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Early-successional saproxylic beetles inhabiting a common host-tree type can be sensitive to the spatiotemporal continuity of their substrate 
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Appendix 1. References to study species and abundances and incidences of saproxylic species in the study.
Table S1. The focal study species with references to their biology.
	Species
	References

	Rare specialist species
	

	Boros schneideri
	Palm 1954, Lundberg 1964, 1981; Blažytė-Čereškienė and Karalius 2012

	Cerylon impressum
	Lundberg 1978, 1981

	Corticeus fraxini
	Saalas 1923; Lundberg 1978; Herard and Mercadier 1996; Soldati and Soldati 2000

	Corticeus longulus
	Saalas 1923; Lundberg, 1976, 1978; Soldati and Soldati 2000

	Corticeus suturalis
	Saalas 1923; Baranowski, 1975

	Epuraea fussii
	Sjöberg 1939; Palm 1985

	Leptusa norvegica
	Palm 1968

	Plegaderus saucius
	Saalas 1917; Telnov and Kovalevsky 1996

	Common specialist species

	Acanthocinus aedilis
	Heliövaara et al. 2004

	Placusa depressa
	Saalas 1917; Palm 1968; Nuorteva 1957; Fossestøl and Sverdrup-Thygeson 2009

	Phloeonomus pusillus
	Saalas 1917; Palm 1948; Nuorteva 1957; Jonsell and Jansson 2009; Fossestøl and Sverdrup-Thygeson 2009

	Plegaderus vulneratus
	Saalas 1917; Nuorteva 1957; Telnov and Kovalevsky 1996; Hedgren 2007; Fossetøl and Sverdrup-Thygeson 2009

	Pytho depressus
	Saalas 1923; Hansen 1973; Fossestøl and Sverdrup-Thygeson 2009

	Rhizophagus ferrugineus
	Saalas 1917; Nuorteva 1957; Kenis et al. 2004; Fossestøl and Sverdrup-Thygeson 2009 

	Rhagium inquisitor
	Heliövaara et al. 2004; Hedgren 2007; Fossestøl and Sverdrup-Thygeson 2009

	Thanasimus formicarius
	Saalas 1917; Schroeder 1999; Kenis et al. 2004 ; Fossestøl and Sverdrup-Thygeson 2009
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Table S2. Abundances (N) and incidences (percentages of trees occupied, in parenthesis) of the saproxylic species in dead standing pines in natural and managed forests in the three study regions. The species are listed in decreasing order of abundance. The incidences are given as the proportion of trees occupied by each species for each region, natural and managed forest separately. The total numbers of study trees (n) are given in the column title. Frequency scores (Rassi et al., 2015) indicate the rarity of species in Finland, based on the number of occurrences, i.e. number of 10 x 10 km coordinate squares (out of 3900 squares) in Finland where the species has been recorded or assumed to occur on the basis of distribution. Rare species: scores from 10 to 40 (13 to 400 occurrences); common species: scores from 1 to 2 (at least 1600 occurrences).
	
	
	Natural forests
	Managed forests
	

	Species
	Frequency score
	Vienansalo N (%)
(n=100)
	Kuhmo 
N (%) (n=69)
	Pirkanmaa N (%) (n=43)
	Kuhmo 
N (%) (n=55)
	Pirkanmaa N (%) (n=48)
	Total
 N (Average %) (n=315)

	Pytho depressus
	2
	2998 (86%)
	1610 (83%)
	1528 (86%)
	1880 (91%)
	1198 (63%)
	9214 (82%)

	Rhagium inquisitor
	1
	1097 (89%)
	3133 (99%)
	1299 (98%)
	1131 (91%)
	867 (90%)
	7527 (93%)

	Phloeonomus pusillus
	2
	498 (64%)
	1855 (70%)
	722 (84%)
	1277 (84%)
	654 (63%)
	5006 (73%)

	Rhizophagus ferrugineus
	1
	23 (11%)
	2011 (75%)
	347 (58%)
	1814 (60%)
	652 (50%)
	4847 (51%)

	Placusa depressa
	1
	786 (49%)
	1100 (57%)
	572 (37%)
	755 (58%)
	487 (42%)
	3700 (49%)

