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Curriculum	Vitae:	Thomas	Wohlgemuth,	Dr.	phil.	nat.	
	
	
Personal	Detail	
Dr.	phil.	nat.	
RU	Forest	Dynamics	
RG	Disturbance	Ecology	
Swiss	Federal	Institute	of	Forest,	Snow	and	Landscape	Research	WSL	
CH-8903	Birmensdorf	
	

Marital	Status	 Divorced,	three	children	
	

Office	+41-44	739	2317		Mobile	+41-79	227	4775	
thomas.wohlgemuth@wsl.ch	
www.wsl.ch/info/mitarbeitende/wohlgemu	
	

H-indices:	
Web	of	Science	28,	Scopus	32,	ResearchGate	34,	Google	Scholar	37	

	

Higher	Education	
2007	–	2008	 ETH	Zürich,	Certificate	course	in	statistics	
1994	–	1996	 University	of	Bern,	Switzerland.	PhD	in	Geobotany	with	Prof.	O.	Hegg.	Biogeography	and	biodiver-

sity	of	the	Swiss	flora	–	regionalisations	on	the	basis	of	countrywide	distribution	data.	(SNF-project).	
1982	–	1987	 Swiss	Federal	Institute	of	Technology	ETHZ,	Switzerland.	MSc	in	Systematic	and	Ecological	Biol-

ogy,	Dipl.	Natw.	ETH	with	Prof.	O.	Sticher	and	Prof.	F.	Klötzli:	Ecosystem	effects	of	a	short-term	
fallow	in	a	formerly	managed	wetland:	soil	reactions	

1981	–	1982	 	Swiss	Federal	Institute	of	Technology	Zürich	ETHZ,	Switzerland:	2	semesters	Machine	Engineer-
ing	

Appointments	
2006	–	present	 Head	of	the	research	group	Disturbance	Ecology,	Research	Unit	Forest	Dynamics,		
	 Deputy	head	of	Research	Unit	Forest	Dynamics,	WSL	Birmensdorf	
2006	–	present	 Senior	Scientist	
2001	–	2006	 Head	of	the	research	programme	Forest	Dynamics,	WSL	Birmensdorf	
1998	–	2000	 Junior	Scientist,	Department	of	Landscape	Ecology,	WSL	Birmensdorf	
1997	 Postdoctoral	Research	Fellow,	Oklahoma	State	University,	Stillwater	OK,	USA	
	 Postdoctoral	Research	Fellow,	EROS	Data	Center,	Sioux	Falls	SD,	USA	
1991	–	1994	 Head	of	research	group	Vegetation	Science,	WSL	Birmensdorf	
1988	–	1990	 Junior	Scientist,	Department	of	Soil	Science,	WSL	Birmensdorf	

Teaching	
2006	–	2015	 Field	week	in	Ecology,	Univ.	Basel	(in	collaboration	with	Prof.	Ch.	Körner)	
2008	–	2013	 Disturbance	Ecology,	ETH	Zürich	(in	collaboration	with	Prof.	J.	Ghazoul)	
2002	–	2012	 Quantitative	Vegetation	Analysis,	Univ.	Basel	

Projects	
2019	–	2020	 Pilot	LFI-Veg21	–	Design	of	repeated	vegetation	assessment	on	a	NFI-subset	sample,	CHF	200’000	
2018	–	2020	 Science	Walks	–	Research	field	guide	through	the	Upper	Valais,	Canton	Valais,	CHF	140'000	
2017	–	2019	 ExtremeAdapt		–	Tolerance	and	adaptation	of	tree	species	to	extreme	climate	events,	CHF	205'000	
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2016	–	2018	 DOCH-WO	–	Invasion	potential	of	Douglas	fir	in	Swiss	forests	and	open	land:	Wald-	und	Holzfor-
schungsfonds,	CHF	162'000	

2015	–	2016	 MastWeb	–	Netzwerks	zum	Austausch	von	Informationen	über	die	Samenproduktion	von	Baum-
arten	

