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Uppdrag att utreda gynnsam bevarandestatus for varg

Regeringens beslut

Regeringen uppdrar &t Naturvirdsverket att utifrin ett brett
vetenskapligt underlag uppdatera befintlig sdrbarhetsanalys fér varg och
med den som grund utreda vad som krivs for att vargpopulationen i
Sverige ska anses ha gynnsam bevarandestatus enligt art- och
habitatdirektivet.

Naturvirdsverket ska direfter, utifrdn utredningen om gynnsam
bevarandestatus och i samarbete med Statens jordbruksverk, analysera
och redovisa hur socioekonomin péverkas av en vargpopulation som har
gynnsam bevarandestatus i Sverige. Naturvirdsverket bor sirskilt
analysera pdverkan pi landsbygdens niringar och renskotseln.

Uppdraget ska genomforas i dialog med en nationell kommitté for
hallbar vargpolitik (M 2015:2).

Den del av uppdraget som omfattar att uppdatera befintlig
sdrbarhetsanalys och att utreda vad som krivs {or att vargpopulationen
ska anses ha gynnsam bevarandestatus ska redovisas till
Regeringskansliet (Miljo- och energidepartementet) senast den 30
september 2015. Den del av uppdraget som omfattar att analysera och
redovisa socioekonomiska aspekter ska redovisas till Regeringskansliet
(Miljo- och energidepartementet) senast den 30 november 2015.

Bakgrund

Art- och habitatdirektivet (ridets direktiv 92/43/EEG av den 21 maj
1992 om bevarande av livsmiljéer samt vilda djur och vixter) stiller bland
annat krav pd att medlemsstaterna ska se till att de arter och livsmiljéer
som omfattas av direktivets bilagor uppnir och bibehiller en gynnsam
bevarandestatus. Varg 4r upptagen i bilaga IV som anger arter som kriver
strikt skydd och i bilaga IT som anger vilka arter som kriver att sirskilda
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bevarandeomriden (Natura 2000-omriden) ska utses for att gora det
mojligt att bibehilla eller, i forekommande fall, dterstilla en gynnsam
bevarandestatus hos arten i dess naturliga utbredningsomriden.

I direktivets artikel 1 anges att en arts bevarandestatus 4r summan av de
faktorer som paverkar arten och som p3 ling sikt kan paverka den
naturliga utbredningen och storleken av artens populationer.
Bevarandestatusen ska anses gynnsam nir dels uppgifter om den berorda
artens populationsutveckling visar att arten pa ldng sikt kommer att
forbli en livskraftig del av sin livsmiljo, dels artens naturliga
utbredningsomride varken minskar eller sannolikt kommer att minska
inom en overskddlig framtid, dels det finns, och sannolikt kommer att

- fortsitta att finnas, en tillrickligt stor livsmilj6 f6r att artens
populationer ska bibehllas p3 ldng sikt.

EU-kommissionens riktlinjer fér férvaltning av stora rovdjur pd
populationsnivi (Guidelines for Population Level Management Plans for
Large Carnivores, 2008, A Large Carnivore Initiative for Europe, Report
prepared for the European Commission och Note to the Guidelines for
Population Level Management Plans for Large Carnivores, European
Commission, DG Environment, 01.07.2008) togs fram mot bakgrund av
att det dr svirt fo6r enskilda medlemslinder att nd upp till de krav som
art- och habitatdirektivet stiller nir det giller arter med 13ga
populationstitheter och grinsdverskridande populationer. Riktlinjerna
foreslar att minsta livskraftiga population (Minimum viable population,
MVP) ska definieras genom Internationella naturvirdsunionens
kriterium E (en utddenderisk baserad p4 en kvantitativ sirbarhetsanalys
med mindre 4n 10 procents utdéenderisk éver 100 4r) eller kriterium D
(antalet kénsmogna individer) och populationens status miste dvervakas
med en limplig metod. Riktlinjerna anger vidare att dir kunskap finns ir
det limpligt att gora en sdrbarhetsanalys {6r att berdkna MVDP.

