Appendix 9.

Impacts of study design, validity, selection of data and publication bias


Study design
Our analyses of how dead-wood enrichment affects saproxylic insects were based on studies with a BACI or CI design. Both kinds of study showed positive effects on abundance and richness, but the effects were stronger according to BACI studies (abundance: SMD: 1.68, CI: 0.93, 2.43, n=11; richness: SMD: 2.69, CI: 0.85, 4.67, n=12) than according to CI studies (abundance: SMD: 0.65, CI: 0.41, 0.89, n=36; richness: SMD: 0.93, CI: 0.60, 1.26, n=18).


Study validity
The majority of studies included in the review were assessed by us to have high validity. Of the studies that reported meta-analysable data on saproxylic insects, only two were assessed to have medium validity. With the medium-validity studies excluded, we found somewhat weaker effects on abundance and richness than when all studies were included, although the effects remained clearly significant. For saproxylic insect abundance, the SMD changed from 0.85 (CI: 0.56, 1.14, n=47) with all studies included to 0.75 (CI: 0.53, 0.97, n=45) with only high-validity studies included. For richness, it changed from 1.74 (CI: 0.69, 2.78, n=30) to 1.19 (CI: 0.77, 1.60, n=28).


Results from first vs. final year of sampling
[bookmark: _GoBack]As a check of the robustness of our findings, we repeated all meta-analyses using data from the first year after treatment instead of the final year (Figure A9-1). The average time since intervention did not differ much between the two sets of analyses (Table A9-1), and the conclusions on the abundance and richness responses remained mainly unchanged. The only exception was wood-inhabiting fungi, where the difference between first and final time of sampling was more than 5 years. In this case, the effects of dead-wood manipulation were non-significant in the first year but significantly positive in the final year.
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Figure A9-1. Responses of the abundance and richness of different taxon groups to dead-wood manipulation. Analyses were based on data from the first post-treatment year of sampling for each study – cf. Figure 2 in the main text, which is based on data from the final year of sampling.










Table A9-1.  Average time elapsed since intervention.

	Studies of abundance

	
	First year of sampling
	Final year of sampling
	No. of studies

	Taxon group
	Mean (years)
	SD
	Mean (years)
	SD
	

	Saproxylic insects
	1.05
	0.64
	1.83
	1.29
	47

	Saproxylic pest insects
	1.49
	0.94
	1.67
	0.96
	14

	Rare saproxylic insects
	0.80
	0.30
	1.89
	1.76
	9

	Beetles (unspecified)
	0.90
	0.95
	1.47
	0.92
	3

	Ground insects
	3.33
	2.88
	4.00
	2.37
	6

	Fungi
	1.68
	1.87
	7.00
	8.49
	5

	Rare fungi
	0.70
	0.42
	13.00
	12.73
	2

	Studies of species richness

	
	First year of sampling
	Final year of sampling
	No. of studies

	Taxon group
	Mean (years)
	SD
	Mean (years)
	SD
	

	Saproxylic insects
	0.87
	0.35
	2.24
	2.03
	30

	Rare saproxylic insects
	0.95
	0.36
	2.53
	2.58
	17

	Ground insects
	3.00
	3.10
	4.00
	2.37
	6

	Fungi
	2.13
	2.50
	10.33
	10.12
	3

	Rare fungi
	0.70
	0.42
	13.00
	12.73
	2




Influence of individual experiments
Roughly half of the outcomes included in our meta-analyses derived from two large experiments in Finland (the EVO and FIRE studies; Eriksson et al. 2006, Heikkala et al. 2016a, Heikkala et al. 2016b, Hyvärinen et al. 2005, Hyvärinen et al. 2006, Hyvärinen et al. 2009, Junninen et al. 2008, Martikainen et al. 2006, Pentillä et al. 2013, Pitkänen et al. 2008, Toivanen & Kotiaho 2007, Toivanen et al. 2009, Toivanen & Kotiaho 2010, Toivanen et al. 2014). After having excluded all data from these two experiments, we repeated the analyses (where enough data remained) as a further check of the robustness of our findings. The abundance of saproxylic pest insects, which responded positively to dead-wood manipulation based on data from all available studies, showed no significant response when EVO and FIRE data were excluded (Table A9-2). Otherwise, exclusion of data from these two experiments did not affect the our results. 




