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Abstract 

In today´s intensively managed landscape, very few forests with old-growth 

characteristics and little human impact exist. One of the rare exceptions is pine 

forests on rocky soils, a forest type which has probably escaped extensive 

human use because of its low productivity. Our objective was to investigate 

the structure, dynamics, and history as well as the abundance and richness of 

wood-inhabiting fungi in these types of forest. We chose rocky pine forests 

situated in the High Coast Region to exemplify this forest type since the 

regional County Administration had already made surveys of the 

conservation value in 26 rocky pine forest stands in this region. We 

investigated the forests by recording tree species and measuring tree size and 

age in eight of the stands that were ranked with the highest conservation 

value. We also sampled dead wood to examine time since death and we 

sampled living and dead trees with fire scars to date fires. In addition, we 

made an inventory of wood-inhabiting fruiting bodies and took woodchip 

samples from logs to learn (by DNA analysis) whether five rare wood-

inhabiting fungi species were present as mycelia in logs. 

We found that rocky pine forests in the High Coast Region have a multi-sized 

and multi-aged structure and old pine trees (approximately 13 ha-1 older than 

300 years) are present. Fire has been common (an average of 42 years between 

fires) but they were likely to have been low-intense and small. Although the 

amount of dead wood is relatively low (4.4 m3 ha-1 on average) compared to 

many other boreal forests with old-growth characteristics, the share of dead 

wood of the total tree basal area (18%) was in line with other pine forests with 

low levels of human impact. The low dead wood volume is therefore likely to 

be an effect of the low productivity rather than dead wood extraction by 

humans. We also discovered that dead wood can be present for a really long 

time without totally decomposing; we found logs and snags that had been 

dead for 500 years. This continuity of dead wood might be important for 

organisms dependent on dead wood as a substrate and even though we found 

that the species richness of wood-inhabiting fungi was somewhat low, we did 

find some rare species. Cinereomyces lenis and Hyphodontia halonata were 

present as fruiting bodies and we also found Antrodia albobrunnea, Antrodia 

infirma, Crustoderma corneum and Anomoporia kamtschatica present as mycelia 

in logs.  

The second part of this thesis reports two systematic reviews studying the 

effects of active management on the biodiversity in boreal and temperate 
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forests. A systematic review follows certain guidelines and aims to compile 

the evidence base in well-defined topics, so that managers, researchers and 

policymakers can gain access to a high-quality compilation of current research. 

In our systematic map, we found almost 800 relevant papers but the set of 

papers turned out to be too heterogenic (many intervention types, e.g. 

thinning, burning, grazing and many types of outcomes) to allow any 

quantitative analysis. However, this map identified knowledge gaps and 

several detailed research questions that had sufficient data to provide a 

quantitative statistical analysis.  

One of these questions was: What is the impact of dead wood creation or 

addition on dead wood-dependent species? We focused on three types of 

interventions: creation of dead wood, addition of dead wood from elsewhere 

and prescribed burning. The selected outcomes were: saproxylic insects (rare 

and pest species), saproxylic fungi (rare species), ground-living insects and 

cavity-nesting birds. There was no significant negative effect on any of the 

investigated species groups but a positive effect on the abundance and 

richness of saproxylic insects and fungi. We also found that, although the 

amount of dead wood created was much less (50%) with prescribed burning, 

the abundance and richness of saproxylic insects showed similar positive 

effects to those of other intervention methods. A likely explanation for this is 

that burning results in a diversity of dead wood of various levels of quality 

(e.g. dense and/or charred wood), which creates a heterogeneity of dead wood 

types having a positive effect on the diversity of species dependent on dead 

wood. In summary, active management generally has a positive effect on 

biodiversity but the choice of management type should always be made 

carefully, and in consideration of the effect you want to achieve. In addition, 

there is a need for more long-term primary studies and more species groups 

in more geographical areas need to be incorporated so that the systematic 

reviews in this field will be even more informative in the future.        

 

 

Keywords: Coarse woody debris, Dead wood, Dendrochronology, Fire 

history, Forest conservation, Forest structure, Log, Meta-analysis, Pine heath 

forest, Prescribed burning, Saproxylic fungi, Saproxylic beetles, Snag, Wood-

inhabiting fungi  
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Summary in Swedish 

I dagens skogsbruksintensiva landskap finns det inte mycket skog kvar som 

har ”gammelskogskaraktär” och som inte bär spår av mänskligt nyttjande. Ett 

av undantagen är hällmarkstallskogar, en lågproduktiv skogstyp som  

undkommit mänskligt nyttjande i stor utsträckning. Vi ville undersöka vilken 

skogsstruktur, dynamik, historik och förekomst och artmångfald av 

vedsvampar hällmarkstallskogar har. Vi valde att använda 

hällmarkstallskogar vid Höga kusten som ett exempel på denna skogstyp. 

Länsstyrelsen Västernorrland har sedan tidigare gjort en översiktlig 

inventering av naturvärden i 26 områden. Vi undersökte skogarna genom att 

bestämma för varje trädart trädens storlek och ålder i de åtta bestånd som var 

högst klassade i Länsstyrelsens inventering. Vi tog också prover från döda 

träd för att undersöka tid sedan död samt från levande och död ved med 

brandärr för att datera bränder. Dessutom genomförde vi en inventering av 

vedsvampars fruktkroppar och vi tog även borrprover från stockar för att 

med hjälp av DNA-metodik undersöka om fem naturvårdsintressanta 

vedsvampsarter fanns närvarande som mycel i stockarna.  

Vi fann att hällmarkstallskogar vid höga kusten har hög strukturell diverstet 

med blandad storlek- och åldersstruktur och där det förekommer mycket 

gamla träd (ungefär 13 träd per ha som är äldre än 300 år). 

Hällmarkstallskogarna verkar ha brunnit relativt ofta (ca 42 år mellan bränder 

i genomsnitt), men bränderna verkar ha varit lågintensiva och små i storlek 

Även om volymen av den döda veden totalt sett var relativt låg (ca 4.4 m3 per 

ha i genomsnitt) jämfört med många andra tallskogar med 

gammelskogskaraktär, så var andelen död ved (ca 18%) jämförbar med andra 

orörda tallskogar. Detta tyder på att den låga volymen död ved reflekterar 

den låga produktiviteten i denna skogstyp snarare än ett utbrett nyttjande av 

skogen. Vi upptäckte även att död ved kan finnas kvar en mycket lång tid 

utan att helt brytas ned; det förekommer stockar och torrakor som dog för 500 

år sedan. Detta kan vara viktigt för organismer som är beroende av död ved 

och även om artrikedomen av vedsvampar i vår inventering var relativt låg 

så fann vi ändå en del ovanliga arter, Cinereomyces lenis och Hyphodontia 

halonata förekom som fruktkroppar och vi hittade även Antrodia albobrunnea, 

Antrodia infirma, Crustoderma corneum och Anomoporia kamtschatica som mycel. 

I det andra forskningsprojektet, var syftet att undersöka effekterna av aktiva 

skötselåtgärder på artmångfalden i skyddade skogar, genom systematiserade 

genomgångar av publicerade studier och som mynnade ut i 
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översiktsrapporter. Arbetsprocessen innebär att man går igenom gjorda 

studier inom området på ett systematiserat sätt och i enlighet med en rad 

riktlinjer, och sammanställer dessa så att förvaltare inom naturvård, andra 

forskare och beslutsfattare på ett lättare sätt kan få kunskap om aktuella 

naturvårdsfrågor. Vi sammanställde alla relevanta studier (nästan 

800).Studierna omfattade en mängd olika skötselmetoder (exempelvis 

gallring, naturvårdsbränning, skogsbete och skapande av död ved) och 

artgrupper (exempelvis skogsstruktur, träd, kärlväxter, insekter, svampar, 

däggdjur). Den initiala kartläggning identifierade kunskapsluckor och mer 

detaljerade frågor där det finns tillräckligt forskningsunderlag för att gå 

vidare med kvantitativ sammanställning och analys (meta-analys).  

En av dessa frågor handlar om vilken effekt olika sätt att manipulera 

mängden död ved har på artmångfalden. Vi fokuserade på tre skötselmetoder; 

skapande av död ved (ex. ringbarkning), tillförsel av död ved utifrån samt 

naturvårdsbränning. Vi valde att i huvudsak undersöka förekomsten och 

artrikedomen av vedlevande insekter och svampar, marklevande insekter och 

hålhäckande fåglar. Det visade sig att ingen av de tre skötselmetoderna hade 

signifikant negativ effekt på någon av artgrupperna men en positiv effekt på 

förekomst och artrikedom av vedlevande insekter och vedsvampar. Vi fann 

även att naturvårdsbränning, trots att mängden skapad död ved var ungefär 

hälften jämfört med de två andra skötselmetoderna, har minst lika stor positiv 

påverkan på förekomsten och artrikedomen av vedlevande insekter. 

Förklaringen till detta ligger antagligen i att brand skapar en variation av död 

ved med varierad kvalité (exempelvis varierande grad av densitet och kolad 

död ved) och därmed blir heterogeniteten av död ved också större, vilket kan 

gynna artrikedomen. Sammanfattningsvis inverkar aktiv naturvårdande 

skötsel generellt positivt på artmångfald, men val av metod bör alltid 

anpassas efter den specifika effekt man vill uppnå. En viktig slutsats från 

forskningsprojektet med systematiserade översiktsrapporter är att det behövs 

fler långtidsstudier och fler artgrupper samt andra geografiska områden 

behöver undersökas för att i framtiden skapa bättre beslutsstöd för aktiv 

naturvård. 

 

 

Nyckelord: Aktiv skötselmetod, Bevarandebiologi, Brandhistorik, 

Dendrokronologi, Död ved, Hällmarkstallskog, Lågproduktiv skog, Meta-

analys, Naturvård, Naturvårdsbrand, Skogsstruktur, Solbelyst död ved, Stock, 

Torraka, Vedlevande svamp, Vedlevande insekter, Åldersstruktur
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BA –Before-After experimental set-up   

BACI – An experimental set-up which is a combination of Before-After and 

Control Intervention 
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Comparator – Usually the control in a meta-analysis  

Critical appraisal – A stage in systematic review where the quality of the 

study is assessed against a set of a priori criteria 

CWD – Coarse woody debris. Often used to describe the large pieces of dead 

wood in a forest, mostly pieces > 10 cm in diameter  

DBH – Tree diameter at breast height (normally 1.3 m height)  

Dendrochronology – The study of tree rings. Often used to date unknown 

samples (such as fire scars)    

DW – Dead wood (including all types; snags, logs, stumps) 

Effect modifier – A variable that potentially could explain the heterogeneity 

in a meta-analysis 

EviEM – Mistra Council for Evidence-Based Environmental Management, 

through systematic reviews of various environmental issues, they aim to 

improve the basis for decisions in Swedish environmental policy.  

