
1770  |     J Appl Ecol. 2019;56:1770–1781.wileyonlinelibrary.com/journal/jpe

 

Received: 7 July 2018  |  Accepted: 5 March 2019

DOI: 10.1111/1365-2664.13395  

R E V I E W

Impacts of dead wood manipulation on the biodiversity of 
temperate and boreal forests. A systematic review

Jennie Sandström1  |   Claes Bernes2 |   Kaisa Junninen3,4 |   Asko Lõhmus5 |   
Ellen Macdonald6 |   Jörg Müller7  |   Bengt Gunnar Jonsson1

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2019 The Authors Journal of Applied Ecology published by John Wiley & Sons Ltd on behalf of British Ecological Society

1Department of Natural Sciences, Mid 
Sweden University, Sundsvall, Sweden; 
2Mistra Council for Evidence‐Based 
Environmental Management, Stockholm 
Environment Institute, Stockholm, Sweden; 
3Metsähallitus Parks & Wildlife Finland, 
Joensuu, Finland; 4School of Forest 
Sciences, University of Eastern Finland, 
Joensuu, Finland; 5Inst. of Ecology and 
Earth Sciences, Tartu University, Tartu, 
Estonia; 6Department of Renewable 
Resources, University of Alberta, 
Edmonton, AB, Canada and 7Department of 
Conservation and Research, Bavarian Forest 
National Park, Grafenau, Germany

Correspondence
Jennie Sandström
Email: jennie.sandstrom@miun.se

Funding information
Mistra Council for Evidence‐Based 
Environmental Management

Handling Editor: Sharif Mukul

Abstract
1. Dead wood (DW) provides critical habitat for thousands of species in forests, but 

its amount, quality and diversity have been heavily reduced by forestry. Therefore, 
interventions aiming to increase DW might be necessary to support its associated 
biodiversity, even in protected forests, which may be former production forests. 
Our aim was to synthesize the current state of knowledge drawn from replicated 
experimental studies into solid quantitative evidence of the effects of DW ma-
nipulation on forest biodiversity, with a focus on protected forests.

2. We conducted a full systematic review of effects of DW manipulation on for-
est biodiversity in boreal and temperate regions. We included three intervention 
types: creation of DW from live trees at the site, addition of DW from outside the 
site and prescribed burning. Outcomes included abundance and species richness 
of saproxylic insects, ground insects, wood‐inhabiting fungi, lichens, reptiles and 
cavity‐nesting birds. In total, we included 91 studies, 37 of which were used in 
meta‐analyses.

3. Although meta‐analysis outcomes were heterogeneous, they showed that increas-
ing the amount of DW (“DW enrichment”) has positive effects on the abundance 
and richness of saproxylic insects and fungi. The positive effect on saproxylic pest 
insect abundance tended to be less than that on saproxylic insects in general. No 
significant effects were found for ground insects or cavity‐nesting birds.

4. Although reviewed studies were mainly short term, our results support that man-
agement that increases DW amounts has the potential to increase the abundance 
of DW‐dependent species and, in most cases, also their species richness. Studies 
of burning showed positive effects on the abundance of saproxylic insects similar 
to those of other interventions, even though burning on average resulted in a 
smaller enrichment of DW amounts.

5. Policy implications. The findings of the review suggest that manipulating dead 
wood (DW) can be an effective part of conservation management to support bio-
diversity in protected areas. The findings also indicate that the diversity of DW 
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1  | INTRODUC TION

A large body of research in recent decades has demonstrated the 
ecological value of dead wood (DW) in forests (e.g. Harmon et al., 
1986; Stokland, Siitonen, & Jonsson, 2012; Ulyshen, 2018). DW, 
including snags, downed fine and coarse woody debris and DW 
attached to living trees, provides critical habitat for thousands 
of wood‐dependent (saproxylic) species in forests (e.g. Siitonen, 
2001). It is integral to a variety of ecosystem functions such as 
forest regeneration and recovery after disturbance (e.g. Macek 
et al., 2017) and carbon, nutrient and hydrological cycles (Gurnell, 
Gregory, & Petts, 1995; Pan et al., 2011; Watkinson et al., 2006). 
Intensification of forest management has heavily reduced the 
amount and diversity of DW and dying trees throughout the world 
(Gauthier, Bernier, Kuuluvainen, Shvidenko, & Schepaschenko, 
2015), resulting in losses of saproxylic species (e.g. Grove, 2002a; 
Seibold et al., 2015). Thus, the ongoing decline of DW threatens 
global forest biodiversity.