	Acanthocinus aedilis
	2
	569 (50%)
	607 (52%)
	231 (35%)
	616 (62%)
	398 (44%)
	2421 (49%)

	Plegaderus vulneratus
	2
	627 (78%)
	242 (74%)
	519 (86%)
	538 (71%)
	487 (77%)
	2413 (77%)

	Thanasimus formicarius
	2
	155 (46%)
	276 (45%)
	291 (63%)
	247 (53%)
	320 (52%)
	1289 (52%)

	Plegaderus saucius
	15
	276 (40%)
	58 (30%)
	580 (74%)
	32 (22%)
	54 (23%)
	1000 (38%)

	Phloeostiba lapponica
	1
	54 (16%)
	623 (43%)
	13 (16%)
	154 (35%)
	36 (25%)
	880 (27%)

	Nudobius lentus
	2
	196 (62%)
	99 (62%)
	118 (72%)
	144 (69%)
	127 (75%)
	684 (68%)

	Leptusa norvegica
	20
	116 (48%)
	184 (65%)
	20 (26%)
	211 (49%)
	101 (10%)
	632 (40%)

	Rhizophagus dispar
	1
	76 (36%)
	144 (48%)
	83 (49%)
	88 (40%)
	53 (48%)
	444 (44%)

	Corticeus fraxini
	30
	392 (49%)
	12 (10%)
	 
	24 (11%)
	 
	428 (14%)

	Phloeopora testacea
	2
	34 (21%)
	101 (61%)
	73 (47%)
	58 (45%)
	33 (42%)
	299 (43%)

	Glischrochilus quadripunctatus
	2
	3 (3%)
	38 (20%)
	44 (12%)
	33 (22%)
	92 (10%)
	210 (13%)

	Rhizophagus depressus
	4
	46 (15%)
	54 (20%)
	22 (16%)
	54 (15%)
	34 (17%)
	210 (17%)

	Asemum striatum
	1
	 
	21 (6%)
	7 (7%)
	35 (4%)
	122 (10%)
	185 (5%)

	Placusa incompleta
	4
	16 (8%)
	53 (14%)
	29 (16%)
	65 (16%)
	19 (10%)
	182 (13%)

	Melanotus castanipes
	2
	9 (5%)
	23 (12%)
	30 (28%)
	50 (29%)
	26 (33%)
	138 (21%)

	Corticeus suturalis
	10
	107 (34%)
	24 (16%)
	3 (5%)
	3 (4%)
	 
	137 (12%)

	Epuraea pygmaea
	2
	2 (2%)
	59 (19%)
	10 (5%)
	51 (18%)
	10 (4%)
	132 (10%)

	Phloeocharis subtilissima
	6
	1 (1%)
	3 (1%)
	75 (49%)
	2 (2%)
	33 (8%)
	114 (12%)

	Epuraea laeviuscula
	4
	20 (5%)
	24 (13%)
	23 (9%)
	27 (15%)
	17 (8%)
	111 (10%)

	Euplectus punctatus
	2
	15 (10%)
	4 (4%)
	31 (23%)
	9 (7%)
	15 (15%)
	74 (12%)

	Epuraea angustula
	2
	27 (15%)
	14 (12%)
	7 (16%)
	12 (13%)
	10 (15%)
	70 (14%)

	Cerylon impressum
	40
	22 (16%)
	12 (16%)
	22 (28%)
	6 (9%)
	 
	62 (14%)

	Epuraea marseuli
	2
	15 (6%)
	7 (7%)
	 
	23 (7%)
	7 (4%)
	52 (5%)

	Leptusa pulchella
	1
	6 (5%)
	4 (4%)
	14 (21%)
	2 (4%)
	11 (17%)
	37 (10%)

	Quedius plagiatus
	2
	7 (7%)
	8 (7%)
	4 (9%)
	8 (7%)
	7 (10%)
	34 (8%)

	Enicmus rugosus
	2
	 
	7 (9%)
	6 (7%)
	2 (4%)
	17 (21%)
	32 (8%)