Intervention – The action in a field study that a meta-analysis aims to 

investigate (e.g. grazing, burning, applying fertiliser, thinning) 

Meta-data – Additional information about a primary study of potential 

interest   

PICO – An approach that facilitates defining appropriate search terms so that 

relevant papers can found. P = population, I = intervention, C = comparison 

and O = outcome of interest (response variable) 

Polypore – A polyphyletic group of wood-inhabiting fungi that forms fruiting 

bodies with tubes or pores on the underside (hymenium) 

Prescribed fire – A controlled man-made fire, often to improve biodiversity 

or to reduce fire hazards 

Protocol – A detailed peer-reviewed and published description on how a 

systematic review is planned to be undertaken 

Saproxylic – An organism that depend on dead wood 

SR – Systematic review  

Systematic map – A description of available studies, evidence base, on a topic 

Wildfire – An unplanned fire, of human origin or often started by lightning  
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1 Introduction 

1.1 Thesis overview 

This thesis is somewhat broad and heterogenic, given that the results from 

two large projects have been included. The first part, including the first two 

papers, is about nutrient-poor old-growth rocky pine forests in the High Coast 

Region of north-eastern Sweden. In this thesis, we use the term “rocky pine 

forests” to represent forests on areas with extremely thin soil and with patches 

of bare rock. This first part of the thesis aims at describing the structure, 

history and aspects of biodiversity in this forest type. There has been 

surprisingly little research done on open pine forests on really nutrient-poor 

sites, both on a regional and a global scale.  

The second part of this thesis consists of systematic reviews and aims at 

establishing what the effects of active management are on biodiversity in 

forest set-asides in boreal and temperate forests. This part consists of the last 

two papers and the research has been initiated and coordinated by Mistra 

Council for Evidence-based Environmental Management (EviEM). EviEM has 

been working for environmental management to be placed on a scientific 

foundation since they started their work in 2012. Through systematic reviews 

of various environmental issues, they have aimed to improve the scientific 

basis for decisions in Swedish environmental policy.  

Although heterogenic, there are some common themes in this double-faced 

thesis; both parts deal with forests that have (or aim at creating) “natural” or 

old-growth characteristics. In addition, biodiversity (especially wood-

inhabiting fungi), dead wood and forest fires are themes that can be found 

throughout the thesis. 

1.2 Natural forest - concepts, characteristics and 

biodiversity 

Intact forest landscapes have decreased on a global scale, mainly due to 

industrial logging, agricultural expansion, fire and mining/resource 

extraction (Potapov et al. 2017). Even forested areas in European Russia are 

decreasing (Potapov, Turubanova, and Hansen 2011). In the fragmented and 

heavily managed forests in Fennoscandian boreal landscape today, hardly 

any (if any at all) forests with no traces of human activities exist, even 

established nature reserves and national parks show signs of past human use 

(e.g.  Götmark and Nilsson 1992; Nilsson and Götmark 1992) and not even the 
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most isolated and unreachable forests in Sweden are “untouched” (e.g. 

Josefsson, Hörnberg, and Östlund 2009; Josefsson, Olsson, and Östlund 2010). 

The purpose of the following text is to conceptualise, problematize and define 

common terms, to give examples on how humans have historically influenced 

forests in the boreal landscape, with a focus on Fennoscandia and to describe 

what characterises a forest with low levels of human impact.  

 

1.2.1 Common terms and concepts  

Throughout the scientific literature, many words and terms are frequently 

used to describe what a natural forest is: Ancient woodland, Ancient forests, 

Climax forest, High forest, Late seral forest, Old-growth forest, Pristine forest,  

Primeval forest, Primary forest, Semi-natural forest, Virgin forest and High 

Conservation Value forest, just to mention some of them (e.g. Schuck et al. 

2002). To obtain a broader picture on how common these terms are in the 

scientific literature, I performed some basic topic searches by using the search 

terms in the database Web of Science. This simple search revealed that 

“Natural forest” is mostly used but also Old-Growth forest” and “Primary 

forest” are commonly used. “Virgin forest” retrieved 194 hits. The question is, 

what do we really mean by “natural” (in the context of forests) and, which 

terms can be appropriate/inappropriate to use?  

 

  Table 1. Outcome of searches for terms in the database Web of Science 18-08-17 

Search terms  No. of hits 

“Ancient forest” 199 

“Ancient woodland” 225 

“Climax forest” 97 

“High forest” 268 

“High Conservation Value forest” 8 

“Late Seral forest” 42 

”Natural forest” 3,310 

“Old-growth forest” 2 079 

“Primary forest” 1,730 

“Primeval forest” 770 

“Pristine forest” 176 

“Semi-natural forest” 43 

“Virgin forest” 194 



 

3 

“Old-growth” and “climax” are terms that are usually connected to a forest in 

a late successional state, something that is true for many protected forests. 

However, if a forest is characterised as old-growth or climax it does not 

necessarily mean that it has no traces of human impact. The term “virgin” 

implies something that is untouched and a place where humans have never 

left any traces. One definition of “virgin forest” can be found in Schuck et al. 

(2002): “Areas (or forests) that have never been disturbed by human intervention, 

showing natural development in structure and dynamics. The soil, climate, entire 

flora and fauna and the life processes have not been disturbed or changed by timber 

management, cattle grazing, or other direct or indirect anthropogenic influences”. 

This is true for very few forests today and the term virgin is probably not 

suitable to describe many forest areas, especially not in Europe, because there 

are only a few small areas with no human impact left today (Parviainen 2005). 

The terms “primeval forest”, “primary forest” or “pristine forest” are often 

used interchangeably with the term “virgin forest” (Schuck, Parviainen, and 

Bücking 1994).  

“Natural forest” refers to forests that have no, or very low, levels of human 

impact. The opposite, managed, is usually associated with something that is 

manmade or highly influenced by humans. The characteristics of a natural 

forest, however, vary considerably. A forest where humans have had very 

little impact can differ in structure and species composition due to the various 

climates, geological conditions and natural processes to which forests are 

subjected. Many disturbances are natural processes (such as storms, insect 

outbreaks and fires) and forests can be in different stages of succession with 

the old-growth characteristics as the climax stage. Hence, an old-

growth/climax forest stand typically has a high degree of naturalness but a 

natural forest does not necessary mean that the forest is in the old-

growth/climax stage as it can also be in the earlier succession stages (e.g. fire 

field, young deciduous forest, etc.). Consequently, a natural forest should 

include several dimensions and should have high structural richness (e.g. the 

presence of large and old trees, diversity of dead wood), high species diversity 

and a diversity of natural processes (Brumelis et al. 2011). The term “natural” 

can also refer to a total exclusion of humans whereby no interaction with 

nature is allowed.  

Due to the current intensive modern forestry, all human interaction is often 

seen as “unnatural”. Other views include humans and their interactions with 

the surrounding environment as natural and see that as something that has 

been ongoing throughout the history and hence, natural. The question in the 

latter case is to what extent the interaction between humans and their 
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surrounding environment could be considered as natural, when does this 

interaction become “unnatural”? Humans have been a part of the forested 

landscape in Fennoscandia ever since the ice retreated and have used forests 

as a resource (e.g. firewood, agriculture through slash and burn, forest 

grazing, bark peeling, cutting lichen trees, etc.), which has influenced forest 

structure (e.g. Östlund et al. 2009; Emanuelsson and Segerström 2002; 

Segerström and Emanuelsson 2002; Berg, Josefsson, and Östlund 2011). 

Should this low-intensive human pre-industrial use be seen as “natural” or 

not?   

The term “forest undisturbed by man” did not retrieve any hits at all but has 

been recommended by Forest Resources of Europe and the Ministerial 

Conference on the Protection of Forests in Europe MCPFE, and this term is 

often seen as a synonym for virgin forest (e.g.  Parviainen 2005). The definition 

of undisturbed by man is, however, less strict than the definition of virgin 

forest.  

 

1.2.2 Changes in the forested landscape  

Historical baseline data on forest structure and processes are important so that 

modern forestry, conservation and restoration can learn from natural 

processes. The most evident and dramatic historical change of human forest 

use in the boreal landscape in Fennocscandia took place during the 1800s 

when the forests started to become exploited on a large scale. Since the 1950s, 

large-scale clear-cutting has become the most important factor influencing the 

landscape pattern in Sweden and multi-aged stands have gradually been 

converted to even-aged stands (Axelsson and Östlund 2001; Ericsson, Östlund, 

and Axelsson 2000; Svensson et al. 2018).  

Fires have been a natural component in Fennsoscandian forests with natural 

variation over long time scales. For example, The establishment of spruce 

(Picea abies) forests in boreal Sweden around 3,000 years ago (Bradshaw and 

Lindbladh 2005; Giesecke and Bennett 2004), resulted in a decreased fire 

frequency and sizes of fires (Ohlson et al. 2011). Yet, fires were much more 

common in the boreal landscape before industrialisation started in the middle 

of the 1800s and many forest areas have not experienced fires for 150 years or 

more (Zackrisson 1977; Östlund 2004; Niklasson, Drobyshev, and Zielonka 

2010). A fire interval of 40-60 years was not uncommon in the dry pine-

dominated forested landscape and there is often a peak of fire frequency in 

the 1600s´ (e.g. Hellberg, Niklasson, and Granström 2004; Zackrisson 1977). 

Many of the early fires were also large (Drobyshev et al. 2014; Niklasson and 
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Granström 2000). Up to the mid 1800s´, the boreal forest landscape in 

Fennoscandia was shaped by recurrent, mainly low-intensive ground fires, 

creating continuous multi-storied old-growth forest (Kuuluvainen et al. 2017). 

Even forests with only little organic material on the ground that could 

potentially carry ground fires, also having many fire barriers, e.g. rocky pine 

forests or forests on mires (with bare rock or moist areas), have experienced 

repeated fires (Paper I;  Hörnberg, Ohlson, and Zackrisson 1995) and repeated 

fires have largely impacted the vegetation and the forest dynamics in 

temperate sandstone landscapes (Adamek, Hadincova, and Wild 2016). 