Large amounts of DW occur in young forests after natural dis-
turbances as well as in older forests due to natural forest dynamics 
(Harmon et al., 1986; Junninen, Similä, Kouki, & Kotiranta, 2006). 
In production forests, harvesting and thinning interfere with natu-
ral DW dynamics, that is, the initial pulse of DW enrichment caused 
by a natural stand‐replacing disturbance and the subsequent slow 
accumulation of DW due to self‐thinning, minor disturbances and 
natural mortality as trees age (Ulyshen, 2018). Thus, timber har-
vesting influences the amount and composition of DW for many 
decades (Jönsson, Fraver, & Jonsson, 2009; Svoboda, Fraver, Janda, 
Bace, & Zenahlikova, 2010). Even forest reserves can have low levels 
of coarse DW if they were managed for timber production before 
being protected; for example, in Swedish forest reserves the average 
DW volume is only 24 m3/ha (Anon, 2006), well below the expected 
natural values of 80–120 m3/ha (Ranius, Kruys, & Jonsson, 2004; 
Siitonen, 2001).

The current scarcity and slow accumulation of DW in many 
forest ecosystems suggests that interventions aiming at rapidly in-
creasing the amount of DW might be needed to support biodiversity 
(Halme et al., 2013; Similä & Junninen, 2012; Speight, 1989). Such 
interventions, which are gradually becoming more common, may 
include felling, girdling, creation of high stumps with harvesters or 
explosives, leaving of logging residues, tree crowns, logs and snags 

during harvest operations, and restoration burning that increases 
tree mortality (Bernes et al., 2015).

The collective knowledge on biodiversity connected to DW has 
grown significantly in recent decades (Jonsson, Kruys, & Ranius, 2005; 
Junninen & Komonen, 2011; Müller & Bütler, 2010; Stokland et al., 
2012; Ulyshen, 2018). Unfortunately, the evidence base for guiding 
restorative DW manipulation is lagging behind management interests. 
A recent review of experimental studies of DW biodiversity (Seibold 
et al., 2015) focused on knowledge gaps with the aim of guiding fur-
ther experimental work, but did not provide a full systematic review of 
outcomes. Furthermore, Seibold et al. (2015) focused only on species 
richness and did not separate between different intervention types. 
Another recent study (Mason & Zapponi, 2015) reviewed literature 
on forest management to conserve saproxylic species but included no 
quantitative synthesis of the evidence.

A dialogue with conservation managers and decision‐makers iden-
tified a need to synthesize the current knowledge drawn from rep-
licated experimental studies into solid quantitative evidence of the 
effects of DW manipulation on forest biodiversity. Hence, we con-
ducted a systematic review (CEE, 2013) on this topic built on a peer‐
reviewed protocol (Bernes et al., 2016). Three kinds of intervention 
that can change DW amounts and properties were covered: creation 
of DW (e.g. through felling or girdling of trees), addition of DW trans-
ported from elsewhere and prescribed burning. We identified and syn-
thesized studies of how the abundance, species richness and species 
composition of several taxonomic groups in temperate and boreal for-
ests were affected by such interventions (as compared with non‐inter-
vention or alternative kinds or levels of intervention).

The ultimate aim of our review was to examine whether manip-
ulation of DW can be effective for conserving or restoring biodi-
versity in protected forests. Nevertheless, we included studies not 
only from protected forests but also from forests under commercial 
management, as some forestry practices may be useful for resto-
ration purposes as well.

2  | MATERIAL S AND METHODS

An in‐depth description of the methods applied is given in Appendix 
S1. Methods follow the review protocol (Bernes et al., 2016) apart 
from a few instances that are specified below.

types is important, a mix of DW qualities should be favoured. Burning seems to 
be an effective method to increase biodiversity but to benefit cavity‐nesting birds, 
snag losses need to be minimized.

