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Abstract
Understanding	the	risk	of	local	extinction	of	a	species	is	vital	in	conservation	biology,	
especially	 now	when	 anthropogenic	 disturbances	 and	 global	warming	 are	 severely	
changing	natural	habitats.	Local	extinction	risk	depends	on	species	traits,	such	as	its	
geographical	range	size,	fresh	body	mass,	dispersal	ability,	length	of	flying	period,	life	
history	variation,	and	how	specialized	it	is	regarding	its	breeding	habitat.	We	used	a	
phylogenetic	approach	because	closely	related	species	are	not	independent	observa-
tions	in	the	statistical	tests.	Our	field	data	contained	the	local	extinction	risk	of	31	od-
onate	(dragonflies	and	damselflies)	species	from	Central	Finland.	Species	relatedness	
(i.e.,	phylogenetic	signal)	did	not	affect	 local	extinction	risk,	 length	of	flying	period,	
nor	the	geographical	range	size	of	a	species.	However,	we	found	that	closely	related	
species	were	similar	in	hind	wing	length,	length	of	larval	period,	and	habitat	of	larvae.	
Both	 phylogenetically	 corrected	 (PGLS)	 and	 uncorrected	 (GLM)	 analysis	 indicated	
that	the	geographical	range	size	of	species	was	negatively	related	to	local	extinction	
risk.	Contrary	to	expectations,	habitat	specialist	species	did	not	have	higher	local	ex-
tinction	rates	than	habitat	generalist	species	nor	was	it	affected	by	the	relatedness	of	
species.	As	predicted,	species’	long	larval	period	increased,	and	long	wings	decreased	
the	 local	extinction	risk	when	evolutionary	 relatedness	was	controlled.	Our	 results	
suggest	that	a	relatively	narrow	geographical	range	size	is	an	accurate	estimate	for	a	
local	extinction	risk	of	an	odonate	species,	but	the	species	with	long	life	history	and	
large	habitat	niche	width	of	adults	increased	local	extinction	risk.	Because	the	results	
were	so	similar	between	PGLS	and	GLM	methods,	it	seems	that	using	a	phylogenetic	
approach	does	not	improve	predicting	local	extinctions.
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1  |  INTRODUC TION

Anthropogenic	 disturbances	 and	 global	 warming	 are	 rapidly	 de-
stroying	and	changing	habitats	all	over	the	world.	Large	natural	en-
vironments	are	suddenly	fragmenting	into	smaller	habitats	that	are	
continuously	being	polluted	while	being	 threatened	by	even	more	
human-	caused	changes.	Due	 to	 these	environmental	changes,	 ter-
restrial	 insect	 abundance	 has	 declined	 rapidly	 (Kwak	 et	 al.,	 2020;	
van	Klink	et	al.,	2020).	In	addition,	freshwater	habitats,	such	as	lakes	
and	 rivers,	 have	 become	 one	 of	 the	most	 degraded	 habitat	 types	
on	 the	planet	 (Dudgeon	et	 al.,	 2006).	Habitat	 loss	has	 led	 to	 spe-
cies	abundance	and	biomass	loss	that	has	finally	led	to	species	ex-
tinctions	(Cardoso	et	al.,	2020;	Seibold	et	al.,	2019;	van	Klink	et	al.,	
2020;	Wagner	et	al.,	2021).	This	can	be	seen	most	clearly	in	the	large	
number	 of	 species	 extinctions	 in	 freshwater	 habitats	 (Ricciardi	 &	
Rasmussen,	1999)	resulting	in	a	situation,	where	freshwater	species	
extinctions	 are	more	 common	 than	 terrestrial	 species	 extinctions	
(Abell,	2002;	Richter	et	al.,	1997;	Ricciardi	&	Rasmussen,	1999,	but	
see	van	Klink	et	al.,	2020).

Understanding	the	risk	of	a	local	extinction,	that	is,	the	destruc-
tion	of	a	single	population	of	a	species,	is	one	of	the	most	important	
aspects	 of	 conservation	 biology	 because	 given	 finite	 resources,	 it	
helps	in	prioritizing	which	species	to	protect	and	which	habitats	to	
conserve.	Therefore,	knowing	what	traits	affect	the	local	extinction	
risk	 of	 a	 species	 is	 vitally	 important	 when	 planning	 cost-	efficient	
conservation	measures	(Rocha-	Ortega	et	al.,	2020).

However,	local	extinction	risk	studies	of	species	are	rare	partic-
ularly	 for	 insects.	As	a	 result,	 relatively	 few	comparisons	exist	be-
tween	 old	 faunistic	 studies	 and	 current	 resurveys	 (Ball-	Damerow	
et	 al.,	 2014;	 Korkeamäki	 &	 Suhonen,	 2002;	 Suhonen	 et	 al.,	 2010,	
2014).

There	are	three	nonmutually	exclusive	types	of	variables	that	
may	account	for	variation	in	extinction	risk	among	species:	(i)	 life	
history	and	physiological	factors,	(ii)	ecological	factors	such	as	in-
tra-		and	 interspecific	 interactions,	and	 (iii)	environmental	 factors	
(Chichorro	et	 al.,	 2019;	Rocha-	Ortega	et	 al.,	 2020).	 So	 far	previ-
ous	studies	that	have	used	a	wide	range	of	ecological	factors	have	
found	 that	 geographical	 range	 size	 (henceforth	GRS)	 is	 the	 best	
overall	predictor	of	an	extinction	risk,	niche	breadth	being	the	sec-
ond	 best	 predictor	 (Chichorro	 et	 al.,	 2019;	 Kotiaho	 et	 al.,	 2005;	
van	 Swaay,	 1990).	Unfortunately,	most	 of	 these	 studies	 have	 no	
real	data	on	the	extinction	risk	of	local	populations	but	are	based	
on	 extrinsic	 factors,	 namely	 population	 loss	 and	 decline	 of	 geo-
graphical	range	size	(Rocha-	Ortega	et	al.,	2021).	In	addition,	most	
of	 these	studies	have	used	a	simple	comparison	between	threat-
ened	 and	 nonthreatened	 species	 (Chichorro	 et	 al.,	 2019)	 due	 to	
fact	that	more	detailed	knowledge	of	species	traits	was	not	avail-
able	 in	most	 of	 the	 insect	 orders	 (Mattila	 et	 al.,	 2006).	 The	 suc-
cessful	identification	of	traits	that	are	linked	to	an	insect	species’	
extinction	risk	can	potentially	be	applied	to	other	species	groups	
and	may	be	used	 to	develop	accurate	and	cost-	efficient	 species-	
specific	conservation	strategies.

