland edge. Esseen and Renhorn (1998) found that the size of certain epiphytic lichens were significantly affected by distance from the woodland edge as well as site location; indicating that both woodland edge and woodland edge aspect may be crucial elements in driving species richness. Colder northerly winds have previously been found to cause wind damage to species, subsequently preventing successional macrolichens from colonising these areas (Esseen and Renhorn, 1998) and this effect may also be illustrated in this study by relatively low levels of species richness. Lichens have an optimum under intermediate light conditions, avoiding both direct solar radiation and deep shade (Barkman, 1958); supporting  evidence found in this study, where presumed higher levels of irradiance on the southern woodland edge is having a distinct positive effect on species diversity in addition to increased species diversity on the south and west aspects of each tree, regardless of sample site location. This study therefore suggests the importance of the woodland edge effect, and aspect in accommodating the temperature and light requirements for the photobiont niche thus maximising the potential for lichenisation (Peksa and Škaloud, 2011).
Other woodland edge effects have also been stated to stem from leaf fall starting earlier in edge trees, therefore accelerating the refilling of soil water levels on the woodland edge and subsequently making the woodland edge a more hydrologically dynamic environment than enclosed woodland areas (Herbst et al., 2007). These factors may be crucial in the development and provision of atmospheric moisture and the provision of optimal conditions for epiphytic species (Chen et al., 1993; Hilmo and Holien, 2002).