K E Y W O R D S

coarse woody debris, dead wood, diversity, forest conservation, forest restoration, habitat 
management, prescribed burning, saproxylic species
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2.1 | Identification and screening of studies

Most of the published evidence examined in this systematic review 
was included in a systematic map of how biodiversity is affected by 
active forest management interventions that may be relevant for 
use in protected forests (Bernes et al., 2015). About one‐third of 
the studies covered by the map reported on effects of prescribed 
burning or creation/addition of DW and were therefore potentially 
relevant to this review (Appendix S2).

We excluded studies of effects on trees, ground vegetation and 
soil biota, since effects of DW changes on these groups are likely to 
be either insignificant or difficult to distinguish from other conse-
quences of the interventions studied (e.g. effects of burning on light 
and shading, microclimate or soil conditions). Among studies of pre-
scribed burning, moreover, we included only those that described ef-
fects on saproxylic species (primarily wood‐inhabiting insects, fungi 
and lichens, and cavity‐nesting birds). Finally, in accordance with the 
review protocol, we excluded studies of prescribed burning that pro-
vided no measurements of changes in DW amounts, since burning 
may not only create new DW but also consume existing DW.

In order to identify recently published literature, we performed a 
search update in September to October 2016, using a subset of the 
search terms (Appendix S3) applied for the systematic map (Bernes 
et al., 2015). To be included in the review, articles identified during 
the search update had to pass a set of relevance criteria (Appendix 
S1). Articles rejected on the basis of full‐text assessment are listed in 
Appendix S4 together with the reasons for exclusion. This appendix 
also lists studies of DW manipulation that were included in the sys-
tematic map but excluded from this review since they did not fulfil all 
inclusion criteria for the review.

Studies that passed the relevance criteria were subject to critical 
appraisal. Based on assessments of their clarity and susceptibility 
to bias, they were categorized as having high, medium or low/un-
clear validity (with regard to the topic of our review). Studies judged 
to have low or unclear validity were excluded from the review (see 
Appendix S5). The criteria used for this appraisal (including some de-
viations from the protocol) are listed in Appendix S1.

All studies included in the review are described in a narrative 
table where data on study design, validity, setting and findings have 
been summarized (Table S1).

2.2 | Extraction and synthesis of data

Data extraction and statistical details are fully described in Appendix 
S1. Outcomes suitable for meta‐analysis were extracted together with 
potential effect modifiers from tables and graphs in the included arti-
cles, or were requested from study authors (Table S2). Although many 
studies reported on outcomes over multiple post‐treatment years, 
we only used data from the final year of sampling for our main set of 
analyses. The interval between intervention and final sampling ranged 
from 0.4 to 22 years. We focused on extracting data on the abundance 
and richness of saproxylic insects, beetles (saproxylic or not), ground 
insects, wood‐inhabiting fungi (excluding lichens) and cavity‐nesting 

birds, as only these groups were described in a large enough number of 
studies to be analysed. Data were only extracted from studies where 
DW amounts had been manipulated throughout entire stands (imply-
ing stand‐scale biodiversity effects). In addition to these “stand‐scale 
studies,” the review also includes “tree‐scale studies” that examined 
effects of addition/creation/burning of individual snags or logs (by 
sampling on the snags/logs themselves or in their immediate vicinity), 
but these studies were too heterogeneous for quantitative synthesis.

Standardized mean difference effect sizes, and associated 95% con-
fidence intervals, were derived for extracted outcomes using Hedges’ 
g statistic (Borenstein, Hedges, Higgins, & Rothstein, 2009). Positive 
effect sizes indicate that the response parameter (abundance or rich-
ness) was higher where DW amounts had been manipulated than where 
no such manipulation had taken place. Summary effect sizes were cal-
culated using meta‐analytical approaches (Borenstein et al., 2009; 
Koricheva, Gurevitch, & Mengersen, 2013). Since multiple levels of ma-
nipulation were sometimes reported from the same site, the site ID was 
included in the meta‐analysis as a random factor. We analysed effects 
on the major taxon groups listed above, but we also made separate anal-
yses of species identified by study authors as “rare” and of saproxylic 
insects categorized by us as “pest species” (Appendix S6).