With	 insects,	 extinction	 risk	 seems	 to	 be	 affected	 by	 several	
traits,	such	as	GRS,	habitat	niche	breadth,	length	of	flying	period,	life	
history,	dispersal	ability,	and	body	size	(Chichorro	et	al.,	2019;	Grewe	
et	al.,	2013;	Hof	et	al.,	2006;	Korkeamäki	&	Suhonen,	2002;	Kotiaho	
et	al.,	2005;	McCauley	et	al.,	2014;	Outomuro	&	Johansson,	2019;	
Rocha-	Ortega	et	al.,	2020;	Rundle	et	al.,	2007;	Suhonen	et	al.,	2010,	
2014;	Swaegers	et	al.,	2014;	van	Swaay,	1990).	Unfortunately,	there	
is	very	limited	knowledge	on	the	GRS	and	its	temporal	changes	for	
most	insect	and	invertebrate	species	(Grewe	et	al.,	2013;	Hof	et	al.,	
2011;	Pöyry	et	al.,	2009).	This	means	that	future	studies	should	in-
corporate	 alternative	 traits	 with	 different	 combinations	 to	 better	
evaluate	the	extinction	risk	of	invertebrate	species.

Dragonflies	and	damselflies	(Odonata)	are	particularly	good	can-
didates	 for	 comparing	 the	 local	 extinction	 risk	with	 species	 traits	
(Ball-	Damerow	et	al.,	2014;	Korkeamäki	&	Suhonen,	2002;	Suhonen	
et	al.,	2010,	2014).	Previous	odonate	studies	have	found	that	pop-
ulation	numbers	decline	over	time,	if	a	species	is	a	habitat	special-
ist,	has	a	narrow	GRS,	large	body	size,	narrow	thermal	limits,	and	an	
overwintering	diapause	 (Ball-	Damerow	et	 al.,	 2014;	Korkeamäki	&	
Suhonen,	2002;	Rocha-	Ortega	et	al.,	2020;	Suarez-	Tovar	et	al.,	2019;	
Suhonen	et	al.,	2010,	2014).

To	further	examine	this	topic,	we	analyzed	the	local	extinction	
risk	of	 dragonflies	 and	damselflies	 and	 created	 a	 large	dataset	 of	
six	different	species	traits	of	which	three	were	not	included	in	our	
previous	 studies	 (Korkeamäki	 &	 Suhonen,	 2002;	 Suhonen	 et	 al.,	
2010,	2014).	We	further	developed	our	approach	by	controlling	the	
phylogeny	of	odonate	 species.	We	used	a	phylogenetic	 approach	
for	two	reasons.	First,	the	lack	of	independence	between	the	study	
species	can	affect	a	species’	morphological	and	ecological	traits	and	
affect	our	results.	Second,	we	wanted	to	know	whether	a	phyloge-
netic	approach	can	improve	predicting	the	risk	of	local	extinctions.

In	 this	 study,	 we	 answer	 the	 following	 questions:	 (i)	 how	 dif-
ferent	 species	 traits	 influence	 the	 local	 extinction	 risk	of	odonate	
species?	We	chose	six	different	ecological,	life	history,	and	morpho-
logical	traits:	primary	larval	habitat	(Habitat),	adult	habitat	(hereaf-
ter	Niche),	geographical	range	size	 (GRS),	hind	wing	 length	(Wing),	
length	 of	 adult	 flying	 period	 (FTime),	 and	 length	 of	 larval	 period	
(Larvae)	to	evaluate	how	they	affect	the	local	extinction	risk	(hence-
forth	LER)	of	each	study	species	 (Table	1).	Detailed	predictions	of	
each	trait	are	listed	in	Table	1.	(ii)	Are	closely	related	odonate	spe-
cies	more	similar	in	these	biological	and	ecological	traits	than	species	
drawn	 at	 random?	 i.e.,	 is	 phylogeny	 a	 factor	 that	 has	 to	 be	 taken	
into	account	in	extinction	assessments?	and	(iii)	can	these	traits	and	
species	 relatedness	 be	 used	 to	 predict	 the	 future	 local	 extinction	
risk	of	insect	species?	Based	on	our	previous	results	(Korkeamäki	&	
Suhonen,	2002;	Suhonen	et	al.,	2010,	2014),	we	expected	that	spe-
cies	with	 larger	GRS	have	a	 lower	 local	extinction	probability	than	
species	with	a	smaller	GRS.	We	also	expected	that	habitat	generalist	
species	have	a	lower	local	extinction	risk	than	habitat	specialist	spe-
cies.	We	also	expected	that	closely	related	species	are	more	similar	
in	their	biological	and	ecological	traits,	suggesting	that	phylogenetic	
approaches	are	needed	in	future	extinction	analyses.
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2  |  METHODS

2.1  |  Local extinction risk

Local	 extinction	 (LER)	 risk	 was	 assessed	 by	 comparing	 the	 exist-
ence/absence	of	 local	populations	of	19	dragonfly	and	12	damsel-
fly	species	(Odonata)	in	Central	Finland.	First	population	surveys	of	
Finnish	Odonata	were	mostly	conducted	from	1930s	to	1950s,	but	
were	 extended	 to	1975,	 and	 resurveyed	 again	between	1995	and	
2003	 (Korkeamäki	&	Suhonen,	2002;	Suhonen	et	al.,	2010,	2014).	
Initial	 surveys	 found	 548	 populations,	 of	 which	 301	 populations	
were	 located	 in	23	different	ponds	and	 lakes	 (standing	water)	and	

232	population	in	34	small	creeks	and	brooks	(running	waters),	and	
15	populations	in	three	bogs	(Table	1).	All	studied	waterbodies	were	
located	within	150	km	of	each	other	(see	Figure	1	in	Suhonen	et	al.,	
2010).	All	studied	waterbodies	were	permanent.	 It	 is	possible	that	
local	extinctions	are	spatially	autocorrelated,	particularly	if	the	local	
populations	are	spatially	aggregated	(e.g.,	Kallimanis	et	al.,	2005)	and	
the	co-	occurring	species	have	very	similar	traits.	It	seems,	however,	
that	this	explanation	is	unlikely	in	our	case	because	the	local	extinc-
tions	occurred	most	often	in	low-	quality	habitat	patches	with	spe-
cies	that	mostly	had	a	wide	niche	bread	(see	more	details	in	Suhonen	
et	al.,	2010),	and	there	were	very	few	species	extinction	in	the	same	
waterbodies.