EU-kommissionen publicerade 2011 riktlinjer f6r bedémning och
rapportering enligt artikel 17 1 art- och habitatdirektiver (Assessment
and reporting under Article 17 of the Habitats Directive, Explanatory
Notes & Guidelines for the period 2007-2012, Final version July 2011,
European Commission). Riktlinjerna frin 2011 syftar till att sikerstilla
en harmonisering av medlemsstaternas rapportering. Enligt riktlinjerna
ir referensvirden nyckelbegrepp vid utvirderingen av huruvida arten har
gynnsam bevarandestatus. Referensvirden bér enbart grundas pd
vetenskapliga grunder och kan behéva férindras mellan
rapporteringstillfillena. Referensvirdet f6r populationsstorlek dr den
storlek pé artens population som beddms vara det minimum som ir
nddvindigt {or att pd 1ing sikt sikerstilla artens livskraft. Referensvirdet
for populationsstorlek bor baseras pa artens ekologi och genetik. Om en
sirbarhetsanalys f6r att berikna MVP for arten har genomférts, kan den
anvindas som stdd for att bestimma referensvirdet for
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populationsstorleken. Eniigt riktlinjerna ir MVP fér en art per definition
alltid ligre 4n referensvirdet for artens populationsstorlek.

Regeringen beslutade den 10 juni 2010 att tillsitta en sirskild utredare
med uppdrag att utvirdera de l8ngsiktiga mélen f6r rovdjurs-
populationerna. Utredningen dverlimnade 1 april 2011 delbetinkandet
Rovdjurens bevarandestatus (SOU 2011:37). Utredningen redovisade i
betinkandet att divarande populationen om 252-291 vargar inte hade
uppnitt gynnsam bevarandestatus. Som provisoriskt referensvirde fér
vargstammen 1 Sverige och Norge foreslogs 450 vargar. Som underlag for
bedémningen av gynnsam bevarandestatus och faststillande av
referensvirde anvinde utredningen bland annat en ildre sirbarhetsanalys.

Mot denna bakgrund beslutade regeringen den 31 maj 2012 att ge
Naturvirdsverket 1 uppdrag att redovisa en sdrbarhetsanalys {6r bland’
annat varg som skulle bygga p senaste dokumenterade kunskaper om
arternas populationer (dnr M2012/1490/Nm). I beslutet angavs att
sarbarhetsanalysen skulle géras utifrin kriterierna fér referensvirde for
populationsstorlek enligt EU-kommissionens riktlinjer for férvaltning av
stora rovdjur pa populationsnivd. Naturvirdsverket redovisade den 2 juli
2012 en sdrbarhetsanalys som tydliggjorde minsta livskraftiga population
for varg i Sverige och Norge (dnr M2012/1802/Nm). I redovisningen av
MVP inkluderades risken for sillsynta katastrofer som tillfilligt forhojer
dodligheten, men hinsynen till populationsgenetik inkluderades inte.
Naturvirdsverket redovisade att MVP f6r varg i Sverige och Norge ir
minst 100 individer.

Sérbarhetsanalysen kritiserades for att inte beakta de genetiska
aspekterna. Naturvirdsverket redovisade den 18 oktober 2012 en
komplettering till sirbarhetsanalysen for varg med de genetiska
aspekterna (dnr M2012/1505/Nm). Naturvirdsverket bedémde att 380
vargar i Sverige motsvarar ett referensvirde for populationsstorlek under
forutsittning att i genomsnitt 3,5 vargar invandrar och reproducerar sig
per 5-drsperiod. Redovisningen har ifrgasatts och det finns i dag ingen
hillbar vetenskaplig bedomning av vad som utgdr referensvirde fér varg i
Sverige som beaktar de genetiska aspekterna.

