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Appendix S1. Search strings used when searching for literature 

 
Search strings were first run in Web of Science before repeating with equivalent versions 

modified for application in Scopus. Searches were conducted in English using the following 

steps, with the exact search strings used provided below. 

The treatment (CCAMS of interest e.g. mixtures) and control search string (e.g. tree species of 

interest) were entered as a single search (search #1), followed by the specific ES of interest 

(e.g. biodiversity) (search #2). These were combined (#3 = #1 AND #2), and then restricted to 

“review” articles using the available option to do so in Web of Science (as such search #4 = #3 

but review articles only). As the automated “review” restriction missed some known review 

articles (perhaps due to inconsistencies in journal terminology or categorization), we ran an 

additional separate “review” search string to catch these articles directly (search #5). We then 

combined search #5 and #3 (search string #6) to capture relevant reviews missed by search 

#4. We then combined search strings “#4 OR #6” to get all review articles captured by either 

approach (#7). Then each ES search string (including biodiversity) was run separately (#8, #9, 

#10, etc..), with each individual ES search string then combined (“AND”) with #1 and #7 to 

capture review articles for a given CCAMS addressing that ES. Then the “OR” term was used to 

capture review articles covering all of the ES for each CCAMS. In other words, we combined 

the CCAMS search results, with the tree species “control” results, with the biodiversity or ES 

results, while restricting search outcomes to review articles, via both the automated function 

and an additional search string. Results were then exported as RIS files to a unique file within 

a referencing software (e.g. Endnote), where duplicates were removed. 

CCAMS search terms 

Mixture search terms 

(“mix*” or “polyculture*” or “admix*” or “intermix*” or “multi-species” or “multiple species”) 

CCF search terms 

(forest* W/5 “continu* cover*”) OR (forest* W/5 “natural* regenerat*”) OR (forest* W/5 

“multiage*”) OR (forest* W/5 “alternativ*”) OR (forest* W/5 “common* sens*”) OR (forest* 

W/5 “manage*”) OR (forest* W/5 “sustainabl*”) OR (regenerat* W/5 “cut*”) OR (regenerat* 

W/5 “fell*”) OR (regenerat* W/5 “harvest*”) OR (regenerat* W/5 “log*”) OR (select* W/5 

“cut*”) OR (select* W/5 “fell*”) OR (select* W/5 “harvest*”) OR (select* W/5 “log*”) OR 

(partial* W/5 “cut*”) OR (partial* W/5 “fell*”) OR (partial* W/5 “harvest*”) OR (partial* W/5 

“log*”) OR (alternat* W/5 “cut*”) OR (alternat* W/5 “fell*”) OR (alternat* W/5 “harvest*”) 

OR (alternat* W/5 “log*”) OR (silvicult* W/5 “continu* cover*”) OR (silvicult* W/5 “natural* 

regenerat*”) OR (silvicult* W/5 “multiage*”) OR (silvicult* W/5 “alternativ*”) OR (silvicult* 

W/5 “common* sens*”) OR (silvicult* W/5 “sustainabl*”) OR(retent* W/5 “cut*”) OR 

(retent* W/5 “fell*”) OR (retent* W/5 “harvest*”) OR (retent* W/5 “log*”) OR (conserv* W/5 

“cut*”) OR (conserv* W/5 “fell*”) OR (conserv* W/5 “harvest*”) OR (conserv* W/5 “log*”) 

OR (gap* W/5 “cut*”) OR (gap* W/5 “fell*”) OR (gap* W/5 “harvest*”) OR (gap* W/5 “log*”) 

OR (patch* W/5 “cut*”) OR (patch* W/5 “fell*”) OR (patch* W/5 “harvest*”) OR (patch* W/5 

“log*”) OR (dispers* W/5 “cut*”) OR (dispers* W/5 “fell*”) OR (dispers* W/5 “harvest*”) OR 

(dispers* W/5 “log*”) 

Rotation length search terms 



(“rotation*” NEAR/5 (“length*” OR “time*” OR “frequen*” OR “period*” OR “short*” OR 

“long*”)) OR (“harvest*” NEAR/5 (“length*” OR “time*” OR “frequen*” OR “period*” OR 

“short*” OR “long*”)) 

Logging residue extraction 

(residu* OR slash* OR stump* OR biofuel* OR bio-fuel* OR bio-energ* OR bioenerg* or 

“whole-tree*” OR “whole tree*”) 

Introduced tree species 

(“Pinus contorta” OR “lodgepole pine” OR "Pseudotsuga menziesii” OR “Douglas fir” OR 

“Picea sitchensis” OR “Sitka spruce” OR Larix OR larch OR “Acer pseudoplatanus” OR 

“Sycamore maple” OR “Populus tremula tremuloides” OR “hybrid aspen” OR (“tree species” 

NEAR/5 (exot* OR introduc* OR foreign* OR import* OR alien OR nonindigenous OR non-

indigenous OR nonnative OR non-native))) 

Fertilization 

(“Picea abies” OR “Norway spruce*” OR “Pinus Sylvestris” OR “Scots pine*”) AND 

(“nitrog*” NEAR/5 “fertili*”) 

Ditching 

((forest* NEAR/5 (ditch* OR drain* OR trench*)) OR (peat* NEAR/5 (ditch* OR drain* OR 

trench*)) OR (wetland* NEAR/5 (ditch* OR drain* OR trench*)) OR (land* NEAR/5 (ditch* 

OR drain* OR trench*)) OR (hydrolog*NEAR/5 (forest* OR peat* OR wetland*))) 

Control 

(("Picea abies" OR "Norway spruce*" OR "Pinus Sylvestris" OR "Scots pine*") OR ("Swed*" 

OR "Norw*" OR "Finland*" OR "Finnish*" OR "Denmark*" OR "Danish* " OR "Fenno*" OR 

"Nordic*" OR "Scand*" OR "*boreal*" OR "north* Europe*")) AND ("clear-cut*" OR 

"clearcut*" OR "clearfell*" OR "clear-fell*" OR "even-age*" OR "monoculture*") 

Additional “review” search 

Used for getting around the problem of the “reviews only” button excluding papers that are 

relevant. 

