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1. Introduction 

Forest biodiversity and other ecosystem services must be sustained or enhanced over the coming 

century to meet the increasing resource requirements of a global human population, and to halt the 

biodiversity crisis (IPBES, 2019). However, the potential to secure or increase forest ecosystem 

services, while simultaneously securing the habitat requirements of taxa remains unclear, especially 

within the context of uncertain climate and socio-economic developments (Felton et al., 2019). 

Although the wake theory (cf. Knoke et al., 2017) suggests that desirable forest ecosystem services 

would be delivered “in the wake” of sustainable wood production, empirical studies have repeatedly 

challenged this assumption. Indeed, habitat loss is frequently associated with forests managed 

primarily for wood provision (Felton et al., 2016; Paillet et al., 2010) and this may be more evident in 

clearfell management systems. Forest managers and policy makers are now considering alternative 

management, such as continuous cover forest (CCF) options, to provide climate change resilience and 

better support for the ecosystem services that forests provide, including biodiversity protection, clean 

water, erosion control and carbon sequestration (Spiecker et al. 2004). There is some evidence of 

enhanced biodiversity potential under close to nature forest management systems such as CCF (e.g. 

Fenton et al, 2019, Alder et al., 2018,2021, 2022, Cook et al., 2023). However, most of these studies, 

besides the recent work by Alder and Cook, are based on generalised structural, functional and 

compositional indicators rather than direct observation of an increases in multiple taxa as forest 

structure changes from regular intensively managed stand, when compared to irregular high forest. 

 

In Ireland, plantations make up a significant proportion of total forest area (ca. 83%), and coniferous 

largely monocultural stands of even age make up a significant proportion of these plantations (70%). 

There are few stands under CCF management In Ireland (Vítková et al., 2013). The majority of these 

stands are transforming to CCF since they have only been under CCF management for less than 20 

years. Studies in the UK suggest that irregular high forest management (IFM), a form of CCF, has the 

ability to deliver added biodiversity value (Alder et al., 2018,2021, 2022). This has been highlighted in 

the scientific literature but has been limited to a few well studied taxonomic groups such as birds and 

a small selection of ecological systems including native coniferous and lowland broadleaf woodland 

(Calladine et al., 2015; Calladine et al., 2017; Alder et al., 2018, 2022, Cook et al., 2023). The emerging 

results from a project at the Rushmore Estate in Wiltshire/Dorset (UK) has provided evidence of a 

relationship between biodiversity and managing semi-natural broadleaf woodland under IFM 

principles (Alder et al., 2018). However, there are limited studies in IFM conifer stands (Alder, 2022; 

Cook et al., 2023). 
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The objective of this study is to develop a protocol to assess the biodiversity value of transforming 

even age plantation forests to irregular high forests based on potential indicator indices, which are 

easy to use by forest managers. Finally, we aim to demonstrate an empirical link between potential 

biodiversity indicators and observed floral, bird and bat species richness and diversity in managed 

forests at different stages of transformation to permanent irregular high forest. 

 Structural, compositional and functional indicators 

The conservation of biodiversity is key to the management of forests in a sustainable way 

(Lindenmeyer et al, 2000). A measure of total biodiversity in terms of all species of all groups present 

within a habitat would be prohibitively expensive, requiring a large number of specialist disciplines 

and a relatively long period of time. Therefore, a common approach is to use plot-based measurement 

or inventories which measure indicators of biodiversity (Ferris and Humphrey, 1999): 

• compositional (species composition) 

• structural (e.g. physiognomy of forest stands and associated habitats); 

• functional (e.g. processes such as nutrient cycling) 

It is postulated that these indicators should provide repeatable measures that demonstrate ecological 

trends of the current state or quality within a forest stand. However, it is imperative that indicators 

are linked to the types and levels of biodiversity that management aims to create. Since the IFM 

objective is to create irregular structure and diversify tree species, these objectives should be linked 

to biodiversity indicators. 

Transformation to permanent irregular high forest generally involves 5 key stages: 

• Stage 1: The preparatory stage, in pre or early post thin stand where the canopy is opened up 

to facilitate natural regeneration; 

• Stage 2a: The early regeneration initiation stage, where regenerating seedling are <1.5m high; 

• Stage 2b: The late regeneration stage where regeneration trees include saplings and pole 

stage trees (i.e DBH <17.5cm); 

• Stage 3: The structural development stage; where there is development of a structural 

balanced DBH distribution and recruitment of pole into the main elements of the stand. 

• Stage 4: The steady state equilibrium, where the DBH distribution of the stand is in 

equilibrium. 
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Panel 1: Representative photographs of a selection of transformation stages present at Baronscourt Estate. 

 

1.1.1 The key hypothesis 

The key hypothesis is that biodiversity increases across transforming stands from stage 1 to stage 

4 as compositional, functional and structural diversity increases. Evidence from research in 

transforming IFM stands in the UK show that compositional (e.g. % broadleaf cover) and structural 

diversity (e.g. canopy openness or spatial irregularity and variation in DBH) increases as forest 

stands are transformed to irregular high forest (Figure 1). The eigen vectors (arrows) in figure 1 

point towards the irregular high forest cluster (square symbol cluster) and there is more variation 

in DBH, canopy openness and percentage broadleaves in the irregular cluster. 
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Figure1:  Principle component analysis of preliminary data collected form Stourhead (Western Estate 
Wilshire, UK) and compared to variation measured indicators for stands transforming form clearfell 
systems to transformed irregular stands (supplied by Andy Poore, Selectfor).  

1.1.2 A review of biodiversity indicators 

Vascular plants are an important component of woodland biodiversity and useful compositional and 

functional indicators owing to their known relationships to edaphic and climatic factors, and their role 

in providing food/and or habitat for dependent fauna or other flora (Ferris and Humphrey, 1999). A 

variety of factors can determine woodland plant communities including factors such as soil type and 

climate but also biotic factors and management history. 

Oliver and Larson (1996) outline the stages in a natural forest succession following a disturbance as: 

stand initiation; stem exclusion; understorey re-initiation; and old growth. A number of stand 

structural stages over the forest cycle in managed plantations are recognised broadly as follows: pre-

thicket (incomplete canopy closure); mid-rotation (canopy closure, no understorey); mature (some 

development of understorey layers); and over-mature (canopy break-up, well-developed understorey 

layers, accumulation of deadwood) (Humphrey et al, 2003)). Other authors define five structural 

stages including pre-thicket; thicket; closed-maturing; re-opening and mature (Smith et al, 2005; 

Moore, 2012). However, these successional patterns apply to large scale plantation and clearcutting 

systems rather than natural succession processes in Europe.  
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Vegetation succession through the forest cycle in managed forests has been studied by several authors 

(e.g. Hill, 1979; Smith et al, 2005; Moore, 2012). Through the forest cycle ground flora species may 

persist or disperse spatially or temporally (Eycott et al, 2006). Persistence or regeneration of woodland 

ground flora following clearfell is dependent on viable seed survival; seed entering site after clearance; 

seed distributed by surviving plants on site; and vegetative spread of surviving plants on site (Hill, 

1979). Plantation forests differ from natural woodlands and IFM forest in the uniformity of the thicket 

stage and the shortness of rotation, both of which impact ground vegetation (Hill, 1979). Studies 

conducted in Irish plantations have found that ground vegetation diversity is high in the pre-ticket 

stages, at a minimum during dense mid-rotation stages (closed-maturing and re-opening), but 

increases again after thinning during the mature stage (Smith et al, 2005; Eycott et al, 2006; Moore et 

al, 2012). Similar trends in ground flora diversity over the forest cycle were found in Britain by Hill 

(1979) and Ferris et al (2000) in conifer plantations and in plantations on ancient woodland sites by 

Kirby (1988). 

Structural indicators of plant community diversity include canopy cover, canopy openness and stem 

density and others (Smith et al, 2005; Moore et al, 2012; Coote et al, 2013). Humphrey et al (2003) 

report stand structural changes through a typical forest plantation harvest cycle as having significant 

influences on ground vegetation community composition. Moore (2012) also found manipulating 

forest structure by earlier and more frequent thinning as a practical management tool to enhance 

ground vegetation diversity. Proximity and abundance of old semi-natural woodlands in the landscape 

has been found influence indicator of vascular plant species richness (Smith et al,2005; Moore et al 

2012; Coote et al, 2013). Forest-associated vascular plant species richness in particular is negatively 

related to the distance from sites to the nearest woodland or shrub (Smith et al,2005; Moore et al 

2012; Coote et al, 2013; Coote et al, 2021). This relationship demonstrates the importance of local 

seed sources of forest-associated vascular plants, which tend to have low dispersal rates (French et al, 

2008).  

French et al (2008) have described plant communities in a range of Irish plantation types and have 

identified eight distinct ground flora community types including: (i) grassland, (ii) heath, (iii) basophilic 

forest, (iv) closed-canopy conifer forest: first stage, (v) closed-canopy conifer forest: second stage, (vi) 

acidophilic forest: bryophyte-dominated, (vii) acidophilic forest: grass-dominated, and (viii) bramble-

dominated. The study highlighted the importance of geographic and edaphic factors but also 

demonstrated scope for manipulating ground flora communities through silvicultural operations. 

Results from a study comparing plant communities of conifer and broadleaf plantations with semi-

natural oak and ash woodlands by Coote et al (2021) suggest that plantations have the potential to 

support high numbers of woodland species, and plant communities similar to semi-natural woodland. 
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However, it should be noted that semi-natural woodlands in this case are not necessarily ancient or 

long-established woodlands (see Perrin and Daly, 2010). Many semi-natural woodlands in Ireland are 

recently established as part of the native woodland scheme. 

Vascular plant diversity is a useful compositional indicator in understanding the effects of forest 

management practices. Vascular plant and bryophyte diversity are identified by Smith et al (2008) as 

compositional indicators. Coote et al (2013), in testing indicators proposed by Smith et al (2008), found 

that vascular plant and bryophyte diversity did not indicate higher diversity stands in their study mixed 

Irish plantations. Smith et al (2008), however, do state that as species groups vary in their response to 

stand structure, caution is required when using one group as a surrogate for the biodiversity of 

another. This is reinforced by Irwin et al (2014) stating that in order to capture a wide range of biotic 

variation, assessments of biodiversity in Irish forests must encompass several taxonomic groups, 

and/or rely on the use of non-biotic (structural or functional) indicators of diversity. 

The increased occurrence of a species such as birch, for example, is suggested to be a keystone species 

in supporting dependent taxa such as phytophagous insects (Watt et al., 1997), seed eating birds 

(Patterson, 1993) and establishment of ground flora through improved soil function (Figure 2). These 

species in turn provide shelter and habitat for other birds and mammals etc. 