Influences of effect modifiers were examined by means of 
subgroup analyses and meta‐regressions (Thompson & Higgins, 
2002), focused on the abundance and richness of saproxylic insects 
(Appendix S1). A number of additional analyses (e.g. analyses of data 
from the first year of sampling, leave‐out analyses, funnel plots and 
fail‐safe numbers) were made to investigate whether our findings 
might be affected by bias caused by suboptimal study designs or by 
specific selections of studies and outcomes (Appendix S7).

3  | RESULTS

3.1 | Identification and characterization of available 
evidence

Of the 812 studies in our systematic map (Bernes et al., 2015), 276 
were listed as describing effects of prescribed burning or creation 
or addition of DW, thus being potentially relevant to our review. 
However, only 84 of these studies fulfilled all of the inclusion criteria 
(Appendix S2). Another 16 relevant studies were identified during 
our updated literature search (Appendices S3 and S4). Critical ap-
praisal of the 100 studies that passed the relevance criteria led to the 
exclusion of nine studies due to low or unclear validity, mainly related 
to pseudo‐replication or severely confounding factors (Appendix S5).

Consequently, 91 studies were included in this review. A list 
of data sources used in our study is provided in the Data sources 
section. Of the included studies, six were categorized as having me-
dium validity, whereas the rest were considered to have high valid-
ity. Most of the studies had a Control/Impact design, but a Before/
After/Control/Impact design had been applied in 27 of them. The 
vast majority of articles (87) were written in English, and only three 
were published earlier than 2001 (see Table S1 for information on all 
individual studies).
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Most of the studies were conducted in northern Europe, in-
cluding Finland (28), Sweden (20), Germany (7) and one each in 
Estonia, Norway and the United Kingdom. The other studies were 
conducted in United States (24), Canada (6) or Australia (3). Thus, 
there was good coverage of parts of the temperate and boreal 
zones but a notable lack of studies from Asia and boreal North 
America (Figure 1a). This was reflected by a reasonably good cov-
erage of the range of precipitation levels and temperatures in 
temperate and boreal regions, but very few studies were made in 
wetter or colder regions (Figure 1b; note, however, that the latter 
include large non‐forested tundra regions that were not relevant 
to our review).

The majority of included studies focused on conifer‐dominated 
or mixed (conifer + broadleaf) forests; only seven were made in 
broadleaf forests. Stand ages were documented in 66 studies. Of 
these, 10 had examined stands aged 60 years or less, while 50 re-
ported on stands older than 60 years or described as “mature” or 
“old‐growth.” Another six studies had examined both young and old 
stands.

Altogether, there were 59 “stand‐scale studies” and 32 “tree‐
scale studies.” Effects of prescribed burning were described in 48 
studies, while effects of creation and addition of DW were described 
in 37 and 21 studies respectively. These numbers include 19 cases 
in which 2–3 intervention categories had been combined. Most of 
the studies covered a relatively short period of time: the time from 

intervention to final sampling was ≤2 years in 49 studies; 3–9 years 
in 35 studies and 10 or more years in 7 studies.

The outcomes most frequently reported were effects of inter-
ventions on beetles (48 studies), birds (23), fungi (15) and arthropods 
other than beetles (14) (Table 1). Data on abundance and species 
richness within one or several groups were reported in 74 and 44 
studies respectively. Ten studies focused on effects on single spe-
cies, either of cavity‐nesting birds (five studies) or of beetles (five 
studies). Effects on the composition of species assemblages were 
reported by 24 studies.

3.2 | Quantitative analyses of stand‐scale effects on 
abundance and richness

We extracted quantitative data from 37 stand‐scale studies, record-
ing a total of 241 comparisons across time and/or space of the abun-
dance or richness of insects, wood‐inhabiting fungi or cavity‐nesting 
birds exposed (vs. not exposed) to manipulation of DW. Some of the 
abundance comparisons referred to single species, whereas others 
referred to entire assemblages. The evidence base was heterogene-
ous, in several cases consisting of a limited number of comparisons 
per species group and measure of biodiversity. Nevertheless, it al-
lowed us to perform a number of meta‐analyses, particularly of sap-
roxylic insects, which was the most frequently studied group (with 
47 and 30 comparisons of abundance and richness respectively).

