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Abstract
The	decline	of	biodiversity	in	general	and	of	insect	diversity	in	particular	has	been	rec-
ognized	as	a	major	environmental	problem	in	recent	years.	In	this	study,	we	analyze	the	
distribution	and	the	decline	of	populations	of	forester	moths	of	the	genus	Jordanita in 
Central	Europe	since	1950	as	a	type	example	of	the	loss	of	grassland	biodiversity,	and	
discuss	potential	drivers	causing	this	decline.	Based	on	the	extensive	work	in	museums	
and	private	collections,	a	literature	review	and	own	observations,	and	including	data	as	
far	back	as	1834,	this	genus	helps	to	understand	the	deeper	reasons	of	insect	popu-
lation	and	biodiversity	decline,	as	 the	well	 investigated	six	Central	European	species	
cover	a	broad	range	of	extensive	grassland	habitats	(fens	to	low-	production	grassland	
and	xerothermic	steppes)	from	low	altitudes	to	high	alpine	meadows.	Therefore,	they	
monitor	processes	relevant	also	to	other,	less	investigated	grassland	species.	Although	
there	 are	 differences	 in	 research	 intensity	 over	 time	 and	 in	 different	 natural	 areas,	
we	show	that	 in	 the	whole	of	Central	Europe,	 the	populations	of	all	 six	 investigated	
Jordanita	species	broke	down	massively	in	the	past	decades,	both	in	terms	of	number	
of	populated	habitats	(about	400	recorded	localities	after	the	year	2000	compared	with	
a	total	number	of	about	1600	at	all	times,	cumulated	for	all	six	species)	and	in	terms	of	
number	of	individuals.	On	the	other	hand,	some	natural	areas	on	a	regional	scale	have	
more	or	less	maintained	their	Jordanita	populations,	due	to	conservative	land	use	and	
due	to	the	early	implementation	of	conservation	and	protection	management	plans.	The	
reasons	of	decline	are	manifold	and	monitored	in	detail	by	the	different	species	with	
their	different	habitat	requirements.	They	comprise	(1)	loss	of	habitats	due	to	land	use	
changes	(both	intensification	and	abandonment),	(2)	loss	of	habitats	due	to	urbanization	
and	construction	work,	(3)	loss	of	habitat	networks	to	cope	with	small-	scale	extinction	
events,	(4)	more	intensive	growth	of	grass	at	the	expense	of	other	plants	in	otherwise	
undisturbed	habitats	due	to	fertilization	through	the	air	(increased	nitrogen	levels	due	
to	human	activities)	and	(5)	use	of	pesticides.
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1  |  INTRODUC TION

1.1  |  Decline of insects since 1900

Since	about	two	decades,	the	decline	of	biodiversity	and	insect	pop-
ulations	 in	Europe	has	attracted	considerable	attention	 (e.g.	Conrad	
et al., 2002, 2006;	Fox,	2013;	Fox	et	al.,	2021;	Groenendijk	&	van	der	
Meulen,	 2004;	Habel	 et	 al.,	 2016, 2019;	Harvey	et	 al.,	2020; Maes 
&	van	Dyck,	2001; Mattila et al., 2008;	Segerer	&	Rosenkranz,	2018; 
Swaay	et	al.,	2006;	Tarmann,	2019;	Thomas	et	al.,	2004;	Wagner,	2020; 
Warren	et	al.,	2001;	Wepprich	et	al.,	2019)	and	it	was	shown	in	the	
landmark	study	by	Hallmann	et	al.	(2017)	that	up	to	75%	of	flying	in-
sect	 biomass	was	 lost	 during	 the	 period	1989	 to	2015	 even	 in	 na-
ture	reserves	at	60	localities	in	Western	Germany.	While	most	people	
agree	that	the	use	of	pesticides	 (among	which	“neonicotinoides”	re-
ceived	the	greatest	attention	lately,	see	e.g.,	Blacquière	et	al.,	2012; 
Woodcock	et	al.,	2017;	Warren	et	al.,	2021),	may	account	for	some	of	
this	decline	(especially	as	these	chemicals	can	be	distributed	by	wind	
from	farmland	into	neighboring	nature	reserves),	this	is	only	a	part	of	
the	truth.	The	changes	in	land	use,	especially	on	farm	land,	occurring	
in	Central	Europe	since	about	1960,	are	so	immense	that	this	has	the	
largest	effect	on	insect	populations	and	on	general	biodiversity	in	this	
realm	 (e.g.,	 Thomas,	 2016).	 However,	 detailed	 accounts	 on	 specific	
species	or	genera	on	a	regional	to	subcontinental	scale	like	the	ones	
of	Habel	et	al.	(2019)	or	of	Fox	et	al.	(2021)	are	still	rare,	although	it	
is	this	type	of	study	that	 leads	to	understanding	the	reasons	for	the	
(since	 the	 Permian)	 unprecedented	 decline	 of	 biodiversity.	 Harvey	
et	al.	(2020)	formulated	a	roadmap	for	insect	conservation	and	recov-
ery	stating	how	urgent	this	problem	is,	as	 insects	are	the	base	of	all	
continental	food	chains.

Both	for	understanding	the	reasons	and	for	taking	measures	of	
conservation,	 it	 is	 important	 to	distinguish	between	 two	different	
aspects	of	decline:	(1)	loss	of	complete	habitats	and	their	associated	
biodiversity,	i.e.,	decrease	in	the	number	of	localities	from	where	a	
specific	species	is	known	and	(2)	decrease	in	the	number	of	individ-
uals	of	a	specific	species	in	a	still	populated	habitat.	Both	of	these	
aspects	may	depend	on	different	 factors	and	by	mixing	 them,	 the	
detailed	 understanding	 of	 reasons	 for	 a	 decline	may	 be	 seriously	
hampered.	 In	 the	 present	 contribution,	 we	will	 focus	 on	 the	 first	
aspect,	although,	unfortunately,	both	aspects	of	decline	have	taken	
place	 in	Central	Europe	 since	 the	1950s	on	a	 large	 scale	 and	 to	 a	
large	extent.

1.2  |  Decline of extensive grassland habitats

Most	non-	alpine	parts	of	post-	glacial	Central	Europe,	here	defined	
tentatively	as	a	region	between	Eastern	France,	Northern	Germany,	
Eastern	 Czech	 Republic,	 western	 Slovak	 Republic	 and	 Northern	

Italy,	have	been	dominated	by	various	kinds	of	forests	before	the	ar-
rival	of	man	(Küster,	1995; Lang, 1994;	Pott,	1997).	The	forests	were	
probably	much	 lighter	 than	 they	 are	 today	 (due	 to	 extensive	wild	
fires,	storm	damage,	mega-	herbivores,	wild	rivers	and,	in	the	moun-
tains,	avalanches)	and	small	clearings	existed	in	wetlands	as	well	as	
in	storm-		or	fire-	damaged	forests	all	over	the	place.	In	the	eastern	
part	of	Central	Europe	(western	Pannonian	basin),	steppes	prevailed	
(e.g.,	Kajtoch	et	al.,	2016).	After	the	arrival	of	man,	the	forests	were	
cleared	to	a	large	extent	and	pastures	and	fields	emerged,	providing	
much	more	habitats	for	many	species	of	animals	including	reptiles,	
birds	and	insects	which	depend	on	light,	dynamic	habitats	with	large	
proportions	of	open	soil.	In	combination	with	the	progressing	nutri-
ent	decrease	in	soils	in	the	pre-	fertilization	era,	which	again	favored	
low	production	grassland,	this	was	a	“golden	era”	for	many	animals	
including	 butterflies	 and	 moths.	 Small	 scale	 farming	 with	 diverse	
crops	in	a	network	with	pastures	and	gardens,	without	artificial	fer-
tilizers,	provided	(and	still	provide	in	some	regions	of	the	world)	in-
credibly	diverse	insect	habitats	(e.g.,	Dennis	et	al.,	1998).