 

Figure 2: Birch a key compositional indicator for biodiversity (taken from Ferris and Humphrey, 1999) 
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A good example of a structural, functional and compositional indicator is deadwood (Figure 3). Snags 

and logs from the base food chain for microbes, insects, bird and mammals (Perry et al. 1994) Standing 

dead or broken stems are a good habitat for bats and birds (Alder et al., 2021). In addition, the 

decomposition of deadwood and nutrient recycling provides a good habitat for regenerating seedlings 

and ground flora. 

 

Figure 3: Deadwood a functional, structural and compositional indicator for biodiversity (taken from 
c). 

The key objective of this study is to identify, test and implement protocols to measure structural 

functional and compositional diversity using an index scorecard method.  

All of the selected indicators also fulfil the requirements as set out by Ferris and Humphreys (1998): 

• They must be easy to access, particularly for non-specialists; 

• They must be repeatable and subject to minimal observer bias; 

• They must be cost effective; 

• They must be ecological meaningful and easily interpreted; 

• They must link to the biodiversity to the management objective aims; 

• They should provide guidance on how management factors can be changed to further 

enhance biodiversity.  
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 Key biodiversity taxa 

In order to ensure that the aforementioned compositional, functional and structural indicators are 

linked to observed increase and variation of taxa, empirical data is required based on specialist 

observations in selected sites representing the transformation stages to irregular high forest structure. 

Alder et al (2019, 2021) used moths, bird and bats to demonstrate biodiversity value of IFM broadleaf 

stands.  

1.2.1 Vegetation 

1.2.1.1 Ancient woodland species 

Ancient woodland vascular plant indicator species (AWI) are those that display a marked association 

with ancient woodland when compared with recent or long‐established, woodland. The identification 

of AWIs is complicated by the differing association of species with ancient woodland in different, and 

within, countries (Kirby & Goldberg 2003, Alder et al, 2022), possibly due to regional variations in 

ecological conditions or geographical patterns of distribution. Hence, regional or national lists of 

indicator species need to be developed. Lists of species associated with old/ancient woodland in 

Ireland were suggested as early as Henry (1914) and Praeger (1934). The Back on the Map project in 

Northern Ireland (Anon. 2007) has developed a list of plants including both vascular and bryophyte 

species that were found to be statistically significantly associated with ancient woodland. The native 

woodland survey of Ireland provides a provisional list of AWIs that frequently occur in ancient 

woodlands (Table 12 in Perrin and Daly, 2010). 

1.2.1.2 Keystone species 

Keystone species are species that facilitate the introduction or succession of native woodland species, 

invertebrates or animals (e.g. Birch; Ferris and Humphreys, 1998). Lichens are also useful indicators 

due to their requirement for ecological continuity and these show close associations to particular 

species. In coniferous spruce forests the occurrence of fruticose and filamentous lichens has been 

shown to be strongly related to number of species and biomass of invertebrates (Patterson et al, 

1995). 

1.2.2  Invertebrates 

Invertebrates are increasingly being taken into account in nature conservation as their intrinsic 

interest and usefulness as indicators of environmental conditions become widely recognised (Drake 

et al, 2007). Most invertebrates have an annual life cycle with several life stages, with each stage 

reliant on different features of the environment. In addition, many invertebrate species are relatively 
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immobile, with very few invertebrates having a life stage that can live for a long period of time to 

survive adverse conditions. As a result of these attributes many species of invertebrate are very 

sensitive to changes in the condition of their environment and as a consequence many are excellent 

indicators of habitat quality and historical continuity of their required habitat features (JNCC, 2008). 

Moths, together with butterflies, comprise the insect order Lepidoptera, one of four species-rich 

insect orders in Ireland with some 1,500 recorded species (Allen et al, 2016). Lepidoptera are critical 

to the functioning of many ecosystems, with species having functional roles as selective herbivores, 

pollinators and as prey items for birds and bats (Summerville et al, 2004). The majority of moths are 

phytophagous, feeding on plant material as larva, with a minority of pest species feeding on animal 

fibres, stored food products and crop species (Allen et al, 2016). Moths have strong associations with 

vegetation composition and structure, exhibiting a range of larval hostplant specialisation 

(monophagous, oligophagous and polyphagous) and can be divided into discrete larval feeding guilds 

(groups of species exploiting the same resources in a similar way).  

High functional group diversity of woodland moth assemblages makes them useful indicators in 

understanding the effects forest management practices on species richness and community structure. 

(Merckx et al, 2012; Oxbrough et al, 2012; Usher and Keiller, 1998). Moths require diverse, uneven 

structured woodlands containing a variety of habitats to cater for the needs of closed canopy, high 

forest and early successional habitat species (Clarke et al, 2011). Plant species richness in woodland is 

an important factor in determining moth species richness (Tyler, 2020; Usher and Keiller, 1998).  

In Northern America, Summerville and Crist (2002) found both species richness of the overall moth 

community and several feeding guilds were significantly lower in clear-cut stands, but species richness 

did not differ between selectively cut and uncut stands. Variation among moth communities was 

attributed to postharvest changes in stand floristic composition rather than stand structure. 

Kirkpatrick et al (2017) similarly found large, negative impacts of clear felling on species richness, 

abundance and diversity of both macro- and micro-moths. The study also found macro moth 

abundance was highest in relatively low density stands with vegetation cover, which were more likely 

to support larval host plants, compared to dense stands dominated by bare ground or moss. The study 

concluded that clear felling negatively affected moths through alteration of habitats, loss of larval 

foodplants, and by limiting dispersal and recommended a shift to continuous cover forestry to 

enhance plantation value for moth communities. Analysis of recent data collected in Rushmore Estate 

(UK) suggest moth diversity in IFM is at least as good as limited intervention and coppice systems (Dr 

P Sterling, pers. comm.) 
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The most widely used method to survey moths is light trapping, which exploit their attraction to 

artificial light sources. Electric lights which emit part of their output as ultra-violet light have been 

found to be most effective with two types favoured: mercury vapour discharge bulbs and fluorescent 

(actinic) tubes (Waring and Townsend, 2009). Popular moth trap designs include: the Robinson trap 

which is efficient at catching and retaining specimens throughout the night; the Skinner trap is popular 

because it can be collapsed down for transport or storage; and the Heath trap tends to be smaller and 

more portable and have a vertical vane and bulb system which direct moths down into the trap. 

Studies of moth communities in forests commonly use actinic heath traps (Merckx et al, 2012; 

Oxbrough et al, 2012; Thorn et al, 2015; Kirkpatrick et al, 2017). Moth trapping periods in these studies 

range from single night trapping (Kirkpatrick et al, 2017) to several months, coinciding with active 

flight periods. Most trapping periods run between May and November. Oxbrough et al (2012) in a 

study of Irish mixed plantations placed traps a minimum of 100 metres apart and out of direct line of 

sight of each other to prevent interference between traps. Traps are typically deployed before dusk 

and light sources controlled by light sensors, activated at sunset and turned off at sunrise. Kirkpatrick 

et al (2017) however ran traps between 15 minutes after sunset for 4 hours (approximating the 

duration of the shortest night in the study area). Moth specimens are either identified in the field 

(Oxbrough et al, 2012), photographed for later identification (Tyler, 2020) or lethally sampled and 

preserved for later identification (Kirkpatrick et al, 2017; Thorn et al, 2015; Horvath et al, 2016). 

Spider (Araneae) diversity has been suggested to increase due to active management of broadleaf 

woodlands (Hamřík et al., 2023). Spiders are suitable model organisms for research on the effects of 

different forest management approaches. They are dominant invertebrate predators in most 

terrestrial ecosystems, including forests, and are therefore essential for the proper functioning of 

ecosystems (Michalko et al., 2019). They are also known for their rapid response to environmental 

changes, even at small spatial scales (Hamřík and Košulič, 2021). Spider diversity is suggested to higher 

in pre-thicket and post thinned conifer stands in Ireland (Oxbrough, 2004). However, these authors 

suggest that a mosaic of different aged stands would sustain most open and forest specialist species 

to enhance biodiversity. A common method to monitor spider diversity is the use of pitfall traps. 

However, a more rapid method involves the analysis of spider web structures. Specific web structures 

are indicative of specific families. 

1.2.3  Bats 

Bat species presence can be related to simple forest habitat measurements, such as deadwood or 

complex vertical structure (Ford et al, 2005). Changes in bat populations/activity are related to 

environmental factors such as climate change, water quality, agricultural intensification, loss and 
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fragmentation of forest habitats, habitat pollution, etc. (Jones et al., 2009). Bats are thus ideal 

candidates for proxy biodiversity indicators. Recent research surveying Irregular High Forest (uneven 

aged, continuous cover) stands has indicated that management of forest/woodland through irregular 

silviculture positively impacts woodland bat species (Alder et al 2021). Key to the successful use of 

bats as bioindicators is the need for a standardised method for acoustic bat activity surveys 

(Stahlschmidt and Brühl, 2012). Early research indicated that surveys of bat activity should sample 

entire nights (as opposed to dusk/dawn) and compare activity during the same time period (Law et 

al., 1998). In the recent past, a plethora of research has been undertaken as regards monitoring bat 

activity (De Conna et al., 2018; Carr et al., 2020; Froidevaux et al., 2021), much of which has examined 

the impact of woodland structure on bat biodiversity (Muller eta al., 2013;, Froidevaux et al., 2016; 

Kirkpatrick et al., 2017). The majority of these surveys have used static monitors as a standardised 

means of monitoring bat activity throughout the night. Of the static monitors available, the Pettersson 

D500X (Pettersson Elektronic AB) is one of the most widely utilised in such research. The D500X is an 

ultrasound recording unit intended for short, medium or long-term, unattended recording of bat calls. 

The D500X detects the full spectrum of ultrasound and records in real time. It provides much more 

detailed data than either frequency division or time expansion detectors and is particularly good at 

detecting those `hard to detect' species such as the Brown Long-eared bat.  

1.2.4  Birds 

Similar to bat biodiversity, diversity of bird species (Coote et al., 2013), and more specifically the 

presence of “Umbrella Bird Species” has been utilised to assess biodiversity in order to strengthen 

sustainable forest management (Ottel and Lapin, 2021). A study undertaken in 2015 (Calladine et al., 

2015) comparing breeding bird assemblages in conifer plantations managed by continuous cover 

forestry and clearfelling found clear differences in the species supported as regards woodland 

specialists, with continuous cover management of greater value to many forest birds. Recently, the 

concept of utilising birds as a proxy for biodiversity has been further refined, utilising the presence of 

“Biodiversity Indicator Bird Species” to assess the potential biodiversity value of woodlands (Virkkala 

et al., 2022). This approach is similar to the “Umbrella Bird Species”, identifying particular indicator 

species associated with high biodiversity woodland habitats. A study in the UK (Alder et al., 2018) has 

recently determined that the use of irregular silviculture management practices is likely to enhance 

habitat quality for woodland birds, including several species of conservation concern. 
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 Geographic and micro habitat indicators 

Landscape factors sometimes have a larger influence of the occurrence and abundance of species 

within a habitat than structural, functional or compositions factors (Smith et al,2005; Moore et al 

2012; Coote et al, 2013). Variations in the location of a forest in relation to other habitats, i.e. habitat 

connectivity, can result in biodiversity hotspots even if the forest is not structurally diverse (Watts et 

al., 2007; Saura et al 2014). Conversely, a high degree of habitat fragmentation results in limited 

species dispersal. Many of these features are relatively easily assessed using geographic information 

systems (GIS, see Watt et al 2007). Of particular interest is distance and adjacency of the forest site to 

other established forests or ancient (AW)/long established woodlands (LEW). The AW/LEW GIS map 

of Ireland (Perrin and Daly, 2010) provides a useful way of determining the connectivity of a forest 

area to woodland biodiversity hotspots. Similarly, the forest parcel information system (FIPs) provide 

a way of mapping the connectivity of a forest area to existing forest plantations. These are easily done 

using GIS, which is a crucial forest management tool. 