Water loss from exposed trees typical of woodland edge, is largely determined by species-specific physiological responses (Smith et al., 1997) further highlighting the potential importance of Ash stands to woodland biodiversity. These results may therefore also indicate that species traits such as photobiont type, growth form and reproductive strategy could be indicative of lichen community adaptation to environmental conditions, providing relevant ecological information such as reproductive strategies being responsible for species spatial patterns (Giordani et al., 2012). 
Previous epiphytic studies have indicated that extinctions of epiphytes on standing trees may be rare (Snäll et al., 2005), and that the occurrence of a species may depend more on the mechanisms behind its colonisation probability such as exposure of trees, lichen dispersal and optimal conditions; other evidence suggests that epiphytic lichen diversity could be constrained by dispersal limitations (Öckinger et al., 2005) , particularly through the isolation of habitats from propagule sources (Ellis, 2012). Such evidence supports the importance of the woodland edge effect to improving epiphytic lichen diversity through aiding survival strategies (Herbst et al., 2007). Studies investigating persistence of epiphytic lichens also found that dependence upon  complex relationships between abundance, spatial distribution and genetic diversity of populations in addition to the type, spatial extent and the frequency  of disturbance to lichen habitat are all important features in sustaining populations (Chen et al., 1995; Scheidegger and Werth, 2002). 
4.3 Tree size
As revealed in this study, lichen diversity is also affected by stand structure as opposed to macroclimatic factors which have been found to be less important supported by Moning et al (2009) who stated that variables significantly correlated to species richness were forest continuity and substrate availability and diameter of the substrate positively correlated with species composition (Esseen et al, 1996).
Previous evidence has demonstrated the unique role of trees at the stand scale where the occurrence of particular lichen species was correlated with tree size (Uliczka and Angelstaam, 2000; Gu et al., 2001), and more abundant in stands with greater availability of larger trees; with the number of large trees per hectare an important factor (Ellis, 2012). Lichens are believed to exhibit leptokurtic propagule deposition with decreasing propagule supply with increasing distance from the source (Dettki et al., 2000; Sillett et al., 2000; Schei et al., 2012). Increased substrate availability may therefore increase propagule establishment through increased tree girth, host tree availability, combined with other tree stand factors (Fritz et al., 2008; Schei et al., 2012). In agreement with previous evidence, this study also found a positive correlation between species richness with increased tree size. Results of previous studies also shown that tree size preferences may exist with certain tree size thresholds (Johansson, 2009). 
These findings may also be linked to evidence of larger trees as a surrogate for various factors such as a species-area effect, where the larger the area, the more species can be expected to colonise causing a subsequent increase in lichen diversity (Moning et al., 2009). Furthermore, the benefit of old large trees to lichen diversity could be related to age per se (Gustafsson and Eriksson, 1995), favouring the establishment of poorly dispersed species, which have more time for establishment in addition to increased surface availability (area effect) with more stable substrate conditions due to the reduced growth rate as well as changes in bark pH and texture (Johansson et al., 2007). Species area effect is well known in ecology but may not be clearly separated from other factors positively influencing lichen diversity such as periods of exposure and the rough surface of large stems, (Crites and Dale, 1998; Uliczka and Angelstaam, 2000) suggested to be of greater importance for the establishment of late successional lichens (Aude and Poulsen, 2000; Friedel et al., 2006; Ranius et al., 2008; Fritz, 2009).   
Other lichen studies have provided evidence that tree size explained very little of the variation in recent lichen colonisations also stressing the importance of time under which the tree had been exposed to lichen dispersal; of which the effects of tree age and tree size could not be separated (Snäll et al., 2003).
4.4 Host tree availability
The sample site exhibiting the highest density of Ash trees had the greatest species richness and abundance relative to all other sites. This study, in agreement with other lichen studies found that substrate availability of host tree species and increased tree size was a significant factor improving lichen diversity on a stand scale (Uliczka and Angelstam, 2000; Gu et al., 2001; Johansson and Ehrlén, 2003; Josefsson et al., 2005 Johansson et al., 2009; Lie et al., 2009; Ellis, 2012; Nascimbene et al., 2013; Mitchell et al., 2014). 
Lichens have a patch-tracking metapopulation structure with connectivity dependent colonisations, thus local extinctions take place relative to the tree “patch” and therefore the long term survival of lichen communities can rely heavily upon the continuous presence of suitable host trees in the near vicinity (Jonsson and Thor, 2012). This factor may be taken into consideration in this study where sample site four consisted of a larger quantity of Ash trees compared to any other sample site, thus contributing to a larger tree “patch” and continuity of suitable conditions to the adjacent woodland (Ylisirniö et al., 2016).
The relationship exhibited by sample site four, between greatest species richness and the greatest number of host tress, may be a result of the associated set of site conditions and communities that Ash perpetuates by influencing the intensity and seasonality of below-canopy light levels (Mitchell et al., 2014). Previous studies provide evidence that Ash trees cast a lighter shade than many other deciduous trees in temperate Europe (Mitchell et al., 2014) where an Ash dominated woodland may allow a more spatially varied colonisation beneath the canopy, compared to other species canopy such as Beech Fagus sylvatica due to greater within stand variation in light conditions (Emborg, 1998; Harmer et al., 2014; Mitchell et al., 2014). These species dynamics exhibited by Ash trees result in rapid nutrient flows and rates of recycling through the tree and soil system when compared with other tree species (Vesterdal et al., 2008; Jacob et al., 2009).
4.5 Conclusion
Lichen diversity was influenced by many interelated factors, with the key factors being aspect, and available substrate. This study can conclude that it is the combination of environmental factors which drive lichen diversity; suggested to aid suitable conditions for colonisation, dispersal and growth, and the extent to which habitat features  limit  those key resources (light, temperature, moisture and substrate availability) for colonisation and growth.
Stand scale diversity was found to be strongly influenced by aspect and increased substrate availability. These findings could suggest recommendations to conservation management of maintaining large tree stands and light exposure as important factors increasing lichen diversity. But also to maintain stand structure through regular management to avoid high canopy growth as this limits habitat diversity.
This study has highlighted the potential importance of woodland edge habitat, supporting evidence of the unique ecology of ash in these areas.
With increased species richness where more host stands were present and where ash stands dominated the southern woodland edge, there is also suggestive evidence of the potential implications of the threats to lichen diversity and other obligate/associated species from Ash dieback.   
4.6 Further studies