F I G U R E  1   Locations of included 
studies, geographically (a) and in 
climate space (b). The extent of the 
boreal and temperate zones is based on 
Peel, Finlayson, and McMahon (2007) 
(see Appendix S1). The green dots in 
(b) show mean annual precipitation 
and temperature based on data from 
WorldClim (Hijmans, Cameron, Parra, 
Jones, & Jarvis, 2005) at 1,000 terrestrial 
locations randomly distributed throughout 
the boreal and temperate zones
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Using data from the final year of sampling for each study, we 
found that DW manipulation significantly increased the abundance 
and richness of saproxylic insects and wood‐inhabiting fungi in gen-
eral, and also the abundance of “unspecified” beetles (saproxylic or 
not; Figure 2), whereas it had no significant effect on the abundance 
and richness of ground insects. For saproxylic insect species catego-
rized by study authors as rare, we found positive responses of abun-
dance and richness, whereas rare wood‐inhabiting fungi showed 
no significant response. A positive response of the abundance was 
also seen in the subcategory of pest insects (Figure 2), but the mean 
effect size tended to be smaller than for saproxylic insects in gen-
eral. We found no clear differences between the effects of different 
methods of DW manipulation on saproxylic insects (Figure 2), de-
spite increases in DW volumes being on average more than twice as 
large in the studies of addition or creation of DW as in the burning 
studies (Table 2). We detected no significant overall effect on the 
abundance of cavity‐nesting birds (Figure 2). This result was based 
on seven burning studies. Four of the studies showed increased DW 
amounts post burning, whereas the three other ones showed de-
creased amounts, but average effects on bird abundance differed 
very little between these two subgroups (Appendix S7).

To check the robustness of our findings, we repeated our meta‐
analyses using data from the first post‐treatment year of sampling 
instead of the final year (Appendix S7). The average time since inter-
vention did not differ much between the two sets of analyses, since 
most studies reported effects over only one or a few years (Table 1 
in Appendix S7). Hence, the pattern of abundance and richness re-
sponses remained largely unchanged. The only exception was wood‐
inhabiting fungi, where the average interval between first and final 
years of sampling was more than 5 years and effects of DW manip-
ulation were non‐significant in the first year but positive in the final 
year. Several other sensitivity tests were also performed to assess 
the robustness of our results to impacts of study design and validity, 
selection of studies and publication bias, but none of them revealed 
any major influence (Appendix S7).

Weighted meta‐regression indicated that the positive response of 
saproxylic insect richness to DW manipulation became weaker with 
increasing enrichment of DW (Figure 3 and Table 3). However, this 
influence was probably mainly due to responses to addition/creation 
of DW tending to be weaker than responses to burning (Figure 3); 
the average DW enrichment was higher in the former cases (Table 2). 
When data from burning and DW addition/creation studies were an-
alysed separately, we found no influence of DW enrichment on the 
response of saproxylic insect richness (results not shown). We also 
found no such influence on the abundance of saproxylic insects (all 
methods of DW manipulation analysed together), and no significant 
impacts on saproxylic insects of other potential effect modifiers (time 
since intervention, temperature and precipitation; see Table 3).

Subgroup analyses of the influence of forest types showed that 
the abundance and richness of saproxylic insects responded posi-
tively to DW manipulation in stands dominated by spruce (Picea) and 
pine (Pinus) but not in stands with a mixture of broadleaf and conifer-
ous trees (Figure 4, but note the low n for this forest type). The abun-
dance of saproxylic insects also showed a positive response in mixed 
coniferous forest. The climate zone had no significant influence on 
how the abundance of saproxylic insects responded to DW manipu-
lation – positive responses were found in both temperate and boreal 
climates (Figure 4).

3.3 | Qualitative synthesis of tree‐scale effects

Our systematic review included 32 “tree‐scale” studies that involved 
manipulation of single trees or pieces of DW (Table S1), and which 
focused on comparing DW qualities rather than quantities, for ex-
ample, logs versus snags, sun‐exposed versus shaded logs, clustered 
versus aggregated snags, etc.