I enlighet med rekommendationerna i EU-kommissionens riktlinjer, om
att referensvirdet per definition ska vara storre in MVP, foreslog
regeringen i propositionen En hillbar rovdjurspolitik (prop.
2012/13:191) den 12 september 2013 att referensvirdet f6r varg i Sverige
ska vara 170-270 vargar. Utgidngspunkt for regeringens bedémning var
Naturvirdsverkets redovisning att MVP {ér vargstammen i Sverige och
Norge dr 100 vargar. Regeringen gjorde i propositionen, mot bakgrund
av att referensvirdena for populationsstorlek och utbredningsomride var
uppnidda, den starka populationsutvecklingen, den férbittrade
genetiken med minskad inavelsgrad och dkad genetisk variation, den
lyckade genetiska f6rstirkningen samt en tillricklig invandringstakt av
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vargar frin Finland och Ryssland, bedémningen att vargen hade uppnitt
gynnsam bevarandestatus i Sverige.

Riksdagen beslutade den 10 december 2013 att godkinna regeringens
forslag (bet. 2013/14:MJU7, rskr. 2013/14:99). Naturvirdsverket har
direfter, i enlighet med propositionen, bestimt referensvirdet till 270
individer. Naturvirdsverket har i december 2013 rapporterat
referensvirdet till EU-kommissionen i enlighet med rapporteringen
enligt artikel 17 i art- och habitatdirektivet och referensvirdet giller for
tiden 2013-2019 i Sverige. Naturvardsverket rapporterade dven
bedémningen att vargen har uppnitt gynnsam bevarandestatus i Sverige.

Regeringen beslutade den 30 april 2014 att ge Sveriges
lantbruksuniversitet i uppdrag att analysera hur rovdjursangrepp
paverkar landsbygdsforetagens hela ekonomi, inklusive indirekta
kostnader, och féresld en ny ersittningsmodell som syftar till att
kompensera for de merkostnader som direkta och indirekta skador av ett
angrepp av stora rovdjur medfor (dnr L2014/1389/JFS). I uppdraget
ingdr dven att analysera om och i si fall under vilka omstindigheter
bidrag bor limnas for dtgirder som forebygger angrepp av rovdjur pa
hignat vilt, biodling och liknande skadeutsatta verksamheter samt om
ersittning bor limnas f6r djur som har angripits av stora rovdjur inom
vilthign. Slutredovisning ska limnas till Niringsdepartementet senast
den 31 augusti 2015.

Regeringen beslutade den 1 april 2015 att tillsitta en nationell kommitté
for hallbar vargpolitik (M 2015:02). Kommittén ska med forankring hos
berdrda intressegrupper bistd regeringen i utarbetandet av en héllbar
nationell vargpolitik. Det innebir bland annat att kommittén ska utgéra
en referensgrupp till regeringen och verka for att berorda intressegrupper
finner en gemensam héllning i frigor rérande utvecklingen och
forvaltningen av vargstammen. Kommittén ska bland annat f6lja och fora
en dialog med Naturvirdsverket i arbetet med uppdraget att utreda
gynnsam bevarandestatus for varg (dnr M2015/1573/Nm).

Nérmare om uppdraget

Vargpopulationen ir under stindig forindring och forutsittningarna for
vargens fortlevnad paverkas kontinuerligt av ménga olika faktorer. For
en framgdngsrik férvaltning av varg ir det nddvindigt med en vil
genomarbetad bild av vargens bevarandestatus som uppdateras
allteftersom férutsittningarna for vargens fortlevnad férindras.

Naturvirdsverket ska utifrin ett brett vetenskapligt underlag uppdatera
befintlig sirbarhetsanalys f6r varg och med den som grund utreda vad
som krivs for att vargpopulationen i Sverige ska anses ha gynnsam
bevarandestatus enligt art- och habitatdirektivet. Naturvirdsverket ska
sammanfatta och anvinda vetenskapliga publikationer, redovisade



forskningsresultat och andra dokumenterade kunskaper om
vargpopulationen i Sverige och Norge. Naturvirdsverket ska vid arbetet
efterstriva en bred medverkan frin forskarsamhillet med representation
frén flera hogskolor och universitet. Arbetet ska bedrivas i en 6ppen
process gentemot berdrda intresseorganisationer.