It	 is	obvious	that	any	measure	to	change	any	part	of	this	tradi-
tional	farming	inevitably	deteriorated	the	habitats	for	grassland	spe-
cies.	Enlargement	of	 farms,	 less	diversity	 in	crops,	 too	 large	herds	
of	cattle,	goats	or	sheep	as	well	as	abandonment	of	pastures	and,	
especially,	the	use	of	chemical	fertilizers	all	contributed	to	the	loss	
of	 suitable	 places	 for	 insects	 depending	 on	 dynamic,	 light,	 open	
habitats.	If,	then,	insecticides	are	also	used	in	these	already	deteri-
orated	landscapes,	the	fate	of	most	grassland	species	is	to	suffer	a	
decline	or,	 finally,	become	extinct.	 It	has	been	convincingly	shown	
that	habitat	fragmentation	has	a	particularly	large	and	negative	in-
fluence	on	biodiversity	 (e.g.,	Duplouy	et	al.,	2013;	Gu	et	al.,	2002; 
Hanski,	 2015;	 Hanski	 et	 al.,	 2013, 2017;	 Hanski	 &	Meyke,	 2005; 
Rybicki	&	Hanski,	2013;	Wahlberg	et	al.,	1996).

All	this	has	happened	in	Central	Europe	in	the	past	50	to	60 years.	
The	traditional	small	rural	structures	have	been	changed	to	large	farms,	
earlier	pastures	in	suboptimal	areas	have	been	overgrown	by	bush	suc-
cession	or	 forests	 (with	problematic	consequences	 for	many	 insects	
and	especially	butterflies,	see	e.g.,	Balmer	&	Erhardt,	2000)	and	the	
remaining	grasslands	have	been	fertilized	or	overgrazed.	Optimal	habi-
tats	were	pushed	back	into	(much	too	small)	nature	reserves	which	are	
unbuffered	against	intensely	used	farmland,	and	which	can	be	reached	
by	nitrogen	and	pesticides	via	the	air	(e.g.	Huemer	&	Tarmann,	2001; 
Segerer	&	Rosenkranz,	2018;	Tarmann,	2000a, 2000b, 2009).

1.3  |  Importance of these declines for 
understanding biodiversity in human- 
shaped landscape

If	we	accept	that	a	decline	of	biodiversity	in	general	and	of	insects	
in	specific	 is	not	only	a	moral,	but	also	an	economic	problem	(as	
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insects	are	important	parts	of	food	chains	and	provide	invaluable	
service	for	pollination	of	all	kind	of	crops,	worth	billions	of	Euros	
per	 year,	 Kleijn	 et	 al.,	 2015;	 Hanski,	 2005;	Mburu	 et	 al.,	 2006),	
it	 is	 obvious	 that	we	have	 to	understand	 in	detail	which	 factors	
contribute	to	which	extent	to	the	decrease	in	specific	insect	spe-
cies	and	insect	communities.	As	a	first	step,	it	must	be	established	
which	 insects	 occurred	where	 in	 pre-	(agro)industrial	 habitats,	 if	
their	numbers	declined	(both	in	terms	of	habitats	and	individuals),	
when	this	happened	and	to	which	reasons	this	decline	can	be	re-
lated.	Only	this	knowledge	enables	to	enact	effective	protection	
measurements	to	the	best	of	both	nature	and	mankind.	This	is	the	
reason	 for	 the	present	 study	on	 a	 particularly	well-	suited	 group	
of	 insects,	 the	 forester	moths	 of	 the	 genus	 Jordanita in Central 
Europe.

2  |  MATERIAL S AND METHODS

2.1  |  The genus Jordanita as a type example

The	six	Jordanita	species	treated	in	this	study	(Jordanita budensis, J. no-
tata, J. graeca, J. chloros, J. globulariae, and J. subsolana; see Figure 1)	
belong	 to	 Procridinae	Boisduval	 [1828]	 (Efetov	&	 Tarmann,	 2017).	
The	 larvae	 are	 leaf-	mining,	 in	most	 species	 during	 all	 their	 life,	 hi-
bernation	takes	place	as	larva.	The	larval	host-	plants	are	Asteraceae.

A	 proper	 identification	 of	 Jordanita	 species	 requires	 special	
knowledge	of	their	morphology	and	anatomy.	Most	specimens	can	
only	be	identified	by	scrutinizing	their	genitalia	(see	e.g.	Alberti,	1954; 
de	Freina	&	Witt,	2001;	Efetov,	2001;	Efetov	&	Tarmann,	1999).

All	 Jordanita	 species	are	closely	 related	 to	various	kinds	of	ex-
tensively	used	grassland,	but	in	detail,	their	ecological	requirements	
vary	 considerably.	 In	 the	 following,	we	will	 shortly	 summarize	 the	
important	 ecological	 aspects	 for	 each	 species	 (see	 also	 Guenin,	
1997).	The	distribution	named	in	the	following	sections	is	based	on	
the	work	by	Efetov	(2001)	and	own	observations.

Jordanita budensis	 was	 always	 a	 rare	 species	 in	 western	 and	
central	Europe.	In	most	of	its	range,	it	is	a	steppe	species	that	does	
not	distinguish	between	lowland	steppe	or	dry	mountain	steppe.	It	
is	 found	 from	close	 to	 sea	 level	 (e.g.	Krk	 in	Croatia)	 to	 the	moun-
tains	 (e.g.,	 up	 to	2100	mNN	 in	French	Alps	 and	up	 to	2600	mNN	
in	 the	Caucasus).	 The	 habitats	 are	 typically	 dry	 places	with	 rocks	
on	calcrete,	 limestones	or	 sandy	soil,	never	 in	bushy	steppe,	even	
if	 the	bushes	are	only	scarce.	 In	 the	mountains,	also	dry	 to	meso-
phile	meadows	and	pastures	with	patchs	of	scree	and	open	soil	are	
inhabited.

Jordanita notata	 was	 widely	 distributed	 throughout	 Central	
Europe	before	1950,	but	 since	 then,	a	 remarkable	decline	of	pop-
ulations	 has	 been	 observed	 and	 today,	 stable	 and	 individual-	rich	
populations	are	confined	to	very	few	regions	of	Central	Europe.	 It	
inhabits	 dry	 to	mesophile,	 open	 grassy	 localities,	 although	 former	
localities	 in	 southern	 Bavaria	 involved	 also	 wet,	 almost	 marshy	
ground.	 Localities	 range	 from	 sea	 level	 to	 2000	 mNN	 (Vitosha,	
Bulgaria).	All	these	open,	grassy	habitats	have	one	in	common:	they	

are	absolutely	unfertilized,	oligotrophic	meadows	with	 fairly	 short	
grassy	vegetation.