There are also many micro-habitats features within forest stand which contribute to the biodiversity 

potential of a site. These include rock outcrops, open spaces (e.g. rides etc) or water bodies (Larrieu 

and Gonin, 2009). Some of these features may not be observed at the plot level, but may occur within 

the forest stand. Evaluation of these indicators therefore relies on a combination of GIS and site survey 

observations. In contrast to structural, compositional and functional indicators, micro-habitat factors 

indicate the biodiversity potential rather than direct management effect on biodiversity (Larrieu and 

Gonin, 2009). 

Tree micro habitats within a survey plot can be assessed using the AFI or INTEGRATE methods (Kraus 

et al., 2016). The INTEGRATE method is supported by a field guide which describes epixylic and 

saproxylic features on trees within a plot area.  

 

 Biodiversity profile indicators 

A range of index derived scoring systems for forest biodiversity monitoring have been developed in 

Europe (e.g. EFI, CRPF). These are based on scoring of stand, geographic and context features which 

are generally recognised as contributing to internal stand diversity. The CRPF potential biodiversity 

index (IBP) is a simple and fast tool, designed to be used by forest managers, which appraises the 

potential geographical, structural, functional and compositional diversity factors which indicate the 

potential of a stand to harbour species and communities without specialised biodiversity surveys. The 
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method is not a plot-based approach, but is based on a conventional transect or cruise survey of a 

stand. This is particularly useful in the context of irregular high forests because most elements of 

importance are not uniformly distributed. Plot based assessments would require increasing numbers 

of replication as compartment area increases and stands become more heterogeneous. The IBP scores 

management and context factors using 0, 2, and 5 scores for each factor according to a threshold 

value. The protocol also facilitates the diagnosis of how factors can be improved by management. The 

context factors consider geographic features and forest continuity impacts. The IBP complies with 

international standards but has yet to be applied and tested for forest in Ireland and the UK. In this 

study we develop a modified version of the IBP protocol, based on data collected from transforming 

conifer high forest stands. New IBP variables are included in the protocol to specifically reflect Irish 

conditions and stands transforming to irregular high forest (Appendix 1). The inclusion of new 

variables is based on empirical evidence obtained during this study and supporting evidence in the 

literature. 

2. Methodology 

2.1 The study area 

A preliminary review of stands under IFM in the island of Ireland was undertaken to identify potential 

sample sites which represent all stages of the transformation process. Baronscourt Estate, located in 

Co. Tyrone in Northern Ireland ((103–190 m a.s.l; -7.429056 E, 54.707815 N (WGS 84; Fig. 4) contains 

examples of the most advanced stages of transformation to irregular high forest in the island of Ireland 

(stage 3). The woodland (1475 ha) consists mainly of coniferous species at various stages of 

transformation to CCF. Sitka spruce (Picea sitchensis) is the dominant conifer species followed by 

western hemlock (Tsuga heterophylla), douglas fir (Pseudotsuga menziesii), western red cedar (Thuja 

plicata) and scots pine (Pinus sylvestris). There is scattered mature and veteran and more locally 

distributed beech Fagus sylvatica, oak Quercus spp and sycamore Acer pseudoplatanus. Some rare 

varieties of Rhododendron ponticum and exotic broadleaf tree species, such as turkey oak Quercus 

cerris and rauli Nothofagus alpina were also planted on the estate over 100 years ago. Soils are 

dominated by basic brown earths with gleys and peaty gleys on some areas. 

Existing irregular stand network (ISN) inventory plot data was used to select sample plots from an 

established systematic 100m grid sample network across the estate (provided by Phil Morgan, 

Selectfor). The ISN data provided information of conventional forest mensuration variables and an 

indication of stage of transformation. ISN plots were stratified into four transformation stages (stages 
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1 to 3) and six plots from each stratum (n=4) were randomly selected to provide a total of 24 plots. 

The plot locations are at least 100 m apart to minimise the duplication of bird and bat counts. To 

reduce the influence of proximate habitats, plots were located a minimum distance of 30m from stand 

edges (Alder, et al., 2018).  

Measurements of habitat variables were collected at permanent ISN plot locations. Vegetation relevés 

(10m x 10m) were laid down within the ISN plot all facing N from the ISN plot centre (see Figure 4). 

Three circular sub-plots of 1 m radius were located at the N, NE and E points of the square plot to 

record spider web occurrence and frequency. Transects (30m) running from the 3 sub plot centres in 

a N, E and S direction were used to measure deadwood (Figure 4). Canopy openness was recorded 

using a spherical densiometer at the plot centre (marked P in Figure 4). Bird song recorders 

(Songmeter Micro Wildlife Acoustics) and static bat monitors (Pettersson D500X (Pettersson 

Elektronic AB) were fixed to tree trunks located within the ISN plots, at a height of 1.5m.  

 

Figure 4: Location the site, sampling plots and plot design for collection of biodiversity measures 
across study area. The plot design shows the original ISN plot containing the vegetation releve, spider 
sub-plots and transect for collecting deadwood data. P indicates the centre of the plot where canopy 
openness was recorded.  
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2.2 Collection of biodiversity data 

2.2.1 IBP scores 

The biodiversity index profile (CRPF) was modified for Irish conditions and additional factors were 

added (see Appendix 1). The rational and description of the indicative biodiversity profile scoring 

system is outlined in Appendix 1. IBP scores for features, such as open areas and forest continuity 

were determined using GIS. Rocky, topographic and water course scores were based on location of 

features within 100m of the sample plot centre.  

To test the suitability of the IBP scores for monitoring biodiversity in transforming stand in Ireland, the 

summed management and feature scores were correlated with floral, bird and bat diversity indices. 

The initial assessment only considered the original CRPF index scores. Additional variables, such as 

canopy openness and shrub cover, were included in the index scoring system based on analysis of data 

and a review of the literature (Alder et al., 2018, 2022; Cook et al., 2023, see Appendix 1).  

Selection of new variables used in the IBP were based on regression analysis where new variables 

were in a step wise manner using the R studio package MASS (Venables and Ripley, 2002).  The 

procedure uses Akaike information criteria (AIC) for the best IPB model selection in order to avoid 

over parameterisation of the model (see Burnham and Anderson, 2002) based on the condition that 

the AIC values should decrease at each step.  

 

2.2.2 Vegetation data 

The frequency and occurrence of vascular plants at each plot within a 10 m relevé quadrat was scored 

using the percentage scale. The individual species were allocated to 3 distinct plant guilds (adapted 

from Alder et al 2022): 

• Ancient woodland indicator species (Perrin and Daly, 2010); 

• Light demanding species which dominate the stand, such as bramble (Rubus fruticosus agg.), 

Bracken (Pteridium aquilinum) and Nettle (Urtica dioica) when the canopy is opened up for 

extended periods. These species may disappear again if the canopy redevelops. 

• Other species which include grassland, wetland species and other functional groups 

The percentage of shrub layer within each relevé was also recorded (percentage scale), which include 

regenerating tree seedlings and shrubs to a max height of 1.5m. 
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Stand basal area of all trees was estimated at the plot centre (P, Figure 3) using the relascope point 

sampling method (Hetherington, 1974). ISN plot data was used to derive the number of stems per ha 

(DBH >7cm) for the plot area. 

2.2.3  Spider webs 

A knapsack sprayer filled with tap water was used to spray a fine mist on the ground to a height of 

0.5m within the 1m radius sub plots (see Figure 3). The number of three different types of fully intact 

webs were counted: 

• Scaffold webs: are complex, three dimensional webs, also called random web. These are 

produced by spiders in the families Theridiidae and Nesticidae. 

• Orb webs: the classic, round web with spoke threads attached to vegetation. These are 

produced by the families Theridiosomatidae, Tetragnathidae, Netidae and Araneidae. 

• Sheet webs: are horizontal silk sheets, with anchor threads above or below. These are 

characteristically produced by Linyphiidae. 

2.2.4  Bat and bird data 

Bat detectors were left at plot locations for a total of 6 nights. The triggering system of the Pettersson 

D500X allows the device to start recording as a sound is detected. The D500X detects the full 

spectrum of ultrasound and records in real time, providing much more detailed data than either 

frequency division or time expansion detectors.  

The Pettersson D500X units were programmed to record all bat activity between 30 minutes pre-

sunset and 30 minutes post-sunrise. The recording settings utilised were: 

• Input Gain – 45; 

• Trigger Level – 30; and 

• Interval – 5. 

Trigger sensitivity was set to “Medium”. 

Having retrieved units, the CF cards were downloaded and analysed using Sonochiro® Version 4 

ultrasound bat analysis software. Results were validated using a combination of Sonoview and 

Batsound 4 software and manual interpretation of Sonogram/Oscillogram output by Dr Patrick 

Moran.  

Data for the 24 plots was then organised into the total number of passes for each species recorded 

over the whole survey period and the average number of passes per night.  
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Bat species were categorised into 3 guild, woodland associated species, non-specialists, and species 

associated with water bodies. The frequency of passes for species and guilds was used to estimate 

bat species richness and diversity.  

Passive acoustic recorders (Wildlife Acoustic Song Meter Micro) were deployed in the same position 

as bat recorders at each of the sites in order to assess the diversity of species present, in addition to 

identifying woodland specialist indicator species. The recorded data was used to do a standard field 

assessment of bird occurrent and frequency at each study site using McKinnon Lists (Bibby et al 2000). 

A total of 25 Mc Kinnon lists (upto 5 species per list) were prepared for each site, 5 lists every morning 

from 15min before sunrise over the 5 consecutive recording days. The frequency of a particular species 

recorded for each site was based on the number of times the species occurs on the McKinnon list for 

that site over the 5 days. 

2.2.5. Deadwood 

Deadwood on the ground was sampled and measured using the ISN line transect method. Three, 30 

m transects were set up from vegetation plot points (see Figure 4) and the diameter of each log or 

fallen tree intersecting the transect was recorded. All logs up to a diameter of 7cm were measured 

and the decay status of logs were recorded in 5 classes (Tobin et al., 2007): 

• Class 1: Freshly fallen trees or logs; 

• Class 2: Loss of bark but with hard and intact sapwood; 

• Class 3: Soft sapwood; 

• Class 4: Decay and fragmentation of sapwood; 

• Class 5: Sapwood and heartwood largely diminished. 

