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Glossary	

ABC	 Approximate	 Bayesian	 Computation.	 Statistical	
methods	 for	 finding	posterior	probability	distribu‐
tions	of	parameters	of	interest,	often	by	using	mul‐
tiple	summary	statistics.	

Allele	 Variant	 at a	 specific	 gene locus.	The	occurrence	of	
separate	alleles	 at	 a	 locus	 implies	 that	 there	 is	 ge‐
netic	variation	at	this	locus.	

Allozymes Variant	 forms	 of	 enzymes	 resulting	 from	 different
alleles	at	a	particular	enzyme	coding	locus.	

FST	 A	measure	of	genetic	differentiation	between	popu‐
lations,	estimated	from	allele	frequencies.	

Gene	 An	inheritable	trait.
Gene	flow Exchange	 of	 genetic	 material	 among	 populations

through	migration.	
Genetic	drift	 Random	 fluctuations	 in	 allele	 frequency	 between	

generations.	
Haplotype The	combination	of	alleles	at	separate	loci	that	are	

found	on	a	DNA	molecule.	
Heterozygosity	 The	 proportion of	 heterozygous	 individuals	 in	 a	

sample,	a	common	measure	of	genetic	variation	at	a	
locus.	

Locus	 A	 location	 in	 the	 genome	where	 a	 particular	 gene
can	be	found	(plural:	loci).	

Metapopulation	 A	system	of	spatially	separated subpopulations	that	
are	connected	to	each	other	via	gene	flow.	

Microsatellites	 Repetitive	 sequences	 of	 DNA located	 at	 different	
loci	in	the	genome.	

Mitochondrial	DNA	 A	small	haploid,	circular	DNA	molecule	found	in	the	
cytoplasm	 of	 eukaryote	 cells	 (short:	 mtDNA),	 and	
typically	inherited	from	mother	to	offspring.	

Panmixia	 Random	mating	within	a	population.
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Introduction	

Studies	of	genetic	composition	and	how	genetic	variation	 is	distributed	 in	
space	and	 time	(population	genetic	patterns)	provide	us	with	 information	
on	evolutionary	histories	and	contemporary	processes	of	populations.	Ge‐
netic	 data	 can	 also	 be	 used	 in	 conservation	 and	management	 contexts	 by	
identifying	 barriers	 to	 gene	 flow,	 estimating	 the	 size	 of	 appropriate	man‐
agement	units,	and	finding	populations	suitable	for	stocking	or	reintroduc‐
tions.		
	
Population	genetic	patterns	are	affected	both	by	historic	and	contemporary	
factors	 (Allendorf	 et	 al.	 2013).	Over	 thousands	 of	 years,	 evolutionary	 and	
demographic	history	have	impacted	the	genetic	patterns	we	see.	The	evolu‐
tionary	history	 includes	adaptations	to	 local	environments	following	natu‐
ral	selection.	 In	temperate	regions	specifically,	repeated	glaciations	during	
the	Pleistoscene	forced	populations	to	retract	in	glacial	refugia.	Population	
bottlenecks	in	these	refugia	and	subsequent	population	expansions	into	the	
present	 day	 distributions	 have	 left	 traces	 in	 the	 genomes	 of	 organisms	
(Hewitt	 1996).	 Current	 population	 genetic	 patterns	 are	 also	 affected	 by	
contemporary	processes.	These	processes	include	gene	flow	(or	lack	there‐
of)	 among	populations.	 Furthermore,	 stochastic	processes	 such	 as	 genetic	
drift	result	in	random	changes	of	allele	frequencies,	the	magnitude	of	which	
is	coupled	to	population	size	(Allendorf	et	al.	2013).	In	addition,	anthropo‐
genic	activities	such	as	hunting	and	fishing,	habitat	alteration,	and	stocking	
of	non‐native	populations	can	alter	the	genetic	diversity	and	composition	of	
populations	and	species	(Laikre	and	Ryman	1996;	Allendorf	et	al.	2008).	
	
In	this	thesis	the	population	genetic	patterns	of	a	series	of	species	in	North‐
ern	 Europe	 are	 studied	 and	 compared	 to	 each	 other.	 The	 study	 systems	
include	moose	(Alces	alces)	in	Sweden	and	multiple	species	in	the	Baltic	Sea,	
with	 particular	 focus	 on	 the	 Northern	 pike	 (Esox	 lucius).	 Both	 the	 main	
study	species	(moose	and	pike),	 together	with	some	of	the	additional	spe‐
cies	covered	in	this	thesis,	are	of	socio‐economic	importance	and	are	affect‐
ed	by	harvest	(hunting	and	fishing).	Possible	genetic	effects	of	harvest	are	
changes	 in	 population	 subdivision,	 loss	 of	 genetic	 variation,	 and	 selective	
genetic	changes	(Laikre	and	Ryman	1996;	Allendorf	et	al.	2008).	Thus,	stud‐
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ies	of	genetic	composition	are	of	particular	concern	in	such	species	in	order	
to	protect	genetic	diversity.	Another	common	feature	among	the	study	sys‐
tems	is	the	lack	of	obvious	barriers	to	migration,	i.e.	the	environments	stud‐
ied	are	continuous,	and	how	to	á	priori	group	individuals	to	test	for	poten‐
tial	 genetic	 differences	 was	 not	 obvious.	 Rather,	 statistical	 methods	 have	
been	used	to	identify	genetic	groups.		

Genetic	patterns	in	continuous	environments	

Continuous	 environments	 that	 lack	 obvious	 barriers	 to	 dispersal	 pose	 a	
number	of	problems	for	estimating	population	genetic	structure	and	subse‐
quent	designing	of	management	plans	based	on	genetic	data	 (Laikre	et	al.	
2005a).	Traditional	population	genetic	approaches	might	be	difficult	to	use	
if	no	prior	information	on	population	structure	exists	(Palmé	2010;	Palmé	
et	 al.	 2013).	 Sampled	 individuals	 could	 be	 assembled	 into	 “populations”	
based	on	geographic	proximity,	but	that	is	not	optimal	since	such	pooling	of	
individuals	does	not	necessarily	correspond	to	biologically	relevant	groups.	
One	option	 is	 to	 identify	 areas	of	 relative	genetic	homogeneity,	 a	 “genetic	
patch”	 (Sokal	 and	Wartenberg	 1983).	 Estimates	 of	 genetic	 neighborhood	
size	 as	 the	 smallest	 panmictic	 unit	 and	 subsequent	 estimates	 of	 dispersal	
distance	 (Wright	 1943;	 Rousset	 2000)	 could	 potentially	 also	 be	 used	 in	
management.	 There	 are,	 however,	 still	 no	 generally	 appreciated	methods	
for	how	these	genetic	patches	or	neighborhoods	should	be	managed	in	rela‐
tion	to	each	other.		