Jordanita graeca	is	only	known	from	the	eastern	edge	of	our	tar-
get	area.	Most	records	are	historical	and	only	in	southern	Slovakia	
and	in	Hungary,	it	has	survived	at	very	few	localities	until	today.	It	
is	 a	 very	 good	 indicator	 for	 dry,	 undisturbed	 steppe	biotopes	 and	
ruderal	habitats	with	steppe-	like	character.	In	the	northern	areas	of	
its	range,	it	occurs	from	the	sea	shore	(e.g.	Istria	and	Island	of	Hvar,	
Croatia)	up	 to	about	1000	mNN	 (e.g.	Mt.	Vidlič,	Serbia)	mainly	on	
rocky	habitats	(calcareous	rocks	or	serpentine)	where	the	rocks	are	
mixed	with	 dry,	 grassy	 slopes	 (“perenial	 calcareous	 grassland	 and	
basic	 steppe”	 according	 to	Nahirnić	et	 al.,	2019).	 Further	 south,	 J. 
graeca	is	also	found	in	forest	clearings	and	even	above	the	timberline	
up	to	1700 m	(e.g.	Peloponnes,	Greece).

Jordanita chloros	 used	 to	 have	 a	 wide	 distribution	 from	 south-	
eastern	 France,	 eastern	 Germany,	 eastern	 Switzerland	 and	western	
Austria	 eastwards,	 but	 nowadays,	 the	European	populations	 are	 re-
stricted	to	a	number	of	small	colonies,	many	of	them	strongly	isolated	
and	far	away	from	each	other.	The	only	exception	may	be	the	Haute	
Provence	 region	 between	 Veynes,	 Luberon	 and	 Mont	 Ventoux	 in	
Southern	France,	where	a	larger	area	with	numerous	meta-	populations	
still	appears	to	exist	(Bence	&	Richaud,	2019	and	own	observations).	
J. chloros	is	a	typical	steppe	species	that	likes	sandy	and	rocky	ground	
from	sealevel	(e.g.,	on	the	Island	of	Krk	in	Croatia)	up	to	2000 m	(e.g.,	
on	Mount	Olympos,	Greece).	Some	of	its	habitats	are	similar	to	those	
of	 J. budensis and J. graeca	 and	 include	 open	 areas	 almost	without	
bushes	and	trees.	In	Eastern	Germany,	the	habitats	are	(or	were)	sandy	
heathland	and	sandy	forest	aisles,	in	Eastern	Switzerland	and	Northern	
Italy,	open,	dry,	southward-	dipping	and	steeply	inclined	rock	steppes	
play	an	important	role.	On	the	other	hand,	the	habitats	in	SE	France	
and	Greece	are	 typically	pastures	or	abandoned	pastured	as	well	as	
open,	sparse	pine	forests	with	extensive	areas	of	open	soils	or	rocks.

Jordanita globulariae	 occurs	 from	 the	 sea	 shore	 (e.g.,	 southern	
France)	 up	 to	 elevations	of	 about	2000	mNN	 (e.g.,	western	Alps).	
The	number	of	records	in	Central	Europe	decreased	also	for	this	spe-
cies	dramatically	during	the	past	decades,	although—	among	the	six	
investigated	species—	J. globulariae is the least specialized one. It can 
be	found	on	dry	and	slightly	moist	meadows,	 in	swampy	grassland	
or	in	open	forest	if	these	habitats	are	not	intensively	used	by	agri-
culture	(i.e.,	if	they	are	mowed	not	more	than	two	times	during	the	
year),	and	if	they	are	not	contaminated	by	dung	(extensive	grazing	is	
okay)	or	artificial	fertilizers.	The	preferred	habitats	are	unfertilized	
dry	or	moist	meadows	with	the	larval	host-	plant	in	abundance	and	a	
rich	selection	of	nectaring	flowers	for	the	adults.

Jordanita subsolana	is	a	species	that	has	always	been	reported	as	
rare	because	it	was	especially	difficult	to	observe	in	nature.	It	was	ob-
served	only,	when	it	was	disturbed,	typically	when	resting	on	or	near	
the	larval	host-	plant.	However,	it	is	strongly	attracted	to	the	artificial	
sex	 attractant	 EFETOV-	S-	2	 (see	 Figure 2)	 which	 is	 available	 since	
2015	(Efetov	et	al.,	2016).	This	artificial	pheromone	has	revolutionized	
detection	and	monitoring	of	 the	species	and	 in	contrast	 to	all	other	
species,	the	number	of	known	habitats	has	increased	in	the	past	few	
years.	This,	however,	is	only	due	to	the	new	method	and	not	due	to	
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a	better	conservation	status	of	this	species.	In	contrast	to	J. globular-
iae,	which	is	also	attracted	to	this	substance	(however,	mainly	during	
the	early	morning;	Efetov	et	al.,	2020),	J. subsolana	has	no	daily	time	
preference.	It	is	strongly	bound	to	habitats	where	the	larval	host-	plant	
is	particularly	abundant.	The	elevation	of	the	habitats	is	not	a	limiting	
factor,	as	the	species	occurs	from	the	low	Pannonian	steppe	areas	up	
to	more	than	2100	mNN	in	the	Alps.	However,	all	these	habitats	are	
typically	hot,	dry,	south-	facing	slopes	which	are	not	mowed,	but	only	
extensively	 grazed	 by	 goats,	 sheep	 or	 cattle.	 These	 include	 juniper	
heaths	and	fallow	land,	rock	heaths	and	light,	Mediterranean	forests.

2.2  |  The source of the data

This	study	is	based	on	various	approaches:

1.	 The	 available	 literature	 on	 forester	 moths	 in	 Central	 Europe	
since	 1834	 (Boisduval,	 1834)	 was	 screened	 in	 detail	 to	 find	

F I G U R E  1 In natura	photos	of	the	
Jordanita	species	discussed	in	the	present	
contributions;	photos	Gregor	Markl,	
except	for	J. graeca:	Wolfgang	Wagner

Jordanita chloros Jordanita globulariae

Jordanita globulariaeJordanita subsolana Jordanita notata

Jordanita budensisJordanita graecaJordanita subsolana

F I G U R E  2 The	sex	attractant	EFETOV-	2	works	incredibly	well	
in	attracting	males	of	J. subsolana,	as	shown	here;	the	artificial	
pheromone	is	in	the	gray	knob	which	is	simply	attached	to	a	hat	
during	fieldwork;	photo	G.	Tarmann.
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every	 locality	 mentioned	 (see	 Efetov	 &	 Tarmann,	 1999; de 
Freina	 &	 Witt,	 2001,	 for	 a	 comprehensive	 list	 of	 references).

2.	 Many	of	the	most	important	European	museum	and	private	col-
lections	on	Lepidoptera	were	visited	in	the	past	55 years	and	data	
on	forester	moths	were	collected	(see	Table	A1	in	the	supporting	
electronic	information).

3.	 Extensive	 field	 studies	 and	 mapping	 trips	 as	 well	 as	 exchange	
of	 knowledge	 with	 many	 colleagues	 augmented	 this	 database	
leading	to	a	clear	picture	of	the	original	distribution	of	the	six	in-
vestigated Jordanita	 species	 in	Central	 Europe,	 their	 decline	or,	
respectively,	 the	 areas	where	 populations	 could	withstand	 this	
trend	of	decline.