Forests with recurrent fires also frequently supported deciduous forest stands, 

which has decreased in boreal forests in Sweden between the end of the 19th 

century and the end of the 20th century (Östlund, Zackrisson, and Axelsson 

1997). The share of deciduous trees is today lower than in the historical 

landscape and the cover of forests dominated by deciduous species has 

decreased (Hellberg, Josefsson, and Östlund 2009). The decrease is due to the 

active removal of deciduous trees in modern forestry but also because of 

interactions between fire disturbance and fire suppression (Axelsson, Östlund, 

and Hellberg 2002). The massive industrialisation of the forest industry, fire 

suppression and the end of forest grazing are examples of important factors 

that have influenced the forest structure we see in the landscape today (e.g. 

Ericsson, Östlund, and Axelsson 2000). This has led to the loss of forests with 

a low level of human impact. 

 

1.2.3 Characteristics of forests with low levels of human impact 

No matter what term we use to define a “natural” forest, we can at least give 

examples of properties that signify forests with low levels of human impact. 

What would a forest look like if humans were completely absent? The only 

reference forests that we have today are small remnants of remote and 

inaccessible forests, scattered in a fragmented landscape. The small areas with 

very limited human impact are important as references and many forest types 

need to be represented to safeguard biodiversity, and, as Selander (1957) 

states, “they are not only curiosities, they constitute our history”. We can, 

however, use the “biological archives” of tree rings to reconstruct forest 

structures in the past (before industrialisation) and use these as examples of 

more natural forest conditions (e.g. Andersson and Östlund 2004; Axelsson 

and Östlund 2001; Josefsson, Hörnberg, and Östlund 2009; Niklasson, 

Drobyshev, and Zielonka 2010; Jönsson, Fraver, and Jonsson 2009).   

Natural forests are subjected to natural disturbances, processes which 

change/transform the forest structure (Attiwill 1994). Examples of natural 
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disturbances are wind storms, insect outbreaks and fires. These processes 

create a diverse forest structure with a variation in tree sizes and age classes 

as well as a variety of types of dead wood (including charred wood, pre-rot 

trees, dead wood from different tree species and diameters). In addition, a 

variety of micro-habitats (e.g. dead wood on living trees, cavities, branch 

holes, cracks and scars) are created in forests with natural disturbances (Kraus 

et al. 2016). Many of these structures and microhabitats are important for rare 

species such as several woodpecker species, saproxylic beetles and wood-

inhabiting fungi (Stokland, Siitonen, and Jonsson 2012).  

 

 

Fig 1. Different types of ”natural” forests: a) a rocky pine forest at 

Vårdkallberget, b) a really old pine (Pinus sylvestris at Gårdberget), more than 

600 years old, c) a pine forest after fire, and d) a late succession pine forest 

(Pellokielas NR).  

 

The variety of natural disturbances cause different dynamics. For instance, 

when a wildfire occurs, it can cause a stand-replacing event or if the fire is of 

lower intensity, only some tree species (e.g. spruce and deciduous trees) die 

while others survive (e.g. pine) (Selander 1957; Kuuluvainen 2009). In 

addition, both insect outbreaks and large storm events can be almost stand-



 

7 

replacing. By contrast, in the absence of large-scale disturbance events, single 

trees die and fall (often in combination with old age, fungal attacks and wind) 

and create small gaps, i.e. governed by small-scale gap dynamics. Hence, 

disturbances generally create a heterogenic environment at several spatial 

scales. Heterogeneity is perhaps the most important underlying concept in 

ecosystem management and conservation biology today, and continuous 

production and maintenance of habitat heterogeneity at different scales is 

important for biodiversity (Kuuluvainen 2002). Generally, the pre-

exploitation forests with all the natural structures and processes were 

different from the managed forests we see in the landscape today. Natural 

forests have many large-diameter living and standing dead trees, and they are 

dominated by stands > 200 years old (Linder and Östlund 1998; Andersson 

and Östlund 2004; Rouvinen and Kuuluvainen 2005; Rouvinen, Kuuluvainen, 

and Siitonen 2002; Pennanen 2002). In addition, the occurrence of old trees has 

decreased dramatically during the last hundred years (Andersson and 

Östlund 2004). 

One major component missing in forests today is dead wood. There has been 

a decline in the amount of dead wood since the start of the large-scale 

industrialisation in forestry during the 1900s and managed forests contain 

considerably less dead wood than protected forests (Ekbom, Schroeder, and 

Larsson 2006; Siitonen et al. 2000; Jonsson et al. 2016; Uotila et al. 2001). In 

addition to a lower volume of dead wood in many forests today, the quality 

and diversity of dead wood has also decreased (Jonsson et al. 2016).  

 

1.2.4 Threatened species 

Most of the forests in Sweden are used for commercial purposes and lack 

several structures and processes typical of natural forests, resulting in many 

forest species becoming rare and threatened. Approximately 1,300 species in 

Sweden are negatively affected by forestry and many of these species rely on 

forest continuity (Artdatabanken 2015). In Finland, half of the red-listed 

species live in old-growth forests (Tikkanen et al. 2006). Much of the 

biodiversity in boreal forests is connected to dead wood (e.g. Siitonen 2001; 

Gustafsson 2002), underpinning the importance for forest biodiversity to 

provide both a diversity (e.g. Koster et al. 2004; Stokland, Siitonen, and 

Jonsson 2012; Tikkanen et al. 2006) as well as a sufficient volume of dead wood 

(Ohlson et al. 1997; Lassauce et al. 2011). As an example, two large species 

groups with many threatened species, cryptogams and invertebrates, often 

depend on snags and logs (e.g. Berg et al. 1994, 1995; Junninen and Komonen 

2011). Of the 1876 red-listed invertebrate species in Sweden, about 781 live in 
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forests, and of these, 542 are saproxylic, i.e. depending on dead wood (Jonsell, 

Weslien, and Ehnström 1998). In addition, approximately 90% of red-listed 

fungal species are associated with forests, almost 800 species are red-listed 

and 400 are threatened, many of which are saproxylic (Artdatabanken 2015).  

The volume of dead wood per se is important but also the diversity and 

heterogeneity of dead wood is important for biodiversity (Stokland, Siitonen, 

and Jonsson 2012). Fire has a positive influence on many wood-dependent 

species because it creates dead wood. It is one of the most important natural 

disturbances because it creates a heterogenic structure, important for forest 

biodiversity. In addition, fire creates an environment with a considerable 

amount of sun-exposed dead wood, also naturally found in open and rocky 

pine forests, a habitat that many insects depend upon (Wikars 2015).  

 

 
Fig. 2. Examples of rare species dependent on dead wood: a) Chalcophora 

mariana, b) Cystostereum murrayi, c) Antrodia infirma, d) Phellopilus 

nigrolimitatus.  

 

 

An example of a threatened insect that needs dead wood and also a sunny 

and open environment is the giant pine borer, Chalcophora mariana (Fig. 2a). 

This species was thought to be extinct in Sweden until it was found during a 
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survey in Skuleskogens National Park in 2007. It lays its eggs in logs and the 

larvae feed on the wood, and, after a long larvae development, the adult 

hatches after approximately 7 years. The adult insect is also relatively long-

lived, as it has been shown that the adult can survive two winters (Pers. 

Comm. Pekka Bader). It is not clear yet whether they can reproduce more than 

once but it is likely because over-wintering individuals have been seen to 

mate (Pers. Comm. Pekka Bader). 

 

1.3 Nutrient-poor and open rocky pine forests 

In many managed landscapes, low-productivity land comprises most of the 

remaining relatively untouched areas, and these are often over-represented 

within protected areas (Juutinen et al. 2004; Fridman 2000; Svensson et al. 

2018). This is also true for Sweden, where arguments are put forward that we 

indeed have somewhat large areas with no forest management if this type of 

really low-productive area is included (e.g. data in Fridman and Wulff 2018). 

There are almost 5 Mha low-productive forests (stands with a productivity      

< 1m3 ha-1 yr-1) in Sweden (including wooded mires) (Fridman and Wulff 2018). 

However, it is unclear to what extent these forest stands have natural 

characteristics and how representative they are for the landscape as the whole. 

It is thus important to investigate their natural values and their value as 

reference areas for research. 

 

1.3.1 Research base 

Very few studies exist on the structure, dynamics, history and biodiversity in 

one of the most common low-productivity forest types: nutrient-poor and 

open pine-dominated forests on rocky ground. In Spain, studies have been 

conducted on pine forests dominated by black pine (Pinus nigra), living on 

hilltops where there is only a thin layer of soil and bare rock often occurs (Fig. 

3). There have been studies made on the structure and fire history (Fule et al. 

2008), on the dynamics (Martin-Alcon and Coll 2016) and the historical 

distribution (Rubiales et al. 2007; Rubiales et al. 2010; Rubiales and Genova 

2015) in forests dominated by black pine in Spain.  

In Scotland and Latvia, there have been a few studies made on the structure 

and dynamics in Scots pine (Pinus sylvestris) forests on nutrient-poor soils 

(Edwards and Mason 2006; Brumelis et al. 2005). In a nutrient-poor P. 

sylvestris old-growth forest in eastern Finland (Vienansalo Wilderness), there 

have been studies made on the structure, including amount of dead wood and 
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diversity, and mortality rates (Karjalainen and Kuuluvainen 2002; 

Kuuluvainen et al. 2002; Rouvinen, Kuuluvainen, and Siitonen 2002; 

Rouvinen and Kuuluvainen 2001). In Sweden, this type of forest has only been 

studied to a very limited extent. In a study by Linder, Elfving, and Zackrisson 

(1997), the stand structure and successional trends in virgin boreal forests is 

described and nutrient-poor pine stands are included. They found that the 

pine-dominated and dry sites had experienced several fires but no fires had 

occurred since 1855 at these sites and, as a result, more spruce than expected 

was found as seedlings and saplings. In addition, low-productivity forests 

have recently been studied by Hämäläinen, Strengbom, and Ranius (2018), 

where they show that the amount and diversity of dead wood was positively 

correlated to the species richness of saproxylic beetles. An increasing species 

richness of plants, bryophytes, lichens and polypore fungi with productivity 

has also been shown by a study in Norway (Gjerde et al. 2005). In contrast, 

Sippola et al. (2004) found that species richness of polypores was equal in 

extremely dry pine forests compared to moist and fertile spruce stands. 