	Anisotoma glabra
	2
	3 (2%)
	4 (3%)
	1 (2%)
	2 (4%)
	20 (8%)
	30 (4%)

	Pityophagus ferrugineus
	2
	 
	16 (10%)
	1 (2%)
	4 (7%)
	8 (8%)
	29 (6%)

	Oxypoda hansseni
	15
	9 (6%)
	7 (6%)
	3 (7%)
	2 (4%)
	6 (6%)
	27 (6%)

	Tetratoma ancora
	2
	4 (4%)
	3 (3%)
	2 (5%)
	14 (16%)
	4 (8%)
	27 (7%)

	Latridius hirtus
	2
	10 (6%)
	3 (3%)
	9 (12%)
	2 (4%)
	2 (4%)
	26 (6%)

	Placusa atrata
	2
	1 (1%)
	11 (10%)
	 
	8 (11%)
	5 (8%)
	25 (6%)

	Epuraea fussii
	15
	17 (14%)
	6 (9%)
	 
	1 (2%)
	 
	24 (5%)

	Anisotoma castanea
	2
	 
	 
	2 (2%)
	 
	21 (2%)
	23 (1%)

	Boros schneideri
	40
	21 (7%)
	 
	2 (2%)
	 
	 
	23 (2%)

	Zilora ferruginea
	4
	1 (1%)
	 
	9 (5%)
	 
	12 (6%)
	22 (2%)

	Platysoma lineare
	15
	15 (7%)
	 
	 
	4 (4%)
	1 (2%)
	20 (3%)

	Phloeonomus sjobergi
	2
	2 (2%)
	17 (4%)
	 
	 
	1 (2%)
	20 (2%)

	Corticaria lateritia
	4
	7 (7%)
	4 (4%)
	6 (14%)
	2 (2%)
	 
	19 (5%)

	Dinaraea arcana
	4
	 
	2 (1%)
	10 (5%)
	 
	7 (4%)
	19 (2%)

	Gabrius expectatus
	2
	6 (4%)
	5 (3%)
	1 (2%)
	6 (7%)
	1 (2%)
	19 (4%)

	Anomognathus cuspidatus
	4
	1 (1%)
	8 (6%)
	1 (2%)
	4 (5%)
	1 (2%)
	15 (3%)

	Cryptophagus dorsalis
	2
	 
	8 (3%)
	1 (2%)
	2 (4%)
	4 (4%)
	15 (3%)

	Dadobia immersa
	2
	 
	 
	7 (7%)
	 
	6 (2%)
	13 (2%)

	Ipidia binotata
	6
	 
	2 (3%)
	5 (5%)
	 
	6 (6%)
	13 (3%)

	Corticaria polypori
	4
	5 (5%)
	3 (4%)
	3 (5%)
	1 (2%)
	 
	12 (3%)

	Anisotoma axillaris
	2
	 
	 
	 
	10 (2%)
	1 (2%)
	11 (1%)

	Epuraea thoracica
	4
	 
	6 (6%)
	1 (2%)
	3 (4%)
	1 (2%)
	11 (3%)

	Ampedus nigrinus
	1
	8 (8%)
	 
	1 (2%)
	1 (2%)
	 
	10 (2%)

	Corticaria rubripes
	1
	1 (1%)
	4 (4%)
	1 (2%)
	4 (7%)
	 
	10 (3%)

	Quedius xanthopus
	2
	 
	4 (3%)
	3 (7%)
	1 (2%)
	2 (4%)
	10 (3%)

	Stenichnus bicolor
	2
	1 (1%)
	7 (7%)
	 
	1 (2%)
	1 (2%)
	10 (2%)

	Corticaria longicollis
	4
	3 (3%)
	4 (4%)
	1 (2%)
	1 (2%)
	 
	9 (2%)

	Cyphea latiuscula
	20
	3 (1%)
	1 (1%)
	1 (2%)
	4 (4%)
	 
	9 (2%)

	Diacanthous undulatus
	4
	7 (6%)
	 
	2 (5%)
	 
	 
	9 (2%)

	Quedius tenellus
	4
	 
	 
	4 (2%)
	 
	5 (4%)
	9 (1%)