Naturvirdsverket ska direfter, utifrén utredningen om gynnsam
bevarandestatus och i samarbete med Statens jordbruksverk, analysera
och redovisa hur socioekonomin péverkas av en vargpopulation som har
gynnsam bevarandestatus i Sverige. Naturvirdsverket bor sirskilt
analysera piverkan p4 landsbygdens niringar och renskotseln.

Uppdraget ska genomforas i dialog med en nationell kommitté for
héllbar vargpolitik (M 2015:2).

Den del av uppdraget som omfattar att uppdatera befintlig
sdrbarhetsanalys och att utreda vad som krivs fér att vargpopulationen
ska anses ha gynnsam bevarandestatus ska redovisas till
Regeringskansliet (Miljé- och energidepartementet) senast den 30
september 2015. Den del av uppdraget som omfattar att analysera och
redovisa socioekonomiska aspekter ska redovisas till Regeringskansliet
(Milj6- och energidepartementet) senast den 30 november 2015.

P3a regeringens vignar

Magnus Bergstrom

Kopia till

Statsrddsberedningen/SAM
Finansdepartementet/BA
Niringsdepartementet/FJR
Statens jordbruksverk
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Regeringsuppdrag - Uppdrag att utreda gynnsam bevarandestatus for varg
(M2015/1573/Nm)

Beslut

Naturvardsverket slutredovisar ovanstiende uppdrag med bilagd skrivelse,
Analys och redovisning av hur socioekonomin paverkas av en vargpopulation
som har gynnsam bevarandestatus i Sverige.

Tidigare delredovisning av uppdraget, redovisades till regeringskansliet 6
oktober 2015. En sammanfattning av denna delredovisning, Delredovisning av
regeringsuppdraget att utreda gynnsam bevarandestatus for varg
(M2015/1573/Nm), finns bifogad till detta beslut. Delredovisningen kan ldsas i
sin helhet p& Naturvardsverkets hemsida under rubriken Regeringsuppdrag
redovisade 2015.

Beslut om denna skrivelse har fattats av stillfsretridande generaldirekt6ren
Kerstin Cederldf.

Vid den slutliga handliggningen har i oOvrigt deltagit bitridande
avdelningschefen Marcus Carlsson Reich, féredragande, enhetschefen Gunilla
Sallhed, handliggarna Fredrik Granath, Michael Schneider och Marie Larsson.

Kerstin Cederlsf

Marcus Carlsson Reich
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POST: 106 48 STOCKHOLM

TEL: 010-698 10 00

FAX: 010-698 10 99

E-POST: REGISTRATOR@NATURVARDSVERKET.SE
INTERNET: WWW.NATURVARDSVERKET.SE
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Sammanfattning av deluppdrag 1. Delredovisning av regeringsuppdraget
att utreda gynnsam bevarandestatus for varg (M2015/1573/Nm)

Sammanviigd bedomning

I denna rapport gors en delredovisning av regeringsuppdraget M2015/1573/Nm
(Bilaga 1) att utifran ett brett vetenskapligt underlag uppdatera befintlig
sarbarhetsanalys for varg och med den som grund utreda vad som kravs for att
vargpopulationen i Sverige ska anses ha gynnsam bevarandestatus enligt art- och
habitatdirektivet.

Art- och habitatdirektivet (92/43/EEG), dér varg ingér i bilagorna II och IV,
stéller bland annat krav pi att medlemsstaterna ska se till att de arter och
livsmiljéer som omfattas av direktivets bilagor uppnér och bibehéller en
gynnsam bevarandestatus. I direktivets artikel 1 anges att en arts bevarandestatus
4r summan av de faktorer som paverkar arten och som pé léng sikt kan péaverka
den naturliga utbredningen och storleken av artens populationer.

Det finns tre forutséttningar som behéver vara uppfyllda om vargens
bevarandestatus ska kunna anses vara gynnsam: I) vargens
populationsutveckling visar att arten pé lang sikt kommer att forbli en livskraftig
del av sin livsmiljs, IT) vargens naturliga utbredningsomrade varken minskar
eller sannolikt kommer att minska inom en 6verskadlig framtid, och III) det
finns — och sannolikt kommer att fortsétta att finnas — en tillréckligt stor
livsmiljé for att artens populationer ska bibehéllas pa lang sikt.