Genetics	in	management	

Genetic	variation	is	acknowledged	as	a	key	part	of	biodiversity	in	the	Con‐
vention	 on	 Biological	 Diversity	 (CBD),	 forming	 the	 basis	 for	 variation	 on	
species	and	ecosystem	level.	CBD	is	currently	the	most	 important	 interna‐
tional	 political	 instrument	 for	 conservation	 of	 biological	 diversity	 (Laikre	
2010).	 According	 to	 the	 CBD	 genetic	 diversity	 should	 be	 maintained,	 as‐
sessed,	monitored,	 and	 used	 sustainably	 (www.cbd.int).	 Genetic	 variation	
within	 species	 has	 been	 shown	 to	 have	 a	 positive	 effect	 on	 survival	 and	
resilience	 of	 populations	 (e.g.	 Reusch	 et	 al.	 2005;	 Schindler	 et	 al.	 2010;	
Hellmair	and	Kinziger	2014).	Thus,	genetic	deterioration	may	threaten	the	
potential	for	adaptation	and	long	term	survival	of	species	(e.g.	McGinnity	et	
al.	2009;	Pinsky	and	Palumbi	2014).	Nevertheless,	it	is	common	that	genetic	
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issues	 are	 neglected	 in	 conservation	 and	 management	 situations	 (Laikre	
2010;	Laikre	et	al.	2010,	2016;	Sandström	et	al.	2016;	Shafer	et	al.	2015).	
The	 lack	 of	 awareness	 of	 genetic	 issues	 poses	 problems	 to	 effective	man‐
agement	and	conservation,	because	lack	of	knowledge	on	genetic	structure	
may	 result,	 for	 example,	 in	 unnoticed	 declines	 of	 cryptic	 populations	 and	
overharvest	of	population	segments	which	has	been	shown	to	have	a	direct	
effect	on	genetic	diversity	(Allendorf	et	al.	2008;	Pinsky	and	Palumbi	2014).	
Genetic	 studies	 describing	 the	 population	 genetic	 structure	 of	 species	 are	
needed,	especially	in	cases	where	human	actions	may	cause	changes	to	the	
genetic	composition	and	result	in	the	decline	of	populations	through	habitat	
alteration,	 selective	 hunting,	 or	 over	 harvest	 (Laikre	 and	 Ryman	 1997;	
Laikre	et	al.	2008;	Allendorf	et	al.	2008).	
	
In	 a	management	 situation	 genetic	 structuring	 is	 a	 key	parameter	 to	 take	
into	 account	 since	 it	 reflects	 migration	 patterns	 (gene	 flow),	 population	
sizes,	and	colonization	history	(Palumbi	2003;	Kelly	and	Palumbi	2010)	and	
thus	must	be	known	in	order	to	meet	the	requirements	of	the	CBD	for	gene	
level	 biodiversity.	 Genetic	 data	 can	 and	 should	 be	 used	 to	 guide	manage‐
ment	 for	 example	 through	 delineating	 subpopulations,	 identification	 of	
populations	to	prioritize	 in	conservation	efforts,	estimation	of	appropriate	
size	of	management	units,	and	estimating	natural	levels	of	gene	flow	among	
populations	(e.g.	Petit	et	al.	1998;	Crandall	et	al.	2000;	Palsbøll	et	al.	2007;	
Allendorf	et	al.	2013).		
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Objectives	

The	 aim	 of	 this	 thesis	was	 to	 explore	 the	 population	 genetic	 structure	 of	
species	in	continuous	environments	and	relate	these	patterns	to	evolution‐
ary	history	and	contemporary	processes.	Particular	 focus	was	directed	to‐
wards	conservation	genetic	aspects	and	how	the	genetic	information	can	be	
of	 relevance	 to	management	 of	 the	model	 species.	 Specifically,	 the	 objec‐
tives	of	this	thesis	were	to:	

 Explore	and	describe	the	population	genetic	structure	of	the	moose	
in	Sweden	(Paper	I).	

 Compare	 genetic	 patterns	 of	 diversity	 and	 differentiation	 among	
seven	species	in	the	Baltic	Sea	(Paper	II).	

 Explore	 and	 describe	 the	 spatial	 and	 temporal	 population	 genetic	
structure	 of	 Northern	 pike	 (Esox	 lucius)	 in	 the	 Baltic	 Sea	 (Paper	
III).	

 Review	and	synthesize	the	current	knowledge	on	population	genet‐
ic	 patterns	 in	 the	 Baltic	 Sea	with	 special	 focus	 on	 how	 this	 infor‐
mation	can	be	used	in	management	(Paper	IV).	
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Study	systems	

Moose	

The	moose	 (Alces	 alces)	 inhabits	 a	 continuum	 of	 forested	 areas	 covering	
almost	the	entire	surface	of	Sweden,	except	for	agricultural	land	in	the	very	
south	of	the	country,	and	the	mountainous	parts	in	the	north	(Fig.	1).		

	
The	population	history	of	moose	in	
all	Fennoscandia	 involves	coloniza‐
tion	 from	 glacial	 refugia	 after	 the	
last	 ice	 age	 (Charlier	 et	 al.	 2008;	
Haanes	 et	 al.	 2011;	 Kangas	 et	 al.	
2013;	 Niedziałkowska	 et	 al.	 2014).	
Due	 to	 high	 hunting	 pressures	 the	
moose	 was	 almost	 extinct	 in	 Swe‐
den	 in	 the	 19th	 century.	 Protection	
of	 the	 species	 together	 with	 mod‐
ern	 forestry	 methods	 helped	 the	
population	 to	 recover,	 and	 in	 the	
1980s	 it	 was	 at	 an	 all	 time	 high	
(Svenska	Jägareförbundet	2008).		
	
Today	 the	moose	 is	 one	 of	 the	 so‐
cio‐economically	 most	 important	
species	 in	 the	 Swedish	 fauna	 and	
the	 population	 is	 almost	 entirely	
controlled	by	man.	The	winter	pop‐
ulation	 consists	 of	 abot	 300,000	
individuals,	of	which	about	100,000	
are	 killed	 each	 year	 in	 the	 annual	
hunt	 (Svenska	 Jägareförbundet	
2008).		
	

	

Fig.	1	Main	land	cover	in	Sweden.	Moose	is	
present	in	forested	areas,	which	covers	most	
of	 the	 surface	 of	 the	 country	 (Data	 from	
European	 Environment	 Agency,	
www.eea.europa.eu).	
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The	high	level	of	human	harvest	could	potentially	affect	the	genetic	popula‐
tion	structure	and	selection	pressures	in	the	Swedish	moose	(Ryman	et	al.	
1981;	 Laikre	 and	 Ryman	 1997;	 Allendorf	 et	 al.	 2008;	 Allendorf	 and	Hard	
2009).	Due	to	these	potential	genetic	effects,	 the	Swedish	moose	has	been	
suggested	to	be	a	target	species	for	genetic	monitoring	(Laikre	et	al.	2008).	
However,	 surprisingly	 little	 is	 known	 about	 the	 population	 genetic	 struc‐
ture	of	moose	in	Sweden,	despite	of	being	such	an	important	game	species	
and	charismatic	symbol	of	the	Swedish	fauna.		
	
From	 early	 allozyme	 studies	 it	 has	 been	 known	 for	 a	 long	 time	 that	 the	
Swedish	moose	 population	 does	 not	 constitute	 one	 panmictic	 population	
(Ryman	 et	 al.	 1977,	 1980).	 Genetic	 differentiation	 among	 four	 localities	
spread	over	Sweden	was	later	confirmed	using	microsatellites	(Charlier	et	
al.	2008).	
	
Population	 genetic	 studies	 of	 the	 European	 moose	 (Ryman	 et	 al.	 1980;	
Niedziałkowska	et	al.	2014),	and	of	the	moose	populations	in	nearby	Scan‐
dinavian	countries,	Norway	(Haanes	et	al.	2011)	and	Finland	(Kangas	et	al.	
2013),	have	shown	some	population	genetic	structuring.	The	Scandinavian	
moose	 seems	 to	 constitute	 a	 unique	 genetic	 lineage	 among	 the	 European	
moose	 (Niedziałkowska	et	al.	2014).	On	a	more	 local	 scale	moose	popula‐
tions	both	in	Norway	and	Finland	are	divided	into	a	northern	and	a	south‐
ern	 subpopulation.	 There	 is	 no	 consensus	 on	 the	 age	 and	 origin	 of	 these	
substructures.	 The	 Norwegian	 subpopulations	 are	 proposed	 to	 have	 di‐
verged	from	each	other	around	5,000	years	ago,	and	the	present	day	popu‐
lation	structure	could	be	a	result	of	 two	colonization	events	(Haanes	et	al.	
2011).	In	the	Finnish	moose	population	the	estimated	divergence	time	be‐
tween	the	identified	subpopulations	is	much	younger	and	coincides	with	a	
population	decline	in	the	19th	century	(Kangas	et	al.	2013).	