TA B L E  1 Predicted	direction	of	five	traits	in	relation	to	local	extinction	risk	(LER)

Trait Prediction References

GRS LER	decreases	with	increasing	GRS	due	to	higher	colonization	
rate

Korkeamäki	and	Suhonen	(2002),	Mattila	et	al.	(2006),	
Suhonen	et	al.	(2014),	Chichorro	et	al.	(2019)

Larvae Longer	generation	time	increases	LER	due	to	higher	predation	
risk	during	larvae	period

Jeppsson	and	Forslund	(2014)

Wing High	dispersal	ability	decreases	LER	due	to	higher	colonization	
rate

Kotiaho	et	al.	(2005)

FTime Longer	flying	time	decreases	LER	due	to	longer	colonization	
period

Kotiaho	et	al.	(2005),	Mattila	et	al.	(2006),	Mattila	et	al.	
(2008),	Jeppsson	and	Forslund	(2014)

Niche Adult	niche	large	or	narrow.	Species	which	had	large	adult	niche	
have	lower	LER	than	specialist	ones	due	to	higher	possibility	
to	find	suitable	habitat	for	breeding

Chichorro	et	al.	(2019)

Habitat Main	larvae	habitat	is	standing	or	running	water.	Species	which	
larvae	mainly	occurred	in	the	standing	water	have	lower	LER	
than	running	water	ones	due	to	higher	predictability	and	
lower	disturbances

Korkeamäki	and	Suhonen	(2002),	Rocha-	Ortega	et	al.	
(2020)

Note: The	traits	are	geographical	range	size	(GRS),	duration	of	the	larval	period	(Larvae),	hind	wing	length	(Wing),	length	of	flying	period	(FTime),	
Niche	indicates	whether	a	species	is	a	habitat	generalist	(G),	or	a	habitat	specialist	(S).

F I G U R E  1 The	relationship	between	the	probability	of	a	population's	local	extinction	rate	(%)	and	their	95%	confidence	intervals	for	the	
31	odonate	species	and	their	geographical	range	size	(number	of	10	km	×	10	km	squares)	in	Finland.	The	continuous	trendline	indicates	most	
fitted	value	in	the	logistic	regression.	Dots	denote	that	primary	larval	main	habitat	is	standing	water,	and	triangles	denote	that	primary	larval	
habitat	is	running	water.	White	symbol	denotes	adult	niche	specialist,	and	black	symbol	denotes	adult	niche	generalist
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2.2  |  Species traits

Although	 old	 odonate	 surveys	 relied	 mainly	 on	 adult	 observa-
tions,	 we	 also	 included	 the	 presence	 of	 larvae	 to	 increase	 the	
accuracy	of	habitat	viability	 (see	e.g.,	Bried	et	al.,	2015,	Patten	
et	al.,	2015).	Primary	larval	habitat	(Habitat	for	short)	was	divided	
into	two:	standing	water	 (22	species)	and	running	water	 (9	spe-
cies)	habitats	(Table	2).	These	data	were	based	on	Valle's	works	
(1952)	 and	 our	 previous	 publications	 (Korkeamäki	 &	 Suhonen,	

2002;	Suhonen	et	al.,	2010,	2014)	from	the	same	area	in	Central	
Finland.

Adult	habitat	bread	(Niche),	that	is,	the	presence	of	flying	adults,	
was	 divided	 into	 narrow	 (primarily	 a	 single	 habitat	 type:	 standing	
or	running	water)	and	wide	(flying	frequently	in	both	habitat	types)	
niche	 breadth.	 (Table	 2).	 These	 data	 were	 based	 on	 our	 previous	
publications	(Suhonen	et	al.,	2010,	2014).

The	 geographical	 range	 size	 was	 measured	 according	 to	 the	
previously	 published	distribution	maps	 for	 each	of	 the	31	 studied	

TA B L E  2 In	total,	31	odonate	species	used	in	this	study	from	Central	Finland	and	their	trait	values

Species Habitat Niche Suborder GRS Larvae Wing FTime Pop Ext

Aeshna caerulea S W A 161 4.5 38.5 82 11 11

Aeshna grandis S W A 401 2.5 46.0 113 26 0

Aeshna juncea S W A 263 5.0 45.5 127 30 9

Aeshna subarctica S N A 94 4.0 43.5 104 10 2

Calopteryx splendens R N Z 116 2.5 31.5 99 8 4

Calopteryx virgo R N Z 297 2.5 32.0 96 26 6

Coenagrion armatum S N Z 138 3.0 19.0 73 7 0

Coenagrion hastulatum S W Z 404 2.0 19.5 99 37 4

Coenagrion johanssoni S W Z 148 2.0 17.5 84 25 10

Coenagrion lunulatum S N Z 45 1.5 20.0 70 4 4

Coenagrion pulchellum S N Z 166 1.5 19.5 87 6 2

Cordulegaster boltoni R N A 97 4.5 45.5 46 19 7

Cordulia aenea S W A 315 2.5 33.0 93 30 8

Enallagma cyathigerum S W Z 331 2.0 20.5 121 22 7

Erythromma najas S W Z 247 1.0 22.5 91 23 4

Gomphus vulgatissimus R N A 125 3.0 31.0 82 3 2

Lestes sponsa S W Z 317 1.0 21.5 87 23 7

Leucorrhinia albifrons S N A 92 3.0 29.5 86 11 5

Leucorrhinia caudalis S N A 94 3.0 31.0 68 10 2

Leucorrhinia dubia S W A 326 3.0 25.5 98 24 11

Leucorrhinia rubicunda S W A 304 2.5 29.0 92 28 8

Libellula quadrimaculata S W A 344 2.0 35.0 106 30 6

Onychogomphus 
forcipatus

R N A 68 4.0 30.5 73 15 10

Ophiogomphus cecilia R N A 43 3.5 33.0 48 7 3

Platycnemis pennipes R N Z 151 1.0 21.5 96 4 1

Pyrrhosoma nymphula R W Z 90 2.0 22.0 68 24 17

Somatochlora arctica S N A 108 3.0 33.5 85 8 6

Somatochlora 
flavomaculata

S N A 56 3.0 36.5 85 10 2

Somatochlora metallica R W A 364 3.0 36.0 102 33 1

Sympetrum danae S W A 323 1.0 24.0 99 22 2

Sympetrum flaveolum S N A 238 1.0 26.0 99 12 3

Note: The	“Primary	larval	habitat”	indicates	standing	water	(S)	or	running	water	(R),	“Niche”	indicates	whether	adults	have	a	wide	niche	(W)	(flying	
frequently	in	both	standing	and	running	waters)	or	a	narrow	niche	(N)	(flying	primarily	in	a	single	habitat	type),	“Suborder”	indicates	whether	a	
species	is	a	dragonfly	(A)	or	a	damselfly	(Z),	“GRS”	means	geographical	range	size	as	the	number	of	10	km	×	10	km	squares	in	Finland,	“Larvae”	means	
duration	of	the	larval	period	in	years,	“Wing”	indicates	the	average	hind	wing	length	(mm),	“FTime”	means	the	length	of	flying	period	during	summer	
in	days,	“Pop”	indicates	the	number	of	original	local	populations,	and	“Ext”	mean	the	number	of	populations	vanished	between	1930	and	1975	and	
1995	and	2003.
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species	in	Finland.	Although	the	studied	water	bodies	were	situated	
in	Central	Finland,	we	found	it	important	to	get	an	estimate	of	the	
GRS	 due	 to	 its	 importance	 in	 predicting	 extinction	 probabilities.	
Because	 there	were	 no	 reliable	maps	 specific	 to	 both	 study	 peri-
ods	 in	our	 study	area,	we	used	 the	distribution	maps	provided	by	
Valtonen	(1980).	They	were	considered	the	most	accurate	because	
they	are	based	on	an	extensive	atlas	on	damselfly	and	dragonfly	dis-
tribution	in	Finland	from	the	late	1880s	up	to	1979,	and	it	matches	
the	time	frame	between	old	and	resurvey	periods.	Moreover,	spe-
cies	composition	has	not	changed	drastically	between	 the	original	
and	 resurvey	 periods	 because	 the	 species	 GRS	 data	 by	 Valtonen	
(1980)	 correlated	 well	 with	 the	 current	 (2021)	 and	 continuously	
updated	GRS	data	 (r =	0.94,	n =	31,	p <	 .001)	 (www.laji.fi,	Finnish	
Biodiversity	Info	Facility).	The	GRS	of	the	species	is	presented	as	a	
number	of	occupied	10	×	10	km	(standardized	coordinate	system	in	
Finland)	squares	in	each	species	distribution	map	(Valtonen,	1980).	
Each	occupied	square	was	considered	a	separate	unit,	and	they	were	
tallied	for	each	species.