In	 total,	 about	 15,000	museum	 specimens	were	 examined,	 about	
500	references	were	searched	and	all	these	data	were	then	implemented	
into	the	BioOffice	database	of	the	Collection	and	Research	Centre	of	the	
Tyrolean	State	Museum,	Ferdinandeum,	Hall	in	Tirol,	Austria.

2.3  |  Statistical analyses

The	BioOffice	database	contains	information	on	the	date	of	sampling	
for	3267	records	from	1607	different	localities.	The	oldest	records	

date	back	until	1790,	but	the	number	of	records	before	1900	is	small.	
We	therefore	restricted	our	analyses	to	3191	records	from	1900	to	
2019.	During	this	period,	only	156	and	41	records	are	available	for	J. 
budensis and J. graeca,	respectively,	preventing	analyses	of	temporal	
trends	for	these	two	species.

Admittedly,	one	weakness	of	 the	BioOne	database	 is	 that	 sur-
veys	without	species	records	were	not	explicitly	collected.	However,	
due	to	the	rarity	of	Jordanita species and the high research interest 
in	the	genus,	most	localities	with	known	presence	of	Jordanita were 
regularly	monitored	by	experts.	This	means	that	the	absence	of	a	re-
cord	during	a	time	interval	of	10 years	or	longer	is	usually	not	caused	
by	a	lack	of	survey	activity	but	does	in	fact	indicate	the	disappear-
ance	of	the	species.	Consequently,	the	trajectory	of	Jordanita locali-
ties	can	be	illustrated	by	cumulative	curves.	For	that,	we	summarized	
the	number	of	localities	for	the	most	recent	decade	and	sequentially	
added	additional	localities	that	have	been	recorded	in	previous	de-
cades.	While	this	approach	does	well	capture	the	 loss	of	 localities	
over	decades,	it	cannot	take	the	creation/colonization	of	new	hab-
itats	 nor	 temporal	 differences	 in	 sampling	 intensity	 into	 account.	
To	 capture	 these	 important	 effects,	we	used	Cormack-	Jolly-	Seber	
(CJS)	 models	 as	 an	 alternative	 analytical	 approach	 for	 J. globular-
iae, J. notata, and J. subsolana.	 CJS	 models	 have	 been	 developed	
for	the	study	of	demographic	parameters	and	are	typically	used	for	

F I G U R E  3 Distribution	of	Jordanita budensis	(all	localities	and	time	slices	as	indicated;	data	from	the	BioOffice	database;	see	text)

all records
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modeling	survival	and	detectability	on	the	level	of	individual	animals	
(Royle,	2008).	In	our	study,	we	did	not	study	survival	and	detectabil-
ity	of	individuals	but,	analogously,	the	persistence	and	detectability	
of	populations.	Both,	population	persistence	and	detection	are	likely	
to	vary	over	time	due	to	changes	in	land-	use	and	research	activity.	
In	contrast	to	classical	site-	occupancy	models,	which	assume	static	
occupancy	 at	 least	 during	 some	 time	 periods	 (Bailey,	 2014),	 CJS	
models	 can	 handle	 temporal	 variability	 in	 population	 persistence.	
We	 implemented	 our	CJS	models	within	 the	 software	MARK	 and	
compared	models	with	either	no	(.),	linear	(Time),	quadratic	(Time2),	
or	full	time-	dependence	(t)	of	population	persistence	(Phi)	and	popu-
lation	detectability	(p).	We	determined	the	most	parsimonious,	best	
supported	models	from	the	corrected	Akaike's	Information	Criterion	
(AICc),	delta	AICc-	values,	and	AICc-	weights.

3  |  RESULTS

All	Jordanita	data	from	central	European	localities	known	to	us	have	
been	inserted	into	the	BioOffice	database	at	Innsbruck,	Austria	(see	
Section	2)	and	are	shown	 in	Table	A2	 in	the	supporting	electronic	
information.	 This	 amounts	 to	 a	 total	 of	 3267	 locality	 entries	with	
observation	dates	 for	 the	six	 investigated	Jordanita	 species,	about	

half	of	which	are	for	J. globulariae.	All	data	can	be	found	at	https://
doi.org/10.5061/dryad.2z34t	mpq0.

A	total	of	1607	localities	with	Jordanita	species	have	been	known	
since	 the	 scientific	 investigation	 of	 this	 species	 group	 began.	 Of	
these,	less	than	400	have	been	confirmed	after	the	year	2000,	which	
is	around	25%.	The	development	was	similar	in	all	countries	and	for	
nearly	all	species—	just	J. subsolana	shows	a	different	development	in	
very	recent	times	due	to	the	availability	of	an	artificial	sex	attractant	
which	facilitated	field	observations	(see	above).

Based	on	 the	BioOffice	database,	 six	maps	were	produced	 for	
each	 species	 in	 various	 time	 slices	 to	 show	 (1)	 all	 localities	 from	
where the respective Jordanita species was ever recorded within 
the	target	area	and	(2)	all	localities	at	which	Jordanita species were 
recorded	 after	1950,	 after	1970,	 after	1980,	 after	1990	and	 after	
2000	 (Figures 3–	8).	 These	maps	 visualize	 the	development	of	 the	
numbers	of	 localities	 inhabited	by	 the	various	 Jordanita species in 
Central	Europe.	We	chose	not	to	show	a	“2020	map”,	because	of	the	
very	limited	time	frame.	It	is,	however,	clear	that	the	decline	in	most	
regions	has	continued	and	some	of	the	“after	2000”	localities	do	not	
longer	exist	today.

The	curves	of	cumulative	localities	indicate	a	decline	in	the	number	
of	Jordanita	localities	across	species	and	countries	in	Central	Europe.	
It	is	not	surprising	that	the	curves	level	off	toward	the	very	early	years	

F I G U R E  4 Distribution	of	Jordanita notata	(all	localities	and	time	slices	as	indicated;	data	from	the	BioOffice	database;	see	text)

all records

https://doi.org/10.5061/dryad.2z34tmpq0
https://doi.org/10.5061/dryad.2z34tmpq0
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because	some	saturation	effects	can	be	expected	as	 the	amount	of	
information	accumulates.	However,	for	most	species,	the	curves	show	
the	steepest	decline	between	1960	and	1990,	suggesting	a	high	loss	
of	populations	during	this	period.	Our	analysis	indicates	that	today	less	
than	25%	of	the	localities	where	the	Jordanita	species	have	ever	been	
recorded	 still	 remain	 (Figures 9– 12).	 For	 some	 species	 and	 in	 some	
countries,	the	observed	decline	is	even	stronger.	For	example,	the	lo-
calities	of	J. globulariae	in	Austria	and	France	have	declined	to	less	than	
5%	(Figure 10).	Only	a	couple	of	localities	remained	for	J. subsolana in 
Austria	and	Germany,	whereas	J. subsolana	has	apparently	completely	
disappeared	from	eastern	France,	despite	historical	records	from	>80	
localities	(Figure 12,	see	also	Drouet,	2016).