 

 
Fig 3. An example of a Spanish black pine forest and comparison with a 

Swedish rocky Scots pine forest. a) A black pine forest in Catalunia, Spain, b) 

back pine snag with charred surface and c) a rocky Scots pine forest (Fanön) 

in the High Coast Region in the northeast of Sweden.  
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1.3.2 History of rocky pine forests in the High Coast Region 

An example of an area with forests dominated by pine on rocky ground and 

with little human impact is the High Coast Region in northern Sweden. This 

area has been largely influenced by the latest ice age and the current land 

recovery rate (land up-lifting) is approximately 8 mm yr-1 (Berglund 2004). All 

land under 286 m.a.s.l. was below sea level until approximately 7,000 years 

ago, when the land was free from ice (Berglund 2012). This however, has 

resulted in many high-elevated soils below 285 m.a.s.l. having been washed 

out of the fine material (Selander 1957). Taken together, the cumulatively fast 

up-lift and the washed soils has resulted in a rocky and nutrient-poor 

environment, especially on the hilltops along the coast. Around the hilltops, 

forests are dominated by sparsely distributed pines, resulting in an open 

forest, sometimes interspersed with bare rock (Fig. 3c).  

Many of these forests are not easily accessible for forest resource extraction 

and have been isolated from human activities (Fig 4), leading to low levels of 

human impact. Such isolated extremely nutrient-poor forests with low tree 

growth rate have probably been less interesting for forestry and selective 

cutting. As a result, this forest type has escaped many human impacts which 

most other forest types in Fennoscandia have experienced, and, as a 

consequence, exhibit many old-growth features.  

The High Coast Region has, however, been populated by humans for several 

millennia, archaeologists have found old building structures in stone and 

grave cairns that indicate that humans have been living there for at least 3,000 

years (Baudou 1995). The early settlers primarily based their livelihood on 

fishing and hunting (e.g. seals) and this has also been the main food and 

income source for a very long time (Lundkvist 1986). The population 

decreased dramatically during 1300-1700, principally due to the Black Death 

plague, but also due to several years of crop failure. The population started to 

expand during the 1700s, partly because the Swedish king introduced tax 

subsidies for anyone who choose to settle in northern Sweden (Lundkvist 

1986). Because of the strong connection to the fishing industry, boat 

production was common in the area. Boats and other wood structures were 

painted with tar and tar production was common in the region. A few old tar 

pits have been found close to the shore at some places but there is no 

documented evidence of where the wood for the tar production was collected. 

In addition, the settlers needed firewood and high-quality building parts 

(such as window frames, boat parts, etc.), and whether this wood was 

extracted from rocky pine forests on hilltops, or from forests much closer to 

the villages and farms, is not clear. It is likely that humans have been using 
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wood for tar production and high-quality wood products for boat production, 

etc., but to what extent is not clear. It is, however, clear that only very few 

man-made stumps are present, indicating low levels of wood extraction from 

living trees (example in Fig. 4). The structures we see today in the rocky pine 

forests may include the effects of low levels of human use, but these forests 

have many natural characteristics. 

In the 1700s, the possibility for mining was explored at several places along 

the High Coast Region, and although this never turned into an industry, the 

trial efforts might have influenced the forest structure due to the high 

consumption of wood in early mining (Lindh 1991; Andersson 1975). The 

industrialisation of the forest began in the 1800s but there are very few signs 

from this period in the rocky pine forests. It is therefore not likely that these 

nutrient-poor, slow growing stands that also were difficult to access have 

been of any particular interest for forestry.  

 

 
Fig. 4. A map of the coastline in Västernorrland County with concentrations 

of human population and industrial activities marked with red (Pekka Bader, 

unpublished) and the eight study sites: 1 Gropberget, 2 Porsmyrberget, 3 

Vårdkallberget, 4 Fanön, 5 Gårdberget, 6 Southern Ulvön, 7 Skuleskogen 

National Park, 8 Hummelvik Nature Reserve. The second picture shows one 

of the few manmade stumps found at the rocky pine forests (Gårdberget). 
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The rocky pine forests in our study are located in areas that have been largely 

isolated (on a local level) from human activities. The density of present human 

population and current and past industrial activities is marked on a map of 

Västernorrland County and this indicates that the degree of isolation for the 

rocky pine forest sites with the highest conservation value is relatively high 

(Fig. 4). 

 

1.4 Management of forest set-asides 

A traditional way to save valuable conservation areas is to formally protect a 

forest and to limit the human use to a minimum. Many levels of protection 

exist but not even a strict formal protection ensures that the forest remains 

untouched (Żmihorski et al. 2018; Parviainen et al. 2000). Although the 

protected forest area has increased on a global scale, the area of protected 

forest hotspots with high biodiversity is insufficient if the world´s biodiversity 

is to be preserved for the future (Schmitt et al. 2009).  

Using the term “managing” in forest ecology usually brings forestry and 

managing for forest timber resources to mind. However, the term 

“management” is here used to describe a variety of processes and practical 

interventions that aim at enhancing the biodiversity in forest set-asides. Forest 

management is often used to describe silvicultural interventions to enhance 

the production of wood fibre and saw timber but may also be used for 

practices aiming to enhance biodiversity, e.g. cultural processes or by 

mimicking natural, processes, re-introduction of natural or semi-natural 

processes and creation of natural structures (Table 2) (Paper I).  

 Currently, two contrasting views on forest conservation exist, namely the 

minimal intervention approach (“hands-off” approach), and the active 

management approach. In the next section, these two different views are 

explored and exemplified. 

 

1.4.1 Minimal intervention approach 

The traditional view for protected boreal forests has been a “hands-off” 

approach, leaving forests for free development. In a majority (59%) of studies 

in protected temperate forests, no recommendations for management were 

given (Götmark 2013). 

Table 2. Various uses of the term management in forestry, forest ecology and 

conservation biology. 
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Management: 

For resources 

- For individual use, e.g. firewood  

 

-Traditional forestry, e.g. for timber and paper  

 

- To reduce use of fossil fuels, e.g. biofuels  

For biodiversity 

- Cultural. To keep up traditions and enhance biodiversity at the same time, e.g. 

bee-keeping, pollarding, coppicing, litter raking, etc. 

- Mimicking natural processes (when introducing the process itself is not an 

option), e.g. removal of humus layer instead of fire 

- Reintroducing natural processes, e.g. prescribed fires/restoration fires 

- Reintroducing processes connected to humans, e.g. forest grazing 

- Reintroducing important species (e.g. re-introducing mega-fauna) 

- Creation of natural structures (to speed up succession or helping endangered 

species), e.g. creation of dead wood by girdling or by adding dead wood, gap 

creation and thinning   

 

 

The minimal intervention approach is principally based on the idea that 

forests designated for conservation should be left unmanaged in order to 

protect natural structures and processes. There are several ecological reasons 

for minimal intervention in protected forests. First, old-growth forests are rare 

in many regions, and forest stands that exceed the age of around 250 years are 

extremely rare, although far from the maximum lifespan for most trees. 

Second, old-growth forests with their associated structures and processes 

favour many taxa (e.g. Ylisirniö et al. 2012; Moning and Müller 2009). Third, 

forests under minimal intervention provide as baseline information on 

natural dynamics and hence serve as reference areas for research (Landres 

2010).  
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The minimal intervention approach has many other benefits, both social and 

ecological; deepening respect for nature´s autonomy, fostering scientific 

humility, accepting evolutionary change, sustaining non-focal species, 

reducing unintended adverse consequences, providing unmanipulated 

benchmarks and preserving options in the future (Landres 2010). In addition, 

it requires few resources, costs very little and detailed management plans are 

not necessary. No matter the level of the historical human impact, it is only a 

matter of time until the forest will develop old-growth characteristics. In 

contrast, a minimal intervention approach also has limitations and cannot 

always support all biodiversity or more specific conservation objectives.  

 

1.4.2 Active management 

There is a growing interest in also using an active management approach in 

protected forests and the use of different active methods in set-asides are 

increasing (e.g. Götmark 2013; Nordlind and Östlund 2003). There are several 

reasons why using active management could benefit biodiversity more than 

leaving a protected forest for free development. To begin with, forests 

experience a variety of natural disturbances (followed by natural succession) 

that create a heterogenic environment with more niches, open stand 

conditions and more dead wood (Peterken 1996; Stokland, Siitonen, and 

Jonsson 2012). Examples of natural disturbances are windstorms, fires, insect 

or fungal outbreaks, flooding, drought, ice storms and avalanches (e.g. 

Lorimer and White 2003).  

On a smaller spatial scale, gap-dynamics also play an important role as a 

natural disturbance, allowing new trees to establish and grow when an old, 

large tree dies (McCarthy 2001). As an example of positive effects from 

opening gaps, partial cutting increased beetle diversity in oak forests in 

Sweden (Franc and Götmark 2008; Widerberg et al. 2012).  

In protected forests that are left for free development, some of these natural 

disturbances might not take place. For example, many boreal forests 

(especially conifer-dominated) are adapted to frequent fires (Hellberg, 

Niklasson, and Granström 2004; Niklasson, Drobyshev, and Zielonka 2010; 

Wallenius, Kuuluvainen, and Vanha-Majamaa 2004; Zackrisson 1977) and 

many species, especially dead wood dependent organisms, are positively 

influenced by fire (Jonsell, Weslien, and Ehnström 1998; Penttilä et al. 2013). 

Restoration fires positively influence dead wood availability and diversity 

(Eriksson et al. 2013; Olsson and Jonsson 2010; Penttilä et al. 2013). 
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Fig. 5. Different examples of active management methods in forests; girdling, 

adding dead wood (logs), prescribed fire and cattle grazing. 

 

Historically, forests were used by humans long before modern forestry. 

Examples of traditional management activities include forest grazing, slash 

and burn cultivation, coppicing and pollarding. These examples of traditional 

management could be classified as “cultural”, “re-introducing natural” or 

“human-connected” processes in Table 2. Many species are positively 

influenced by traditional management. For example, ceased grazing, which 

causes closure of forests, threatens approximately 10% of red-listed species in 

Sweden (Berg et al. 1995). Grazing has also been shown to positively influence 

the biodiversity in semi-natural grasslands (Tälle et al. 2016). In addition, 

understorey species richness responds positively to livestock grazing in 

temperate and boreal forests (Bernes et al. 2018). Another example of 

traditional management is pollarding, which increases the abundance of 

hollows in deciduous forests, suggesting that hollow-dependent species 

benefit from pollarding (Sebek et al. 2013). Hollow oak is an important habitat 
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for many saproxylic beetles, and, for these species, it is important that the 

density of hollow oaks is relatively high and that the substrate has a continuity 

on a landscape level (Bergman et al. 2012). One management option to 

increase the number of the special habitats that the hollows represent is to add 

artificial boxes, thus mimicking natural tree hollows (Jansson et al. 2009). 