The volume of fallen dead wood volume (m3) per ha (DW) is then calculated using the following 

equation: 

𝐷𝑊 = 𝑓 × [(𝑃𝑖 × (
𝐷𝐵𝐻

100
)
2
)/4]  and 

𝑓 = 𝑃𝑖 × 10000/[2 × (𝑛 × 𝐿)]  

Where Pi = 22/7, DBH is diameter in cm, n is the number of transects and L is the length of each 

transect. 

Volume is then converted to biomass (t of Dwt.) for each decay class using densities of 0.277, 0.269, 

0.196, 0.191 and 0.148, for classes 1 to 5, respectively. 
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2.3 Statistical analysis    

Species richness and diversity (Shannon index, Shannon (1948)) for plant, bird and bat species was 

determined using the vegan (Oksanen et al., 2013) library in R studio version 4.6 (Posit Software, 

PBC, 2023) with figures produced using ggplot2 (Wickham et al. 2016). 

Differences in the percentages of individual habitat measures, and species richness for each plant, bat, 

bird or spider group, across stand management types were tested using generalised linear mixed 

models (GLMMs) using the lmer function in the R library lme4, with Arcsine data transformation and 

Poisson distribution respectively (Bates et al.2015). Plot nestedness (pseudo-replication) was 

accounted for by including stand unit number as a random effect in the models (Alder et al. 2021). 

Principal components analysis (PCA) was performed, using the vegan library in R, on the habitat 

variables to identify the main gradients and relative contribution of each variable to species richness 

and diversity (Alder et al. 2018).  

3. Results 

3.1 Stand structure variables 

All stand variables, except for basal area, varied significantly across the different stages of 

transformation (Table 1). The number of stems per ha was significantly higher in stage 1, compared to 

the other stages of transformation for CCF. Percent broadleaf cover, regeneration, shrub cover, 

deadwood and canopy openness was significantly higher in stages 2a, 2b and 3, when compared to 

stage 1. However, there was a high degree of variation in of stand variables within stage 2a, 2b and 3 

stands (Table 1). The combined IBP scores for management increased significantly, but there was no 

significant difference between stage 2a and 2b and stage 2b and stage 3 pairwise comparisons (Table 

1). The IBP features scores, associated with forest connectivity, water and rocky features and open 

ground, was significantly lower in stage 1, compared to the other transformation stages (Table 1). 

The initial analysis only considers the original IPB scores, which exclude potential new variables such 

as canopy openness and shrub cover. This was done to assess the relationship between new potential 

index scores such as canopy openness, percent shrub layer etc., and plant biodiversity.  
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Table 1: GLMM and pairwise comparisons of structural, functional and compositional stand variables 
and IPB index scores across the different stages of transformation; means are given with a standard 
deviation shown in parenthesis. Values for transformation stages for each guild with different letter 
indicate a significant difference.  

 Stage 

Stand variable 1 2a 2b 3 

Percent broadleaf cover 0.0 (0)b 3.0 (4.6)a 5.5 (8.2)a 6.2 (9.5)a 

Basal area (m2/ha) 27.9 (8.6)a 22.6 (9.2)a 24.0 (9.1)a 26.7 (8.2)a 

Percent regeneration cover (h<3m) 0.0 (0)b 24.4 (13.1)a 45.1 (35.5)a 58.8 (31.6)a 

Percent shrub cover (h>1.5m) 0.7 (1.5)b 22.8 (22.6)a  50.3 (34.0)a 53.4 (23.1)a 

Percent canopy openness  7.3 (4.1)b 25.3 (20.2)a 30.1 (11.3)a 23.6 (13.9)a 

Deadwood (t.dwt./ha) 0.4 (0.4)b 2.2 (1.1)a 1.4 (1.3)ab 4.7 (4.6)ab 

Stems per ha 2424 (610)b 750 (484)a  763 (261)a 663 (415)a 

IBP management score 1.0 (1.5)c 10.5 (5.8)b 16.6 (3.4)ab 20.6 (3.7)a 

IBP feature score 4.2 (1.4)b 6.5 (3.9)a 10.1 (3.2)a 9.4 (2.4)a 

 

3.2 Vascular plants 

A total of 84 vascular plant species, excluding conifers, were recorded within vegetation relevés. 

Vascular plant species richness (i.e. the number of species per plot) was significantly higher in stage 

2a and 2b, when compared to stage 1 stands (Figure 5). However, there was no significant difference 

in species richness when stage 1 and stage 3 stands were compared. Shannon index, a measure of 

diversity (i.e. a measure of number and frequency of species) was significantly higher in stage 2a, 2b, 

and 3, when compared to stage 1 stands (Figure 5 left panel). 

  

Figure 5: Box plots showing the mean values for species diversity (Shannon index) and species richness 
of vascular plants. Mean values (mid line) within boxes (the standard deviation) with different letters 
are significantly different (p<0.05). 

b 
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A total of 12 of the 24 documented ancient woodland indicator species (see Table 2 and Appendix 2) 

were identified in relevés recorded at Baronscourt. There was a high richness in woodland indicator 

species when light levels at the forest floor were not limited. Some plots with dense canopies, with 

limited light at the forest floor, did not contain woodland guild species. Woodland species richness 

was highest in stage 2a and 2b stands (Table 2), but stage 2b was the only class with significantly higher 

woodland species richness than stage 1 stands. Wood sorrel (Oxalis acetosella) was the most common 

woodland indicator species, recorded in 21 of the 24 relevés (Table 3). Bluebell (Hyacinthoides non-

scripta) was the next most common woodland species recorded, but these only occurred in stages 2a, 

2b and 3. Wood-sedge (Carex sylvatica), Wood Dock (Rumex sanguineus) and Yellow Pimpernel 

(Lysimachia nemorum) were only recorded once and only in stage 2a or 2b stands (Table 3).  

Table 2. Results of GLMM and pairwise comparisons of species richness for plant guilds across the 
different stages of transformation; medians are given with range shown in parenthesis. Value for 
transformation stages for each guild with different letter indicate are significantly different.  

 Transformation stage  

Plant species guild 1 2a 2b 3 P-value 

Ancient woodland 
indicators 2.0 (0-4)b 3.5 (1-6)ab 4.5 (3-6)a 2.0 (2-4)b 

0.03 

Light demanders 0b 2 (1-3)a 1.5 (1-2)a 1.5 (1-2)a <0.01 

Other species  6.0 (0-12)b 13 (1-25)a 11.0 (7-15)a 11.5 (4-19)a 0.04 

 

Light demanding species only occurred in stands at stage 2a to 3 (Table 2) and the frequency of light 

demanders increased as canopies opened up.  



Table 3: The number of releves where woodland indicator species were recorded (i.e. woodland species richness) at different stages of transformation. 

  Stage of transformation 

Species Common name 1 2a 2b 3 Total 

Ajuga_reptans Bugle  2 4 1 7 

Cardamine_flexuosa Wavy Bitter-cress 1  1  2 

Carex_sylvatica Wood Sedge   1  1 

Dryopteris_aemula Hay-scented Buckler-fern 2    2 

Hyacinthoides_non-scripta Bluebell  4 6 4 14 

Luzula_sylvatica Great Wood-rush 1 2 3 1 7 

Lysimachia_nemorum Yellow Pimpernel  1   1 

Oxalis_acetosella Wood-sorrel 4 6 6 4 21 

Potentilla_sterilis Barren_Strawberry  1  1 2 

Quercus_petraea Sessile Oak  1  1 2 

Rumex_sanguineus Wood Dock   1  1 

Veronica_montana Wood Speedwell 1 1  1 3 

 



3.2.1 Factors contributing to plant diversity 

Observations recorded in field notes during the survey suggested some general trends. Canopy 

openness increased in stage 2a to stage 2b and it was associated with woodland indicator species and 

increasing diversity (i.e. Shannon index). Woodland indicator species richness generally increased as 

canopy openness increased. However, there was also an increase in low shrub cover (h<1.5m) as 

canopy openness increased above 35%. The shrub layer (h<1.5m) was primarily associated with light 

demanding species, such as briar and bramble, which proliferates when the canopy is open for 

extended periods. Basal area of plots varied from 11 to 44 m2 ha-1, and were generally higher in stage 

1 stands. However, the basal area in stage 3 plot numbers 190 and 206 was above 40 m2 ha-1 due to 

the presence of regenerating pole stage western hemlock. Tree stem density (DBH<7cm) ranged from 

140 to 2485 stems per ha. Stage 1 stands had higher stem densities 1424-3065 stems per ha. 

PCA analysis confirmed the noted relationships between observed variations in stand characteristics 

(Table 1) and ground flora species richness and diversity (Table 4). The first two PCA axes accounted 

for 66.3% of total variation (Table 4). Axis 1, or principle component (PC) 1, was associated with an 

increase in the shrub layer cover as basal area and stems per ha decreased. Plant diversity (Shannon 

index) decreased as shrub cover and the percentage of broadleaf cover increases (Table 4, Figure 6). 

PC 2, or Axis 2, showed that woodland species richness increases as canopy openness increases (Table 

4). PC2 also shows that woodland species decreased as the % cover with regenerating poles 

(predominantly hemlock) increased (Table 4, Figure 6). 

Table 4. Factor loadings/correlations for stand habitat variables and plant diversity on the first two 
Principal Components axes with percentage variation given in parenthesis. 
 

Habitat Variable Axis 1 (45.8%) Axis 2 (20.5%) 

Woodland indicator species 0.19 -0.38 

Shannon index -0.39  0.03 

Canopy openness (%) 0.04 -0.49 

Basal area (m2/ha) -0.42 -0.14 

% broadleaf cover 0.31 -0.05 

% shrub layer cover (<1.5m) 0.43 -0.07 

% regeneration cover (<3m) 0.15 0.21 

Deadwood (t/ha) 0.03 -0.07 

Stem/ha (ln(n/ha) -0.44 -0.04 

IBP Management 0.31 -0.13 

IBP Features 0.29 0.06 
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The size and direction of the eigen vectors for principle component factors, such as Shannon index 

and other factors, illustrate the relationships shown in table 4 (Figure 6). In addition, cluster analysis 

suggests that there is a distinct cluster of plot variables for stage 1 and 3 (Figure 6). The cluster pattern 

for stage 2a shows a large variation and overlapping with clusters for the other transformation stages 

(Figure 6). This suggest that stage 2a stand variables exhibit a higher degree of variation with regards 

to factors that may influence vegetation diversity. The stage 2b cluster is more closely associated with 

stage 3 data, as expected (Figure 6). The clustering patterns and eigen vectors suggest that there is an 

increasing occurrence of shrub cover and regeneration (primarily pole stage hemlock) as the canopy 

openness increases during transformation to stage 3. But, woodland species richness and total plant 

diversity increases due an interaction of canopy openness and domination of the ground vegetation 

by either the light demanding shrub layer or regenerating hemlock. It is also important to note that 

eigen vectors for both woodland species richness and total plant diversity is closely related to the IPB 

management and forest feature scores (Figure 6). 