The	best	supported	CJS	models	for	J. globulariae, J. notata, and J. 
subsolana	are	summarized	in	Table 1.	While	a	constant	population	per-
sistence	of	0.46	and	0.45	per	decade	was	indicated	by	the	best	sup-
ported	models	for	J. notata and J. subsolana,	the	best	supported	model	
for	J. globulariae	suggested	a	maximum	population	persistence	of	0.72	
per	decade	during	the	mid	20th	century,	followed	by	a	strong	decline	
of	population	persistence	to	0.31	per	decade	in	the	beginning	of	the	
21st	century.	Detectability	varied	between	0.12	and	0.39	for	J. glob-
ulariae,	likely	reflecting	differences	in	sampling	effort	(Figure 13).	For	
populations	of	J. notata	the	models	suggested	an	increase	in	detection	

from	0.13	during	the	early	20th	century	to	0.36	in	the	early	21st	cen-
tury.	For	J. subsolana,	a	constant	population	detection	of	0.23	was	es-
timated.	The	low	population	persistence	with	mean	values	of	less	than	
0.5	in	all	species	point	to	the	drastic	loss	of	Jordanita	populations	with	
less	than	one	out	of	1000	populations	having	persisted	for	the	past	
100 years.

4  |  DISCUSSION

4.1  |  Changing research intensity over time, 
regional differences

Before	 discussing	 the	 reasons	 for	 and	 the	 significance	 of	 the	 re-
ported	decline	of	Jordanita	species	in	Central	Europe,	it	is	important	
to	discuss	the	source	of	the	data	and	the	temporal	and	regional	dif-
ference	 in	 data	 sources	 related	 to	 this	 study.	 A	 study	 concerned	
with	 data	 from	more	 than	 100 years	 and	 dealing	with	 an	 area	 of	
about	 2000 × 2000 km	 requires	 particular	 scrutiny	 regarding	 the	
quality	of	these	data	and	possible	changes	in	data	acquisition	both	
in	space	and	in	time.	These	points	will	be	dealt	with	in	the	following	
paragraphs.

F I G U R E  5 Distribution	of	Jordanita graeca	(all	localities	and	time	slices	as	indicated;	data	from	the	BioOffice	database;	see	text)

all records
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1.	 Quality	 of	 the	 data.	 The	 data	 used	 in	 the	 construction	 of	 the	
distribution	 maps	 of	 Figures 3	 to	 8	 are	 all	 based	 on	 clearly	
determined	 or	 absolutely	 reliable	 specimens,	 be	 it	 from	 the	
literature	 or	 from	 museum	 or	 private	 collections.	 This	 notion	
is	 particularly	 relevant,	 as	 most	 Jordanita species in Central 
Europe	 can	 only	 be	 determined	 correctly	 based	 on	 genitalia	
investigation.	 Many	 hundreds	 of	 specimens	 were	 controlled	
by	 the	 last	 author	 during	 his	 collection	 visits,	 and	 literature	
data	 were	 only	 taken	 into	 account,	 if	 it	 was	 absolutely	 clear	
that	 the	 species	 was	 determined	 correctly.	 All	 doubtful	 data	
were	 excluded	 from	 this	 review.

2.	 Temporal	changes	in	research	intensity.	The	data	were	gathered	
by	scientists	 from	museums	and	other	 institutions	such	as	uni-
versities,	and	by	private	collectors.	Many	private	collections	end	
up	in	museums,	either	by	donation	or	by	acquisition.	In	the	first	
half	of	the	20th	century,	there	were	many	more	collectors	than	
professional	 scientists,	and	a	wealth	of	data	was	assembled	by	
these	collectors	both	in	literature	and	museum	collections.	The	
large	number	of	collectors	persisted	until	the	1980s,	when	it	de-
clined	due	to	declining	insect	populations.	Furthermore,	restric-
tions	due	to	newly	established	laws	made	systematic	field	work	
and	the	establishing	of	large	collections	more	and	more	difficult	
(partially	 illegal),	 especially	 for	 amateur	 collectors.	 Today,	 the	

relatively	 small	 number	 of	 collectors	 and	 amateur	 scientists	 is	
probably	on	the	same	order	of	magnitude	as	the	number	of	pro-
fessional	scientists.	Hence,	it	could	be	assumed	that	the	research	
intensity	 today	 (and	 since	 the	1980s)	 is	much	 less	 than	before	
and	the	decrease	in	localities	in	the	maps	of	Figures 3	to	8	could	
be	simply	related	to	a	decrease	in	the	number	of	people	looking	
for	 Jordanita	 species.	However,	 the	effect	of	 a	 smaller	number	
of	 collectors	 is	 counterbalanced	by	 two	 important	megatrends	
taking	place	 in	 the	second	half	of	 the	20th	century:	 increasing	
spare	time	and	 increasing	mobility.	These	effects	outweigh	the	
decreasing	number	of	collectors.	Consequently,	 the	probability	
of	population	detection	did	not	change	systematically	during	the	
studied	time	period.	The	CJS-	model	for	J. globulariae	suggested	
minima	in	population	detection	in	the	1940s,	presumably	due	to	
a	 decrease	 in	 research	 activity	 during	 the	 Second	World	War,	
and	in	the	1990s,	probably	due	to	the	decline	of	the	species	and	
stronger	sampling	restrictions.	In	contrast,	probability	of	popula-
tion	detection	peaked	 in	 the	1960s	 and	 especially	 in	 the	 early	
2000s,	 presumably	because	of	 an	 increasing	 interest	by	 scien-
tists and conservationists.

3.	 A	specific	feature	facilitating	the	verification	of	the	occurrence	of	
at	least	some	forester	moths	in	Central	Europe	has	been	the	use	
of	 artificial	 sex	 attractants	which	 have	 been	 synthesized	 since	

F I G U R E  6 Distribution	of	Jordanita chloros	(all	localities	and	time	slices	as	indicated;	data	from	the	BioOffice	database;	see	text)

all records
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about	2015	(Efetov	et	al.,	2016).	For	the	species	concerned	here,	
three	 artificial	 sex-	attractants	 (not	 natural	 pheromones!)	 exist:	
the	 attractant	 EFETOV-	2	 attracts	 four	 of	 the	 mentioned	 spe-
cies	(J. notata, J. globulariae, J. graeca	and	only	very	weakly	also	
J. subsolana),	but	the	more	specialized	attractants	are	targeting	
more	efficiently:	EFETOV-	S-	2	for	J. graeca and J. subsolana and 
EFETOV-	S-	S-	2	for	J.	notata	(Efetov	et	al.,	2016, 2020).	Jordanita 
globulariae	is	attracted	weakly	by	all	these	attractants.	While	the	
attractants	for	J. notata, J. globulariae, and J. graeca	have	not	been	
used	extensively	in	Central	Europe,	the	last	one	allowed	to	estab-
lish	many	new	localities	for	J. subsolana.	For	example,	the	num-
ber	of	localities	of	this	species	in	the	North	Italian	Val	Venosta/
Vinschgau	increased	from	19	prior	to	the	year	2000	to	about	67	
today	(see	“Italy”	in	Figure 12).	In	spite	of	this,	the	distribution	of	
J. subsolana	in	the	whole	of	Central	Europe	drastically	decreased	
in	the	past	50 years	(see	Figure 8).