Since extensive areas of northern forests have been heavily exploited and have 

lost a major part of their biodiversity value, there is a strong incentive to 

restore these areas towards a more natural condition (Halme et al. 2013). In 

order to meet the targets of the Convention on Biological Diversity, which 

aims at protecting 17% of the forested landscape (CBD 2010), existing areas 

with natural forests, protected or not, are simply not sufficient. In addition, 

many of the existing areas with natural forests have a human footprint of past 

human use and forestry. For instance, the volume of dead wood in Swedish 

protected forests is generally less than one third of the volume in truly natural 

forests (Jonsson et al. 2016). Therefore, restoration management can speed up 

natural succession, which could be important to safeguard critically 

endangered species (e.g. large and old snags or logs) or it can be used to 

restore natural conditions (e.g. by filling ditches). Furthermore, forest 

continuity is important for many rare species underpinning the importance of 

prioritising restoration actions to protect species dependant on long forest 

continuity (Nordén et al. 2014; Flensted et al. 2016).  

Examples of restoration methods (see also Table 2) include: prescribed fire, 

creation of dead wood (e.g. girdling), variable density thinning, creation of 

gaps, felling trees (including their roots) and filling ditches (Similä, Aapala, 

and Penttinen 2014; Halme et al. 2013; Brazee et al. 2014). Rewildering (Table 

2) can also be appropriate as a restoration method, e.g. reintroducing 

previously extinct mega-fauna (such as bison and elephants) can have strong 

positive effects on the biodiversity (Svenning et al. 2016). It is worth noting 

that a hands-off approach is also a form of management; this is one 

management option among others and may favour some species. 

 

1.4.3 Summary – management of forest set-asides 

Although research on management of protected forests is increasing, there are 

still many questions to be answered so that managers can implement proper 

actions in protected forests. It is likely that different management tools are 

suitable in different situations, depending on what species, structures, and 

processes managers want to influence (Götmark 2013). Examples of questions 

that future research could consider to improve the knowledge basis (adapted 
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from Götmark 2013) include: How do species rich taxa respond to different 

management alternatives? To what extent are rare species negatively or 

positively influenced by different management alternatives? How does active 

management change the forest structure (e.g. species composition of trees and 

shrubs, amount of dead wood, etc.)? In addition, there is an urgent need for 

more long-term studies as most of the existing studies on active management 

in forest set-asides are short-term studies (Papers III and IV). To summarise, 

to maintain forest biodiversity in a sustainable way, a combination of 

protection, with and without active management, and restoration processes 

are necessary in the Nordic countries (e.g. Angelstam et al. 2011; Angelstam, 

Donz-Breuss, and Roberge 2009; Esseen et al. 1997). 

 

1.5 Systematic reviews for knowledge synthesis 

The second part of the thesis aims at summarising the current evidence base 

on the effects of active management in set-asides in boreal or temperate forests 

on biodiversity in a systematic manner. The accumulated knowledge in many 

research areas is constantly and rapidly growing, also in the field of 

environmental management. The time and effort to keep up with new 

research findings is a struggle for many managers and policymakers. There is 

an increasing need to close the gap between primary research and various 

end-users. Systematic reviews tries to close this gap. Systematic reviews are 

entirely based on existing studies. In this respect, they do not differ from 

ordinary literature reviews of scientific questions. The difference lies, instead, 

in the procedures. A systematic review is characterised by careful planning, 

defined methodical work procedures, transparency and clear documentation 

based on established guidelines (CEE 2013). There are several important steps 

that need to be undertaken in systematic reviews (Fig. 6).  

The work starts with formulating a clearly defined research question. The next 

step is to set up a protocol that includes a detailed plan of how the review will 

be conducted and this protocol is peer reviewed and published. This is 

followed by a thorough search for relevant literature that is documented so 

that the search can be repeated and includes many sources to minimise 

publication bias. Next, the articles retrieved are screened for relevance and a 

prori inclusion/exclusion criteria is applied. The next step includes a critical 

appraisal and data extraction. The data is then synthesised to gain an overall 

view of the evidence base; this synthesis can be narrative and/or quantitative 

(meta-analysis). Finally, the research is reported following a set of standards 

(ensuring transparency and repeatability). 



 

19 

 
Fig 6. The basic steps in a systematic review (adapted from CEE (2013)). 

 

There are many pitfalls in the process of producing a systematic review and 

in order to be reliable, the guidelines need to be followed (Halme et al. 2010; 

Haddaway 2015; Haddaway and Bilotta 2016). Because the evidence base is 

never known in advance, the outcome from a research question can 

sometimes turn out to be heterogenic and not possible to summarise in one 

systematic review. One possibility is then to present the outcomes as a 

systematic map. Essentially, a systematic map is an overview of the 

distribution and abundance of the existing evidence base (e.g. number of 

studies in categories etc.). The process of the mapping exercise is the same as 

for a systematic review except that it does not include an evidence synthesis 

(quantitative or qualitative). The use of systematic maps has increased and 

can often be a valuable first step when performing a systematic review in 

environmental management, which often includes broad research questions 

(Haddaway et al. 2016). 

A systematic review may include meta-analysis when sufficient comparable 

data are available. Meta-analysis provides a powerful, informative, and 

unbiased set of tools for summarising the quantitative results of studies on 

the same topic. It is a statistical analysis that combines the results of multiple 

scientific (usually primary) studies by standardising outcomes using effect 

sizes where the variance is taken into account (a high-precision study is given 

higher weight) (Koricheva, Gurevitch, and Mengersen 2013). The methods of 

meta-analysis were originally developed in medicine and various social 
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sciences and were introduced in ecology in the early 1990s. Unlike traditional 

reviews, meta-analysis allows researchers to estimate the magnitude, 

direction of the grand mean effect across studies, assess whether the 

confidence interval around the effect includes zero (significant or not), and 

examine sources of variation in that effect among studies (Koricheva, 

Gurevitch, and Mengersen 2013). Thus, systematic reviews and meta-analysis 

provide more objective, informative and powerful means of summarising the 

results from individual studies compared to traditional reviews. One 

challenge when performing a meta-analysis is, however, that not all authors 

report their data in a useful way: mean, variance (as standard deviations, 

standard errors or confidence intervals) and correct number of replicates are 

most often needed for calculating effect sizes (Tälle et al. 2016). Another 

challenge with systematic reviews is to give authors that contribute their data 

in the meta-analysis proper acknowledgement. To include all authors from 

primary field study papers in the main text in systematic reviews is often not 

possible because of the word restrictions many journals apply, which results 

in no citations for the original authors (Kueffer et al. 2011). 

 

 

2 Objectives 

2.1 Old-growth forests in the High Coast Region 

The objective with the studies in the rocky pine forests in the High Coast 

Region was to investigate their structure and history. The remote, open and 

nutrient-poor pine forests constitute an extreme forest type and very little is 

known on their structure and history. We hypothesised that they have old-

growth characteristics, with a diverse structure, including abundant dead 

wood and old trees as an effect of low levels of human impact (Paper I). We 

also expected to find a general slow tree growth due to low productivity. 

Initially, we assumed that these forests had experienced few fires because of 

the limited organic matter that can carry a ground fire and a great deal of bare 

rock and moist hollows that can function as fire barriers in this environment 

(Paper I). The research questions we addressed in Paper I were as follows: 1) 

What characterises the forest structure and dynamic in rocky pine forests? 2) 

What is the fire history in the rocky pine forests? 3) To what extent has past 

human use influenced the rocky pine forests? 

We also wanted to investigate what type of wood-inhabiting fungal species 

these forests host (Paper II). An additional aim was to test an easy and 
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relatively simple method to survey rare wood-inhabiting fungal species with 

DNA analysis, using a primer technique and DNA samples from logs (Paper 

II). The main objectives in Paper II were to: 1) describe the forest stand and 

substrate characteristics as well as the abundance and diversity of wood-

inhabiting fungi based on fruiting bodies, and 2) examine whether a set of rare 

wood-inhabiting fungi species are present as mycelia in logs and, if so, what 

characterises their substrate requirement. 

 

2.2 Active management in forest set-asides  

The overall goal with the systematic reviews was to summarise the current 

evidence base on the effects of active management in set-asides in boreal or 

temperate forests on biodiversity. The primary research question was: What 

is the impact of active management on biodiversity in boreal and temperate 

forests set aside for conservation or restoration? The idea originated from 

EviEM and was developed together with the project manager, Claes Bernes, 

the project chair, Bengt Gunnar Jonsson, and stakeholders from the field of 

environment management at a workshop. Originally, we wanted to 

summarise the results from the primary studies in one systematic review but 

the outcome proved to be too heterogeneous to allow only one main summary 

with meta-analysis. The studies involved many different management 

options as well as many different species and biodiversity indices. The results, 

however, could be summarised in a systematic map (Paper III).  

We then used the systematic map to develop more specific research questions 

that could be answered with the existing evidence base. These research 

questions were formulated with managers’/practitioners’ preferences from 

the workshop in mind. One of these questions concerned dead wood creation 

or addition and the effects on different saproxylic species. The ultimate aim 

of this systematic review was to examine whether the manipulation of dead 

wood can be effective for conserving or restoring biodiversity in forest set-

asides (Paper IV). However, we decided to also include studies from forests 

under commercial management, as some forestry practices may also be useful 

for restoration purposes. Two other research questions were developed from 

the systematic map (Paper III) but reported elsewhere: “What are the effects of 

manipulating ungulate herbivory in temperate and boreal forests on vegetation and 

invertebrates?” (Bernes et al. 2018), and “How does managed burning in forests 

affect species that do not directly depend on fire or the dead wood that fires provide?” 

(Eales et al. 2018). 
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3 Methods 

3.1 Old-growth forests in the High Coast Region 

3.1.1 Study area and selection of sites 

The research on the rocky pine forests has been conducted in the High Coast 

Region in northeast of Sweden. This region is a World Heritage Area 

established due to its unique development following the last ice age. The land 

is still recovering from being under the kilometre-thick ice. The area has the 

largest accumulated isostatic up-lift in the world and the up-lift is currently 

approximately 8 mm yr-1. All land below ~280 m has at some point in history 

been under sea level. As a result, much of the finer material has been washed 

out from the land below the highest coastline, making the soils on the slopes 

and hilltops coarse and nutrient-poor. In addition, the general topography is 

steep and the terrain has many small hilltops along the coastline. The Island 

with the highest altitude in Sweden, Mjältön, can be found in the High Coast 

Region.  