The	mean	hind	wing	length	was	calculated	for	each	study	species	
from	the	minimum	and	maximum	values	presented	in	the	textbook	
“Dragonflies	of	 Finland”	 (Karjalainen,	 2010).	 Previous	 comparative	
studies	have	found	that	wing	length	and	its	morphological	variations	
between	species	is	a	proxy	for	dispersal	ability	of	odonates	(Grewe	
et	al.,	2013;	Hof	et	al.,	2006;	McCauley	et	al.,	2014;	Outomuro	&	
Johansson,	2019;	Rundle	et	al.,	2007;	Swaegers	et	al.,	2014)	and	a	
species’	body	size	(Aromaa	et	al.,	2019).

The	length	of	adult	flying	period	(number	of	days)	was	estimated	
from	 figures	 published	 in	 the	 textbook	 “Dragonflies	 of	 Finland”	
(Karjalainen,	2010),	and	it	means	the	time	span	when	adult	odonates	
are	actively	flying	during	the	summer	in	Finland.

The	length	of	larval	period,	that	is,	the	number	of	years	an	odo-
nate	spends	 in	 the	water	before	emergence,	was	based	on	a	pub-
lished	 dataset	 of	which	we	 used	 the	most	 northern	 ones	 (Corbet	
et	al.,	2006).	If	the	species	had	two	different	estimations	from	north-
ern	populations	for	the	length	of	larval	period,	we	calculated	a	mean	
value	and	used	it	in	the	statistical	tests.

2.3  |  Statistical analyses

Because	the	elapsed	time	between	sampling	and	resampling	may	af-
fect	LER,	we	used	a	binary	logistic	regression	to	evaluate	whether	it	
affects	a	species’	LER.	In	this	test,	the	elapsed	time	(years)	between	
the	first	record	of	a	local	population	and	the	resurvey	of	the	popu-
lation	was	used	as	continuous	covariate,	and	each	local	population	
was	independent	variable,	extinct	(0)	or	survived	(1).

Because	 it	was	not	possible	to	use	phylogenetic	binary	 logistic	
regression	analysis	to	estimate	the	effect	of	species	traits	on	LER,	
we	used	an	alternative	Poisson	distribution	approach	also	in	gener-
alized	linear	models	with	type	III	errors.	In	this	statistical	model,	the	
link	function	was	 log,	the	probability	distribution	was	Poisson,	the	
number	of	vanished	populations	was	the	dependent	variable,	covari-
ates	were	 the	 number	 of	 old	 populations,	GRS,	 hind	wing	 length,	

length	of	flying	period	and	larval	period,	and	the	adult	habitat	bread	
(narrow/wide)	and	primary	 larvae	habitat	 (standing/running	water)	
were	used	as	factors.	An	alternative	suitable	solution	for	data	anal-
ysis	is	to	conduct	a	logistic	regression	in	which	the	dependent	vari-
able	 is	 the	 proportion	 of	 populations	 that	went	 extinct.	We	 used	
this	 approach	 to	 estimate	 the	 extinction	 probability	 in	 the	 figure.	
We	compared	differences	between	the	adult	habitat	bread	(narrow/
wide)	and	primary	larvae	habitat	(standing/running	water)	in	species’	
GRS	and	their	extinction	rates	(%)	with	a	t-	test.	For	each	species,	the	
extinction	rate	was	calculated	using	the	following	formula:

1.	 Extinction	 rate	 of	 a	 species	 (%)	 =	 100*(#	 vanished	 popula-
tions/#	 surveyed	 populations).

The	phylogenetic	tree	used	in	our	study	was	pruned	from	a	larger	
tree	created	by	Waller	and	Svensson	(2017).	Unfortunately,	Aeshna 
caerulea	was	absent	from	this	tree	and	had	to	be	replaced	by	its	close	
relative	(Aeshna cyanea)	that	was	present	in	the	tree.

For	continuous	species	traits	(LER,	GRS,	hind	wing	length,	length	
of	flying	period,	and	length	of	larvae	period),	we	used	Pagel's	lambda	
(λ)	(Freckleton	et	al.,	2002;	Pagel,	1999)	to	measure	the	phylogenetic	
signal.	A	 λ	 -	value	near	 0	 indicates	 that	 trait	 values	 vary	 randomly	
across	a	phylogeny	(i.e.,	absence	of	phylogenetic	signal),	while	a	λ-	
value	near	1	indicates	Brownian	motion	of	evolution	(i.e.,	the	pres-
ence	of	phylogenetic	signal)	(Freckleton	et	al.,	2002).	This	metric	of	
phylogenetic	signal	performs	well	in	statistical	tests	for	evolutionary	
trait	conservatism	(Muenkemueller	et	al.,	2012).	We	estimated	index	
values	and	 tested	 for	deviations	 from	0	 in	R,	using	 the	 “phytools”	
package	(Revell,	2012)	for	Pagel's	λ.

To	measure	phylogenetic	 conservatism	 in	 the	binary	 variables,	
adult	habitat	bread,	(narrow/wide)	and	primary	larvae	habitat	(stand-
ing/running	water),	we	used	 the	D-	statistic	 (Fritz	&	Purvis,	 2010).	
Using	this	method,	a	D-	value	close	to	0	indicates	a	phylogenetically	
clustered	 pattern	 expected	 under	 a	 Brownian	 threshold	 model,	
whereas	a	value	close	to	1	indicates	a	phylogenetically	random	pat-
tern	(Fritz	&	Purvis,	2010).	We	evaluated	for	deviations	from	0	and	
1	in	R,	using	the	“caper”	package	(Orme,	2018)	for	the	D-	statistic.

Due	to	the	shared	ancestry,	the	study	species	could	not	be	con-
sidered	independent	data	points,	and	therefore	phylogenetic	least-	
square	(PGLS)	analyses	was	used	to	assess	the	relationship	between	
LER	and	species	 traits.	However,	 for	our	 results	 to	be	comparable	
with	previous	studies,	we	also	used	nonphylogenetic	analyses,	that	
is,	 generalized	 linear	models	 (GLMs)	 that	 treat	 each	 species	 as	 an	
independent	data	point	(Table	1).