The	Baltic	Sea	

The	Baltic	Sea	is	a	globally	unique	environment.	It	is	a	young	and	still	evolv‐
ing	habitat	that	was	completely	covered	by	ice	during	the	last	glacial	maxi‐
mum,	and	became	ice	free	only	about	7,500	years	ago	(Voipio	1981;	Zillén	
2008).	Over	the	last	few	thousand	years	it	has	undergone	several	periods	of	
freshwater,	brackish	water,	and	marine	conditions.	Today	it	represents	one	
of	the	largest	brackish	water	bodies	in	the	world	(Helcom	2010).	The	Baltic	
Sea	 represents	 a	 highly	 heterogeneous	 environment.	Most	 prominent	 is	 a	
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salinity	cline	reaching	 from	almost	 freshwater	conditions	 in	 the	northern‐
most	Bothnian	Bay	and	innermost	Gulf	of	Finland	to	almost	marine	condi‐
tion	at	the	entrance	of	the	Baltic	Seas.	The	area	is	also	divided	into	several	
main	basins	separated	by	shallow	sills	(Fig.	2).		

	
Fig.	2.	 Surface	 salinity	 in	 June	 in	ppm	 (left	panel)	and	depth	 in	meter	 in	 the	Baltic	 Sea	
(right	panel).	Data	from	Helcom	(www.helcom.fi).	

	
	
Species	 currently	 inhabiting	 the	 sea	 have	 colonized	 the	 area	 from	 either	
marine	 or	 freshwater	 habitats	 and	 have	 adapted	 to	 the	 low	 salinity	 envi‐
ronment	 over	 an	 evolutionary	 very	 short	 time.	 (Johannesson	 and	 André	
2006;	 Johannesson	et	al.	2011a).	There	 is	even	an	example	of	an	endemic	
brown	algae	 species	 that	 have	developed	within	 the	Baltic	 Sea	 in	 the	 last	
few	thousand	years	(Pereyra	et	al.	2009).		
	
The	marginal	 environment	 has	 lead	 the	 Baltic	 Sea	 to	 become	 a	 relatively	
species	 poor	 ecosystem.	 In	 species	 poor	 environments	 genetic	 diversity	
appears	to	be	of	special	importance,	as	it	can	have	similar	effects	on	ecosys‐
tem	functions	and	stability	as	species	diversity	(Reusch	et	al.	2005;	Hughes	
et	al.	2008;	Schindler	et	al.	2010;	Cook‐Patton	et	al.	2011).	
	
Today	 the	 Baltic	 Sea	 is	 affected	 by	 a	 number	 of	 human	 induced	 environ‐
mental	threats	including	pollution,	eutrophication,	overharvest,	 large‐scale	
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releases,	and	rapid	climate	change	(e.g.	Ducroty	and	Elliot	2008;	Björklund	
and	 Almqvist	 2010;	 Palmé	 et	 al.	 2012).	 All	 these	 aspects	 can	 potentially	
have	an	impact	on	the	genetic	diversity	of	species	in	the	area.	At	the	same	
time,	 genetic	 variation	 is	 increasingly	 important	 to	 ensure	 the	 ability	 of	
species	 to	adapt	 to	 rapid	environmental	 changes	posed	by	 the	above	pro‐
cesses,	 in	 combination	with	climate	change	 (Hoffmann	and	Sgrò	2011;	 Jo‐
hannesson	et	al.	2011a).	
	
It	has	been	shown	repeatedly	that	Baltic	Sea	populations	are	differentiated	
from,	 and	 less	 genetically	 diverse	 than,	 Atlantic	 populations	 (Laikre	 et	 al.	
2005a;	 Johannesson	and	André	2006;	 Johannesson	et	al.	2011a).	Local	ad‐
aptations	to	the	low	salinity	environment	have	been	shown	indirectly	(e.g.	
Larsson	et	al.	2007;	Nielsen	et	al.	2009;	André	et	al.	2011;	Lamichaney	et	al.	
2012;	DeFaveri	et	al	2013),	and	also	directly	 (DeFaveri	and	Merilä	2014).	
As	a	consequence	of	low	migration	rates	between	Atlantic	and	Baltic	popu‐
lations	 and	 local	 adaptations	 to	 the	Baltic	 Sea,	 Baltic	 populations	 are	 vul‐
nerable	and	not	likely	to	be	readily	replaced	in	the	case	of	 local	extinction	
(Johannesson	and	André	2006;	Johannesson	et	al.	2011a).	
	
Several	species	share	a	zone	of	steep	genetic	differences	at	the	entrance	of	
the	Baltic	Sea	(Johannesson	and	André	2006).	There	are	some	indications	of	
similar	genetic	discontinuities	shared	by	different	species	within	the	Baltic	
Sea.	For	example	both	perch	and	whitefish	exhibit	barriers	to	gene	flow	that	
could	 be	 associated	 with	 the	 division	 of	 the	 Baltic	 Sea	 into	major	 basins	
(Olsson	et	al.	2011,	2012).	Comparative	studies	among	several	species	with‐
in	 the	Baltic	 Sea	were,	 however,	 lacking	when	 the	work	with	 the	 present	
thesis	was	initiated.			

Northern	pike	

The	Northern	pike	is	one	of	the	main	predators	in	coastal	areas	in	the	Baltic	
Sea.	As	such,	it	is	ecologically	important.	For	example,	declining	pike	popu‐
lations	 in	 the	 Baltic	 Sea	 have	 been	 linked	 to	 trophic	 cascades	 including	
mesopredator	 release	 such	 as	 increased	 numbers	 of	 smaller	 fish,	 and	 eu‐
trophication	symptoms	such	as	blooms	of	filamentous	algae	(Eriksson	et	al.	
2009;	2011).		
	
The	Northern	pike	is	not	considered	endangered	in	the	Baltic	Sea.	The	IUCN	
status	 is	LC	 (Least	Concern;	Freyhof	2008).	However,	 there	are	reports	of	



17	
 

severe	declines	of	 local	populations	 for	example	on	 the	 southern	Swedish	
coast	 (Andersson	 et	 al.	 2000;	 Westin	 and	 Limburg	 2002)	 and	 in	 Estonia	
(Rohtla	 2015).	 Thus,	 information	 on	population	 structure	 is	warranted	 in	
order	 to	 ensure	effective	management	of	 this	 species	 in	 the	Baltic	 Sea	 re‐
gion.	
	
Two	different	spawning	strategies	exist	for	pike	in	the	Baltic	Sea.	Part	of	the	
Baltic	 population	 spends	 the	 entire	 life	 cycle	 in	 brackish	 water,	 whereas	
part	of	the	population	feeds	in	the	brackish	water	Baltic	Sea	but	migrates	up	
freshwater	streams	for	spawning	(Engstedt	et	al.	2014).	Freshwater	spawn‐
ing	pike	has	been	shown	to	be	highly	philopatric	(Larsson	et	al.	2015).	The	
majority	of	individuals	return	to	their	natal	stream	for	spawning.	This	type	
of	homing	behavior	is	typical	for	salmonid	fishes,	and	it	has	been	suggested	
that	 management	 of	 freshwater	 spawning	 populations	 of	 pike	 should	 be	
based	on	similar	models	as	those	currently	applied	to	salmonids	(Engstedt	
et	 al.	 2010).	 Large	 genetic	 differentiation	 has	 been	 observed	 between	
spawning	populations	of	pike	 in	 freshwater	streams,	and	even	 indications	
of	local	adaptations	to	specific	streams	(Tibblin	et	al.	2015).		
	