Tva forskargrupper med ledande internationell expertis i bevarandebiologi och
vargekologi har ombetts beddma referensvirdet for vargens populationsstorlek i
Sverige (Favourable Reference Population, FRP; Evans & Arvela 2011).
Bedsmningarna skulle goras genom vetenskapliga synteser av den befintliga
kunskapen, med sérskilt fokus pa vargpopulationens nodvindiga storlek och
behovet av invandring av vargar frén Finland och Ryssland (Bilagor 2-4). En
sirskild sarbarhetsanalys har ocksé genomforts av en oberoende
naturvardsgenetiker (Bruford 2015), och en advokat har ombetts bedéma
relevansen av tva beslut fran EU-domstolen fr bedémningen av vargens
gynnsamma bevarandestatus i Sverige (Bilaga 5).

Viktiga punkter dér Naturvardsverket och forskarna har samma bedémning:

» Vargarna i Skandinavien utgdr en naturlig del av en stdrre nordeuropeisk
population, som omfattar vargarna i Norge, Sverige, Finland och Ryssland, och
som #ven stréicker sig ner till bl.a. Baltikum och Polen.

» Denna storre nordeuropeiska population behdver bestd av minst 1700 vargar
for att den ska kunna anses vara 1angsiktigt livskraftig, dvs. ha en férsumbar
utddenderisk samt bibehélla genetisk variation s att populationen kan utvecklas
i evolutiongira perspektiv och anpassa sig till &ndrade miljoforhallanden.
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» Givet att de svenska och skandinaviska vargarna utgér en del av denna stérre
population (genom immigration och emigration och genflédet som &r associerat
med detta), bedomer Naturvardsverket, liksom alla utom en av forskarna, att det
behévs minst 300 vargar i Sverige, samt att minst en ny immigrant fran Finland
eller Ryssland ska reproducera sig med de skandinaviska vargarna under
naturliga férhéllanden varje 5-arsperiod (varggeneration), for att vargen 1
Sverige ska kunna anses ha gynnsam bevarandestatus.

» Den genetiska forbindelsen genom invandring av vargar fran de finsk-ryska
delpopulationerna ir avgdrande och méste fungera for att beddmningen minst
300 vargar ska gélla. Ifall reproduktion av nya immigranter ¢j sker med
skandinaviska vargar varje varggeneration, nu eller i framtiden, sa behdver den
skandinaviska stammen bestd av minst 1700 vargar for att klara de genetiska
bevarandekriterierna och kunna anses ha gynnsam bevarandestatus.

» De naturligt invandrade vargarnas 6verlevnad och parbildning i den
skandinaviska delpopulationen behéver underlittas och 6ka foratt minst en ny
immigrant ska reproducera sig under varje 5-arsperiod nu och i framtiden.

* En vargstam pé 200 vargar i Sverige eller i Skandinavien #r for liten for att den
ska kunna anses langsiktigt livskraftig och for att den ska kunna utgéra
referensvirdet for populationsstorleken.

* En forvintad genomsnittlig inavelsgrad pa 14ng sikt paA maximalt 0,20 &r
acceptabel for den skandinaviska vargstammen, givet frekvensen av invandrande |
vargar som namns ovan'.

* Det finns tillréckligt med livsmilj6 for att kunna hysa 300 vargar eller fler i
Sverige, och att det kommer sannolikt att fortsitta finnas sddan livsmilj6 for att
bibehélla vargstammen pa lang sikt.

» Den ekologiska och genetiska 6vervakningen av de skandinaviska vargarna &r
mycket bra och behdver fortsiitta. Detta for att visa bland annat att den
nddvindiga genetiska forbindelsen med finska och ryska vargbesténd fungerar
varje 5-arsperiod, och vilka vargar och vargpar som &r genetiskt viktiga i
Skandinavien.