	Epuraea boreella
	1
	2 (2%)
	5 (4%)
	 
	1 (2%)
	 
	8 (2%)

	Agathidium arcticum
	4
	6 (1%)
	 
	1 (2%)
	 
	 
	7 (1%)

	Atrecus pilicornis
	2
	3 (2%)
	4 (3%)
	 
	 
	 
	7 (1%)

	Cerylon histeroides
	2
	1 (1%)
	2 (3%)
	 
	1 (2%)
	3 (6%)
	7 (2%)

	Malthodes guttifer
	1
	 
	1 (1%)
	2 (5%)
	 
	4 (8%)
	7 (3%)

	Atomaria bella
	2
	2 (1%)
	 
	 
	1 (2%)
	3 (4%)
	6 (1%)

	Corticaria orbicollis
	6
	 
	4 (4%)
	 
	2 (2%)
	 
	6 (1%)

	Ptiliolum caledonicum
	10
	 
	4 (4%)
	2 (5%)
	 
	 
	6 (2%)

	Agathidium pisanum
	4
	 
	4 (1%)
	1 (2%)
	 
	 
	5 (1%)

	Arhopalus rusticus
	4
	2 (2%)
	2 (3%)
	 
	 
	1 (2%)
	5 (1%)

	Cis punctulatus
	2
	 
	 
	 
	 
	5 (8%)
	5 (2%)

	Dendrophagus crenatus
	4
	1 (1%)
	 
	1 (2%)
	1 (2%)
	2 (4%)
	5 (2%)

	Phloeopora corticalis
	6
	 
	 
	 
	 
	5 (6%)
	5 (1%)

	Xylostiba monilicornis
	10
	 
	1 (1%)
	 
	 
	4 (4%)
	5 (1%)

	Abdera triguttata
	4
	 
	 
	 
	 
	4 (6%)
	4 (1%)

	Corticarina parvula
	4
	 
	 
	4 (9%)
	 
	 
	4 (2%)

	Cryptolestes abietis
	4
	2 (2%)
	1 (1%)
	 
	 
	1 (2%)
	4 (1%)

	Platysoma angustatum
	6
	 
	 
	1 (2%)
	3 (4%)
	 
	4 (1%)

	Ernobius explanatus
	4
	4 (3%)
	 
	 
	 
	 
	4 (1%)

	Phyllodrepa clavigera
	20
	 
	 
	2 (5%)
	1 (2%)
	1 (2%)
	4 (2%)

	Phyllodrepa linearis
	4
	2 (2%)
	 
	1 (2%)
	1 (2%)
	 
	4 (1%)

	Pediacus fuscus
	6
	1 (1%)
	 
	 
	3 (2%)
	 
	4 (1%)

	Xylita laevigata
	2
	2 (2%)
	 
	 
	1 (2%)
	1 (2%)
	4 (1%)

	Ampedus erythrogonus
	6
	 
	 
	3 (5%)
	 
	 
	3 (1%)

	Enicmus fungicola
	1
	1 (1%)
	1 (1%)
	 
	1 (2%)
	 
	3 (1%)

	Epuraea rufomarginata
	2
	 
	2 (3%)
	 
	 
	1 (2%)
	3 (1%)

	Ischnoglossa elegantula
	4
	3 (3%)
	 
	 
	 
	 
	3 (1%)

	Malthodes fuscus
	1
	 
	2 (1%)
	 
	1 (2%)
	 
	3 (1%)

	Ostoma ferruginea
	2
	3 (1%)
	 
	 
	 
	 
	3 (<1%)

	Pentanota meuseli
	20
	1 (1%)
	 
	 
	2 (4%)
	 
	3 (1%)

	Pissodes pini
	2
	 
	2 (1%)
	 
	1 (2%)
	 
	3 (1%)

	Pteryx suturalis
	2
	1 (1%)
	2 (1%)
	 
	 
	 
	3 (<1%)

	Rhyncolus ater
	1
	 
	 
	 
	1 (2%)
	2 (4%)
	3 (1%)

	Rhyncolus sculpturatus
	2
	1 (1%)
	1 (1%)
	 