The	brackish	water	pike	in	the	Baltic	Sea	is	less	studied	than	the	freshwater	
spawning	type.	The	first	genetic	study	showed	relatively	small	genetic	dif‐
ferences	among	populations	compared	to	what	was	later	found	for	freshwa‐
ter	 spawning	 populations	 (Laikre	 et	 al.	 2005b).	 The	 samples	 used	 in	 this	
study	were	however	 collected	primarily	during	 feeding	 time.	Thus,	 it	was	
not	known	if	the	small	genetic	differences	among	populations	were	due	to	
mixing	of	 spawning	populations	during	 feeding	 time,	 obscuring	 larger	 ge‐
netic	differences	among	spawning	populations.		
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Methods	

For	all	empirical	studies	in	this	thesis	(Papers	I‐III)	a	common	goal	was	to	
achieve	 a	 comprehensive	 spatial	 sampling.	 Individual	 geographic	 coordi‐
nates	were	available	both	 for	 the	moose	 (Paper	 I)	and	 the	Northern	pike	
(Paper	III)	samples.	In	the	Baltic	Sea	comparative	study	(Paper	II),	it	was	
important	to	obtain	samples	from	the	same	geographic	areas	for	each	of	the	
seven	 species	 that	 were	 compared;	 herring	 (Clupea	 harengus),	 whitefish	
(Coregonus	 lavaretus),	 pike	 (Esox	 lucius),	 three‐spined	 stickleback	 (Gas‐
terosteus	 aculeatus),	 nine‐spined	 stickleback	 (Pungitius	 pungitius),	 blue	
mussel	(Mytilus	spp.),	and	bladderwrack	(Fucus	vesiculosus).	Paper	IV	was	
based	on	already	published	information	(literature	review)	and	data.	

Molecular	markers	

Microsatellites	 were	 the	 genetic	 marker	 of	 choice	 for	 the	majority	 of	 the	
analyses	in	this	thesis.	Microsatellites	are	repeatable	elements	in	the	nucle‐
ar	DNA.	They	are	relatively	easy	to	score,	which	was	important	in	Paper	II	
where	 comparable	 genetic	 information	 for	 seven	 different	 species,	 geno‐
typed	 in	different	 labs,	were	needed.	Under	assumptions	of	 selective	neu‐
trality,	microsatellites	 can	 give	 information	 about	 processes	 such	 as	 gene	
flow,	genetic	drift,	effective	population	size,	and	reproductive	entities.	All	of	
which	are	important	when	basic	population	structure	is	inferred.		
	
In	the	study	of	the	Swedish	moose	(Paper	I)	allozymes	and	mitochondrial	
DNA	(mtDNA)	were	also	used	in	addition	to	microsatellites.	Allozymes	are	
variants	 of	 enzymes	 resulting	 from	 different	 alleles	 at	 an	 enzyme	 coding	
locus.	Under	assumptions	of	neutrality	they	are	treated	in	a	similar	way	as	
microsatellites.	MtDNA	is	a	circular	molecule	present	in	the	mitochondria	of	
the	eukaryote	cell.	It	is	inherited	matrilineally	and	does	not	recombine.	It	is	
useful	 for	 tracing	 ancestry	 and	 was	 thus	 the	 marker	 of	 choice	 to	 study	
whether	the	subpopulations	of	moose	found	in	Sweden	were	derived	from	
populations	 colonizing	 Scandinavia	 using	 different	migratory	 routes	 from	
different	glacial	refugia	after	the	last	ice	age.	
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Statistical	methods	

Population	genetic	methods,	such	as	calculation	of	FIT	and	FIS	(the	expected	
levels	of	heterozygosity	compared	to	Hardy‐Weinberg	expectations	in	total	
populations	and	subpopulations,	 respectively),	FST	 (genetic	divergence	be‐
tween	populations),	genetic	variation	in	terms	of	heterozygosity	and	allelic	
richness,	 and	 isolation	 by	 distance	 (the	 correlation	 between	 genetic	 and	
geographic	 distance	 among	 populations)	 were	 employed	 in	 all	 papers	 in	
this	thesis.		
	
In	Paper	 I	 and	 II	 special	 focus	was	 directed	 on	 identifying	 areas	 of	 large	
genetic	discontinuities.	 In	Paper	I	 this	was	done	by	individual	assignment	
in	the	software	Structure	(Pritchard	et	al.	2000).	In	Structure	the	material	is	
divided	 into	 the	most	probable	number	of	 genetic	 clusters.	 For	 each	 indi‐
vidual	an	assignment	probability	to	each	of	the	inferred	genetic	clusters	is	
estimated.	In	Paper	II	genetic	discontinuities	were	identified	with	the	soft‐
ware	 Barrier	 (Manni	 et	 al.	 2004),	 which	 uses	 pairwise	 measurements	 of	
differentiation	(FST)	between	populations	to	identify	where	the	largest	dif‐
ferentiation	occur.		
	
Genetic	isolation	by	distance	is	a	central	concept	in	Paper	I‐III.	When	gene	
flow	primarily	takes	place	among	neighboring	populations	a	pattern	of	iso‐
lation	by	distance	occurs	where	genetic	differentiation	increases	with	geo‐
graphic	 distance.	 In	 Paper	 II	 geographic	 distances	 were	 measured	 over	
shortest	waterway	distance	for	all	species	compared	in	the	study.	 In	addi‐
tion	 to	 such	 a	 relatively	 simple	 model,	 geographic	 distance	 for	 Northern	
pike	in	Paper	III	was	also	measured	along	the	coastline	in	order	to	reflect	
gene	flow	only	along	the	coast.	This	model	of	coastal	dispersal	both	includ‐
ed	and	excluded	island	populations	as	stepping	stones.		
	
Approximate	Bayesian	Computation	(ABC;	Bertorelle	et	al.	2010)	was	used	
in	Paper	I	in	order	to	infer	demographic	history	of	the	identified	subpopu‐
lations	of	moose	in	Sweden.	ABC	is	a	method	where	a	large	number	of	ge‐
nealogies	are	simulated	under	different	demographic	models.	The	simulat‐
ed	patterns	of	genetic	variation	are	compared	to	the	observed	data	using	a	
number	of	summary	statistics.	From	these	simulations	the	most	likely	mod‐
el	of	demographic	history	can	be	inferred.	
	
Relative	contribution	of	separate	populations	to	total	genetic	variation	was	
estimated	for	a	number	of	species	in	Paper	II	and	IV.	A	subpopulation	can	
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contribute	positively	to	genetic	variation	in	the	global	population	either	by	
high	 within‐population	 variation,	 by	 genetic	 uniqueness	 relative	 to	 other	
populations,	 or	 both	 (Petit	 et	 al.	 1998).	 In	 Paper	 II	 and	 IV	 within‐
population	diversity	relative	to	other	populations	was	estimated,	as	well	as	
genetic	differentiation	of	the	populations	from	other	populations.	A	popula‐
tion	that	is	both	genetically	diverse	and	unique	contributes	more	to	global	
genetic	diversity	than	a	population	that	has	low	within‐population	diversity	
or	is	genetically	similar	to	many	other	populations.	The	former	should	po‐
tentially	be	prioritized	in	conservation	situations.	

Literature	review	

Paper	IV	in	this	thesis	is	based	on	an	extensive	literature	review	of	studies	
dealing	with	population	 genetic	 patterns	 in	 species	 in	 the	Baltic	 Sea	with	
specific	 focus	 on	 information	 interesting	 in	 a	 conservation	 management	
perspective.	The	level	of	available	genetic	information	for	each	studied	spe‐
cies	was	classified	based	on	spatial	coverage	of	the	sampling,	what	kind	of	
genetic	markers	that	have	been	used,	and	whether	temporal	patterns	have	
been	studied.	For	recent	studies	(2010‐2015)	it	was	also	noted	whether	the	
authors	gave	clear	conservation	or	management	advice	based	on	their	data.	
All	evaluations	of	studies	were	done	by	two	of	the	authors,	independently.	
	