 

Figure 6. Ordinations from Principal Components Analysis factors for vascular plant diversity of the 
IPB and additional stand level habitat variables associated with the four stages of transformation. 
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3.3  Bats 

All of the known eight bat species for the region were recorded at Baronscourt (Table 5). A total of 

7619 validated bat passes were recorded for eight different species over the 6-day survey period. Bat 

diversity was significantly lower in stage 1, compared to other transformation stages (Figure 7). 

Species richness was significantly higher in stage 2a, 2b and 3, when compared to stage 1 stands 

(Figure 7). Stage 3 stands had a significantly higher species richness than stage 2b stands (Figure 7).  

Stage 1 stands exhibited a high number of passes, particularly from Leisler’s bats (Nyctalus leisleri, 

Table 5). The Leisler’s bats prefer open ground, but can be recorded in dense, closed canopies when 

flying above the canopy due to the low frequency sound emitted by individuals. Leisler’s bat activity 

can be recorded within 100m of the Petterson bat detector, whereas other species have a detectable 

range of 20-50m (L. Petterson, personal comm.). Therefore, passes by Leisler’s bat may not be from 

individuals flying below the canopy, but rather in open spaces adjacent or above the canopy.  

There was no record of woodland associated bat species in stage 1 stands (Table 5). Although stage 3 

stands had the most passes by woodland species (Table 5), there was one stage 3 plot (190), which 

only recorded 22 passes from Leisler’s bat and one pass from a Common pipistrelle (Pipistrellus 

pipistrellus). The plot was an outlier because it contained a high number of regenerating western 

hemlock stems and a closed canopy. Stages 2a, 2b and 3 stands also recorded Daubenton’s (Myotis 

daubentonii), which are commonly more associated with waterways, but have been recorded in 

woodlands associated with waterbodies. Most stage 2b and 3 stands are located close to a lake and/or 

streams with open areas.  

  

Figure 7: Box plots showing the mean values for species diversity (Shannon index) and species richness 
of bat species. Mean values (mid line) within boxes (the standard deviation) with different letters are 
significantly different (p<0.05). 
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For the Shannon index estimations (Figure 7), the frequencies of a particular species were estimated 

as the mean number of passes per night. Number of passes could indicate a different number of 

individuals or the same individual of a species, within a period. Some species such as Pipistrelle spp. 

have a circular feeding pattern and the same individual could record multiple passes in an evening. In 

contrast, individuals from woodland specialist species (Table 5), such as the brown long eared 

(Plecotus auratus, more associated with broadleaf woodlands) or Natterer's (Myotis nattereri, a 

woodland specialist), are less likely to be recorded multiple times using a static bat monitor (i.e. one 

individual per pass). Therefore, there may be a slight bias in the estimation of individual abundances 

for Pipistrelle spp., when compared to the other 5 species occurring in the study area.  

Table 5. The average number of passes per night of different bat species at different stages of 
transformation to irregular high forest. The symbols in parenthesis indicate the habitat association 
(guild): WD= woodlands, WW-water bodies, NS commonly occurring non-specialists open areas. 

   Stage  

Species (Guild) Common name 1 2a 2b 3 

Plecotus auratus (WD) Brown long eared 0 1.4 0.3 1.7 

Pipistrellus pipistrellus(NS)  Common pipistrelle 0.3 4.1 4.4 10.6 

Myotis daubentonii  (WW) Daubenton's 0 0.2 0.2 1.6 

Nyctalus leisleri (NS)  Leisler's 47.1 56.2 14.4 58.4 

Pipistrellus nathusii (NS) Nathuius' pipistrelle 0 0 0.1 0.1 

Myotis nattereri (WD) Natterer's 0 1.0 1.6 1.1 

Pipistrellus pygmaeus (NS)  Soprano pipistrelle 0.2 3.3 8.6 37.4 

Myotis mystacinus (WD) Whiskered 0 1.2 2.7 3.6 

 

PCA analysis shows some functional relationships between observed variations in stand characteristics 

(Table 1) and bats species frequencies. The first two PCA axes accounted for 68.5% of total variation 

(Table 6). PC 1, showed that bat Shannon index was closely associated with IBP index scores and 

canopy openness (Table 6 and Figure 8). There is also an inverse correlation between total number of 

bat passes and canopy openness for PC 1 (Table 6, Figure 8). PC 2, or Axis 2, shows that the number 

of passes by woodland species and Daubenton’s decreases as the stems per ha increase. Daubenton’s 

bat activity was also closely associated with high water feature scores (Table 6, Figure 8), i.e. the 

occurrence of one or more water features close to the site. There appears to be no significant 

relationships between bat occurrence and deadwood for both principle components (Table 6). 
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Table 6. Factor loadings/correlations for stand variable and bat species diversity, occurrence and 
richness on the first two Principal Components axes with percentage variation given in parenthesis. 
 

Habitat Variable Axis 1 (47.7%) Axis 2 (20.8%) 

Bat species associated with woodlands 0.19 -0.38 

Non-specialist species -0.39  0.03 

Daubenton’s spp. 0.01 -0.39 

Total no. bat passes (all spp.)  -0.39 -0.08 

Bat Shannon index 0.29 -0.11 

Canopy openness (%) 0.20 -0.02 

Basal area (m2/ha) 0.21 -0.08 

% broadleaf cover 0.16 -0.35 

% shrub layer cover (<1.5m) 0.23 -0.17 

% regeneration cover (<3m) 0.23 0.31 

Deadwood (t/ha) 0.04 0.08 

Stem/ha (ln(n/ha) 0.21 0.39 

Water feature index 0.02 -0.41 

IBP Management 0.31 -0.13 

IBP Features 0.29 0.06 

 

Cluster analysis suggests that there is no distinct clustering of plot variables for stage 1 to 3 (Figure 8). 

The cluster pattern for stage 3 shows a large variation and overlapping with clusters for the other 

transformation stages, possibly due to the outlier plot 190. However, eigen vectors for stems per ha, 

basal area and non-specialist bat species are more closely associated with stage 1 (Figure 8). In 

contrast, increased bat diversity and woodland species vectors are associated with stage 2a, 2b and 3 

(Figure 9). It is also important to note that eigen vectors for both woodland species richness and total 

bat diversity are closely related to the IPB management and forest context scores (Figure 8). So are 

eigen vectors occurrence of Daunbenton’s bats and water features closely associated, as expected.  
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Figure 8: Ordinations from Principal Components Analysis factors for stand variable and bat diversity 

variables associated with the four stages of transformation. 

3.4 Bird surveys 

A total of 29 different bird species were listed from the recorded sonograms over the 5 days. Of the 

29 species, 15 woodland residents or woodland specialists were recorded, including jay (Garrulus 

glandarius, Table 7). There was no record of other woodland specialists such as treecreeper (Certhia 

familiaris) or great spotted woodpecker (Dendrocopos major). Although plot locations were selected 

to minimise the impact of proximate habitats, Mallard (Anas platyrhynchos) was recorded in plot 43 

located close to the lake (Figure 1, Table 7). There were also records of pheasant (Phasianus colchicus)  

in many plots. Some woodland resident species and woodland specialists were recorded in high 

abundance in stage 1 stands, such as blackbird (Turdus merula), wren (Troglodytes troglodytes) and 

chaffinch (Fringilla coelebs) ,  (Table 7). However, there was no significant difference in the occurrence 

of any species across all stand developmental stages (Table 7). There was a large variation in species 

occurrence within developmental stages (Table 7).   
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Table 7: The average and standard deviation (in parenthesis) occurrence (%) of all recorded bird 
species recorded in different stages of development. GLMM showed that there was no significant 
difference in occurrence of bird species across different stand types. Superscript letters indicate 
habitat associations wr=woodland resident, ws=woodland specialist, h= hedgerows, o= varied and 
open habitats, w=water bodies. 

Common name Scientific name Stage 1 Stage 2a Stage 2b Stage 3 

Blackbirdwr Turdus merula 82.0 (13.8) 98.0 (2.0) 93.1 (6.7) 95.2 (4.6) 

Blackcapwr Sylvia atricapilla  28.7 (36.9) 10.0 (11.7) 18.3 (26.3) 29.6 (24.5) 

Blue titwr Cyanistes caeruleus  - 1.3 (2.9) 10.3 (11.6) 0.8 (1.6) 

Buzzardwr Buteo buteo 0.7 (1.5) - 1.1 (1.8) 5.6 (7.8) 

Chaffinchwr Fringilla coelebs 54.7 (34.0) 48.0 (25.9) 42.9 (29.8) 20.8 (4.7) 

Chiffchaffwr Phylloscopus collybita  3.3 (7.4) 12.7 (14.2) 14.3 (17.9) 17.6 (4.7) 

Cuckooo Cuculus canorus - - 0.6 (1.4) - 

Dunnockwr Prunella modularis  - 1.3 (2.98) 1.7 (2.9) 3.2 (4.7) 

Goldcrestwr Regulus regulus  39.3 (32.2) 56.0 (22.1) 56.0 (35.5) 51.2 (43.6) 

Goldfinchh,g Carduelis carduelis 0.7 (1.4) - - - 

Great titwr Parus major  6.0 (3.8) 7.3 (6.3) 16.0 (22.1) 16.0 (18.7) 

Hooded crowh,o Corvus cornix - - - 0.8 (1.6) 

Jayws Garrulus glandarius - 1.3 (1.4) 0.7 (1.9) - 

Magpieh,o Pica pica - - - 0.8 (1.6) 

Mistle thrushwr,h Turdus viscivorus - 6.0 (11.7) - - 

Mallardw Anas platyrhynchos - - 0.6 (1.4) - 

Linnets,h Carduelis cannabina - 0.7 (1.49) - - 

Jackdawo,f Corvus monedula - 0.7 (1.49) 1.1 (1.8) - 

Pheasanto,f Phasianus colchicus 7.3 (11.4) 18.0 (11.7) 19.4 (10.9) 16.0 (6.7) 

Ravenwr,o Corvus corax 1.3 (1.8) 0.7 (1.4) 2.9 (3.5) - 

Robinwr Erithacus rubecula  17.3 (14.9) 39.3 (28.3) 44.6 (32.1) 32.0 (15.7) 

Rookh,o,f Corvus frugilegus 22.0 (12.8) 12.0 (6.8) 18.9 (32.1) 24.8 (15.7) 

Sparrow hawkwr Accipiter nisus - 0.7 (1.4) 0.6 (1.3) 0.8 (1.6) 

Song thrushwr,o Turdus philomelos  46.7 (29.5) 52.7 (27.3) 25.7 (14.6) 48.0 (10.3) 

Starlingo Sturnus vulgaris - - - 0.8 91.6) 

Swallowo Passer domesticus - 0.7 (1.4) 1.7 (4.1) 0.8 (1.6) 

Willow Warblerwr Phylloscopus trochilus 0.7 (1.4) - 3.4 (3.9) 2.4 (4.8) 

Woodpigeonwr Columba palumbus  26.0 (11.2) 40.0 (17.6) 34.3 (16.2) 34.4  (15.5) 

Wrenwr Troglodytes troglodytes 97.6 (2.7) 96.7 (4.2) 93.7 (9.7) 94.4 (4.8) 
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Figure 9: Box plots showing the mean values for bird species diversity (Shannon index) and bird 
species richness. Mean values (mid line) within boxes (the standard deviation) with different letters 
are significantly different (p<0.05). 
 