Besides the general lack of studies of this forest type (nutrient-poor, rocky and 

open forests on hilltops), we chose this study area because of the rediscovery 

of the giant pine borer (Chalcophora mariana) in a survey in Skuleskogen 

National Park in 2007. This species was previously thought to be extinct in 

Sweden. The County Administration in Västernorrland made an inventory of 

suitable Chalcophora mariana habitats along the coast in Västernorrland 

County in 2011-2013 and searched for potential sites using the following 

criteria: rocky areas with an elevation of 25-180 m.a.s.l. and exposure at east-

southwest. In total, 26 sites were inventoried and described, focusing on the 

forest structure, number of large/old trees, the amount of dead wood, traces 

of fire or forestry, and sun exposure. We selected the eight sites with the 

highest conservation ranking from the survey that the County Administration 

in Västernorrland had made from 2011-2013 for our study. This means that 

the studied forest stands have more conservation value than most rocky pine 

forests in the High Coast Region.  

 

3.1.2 Field sampling 

In their survey, the County Administration mapped and delineated core areas 

with the most old-growth structures. We used these maps and randomised 

starting points and direction for each plot, with a minimum distance between 

plots of 100 m. We decided to use 100 m long transects as study plots instead 
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of circular plots. This was based on the assumption that long transects better 

captured the heterogeneity in the environment. We expected that long 

transects should be less sensitive to the stochastic placement of plots; a 

circular plot could just by chance be placed on a hollow (nutrient- and water-

rich patches) or on bare rock with no trees at all, which would be less 

representative for a rocky pine forest as a whole.  

 

 
Fig. 7. The location of the High Coast Region where study sites are located 

and a view from Fanön towards Vårdkallberget showing hilltops and the 

steep terrain. 

 

In September 2014, we placed three transects (plots) at seven sites, 21 transects 

in total. Skuleskogens National Park had been investigated by two master’s 

students in 2011 using exactly the same methods (Sandberg and Malm 2012) 

and these data were used in our study as well, resulting in 24 transects in total. 

The transects were 10 m wide for the sampling of living trees, but to ensure 

sufficient information on dead wood, we extended the width to 20 m when 

collecting data for dead wood.  

To describe the forest structure, we recorded species, location, diameter at 

breast height (DBH) for all living trees above 1.3 m height and we cored each 

tree larger than 10 cm in DBH as close to the base as possible (at approximately 

30 cm height). For dead trees, we recorded species, diameter at both large and 

small end as well as DBH, decay class (using 4 classes) and length. We 

sampled each dead wood unit to estimate age and time since death. In October 

2014, we revisited the sites to search for fire-scarred trees. Two researchers 

spent one whole day at each site, searching for living and dead trees with fire 

scars, which were later sampled with a chainsaw. At most sites, we sampled 

all the fire-scarred trees we found, but at Skule National Park and Fanön there 
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were rather too many fire-scarred trees for this to be possible and thus here 

we only sampled a subset. However, we ensured that samples were taken 

from both living and dead trees to cover a long time period and capture as 

many fire years as possible.  

In September 2015, we revisited all transects and inventoried wood-inhabiting 

fungi. All logs larger than 10 cm diameter in the transects were searched for 

fruiting bodies. Every fruiting body was sampled for species identification in 

the laboratory, (made by Jörgen Olsson, Swedish University of Agricultural 

Sciences, Umeå). In order to test a newly developed DNA sampling and 

species identification technique for rare wood-inhabiting fungi, we also 

collected woodchips from the logs using a drill with a 1 cm borer. We sampled 

woodchips from the top and each side of the log and pooled the samples. We 

started at the base and repeated this procedure every 1.5 m. Before drilling, 

we gently cleared the log surface with a knife and cleaned each bore with 

ethanol. The woodchips were sampled in a small plastic bag and then stored 

in a container with dry ice. The woodchip samples were immediately 

transferred to a freezer upon arrival to the laboratory. 

 

3.1.3 Laboratory work 

To study the age and growth of living trees and dead wood, time since death 

for dead wood and fire history in the forests, we took cores from living trees, 

part cross-sections from dead wood samples and fire-scarred trees. These 

samples were mounted and sanded to a fine polish to provide strong tree-ring 

contrast even for samples with very dense tree rings. The tree-ring widths 

were measured using a high-resolution scanner and the image analysis 

software WinDendro. We used the ring widths from the living trees to analyse 

growth rate and to construct a master chronology. The master chronology was 

used to date the dead wood samples, which were added to the master 

chronology once dated. The final master chronology was also used to date the 

fire scars. We used the software COFECHA program to date the dead wood, 

but we always confirmed the suggested dating with marker years found from 

visual inspection of tree rings. 

To test a somewhat simple DNA detection method using species-specific 

primers and to examine whether a set of rare wood-inhabiting fungi species 

were present as mycelia in logs, we took woodchips from logs from the plots. 

The woodchips were used to analyse the presence or absence of five rare 

wood-inhabiting fungi species (all red-listed); Antrodia infirma, Antrodia 

albobrunnea, Anomoporia kamtschatica, Crustoderma corneum and Postia lateritia. 
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The detection of these species was made by DNA analysis using a primer kit 

with species-specific primers. We constructed primers targeting different 

parts of the ITS region. To rule out unspecific binding, the primers were tested 

in the lab in a series of experiments. The collected woodchips from the logs 

were ground in liquid nitrogen until a fine dust was achieved. Next, we 

extracted the DNA from the woodchip dust and ran PCR with the primers 

and only small amount of DNA was needed for presence detection.  

 

3.1.4 Statistics 

We used the software program FHAES (Fire History Analysis and 

Exploration System, vers. 2.0) (Brewer et al. 2015) to analyse the fire-year data 

for the fire history in the rocky pine forests (Paper I). To investigate how many 

of the existing wood-inhabiting species we were able to detect in our fruiting 

body inventory, we made a species accumulation curve (Paper II). We used 

PC-ORD (Version 6)(McCune and Mefford 1999) and subsampling was 

repeated 500 times for each subsample size for this analysis. We also 

calculated the first and second jackknife estimates in the Species-Area Curve 

analysis (Palmer 1990, 1991) to estimate the number of missing species. In the 

same paper, we also made logistic regressions for the three species with most 

hits in the DNA primer analysis (Antrodia albobrunnea, Crustoderma corneum 

and Anomoporia kamtschatica) and five log characteristics: maximum diameter, 

length, decay class, age and time since death. Each species was tested 

separately against each log variable and the function glm in R (RCoreTeam 

2017) with a logit link and binomial error was used for this analysis. 

 

3.2 Active management in forest set-asides  

The guidelines that need to be followed when performing systematic reviews 

are highly detailed and involve, among other elements, transparency and 

meticulous documentation, so that the systematic review can be repeated by 

other researchers or repeated later in time when more studies might have 

been conducted on the subject. We have followed the guidelines published by 

the Collaboration for Environmental Evidence, CEE (CEE 2013). Here, I give 

a brief overview on the different stages in our systematic review work, but 

details can be found in the reviews (Paper III in methods and Paper IV in 

Appendices 1 and 2). 
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3.2.1 Planning and literature searches 

In the beginning of the project, the project manager and the chair of the review 

team met the invited stakeholders to find out which specific questions about 

active management in protected forests would be of interest for practitioners 

and decision-makers in the field. After this initial meeting, the entire review 

team started the planning of the review and we formulated our first specific 

research question (Paper III: what is the impact of active management on 

biodiversity in boreal and temperate set aside for conservation or restoration?) 

and a set of search terms by using the PICO approach. The PICO approach 

uses the primary research question and divides it into its different 

components: P is the population or subject, I is the type of intervention, C the 

comparator and O is the outcome of interest. For our systematic map (Paper 

III), the PICO components of interest were: P: Boreal and temperate forests set 

aside for conservation or restoration of biodiversity, I: Active management, C: 

Non-intervention or alternative types of intervention and O: Measures of 

biodiversity.  

To make sure that we would find all papers of relevance to our research 

question, we tested the search terms against a set of known relevant articles. 

The search terms were used in a total of 13 databases, 24 specialist websites, 

and additional searches were made using Google and Google Scholar, where 

the first 200 hits were explored for relevance. Searches were conducted in 

English, French, Swedish, Finnish and Russian. For Paper IV, we used 

relevant papers from the systematic map (Paper III) and we also performed a 

new search to find more recently published papers.  

 

3.2.2 Screening and inclusion/exclusion 

We used the same procedure for finding relevant papers in both the 

systematic map (Paper III) and the systematic review (Paper IV). Each paper 

we found using the search terms was first evaluated for relevance by title and 

then by abstract. All papers that were retained after abstract screening were 

evaluated for relevance in full text. Assessment for relevance was made by the 

use of a set of inclusion and exclusion criteria that were defined before 

evaluation and these criteria differed slightly between Papers III and IV. After 

relevance assessment, we made a valuation on study validity. After all the 

screening steps and the critical appraisal (study validity), we ended up with 

798 relevant papers in our systematic map (Paper III) and 91 in the systematic 

review (Paper IV) (Fig. 8). 
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Fig. 8. Results from literature searches and screening of papers and the final 

number of studies in: a) Paper III and b) Paper IV. 
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3.2.3 Data extraction and meta-analysis 

We did not conduct any quantitative analysis in the systematic map (Paper 

III), but we extracted a set of meta-data that could be of interest for ourselves 

in the coming systematic reviews or for other researchers and managers. The 

meta-data of interest were: article language, location of study area (country, 

state/province, region or site(s), geographical coordinates, altitude), research 

programme to which the study belonged, forest type (coniferous/mixed/ 

deciduous), dominant tree species, stand age, stand origin, type of 

comparison (BA/CI/BACI), number of true replicates, intervention type(s), 

outcome type(s) focal species, communities and/or biodiversity indicators. 

The included papers in our systematic map, with all meta-data, are available 

as an Excel file on the EviEM website, free for anyone to use. All relevant 

studies are also searchable in an interactive map, also published on the EviEM 

website.  