4.	 Some	 areas	 have	 always	 been	 researched	more	 intensively	 than	
others,	and	we	explicitly	state	that	we	do	not	believe	that	the	maps	
produced	 in	 Figures 3	 to	 8	 are	 a	 complete	 representation	 of	 all	
localities	in	Central	Europe.	Quite	contrary,	we	believe	that	there	
are	still	some	new	localities	to	be	found	in	the	field,	but	this	notion	
does	not	falsify	the	conclusions	drawn	from	our	review	of	known	

data.	 If	 they	are	not	known	today,	 they	have	not	been	known	 in	
1950	either	(else,	we	would	have	found	them	during	our	literature	
or	collection	search),	and	hence,	the	trend	of	decline	for	all	species	
remains	 real.	 In	 this	 respect,	 it	 is	 interesting	 to	note	 that	one	of	
the	“hotspots”	of	J. notata and J. globulariae	in	Central	Europe,	the	
Alb-	Wutach	region	in	SW	Germany,	has	actually	been	recognized	
as	an	area	of	prime	importance	for	these	species	only	after	1995—	
prior	to	this	date,	only	three	records	documented	the	presence	of	
Jordanita	species	in	this	region	which	has	an	extent	of	more	than	
100 × 30 km.

5.	 Table	A2	 in	 the	Appendix	 shows	 that	 the	highest	 number	of	 lo-
calities	and	of	 individuals	of	 the	Jordanita species were recorded 
prior	to	1980,	and	that	these	numbers	are	considerably	higher	than	
the	pre-	1950	numbers.	The	increase	in	both	locality	and	individual	
numbers	between	1950	and	1980	is	certainly	related	to	a	higher	
research	intensity	and	a	higher	mobility	of	both	private	and	state-	
funded	 collectors/scientists.	The	 decrease	 afterwards	 cannot	 be	
explained	by	such	“statistical”	reasons,	but	is	clearly	due	to	habi-
tat	loss	(see	below).	Specific	research	campaigns	in	specific	areas	
change	the	picture	on	a	local	scale,	but	these	local	“disruptions”	do	
not	change	the	general	picture,	and	they	are	honestly	and	in	detail	
mentioned	in	the	comments	of	Table	A2	in	the	Appendix.

F I G U R E  7 Distribution	of	Jordanita globulariae	(all	localities	and	time	slices	as	indicated;	data	from	the	BioOffice	database;	see	text)

all records
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4.2  |  The general picture: a large- scale decline

Despite	the	abovementioned	temporal	and	regional	differences	in	
research	activity	and	population	 trends,	 the	overall	 trend	across	
Central	Europe	points	clearly	downward	(see	Figures 9 to 12).	This	
is	true	for	all	countries	and	all	species,	and	interestingly,	the	ex-
tent	of	decrease	is	very	similar	in	all	countries	and	for	all	species,	
with	the	only	exception	of	J. subsolana	which	has,	however,	me-
thodical	reasons	(use	of	artificial	pheromones	since	about	2005).	
Our	analyses	indicate	that,	irrespective	of	the	species,	only	15%–	
25%	of	all	 localities	ever	 recorded	are	 still	populated	and	 that	a	
very	 small	 percentage	 of	 populations	 persisted	 for	 at	 least	 one	
century.

4.3  |  Reasons for the large- scale decline

Comparison	 of	 the	 ecological	 requirements	 of	 the	 various	 species	
(see	above)	with	modern	grassland	use	in	Central	Europe	immediately	
shows	that	 land	use	changes	 in	particular	after	1960	certainly	had	a	
major	 impact	 on	 Jordanita	 populations,	 as	 they	 had	 on	 all	 grassland	
species,	be	they	insects,	reptiles	or	birds	(Grosser,	2002;	Maes	&	van	
Dyck,	2001;	Wenzel	 et	 al.,	 2006).	We	will	 try	 to	 distinguish	 various	

processes	and	their	effect	on	the	various	Jordanita	species	in	the	fol-
lowing paragraphs.

4.3.1  |  Abandonment	of	pastures

While	many	people	concerned	with	nature	conservation	commonly	be-
lieve	it	is	a	good	idea	to	“leave	nature	alone”	in	order	to	produce	diverse	
and	high-	quality	habitats	with	a	rich	biodiversity,	the	opposite	may	be	
the	 case,	 especially,	 if	 not	 all	 natural	 processes	 such	 as	wild	 fires	 or	
grazing	mega-	herbivores	are	allowed	to	take	place	 in	such	a	pseudo-	
natural	habitat.	The	abandonment	of	pastures	 in	Central	Europe	 (see	
e.g., Figure 14a)	will	inevitably	end	in	bush	succession	and	finally	(dark)	
forest	growth,	if	man	does	not	interfere.	Biodiversity,	which	is	extremely	
high	on	(extensively	used!)	pastures	decreases	to	a	mere	fraction	in	a	
dark	Central	 European	 forest,	 as	 every	 entomologist	 or	 ornithologist	
knows.	While	all	six	Central	European	Jordanita	species	can	use	exten-
sively	 farmed	pastures	as	habitats	 (e.g.,	Hafner,	2006;	Hanski,	2011),	
some	of	them	(especially	J. globulariae, J. chloros, and J. subsolana)	still	
can	cope	with	a	very	light,	sun-	drenched	forest.	None	will	survive	in	a	
forest	that	develops	without	wild	fires	and	mega-	herbivores	to	a	dark	
forest	similar	to	typical	commercial	forests.	The	same	holds	true	for	ba-
sically	all	other	grassland	animal	species	on	pastures.

F I G U R E  8 Distribution	of	Jordanita subsolana	(all	localities	and	time	slices	as	indicated;	data	from	the	BioOffice	database;	see	text)

all records
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4.3.2  |  Intensification	of	pastures

While	abandonment	deteriorates	potential	habitats	for	grassland	spe-
cies,	the	same	holds	true	also	for	intensification	(e.g.,	Hafner,	2006).	If	
a	pasture	which	supported	maybe	ten	cattle	or	sheep	over	hundreds	
of	years,	 is	 now	grazed	by	 significantly	 higher	 numbers	or	 by	much	
larger	animal	races	(see	e.g.,	Figure 14b),	the	larval	feeding	plants	will	
be	eaten	too	much	or	at	bad	times,	or	too	much	of	the	pasture	will	
only	be	open	soil	without	any	vegetation.	As	a	consequence,	the	spe-
cies	will	 become	extinct.	This	problem	 is	 connected	 to	 the	problem	
of	too	small	and	too	isolated	patches,	where	grazing	animals	may	ex-
tinguish	a	Jordanita	population	by	eating	up	the	larval	feeding	plants	
even	though	the	number	of	feeding	animals	is	not	significantly	larger	
than decades ago.

4.3.3  |  Intensification	of	grassland

In	traditional	rural	communities,	some	pastures	or	hay	meadows	were	
only	 mowed	 once	 or	 twice	 a	 year	 and	 they	 were	 never	 fertilized.	
Typically,	these	meadows	were	the	ones	far	away	from	the	village	or	
high	up	on	steep	slopes.	With	 the	 triumph	of	bulldozers	and	other	
mechanical	motorized	 tools,	 also	 suboptimal	 or	 far-	away	 grassland	
could	 be	 used	 more	 intensively,	 it	 was	 fertilized	 to	 allow	 mowing	
more	often	to	support	more	(stable-	fed)	livestock.	In	this	intensively	
used	grassland,	however,	grass	succeeds	over	other	plants,	especially	

flowers,	and	the	larval	feeding	plants	of	the	Jordanita	species	(mainly	
Centaureae and other Carduoideae)	will	not	survive.	If	these	plants	are	
gone, the Jordanita	species	also	disappear.	Even	if	some	larval	feed-
ing	plants	survive,	the	meadow	is	typically	too	dense	for	the	 larvae	
to	 survive	 (too	 dark	 and	 cool	 microclimate;	Wallis	 De	Vries	 &	 van	
Swaay,	2006).