The addition and creation of DW were studied in several tree‐
scale experiments, and both short‐term and longer term (8–12 years) 
effects on beetles and other insects, fungi and birds were reported 
(Table S1). Richness and abundance of examined species varied 
across tree species or with the placement of added DW (forest floor 
vs. canopy). In studies where created DW was compared to natural 
DW, the species richness (fungi) and abundance of species (beetles, 
wood‐boring insects, woodpeckers) were mostly higher on created 
DW, but opposite and non‐significant results were also reported. 
Several experiments compared effects of DW created with differ-
ent methods (e.g. felling or girdling). According to these studies, 
there was no difference in the response of beetle richness between 
methods, but the response of beetle abundance was highly variable 
across studies. Also, the abundance of cavity‐nesting birds did not 
differ between different DW creation methods, whereas the species 
richness of fungi was generally higher on logs compared to snags (in 
one study no difference was found).

Effects of burning of individual trees or logs were studied in only 
two experimental setups, one of them used by several studies, and only 
short‐term results were reported (<4 years). According to these, burning 
had negative or no effects on the abundance and species richness of 
beetles but a positive effect on the abundance of Diptera on birch logs.

TA B L E  1   Number of included studies by intervention and 
species groupa

Species group 
studied

Intervention

Burning
Addition 
of DW

Creation 
of DW

Both burning 
and creation/
addition of DW

Beetles 11 8 23 14

Arthropods other 
than beetles

2 3 8 3

Birds 16 0 8 0

Reptiles 0 1 0 0

Wood‐inhabiting 
fungi

2 3 9 2

Lichens 2 0 0 0

aSome studies appear more than once in the table, since they investi-
gated more than one species group. 
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3.4 | Species composition

In general, species assemblages showed significant effects of DW 
manipulation (Table S1). More specifically, most studies showed that 
species assemblages in burnt forest stands, or in stands with created 

or added DW, were different from assemblages in untreated stands. 
Similarly, in tree‐scale studies, species assemblages often, but not 
always, differed between natural DW and created DW, as well as 
between different types of created or added DW (e.g. between logs 
and high stumps, or between different tree species).

4  | DISCUSSION

This first full systematic review on biodiversity effects of DW ma-
nipulation supports the view that treatments designed to increase 
the amount of DW are effective in terms of increasing the abun-
dance and richness of DW‐dependent species. This might not be 
surprising, since several studies have shown an overall correlation 
between DW amounts and associated biodiversity (meta‐analysed 
by Lassauce, Paillet, Jactel, & Bouget, 2011). Interestingly, however, 
studies of prescribed burning showed positive effects on the abun-
dance and richness of saproxylic insects that were at least as strong 
as those found for other interventions, despite the average DW en-
richment being lower in the burning studies.

TA B L E  2   Increases in dead wood (DW) volumes caused by 
different interventions in studies of saproxylic insects

Method
Mean dead‐wood 
enrichment (m3/ha) SD

Number of 
comparisons

Studies of saproxylic insect abundance

DW creation 44.6 36.5 11

DW addition 55.0 52.0 4

Burning 21.6 18.4 28

Studies of saproxylic insect richness

DW creation 62.2 38.7 6

DW addition 55.0 63.6 2

Burning 20.6 16.4 20

F I G U R E  2   Responses of the abundance and richness of different taxon groups to dead wood (DW) manipulation. The symbols show 
means and 95% confidence intervals of summary effect sizes (SMD: Standardized mean difference). The sample size (n) refers to the number 
of comparisons. Analyses were based on data from the final year of sampling for each study. Positive summary effect size indicates that the 
abundance or richness was higher where DW manipulation had taken place as compared to where there was no such intervention. The main 
taxonomic groups are listed in the left‐hand column, whereas the second column from the left lists subgroups within those (i.e. pest species 
or rare species). For saproxylic insects (all species combined) we present results for all methods of manipulation of DW combined (“All”) 
and also separately for manipulation of DW by means of burning, creation or addition, as indicated in the second column from the left. In 
the results for pest species, rare species, beetles, ground insects and wood fungi, all methods of DW manipulation are combined. “Beetles 
(unspecified)” is for studies in which the authors did not provide further details
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4.1 | Amounts or diversity of DW