A set of meta-data was also extracted in our systematic review (Paper IV) but 

here we also focused on potential effect modifiers that could explain eventual 

heterogeneity. The main potential effect modifiers were: climate (temperature 

and precipitation), time since intervention and the intervention strength 

(amount of dead wood added). We focused on three types of intervention that 

manipulate (most often increase) the amount of dead wood: Creating dead 

wood (e.g. girdling or by using explosives), Adding dead wood from 

elsewhere or Prescribed burning. The outcomes that were predominantly 

studied and had sufficient comparisons to allow meta-analysis were: the 

abundance and richness of saproxylic insects (with subgroups pest and rare 

species), saproxylic fungi (subgroup rare species) and cavity-nesting birds 

(only abundance). 

In our systematic review, studies on different scales were included; some 

studies had comparisons on log/snag-scale level and others made stand-level 

comparisons. In our meta-analysis, we used only the stand-scale studies 

because the tree-scale studies were too heterogenic to allow comparisons (e.g. 

logs in shade vs sun exposure, different sizes). Data in figures were extracted 

by using the software program “Web Plot Digitizer” and extracted data were 

always double-checked by a second reviewer in the project team. 

We used Hedge´s g as the standardised mean difference effect sizes 

(Koricheva, Gurevitch, and Mengersen 2013) and a positive effect size 

indicates that the response variable was higher where dead wood had been 

manipulated than on controls. We calculated summary effect sizes with 

random effects models, using restricted maximum likelihood to estimate 
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heterogeneity (DerSimonian and Kacker 2007; Hedges and Vevea 1998). 

Analyses were carried out with the metafor package (Viechtbauer 2010) 

within the R environment v. 3.4.1 (RCoreTeam 2017). We used data from the 

final year of sampling. To test the robustness of our results, a number of 

sensitivity tests were performed (e.g. publication bias by funnel plots and fail-

safe numbers, influence from large experiments and summary effects with 

first year reported).  

 

 

4 Results and Discussion 

Overall, the results from our studies (Papers I and II) indicate that remote 

rocky pine forests have a high level of naturalness, they have experienced 

small but frequent fires and some rare fungal species are present as fruiting 

bodies and as mycelia in logs. The second part of the research (Papers III and 

IV) highlights that active management in forest set-asides can generally be an 

effective method to improve biodiversity. However, the management will 

have a different impact on different organisms depending on what type of 

management is used.       

4.1 Old-growth forests in the High Coast Region 

In Paper I, we found that the forest structure was characterised by sparsely 

distributed trees (mean basal area of 9 m2 ha-1 and density of 640 trees ha-1) 

and trees were randomly distributed at some sites and aggregated at others. 

Overall, attributes that are typically associated with old-growth forests, such 

as several canopy layers, high variation in tree sizes and ages and high spatial 

heterogeneity of tree distribution (Bauhus, Puettmann, and Messier 2009), are 

present in the rocky pine forests. Although the diameter distribution pattern 

in our study is descending with size, the pattern is not a typical inverse J-

shaped curve, common in many undisturbed forest stands (e.g. Parker and 

Peet 1984; Linder, Elfving, and Zackrisson 1997; Kuuluvainen et al. 2002; 

Rouvinen and Kuuluvainen 2005). The reason why we did not find a reversed 

J-shaped size distribution in our study could be that the small trees are less 

frequent because there are only a few places (safe sites) where trees can 

establish themselves. 

The establishment of several coniferous tree species varies over time and is 

highly sensitive to periods of higher/lower moisture and/or temperature 

(Kullman 1986) and dry sites are extra moisture-sensitive to regeneration 
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(Brown and Wu 2005). It could also be because of the influence of moose (Alces 

alces), which browse on small trees in winter and suppress the regeneration.  

The average age for pines varied between 147 and 194 and on average, 13 trees 

ha-1 were older than 300 years but all ages and sizes were present. The 

presence of old trees is one of the key features of natural forests (Östlund, 

Zackrisson, and Axelsson 1997; Andersson and Östlund 2004). In addition, the 

tree growth was very low, with an average annual tree ring width of only 0.55 

mm.  

Generally, the volume of dead wood was low (average of 4.4 m3 ha-1) but all 

types of dead wood (snags, logs and several decay stages) were present. In 

addition, the share of dead wood basal area (in relation to total basal area, 

including living trees) varied between 10-26% at the eight sites, indicating that 

the low volume of dead wood is a reflection of the low productivity rather 

than the extraction of dead wood. Dead wood can also remain in the rocky 

pine forests for as long as 500 years without totally decaying, indicating that 

the decay rate is, at least at some patches in the heterogeneous landscape, low.  

We found very few man-made stumps at the eight sites (in total 19 stumps at 

three plots) and they were harvested approximately 200 years ago. In 

summary, the heterogenic forest structure, presence of old trees and dead 

wood of all types and only a few man-made stumps, indicates that the rocky 

pine forests have a high level of naturalness and possess old-growth 

characteristics. It is likely that limited dead wood extraction for firewood, 

mining or tar/charcoal production has occurred since this could take place 

without leaving any visible traces behind. The number of fires varied between 

sites and occurred on all sites but one. We dated 17 fires between the years 

1500 and 1857 at the site with most fires and this site also had the shortest fire 

interval (20.5 years between fires on average). Most fires took place during the 

1600s and 1800s. Many fires occurred during the 1600s, a pattern also 

observed by others (Zackrisson 1977; Wallenius, Kuuluvainen, and Vanha-

Majamaa 2004; Niklasson and Granström 2000). We found evidence (e.g. 

many fire years found in only one sample, although the trees were not far 

apart) that fires generally were small and probably had low intensity and 

hence not stand-replacing. 

In Paper II, 63 logs from the eight sites were included in our wood-inhabiting 

fungi inventory. These logs were 17 cm in maximum diameter at the base, the 

decay stage was 2.1, tree age at death was 174, and time since death was 85 

years on average. However, there were logs that had been present for several 

centuries and although the latest decay stage (4) was not well represented, all 
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other decay stages were present. The average time since death for logs in 

decay stage 2 was 110 years on average and, for logs in decay stage 3, 107 

years.  

We found in total 132 occurrences and 48 species of wood-inhabiting fungi in 

the fruiting body inventory. The logs had between 1.7 and 3.4 species per log 

(2.1 on average) and maximum species per log varied from 3-6 between the 

sites. The overall density of records (27.3 ha-1) and number of species (10.2 

ha-1) in our study indicate a low abundance density and other studies have 

found more records per ha in pine-dominated forests: 47 and 139 records per 

ha, respectively (Josefsson, Olsson, and Östlund 2010; Olsson and Jonsson 

2010). In contrast, species density in our study is similar, or higher, in relation 

to other studies where Josefsson, Olsson, and Östlund (2010) found between 

5-7 species per ha and Olsson and Jonsson (2010) found six species per ha. The 

most common species in our study accounted for almost half of the 

occurrences (47%). The three species with most records were Tubulicrinis 

subulatus (12 occurrences), Hyphodontia hastata (11 occurrences) and 

Globulicium hiemale (9 occurrences). More than half of the species (55%) 

occurred only once. Some rare species were also found, Cinereomyces lenis and 

Hyphodontia halonata, both classified as Vulnerable (VU) and we found a few 

classified as Near Threatened (NT): Chaetodermella luna, Phellinus pini, Postia 

parva, Skeletocutis kuehneri and Tubulicrinis hirtellus. All of these species were 

only recorded once, except for Chaetodermella luna which was recorded twice 

at two sites. A species accumulation curve indicated that our fruiting body 

inventory was only able to record a subset of existing wood-inhabiting fungi 

in the rocky pine forests and the jackknife estimates indicate that perhaps only 

half of all species were captured. Hence, further inventories of wood fungi are 

needed.   

We also detected four rare species, namely Antrodia albobrunnea, Antrodia 

infirma, Crustoderma corneum and Anomoporia kamtschatica with the DNA and 

primer-analysis. In total, there were 31 detections with this method. Two logs, 

both in decay stage 3 and more than 150 years since death, had several of the 

rare species present as mycelia (detected by the DNA analysis) as well as 

several species present as fruiting bodies, making them especially species-rich. 

However, other logs with the rare species detected by DNA analysis were in 

all decay stages and had been dead for 9-324 years. Furthermore, we did not 

find any significant relationships between the occurrence of the three most 

common rare species detected by the DNA analysis and the log characteristics. 

This indicates that rare species can be present as mycelia in many types of logs 

in rocky pine forests, also in quite recently dead trees.  
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The wood in rocky pine forests is characterised by a special quality: the tree 

growth is low, the wood can have old age and the wood contains a high share 

of heartwood. This type of wood is rare in managed forests. The special wood 

quality combined with the presence of rare fungal species as mycelia in logs 

highlights the value of individual wood units in the studied forests. Because 

logs can remain for several centuries without totally decaying, they offer a 

habitat for wood-inhabiting fungi for a very long time and dead wood 

extraction should not be allowed. 

4.2 Active management in forest set-asides  

Generally, the results from our systematic map (Paper III) and systematic 

review (Paper IV) indicate that active management can be an effective 

approach to benefit some species groups.  

In Paper III, our systematic map regarding active management in forest set-

asides, we have summarised the current knowledge basis. We found a total 

of 798 papers with 812 individual studies, which illustrates that substantial 

research has been conducted on various management options that can 

potentially be used to conserve or restore biodiversity in forest set-asides. Two 

thirds of these studies were conducted in North America and most of the 

remaining studies were conducted in Europe. We did not find any reported 

studies from Russia even though we searched in Russian and very few studies 

were from China. The limited reported research in Russia could potentially 

be explained by the prevailing non-intervention approach in reserves and/or 

by lack of experimental biodiversity research traditions in managed forests.  

A majority of the studies had been published since 2000, indicating that 

practices used for enhancing biodiversity in forest set-asides have only 

recently attracted attention. There were many types of interventions including: 

partial harvesting (of many types), thinning, prescribed burning and grazing. 

To add to the heterogeneity, in many studies several interventions had been 

combined. Many of the interventions aimed at improving biodiversity by 

increasing the amount of dead wood, increasing the openness in the stand or 

increasing diversity (e.g. underplanting, species introduction). Prescribed 

burning can have many objectives in management, as it can be used for 

regeneration, restoration and fuel-reduction purposes. Moreover, grazing 

was an intervention that was heterogenic; exclusion or inclusion (introducing 

or limit grazing/browsing) and various species are involved. Very few studies 

reported hydrological restoration, coppicing and pollarding as interventions. 

The most frequently reported outcomes were for trees, other vascular plants, 
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dead wood, vertical stand structure, birds, beetles and mammals Almost all 

of the studies had a CI or BACI experimental set-up (65 and 29%, respectively) 

and only a few had a BA design (4%), with the rest having combined designs. 