Paper	IV	also	includes	a	pilot	study	of	genetic	patterns	within	and	outside	
marine	protected	areas	(MPAs).	MPAs	are	an	important	tool	for	protecting	
biodiversity	in	marine	environments.	In	international	policy	documents	the	
importance	of	protecting	genetic	diversity	 is	 stressed,	however	on	 the	 re‐
gional	 and	 local	 level	 the	 genetic	 part	 of	 biodiversity	 is	 often	 overlooked	
(Laikre	 et	 al.	 2016;	 Sandström	 et	 al.	 2016).	 The	 study	was	 performed	 in	
order	to	provide	a	pilot	evaluation	of	 the	extent	 to	which	Baltic	Sea	MPAs	
reflect	the	genetic	level	of	biodiversity.	
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Results	and	interpretations	

Moose	in	Sweden	(Paper	I)	

The	moose	population	 in	Sweden	was	 found	to	be	divided	 into	 two	major	
groups,	a	northern	and	a	southern	one.	A	transition	zone	characterized	by	
sharp	 genetic	 discontinuities	 separated	 these	 two	 subpopulations	 (Fig	 3).	
The	southern	of	these	major	subpopulations	showed	further	signs	of	being	
divided	into	smaller	subgroups.		
	
The	 transition	 zone	 between	 the	 subpopulations	 coincided	 with	 similar	
structures	in	the	Norwegian	moose	populations	(Haanes	et	al.	2011).	In	the	
same	geographic	region	a	suture	zone	between	a	northern	and	a	southern	
mitochondrial	DNA	clade	of	brown	bear	(Ursus	arctos)	has	also	been	identi‐
fied	 (Hewitt	 1996).	 The	 genetic	 structure	 of	 brown	 bear	 is	 thought	 to	 be	
caused	 by	 two	 different	 lineages	 colonizing	 Scandinavia	 after	 the	 last	 ice	
age,	one	from	the	south	and	one	from	the	north‐east.	In	the	Swedish	moose,	
however,	there	were	no	indications	that	the	detected	substructures	were	of	
ancient	 origin.	 The	 genetic	 discontinuities	 shown	by	 nuclear	markers	 (al‐
lozymes	and	microsatellites)	were	not	reflected	in	the	mitochondrial	DNA.	
The	same	haplotypes	were	found	in	similar	frequencies	in	the	northern	and	
the	southern	population.	Thus,	post	ice	age	colonization	from	two	different	
glacial	 refugia	and	subsequent	secondary	contact	does	not	seem	to	be	 the	
explanation	for	the	genetic	structure	we	observe	in	Swedish	moose.	Rather,	
the	structures	have	probably	evolved	more	recently.		
	
Both	the	northern	and	the	southern	subpopulations	of	moose	showed	clear	
signs	 of	 recent	 bottlenecks,	 and	 there	was	 also	 some	 support	 for	 ancient	
bottlenecks.	 The	 timing	 of	 the	 recent	 bottlenecks	 coincided	 with	 known	
population	reductions	during	the	18th	and	19th	century	that	occurred	due	to	
high	hunting	pressure	(Markgren	1974).	Thus,	it	is	likely	that	the	allele	fre‐
quency	 differences	 we	 observed	 between	 the	 northern	 and	 the	 southern	
subpopulation	of	Swedish	moose	at	least	to	some	degree	is	caused	by	genet‐
ic	drift	in	small	populations	during	the	bottleneck,	followed	by	subsequent	
population	expansion.		
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The	 genetic	 structures	 in	 the	 current	 moose	 population	 are	 most	 likely	
maintained	by	the	stationary	lifestyle	of	moose.	The	dispersal	distance,	i.e.	
the	average	distance	between	a	parent’s	and	an	offspring’s	birthplace	was	
estimated	to	be	between	3.5	and	11	km.	The	dispersal	distances	estimated	
with	genetic	methods	correspond	well	with	estimates	of	home	range	sizes	
by	means	of	radiotracking	(Cederlund	et	al.	1987;	Sweanor	and	Sandegren	
1988,	1989).	
	
	
	

Fig	3.	Assignment	probabilities	of	1207	moose	 individuals	to	the	northern	of	the	two	
clusters	 identified	by	software	STRUCTURE	(Pritchard	et	al.	2000).	 In	 figure	a	 the	geo‐
graphic	distribution	of	these	two	clusters	 is	shown,	together	with	the	 location	of	two	
previously	 identified	 clusters	 in	 Norway,	 and	 the	 transition	 zone	 between	 them.	 In	
figure	b	assignment	probabilities	for	each	individual	sorted	by	latitude	from	south	to	
north	are	shown.	
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Currently	moose	in	Sweden	is	managed	on	a	county	level,	where	each	coun‐
ty	 is	 divided	 into	 smaller	moose	management	 areas.	 Hunting	 pressure	 is	
determined	based	on	the	number	of	animals	within	such	areas.	The	major	
subpopulations	 identified	here	extend	over	several	counties	and	are	much	
larger	than	the	management	areas.	Thus,	there	is	no	immediate	risk	of	un‐
detected	depletions	 of	 subpopulations.	However,	 historically	 high	hunting	
pressure	and	subsequent	small	population	sizes	seem	to	have	affected	the	
patterns	of	genetic	variation	we	see	 today.	Further,	 the	Swedish	and	Nor‐
wegian	moose	 populations	 appear	 to	 represent	 the	 only	 remainder	 of	 an	
ancient	 lineage	 that	 colonized	 Scandinavia	 after	 the	 last	 ice	 age	
(Niedziałkowska	 et	 al.	 2014).	 As	 such	 the	 Scandinavian	moose	 should	 be	
protected	as	a	separate	group.	

Multiple	species	in	the	Baltic	Sea	(Paper	II)	

The	most	salient	result	from	the	study	of	Baltic	Sea	species	was	that	overall	
genetic	patterns	were	not	shared	among	different	species	in	the	Baltic	Sea.	
Major	barriers	 to	gene	 flow	occurred	almost	 individually	 for	each	 investi‐
gated	species	except	for	a	common	barrier	at	the	entrance	of	the	Baltic	Sea.	
Further,	 geographic	 regions	with	populations	of	 relatively	high	or	 low	ge‐
netic	variation	common	to	several	species	could	not	be	identified	within	the	
Baltic	Sea	(Fig	4).		
	
There	were	no	analogies	within	the	Baltic	Sea	to	the	pattern	of	large	genetic	
differences	 between	 Baltic	 Sea	 and	 Atlantic	 populations	 or	 to	 the	 lower	
levels	 of	 genetic	 variation	 in	 Baltic	 Sea	 populations	 compared	 to	 Atlantic	
ones	(Johannesson	and	André	2006).	The	wide	variety	of	species	studied	in	
Paper	II	is	one	obvious	explanation	to	the	lack	of	common	genetic	patterns.	
A	coastal	predator	of	freshwater	origin	such	as	the	Northern	pike	is	subject	
to	different	selective	pressures	than	a	marine	pelagic	fish	like	herring,	or	a	
sedentary	habitat	forming	species	such	as	the	bladderwrack.	
	
Lack	of	correlation	in	population	genetic	patterns	among	species	has	 later	
been	 confirmed	 for	 three‐spined	 and	 nine‐spined	 sticklebacks.	 Despite	
similar	life	strategies	and	habitat	use,	three‐spined	and	nine‐spined	stickle‐
back	show	contrasting	patterns	of	genetic	diversity.	The	three‐spined	stick‐
leback	in	the	Baltic	Sea	is	characterized	by	high	migration	rates	and	large		
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Fig.	4.	Patterns	of	genetic	diversity	and	divergence	and	major	genetic	barriers	for	7	species	
in	the	Baltic	Sea.	Full	barriers	are	supported	by	more	than	half	of	the	loci,	dotted	barriers	
are	supported	by	less	than	half	of	the	loci.	

	
	
effective	 population	 sizes,	 whereas	 the	 nine‐spined	 stickleback	 has	 more	
restricted	 gene	 flow	 among	 populations	 and	 smaller	 effective	 population	
sizes	(DeFaveri	et	al.	2012).	Thus,	genetic	patterns	do	not	necessarily	corre‐
late	even	among	species	that	seem	to	have	similar	ecology.	
	