(“review*” OR “synthes*” OR 

“summar*”) Biodiversity and 

Ecosystem services General 

(“ecosystem*” NEAR/5 “service*”) 

Biodiversity 

("biolog*" NEAR/5 "divers*") OR ("biodivers*" OR "conserv*" OR "species rich*" OR "red-

list*" OR "threat*" OR "bird*" OR "lichen*" OR "epiphyt*" OR "bryophyt*" OR "plant*" OR 

"mammal*" OR "reptile*" OR "dead-wood*") 

Biomass production 

(“biomass*” OR “harvest*” OR “timber*”) OR (“wood*” NEAR/5 “product*”) OR (“wood*” 



NEAR/5 “harvest*”) 

Carbon 

(“climate*” NEAR/5 “mitigat*”) OR (“carbon” OR “sequest*”) 

Wind 

(“storm*” or “wind*”) 

Fire 

(“fire*” or “burn*”) 

Drought 

(“drought*” OR “dry*”) OR (“water*” NEAR/5 “lack*”) OR (“water*” NEAR/5 “scarc*”) OR 

(“water*” NEAR/5 “limit*”) OR (“water*” NEAR/5 “low*”) 

Pests 

(“pest*” OR “Ips typographus“ OR “Hylobius abietis”) OR (“insect*” NEAR/5 “damage*”) OR 

(“insect*” NEAR/5 “loss*”) OR (“insect*” NEAR/5 “cost*”) 

Pathogens 

(“pathogen*” OR “disease*” OR “Heterobasidion” OR “Armillaria” OR “Melampsoridium” OR 

“Gremmeniella”) OR (“fung*” NEAR/5 “damage*”) OR (“fung*” NEAR/5 “loss*”) OR (“fung*” 

NEAR/5 “cost*”) 

Browsing 

(“deer*” OR “ungulate*” OR “large herbivore*” OR “reindeer*” OR “moose*” OR “cervid*” 

OR “brows*” OR “graz*” OR “alces” OR “capreolus” OR “dama” OR “cervus” OR "roe deer" 

OR "roe- deer*" OR "red deer*" OR "red-deer*" OR “elk*”) AND (“damage*” OR “cost*” OR 

“loss*”) 

Recreation aesthetics 

(“recreat*” OR “aesthetic*” OR “wellbeing*” OR “psycholog*” OR “hunt*” OR “cycl*” OR 

“walk*” OR “hik*” OR “*touris*”) OR (“berr*” NEAR/5 “pick*”) OR (“berr*” NEAR/5 

“harvest*”) OR (“mush*” NEAR/5 “pick*”) OR (“mush*” NEAR/5 “harvest*”) 



Appendix 2 Inclusion criteria 

 
1. The study must conduct a review of the field, summarizing, synthesizing, or 

compiling the different biodiversity or ES outcomes from adopting one of the seven 

targeted CCAMS, and refer to papers that evaluate these issues. Meta-analysis and 

narrative syntheses that compile previous studies are included, whereas studies 

reporting their own novel empirical or modelling findings are not. 

2. The study must be relevant to understanding the potential biodiversity or ES 

implications from modifying or converting Norway spruce or Scots pine dominated 

even-aged forestry in Fennoscandia, via the i) adoption of mixed-species stands, ii) 

continuous cover forestry, iii) altered rotations lengths, iv) conversion to introduced 

tree species, v) extraction of logging residues, vi) stand fertilization, or vii) altered 

ditching practices. At reviewer discretion, reviews that did not specifically address 

e.g. Norway spruce or Scots pine conversion to CCAMS, could nevertheless be 

referred to if they provided outcomes deemed relevant (e.g. large global reviews). 

3. The study must consider the implications for forest biodiversity, or any of the targeted 

ES, namely provisioning services (biomass production, carbon sequestration), cultural 

services (recreational values, aesthetics), or regulatory services ameliorating abiotic 

(wind, fire, drought) and biotic risks (pests, pathogens, large herbivore browsing). 



Appendix 3 Compiled results summary 
 

 
 DATE 

SEARCH 
CONDUCTED 

RECORDS 
IDENTIFIED 

FROM WOS 
AND SCOPUS 

REMAINING 
ARTICLES AFTER 

TITLE AND 
ABSTRACT REVIEW 

ARTICLES THAT 
MET ALL 

INCLUSION 
CRITERIA 

MIXTURES 8/4/2022 208 64 9 
CCF 9/4/2022 359 64 11 
ROTATION LENGTH 28/4/2022 26 12 2 

LOGGING RESIDUE 
EXTRACTION 

28/4/2022 56 48 11 

FERTILIZATION 28/4/2022 256 22 11 

INTRODUCED TREE 
SPECIES 

26/9/2022 211 24 7 

DITCHING / DRAINAGE 26/9/2022 10 6 7 
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