	 
	1 (2%)
	3 (1%)

	Sepedophilus testaceus
	2
	 
	 
	 
	1 (2%)
	2 (2%)
	3 (1%)

	Stenichnus collaris
	2
	1 (1%)
	2 (1%)
	 
	 
	 
	3 (<1%)

	Acrulia inflata
	2
	2 (2%)
	 
	 
	 
	 
	2 (<1%)

	Agathidium rotundatum
	1
	 
	 
	 
	1 (2%)
	1 (2%)
	2 (1%)

	Ampedus balteatus
	2
	1 (1%)
	 
	 
	 
	1 (2%)
	2 (1%)

	Anaspis marginicollis
	2
	 
	1 (1%)
	 
	1 (2%)
	 
	2 (1%)

	Aspidiphorus orbiculatus
	2
	 
	 
	 
	 
	2 (2%)
	2 (<1%)

	Atrecus affinis
	6
	 
	 
	 
	 
	2 (4%)
	2 (1%)

	Bolitochara pulchra
	2
	 
	 
	1 (2%)
	 
	1 (2%)
	2 (1%)

	Cerylon ferrugineum
	1
	 
	1 (1%)
	 
	 
	1 (2%)
	2 (1%)

	Coryphium angusticolle
	4
	1 (1%)
	 
	 
	1 (2%)
	 
	2 (1%)

	Corticeus longulus
	30
	2 (1%)
	 
	 
	 
	 
	2 (<1%)

	Cryptolestes alternans
	4
	1 (1%)
	 
	1 (2%)
	 
	 
	2 (1%)

	Cryptophagus badius
	1
	 
	1 (1%)
	1 (2%)
	 
	 
	2 (1%)

	Dromius agilis
	2
	1 (1%)
	 
	 
	1 (2%)
	 
	2 (1%)

	Dromius schneideri
	4
	 
	 
	1 (2%)
	1 (2%)
	 
	2 (1%)

	Orchesia minor
	4
	 
	 
	1 (2%)
	 
	1 (2%)
	2 (1%)

	Ptinella limbata
	6
	 
	1 (1%)
	 
	 
	1 (2%)
	2 (1%)

	Agathidium seminulum
	2
	 
	1 (1%)
	 
	 
	 
	1 (<1%)

	Ampedus pomorum
	4
	 
	 
	 
	 
	1 (2%)
	1 (<1%)

	Anisotoma humeralis
	2
	 
	 
	1 (2%)
	 
	 
	1 (<1%)

	Atrecus longiceps
	15
	 
	1 (1%)
	 
	 
	 
	1 (<1%)

	Cis boleti
	1
	 
	 
	 
	1 (2%)
	 
	1 (<1%)

	Corticaria interstitialis
	2
	 
	 
	 
	1 (2%)
	 
	1 (<1%)

	Corticeus linearis
	4
	 
	1 (1%)
	 
	 
	 
	1 (<1%)

	Cryptophagus lysholmi
	30
	 
	1 (1%)
	 
	 
	 
	1 (<1%)

	Dinaraea aequata
	1
	 
	 
	 
	 
	1 (2%)
	1 (<1%)

	Dinaraea linearis
	4
	1 (1%)
	 
	 
	 
	 
	1 (<1%)

	Latridius consimilis
	1
	 
	 
	 
	 
	1 (2%)
	1 (<1%)

	Epuraea binotata
	2
	 
	 
	1 (2%)
	 
	 
	1 (<1%)

	Epuraea deubeli
	10
	 
	1 (1%)
	 
	 
	 
	1 (<1%)

	Epuraea terminalis
	2
	 
	 
	 
	1 (2%)
	 
	1 (<1%)

	Euplectus mutator
	6
	 
	 
	1 (2%)
	 
	 
	1 (<1%)

	Gyrophaena affinis
	2
	 
	 
	1 (2%)
	 
	 
	1 (<1%)

	Holobus apicatus
	10
	 
	 
	 
	 
	1 (2%)
	1 (<1%)

	Hylobius abietis
	1
	 
	1 (1%)
	 
	 
	 
	1 (<1%)

	Latridius porcatus
	6
	 
	 
	 