The	practical	 implication	of	the	results	of	Paper	II	 is	that	genetic	patterns	
cannot	be	generalized	among	 species.	Rather,	 to	protect	 genetic	diversity,	
species	specific	studies	are	needed.	Few	common	“hotspot”	areas	for	genet‐
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ic	diversity	could	be	identified.	One	exception	is	possibly	the	relatively	high	
levels	of	genetic	variation	in	the	northern	part	of	the	Baltic	Sea	for	the	three	
commercially	important	fish	species	(herring,	whitefish,	pike)	as	well	as	for	
the	 nine‐spined	 stickleback,	 indicating	 potentially	 genetically	 important	
populations	 in	 this	area.	For	 the	 important	habitat	 forming	bladderwrack,	
areas	with	comparatively	high	genetic	diversity	were	found	at	the	entrance	
to	the	Baltic	Sea	as	well	as	around	the	central	Swedish	coast	indicating	po‐
tentially	 important	 sources	 for	 variation	here	 for	 this	 species.	 Tendencies	
for	 some	 degree	 of	 genetic	 isolation	 of	 populations	 around	 Estonia	 were	
observed	for	both	pike	and	whitefish.	Further,	for	species	that	exhibits	iso‐
lation	 by	 distance	 (pike	 and	 whitefish)	 connectivity	 among	 populations	
should	be	assured.		

Northern	pike	in	the	Baltic	Sea	(Paper	III)	

The	brackish	water	spawning	Northern	pike	in	the	Baltic	Sea	was	character‐
ized	by	relatively	low	levels	of	genetic	divergence	over	the	entire	area.	This	
result	contrasts	with	the	recent	 findings	that	 freshwater	spawning	pike	 in	
the	Baltic	Sea	exhibits	 large	genetic	differences	over	short	geographic	dis‐
tances,	 meaning	 that	 pike	 from	 these	 populations	 return	 to	 their	 natal	
spawning	 site	 and	 that	 straying	 among	 spawning	 populations	 is	 minor	
(Larsson	et	 al.	 2015;	Tibblin	 et	 al.	 2015).	The	 low	 levels	 of	 genetic	diver‐
gence	among	brackish	water	 samples	of	pike	 imply	 that	 spawning	groups	
are	 not	 as	 isolated	 as	 populations	 in	 freshwater	 streams.	 A	 possible	 con‐
tributing	factor	to	the	low	levels	of	divergence	is	that	brackish	water	popu‐
lations	 in	 the	 open	 Baltic	 Sea	 potentially	 might	 be	 larger	 than	 in	 small	
freshwater	 tributaries	 (Bekkevold	 et	 al.	 2015a).	 In	 larger	 populations	 ge‐
netic	 drift	 is	 smaller	 and	 genetic	 differences	 among	 populations	 develop	
more	slowly.	
	
Brackish	water	pike	in	the	Baltic	Sea	was	characterized	by	genetic	isolation	
by	distance,	where	genetic	divergence	among	samples	increased	with	geo‐
graphic	distance	between	them.	Isolation	by	distance	was	highly	significant	
both	when	 geographic	 distance	was	measured	 as	 shortest	 waterway	 dis‐
tance	and	as	shortest	coastal	distance,	including	islands	as	stepping	stones.	
Thus,	 it	was	not	possible	 to	differentiate	between	a	migration	model	over	
open	water	and	a	migration	model	primarily	along	 the	coast,	but	with	 for	
example	 the	 island	 of	 Åland	 in	 the	 central	 Baltic	 Sea	 as	 a	 stepping	 stone.	
When	geographic	distance	was	measured	only	along	the	coast,	excluding	all	
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island	 samples,	 there	was	 no	 significant	 relationship	 between	 geographic	
and	genetic	distances.	The	results	indicate	that	gene	flow	primarily	is	taking	
place	among	neighboring	spawning	aggregations.	 It	also	 indicates	that	mi‐
gration	 over	 open	 water	 is	 possible	 to	 some	 degree.	 These	 results	 are	
somewhat	surprising	because	Northern	pike	is	considered	to	be	restricted	
to	 coastal	 waters	 and	 tagging	 studies	 have	 indicated	 short	 dispersal	 dis‐
tances	(Karås	and	Lehtonen	1993).		
	
Pike	exhibited	temporal	stability	in	differentiation	patterns	over	a	period	of	
ten	years.	 Levels	of	 genetic	differentiation	among	 samples	did	not	 change	
over	this	period.	Thus,	genetic	monitoring	of	this	species	does	not	seem	to	
be	necessary	more	often	than	this.	Over	short	time	scales	(between	seasons	
within	 one	 year),	 some	 temporal	 variation	 was	 found,	 however.	 Genetic	
differentiation	 among	 spatially	 separated	 samples	 was	 higher	 around	
spawning	time	than	during	feeding	season.	These	results	indicate	that	pop‐
ulations	are	more	separated	during	spawning,	that	natal	homing	is	present	
to	some	degree,	and	that	spawning	groups	mix	during	feeding	seasons.	Ge‐
netic	structure	both	during	spawning	and	feeding	is	important	to	take	into	
account	 in	management.	Genetic	structure	during	spawning	 informs	us	on	
degree	of	gene	flow,	whereas	the	genetic	structure	during	feeding	seasons	
might	be	more	relevant	for	management	issues	regarding	harvesting.	In	this	
case,	 fishing	of	pike	during	feeding	season	(June–February)	might	to	some	
degree	 be	 directed	 towards	mixed	 spawning	 populations.	Mixed	 fisheries	
pose	a	number	of	threats	to	species,	such	as	the	risk	of	overharvesting	weak	
population	segments	(Hilborn	et	al.	1985).		
	
The	relatively	high	levels	of	gene	flow	in	the	brackish	water	spawning	pike	
seem	to	be	contrasting	to	the	strong	homing	pattern	in	freshwater	spawn‐
ing	Baltic	pike	(Engstedt	et	al.	2014;	Tibblin	et	al.	2015).	This	means	that	a	
combination	of	management	strategies	are	needed	in	the	Baltic	as	a	whole.	
Local	management	 is	 important	 for	 isolated	 freshwater	 spawning	popula‐
tions	 (Engstedt	 et	 al.	 2010),	 whereas	 an	 approach	 assuring	 connectivity	
among	 spawning	 grounds	 seems	 important	 for	 brackish	 water	 spawning	
pike.	 A	 similar	 metapopulation	 approach	 has	 been	 suggested	 for	 pike	 in	
another	 large	 open	water	 system,	 Lake	Ontario	 in	North	America.	 Pike	 in	
Lake	Ontario	shows	several	similarities	in,	for	example,	estimated	levels	of	
gene	 flow	 to	 the	 brackish	water	 spawning	 pike	 in	 the	 Baltic	 Sea	 (Oullet‐
Cauchon	et	al.	2014).		
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Knowledge	of	genetics	of	Baltic	Sea	species	(Paper	IV)	