2015	–	2016	 Douglas-fir	invasiveness	in	Central	Europe	and	in	particular	in	Switzerland:	Bafu,	CHF	70'000	
2013	–	2018	 FloZ	(Flora	of	the	canton	of	Zürich):	Lotteriefonds,	CHF	500'000	
2013	–	2016	 WaDyWa	(Forest	dynamics	Valais):	Canton	Valais,	CHF	240'000	
2013	–	2015	 Interactive	effects	of	CO2	and	 light	 conditions	on	drought	 resistance	of	conifer	 species	during	

early	growth:	Swiss	National	Science	foundation	SNF,	CHF	277’000	
2011	–	2012	 PlastiPine	 –	 Plasticity	 of	 Scots	 pine	 recruitment	 under	 simulated	 climate	 change:	 Sciex,	 CHF	

138’000	
2010	–	2011	 Wilderness	potential	–	Pilot	study:	Federal	Office	for	the	Environment	FOEN,	CHF	30’000	
2009	–	2014	 Drought	as	limiting	factor	for	early	growth	of	principal	tree	species:	Federal	Office	for	the	Envi-

ronment	FOEN,	CHF	240'000	
2009	–	2012	 BüWaK,	Forests	and	climate	change	in	the	Grisons:	Canton	Graubünden,	CHF	220’000	
2008	–	2011	 ZuWaWa:	Future	of	forest	in	the	Valais:	Cant.	Valais,	CHF	200’000	
2008	–	2010	 Automatically	 controlled	 rainshelters:	 Swiss	 National	 Science	 foundation	 SNF	 (R’Equip),	 CHF	

100’000	
2008	–	2011	 Regeneration	after	windthrow:	Federal	Office	for	the	Environment	FOEN,	CHF	250’000	
2007	–	2011	 Germination	and	early	seedling	growth	of	Pinus	and	Quercus:	Swiss	National	Science	foundation	

SNF,	CHF	197’000	

Professional	Service	
2016	–	present		 Research	commission,	WSL	
2013	–	2017	 Associate	Editor	in	Annals	of	Forest	Science	
2012	–	present	 Steuerungsausschutz	"Flora	des	Kantons	Zürich",	president	
2009	–	2012	 Zürcherische	Botanische	Gesellschaft,	president	
2001	–	2006	 GMBA	Global	mountain	biodiversity	assessment:	steering	committee	
2000	–	2006	 SKEW	Schweizerische	Kommission	für	die	Erhaltung	von	Wildpflanzen:	Scientific	board	
1996	–	2006	 CRSF/ZDSF	Zentrum	des	Datenverbundnetzes	der	Schweizer	Flora:	Scientific	board	

Reviews	for	journals	
Acta	Oecol,	Alpine	Bot,	Ann	Bot	Fenn,	Ann	For	Sci,	Appl	Veg	Sci,	Biol	Cons,	Biodiv	Cons,	Bot	Helv,	Can	J	For	Ecol,	
Community	Ecol,	Diversity,	Div	Dist,	Ecography,	Ecol	Lett,	Ecol	Model,	Ecology,	Ecosystems,	Env	Exp	Bot,	Eur	J	For	
Res,	Folia	Geobot,	For	Ecol	Manage,	Geogr	Ann,	Glob	Change	Biol,	Glob	Ecol	Biogeogr,	J	Appl	Ecol,	J	Biogeogr,	J	Trop	
For	Sci,	J	Veg	Sci,	J	Landscape	Ecol,	Landscape	Ecol,	Mt	Res	Dev,	Oecologia,	Perspect	Plant	Biol,	Plant	Ecol,	PLOSone,	
PPEES,	Science,	Silva	Fenn,	Trees	

Reviews	for	institutions	
Austrian	Academy	of	Sciences,	Academy	of	Sciences	of	the	Czech	Republic,	Deutsche	Forschungsgemeinschaft	DFG,	
National	Science	Centre	of	Poland,	Slovak	Academy	of	Science	

Extension	service	
COST-Action	NNEXT:	workshops	in	Zurich,	2015	&	2018	(Organizer)	
COST-Action	ClimMani:	Gradients	in	climate	change	research:	Workshop	in	Novi	Sad	2016	(Organizer)	
ClimTree	2013:	Int.	conference	on	climate	change	and	tree	responses	in	Central	European	forests	2013,	Zürich	