As indicated by other studies, tree age may consider other ‘neutral effects’ effects of dispersal limitations and localised species pools’ in contributing to species composition (Hilmo and Sastad, 2001; Moning and Müller, 2009). Tree age and tree size are uniquely important in explaining lichen species richness (Lie et al., 2009), it may therefore be recommended to investigate the effects of tree age in further studies. 
It could be recommended to measure species abundance using each individual grid as the sampling unit as opposed to each aspect as the sampling unit as was used in this study. This may have had potentially different outcomes in considering where species may have been occuring most,  where previous studies have found that early successional species were not present on lower parts of the trunk but may be present higher up (Hedenås and Ericsson, 2000), indicating that height from ground level may be a proxy for species richness and/or abundance. Sampling by using each square as a sampling unit may have given a useful indication of the spread of lichens across the bole of each tree and whether there was any relationships occuring between lichen coverage and  tree size to estimate colonisation rates . With time restrictions to the study, lichen species were only able to be identified using a hand lens and chemical testing. 
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Appendix A.

Figure 1. Northern woodland edge of sample site one.

Figure 2. An open canopy present in sample site one.

Figure 3. Open canopy with sparse mature stands in sample site one.

Figure 4. Dense vegetation in sample site two.
Figure 5. Homogenous stand structure with younger trees on the plateau of the northern boundary of sample site two. 

Figure 6. A dense heterogenous stand structure in sample site four.
Figure 7. Ash stands dominating sample site four producing a dappled shade through the woodland canopy.
Figure 8. A mature coppice stool located on the northern boundary of sample site five.

Figure 9. Younger tree stands and high canopy growth in sample sites five and six, producing a more homogenous stand structure compared to sample site 4. 

Appendix B
	Species name
	Plot 1
	Plot 2
	Plot 3
	Plot 4
	Plot 5
	Plot 6

	Acrocordia gemmata
	
	
	
	X
	
	

	Amandinea punctata
	X
	X
	X
	X
	X
	X

	Anisomeridium biforme
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	Anisomeridium polypori
	
	X
	X
	X
	X
	

	Arthonia punctiformis
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	Arthonia radiate
	X
	X
	X
	X
	X
	X

	Arthonia vinosa
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	Arthopyrenia punctiformis
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	X
	X
	X

	Bacidia phacodes
	X
	X
	X
	X
	
	

	Enterographa crassa
	X
	X
	X
	X
	X
	X

	Fuscidia lightfootii
	
	
	
	X
	
	

	Graphina anguina
	
	
	
	X
	
	

	Graphina ruiziana
	
	X
	
	
	
	

	Graphis scripta
	X
	X
	X
	X
	X
	

	Lecanora albella
	
	
	
	X
	
	

	Lecanora chlarotera
	X
	X
	X
	X
	X
	X

	Lecanora intumescens
	
	
	X
	
	
	

	Lecidella eleochroma
	X
	X
	X
	X
	X
	X

	Lepraria incana
	
	
	
	X
	
	

	Lepraria lobificans
	
	
	X
	X
	
	X

	Normandina pulchella
	
	
	X
	
	
	

	Opegrapha atra
	X
	X
	X
	X
	X
	X

	Opegrapha rufescens
	
	
	X
	
	
	

	Opegrapha varia
	
	
	
	X
	
	

	Opegrapha viridis
	
	X
	
	
	
	

	Opegrapha vulgata
	X
	
	X
	X
	
	

	Parmelia sulcate
	
	
	
	X
	
	

	Pertusaria amara
	
	
	
	X
	
	

	Pertusaria hymenea
	
	
	
	X
	X
	

	Pertusaria leioplaca
	
	
	
	X
	
	

	Phaeographis dendritica
	
	
	X
	
	
	X

	Phlyctis argena
	
	X
	
	X
	
	