The	 literature	 review	 of	 patterns	 of	 genetic	 biodiversity	 revealed	 that	 61	
species	 in	the	Baltic	Sea	have	been	studied	genetically.	Many	of	these	spe‐
cies,	 such	 as	 cod	 (Gadus	morhua),	 herring	 (Clupea	harengus),	 and	 salmon	
(Salmo	salar)	are	of	commercial	interest,	and	information	on	genetic	popu‐
lation	structure	is	thus	highly	valuable	for	sustainable	harvest	(ICES	2014).	
For	example	the	identification	of	an	eastern	cod	stock	in	the	Baltic	Sea	and	
together	with	 the	 location	of	 a	hybrid	 zone	between	eastern	 and	western	
stocks	have	 improved	 the	 sustainability	 of	 cod	 fisheries	 in	 the	Baltic	 area	
(Nielsen	et	al.	2003;	2009;	 ICES	2015).	Adaptive	genetic	markers	have	re‐
cently	shown	heterogeneity	among	herring	populations	that	have	previous‐
ly	not	been	recognized	(Bekkevold	et	al.	2015b;	Barrio	et	al.	2016).	Other	
species	 such	 as	 bladderwrack	 (Fucus	 vesiculosus)	 and	 the	 closely	 related	
endemic	species	narrow	wrack	(Fucus	radicans)	are	habitat‐forming	species	
of	great	 importance	for	the	ecosystem.	The	identification	of	genetically	di‐
verse	populations	of	bladderwrack	in	Estonia	could	potentially	aid	in	defin‐
ing	populations	 important	 to	protect	 (Johannesson	et	al.	2011b.	Yet	other	
species,	 such	as	 the	comb	 jelly	 (Mnemiopsis	 leydi)	are	 invasive	and	pose	a	
potential	 threat	 to	 the	 Baltic	 Sea	 ecosystem.	 For	 these	 species	 routes	 of	
introduction	and	subsequent	distribution	is	 important	to	monitor	in	order	
to	minimize	 further	negative	effects	of	 the	 invasion.	The	above‐mentioned	
species	constitute	some	examples	of	where	 information	on	patterns	of	ge‐
netic	variation	within	and	between	populations	has	been	successfully	gath‐
ered	 and	 increased	 our	 understanding	 of	 the	 species’	 biology	 to	 achieve	
effective	management.	
	
We	classified	all	the	species	studied	genetically	in	the	Baltic	Sea	according	
to	the	level	of	genetic	knowledge	available.	The	level	of	genetic	knowledge	
was	classified	as	“good”	for	8	out	of	the	61	species,	“reasonable”	for	12,	and	
“limited”	 for	 40.	 One	 of	 the	 species,	 the	 extinct	 sturgeon	 (Acipenser	oryn‐
chus)	was	not	classified.	For	commercial	species	for	which	“good”	levels	of	
genetic	 knowledge	 exist	 much	 of	 the	 appropriate	 information	 is	 already	
communicated	 in	management	advice,	which	 is	positive.	The	classification	
of	 the	 level	 of	 genetic	 knowledge	 showed,	 however,	 that	 more	 genetic	
knowledge	is	needed	for	a	number	of	commercially	harvested	species.		
	
The	pilot	meta‐analysis	indicated	that	populations	within	marine	protected	
areas	(MPAs)	did	not	seem	to	differ	in	any	particular	way	from	populations	
outside	MPAs.	This	finding	is	not	very	surprising,	because	MPAs	in	the	Bal‐
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tic	 Sea	 have	 not	 been	 designed	 considering	 genetic	 diversity	 specifically.	
Also,	 other	 studies	 have	 shown	 that	 even	 though	 genetics	 is	 considered	
important	in	international	documents	such	as	the	Convention	on	Biological	
Diversity,	genetics	 is	 rarely	mentioned	 in	policy	documents	on	a	more	re‐
gional	 or	 local	 level	 (Laikre	 et	 al.	 2016).	 However,	 populations	 in	 MPAs	
seemed	 to	 be	 a	 random	 and	 representative	 sample	 of	 populations	 in	 the	
entire	Baltic	Sea.	Thus,	MPAs	can	be	expected	to	protect	genetic	biodiversi‐
ty	proportionally	to	the	size	of	the	protected	area.	
	
About	half	of	the	studies	concerning	genetic	patterns	in	the	Baltic	Sea	pub‐
lished	2010‐2015	give	some	kind	of	management	advice,	or	generalize	the	
findings	in	a	larger	conservation	or	management	perspective.	This	indicates	
that	there	is	a	high	interest	among	scientists	to	use	scientific	results	practi‐
cally.	 Some	 recent	 examples	exist	where	 scientists	have	 successfully	 com‐
municated	 their	 results	and	 incorporated	 them	 in	management.	These	ex‐
amples	 include	 identification	 of	 suitable	 populations	 of	 eelgrass	 (Zostera	
marina)	 for	reintroduction	 in	Poland	(Gonciarz	et	al.	2014),	and	new	esti‐
mates	of	 appropriate	 sizes	 and	 location	of	management	units	 for	harbour	
seal	(Olsen	et	al.	2014).	A	common	feature	for	these	success	stories	seems	
to	be	active	communication	between	scientists	and	managers	(M	Gonciarz,	
M.	T.	Olsen,	personal	communication).		
	
Effective	 communication	 channels	 between	 academia	 and	 managers	 are	
important.	The	raw	data	 for	 the	present	review	will	be	made	public	as	an	
example	 of	 a	 data	 base	 where	 managers	 easily	 can	 find	 relevant	 infor‐
mation.	
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Concluding	remarks	

Identifying	and	describing	population	genetic	patterns	is	a	prerequisite	for	
the	 effective	 management	 of	 species.	 In	 this	 thesis	 the	 basic	 population	
structure	 for	 two	 species;	 the	moose	 in	 Sweden	and	 the	Northern	pike	 in	
the	Baltic	Sea,	were	studied	and	described.	Further,	patterns	of	genetic	di‐
versity	and	divergence	were	compared	among	seven	Baltic	Sea	species,	and	
it	was	clear	that	these	species	do	not	share	population	genetic	patterns	but	
that	 species‐specific	 studies	 are	 needed.	 Also,	 the	 current	 knowledge	 of	
genetic	 patterns	 in	 the	Baltic	 Sea	was	 synthesized,	 and	 recommendations	
on	how	this	information	can	be	used	in	management	was	made.		
	
During	the	work	of	 this	 thesis	 I	have	encountered	the	challenge	of	 finding	
and	 describing	 population	 genetic	 structure	 without	 á	 priori	 grouping	 of	
individuals.	 Translating	 these	 results	 into	 useful	 concepts	 of	 conservation	
or	management	has	proven	to	be	even	more	challenging.	Based	on	the	re‐
sults	 from	 this	 thesis	 conservation	 and	 management	 advice	 for	 both	 the	
species	studied	in	detail,	moose	in	Sweden	and	pike	in	the	Baltic	Sea,	 is	to	
protect	connectivity	among	breeding/spawning	areas	in	order	to	maintain	
natural	 levels	of	gene	flow.	Both	these	species	have	a	continuous	distribu‐
tion	 in	their	respective	habitats	and	a	population	genetic	structure	 largely	
reflecting	this	continuous	distribution.		
	
The	challenge	of	 incorporating	genetics	 into	management	has	been	recog‐
nized	 for	 decades.	 In	 some	 areas,	 we	 have	 come	 a	 long	way.	 For	 several	
commercially	 fished	 marine	 species,	 population	 genetic	 data	 is	 incorpo‐
rated	 in	 the	 stock	 assessment.	 One	 reason	 for	 this	 is	 likely	 the	 repeated	
reminder	from	scientists	over	several	decades	to	take	genetic	data	into	ac‐
count	in	the	management	of	some	species,	for	example	salmonids.	For	less	
commercially	important	species,	however,	 information	management	appli‐
cations	based	on	genetic	data	is	often	lacking,	and	it	is	also	unclear	how	the	
existing	 information	 should	 be	 incorporated	 in	 management.	 However,	
continued	clear	communication	from	scientists	will	hopefully	lead	to	more	
effective	conservation	of	genetic	diversity	also	for	non‐commercial	species.	
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With	 this	 thesis	 I	hope	 to	have	contributed	 to	 the	 increased	knowledge	of	
population	 genetic	 patterns	 in	 Sweden	 and	 in	 the	 Baltic	 Sea	 region.	 This	
was	attempted	by	simultaneously	study	a	number	of	species	and	by	provid‐
ing	 two	 species‐specific	 test	 cases	 of	 socio‐economic	 importance,	 and	 by	
synthesizing	 and	 presenting	 information	 about	 genetic	 patterns	 that	 are	
relevant	for	managers.	Through	this	work	I	hope	to	contribute	to	more	ef‐
fective	conservation	of	biodiversity.	
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Svensk	sammanfattning	