	1 (2%)
	 
	1 (<1%)

	Malthodes brevicollis
	1
	 
	 
	1 (2%)
	 
	 
	1 (<1%)

	Nevraphes coronatus
	6
	1 (1%)
	 
	 
	 
	 
	1 (<1%)

	Orchesia fasciata
	4
	 
	 
	1 (2%)
	 
	 
	1 (<1%)

	Orchesia micans
	1
	 
	1 (1%)
	 
	 
	 
	1 (<1%)

	Orthocis alni
	2
	 
	 
	1 (2%)
	 
	 
	1 (<1%)

	Phloeopora concolor
	4
	1 (1%)
	 
	 
	 
	 
	1 (<1%)

	Placusa suecica
	15
	 
	 
	1 (2%)
	 
	 
	1 (<1%)

	Pogonocherus fasciculatus
	2
	1 (1%)
	 
	 
	 
	 
	1 (<1%)

	Scaphisoma agaricinum
	2
	 
	 
	 
	1 (2%)
	 
	1 (<1%)

	Scydmoraphes minutus
	10
	1 (1%)
	 
	 
	 
	 
	1 (<1%)

	Sepedophilus littoreus
	2
	1 (1%)
	 
	 
	 
	 
	1 (<1%)

	Thanasimus femoralis
	2
	 
	 
	 
	1 (2%)
	 
	1 (<1%)

	Triplax russica
	1
	 
	1 (1%)
	 
	 
	 
	1 (<1%)

	Tyrus mucronatus
	6
	1 (1%)
	 
	 
	 
	 
	1 (<1%)

	Xylodromus depressus
	15
	 
	 
	 
	 
	1 (2%)
	1 (<1%)






Appendix 2. Measurements and comparison of stand characteristics
Stand characteristics
[bookmark: _Hlk33540117][bookmark: _Hlk23406618]Stand characteristics were measured in each stand. We recorded the basal area of living trees in 5–7 circular sample plots with a relascope. The number of sample plots depended on the size and heterogeneity of the stand. To measure the volume of dead trees (diameter ≥ 10 cm, length ≥ 1.3 m), we established 1–3 transects of 0.2 ha (100 m × 20 m). One transect was established in stand parts < 2 ha, two in stands of 2–5 ha, and three transects in stands > 5 ha. For each dead-wood object, tree species, position (downed or standing), diameter at breast height (DBH), and length/height (when necessary for the calculation of the volume) were recorded. The volumes of entire dead trees were calculated using volume equations based on tree species and DBH (Laasasenaho 1982). The volumes of pieces of dead trees were calculated using the formula for a cylinder or a cone (tree tops), based on the basal diameter and length of each piece.
[bookmark: _Hlk33539941]To test differences in mean stand characteristics, we applied the non-parametric Kruskall-Wallis test and Dunn’s post-hoc tests with Bonferroni correction using add-on package PMCMR (Pohlert 2014). All of the 67 stands were included in these analyses.

[bookmark: _Hlk33607272]Table S3. Stand characteristics (mean  SD) in natural and managed forests in the three study regions. The differences among the forest categories were tested with Kruskall-Wallis test (H) and and Dunn’s post-hoc test with Bonferroni correction (categories not sharing a letter differ significantly from each other).  
	
	Natural forests
	Managed forests
	H
	p

	
	Vienansalo 
	Kuhmo
	Pirkanmaa
	Kuhmo
	Pirkanmaa
	
	

	
	(n=10)
	(n=8)
	(n=5)
	(n=12)
	(n=32)
	
	

	Living tree volume (m3/ha)

	Total vol 
	172.832.5
ab
	234.836.3
a
	257.351.5
a
	149.473.8
ab
	145.191.2
b
	16.26
	<0.01

	Dead wood volume (m3/ha)

	Total vol
	67.828.0
a
	41.313.8
ab
	47.219.4
ab
	12.012.5
bc
	3.33.1
c
	48.46
	<0.01

	Stand age
	153.837.5
a
	158.019.1
a
	231.260.0
a
	137.119.8
ab
	117.520.9
b
	29.28
	<0.01
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