Another	danger	for	some	insects	and	particularly	for	the	Jordanita 
species	is	the	date	at	which	grassland	is	mowed	or	pastured.	For	ex-
ample,	J. notata and J. globulariae	in	the	Alb-	Wutach	region	profit	from	
a	mowing	or	pasture	date	about	2–	4 weeks	prior	to	the	imago	flight	
time	to	ensure	that	meadows	are	short-	grassed	and	fresh	Centaurea 
leaves	are	shooting	when	the	female	imago	lays	its	eggs.	If	the	same	
habitat	is	mowed	too	early	before	the	flight	time	of	the	imagines,	e.g.,	
in	April,	the	larvae	may	be	injured	or	killed	(as	they	sit	in	the	Centaurea 
leaves	and	feed),	if	it	is	mowed	too	late,	e.g.,	in	July,	the	L1	larvae	or	
the	eggs	may	be	mowed	away.	As	a	matter	of	fact,	there	are	examples	
of	a	single	wrong	mowing	or	pasturing	which	erased	complete	butter-
fly	populations,	because	all	eggs	were	eaten,	e.g.,	by	sheep.

4.3.4  |  Disruption	of	habitat	networks

It	has	always	been	the	case	that	single	populations	lived	at	the	danger	
of	becoming	extinct	by	unique	events:	floods,	fires,	hailstorms,	late	frost	
are	examples	of	natural	processes	able	to	extinguish	whole	populations	
of	animals.	Species	requiring	sun-	lit	habitats	additionally	always	 lived	

F I G U R E  9 Absolute	(1st	row)	and	
relative	(2nd	row)	decline	of	Jordanita 
localities	across	Central	Europe
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at	the	danger	of	losing	a	particularly	suited	habitat	to	bush	and	forest	
encroachment.	However,	in	a	natural	world,	these	dangers	were	coun-
terbalanced	 by	meta-	populations	 and	 habitat	 networks	 (e.g.,	Hanski,	
1998a, 1998b).	 If	one	habitat	was	devastated,	e.g.,	by	a	hailstorm	or	
by	 a	 flood,	 it	 could	 be	 recolonized	 by	 individuals	 from	 neighboring	
populations,	and	if	one	habitat	was	lost	to	succession,	the	population	
went	to	the	next	suitable	habitat.	This,	however,	required	a	network	of	
habitats	and	populations	close	enough	to	each	other	to	be	able	to	sup-
port	each	other	and	to	allow	gene	flow.	In	traditional	rural	structures,	
with	the	very	diverse	crops	and	land	uses,	with	small	fields	and	lots	of	
only	extensively	 (in	contrast	to	 intensively)	used	 land,	 this	was	never	
a	problem.	Modern	farmland,	however,	is	quite	in	contrast	to	this	and	
meta-	populations	were	step	by	step	lost.	To	make	this	very	clear:	single	

populations	in	a	single,	optimal	habitat	may	survive	for	some	decades	
without	 problem,	 but	 a	 single	 unique	 event	 like	 the	 aforementioned	
flood	may	erase	the	population	and	re-	colonization	is	impossible	due	
to	a	missing	feeding	population	in	an	(equally	missing)	habitat	network.	
The	 few	 remaining	hotspots	of	 J. notata and J. globulariae in Central 
Europe	offer	such	habitat	networks.	On	the	other	hand,	many	isolated	
populations	that	still	exist	today	are	unlikely	to	survive	on	the	long	run.

4.3.5  |  “Tidyness”	in	modern	landscapes

While	traditional	rural	landscapes	always	had	niches	and	transitions	
between	 various	 types	 of	 land	 use,	 modern	 landscapes	 are	 very	

F I G U R E  1 0 Absolute	(1st	row)	and	relative	(2nd	row)	decline	of	Jordanita globulariae	localities	in	seven	Central	European	countries
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“orderly	 and	 tidy”:	 absolutely	 clear-	cut	 boundaries	 between	 farm-
land	and	forests	are	lacking	any	niches	for	birds,	reptiles	or	insects,	
and	as	 insects	 (being	small	animals)	may	only	require	small	habitat	
niches	to	sustain	healthy	populations,	this	change	from	a	“messy”	to	
a	“tidy”	landscape	erased	lots	of	potential	habitats	for	insects.

4.3.6  |  Use	of	pesticides

The	connection	of	increasing	use	of	pesticides	with	the	decline	of	in-
sect	diversity	and	population	size	has	been	a	matter	of	considerable	
debate	(e.g.	Huemer	&	Tarmann,	2001;	Segerer	&	Rosenkranz,	2018; 
Tarmann,	2000a, 2000b, 2009).	Especially	the	use	of	neonicotinoids	
since	the	late	1990s	has	been	regarded	as	a	major	factor	contributing	
to	the	decline	and	extinction	of	insect	species	(Warren	et	al.,	2021).	
While	we—	based	on	the	available	studies—	personally	believe,	 that	
insecticides	have	a	considerable	 impact	on	 insect	decline	and	also	

on	decline	of	Jordanita	populations,	we	have	no	clear	data	to	show	
this	in	the	present	study	and	will	therefore	not	discuss	this	matter	
in	 greater	 depth.	We	want	 to	 state,	 however,	 that	 the	 decline	 of	
population	size	in	still	existing	and	well-	suited	habitats,	where	land	
use	changes	are	not	responsible	for	any	decline,	may	well	be	related	
to	insecticides	blown	into	these	habitats	by	the	wind	(e.g.,	Huemer	
&	 Tarmann,	2001;	 Segerer	&	 Rosenkranz,	 2018;	 Tarmann,	2000a, 
2000b, 2009).

4.3.7  |  Fertilization	by	air

In	the	second	half	of	the	20th	century,	the	use	of	artificial	nitrogen-	
bearing	 fertilizer	 has	 increased	 dramatically.	 For	 example,	 about	
30–	60 kg N/ha/year	 are	 thrown	 on	 German	 farmland	 today	
(Reicholf,	2018).	This	is	much	more	than	the	soil	can	accommodate	
and	a	 large	part	of	 this	nitrogen	 is	emitted	 to	 the	air,	not	only	as	