» Riksdagen har beslutat att de stora rovdjuren ska uppna och bibehélla gynnsam
bevarandestatus (prop. 2012/13:191). EUs artikel-17-riktlinjer (Evans & Arvela
2011) anger att "Population should be sufficiently large to accommodate natural
fluctuations and allow a healthy population structure.” Féljaktligen bor ldnens
minimi-nivéer respektive forvaltningsmal utformas sa att vargstammen i Sverige
sammantaget inte pa grund av de naturliga fluktuationerna blir mindre &n 300.

! Generellt forvintas den langsiktiga jamviktsnivan for inavelsgraden under samma
immigrationsfrekvens i mdnga generationer vara lika med 1/(4-Nem+1) nér parbildningen sker
slumpvis och ddr Nem 4r antalet nya reproducerande immigranter per generation.
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* EU:s riktlinjer for férvaltning av stora rovdjur (Linnell m.fl. 2008) némner
uttrycket “ecological viability”, som innebér att arten ifrdga har en tillréickligt
stor population for att helt fylla sin ekologiska roll i livsmiljerna och
ekosystemen dér arten naturligt férekommer. Detta motsvarar nérmast
ekosystemens totala birformaga (“carrying capacity”) for arten i landet, vilket
for vargen i Sverige utanfor rensk6tselomradet skulle motsvara en population
med maximalt 1200 bofasta individer (Bilaga 3 sid. 68). Huruvida “ecological
viability” 4r ett kriterium for referensvérdet for populationsstorlek (FRP) rader
det oenighet om; en forskargrupp samt en av forskarna i andra gruppen anser att
detta helt eller delvis bér viigas in i bedémningen av referensvérdet i Sverige. De
ovriga forskarna, Naturvardsverket och radfradgad advokat (Bilaga 5) finner inget
stod for att just “ecological viability” skulle vara kriteriet f6r gynnsam
bevarandestatus i de géllande artikel-17-riktlinjerna (2011) eller i art- och
habitatdirektivet. Vi finner st6d enbart fér det som i rovdjursriktlinjerna kallats
»demographic viability” och ”geneticl Generellt forvéntas den l&ngsiktiga
jamviktsnivan f6r inavelsgraden under samma immigrationsfrekvens i ménga
generationer vara lika med 1/(4-Nem+1) nér parbildningen sker slumpvis och
d#r Nem #r antalet nya reproducerande immigranter per generation.

» Sammantaget finner Naturvérdsverket det motiverat att artikel-17-riktlinjerna
om grins6verskridande populationer (Evans & Arvela 2011; sid. 38) tillimpas
pé varg i Sverige. Med minst en ny invandrad varg per 5-arsperiod vilken
reproducerar sig med den skandinaviska vargstammen och minst 300 vargar i
Sverige, sé har vargen gynnsam bevarandestatus i landet.
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Forord

Naturvardsverket fick den 1 april 2015 i uppdrag av regeringen “att utifran ett brett
vetenskapligt underlag uppdatera befintlig sarbarhetsanalys for varg och med den
som grund utreda vad som krévs for att vargpopulationen i Sverige ska anses ha
gynnsam bevarandestatus enligt art- och habitatdirektivet.” Detta ar en
delrapportering av regeringsuppdraget, vilket gar att lasa i sin helhet i bilaga 1.

Naturvardsverket gav tva forskargrupper — professor Scott Mills med medarbetare,
North Carolina State University, USA och forskargruppen SKANDULYV, Sveriges
Lantbruksuniversitet — i uppdrag att oberoende av varandra sammanstalla befintlig
vetenskaplig litteratur pa omradet (bilaga 3 och 4.) och utifran detta gora en
vetenskaplig syntes om lampligt referensvérde for populationsstorlek, och behovet
av invandring av vargar fran Finland och Ryssland, for vargarna i Skandinavien
och Sverige.

Nagon vecka innan forskargrupperna slutrapporterade sina synteser till
Naturvardsverket samlade vi svenska forskare som tillsammans med syntes-
forskarna hade dialog om utkasten till rapporterna i ett seminarium.