Because	 it	was	not	possible	to	use	phylogenetic	binary	 logistic	
regression	analysis	to	estimate	the	effect	of	species	traits	on	LER,	we	
used	an	alternative	Poisson	distribution	approach.	Using	a	phyloge-
netic	Poisson	regression	model	(phyloglm	function	of	the	“phylolm”	
v.2.6	 package	 (Ho	&	 Ane,	 2014))	 with	 the	 "poisson_GEE"	method	
(Ives	&	Garland,	2010),	we	 first	evaluated	whether	 the	number	of	
original	 study	 populations	 affected	 the	 number	 of	 extinct	 popu-
lations.	As	 expected,	 there	was	 a	 strong	 effect	 (GLMs,	χ2 =	 8.98,	
df	=	1,	p =	.003),	and	therefore	we	used	this	model	as	our	baseline	

http://www.laji.fi
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model	(BM)	to	which	we	added	other	traits	such	as	GRS,	hind	wing	
length,	breeding	habitat	preference	status,	 length	of	flying	period,	
and	larval	period.

Phylogenetic	 analyses	 and	 tree	manipulations	were	performed	
in	 the	 R	 programming	 environment	 (version	 4.0.2)	 (RCore,	 2018)	
using	RStudio	(version	1.3.1073)	and	the	"ape"	(Paradis	et	al.,	2004),	
"caper"	 (Orme,	 2018),	 "geiger"	 (Harmon	 et	 al.,	 2008),	 "ggplot2"	
(Wickham,	2016),	and	"phytools"	(Revell,	2012)	packages.

We	 used	 AICc	 (Akaike	 Information	 Criterion	 for	 small	 sample	
sizes)	to	compare	the	basic	model	(BM)	with	the	number	of	old	pop-
ulations	to	alternative	models	to	find	the	model	that	best	explained	
the	LER	of	each	species.	This	approach	can	detect	more	fitted	models	
than	the	baseline	model	if	ΔAICc	(=	AICc	(BM)	–		AICc	(alternative))	
values	are	lower	than	4	strongly	selected	models	and	with	4–	7	being	
where	models	lack	strong	support	but	still	may	be	worth	considering	
(Anderson	et	al.,	2000;	Burnham	et	al.,	2011;	Burnham	&	Anderson,	
2000).	All	 analogous	nonphylogenetic	Poisson	 regression	analyses	
were	performed	using	IBM	SPSS	Statistics	for	Windows	version	26.

3  |  RESULTS

In	total,	164	out	of	the	548	original	populations	went	extinct	during	
the	study	period.	On	average,	5.3	 local	populations	vanished	from	
each	odonate	species	(SD	=	3.9;	n =	31	species,	range	0–	17;	Table	1),	
meaning	that	each	species	lost	one	third	of	their	populations	(mean	
=	35.9%,	SD	=	26.0,	range	0–	100%;	Table	1;	Figure	1).	Sixty-	six	out	
of	 209	 damselfly	 (suborder	 Zygoptera)	 populations	 and	 98	 out	 of	
339	dragonfly	(suborder	Anisoptera)	populations	went	extinct	dur-
ing	the	study	period.	On	average,	5.5	(SD	=	4.6,	range	0–	17)	damsel-
fly	and	5.2	(SD	=	3.6,	range	0–	11)	dragonfly	populations	vanished.	
Elapsed	time	 (years)	between	the	original	survey	and	resurvey	did	
not	affect	 the	 local	extinction	 risk	of	populations	 (Logistic	 regres-
sion,	Wald	=	1.04,	df	=	1,	p =	.309),	so	we	omitted	this	variable	from	
further	statistical	analyses.

Based	on	adult	surveys,	there	were	14	species	with	wide	niche	
breadth	and	17	species	with	narrow	niche	breadth	that	were	further	
divided	into	running	water	(n =	7)	and	standing	water	(n =	10)	spe-
cies.	Species	with	wide	adult	niche	breadth	had	larger	GRS	(mean	= 
287,	SD	=	95,	n =	14)	than	species	with	narrow	adult	niche	breadth	
(mean	=	132,	SD	=	83,	n =	14)	 (t-	test,	t =	4.82,	df	=	29,	p < .001; 
Figure	 1).	 However,	 extinction	 rate	 did	 not	 differ	 between	 wide	
niche	(mean	=	29.9%,	SD	=	26.9,	n =	14)	and	narrow	niche	species	
(mean	=	40.9,	SD	=	25.0,	n =	17).	(t-	test,	t =	−1.18,	df	=	29,	p =	.247;	
Figure	1).

Standing	water	 species	 had	 a	 slightly	 larger	GRS	 (223.4,	 SD	= 
115.6,	n =	22)	than	running	water	species	(150.1,	SD	=	108.3,	n = 
9)	 (t =	1.63,	df	=	29,	p =	 .114).	Running	water	species	had	slightly	
higher	local	extinction	rates	(42.8,	SD	=	23.2,	n =	9)	than	standing	
water	species	(33.2,	SD	=	27.1,	n =	22),	but	the	difference	was	not	
statistically	significant	(t =	−0.93,	df	=	29,	p =	.359).

Phylogenetic	signals	were	present	in	hind	wing	length	(λ =	1.05,	
p <	.001)	and	length	of	larval	period	(λ =	0.81,	p <	.001),	but	were	

absent	in	LER	(λ	≈	0.00,	p	≈	1.00;	Figure	2),	GRS	(λ	≈	0.00,	p	≈	1.00),	
and	 length	of	 flying	period	 (λ	 ≈	0.00,	p	 ≈	1.00).	 The	 adult	 habitat	
bread	was	 random	with	 respect	 to	 odonate	 phylogeny	 (D =	 1.10,	
p(0)	=	.006,	p(1)	=	.6197).	However,	primary	larvae	habitat	had	phy-
logenetic	signal	(D =	−0.08,	p(0)	=	.5668,	p(1)	=	.0017)	indicating	that	
closely	related	species	had	similar	larval	habitat.

Results	from	six	separate	traits	(Table	3)	fitted	very	well	with	our	
predictions	 (Table	1).	Predictably,	 the	number	of	 resurvey	popula-
tions	increased	LER,	and	for	that	reason,	it	was	kept	in	all	the	models	
(Table	3).	The	most	 important	 individual	 trait	was	GRS,	which	had	
the	lowest	AICc	value.	All	other	traits	fitted	less	well	with	the	data	
(ΔAICc	≥	13.48;	Table	3)	although	all	separate	trait	models	were	sta-
tistically	significant	(Table	3).	Length	of	flying	time	and	wing	length	
decreased	LER,	and	length	of	larvae	period	increased	LER.	The	only	
exception	with	our	prediction	was	that	habitat	specialist	species	had	
similar	LER	compared	with	habitat	generalist	species	(Table	3).