F I G U R E  11 Absolute	(1st	row)	and	
relative	(2nd	row)	decline	of	Jordanita 
notata	localities	in	seven	Central	European	
countries
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(relatively	 less	 reactant)	 N2,	 but	 also	 as	 ammonia	 or	 NOx	 com-
pounds.	In	addition	to	artificial	fertilizer,	the	excrement	and	diges-
tion	gases	of	livestock	(cattle,	pork,	sheep,	poultry)	contribute	to	a	
massive	extent	to	increasing	the	amount	of	nitrogen	in	our	environ-
ment.	310	billion	liters	of	liquid	manure	per	year	are	produced	alone	
in	Germany	(Reichholf,	2018)	and	release	millions	of	tons	of	ammo-
nia	to	the	air	which	rains	down	everywhere.	The	same	holds	true	for	
NOx	compounds	from	traffic	and	heating.	While	most	people	think	

about	local	effects	on	soils	or	regional	effects	on	the	groundwater	
(for	which	reasons	the	EU	has	decided	a	fertilization	strategy	with	
less	nitrogen	 released	 to	 the	environment,	Roth	et	 al.,	2013),	 the	
increased	N	content	in	the	air	 is	present	even	in	the	most	remote	
habitats	and	leads	to	a	strong	increase	in	growth	rate	of	plants	even	
on	poor	soil	(Weiss,	1999).	This,	however,	first	favors	grasses	over	
other	plant	species,	it	second	makes	grasslands	more	dense	and	less	
open	(“matting”),	with	less	open	soil	surfaces,	and,	third,	this	creates	

F I G U R E  1 2 Absolute	(1st	row)	and	
relative	(2nd	row)	decline	of	Jordanita 
subsolana localities in seven Central 
European	countries
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Model Parameters Deviance AICc deltaAICc Weight

Jordanita globulariae

Phi(Time2)p(t) 14 258.49 1491.25 0.00 0.94

Phi(.)p(t) 12 269.30 1497.94 6.68 0.03

Phi(Time)p(t) 13 267.69 1498.39 7.14 0.03

Jordanita notata

Phi(.)p(Time) 3 94.61 436.36 0.00 0.29

Phi(.)p(Time2) 4 94.45 438.24 1.88 0.11

Phi(Time2)p(Time) 5 92.43 438.28 1.91 0.11

Jordanita subsolana

Phi(.)p(.) 2 87.44 349.32 0.00 0.31

Phi(Time)p(.) 3 86.26 350.17 0.85 0.20

Phi(.)p(Time) 3 87.07 350.98 1.66 0.14

Note:	Dots	in	the	model	name	indicate	a	constant	effect,	Time/Time2	indicates	a	linear/quadratic	
time	dependency,	t	indicates	full	temporal	variability	of	the	parameter.	Phi:	population	persistence,	
p:	population	detection.

TA B L E  1 Best	supported	CJS-	models	
for	localities of J. globulariae, J. notate, and 
J. subsolana.
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a	 colder,	moister	microclimate	with	which	 larvae	of	many	 insects	
cannot	cope	any	more	(Krämer	et	al.,	2012;	Wallis	De	Vries	&	van	
Swaay,	2006).

In	summary,	land	use	changes	and	the	decline	of	dynamic,	exten-
sively	used	grassland	habitats	have	a	huge	effect	on	the	decline	of	
the Jordanita	species.	This	is	in	line	with	other	observations	concern-
ing	grassland	species	 (Swaay	et	al.,	2016;	Warren	et	al.,	2021)	and	
the	genus	Jordanita	is	just	a	well-	suited	representative	to	exemplify	
the	connection	of	land	use	change,	decline	of	habitats	and	decline	of	
population	size.	The	relative	importance	of	land	use	changes,	pesti-
cide	use	and	over-	fertilization	via	the	air	cannot	be	quantified,	but	it	

is	this	complex	mixture	of	processes	going	on	at	the	same	time	that	
leads	to	the	strong	decrease	in	grassland	species	observed	in	whole	
Central	Europe.

5  |  CONCLUSIONS

The	genus	Jordanita	comprises	six	species	in	Central	Europe	which	
inhabit	grassland	biotopes	from	mesophile	wet	to	dry	xerothermic	
and	from	low	to	high	altitudes.	Both	the	number	of	localities	and	
the	 number	 of	 individuals	 decreased	 drastically	 after	 1950,	 and	

F I G U R E  1 3 Estimated	detection	
and	persistence	for	Central	European	J. 
globulariae	populations	during	the	20th	
and	early	21st	century.	The	parameter	
for	population	detection	in	the	decade	
2010–	2019	could	not	be	estimated	and	is	
therefore	not	plotted.

F I G U R E  14 Proxies	to	show	the	
change	in	land	use	in	Germany	between	
1950	and	2020.	While	(a)	the	area	
of	pasture	green	land	significantly	
decreased,	by	about	30%	since	1950,	
and	also	the	number	of	cattle	and	other	
grassland	livestock	decreased	by	about	
25%,	(b)	the	dairy	cows	became	larger	and	
more	productive	and	hence,	every	cow	
produced	three	times	more	milk	in	2020	
compared	with	1950. 2
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this	concerns	all	six	investigated	species	(with	their	different	habi-
tat	 requirements)	and	all	 investigated	countries.	The	 reasons	 for	
their	decline	are	manifold	and	different	for	various	species.	While	
intensification	of	farmland	use,	overbuilding,	forestation	and	the	
destruction	of	meta-	populations	by	the	destruction	of	habitat	net-
works	 contribute	most	 to	 the	 decrease	 in	 the	 number	 of	 locali-
ties,	the	decreasing	number	of	 individuals	may	also	be	related	to	
the	extensive	use	of	pesticides,	especially	neonicotinoids,	 in	 the	
past	 decades.	 All	 species,	 however,	 do	 not	 only	 suffer	 from	 the	
intensification,	but	also	from	the	abandonment	of	(extensive)	pas-
tures	which	promotes	scrub	encroachment	and,	finally,	forests	too	
dense	to	support	healthy	populations	of	Jordanita species. Open, 
light	 forests	may	support	populations	of	J. chloros, J. globulariae, 
or J. subsolana	(own	observations,	e.g.,	in	SE	France,	SW	Germany	
or	NW	Italy),	but	most	Central	European	(non-	alpine)	commercial	
forests	are	too	dark	for	grassland	species	to	survive.	Two	species,	
J. budensis and J. graeca,	 occurred	 at	 very	 few	 places	 in	Central	
Europe	 anyway	 and	 such	 isolated	 populations	 at	 the	margins	 of	
the	 distribution	 area	 are	 always	 particularly	 vulnerable.	 In	 addi-
tion,	these	two	species	require	extremely	low-	productive,	steppe	
or	rock	steppe	habitats	which	are	particularly	prone	to	agricultural	
intensification,	 forestation,	 fertilization	 through	 the	air	or	urban	
development.	 The	 decline	 of	 J. chloros	 in	 its	marginal,	 Northern	
German	 habitats	may	 also	 be	 related	 to	 their	 isolated	 positions,	
the	decline	in	the	Alps	is	clearly	related	to	agricultural	intensifica-
tion	and	succession	 (i.e.,	abandonment	of	pastures).	The	reasons	
for	the	decline	of	J. subsolana	are	the	least	well	understood	ones,	
but	may	 also	 be	 related	 to	 too	 intensive	 or	 too	 little	 use	 of	 the	
formerly	 extensively	 used	 grassland,	 as	 is	 the	 case	 for	 J. notata 
and J. globulariae.

It	 is	very	obvious	that	a	variety	of	concomitant	measures	have	
to	be	taken	to	stop	the	process	of	vanishing	grassland	species:	they	
comprise	extensification	of	 agriculture,	 less	use	of	pesticides,	 less	
nitrogen	input	to	our	landscape	and	adapted	management	programs	
with	very	precisely	followed	mowing	or	grazing	rules	in	the	few	suit-
able	habitats	remaining.
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