Motet resulterade bland annat i att syntesforfattarna tillsammans tog fram ett
underlag dar det tydligt framgar vad de ar eniga om (bilaga 2). De skiljaktigheter
som fanns mellan forskargrupperna bestod huvudsakligen i olika syn pa tolkningen
av EU-direktivet. Naturvardsverket kontaktade da en advokatbyra, for att analysera
tidigare domar i EU-réatten (bilaga 5) som jamforelse med var egen bedomning.

| arbetet med att ta fram Naturvardsverkets skrivelse har bland andra Per Sjogren
Gulve, Maria Hornell Willebrand och Marie Larsson medverkat.
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Uppdraget och férutsattningar

| denna rapport gors en delredovisning av regeringsuppdraget M2015/1573/Nm (bilaga 1) att utifran

ett brett vetenskapligt underlag uppdatera befintlig sarbarhetsanalys for varg och med den som grund
utreda vad som kravs for att vargpopulationen i Sverige ska anses ha gynnsam bevarandestatus enligt
art- och habitatdirektivet.

Art- och habitatdirektivet (92/43/EEG), dar varg ingar i bilagorna Il och IV, stéller bland annat krav pa
att medlemsstaterna ska se till att de arter och livsmiljoer som omfattas av direktivets bilagor uppnar
och bibehaller en gynnsam bevarandestatus. | direktivets artikel 1 anges att en arts bevarandestatus ar
summan av de faktorer som paverkar arten och som pa lang sikt kan paverka den naturliga
utbredningen och storleken av artens populationer.

Det finns tre forutsattningar som behéver vara uppfyllda om vargens bevarandestatus ska kunna anses
vara gynnsam: 1) vargens populationsutveckling visar att arten pa lang sikt kommer att forbli en
livskraftig del av sin livsmiljo, 1) vargens naturliga utbredningsomrade varken minskar eller sannolikt
kommer att minska inom en 6verskadlig framtid, och 111) det finns — och sannolikt kommer att
fortsatta att finnas — en tillrackligt stor livsmiljo for att artens populationer ska bibehallas pa lang sikt.

Tva forskargrupper med ledande internationell expertis i bevarandebiologi och vargekologi har
ombetts bedéma referensvardet for vargens populationsstorlek i Sverige (Favourable Reference
Population, FRP; Evans & Arvela 2011). Bedémningarna skulle géras genom vetenskapliga synteser
av den befintliga kunskapen, med sarskilt fokus pa vargpopulationens storlek och behovet av
invandring av vargar fran Finland och Ryssland (bilagor 2-4). En sérskild sarbarhetsanalys har ocksa
genomforts av en oberoende naturvardsgenetiker (Bruford 2015), och en advokat har ombetts bedéma
relevansen av tva beslut fran EU-domstolen for bedémningen av vargens gynnsamma bevarandestatus
i Sverige (bilaga 5).

Sammanvagd bedomning

Sammantaget finner Naturvardsverket det motiverat att EUs artikel-17-riktlinje om
gransoverskridande populationer (Evans & Arvela 2011; sid. 38) tillampas pa varg i Sverige.

Givet att de svenska och skandinaviska vargarna utgor en del av den nordeuropeiska vargpopulationen
(genom immigration och emigration, och genflodet som &r associerat med detta) bedémer
Naturvardsverket, liksom alla utom en av forskarna, att det behévs minst 300 vargar i Sverige, samt
att minst en ny immigrant fran Finland eller Ryssland ska reproducera sig med de skandinaviska
vargarna under naturliga forhallanden varje 5-arsperiod (varggeneration), for att vargen i Sverige ska
kunna anses ha gynnsam bevarandestatus.

Naturvardsverket konstaterar att vid senaste inventeringen som avslutades 31 mars 2015 fanns det i
Sverige 415 vargar (inklusive vargar som dott under inventeringsperioden) samt en familj nya



genetiskt vardefulla immigranter (Tivedenparet + ungar). Det finns d&nnu inte ndgon pavisad
reproduktion mellan Tivedenparet eller deras ungar och de skandinaviska vargarna.
Naturvardsverket bedémer dock att det finns goda forutsattningar for att nagon av dessa immigranter
kommer att reproducera sig med skandinaviska vargar.