Both	 the	 Poisson	 regression	 (Table	 4)	 and	 the	 phylogenetic	
Poisson	 regression	 (Table	 5)	 results	 were	 very	 similar.	 In	 the	 full	
model	that	included	all	trait	variables,	AICc	value	was	160.2.	Most	
of	the	studied	species’	traits	influenced	LER	(Tables	4	and	5).	As	ex-
pected,	the	number	of	locally	vanished	populations	increased	with	
increasing	number	of	studied	populations	(Tables	4	and	5).	The	GRS	
seems	to	be	the	most	 important	trait	affecting	a	species’	LER:	the	
local	extinction	risk	of	a	population	decreases	significantly	with	in-
creasing	 GRS	 in	 both	 uncorrected	 and	 phylogenetically	 corrected	
analyses	 (Tables	 4	 and	 5;	 Figures	 1	 and	 2),	 respectively.	 The	 long	
larval	 period	 on	 the	 other	 hand	 increased	 LER	 in	 both	 analyses	
(Table	4	and	5).	Wing	length	decreased	LER	(p <	.05;	Table	4)	and	was	
achieved	only	after	correcting	for	phylogeny	(Table	5).	Interestingly,	
adult	 habitat	 specialist	 species	 had	 a	 similar	 LER	 compared	 with	
adult	habitat	generalist	species	(Tables	4	and	5;	Figure	2).	The	length	
of	the	flying	period	did	not	affect	local	extinction	risk	in	either	un-
corrected	or	phylogenetically	corrected	analyses	(Tables	4	and	5).

4  |  DISCUSSION

We	found	that	several	species	traits	influenced	the	local	extinction	
risk	 of	 a	 species.	 Like	 previous	 findings	 (Korkeamäki	 &	 Suhonen,	
2002;	 Suhonen	 et	 al.,	 2014),	 larger	 geographical	 range	 size	 of	 a	
species	decreased	the	chance	of	a	local	extinction	of	a	population.	
Longer	 larval	 period	 increased	 local	 extinction	 risk,	whereas	wing	
length	decreased	and	the	length	of	the	flying	period	had	no	effect	on	
it.	Opposite	to	our	prediction,	species	with	narrow	adult	niche	had	
a	lower	extinction	risk	compared	to	species	with	large	niche.	Finally,	
phylogenetic	signals	were	present	in	morphological	and	life	history	
traits,	but	not	in	ecological	traits	except	larvae	main	habitat.

4.1  |  Geographical range size

Based	 on	 our	 data,	 smaller	 geographical	 range	 size	 of	 a	 species	
strongly	increases	the	LER.	Our	result	may	be	explained	by	the	fact	
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that	 abundance	 and	GRS	 tend	 to	 be	 correlated,	 abundant	 species	
being	more	often	widely	distributed	(Blackburn	et	al.,	1998;	Gaston,	
2003).	 So,	 a	 larger	GRS	 helps	 to	 buffer	 against	 LER	 by	 increasing	
ecological	 opportunities	whereas	 a	 smaller	GRS	 limits	 that	 oppor-
tunity.	Moreover,	in	some	cases,	highly	mobile	and	widespread	odo-
nate	 species	 have	 become	 increasingly	 common	 in	 areas	 affected	
by	anthropogenic	disturbance,	such	as	eutrophication	(Suhling	et	al.,	
2006).	However,	most	often	high	anthropogenetic	disturbances	de-
stroy	 freshwater	habitats	 that	 leads	 to	high	 local	 extinction	 rates.	
These	 results	 give	 support	 to	 previous	 findings	 where	 a	 narrow	
GRS	indicated	a	high	extinction	risk	for	a	species	(Chichorro	et	al.,	
2019;	Mattila	et	al.,	2006)	and	our	previous	results	from	odonates	
(Korkeamäki	&	Suhonen,	2002;	Suhonen	et	al.,	2014,	but	see	Rocha-	
Ortega	et	al.,	2021).

4.2  |  Length of larval period

According	to	our	findings,	a	longer	larval	period	increased	the	local	
extinction	risk.	Our	results	on	the	effect	of	 longer	 larval	duration,	

that	 is,	 a	 longer	 generation	 cycle,	 is	 similar	 to	 a	 study	of	 Swedish	
longhorn	 beetles	 (Cerambycidae)	 that	 found	 an	 increased	 extinc-
tion	risk	with	a	longer	generation	time	(Jeppsson	&	Forslund,	2014).	
The	 long	 larval	period	 is	also	closely	 linked	with	 large	body	size	 in	
odonates	(Corbet	et	al.,	2006).	Although	larger	body	size	generally	
increases	species	dispersal	distance,	it	seems	that	in	our	study	sys-
tem	it	has	not	been	able	to	compensate	for	the	potential	negative	
aspect	of	other	body	 size-	related	 factors.	 It	 is	possible	 that	 larger	
species	 have	 a	 lower	 local	 density	 compared	 with	 smaller	 spe-
cies	(e.g.,	Corbet,	1999)	resulting	in	a	smaller	local	population	size.	
Longer	aquatic	larval	duration	is	likely	to	increase	predation	risk	of	
top	aquatic	predators	(e.g.,	fishes)	and	decrease	the	size	of	the	local	
odonate	 population.	 It	 has	 been	 shown	 in	 numerous	 studies	 that	
low	 population	 size	 increases	 LER	 (e.g.,	 Hanski,	 1999).	 Moreover,	
low	population	size	probably	decreases	species’	dispersal	ability	by	
limiting	 the	number	of	 individuals	 that	 colonize	new	habitats	 thus	
affecting	their	GRS.	Species’	body	size	is	one	of	the	most	used	spe-
cies	traits	in	extinction	risk	evaluations,	and	our	results	support	pre-
vious	findings	that	 large	species	have	a	higher	extinction	risk	than	
smaller	species	 (Chichorro	et	al.,	2019;	Rocha-	Ortega	et	al.,	2020;	

F I G U R E  2 Phylogeny	of	the	odonate	
species	used	in	this	study	and	the	local	
extinction	rate	(%).	Bars	represent	the	
local	extinction	probability	(%)	of	each	
species.	Dots	denote	that	primary	larval	
habitat	is	standing	water,	and	triangles	
denote	that	primary	larval	habitat	is	
running	water.	White	symbol	denotes	
adult	niche	specialist,	and	black	symbol	
denotes	adult	niche	generalist.	Phylogeny	
is	based	on	the	odonate	tree	by	Waller	
&	Svensson,	2017	(see	also	Material	and	
Methods	section	for	further	details)
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Suarez-	Tovar	et	al.,	2019).	However,	this	relationship	has	not	been	
found	 in	Finnish	butterflies	when	comparing	 threatened	and	non-
threatened	species	and	their	body	sizes	(Kotiaho	et	al.,	2005),	high-
lighting	the	need	for	further	studies	on	the	role	of	body	mass	size	on	
insect	extinction	risk	(Chichorro	et	al.,	2019).