That burning seems to benefit saproxylic insects somewhat more ef-
ficiently than creation or addition of DW could be due to the fact that 
it results in higher heterogeneity of DW quality. Burning does not kill 
all trees immediately but damages, chars and weakens them and leaves 
most of the killed trees standing. This expands the variety of dead and 
dying trees as well as the range of decomposition stages (Siitonen, 
Martikainen, Punttila, & Rauh, 2000) and improves the continuity of 
DW which, in turn, results in increased diversity of microhabitats for 
saproxylic organisms. Our result, then, suggests that variation in DW 
quality may be more important for saproxylic organisms than the 
amount of DW per se. The relative importance of these two factors 
(DW quantity and quality) has been considered in the light of two com-
peting hypotheses: the more‐individuals hypothesis (Clarke & Gaston, 
2006) and the habitat heterogeneity hypothesis (Tews et al., 2004), 
with a recent study by Seibold et al. (2016) finding support for the latter.

The technique of DW creation is obviously important for DW 
quality (e.g. Pasanen et al., 2018); thus, using diverse techniques 
might be an alternative to burning. A wide range of tools for DW 
manipulation have been available at least since the 1980s (Bull & 
Partridge, 1986; Cavalli & Mason, 2003). Some techniques, such 
as various forms of non‐lethal girdling and veteranization of living 

trees, including pollarding (Jonsell, 2012; Sebek, Altman, Platek, & 
Cizek, 2013), could create a diversity of DW habitats that would per-
sist over decades to centuries. We recognize, however, that some 
structures, such as cavity trees, remain challenging to create arti-
ficially (Rueegger, 2017), although substitutes such as man‐made 
mould boxes could be useful (Carlsson, Bergman, Jansson, Ranius, 
& Milberg, 2016). We also recognize that certain structures (charred 
wood) are specific to burning only.

4.2 | Tree species and forest types

Our stand‐scale meta‐analyses showed a consistent positive effect 
of DW enrichment on the abundance and species richness of saprox-
ylic insects in coniferous forests, but in mixed forests the response 
was not significant. For mixed forests, however, the sample size was 
small and the confidence intervals very large (Figure 4). Several of 
the tree‐scale studies in our review reported differences across tree 
species of treatment effects on species abundance and richness. Yet, 
our synthesis did not enable us to check whether such effects could 
be attributed solely to different species pools being associated with 
different tree species (Stokland et al., 2012). Species assemblages 
are likely to vary with the dominance of different tree species in 
a forest, but only one of the stand‐scale studies in our review had 

F I G U R E  3   Meta‐regression of impacts 
of dead wood (DW) manipulation on 
the richness of saproxylic insects versus 
DW enrichment. Symbol sizes indicate 
statistical weights based on inverse 
variance. The regression line is based 
on data on all kinds of DW manipulation 
(n = 28)

TA B L E  3   Saproxylic insect responses to dead‐wood manipulation versus potential effect modifiersa

Effect modifier

Abundance Richness

Regression coefficient SE p n Regression coefficient SE p n

Dead‐wood enrichment (m3/ha) −0.002 0.003 0.481 44 −0.009 0.004 0.019 28

Time since intervention (year) −0.621 0.379 0.102 47 0.363 0.519 0.484 30

Mean annual temperature (°C) −0.048 0.062 0.438 47 0.210 0.314 0.504 30

Annual precipitation (mm) −1.189 1.221 0.330 47 0.703 4.670 0.880 30

Bold font denotes a significant (p < 0.05) influence from the moderator.
aMeta‐regressions were based on data from the final year of sampling for each study. 
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compared assemblages in conifer‐dominated stands with those in 
mixed stands and none with those in broadleaf stands. For species 
assemblages in the tree‐scale studies, however, the importance of 
tree species was evident; different tree species were generally in-
habited by different saproxylic species, particularly where conifer-
ous and broadleaf trees were compared.