	Physcia adsendens
	
	
	
	X
	
	

	Physcia aipolia
	
	
	
	
	
	X

	Physcia tenella
	X
	
	X
	
	X
	X

	Porina aenea
	X
	X
	X
	
	X
	

	Pyrenula chlorospila
	X
	
	X
	X
	
	

	Pyrenula macrospora
	
	X
	X
	
	X
	X

	Xanthoria parietina
	
	
	
	X
	
	X


Appendix C

Site species richness

Call:

glm(formula = site.sp.R ~ hrs.temp.20 + site.aspect, family = poisson(identity), 

    data = lichen)

Deviance Residuals: 

     Min        1Q    Median        3Q       Max  

-0.23283   0.00000   0.01206   0.02413   0.18048  

Coefficients:

                 Estimate Std. Error z value Pr(>|z|)    

(Intercept)      -1.32008    1.95197  -0.676    0.499    

hrs.temp.20       0.10622    0.01266   8.387   <2e-16 ***

site.aspect[T.N] -6.92361    0.84230  -8.220   <2e-16 ***

site.aspect[T.S] 18.31739    0.96570  18.968   <2e-16 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 495.7924  on 287  degrees of freedom

Residual deviance:   4.2216  on 284  degrees of freedom

AIC: 1350

Number of Fisher Scoring iterations: 4
> Confint(GLM.13, level=0.95, type="LR")

                   Estimate       2.5 %     97.5 %

(Intercept)      -1.3200809 -5.11690572  2.4945267

hrs.temp.20       0.1062185  0.08159422  0.1309843

site.aspect[T.N] -6.9236126 -8.57253008 -5.2772113

site.aspect[T.S] 18.3173941 16.43931427 20.2193560
Tree species richness
Call:

glm(formula = sp.rich ~ Ash.crcum.cm + avai.Ash.trees + aspect, 

    family = poisson(identity), data = Dataset)

Deviance Residuals: 

     Min        1Q    Median        3Q       Max  

-2.18888  -0.66501  -0.06016   0.60224   2.29052  

Coefficients:

               Estimate Std. Error z value Pr(>|z|)    

(Intercept)    0.132140   0.306735   0.431 0.666619    

Ash.crcum.cm   0.011667   0.003429   3.403 0.000667 ***

avai.Ash.trees 0.005680   0.002605   2.180 0.029236 *  

aspect[T.N]    0.110247   0.189594   0.581 0.560911    

aspect[T.S]    0.574868   0.206494   2.784 0.005370 ** 

aspect[T.W]    0.839632   0.215442   3.897 9.73e-05 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 307.39  on 287  degrees of freedom

Residual deviance: 269.37  on 282  degrees of freedom

AIC: 879.23
Number of Fisher Scoring iterations: 7

12.4% of deviance explained
               Estimate         2.5 %     97.5 %

(Intercept)    0.132139536 -0.4612752151 0.74890542

Ash.crcum.cm   0.011666983  0.0047431819 0.01885418

avai.Ash.trees 0.005679889  0.0007266579 0.01108201

aspect[T.N]    0.110246926 -0.2666192125 0.48693026

aspect[T.S]    0.574868002  0.1659361694 0.99001195

aspect[T.W]    0.839631683  0.4161589665 1.27178010
Tree species abundance
Call:

glm(formula = sp.abun ~ hrs.hum.75 + Ash.crcum.cm + aspect + 

    avai.Ash.trees + site.age, family = poisson(identity), data = lichen)

Deviance Residuals: 

    Min       1Q   Median       3Q      Max  

-3.7755  -1.6975  -0.1901   0.9577   4.1126  

Coefficients:

                 Estimate Std. Error z value Pr(>|z|)    