Bird species richness generally increased from stage 1 to stage 3, but richness was only significantly 

higher in stage 2b (Figure 9). Species diversity was significantly higher in stage 2a, 2b and 3, when 

compared to stage 1 stands (Figure 9). There was no significant difference in the species richness or 

diversity of woodland associated guilds (i.e. wr and ws) across different development al stages (data 

not shown).  

PCA analysis shows some functional relationships between observed variations in measured canopy 

characteristics and bird diversity and woodland associated species richness. The first two PCA axes 

accounted for 64.7% of total variation (Table 8). PC 1, which account for over 50% of the total 

variation, showed shrub cover, percent broadleaf cover and IBP management scores were inversely 

correlated with species diversity and woodland species richness (Table 8, Figure 10). PC 2 is 

characterised by an increase in canopy openness, but this does not relate to bird diversity to richness. 

(Table 8, Figure 12).  
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Table 8. Factor loadings/correlations for habitat variables on the first two Principal Components axes 
with percentage variation given in parenthesis. 

Habitat Variable Axis 1 (50.3%) Axis 2 (14.5%) 

Woodland species richness -0.41 0.10 

Bird Shannon index -0.42 0.07 

Canopy openness (%) 0.20  0.53 

Basal area (m2/ha) -0.42 -0.08 

% broadleaf cover 0.31 -0.34 

% shrub layer cover (<1.5m) 0.40 -0.17 

% regeneration cover (<3m) 0.16 0.31 

Deadwood (t/ha) 0.14 0.15 

Stem/ha (ln(n/ha) -0.40 0.04 

IBP Management 0.32 0.34 

IBP Features -0.16 0.45 

 

 

Figure 10: Ordinations from Principal Components Analysis factors for stand variable and bird 
diversity variables associated with the four stages of transformation. 
 
Cluster analysis suggests that there is a distinct clustering of plot variables for stage 2b and 3, however, 

there is a slight overlap with stage 1 (Figure 10). The cluster pattern for stage 2a shows a large variation 

and overlapping with clusters for the other transformation stages (Figure 10). This suggests that stage 

2a stand variables exhibit a higher degree of variation with regards to factors that may influence bird 
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diversity. The clustering patterns and eigen vectors suggest that there is an increasing occurrence of 

bird species as stand density increases (basal area and stems per ha). It is also important to note that 

eigen vectors for both woodland species richness and total bird diversity are not closely related to the 

IPB management and forest feature scores (Figure 10). 

The lack of any apparent relationship between IBP scores and bird diversity could be related to 

different habitat niches for different bird species. More detailed PCA revealed some distinct bird 

habitat type associations across different stands (Figure 11). Woodland species were either associated 

with dense tree cover or regenerating trees and deadwood and canopy openness. There were strong 

PC associations (r<0.15) for blackbird, blackcap, chiffchaff, goldcrest, wren and wood pigeon with 

dense canopies with high stems per ha or basal areas (Figure 11). Chaffinch and dunnock were more 

associated with open canopies. Blue tit, buzzard and sparrow hawk were associated with regeneration 

(particularly pole stage) and lying deadwood (Figure 11). There was no evidence of any specific 

association with percent broadleaf or shrub cover. 

 

Figure 11: Ordination of principle components 1 and 2 with vectors for stand variables. The blue 
symbol coordinates are the mean position for each woodland associated species: blackbird (BB), 
blackcap (BC), blue tit (BT), buzzard (BZ), chaffinch (CH), chiffchaff (CF), dunnock (D), goldcrest (GC), 
great tit (GT), jay (J), sparrow hawk (SH), willow warbler (WW), wood pigeon (WP), wren (W). 

3.5 Spiders 

Species richness and Shannon indices for spiders were not calculated because, web architecture 

scores only represent families categorised into three groups. There were no significant trends in the 

occurrence and frequency of web types across the different transformation stages (Table 9). However, 
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stage 1 plots had a large amount of spider webs on dead twigs and branches and in areas where there 

was brash. The number of webs on dead branches above the sample height (0.5m) was not recorded, 

but the frequency of webs in stage 1 plots including these un sampled zones would be very large, 

when compared to other transformation stages.  

Sheet web structures were the most commonly occurring structures, predominantly located in small 

micro-habitats on the ground or on plant material.  

Table 9. Results of GLMM and pairwise comparisons of mean spider web densities per m2 for three 
web types, representing different species groups across the different stages of transformation. 
Mean values are shown in this case with standard deviations in parenthesis. Values for 
transformation stages within each web type with different letters indicate a significant difference.  

 Transformation stage  

Spider web guild 1 2a 2b 3 P-value 

Orb 0.11 (0.16)a 0.17 (0.37)a 0.47 (0.55)a 0.13 (0.26)a 0.64 

Scaffold 0.78 (0.89)a 0.5 (0.85)a 1.28 (1.45)a 0.80 (0.68)a 0.29 

Sheet 3.27 (2.34)a 3.77 (2.85)a 2.46 (2.21)a 2.40(1.49)a 0.58 

Total 4.16 (3.23)a 4.44 (3.34)a 4.23 (3.49)a 3.33 (1.29)a 0.75 

 

3.6 Potential biodiversity indices 

Based on the initial analysis of stand structure and species diversity potential additional IPB 

management factors were selected. The IBP feature factors were not modified because of a lack in 

geographical/ regional variation in the sample. Additional potential management factors include 

canopy openness (CO, Table 10) based on of the relationship with floral diversity and bat diversity 

(Table 4 and 6). Woodland indicator (WI, Table 10) plant species due to the known relationships to 

edaphic and climatic factors, and their role in providing food/and or habitat for dependent fauna or 

other flora (Ferris and Humphrey, 1999). Percentage shrub cover (SC, Table 10) because of the 

relationship between shrub cover and plant woodland indicators and bat diversity (Table 4 and 6; 

Alder et al., 2021; Cook et al., 2023). Stems per ha was also selected because of the apparent 

importance for bird and bat species (Tables 6 and 8; Cook et al., 2023; Carr et al., 2020). Deadwood 

was not included because this is already scored in the current IBP methodology.  

 

Analysis of different additional IBP management factor combinations shows that the current IPB 

profile score system (IBP) can be significantly improved by adding plant woodland indictor species and 

canopy openness (Table 10). The inclusion of the two variables improved the prediction of individual 

diversity of plant, bat and bird species and the combined Shannon index score for the 3 taxa 

(highlighted in bold text in Table 10). Inclusion of stems per ha and percent shrub cover did not 
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improve the predictive performance of the IBP scoring system as seen by the decline in both r2 and 

AIC values for individual and combined diversity scores (Table 10). The inclusion of canopy openness 

and woodland indicator species also decreased RMSE (i.e. accuracy) and bias of the prediction for 

overall diversity (Table 10). 

Table 10: Summary statistics of GLM model fits for IBP management factors with additional variables 
added. The GLM predicts individual, and combined, bird, bat or plant diversity scores (Shannon 
indices) based on the combined IPB index score for all factors.   

 Individual diversity (r2) Combined diversity score 

IBP factors Plants Bats Birds r2 AIC RMSE Bias 

IBP 0.28 0.45 0.35 0.53 181 0.73 -0.3 
IBP+woodland 
indicators (WI) 0.37 0.45 0.34 0.58 181 0.68 -0.13 
IBP+WI+canopy 
openness (CO) 0.39 0.47 0.33 0.61 171 0.66 -0.001 
IBP+WI+CO+shrub 
cover 0.35 0.45 0.34 0.57 178 0.67 0.09 
IBP+WI+CO+stems 
per ha 0.37 0.44 0.32 0.57 179 0.69 0.19 

 

Correlation analysis shows that the modified IPB scoring system for management factors (i.e. 

IPB+WI+CO) explained 39, 47 and 33% of measured variation in plant, bat and bird diversity, 

respectively, in the study (Table 10). The modified IPB management method accounted for 51% of the 

measured variation in the combined biodiversity estimates (Table 10). The combined management 

and feature scores accounted for 62% of total diversity score. IPB feature scores accounted 41% of 

the measured diversity (Figure 12).  

 

For plant diversity, the modified total IBP index (i.e. management and feature factors) accounted for 

39% of the observed variation in plant diversity. Separate regression analysis of management and 

forest context scores with Shannon index showed that management factors accounted for 39% (Table 

10) and forest features account for 20% of the observed variation plant biodiversity (data not shown).  

For bat diversity, the modified total IBP index accounted for 49% of the observed variation in bat 

diversity. Separate regression analysis of management and forest context scores with Shannon index 

shows that management factors account for 47% (Table 10) and forest features account for 44% of 

the observed biodiversity (data not shown). This finding may suggest that forest feature may be as 

important in determining potential diversity of bat species, mainly due to importance features such 

as presence of water features and open spaces (Figure 8).  
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Figure 12: Linear regression showing the relationship between management, feature and combined 
IBP score versus combined plant, bat and bird Shannon indices. 
 

Regression analysis shows that the combined modified IBP index scores was significantly correlated 

(p<0.05) with bird diversity and that the combined IBP index accounts for 39% of the observed 

variation in bat diversity (data not shown). Separate regression analysis of management and forest 

context scores with Shannon index shows that management factors account for 33% (Table 10) and 

forest features account for 13% of the observed variation bird biodiversity (data not shown).  
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The aggregated IPB scores (see Appendix 1 for raw data) related to management for stage 1 stands 

was “poor” and significantly lower, when compared to scores for stages 2a, 2b and 3 (Table 1). Stage 

1 stands scored zero for many important IBP management factors such as native species, vertical 

structure, large deadwood, canopy openness and microhabitats (Appendix 1). There was a higher 

score for the number of native broadleaf species in stands at stages 2a, 2b and 3 of the transformation 

process. However, there were woodland indicator species present in some stage 1 stands (Appendix 

1). Mean relative factor scores related to management were “poor” (5% of the maximum score) for 

stage 1 stands, “quite poor” (36%) for stage 2a and “average” (58%) for stage 2b and 3 stands (Table 

1, Appendix 1).  

Vertical structure scores increased as stands transform from stage 1 to 3, as expected. Canopy 

openness scores also increased as stands transform from stage 1 to 2b. However, some stage 3 stands 

had dense canopies of regenerating western hemlock, resulting in low canopy openness scores for 

these stands (Appendix1). 