(Organizer)	
Int.	symposium	on	weeds	and	invasive	plants	2011:	Ascona,	Switzerland	(Scientific	board)	
Int.	conference:	Monitoring	the	effectiveness	of	nature	conservation	2007:	WSL,	Birmensdorf	(Scientific	board)	
Forum	für	Wissen	2006:	Wald	und	Klimawandel:	WSL,	Zürich	(Organizer)	
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SSupervised	and	Cco-supervised	PhD	students	and	Post-Doctorals	
SHafner	J.	(2016-18)	Invasivitätspotenzial	der	Douglasie	in	Schweizer	Wäldern	und	im	Offenland	(ETHZ)	
CFescenko	A.	(2012-17)	Dynamics	of	forest	diversity	in	Latvia	and	Switzerland	(University	of	Latvia)	
SBachofen	C.	(2013-16)	Interactive	effects	of	CO2	and	light	conditions	on	drought	resistance	of	conifer	species	

(ETHZ)	
CMaringer	J.	(2011-16)	Effects	of	fire	on	beech	forests	in	Insubric	Pre-Alps.	Univ.	Stuttgart	&	WSL.	
SMetslaid,	M.	(2011-12)	Defy	drought:	Combined	effects	of	drought	and	raised	CO2	on	early	growth	of	conifers	

(Sciex)	
SPriewasser	K.	(2009-12)	Tree	regeneration	after	windthrow	in	Switzerland.	ETH	Zürich	&	WSL.	
SRichter	S.	(2008-10)	Germination	and	early	growth	of	Pinus	sylvestris	and	P.	nigra	under	limiting	drought.	
SKipfer	T.	(2007-10)	Post-fire	ectomycorrhizal	fungi	and	their	role	for	Pinus	sylvestris	L.	seedling	growth.	Diss.	ETH	

No.	19426.	
CUsbeck,	T.	(2004-2016)	Temporal	and	regional	winter	storm	damage	risk	to	Swiss	forests.	Univ.	Neuchâtel	&	
WSL	
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List	of	publications	

Web	of	Science	Core	Collection	(n=32	since	2015;	total	74)	
Maringer	J,	Wohlgemuth	T,	Hacket-Pain	A,	Ascoli	D,	Conedera	M	(2020)	Drivers	of	persistent	post-fire	recruit-

ment	in	European	beech	forests.	Sci.	Total	Environ.	699:	134006.	DOI:	10.1016/j.scitotenv.2019.134006	
Vitasse	Y,	Bottero	A,	Cailleret	M,	Bigler	C,	Fonti	P,	Gessler	A,	Lévesque	M,	Rohner	B,	Weber	P,	Rigling	A,	Wohlge-

muth	T	(2019)	Contrasting	resistance	and	resilience	to	extreme	drought	and	late	spring	frost	in	five	major	
European	tree	species.	Glob.	Change	Biol.	DOI:	10.1111/gcb.14803	

Večeřa	M,	Divíšek	J,	Lenoir	J,	Jiménez-Alfaro	B,	Biurrun	I,	Knollová	I,	Agrillo	E,	Campos	JA,	Čarni	A,	Crespo	Jiménez	
G,	Ćuk	M,	Dimopoulos	P,	Ewald	J,	Fernández-González	F,	Gégout	JC,	Indreica	A,	Jandt	U,	Jansen	F,	Kącki	Z,	
Rašomavičius	V,	Řezníčková	M,	Rodwell	JS,	Schaminée	JHJ,	Šilc	U,	Svenning	JC,	Swacha	G,	Vassilev	K,	Venan-
zoni	R,	Willner	W,	Wohlgemuth	T,	Chytrý	M	(2019)	Alpha	diversity	of	vascular	plants	in	European	forests.	
J.	Biogeogr.	46:	1919–1935	

Bruelheide	H.	et	al.	(2019)	sPlot	–	a	new	tool	for	global	vegetation	analyses.	J.	Veg.	Sci.	30:	161-186	
Bachofen	C,	Wohlgemuth	T,	Moser	B	(2019)	Biomass	partitioning	in	a	future	dry	and	CO2	enriched	climate:	shad-

ing	aggravates	drought	effects	in	Scots	pine	but	not	European	black	pine	seedlings.	J.	Appl.	Ecol.	56:	866-
879	

Kambach	S,	Lenoir	J,	Decocq	G,	Welk	E,	Seidler	G,	Dullinger	S,	Gégout	J-C,	Guisan	A,	Pauli	H,	Svenning	J-C,	Vittoz	P,	
Wohlgemuth	T,	Zimmermann	NE,	Bruehlheide	H	(2019)	Of	niches	and	distributions:	range	size	increases	
with	niche	breadth	both	globally	and	regionally	but	regional	estimates	poorly	relate	to	global	estimates.	
Ecography	42:467–477	