(Intercept)     1.7312153  0.7593819   2.280 0.022621 *  

hrs.hum.75     -0.0004588  0.0001268  -3.617 0.000298 ***

Ash.crcum.cm    0.0370484  0.0062045   5.971 2.35e-09 ***

aspect[T.N]    -0.1974158  0.2981742  -0.662 0.507919    

aspect[T.S]     1.1837102  0.3320382   3.565 0.000364 ***

aspect[T.W]     1.8459298  0.3465809   5.326 1.00e-07 ***

avai.Ash.trees  0.0308881  0.0045954   6.722 1.80e-11 ***

site.age       -0.0618487  0.0298504  -2.072 0.038270 *  

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 1056.4  on 287  degrees of freedom

Residual deviance:  877.9  on 280  degrees of freedom

AIC: 1680

Number of Fisher Scoring iterations: 9

> Confint(GLM.16, level=0.95, type="LR")

                    Estimate         2.5 %        97.5 %

(Intercept)     1.7312152826  0.1603302778  3.3388384900

hrs.hum.75     -0.0004588499 -0.0007158051 -0.0002070093

Ash.crcum.cm    0.0370484345  0.0240189636  0.0501769839

aspect[T.N]    -0.1974158290 -0.7777840218  0.3836051715

aspect[T.S]     1.1837101855  0.5327249246  1.8433877314

aspect[T.W]     1.8459297743  1.1620261840  2.5402597116

avai.Ash.trees  0.0308881445  0.0217470404  0.0405248342

site.age       -0.0618486596 -0.1213094461 -0.0037607212
Appendix D

Lichen community composition

A lichen community was applied to the study to indicate any differences in community composition across the sample sites. A Pyrenuletum nitidae community, indicative of smooth barked deciduous tree growing in shaded conditions (James et al.,1977) was applied to indicate any differences in shaded conditions between the sample sites. The total abundance of six key species that this community comprises of as indicated by James et al (1977) (Opegrapha atra, Enterographa crassa, Arthonia radiata, Graphis scripta, Opegrapha viridis and Opegrapha vulgata) was calculated against the percentage of sample site abundance to indicate how representative this community was of the microclimate within each sample site.
A P. nitidae community contributed towards 49% of total species abundance of sample site three. With the greatest percentage of  lichen abundance of this community being recorded in sample site 6, a P. nitidae community represented over 40% of species abundance within sample site one and five (See table 3). 
Table 1. The contribution of the P. nitidae community as a percentage of total sample site lichen abundance.

	Sample site
	Sample site total species abundance
	Total abundance of community sp.
	Community percentage of sample site abundance

(%)

	1
	262
	119
	45

	2
	253
	76
	30

	3
	140
	69
	49

	4
	275
	106
	38

	5
	168
	73
	43

	6
	142
	93
	65


The Pyrenuletum nitidae community also contributed to larger proportions of species abundance on the north and east aspects in contrast to the south and west. The P. nitidae community contributed towards nearly half (47%) of total species abundance on the east aspect of all sampled trees and 44% on the north aspect, in contrast to a quarter (25%) of species abundance on the west aspect of all sampled trees (See table 4).

Table 2. The contribution of the P.nitidae community species as a percentage of total lichen abundance on tree aspect.
	Aspect
	Total species abundance
	Total abundance of community sp.
	Community percentage 

	North
	252
	112
	44

	East
	266
	129
	47

	South
	361
	131
	36

	West
	410
	104
	25


Appendix E

A frequency ladder is a row of five 10x10 cm square made from heavy duty tape . The bottom of the frequency ladder was placed 1m from ground level.
Figure 1. The location of the six sample sites and the surrounding land context within and surrounding Worley Hill NR. All sample sites are numbered 1-6 by their study reference (GGIS, 2013).
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Figure 6. Correlation between sampled tree circumference and tree species richness.





Figure 9. Effects plot for the relationship of hours recorded >20°C, Ash available surface and site aspect in determining site species richness (‘E’ denotes enclosed sample sites, N- North aspect, S-South aspect.





AIC- 979.23


Deviance explained- 12.4%