In summary, our systematic map may be used in many ways by other 

researchers, policy-makers and practitioners, e.g. to provide managers with 

ideas for monitoring the impact of interventions in set-asides and researchers 

can use it to identify new research topics worthy of additional exploration. 

Guided by the map, researchers also can find studies focused on taxa, 

interventions or regions that they are not familiar with. The interactive and 

searchable map and an Excel file with all included studies, both published at 

EviEM´s webpage, are suitable for these purposes.      

In Paper IV, we found that although the research question was more defined 

than in the systematic map, the outcomes were still somewhat heterogeneous 

and not all species groups of interest were possible to include in a meta-

analysis. The quantitative analysis (meta-analysis), with 37 studies and a total 

of 241 comparisons, showed that enrichment of dead wood had a positive 

effect on the abundance and richness of saproxylic insects, beetles in general 

and fungi (Fig. 9).  

This result might seem trivial and simple but it is important to know what the 

effects will be before, often resource-demanding, management options are 

implemented. Importantly, we did not find any negative effect on other 

species groups, i.e. Ground insects (abundance and richness) and Cavity 

nesting birds (abundance). Interestingly, the subgroup with pest saproxylic 

species (e.g. Ips typographus) was also positive but tended to be smaller than 

on saproxylic species in general. We also show that all three methods used to 

increase the dead wood amount had a positive effect on the abundance of 

saproxylic insects and for richness, a significant positive effect was found for 

two of the methods but not for the creation of dead wood. In addition, creating 

dead wood by burning resulted in a positive effect on saproxylic insects, at 

least in the same magnitude as other methods, although the created volume 

of dead wood was almost half compared to the other two methods. This 

indicates that burning is an effective method to increase biodiversity, at least 

for saproxylic insects. Furthermore, we performed a meta-regression between 

the effect size for saproxylic insects and the amount of dead wood and found 

a significant negative correlation. However, if the studies with burning were 

separated, it was possible to show that this negative relationship was largely 

due to a few studies where very large amounts of dead wood was added 

(between 80 to 120 m3 ha-1) and that the burning studies showed a strong 

positive relationship although the amount of created dead wood was lower. 
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In combination, these two analysis suggest that factors other than the volume 

of dead wood created/added per se are important. Burning creates a diversity 

of dead wood, and results in higher heterogeneity of dead wood quality. 

 

 
Figure 9. Responses of the abundance and richness of different taxon groups 

to dead wood manipulation. The symbols show means and 95% confidence 

intervals of summary effect sizes (Standardized Mean Difference, SMD). The 

sample size (n) refers to the number of comparisons. Analyses were based on 

data from the final year of sampling for each study.  

 

Burning does not always kill the trees immediately, but instead damages, 

chars and weakens them and many of them are killed standing. This results 

in delays in death for many fire-injured trees and improves the continuity of 

dead wood and increases the abundance of micro-habitats, which are 

important for many saproxylic species. However, also creating dead wood by 

other means or by adding dead wood supports the biodiversity of saproxylic 
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organisms. This provides managers with options since burning is not always 

an available management tool. In addition, we also recognise that some 

structures, such as cavity trees, remain challenging to create artificially 

(Rueegger 2017), although substitutes such as manmade mould boxes could 

be useful (Carlsson et al. 2016). We also recognise that certain structures 

(charred wood) are specific to burning only. 

In addition, we identified some knowledge gaps, including the need for more 

long-term studies. A majority of the studies in our systematic review are 

short-term investigations (49 studies with investigations < 2 years after 

interventions) and only seven studies that had studied effects after ten years 

or more. Especially for wood-inhabiting fungi, the effects are not detectable 

for many years (decades), and we strongly encourage researchers to revisit 

their experimental sites to provide information on long-term outcomes. 

 

5 Conclusions and future work 

5.1 Old-growth forests in the High Coast Region 

Because almost all forested landscapes in Fennoscandia are used in forestry 

and are intensively managed, the small remnants of forests with little human 

impact become even more important. They are useful as reference information 

for researchers and, not least, they provide an opportunity for everyone to 

experience natural forests. In our research, we found that isolated nutrient-

poor and open rocky pine forests with old-growth characteristics along the 

High Coast Region have very little sign of human impact, they have a multi-

sized and multi-aged structure, and old trees are present (on average 13 trees 

older than 300 yr ha-1). Their openness in combination with a diversity of dead 

wood provides a special habitat that several species depend upon 

(Naturvårdsverket 2014). Dead wood volumes were low in comparison to 

other old-growth pine forests but is rather an effect of low productivity 

because the proportion dead wood is similar to several other pine forests. In 

addition, dead wood can take several centuries to decompose, we found 

examples of logs and snags that had died more than 500 years ago. We also 

found that fires have been common, the average fire interval was 42 years, but 

they were likely small in size, had relatively low intensity and were not stand-

replacing. 

Our research on extremely nutrient-poor and open pine forests also expands 

the knowledge of the abundance and richness of wood-inhabiting fungi in this 

special and extreme environment. Although the dead wood volume is 
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somewhat low, there is a continuity of dead wood, providing substrates for 

wood-inhabiting fungi for long time periods. We recognise that our sample 

size is small and that the studied forests likely host additional species. 

Nevertheless, we suggest that these forests are less species-rich than many 

other old-growth forests. Still, they do provide a habitat for some rare species; 

Cinereomyces lenis and Hyphodontia halonata were present as fruiting bodies 

and we also found Antrodia infirma, Antrodia albobrunnea, Crustoderma corneum 

and Anomoporia kamtschatica, present as mycelia in logs (detected by DNA 

analysis). This underlines the importance of every single piece of dead wood 

and being very cautious with extracting dead wood, since each unit of dead 

wood remains for long periods of time and may harbour rare wood-inhabiting 

species. Many of the rocky pine forests with old-growth characteristics have 

no formal protection but to ensure that the human impact remains low and 

no dead wood is extracted, a formal protection is likely appropriate. It might 

also be suitable to consider prescribed fires as a management tool to improve 

the natural features.     

To improve our knowledge about rocky pine forests, additional research is 

still needed. Very little is known about the regeneration pattern in these 

forests. Examples of questions that would be interesting to answer are: To 

what extent are seedlings and saplings present? What species are regenerating? 

Is spruce more common among the really young trees than among the adult 

trees (is there any ongoing “sprucification”, e.g. due to lack of recent fires)? 

What kind of influence does moose browsing have on the regeneration? In 

addition, to understand the conservation value of the rocky pine forests, more 

knowledge about the biodiversity would be valuable. It would be a relatively 

straightforward process to study the abundance, diversity and composition 

of wood-inhabiting fungi by analysing DNA since we already have 

woodchips from logs prepared. A more thorough comparison between 

fruiting bodies of wood-inhabiting fungi and presence as mycelia in logs 

could help in understanding the relationship between presence as mycelia 

and reproduction. Moreover, it would be very interesting to compare the 

abundance and richness of wood-inhabiting fungi, both as fruiting bodies and 

detected by DNA analysis (as mycelia), with more and various productive 

Scots pine forests. This would answer the question of whether species 

abundance and richness of wood-inhabiting fungi is related to productivity. 

Another species group that is of high conservation value is saproxylic insects 

and it would also be interesting to study the diversity and composition of this 

species group. Insect traps were placed at the eight sites during the summer 

of 2015 but these data have not yet been analysed. The extensive dataset on 

tree rings can also provide an opportunity to learn more about growth and 
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climate relationships and growth patterns in individual trees in relation to 

their growing site. 

 

5.2 Active management in forest set-asides  

The use of active management in protected forests is growing and the research 

on these practices in boreal and temperate forests is constantly expanding. In 

our systematic map, we found almost 800 papers that had studied active 

management. However, this evidence base was heterogenic and included 

many types of intervention (e.g. partial harvesting, prescribed burning, 

grazing and creation of dead wood) and many types of outcome (species 

groups, e.g. trees, vascular plants, dead wood, fungi, bryophytes, lichens, 

birds, beetles and mammals). The heterogeneity also increased due to the 

different types of biodiversity measures reported: abundance, species 

richness, diversity and composition. However, our systematic map has 

identified a wealth of evidence on the impact of different management 

practices, and is valuable for conservation managers, researchers and 

policymakers. The systematic map also highlights several knowledge gaps 

and can thus be used as an inspiration for new primary research in the future.   

 

In the systematic review, we wanted to answer the question of what the 

impacts of dead-wood creation or addition are on dead wood dependent 

species. It is important to know whether a management tool, which is often 

resource-intense and costly, has the desired effect or not. We included three 

types of intervention: creation of dead wood (e.g. girdling), addition of dead 

wood from elsewhere and prescribed burning. In our meta-analysis, we could 

only incorporate the abundance and richness of saproxylic beetles (rare and 

pest), saproxylic fungi (rare), ground insects and the density of cavity-nesting 

birds, because other species groups were less frequently studied and had too 

few comparisons to allow meta-analysis. We did not find any significant 

negative effect on any species group but a positive effect on the abundance 

and richness of saproxylic beetles and fungi. The positive effect tended to be 

less in the subgroup of pest saproxylic beetles than that on saproxylic beetles 

in general. Interestingly, we also found that prescribed burning resulted in a 

lower amount of dead wood than other interventions but showed similar 

effect sizes (Fig. 9) on the abundance and richness of saproxylic species to 

those of other interventions. Prescribed burning could therefore potentially 

be an effective management tool if increasing the biodiversity of saproxylic 
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species is an objective, because not only the dead wood quantity is improved, 

but also the quality, diversity and heterogeneity. 

There are numerous systematic reviews in the field of ecology and 

environmental management that would be interesting to study. We identified 

four possible topics in our systematic map (Paper III) where the evidence base 

would be sufficient to allow synthesis and in which stakeholders had shown 

interest. Three of these questions have already been synthesised in systematic 

reviews (e.g. Paper IV) but the fourth still remains to be answered. This topic 

is about the impacts of thinning, partial harvesting and understorey removal 

on the diversity of ground vegetation in mature temperate and boreal forest. 

This synthesis would provide information on the effectiveness of practices 

that result in opening up the forest canopy. A hypothesis is that these 

interventions would lead to increased abundance and diversity of ground-

level vascular plants and bryophytes. On the other hand, these practices may 

also lead to some loss or reorganisation of shade-tolerant or desiccation-

sensitive populations. It would also be valuable to repeat the dead wood 

synthesis (Paper IV) in the future when, hopefully, more field studies have 

been made, which perhaps also have included additional species groups. 
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