Bachofen	C,	Moser	B,	Hoch	G,	Ghazoul	J,	Wohlgemuth	T	(2018)	No	carbon	“bet	hedging”	in	pine	seedlings	under	
prolonged	summer	drought	and	elevated	CO2	J	Ecol	106:31–46	

Conedera	M,	Wohlgemuth	T,	Tanadini	M,	Pezzatti	GB	(2018)	Drivers	of	evergreen	broadleaved	spread	into	decid-
uous	forest	in	the	Southern	Alps.	Reg	Environ	Change	18:	425–436	

Jiménez-Alfaro	B,	Giradello	M,	Chytrý	M,	Svenning	J-C,	Willner	W,	Gégout	J-C,	Agrillo	E,	Campos	JA,	Jandt	U,	Kącki	
Z,	Šilc	U,	Slezák	M,	Tichý	L,	Tsiripidis	I,	Turtureanu	PD,	Ujházyová	M,	Wohlgemuth	T	(2018)	History	and	
environment	shape	species	pools	and	community	diversity	in	European	beech	forests.	Nature	Ecol	Evol	2:	
483–490	

Leverkus	AB,	Rey	Benayas	JM,	Castro	J,	Boucher	D,	Brewer	S,	Collins	BM,	Donato	D,	Fraver	S,	Kishchuk	BE,	Lee	E-J,	
Lindenmayer	DB,	Lingua	E,	Macdonald	E,	Marzano	R,	Rhoades	CC,	Royo	A,	Thorn	S,	Wagenbrenner	JW,	Wal-
dron	K,	Wohlgemuth	T,	Gustafsson	L	(2018)	Salvage	logging	effects	on	regulating	and	supporting	ecosys-
tem	services	—	a	systematic	map.	Can.	J.	For.	Res.	48:	983‒1000	

Mellert	KH,	Lenoir	J,	Winter	S,	Kölling	C,	Čarni	A,	Dorado-Liñán	I,	Gégout	J-C,	Göttlein	A,	Hornstein	D,	Jantsch	M,	
Uvan	N,	Kolb	E,	López-Senespleda	E,	Menzel	A,	Stojanović	D,	Täger	S,	Tsiripidis	I,	Wohlgemuth	T,	Ewald	J	
(2018)	Soil	water	storage	appears	to	compensate	for	climatic	aridity	at	the	xeric	margin	of	European	tree	
species	distribution.	Eur.	J.	For.	Res.	137:	79‒92	

Stuart-Haëntjens	E,	De	Boeck	HJ,	Lemoine	NP,	Mänd	P,	Kröel-Dulay	G,	Schmidt	IK,	Jentsch	A,	Stampfli	A,	Anderegg	
WRL,	Bahn	M,	Kreyling	J,	Wohlgemuth	T,	Lloret	F,	Classen	AT,	Gough	CM,	Smith	MD	(2018)	Mean	annual	
precipitation	predicts	primary	production	resistance	and	resilience	to	extreme	drought.	Sci.	Total	Environ.	
636:	360–366	

Vacchiano	G,	Ascoli	D,	Berzaghi	F,	Lucas-Borja	ME,	Caignard	T,	Collalti	A,	Mairota	P,	Palaghianu	C,	Reyer	CPO,	Sand-
ers	TGM,	Schermer	E,	Wohlgemuth	T,	Hacket-Pain	A	(2018)	Reproducing	reproduction:	How	to	simulate	
mast	seeding	in	forest	models.	Ecol.	Model.	376:	40-53	

Bebi	P,	Seidl	R,	Motta	R,	Fuhr	M,	Firm	D,	Krumm	F,	Conedera	M,	Ginzler	C,	Wohlgemuth	T,	Kulakowski	D	(2017)	
Changes	of	forest	cover	and	disturbance	regimes	in	the	mountain	forests	of	the	Alps.	Forest	Ecol	Manag	
388:43-56	

Fescenko	A,	Wohlgemuth	T	(2017)	Spatio-temporal	analyses	of	local	biodiversity	hotspots	reveal	the	importance	
of	historical	land-use	dynamics.	Biodivers	Conserv	26:2401‒2419	