4.3  |  Main habitat of larvae

In	 this	 study,	 we	 did	 not	 observe	 differences	 in	 local	 extinction	
rates	between	species,	which	larvae	mainly	occurred	in	the	standing	
water	or	running	water	habitat.	This	 is	surprise	a	result	because	 it	
was	estimated	that	running	water	species	had	higher	extinction	risk	
in	the	northern	America	(Rocha-	Ortega	et	al.,	2020).	Moreover,	our	

results	 did	 not	 support	 the	 idea	 that	 standing	water	 species	 have	
large	GRS	than	running	water	species	(Hof	et	al.,	2006).

4.4  |  Dispersal ability

The	phylogenetically	corrected	analysis,	and	the	noncorrected	to	a	
certain	degree,	showed	that	odonate	species	with	longer	wings	have	
a	lower	LER.	Overall,	habitat	loss	through	anthropogenic	freshwater	
use	is	a	major	cause	of	local	extinctions	of	odonates	in	modern	land-
scapes	 (Ball-	Damerow	et	al.,	2014;	Korkeamäki	&	Suhonen,	2002;	
Suhonen	et	al.,	2014).	Reduced	area	and	connectivity	of	natural	hab-
itats	limit	the	colonization	of	empty	and	suitable	habitat	patches	es-
pecially	with	species	that	have	a	low	dispersal	ability	(Hanski,	1999;	

General linear model

Variable χ2 df AICc ΔAICc Slope

Pop 11.07 1 181.52

Pop	+	GRS 31.84 2 163.21 0.00 −0.005

Pop	+	FTime 18.36 2 176.69 13.48 −0.013

Pop	+	Larvae 15.71 2 179.34 16.13 0.154

Pop	+	Habitat	(Standing) 12.17 2 182.89 19.68 −0.180

Pop	+	Niche	(Narrow) 11.85 2 183.20 19.99 −0.215

Pop	+	Wing 11.68 2 183.87 20.66 −0.007

Note: Explanatory	variables	were	the	number	of	populations	(Pop),	geographical	range	size	(number	
of	10	km	x	10	km	squares	in	Finland)	(GRS),	hind	wing	length	(mm)	(Wing),	primary	larval	habitat	
(running	water	or	standing	water)	(Habitat),	adult	niche	breadth	(narrow,	primarily	one	type	of	
habitat)	or	wide	(standing	and	running	water)	(Niche),	length	of	larval	periods	in	years	(Larvae),	
and	length	of	flying	period	(days)	(FTime).	The	model	with	the	number	of	populations	(Pop)	was	
analyzed	alone.	All	other	models	included	the	number	of	populations	(Pop),	and	other	explanatory	
variables	were	analyzed	separately.	All	presented	models	were	statistically	significant	at	level,	p < 
.001. The ΔAICc	values	indicate	a	better	fit	with	the	data	than	our	baseline	model,	where	Pop	was	
the	explanatory	variable.	The	most	fitted	model	with	the	lowest	AICc	value	is	presented	in	bold.	
The	statistically	significant	slope	value	(p<	.05)	is	in	bold.

TA B L E  3 General	linear	model	(all	
species	as	independent	observations,	
n =	31)	results	in	which	the	dependent	
variable	was	the	number	of	extinct	
populations	of	each	odonate	species

Parameter Estimate SE

95% Confidence 
Interval Hypothesis Test

Lower Upper Wald df p

Intercept 2.439 0.562 1.337 3.541 18.825 1 <.001

Pop 0.032 0.017 −0.001 0.065 3.693 1 .055

Larvae 0.298 0.125 0.052 0.544 5.658 1 .017

GRS −0.004 0.001 −0.006 −0.001 6.880 1 .009

Wing −0.030 0.016 −0.061 0.002 3.470 1 .063

FTime −0.002 0.006 −0.014 0.011 0.055 1 .814

Niche	(Wide) 0.838 0.280 1.388 0.289 8.948 1 .003

Habitat	
(Standing)

−0.097 0.213 −0.515 0.321 0.209 1 .648

Note: Dependent	variable	was	the	number	of	local	populations	vanished.	Explanatory	variables	
were	the	number	of	old	populations	(Pop),	geographical	range	size	(number	of	10	km	×	10	km	
squares	in	Finland)	(GRS),	hind	wing	length	(mm)	(Wing),	length	of	flying	period	during	summer	in	
days	(FTime),	mean	length	of	larval	periods	in	years	(Larvae),	and	primary	larval	habitat	(Habitat)	
(running	water	or	standing	water).	Adult	niche,	narrow	(primarily	one	habitat	type)	or	wide	(both	
running	and	standing	waters)	(Niche).	The	statistically	significant	value	(p <	.05)	is	in	the	bold.

TA B L E  4 Results	from	full	generalized	
linear	models	(all	species	as	independent	
observations)
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Hanski	&	Ovaskainen,	2000).	Odonate	species	dispersal	behavior	is	
also	closely	linked	to	larger	GRS	(Grewe	et	al.,	2013;	McCauley	et	al.,	
2014;	Outomuro	&	Johansson,	2019;	Rundle	et	al.,	2007;	Swaegers	
et	al.,	2014).	Moreover,	a	comparative	odonate	species	studies	found	
that	 species	with	 a	 high	 extinction	 risk	 ratio	 in	 relation	 to	 coloni-
zation	 ratio	 had	 relatively	 small	 geographical	 GRS	 and	 vice versa 
(McCauley	et	al.,	2014).	Our	results	also	support	a	previous	butterfly	
study	that	found	that	the	poor	dispersal	ability	of	a	species	increased	
its	extinction	risk	(Kotiaho	et	al.,	2005).

4.5  |  Length of flying period

We	did	not	find	any	evidence	that	the	length	of	flying	period	affected	
the	local	extinction	risk.	Our	results	were	opposite	than	several	pre-
viously	published	insect	studies	done	on	butterflies	(Kotiaho	et	al.,	
2005),	noctuid	moths	(Mattila	et	al.,	2006),	geometrid	moths	(Mattila	
et	al.,	2008),	and	longhorn	beetles	(Jeppsson	&	Forslund,	2014).	It	is	
possible	that	longer	adult	lifespan	may	increase	the	dispersal	period	
subsequently	decreasing	local	extinction	risk.	However,	both	ideas	
require	more	investigation	in	the	future.