Table A9-2. Summary effect sizes with two big experiments (EVO and FIRE) 
included or excluded

	
	All studies included
	EVO and FIRE studies excluded

	
	SMD
	95% CI
	n
	SMD
	95% CI
	n

	Abundance
	Mean
	Low
	High
	
	Mean
	Low
	High
	

	Saproxylic insects
	0.85
	0.56
	1.14
	47
	0.97
	0.52
	1.41
	22

	Saproxylic pest insects
	0.5
	0.05
	0.95
	14
	0.65
	-0.21
	1.5
	3

	Beetles (unspecified)
	1.4
	0.36
	2.43
	3
	1.4
	0.36
	2.43
	3

	Ground insects
	-0.67
	-1.94
	0.6
	6
	-0.13
	-1.07
	0.81
	4

	Wood-inhabiting fungi
	2.75
	1.44
	4.05
	5
	3.38
	2.54
	4.23
	3

	
	
	
	
	
	
	
	
	

	Richness
	
	
	
	
	
	
	
	

	Saproxylic insects
	1.74
	0.69
	2.24
	30
	2.12
	0.51
	3.72
	14

	Ground insects
	-0.15
	-0.66
	0.37
	6
	-0.09
	-0.71
	0.53
	4




Studies where dead-wood amounts decreased
While interventions of the types covered by this review generally result in increased amounts of dead wood, a few of the included studies of burning reported that dead-wood amounts had decreased as a consequence of the fire. This applied to three of the seven studies of cavity-nesting birds that were included in our meta-analyses, whereas the amounts of dead wood had increased in the four other studies. The response to burning of bird abundance did not differ significantly between these two groups of studies (SMD: 0.69, CI: -0.27, 1.65, n=3 and SMD: 0.63, CI: -0.81, 2.07, n=4 in studies with decreased and increased amounts of dead wood, respectively). One case with lower dead-wood amounts after burning also appeared among the studies of saproxylic insect abundance (Apigian et al. 2006). Exclusion of this study made little difference to the average abundance response to prescribed burning (SMD: 1.04, CI 0.82, 1.48, n=29 with the study excluded; SMD: 0.99, CI: 0.84, 1.34, n=30 with the study included).


Publication bias
We tested for possible publication bias using funnel plots for the available data on saproxylic insect abundance and richness. Funnel plots are scatter plots of effect sizes against a measure of precision, usually the standard error. However, funnel plots that combine SMDs and standard errors are susceptible to distortions that could be interpreted as signs of publication bias even where no such bias is present. Therefore, we used the inverse square root of the sample size as a measure of precision in our funnel plots, as recommended by Zwetsloot et al. (2017). In the funnel plots, both abundance and richness data show some asymmetry suggesting the possibility of publication bias (Figure A9-2). The pattern indicates that studies with high precision (due to a large number of observations) generally reported effect sizes somewhat closer to zero than studies with lower precision. 


[image: ]

Figure A9-2. Funnel plots for responses of saproxylic insect abundance and richness to dead-wood manipulation. The inverse square root of the sample size is used as a measure of precision. Background shadings have been applied to facilitate comparison but have no particular significance.   



We also calculated fail-safe numbers (Rosenthal 1979) for species groups with the highest numbers of comparisons (Table A9-3). The outcomes indicate that the results for saproxylic insects are robust, with fail-safe numbers well above threshold values suggested by Rosenthal (1979), but less robust for other species groups.
Table A9-3. Fail-safe numbers (Rosenthal) 
	
	Abundance
	Richness

	
	Rosenthal fail-safe number 
	5n+10
	Rosenthal fail-safe number 
	5n+10

	Saproxylic insects
	1134
	245
	1059
	160

	Pest species
	26
	80
	
	

	Ground insects
	4
	40
	0
	40

	Wood-inhabiting fungi
	112
	35
	3
	25



The fail-safe number refers to the number of missing studies with an average effect size of zero that have to be added to make the combined effect size insignificant (with a target significance level of 0.05). A threshold value (5n+10) smaller than the fail-safe number indicates a robust result.
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