Kulakowski	D	et	al.	(2017)	A	walk	on	the	wild	side:	Disturbance	dynamics	and	the	conservation	and	management	
of	European	mountain	forest	ecosystems.	Forest	Ecol	Manag	388:120-131	

Michalová	Z,	Morrissey	RC,	Wohlgemuth	T,	Bače	R,	Fleischer	P,	Svoboda	M	(2017)	Salvage-logging	after	wind-
storm	leads	to	structural	and	functional	homogenization	of	understory	layer	and	delayed	spruce	tree	recov-
ery	in	Tatra	Mts.,	Slovakia.	Forests	8,	88:1-15	
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Moser	B,	Walthert	L,	Metslaid	M,	Wasem	U,	Wohlgemuth	T	(2017)	Spring	water	deficit	and	soil	conditions	matter	
more	 than	 seed	 origin	 and	 summer	 drought	 for	 the	 establishment	 of	 temperate	 conifers.	 Oecologia	
183:519–530	

Wagner	V	et	al.	(2017)	Alien	plant	invasions	in	European	woodlands.	Divers	Distrib	23:969–981	
Willner	W	et	al.	(2017)	Classification	of	European	beech	forests:	a	Gordian	Knot?	Appl	Veg	Sci	20:494-512	
Wohlgemuth	T,	Schwitter	R,	Bebi	P,	Sutter	F,	Brang	P	(2017)	Post-windthrow	management	in	protection	forests	

of	the	Swiss	Alps.	Eur	J	For	Res	136:1029–1040	
Bachofen	C,	Wohlgemuth	T,	Ghazoul	J,	Moser	B	(2016)	Cold	temperature	extremes	during	spring	do	not	limit	the	

range	shift	of	Mediterranean	pines	into	regions	with	intermittent	frost.	Funct	Ecol	30:856–865	
Chytrý	M	et	al.	(2016)	European	Vegetation	Archive	(EVA):	an	integrated	database	of	European	vegetation	plots.	

Appl	Veg	Sci	19:147-163	
Douda	J	et	al.	(2016)	Vegetation	classification	and	biogeography	of	European	floodplain	forests	and	alder	carrs.	

Appl	Veg	Sci	19:147-163	
Maringer	J,	Conedera	M,	Ascoli	D,	Schmatz	D,	Wohlgemuth	T	(2016)	Resilience	of	European	beech	forests	(Fagus	

sylvatica	L.)	after	fire	in	a	global	change	context.	Int	J	Wildland	Fire	25:699-710	
Moser	B,	Bachofen	C,	Müller	J,	Metslaid	M,	Wohlgemuth	T	(2016)	Root	architecture	might	account	for	contrasting	

establishment	success	of	Pseudotsuga	menziesii	var.	menziesii	and	Pinus	sylvestris	in	Central	Europe	under	
dry	conditions.	Ann	For	Sci	73:959–970	

Küchler	M,	Küchler	H,	Bedolla	A,	Wohlgemuth	T	(2015)	Response	of	Swiss	forests	to	management	and	climate	
change	in	the	last	60	years.	Ann	For	Sci	72:311–320	

Moser	B,	Kipfer	T,	Richter	S,	Egli	S,	Wohlgemuth	T	(2015)	Drought	resistance	of	Pinus	sylvestris	seedlings	con-
ferred	by	plastic	root	architecture	rather	than	ectomycorrhizal	colonisation.	Ann	For	Sci	72:303–309	

Nieto-Lugilde	D	et	al.	(2015)	Tree	cover	at	fine	and	coarse	spatial	grains	interacts	with	shade	tolerance	to	shape	
plant	species	distributions	across	the	Alps.	Ecography	38:578–589	

Wasof	S	et	al.	(2015)	Disjunct	populations	of	European	vascular	plant	species	keep	the	same	climatic	niches.	Glob	
Ecol	Biogeogr	24:1401-1412	

Wohlgemuth	T	(2015)	Climate	change	and	tree	responses	in	Central	European	Forests.	Ann	For	Sci	72:285-287	
Kramer	K,	Brang	P,	Bachofen	H,	Bugmann	H,	Wohlgemuth	T	(2014)	Site	factors	are	more	important	than	salvage	

logging	 for	 tree	 regeneration	 after	 wind	 disturbance	 in	 Central	 European	 forests.	 Forest	 Ecol	 Manag	
331:116-128	