4.3 | Time since intervention

The studies in our review were, in general, short‐term compared to 
the time‐scales of DW decomposition, which may extend over many 
decades. For groups such as saproxylic beetles, among which the 
majority of species colonize wood within a few years (Saint‐Germain, 
Drapeau, & Buddle, 2007), short‐term studies may be sufficient. In 
contrast, for wood‐inhabiting fungi, which undergo species succes-
sion over decadal time‐scales (e.g. Penttilä, Junninen, Punttila, & 
Siitonen, 2013), the evidence base is insufficient for a full evaluation 
of the effectiveness of DW manipulations. The importance of long 
time‐scales was demonstrated by the difference we found between 
effects on fungi in the first and last years of sampling.

4.4 | Implications for policy/management

Our review suggests that manipulating DW can be an effective part 
of conservation management to support biodiversity in protected 
forests. Especially in areas with impoverished DW pools, it is likely 
that any enrichment will have marked positive effects on associated 
biodiversity. Additionally, the results support the view that DW di-
versity is important: a mix of DW qualities in terms of tree species, 
microclimatic position, diameter and decomposition stage should 
be favoured. The importance of DW diversity underlines the value 
of naturally disturbed forests for maintaining diverse DW‐associ-
ated biota, as natural disturbances usually create a wide variety of 
DW types and thus unique habitats that should be left untouched 
(Lindenmayer, Thorn, & Banks, 2017).

At least for supporting saproxylic insects, prescribed burn-
ing seems to be a particularly useful method. Cavity‐nesting birds, 
however, showed no response to burning, possibly because fire not 
only creates but also consumes snags, which are a key structure 
for many cavity‐nesters (e.g. Harrod, Peterson, Povak, & Dodson, 
2009). A reasonable strategy for cavity‐nesters in protected forests 
should thus focus on minimizing snag losses and retaining naturally 
disturbed areas with abundant pools of snags in a landscape (e.g. 
Hutto, 2006).

We found a positive effect of DW enrichment on the abundance 
not only of rare insects but also of insects considered as pests. The 
risk of an increase in the populations of some pest species may be 
an inevitable consequence of conservation management for certain 
rare species. This risk, however, is highly dependent on tree spe-
cies, pest species and the method of DW manipulation (Karvemo, 
Björkman, Johansson, Weslien, & Hjälten, 2017). Where the risk is 
considered high, some mitigating measures can be applied; for ex-
ample, bark scratching of spruce could prevent an increase in spruce 
bark beetle populations (Thorn et al., 2016).

4.5 | Implications for research

Despite more than three decades of research and discussion on 
DW and conservation (Grove, 2002b; Speight, 1989), there are still 
gaps in our knowledge on biodiversity effects of DW manipulation 
in temperate and boreal forests. Geographically, the largest gap is 
in Asia (Figure 1) but also in other parts of the temperate and bo-
real zones the reviewed studies did not cover the full range of forest 
ecosystems; particularly if we consider the diversity of tree species, 
stand compositions and natural dynamics, ranging from patch‐scale 
to stand‐replacing dynamics. Given the large geographical distribu-
tion of broadleaf forests, it is unfortunate that our systematic re-
view identified only seven relevant studies from such forests. Here, 
clearly more studies are required to enlarge the evidence base. 
We also urge researchers to measure the amount of DW before 

F I G U R E  4   Responses of saproxylic 
insects to dead wood manipulation in 
different climate zones and forest types. 
See Figure 2 for further explanations
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manipulation, as this amount can be an important effect modifier 
(e.g. Kroll et al., 2012). Moreover, since DW created or added in pro-
tected forests often has limited diversity in terms of species, size 
and/or age (Johannesson, 2015; Pasanen, Junninen, & Kouki, 2014), 
more studies should consider the significance of DW quality and 
heterogeneity.

The included studies were strongly dominated by short‐term in-
vestigations. What is short‐term is context dependent, but given the 
decadal time‐scale of tree decomposition, this is an unfortunate bias 
in the evidence base. Here, the main solution seems to be to stim-
ulate researchers to return to their experiments and to ensure that 
sufficient information on the study design is documented, allowing a 
new generation of researchers to reassess conditions at old experi-
mental sites (Seibold et al., 2015).
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