Nearly all of the forest stands in Baronscourt are located within or close to ancient woodland sites. All 

of the stage 2b and 3 plots and some of the stage 1 and 2a plots were located in areas which are 

ancient native woodlands and all other plots were located within 5km of ancient woodland stands. 

Baronscourt landscape has many features, such as rocky outcrops, slopes, lakes, streams, open areas, 

such as deer culling areas, set aside areas etc, which potentially contribute to a higher biodiversity 

(Appendix 1 and Table 1). Therefore, most surveyed stands have a “quite important” relative score for 

factors related to forest context. The average score for forest context was significantly higher for stage 

2b and 3, than stage 1 stands because there were more water and rocky features.  

4 Discussion 

The results from this study support the hypothesis that biodiversity of bird, bat and plant species 

increases as even age structure stands are transformed to irregular forest management. Although the 

proposed “wake” theory (Knoke et al., 2017) may not apply to intensive rotation forestry, the 

introduction of irregular structure high forest management systems appears to offer the potential to 

increase woodland biodiversity as well as providing a sustainable timber supply.  

We show that most of the measured structural, functional and compositional diversity increases as 

stands are transformed towards a permanent irregular structure. In addition, assessment of structural, 

functional and composition indicators (Ferris and Humphrey, 1999) together with geographical and 

topological features in an index-based scoring system, such as the proposed IBP methods, appears to 

accurately reflect measured biodiversity of plants, bats and birds (Table 10; Figure 12). These methods 
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could be easily used by non-ecologists for biodiversity monitoring programmes or a monitoring system 

for performance-based biodiversity payments. The method would also facilitate the reporting of the 

sustainability indicator 6 under the EIB and SLM project funding agreement. Other required 

sustainability indicators under the EIB contract would be provided under the carbon monitoring 

program developed in component 3 of this project. 

The modified IBP method for management factors shows a significant agreement with measured 

diversity of plant, bird and bat species (Table 10). The IBP scoring system for management factors 

suggest that potential diversity of managed stands sampled in Baronscourt improved from a “poor” 

ranking in stage 1 stands to “quite poor” in stage 2a and “average” score in stage 2b and 3 stands. 

These trends are broadly consistent with the measured woodland species richness and diversity of 

plant, bird and bat species (Figures 5, 7 and 9). Although the sampling of stands at different stages of 

transformation in Baronscourt provided a good cross-section of how management factors may affect 

biodiversity, the impact of geographical features (Smith et al,2005; Moore et al 2012; Coote et al, 

2013) may need further investigation using a larger sample size across different landscapes and 

regions. Nevertheless, features such as open ground, water bodies and ancient woodland site 

adjacency also appears to have an important role in determining biodiversity potential, particularly 

for plant and bat species (see Tables 4 and 6 and section 3.6). The Baronscourt IBP feature profile 

suggest that landscape factors are “quite important” contributors to overall potential biodiversity (see 

Appendix 1).   

The observed variations in floral, bat and bird diversity with changes in stand structural, functional 

and composition factors (Sections 3.2, 3.3 and 3.4) is consistent with recent studies in irregular high 

forests conducted by Alder et al. (2018, 2021, 2022) and Cook et al. (2023). Canopy structural diversity 

increases as stand develop into irregular forest (Cook et al, 2023; Alder et al., 2022). Floral diversity is 

low in limited intervention stands (Alder at al., 2022), such as stage 1 stands with low canopy openness 

(Table 4, Figure 6). Floral diversity decreases when bramble cover increases or when light demanding 

species and shrub cover increases (section 3.2). However, Alder et al (2022) found that the presence 

of bramble did not have a negative impact on species richness in irregular structure stands. The 

authors do, however, suggest that historical management practice may be an important factor. 

Although our study also indicates that introduction of irregular structure silviculture may maintain or 

enhance the presence of ancient woodland indicators species (Alder et al., 2022), we also show that 

extensive regeneration of shade tolerant species, such as hemlock, could have a negative impact of 

woodland species richness (Table 4). The observed large variation in stand characteristics, particularly 

in stage 2a and 3 stands (Table 1, Figure 6), suggest that enhancement of structural heterogeneity in 
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irregular stands may be a key factor influencing biodiversity of plant species (Klug et al. 2019; Alder et 

al., 2022).  

PCA shows that bat activity (i.e. total number of passes) is inversely correlated with stems per ha and 

canopy openness (Table 6, Figure 8). This finding is consistent with a recent study by Carr et al. (2020). 

who show that clustering or stems per ha is an important predictor of bat activity in woodlands. 

Numerous studies also highlight the importance of canopy openness to promote the development of 

habitats important to bat populations including vertical structure and uncluttered areas for edge 

specialist species to forage (Renner et al., 2018, Cook et al; Alder et al 2021). Our study confirms the 

relationship between canopy openness and total bat activity in irregular structure stands (Table 6, 

Cook et al., 2023). However, care should be taken when interpreting the associations with edge or 

open flight species, particularly when Nyctalus leisleri is detected using low frequency bat detectors 

because these species can be recorded when flying above the forest canopy. Our study also shows 

that the richness of woodland associated bat guilds is also apparently related to percentage shrub 

cover and broadleaf cover (Table 6 and Figure 8). These findings are consistent with a study in the UK 

(Cook et al., 2023) who report a positive correlation between activity of Myotis mystacinus and 

broadleaf cover, In Ireland, Plecotus auratus is considered to be more associated with broadleaf 

woodlands. An increase in tree species diversity, including broadleaves, is a common feature of conifer 

stands transforming to irregular forest structure (see Figure 6). The presence of low shrub cover may 

also be an important habitat for insects, which provide a potential food source for most bat species 

recorded. Surprisingly, there was no apparent relationship between deadwood and bat activity or 

richness of bat woodland specialists. Deadwood is widely suggested to provide roosting habitat and a 

source of food for bat species (Cook et al., 2023; Alder et al., 2021; Ferris and Humphrey, 1999). The 

lack of any relationship between bat activity and deadwood in our study could be because there where 

are no roosts in the vicinity of the sample plots or bats were not feeding on insects associated with 

deadwood. Alternatively, the limited replication of our study may have precluded detection of any 

association of bat activity with deadwood. The study by Cook et al., 2023, reports some negative 

associations of some bat species with conifer plantation, but also showed significant association for 

most species with stand features, such canopy openness, increase vertical structure complexity, which 

are more prevalent in irregular high forests. We report the presence of all eight occurring bat species 

in or close to the sampled conifer plantations and that bat activity and woodland species richness 

generally increases as stand structural diversity increases. However, we also suggest that landscape 

features within the forest and in adjacent areas, such as water bodies, linear features (roads), open 

areas have an important impact on bat activity and richness (Table 6 and Figure 8).  
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Our study agrees with another study conducted in the UK which shows that bird diversity is higher in 

stands transforming to irregular forest structure or “CCF stands“ (Calladine et al., 2015). However, 

other studies show no differences in bird communities in clearfell versus CCF systems in Belgium (du 

Bus de Warnaffe and Deconchat (2008). Cross comparison across different studies is difficult to 

interpret because CCF silvicultural systems vary considerably from region to region, where stand 

structure may be more regular (i.e. regular shelterwoods) to irregular (i.e. irregular shelterwood or 

irregular high forests). PCA suggests a positive correlation between bird diversity or woodland species 

richness and stems per ha or basal area (Figure 10). This result is surprising because most other studies 

conducted in irregular high forest structure stands in the UK suggest that canopy openness and shrub 

cover is an important determinant of woodland species richness (Alder et a., 2018, Calladine et al., 

2015). Calladine (2015), does show high abundance of many species we recorded across all CCF and 

CF stands, including pre-thicket stage CF stands with high stem densities. There also appears to be no 

relationship between shrub cover or percent broadleaf cover in our study (Table 8 and Figure 10). 

Calladine et al (2015) suggest that CCF stand with a shrub layer can support a higher diversity of birds 

compared to stands with no shrub layer. Others highlight the enhancement of bird diversity in 

broadleaf dominated canopies in Ireland (Wilson et al., 2010) and as broadleaf numbers increase 

during the transformation process to CCF (Calladine et al., 2015). The association of bird species with 

different stages of transformation appears to be more complex and can be influence by habitat niche 

shifts by species (Alder et al., 2018). Although the Shannon index and woodland species richness does 

correlate with IBP scores and appears to be associated with differences in stand structure and 

composition (Table 8 and Figure 10), there appears to be differences in habitat preference for different 

woodland resident species with in stand at the same transformation stage (Figure 11, Adler et al., 

2018). Indeed, assessment of diversity using simple beta index scores, such as Shannon index, would 

not facilitate the detection of specific habitat niches (Alder et al., 2018) within stands at different 

stages of transformation or within stands at the same stage of transformation. Our data suggest that 

some woodland resident species, such as blackbird, wren and wood pigeon, are specifically associated 

with dense canopies with high number of stems per ha (Figure 11). Alder et al (2018) reported a 

specific association of only wood pigeon with dense canopies. However, our finding would be 

consistent with Calladine et al (2015) who suggest the higher density of smaller number of species in 

dense stands may be species more associated with shrublands. Black bird and wren occurred in high 

densities in all sampled stands in our study, but species richness was low in stage 1 dense stands. 

These species may be considered shrubland and woodland residents. Habitat association of bird 

species in woodlands is complex in Ireland because of the high level of deforestation in the past and 

low forest cover (11%). This means that many species originally associated with woodlands are also 
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commonly found in hedgerows, shrublands and urban areas. It is important to note that the surveys 

undertaken in this study were designed to assess overall biodiversity of plant, bat and bird species. 

There is limited replication and surveys were not designed to specifically assess bird habitat niches or 

calculate densities using complex population density models (Calladine et al., 2015, Alder et al., 2018). 

In addition, our study did not assess seasonal niche shifts of species. For example, Alder et al., (2018) 

report a niche shift by wren from closed habitats in summer to open habitats in winter. We do 

however, show that bird diversity is higher in stage 2a to 3 of the transformation, compared to stage 

1 stands and that woodland species richness is significantly different in stage 2b compared to stage s 

2a and 3. There are no clear niches associated with different stages of transformation to irregular 

forest structure. 