Münkemüller	T	et	al.	(2014)	Scale	decisions	can	reverse	conclusions	on	community	assembly	processes.	Glob	Ecol	
Biogeogr	23:620–632	

Ewald	J,	Hennekens	S,	Conrad	S,	Wohlgemuth	T,	Jansen	F,	Jenssen	M,	Cornelis	J,	Michiels	HG,	Kayser	J,	Chytry	M,	
Gegout	JC,	Breuer	M,	Abs	C,	Walentowski	H,	Starlinger	F,	Godefroid	S	(2013)	Spatial	and	temporal	patterns	
of	 Ellenberg	 nutrient	 values	 in	 forests	 of	 Germany	 and	 adjacent	 regions	 -	 a	 survey	 based	 on	
phytosociological	databases.	Tuexenia:93-109	

Kapeller	S,	Schuler	S,	Huber	G,	Bozic	G,	Wohlgemuth	T,	Klumpp	R	(2013)	Provenance	Trials	in	Alpine	Range	-	
Review	and	Perspectives	for	Applications	in	Climate	Change	

Priewasser	K,	Brang	P,	Bachofen	H,	Bugmann	H,	Wohlgemuth	T	(2013)	Impacts	of	salvage-logging	on	the	status	
of	deadwood	after	windthrow	in	Swiss	forests.	Eur	J	For	Res	132:231-240	

Randin	C,	Paulsen	J,	Vitasse	Y,	Kollas	C,	Wohlgemuth	T,	Zimmermann	NE,	Körner	C	(2013)	Do	the	elevational	
limits	of	deciduous	tree	species	match	their	thermal	latitudinal	limits?	Glob	Ecol	Biogeogr	22	913-923	

Rigling	A	et	al.	(2013)	Driving	factors	of	a	vegetation	shift	from	Scots	pine	to	pubescent	oak	in	dry	Alpine	forests.	
Glob	Change	Biol	19:229-240	

Beier	C,	Beierkuhnlein	C,	Wohlgemuth	T,	Peñuelas	J,	Emmett	B,	Körner	C,	de	Boeck	HJ,	Christensen	JH,	Leuzinger	
S,	Janssens	IA,	Hansen	K	(2012)	Precipitation	manipulation	experiments	-	challenges	and	recommendations	
for	the	future.	Ecol	Lett	15:899-911	

Kipfer	T,	Wohlgemuth	T,	van	der	Heijden	MGA,	Ghazoul	J,	Egli	S	(2012)	Growth	response	of	drought-stressed	
Pinus	sylvestris	 seedlings	 to	 single-	and	multi-species	inoculation	with	ectomycorrhizal	 fungi.	PloS	ONE	
7:e35275	

Manel	S	et	al	(2012)	Broad-scale	adaptive	genetic	variation	in	alpine	plants	is	driven	by	temperature	and	precipi-
tation.	Mol.	Ecol.	21:	3729-3738	
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Maringer	J,	Wohlgemuth	T,	Neff	C,	Pezzatti	GB,	Conedera	M	(2012)	Post-fire	spread	of	alien	plant	species	in	a	
mixed	broad-leaved	forest	of	the	Insubric	region.	Flora	207:19-29	

Richter	S,	Kipfer	T,	Moser	B,	Ghazoul	J,	Calderón	Guerrero	C,	Wohlgemuth	T	(2012)	Phenotypic	plasticity	facili-
tates	resistance	to	climate	change	in	a	highly	variable	environment.	Oecologia	169:269-279	

Taberlet	P	et	al.	(2012)	Genetic	diversity	in	widespread	species	is	not	congruent	with	species	richness	in	alpine	
plant	communities.	Ecol	Lett	15:1439-1448	

Kipfer	T,	Moser	B,	Egli	S,	Wohlgemuth	T,	Ghazoul	J	(2011)	Ectomycorrhiza	succession	patterns	in	Pinus	sylvestris	
forests	after	stand-replacing	fire	in	the	Central	Alps.	Oecologia	167:219-228	

Rocchini	D,	McGlinn	D,	Ricotta	C,	Neteler	M,	Wohlgemuth	T	(2011)	Topographic	complexity	and	spatial	scale	in-
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