Genetisk	variation	ligger	till	grund	för	all	biologisk	mångfald	–	variation	på	
populations‐,	 art‐	 och	 ekosystemnivå	 påverkas	 av	 genetik.	 Genetisk	
variation	 är	 en	 förutsättning	 för	 att	 populationer	 och	 arter	 ska	 kunna	
överleva	långsiktigt	och	anpassas	till	en	föränderlig	miljö.	Därför	är	studier	
av	 genetiska	 mönster	 i	 tid	 och	 rum	 grundläggande	 i	 förvaltnings‐	 och	
bevarandearbete.	 Genetiska	 data	 kan	 bidra	 till	 att	 identifiera	 genetiskt	
särpräglade	 populationer,	 grader	 av	 isolering	 mellan	 populationer	 eller	
vilka	populationer	som	bör	prioriteras	i	bevarandesammanhang.	Men	trots	
att	 den	 teoretiska	 kunskapen	 om	 vikten	 av	 att	 inkludera	 genetiska	 data	 i	
förvaltningen	 har	 funnits	 i	 flera	 decennier	 ligger	 den	 praktiska	
tillämpningen	 fortfarande	 efter	 och	 genetik	 beaktas	 sällan	 i	
handlingsplaner.	
	
I	 den	 här	 avhandlingen	 undersöks,	 beskrivs	 och	 jämförs	
populationsgenetiska	mönster	för	en	rad	olika	arter.	Detaljerade	studier	är	
gjorda	på	älg	 i	 Sverige	och	gädda	 i	Östersjön.	Övriga	artiklar	utgörs	av	en	
jämförande	 studie	 av	 sju	 olika	 arter	 i	 Östersjön,	 en	
litteratursammanfattning	av	det	nuvarande	kunskapsläget	rörande	genetik	
i	Östersjön	samt	hur	genetiska	data	kan	användas	praktiskt	i	förvaltningen,	
till	 exempel	 genom	 att	 identifiera	 skyddsvärda	 populationer	 med	 unik	
genetisk	sammansättning.	Gemensamt	för	samtliga	studerade	arter	är	att	de	
har	 en	 kontinuerlig	 utbredning	 utan	 uppenbara	 gränser	 mellan	 olika	
populationer.		
	
Älgen	i	Sverige	är	uppdelad	i	två	tydliga	subpopulationer.	En	gräns	mellan	
dessa	 löper	 genom	 centrala	 Sverige	 –	 tvärs	 igenom	 Dalarnas,	 Gävleborgs	
och	södra	Jämtlands	län.	Populationerna	tycks	vara	unga	ur	ett	evolutionärt	
perspektiv	 –	 de	 verkar	 ha	 uppkommit	 efter	 att	 älgen	 vandrade	 in	 i	
Skandinavien	 efter	 den	 senaste	 istiden.	 Båda	 subpopulationerna	 visar	
tydliga	tecken	på	tidigare	förändringar	i	populationsstorlek	med	förlust	av	
genetisk	variation	som	följd.	Resultaten	 tyder	på	att	det	kan	ha	varit	så	 få	
som	några	hundra	älgar	 i	 Sverige	när	populationen	var	 som	minst,	 för	ett	
par	hundra	år	sedan,	på	grund	av	högt	 jakttryck.	Skillnaderna	mellan	norr	
och	söder	upprätthålls	av	att	älgar	 inte	 tycks	sprida	sina	gener	över	stora	
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områden.	 Resultaten	 från	 den	 genetiska	 studien	 visar	 att	 en	 älg	 i	
genomsnitt	inte	föder	sin	avkomma	mer	än	några	få	kilometer	från	sin	egen	
födelseplats.		
	
Två	 olika	 levnadsstrategier	 finns	 hos	 gädda	 i	 Östersjön.	 En	 del	 av	
Östersjöpopulationen	 tillbringar	 hela	 sitt	 liv	 i	 brackvatten	 i	 Östersjön,	
medan	en	annan	del	födosöker	i	Östersjön	men	vandrar	upp	i	sötvatten	för	
att	 leka.	 De	 sötvattenslekande	 gäddorna	 är	 mer	 välstuderade	 och	 stora	
genetiska	 skillnader	 har	 tidigare	 upptäckts	 mellan	 sötvattenslekande	
populationer.	 I	 den	 här	 avhandlingen	 har	 därför	 de	 brackvattenlekande	
gäddorna	 studerats	 och	 hos	 dem	 syns	 relativt	 små	 genetiska	 skillnader	
även	 över	 stora	 geografiska	 avstånd.	 Dessa	 små	 skillnader	 beror	
förmodligen	 på	 ett	 relativt	 högt	 genflöde	 mellan	 olika	 populationer.	
Resultaten	är	 förvånande	då	gäddan	är	känd	för	att	vara	väldigt	stationär.	
Men	genetiken	visar	att	reproduktivt	utbyte	ändå	sker	över	långa	avstånd.	
Det	förefaller	även	som	att	gener	kan	spridas	över	Östersjön,	troligtvis	via	
kustområden	 knutna	 till	 Åland	 och	 skärgårdsöarna.	 De	 genetiska	
skillnaderna	 är	 som	 störst	 kring	 lektid	 och	mindre	 under	 andra	 delar	 av	
året,	vilket	tyder	på	att	lekande	grupper	blandar	sig	under	perioder	utanför	
lektid.	 Övergripande	 genetiska	 mönster	 var	 dock	 stabila	 över	 en	
tioårsperiod,	 vilket	 innebär	 att	 snabba	 genetiska	 förändringar	 inte	 verkar	
äga	 rum	 och	 därmed	 behöver	 genetisk	 övervakning	 förmodligen	 inte	 ske	
över	kortare	tidsspann	än	så.	
	
För	 att	 undersöka	 om	det	 finns	 likheter	 i	 genetiska	mönster	mellan	 arter	
jämfördes	 sju	 olika	 arter	 som	 insamlades	 på	 samma	 områden	 över	 hela	
Östersjön.	Arterna	som	undersöktes	var	sill,	gädda,	sik,	stor‐	och	småspigg,	
blåstång	 och	 blåmussla.	 Få	 gemensamma	 nämnare	 mellan	 dessa	 arter	
kunde	 upptäckas.	 Genetiska	 gränser	 mellan	 delpopulationer	 återfanns	 på	
olika	geografiska	platser	i	Östersjön	beroende	på	vilken	art	som	studerades.	
Likaså	 återfanns	 potentiellt	 viktiga	 populationer	 att	 prioritera	 i	
bevarandearbete	 i	 olika	 områden.	 Detta	 innebär	 dessvärre	 att	 det	 inte	 är	
möjligt	att	generalisera	mellan	arter	när	det	gäller	genetisk	mångfald,	utan	
varje	 art	måste	 studeras	 för	 sig	 och	bevarandestrategier	 utformas	 för	 var	
och	en.		
	
Totalt	har	61	arter	studerats	genetiskt	i	Östersjön	under	de	senaste	50	åren.	
För	över	20	av	dessa	arter	finns	information	om	genetiska	mönster	som	är	
av	direkt	nytta	i	förvaltningen.	För	att	effektivt	inkludera	genetisk	mångfald	
i	 förvaltningen	 krävs	 dock	 tydlig	 kommunikation	 mellan	 forskare	 och	
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förvaltare.	 Ett	 exempel	 på	 sådan	 informationsöverföring	 är	 databaser	 där	
relevant	data	 lätt	kan	hittas.	 I	den	här	avhandlingen	 finns	exempel	på	hur	
information	 kan	 sammanställas	 i	 form	 av	 klassificering	 av	 mängden	
genetisk	 kunskap	 för	 olika	 arter,	 samt	 hur	 kunskapen	 kan	 användas	
praktiskt	i	förvaltningen.	
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