 

In conclusion, our study confirms that biodiversity of bird, bat and plant species increases as even age 

structure stands are transformed to irregular forest management. We also provide a validated index-

based scoring system (IPB (appendix 1) which can be used to monitor potential biodiversity in 

transforming stands to permanent irregular forest structure for the island of Ireland. The IPB method 

explained 66% of the variation in the measured total diversity of bird, bat and pant species (Figure 

12). The revised IBP protocol is a simple and fast tool, designed to be used by forest managers, which 

appraises the potential of a stand to harbour species and communities without specialised biodiversity 

surveys. The method is not a plot-based approach, but is based on a conventional transect or cruise 

survey of a stand. This is particularly useful in the context of irregular high forests because most 

elements of importance are not uniformly distributed. The protocol also facilitates the diagnosis of 

how factors can be improved by management (Appendix 1). 
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Appendix I: Potential biodiversity index 

Factor linked to 

management 

Definition Justification Score 

A. Native spp richness All native tree species including scots 

pine (except trees h<0.5m) 

Functional and compositional diversity (e.g. Birch) 

Increased floral diversity and woodland indicator species 

under broadleaf canopy; 

0: 1 genus or less 

2: 2-4 genus 

5: 5 genus or more 

B. Vertical structure Canopy layer:  

1) semi-ligneous <50cm high 

herbaceous excl., regeneration and 

shrubs; 

2) Shrubs (<7m) and pole 

regeneration (<17.5cm); 

3) lower trees (DBH >17.5cm and 

<45cm); 

4) Higher trees (DBH> 45cm) 

Structural and compositional diversity;  

Shrub layer important for bird, bat, invertebrate habitat 

(Alder et al, 2018,2020); 

0: 1 or 2 layers 

2: 3 layers 

5: 4 layers 

C) Density of large dead 

standing wood 

Dead tree, snags, high stumps with 

h>1.5m); or 

DBH > 40cm 

Structural indicator, micro habitats; 

Nesting, roost habitats 

0: <1 snag/ha (very rare) 

2: 1-2 snags/ha  

5: >2 snags / ha  
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Factors linked to 

management (cont.) 

Definition Justification Score 

D) Density of large 

fallen trees 

Fallen trees or large harvest residue (>1m 

length) 

DBH >40cm 

DBH > 30cm for species which never reach 

large girth (e.g. Malus, Sorbus, Birch) 

Structural indicator, micro habitats; 

Decomposers (insects) and nutrient cycling 

0: <1 logs/ha (very rare) 

2: 1-2 logs/ha  

5: >2 logs / ha  

E) Large or veteran 

trees 

Native and exotics 

DBH>70cm or; 

DBH > 45cm for species which never reach 

large girth (e.g. Malus, Sorbus) 

Coppiced stems with DBH of <45cm can be 

included is stem coppice from old trucks 

>45cm in diameter at the stem base 

Structural indicator, micro habitats; 

Nesting habitats 

0: <1 tree/ha (very rare) 

2: 1-4 trees/ha  

5: >4 trees/ha  

F) Woodland indicator 

species 

#new variable 

Presence of ancient woodland indicator 

species (see appendix 2) 

Compositional indicator, micro habitats; 

Increased floral diversity (see Figure 6) 

0: 0 (absent) 

2: 1-3 species  

5: >3 species 

G). Micro-habitats Based on the INTEGRTE field guide (Kraus et 

al., 2016) 

Number of micro-habitat bearing live trees 

incl. cavities, hollows, mould, lichens, 

bryophytes, saprophytes, epiphytes, cracks, 

Structural, functional and compositional 

diversity indicators 

0: <1 tree/ha (very rare) 

2: 1-4 trees/ha  

5: >4 trees / ha 
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peeling bark, creepers, which collectively 

cover more than 30% of tree surface); 

Trees with DBH ,45cm only 

H) Canopy openness 

#new variable 

Mean % canopy openness measures at 5-10 

random points within the stand productive 

areas using a spherical densiometer 

Structural indicator; 

Increased diversity as canopy opens up but; 

Decreases again if canopy is too open 

resulting in light demanding species 

dominating the stand (reducing floral 

diversity, See Figure 5) 

In stage 3 light levels ca reduce again, 

resulting in negative biodiversity impact (e.g. 

hemlock); 

0: <18% 

2: >35%  

5: 18-35%  

I) Shrub cover* 

# new variable 

included  

Mean % scrub cover at a height of 1.5m based 

on the checker board method measured at 5-

10 random points (see appendix 3) 

Functional indicator for feeding bird and 

bats (Alder, 2018, 2021) 

0- 0-15% 

2- 16-35% 

5- >35% 

*Included because of literature not the finding form this report (see Table 10) 
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Factors linked to 

features or context 

Definition Justification Score 

I. Open ground Open ground is based on the classification by 

Larrieu and Gonin (2009). These are small 

clearings, diameter of at least 1,5x mean tree 

h in m. The areas could be bare, herbaceous 

or shrub cover but with no tree vegetation.  

Assesses at a combined percentage of open 

areas 

All woodland edges cover count as 1%, min 

500m woodland edge represents a zone; 

Includes rides, deer culling, hunting areas, 

roads if wide enough 1.5m H; meadows 

Does not include waterways or rocky features 

(see below) 

Flight paths for bats birds 

Wildlife connectivity 

0: <1 % or <3 zones per 

10/ha  

2: 1 to 5% (3to 4 

zones/10ha) 

5: >%5 (or >4 zones /10ha 

J. Rocky/topographical 

features 

This includes cliffs, ridges, changing slopes > 

10%, stable or unstable scree slopes, large 

blocks, stone slabs, other rocky outcrops, 

caves, dry stone walls or piles of rock. These 

must be inside or on the edge of the recorded 

stand and must cover at least 1% of the 

viewed recorded area (Larrieu and Gonin, 

Structural, functional and compositional diversity;  

Created diverse habitats; 

0: absent 

2: homogeneous: 1 type 

only  

5: diversified: 2 types or 

more 
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2009). Note: The area should be 1% of the 

area viewed by the data recorder 

K) Water bodies Larrieu and Gonin (2009) define these habitats 

as springs, water courses, oxbows, ponds, 

peat bogs and marshes (man-made structures 

excluded) which are inside or on the edge of 

the stand and with an area of >100m2 

Structural indicator, micro habitats; 

Attract wildlife, bat feeding corridors 

0: absent 

2: homogenious: 1 type 

only  

5: diversified: 2 types or 

more 

L) Forest continuity The AW/LEW GIS layer with be used to 

measure the distance from the forest site to 

the nearest ancient woodland site (Perrin and 

Daly, 2010). 

Structural indicator, micro habitats; 

Decomposers (insects) and nutrient cycling 

0: Stand located more than 

5 km from AW/LEW site 

2: Stand located within 5 

km from AW/LEW site  

5: Stand, or part of stand 

falls within or is adjacent to 

an AW/LEW area  
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IBP scores for the 24 stands investigated 

  
Native 
spp 

V 
structure 

S 
Dead 
trees 

Fallen 
Dead 
wood 

Old 
trees 

Micro- 
habitat 

Woodland 
indicators 

Canopy 
openness 

Shrub 
layer 

Open 
ground 

Water 
features 

Rocky 
habitat 

Forest 
cont 

IBP 
Man. 

IBP 
Feature 

IBP 
Man. 

IBP 
Feature 

Site 
Stag
e A B C D E F G H J K L M N Sum Sum % % 

3 1 0 0 0 0 0 0 2 0 0 5 0 0 0 2 5 4.4% 25.00% 

7 1 0 0 0 0 0 2 2 0 0 2 0 0 0 4 2 8.9% 10.00% 

20 1 0 0 0 0 0 0 2 0 0 2 0 0 2 2 4 4.4% 20.00% 

26 1 0 0 0 0 0 0 0 0 0 2 0 0 2 0 4 0.0% 20.00% 

28 1 2 0 2 0 0 0 2 0 0 2 0 0 2 6 4 13.3% 20.00% 

42 2b 5 5 0 0 2 5 2 2 5 2 5 0 5 26 12 57.8% 60.00% 

43 3 5 5 2 2 2 5 5 2 2 2 5 0 5 30 12 66.7% 60.00% 

55 2a 0 2 2 2 0 0 2 0 0 2 0 0 2 8 4 17.8% 20.00% 

91 2a 0 2 2 2 0 0 2 5 0 5 0 0 2 13 7 28.9% 35.00% 

123 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 0.0% 10.00% 

136 2a 0 2 2 2 2 0 2 0 2 0 0 0 2 12 2 26.7% 10.00% 

150 3 5 5 0 5 5 2 2 5 5 5 0 0 5 34 10 75.6% 50.00% 

174 2b 2 5 0 5 2 2 5 5 0 5 0 2 5 26 12 57.8% 60.00% 

187 3 0 5 2 2 2 0 2 2 2 2 2 2 5 17 11 37.8% 55.00% 

188 2b 0 5 2 0 0 2 5 0 2 2 2 5 5 16 14 35.6% 70.00% 

190 3 0 5 5 5 2 2 2 0 5 0 0 0 5 26 5 57.8% 25.00% 

191 3 2 5 0 5 5 5 2 0 2 2 0 2 5 26 9 57.8% 45.00% 

205 2a 2 2 2 5 2 5 2 5 0 5 2 2 5 25 14 55.6% 70.00% 

206 2b 0 5 0 5 2 5 5 5 0 0 0 0 5 27 5 60.0% 25.00% 

207 2b 5 5 2 5 2 2 2 5 5 5 2 0 5 33 12 73.3% 60.00% 

224 2b 2 5 2 2 2 5 2 2 5 5 2 0 5 27 12 60.0% 60.00% 

237 2b 2 5 2 5 2 2 2 5 2 2 0 0 2 27 4 60.0% 20.00% 

248 2a 5 2 2 2 5 5 5 5 2 2 2 2 2 33 8 73.3% 40.00% 

263 2a 0 2 2 2 0 0 2 2 0 0 0 2 10 10 12 22.2% 60.00% 
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Calculation of IBP: 

The management (A to H) and feature (I to L) factor scores are added separately. The summed values are converted to a relative percentage based on 

theoretical maximal values (see Below).  

IBP factors linked to management (A-I) IBP factors linked to context (J-M) 

Value 
Potential 

biodiversity 

Value Contribution of context 

to biodiversity  
Total Relative Total Relative 

0 to 7 0 to 15 % poor 0 to 5 0 to 15 % nil 

8 to 17 15 to 37.7 % quite poor 

6 to 

12 15 to 60% quite important 

18 to 30 38 to 67 % average 13-20 >60% very important 

36 to 416 68 to 97% quite good 

  

42 or 

more 91 to 100 % good 
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Radar or spider graphs can be used to compare IBP of different sites and what management can be implemented to further enhance biodiversity (see 

below) 

  

  

 



Appendix 2: Woodland vascular plant indicators 
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Appendix 3 Scrub percentage method  

Bases on Fuller and Henderson, 1992. For each sampling plot, understorey scrub and 

regeneration density measurements were taken at 4 sub-plots based on the compass 

cardinal points 10m from centre at a 1.5m understorey height.  

 

 

 

 

 

 

 

Fig. 1  Plot layout. For understorey density measures each of the 4 sub-plots along the 

cardinal points were used.  

The measure of vegetation covering the chequerboard was estimated to the nearest 5%, 

against a 30cm x 15cm (5x5cm squares) chequerboard, to derive a mean understorey 

density value per plot for each height for comparison between stand management types.  

 

 

 

 

 

 

Fig. 2 Chequer-board fitted to a pole and moved to the different height bands. 

 