4.6  |  Adult habitat breadth

Specialists	 have	 long	 been	 regarded	 as	 losers,	 and	 generalists	 as	
winners	 in	 the	 current	 extinction	 crisis	 (Chichorro	 et	 al.,	 2019).	
Numerous	 previous	 studies	 have	 found	 that	 a	 narrow	 breeding	
habitat	range	increases	extinction	risk	(Chichorro	et	al.,	2019;	Nylin	
&	Bergstrom,	2009).	Our	 results	challenge	 this	generalization.	We	
found	that	adult	habitat	specialists’	damselflies	and	dragonflies	did	

not	have	a	higher	 local	extinction	 risk	 than	habitat	generalist	 spe-
cies,	and	it	seems	that	habitat	quality	may	at	least	partly	explain	this	
difference.	It	was	observed	that	adult	habitat	generalists,	regardless	
of	whether	they	were	damselflies	or	dragonflies,	occurred	 in	high-		
and	low-	quality	habitats	(Suhonen	et	al.,	2010).	Unsurprisingly,	the	
local	extinction	risk	was	higher	in	the	latter	(Suhonen	et	al.,	2014).	If	
species	differ	in	their	use	of	high-		and	low-	quality	habitats	that	also	
function	as	sources	and	sinks	for	dispersing	individuals,	it	may	affect	
the	general	likelihood	of	an	extinction.	However,	given	recent	stud-
ies	in	conducting	accurate	odonate	surveys	(e.g.,	Bried	et	al.,	2015;	
Patten	et	al.,	2015),	we	recognize	that	the	presence	of	adult	individu-
als	does	not	necessarily	 indicate	that	the	site	 is	suitable	for	 larvae	
and	successful	life	cycle	completion.	Most	of	the	previous	odonate	
records,	 which	 we	 re-	surveyed,	 were	 based	 on	 adults.	 This	 may	
partly	explain	why	species	with	wide	niche	breadth	had	higher	local	
extinction	rates.	Furthermore,	this	may	indicate	a	decrease	in	popu-
lation	size	in	the	main	breeding	habitat.	Regardless,	adults	do	engage	
in	 habitat	 selection	 for	 reproduction	 and	 foraging	 (Corbet,	 1999)	
and	being	 a	 habitat	 generalist	may	 thus	 increase	 the	 likelihood	of	
a	species	being	able	to	find	suitable	breeding	sites	in	new	locations	
even	if	the	habitat	is	a	low-	quality	sink	habitat	(Gilroy	&	Sutherland,	
2007;	Pulliam,	1988;	Watkinson	&	Sutherland,	1995).	Despite	these	
sink	habitats	not	being	ideal	for	a	species,	they	may	be	supportive	
for	at	least	a	part	of	a	species’	life	cycle	(Gilroy	&	Sutherland,	2007;	
Watkinson	&	Sutherland,	1995),	and	 they	may	 function	as	 “rescue	
habitats”	 if	 the	high-	quality	 source	habitat	 temporarily	declines	 in	
quality	 or	 disappears	 (Watkinson	 &	 Sutherland,	 1995).	 However,	
without	continuous	dispersal	of	individuals	from	the	source	to	sink	
habitat,	 the	 low	 quality,	 sink	 population	 will	 face	 local	 extinction	
(Pulliam,	1988;	Watkinson	&	Sutherland,	1995).	Therefore,	it	seems	
prudent	that	future	extinction	risk	studies	and	conservation	efforts	
should	pay	even	more	attention	to	the	quality	of	habitats	and	not	
only	on	their	numbers.	In	addition,	 if	a	threatened	species	can	use	
both	 high-		 and	 low-	quality	 habitats,	 conservation	 efforts	 should	
prioritize	 these	high-	quality	source	habitats	over	poor-	quality	sink	
habitats	if	conservation	resources	are	limited.	However,	if	it	is	pos-
sible,	conservation	efforts	should	maintain	high-	quality	habitats	and	
improve	low-	quality	habitats	to	maximize	the	efficiency	of	a	conser-
vation	effort.

4.7  |  Phylogenetic signal

We	found	 that	 the	 length	of	 larval	 period,	primary	 larvae	habitat,	
and	hind	wing	length	had	phylogenetic	signals,	corroborating	previ-
ous	results	(Aromaa	et	al.,	2019;	Ilvonen	&	Suhonen,	2016;	Suarez-	
Tovar	et	al.,	2019).	These	findings	indicate	that	intrinsic	factors,	such	
as	these	morphological	and	life	history	traits,	are	nonrandomly	dis-
tributed	 in	 the	phylogenetic	 tree	of	odonates	 (Waller	&	Svensson,	
2017).

The	LER,	GRS,	length	of	flying	period,	or	main	habitat	of	adult	did	
not	have	a	phylogenetic	signal	similar	to	a	previous	study	(McCauley	
et	al.,	2014).	This	indicates	that	these	ecological	traits	are	randomly	

TA B L E  5 Results	from	the	full	phylogenetic	general	linear	model	
with	phylolm	function	and	"Poisson_GEE"	method	(Ives	&	Garland,	
2010)

Variable Estimate SE z- value p

Intercept 1.269 0.493 2.57 .010

Pop 0.030 0.010 2.95 .003

Larvae 0.394 0.092 4.26 <.001

GRS −0.005 <0.001 −5.17 <.001

Wing −0.034 0.014 −2.38 .017

FTime 0.002 0.004 0.56 .576

Niche	(Wide) 0.825 0.193 4.27 <.001

Habitat	
(Standing)

0.264 0.173 1.53 .127

Note: Dependent	variable	was	the	number	of	vanished	local	
populations.	Explanatory	variables	of	each	species	were	the	number	
of	populations	studied	(Pop),	length	of	larval	period	in	years	(Larvae),	
geographical	range	size	(number	of	10	km	×	10	km	squares	in	Finland)	
(GRS),	hind	wing	length	(mm)	(Wing),	length	of	flying	period	in	days)	
(FTime),	primary	larval	habitat	(Habitat,	standing	water	(w)	or	running	
water	(r)),	adult	niche	breadth	(Niche,	wide	(w)	or	narrow	(n)).	The	
statistically	significant	value	(p<	.05)	is	in	the	bold.
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distributed	 in	 the	 odonate	 phylogeny	 (Waller	 &	 Svensson,	 2017).	
Interestingly,	 using	 phylogenetic	methods	 does	 not	 appear	 to	 im-
prove	evaluations	on	the	local	extinction	risk	of	species.

5  |  CONCLUSIONS

It	 seems	 that	habitat	 loss	 through	anthropogenic	 land	use	may	be	
a	larger	cause	of	local	extinctions	of	odonate	populations	in	water-
bodies	 (Ball-	Damerow	et	 al.,	 2014;	Korkeamäki	&	Suhonen,	2002;	
Suhonen	et	al.,	2010,	2014).	However,	based	on	our	 results,	 there	
are	several	species	traits	that	can	be	used	to	evaluate	the	local	ex-
tinction	risk	of	an	insect	species	besides	its	GRS.	Although	our	re-
sults	confirm	several	previously	found	connections	between	species	
traits	 and	 their	 extinction	 probabilities,	 the	 differences	 between	
our	 results	 and	 those	 from	 previous	 studies	 highlight	 the	 need	
for	 more	 research,	 especially	 on	 aquatic	 or	 semi-	aquatic	 insects.	
Understanding	 how	habitat	 requirements	 (both	 adults	 and	 larvae)	
and	different	species	traits	affect	the	local	(and	subsequently	global)	
extinction	 risk	 is	 vital,	 both	 to	 theoretical	 ecology	 and	 to	 applied	
ecology,	such	as	conservation	biology.
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