Naturvardsverket bedomer att det finns tillrackligt med livsmiljo for att kunna hysa 300 vargar eller
fler i Sverige, och att det sannolikt kommer att fortsatta finnas tillracklig livsmiljo for att bibehalla
vargstammen pa lang sikt.

Mot bakgrund av detta finner Naturvardsverket att vargen i Sverige for narvarande har gynnsam
bevarandestatus.

Den genetiska forbindelsen genom invandring av vargar fran de finsk-ryska delpopulationerna maste
fungera for att beddmningen minst 300 vargar ska gélla. Om reproduktion av nya immigranter ej sker
med skandinaviska vargar varje varggeneration skulle den skandinaviska stammen behéva besta av
minst 1700 vargar for att klara de genetiska bevarandekriterierna och darmed kunna anses ha gynnsam
bevarandestatus. De naturligt invandrade vargarnas éverlevnad i Skandinavien ar darfor av avgorande
betydelse.

Den ekologiska och genetiska 6vervakningen av de skandinaviska vargarna behover fortsatta, bland
annat for att visa att den nodvandiga genetiska forbindelsen med finska och ryska vargbestand
fungerar varje 5-arsperiod, och vilka vargar och vargpar som ar genetiskt viktiga i Skandinavien.

Lanens miniminivaer respektive forvaltningsmal maste utformas sa att vargstammen i Sverige
sammantaget och pa grund av de naturliga fluktuationerna inte vid nagot tillfalle & mindre an 300.
Detta behovs for att tillgodose riksdagens beslut att de stora rovdjuren ska uppna och bibehalla
gynnsam bevarandestatus (prop. 2012/13:191) samt EUs artikel-17-riktlinjer (Evans & Arvela 2011)
som anger “Population should be sufficiently large to accommodate natural fluctuations and allow a
healthy population structure.”

Riksdagen har genom sitt beslut den 10 december 2013 antagit regeringens proposition 2012/13:191
En hallbar rovdjurspolitik. Riksdagsbeslutet faststallde bl.a. att vargens referensvarde for gynnsam
bevarandestatus avseende utbredningsomradet i Sverige ar hela Sverige forutom den alpina regionen
och Gotlands lan. Forskarna ar eniga om att det i Sverige utanfor renskotselomradet finns tillrackligt
med livsmiljoer for att hysa 1200 stationdra vargar.

Referensvardet for utbredningsomrade (Favourable Reference Range) ér det geografiska omrade som
rymmer artens hela ekologiska variation och alla delar av dess naturliga livscykel inom en given
biogeografisk region, och som ar tillrackligt stor for att mojliggora den langsiktiga verlevnaden av
den populationsstorlek som motsvarar referensvérdet for populationen.

Naturvardsverket bedémer mot bakgrund av detta att det finns en tillrackligt stor livsmiljo for att den
svenska vargpopulationen ska bibehallas pa lang sikt.



Grunderna for Naturvardsverkets bedomning

Vetenskapligt underlag

Det finns en generell vetenskaplig enighet om att en population vid en storlek som motsvarar den
genetiskt effektiva storleken (N.) pd minst 500 inte forlorar genetisk variation i egenskaper som
bestdams av manga gener tillsammans. Dar ingar egenskaper som t.ex. kroppsstorlek som ar viktiga i
det naturliga urvalet och for populationens utveckling och anpassning till &ndrade miljgforhallanden.
Den variation i egenskaperna som forloras vid denna storlek (ca. 0,1% per generation) &r inte mer an
den som samtidigt nyskapas naturligt genom effekten av mutationer och av rekombination av
arvsanlag pa olika kromosomer. | en genetiskt sammanhangande nordeuropeisk population pa minst
1700 (1700-2500) vargar, som motsvarar N, = 500, bibehalls alltsa populationens genetiska
forutsattningar att anpassa sig och vara livskraftig.

Forskarna ar eniga om att vargarna i Skandinavien utgor en naturlig del av en stérre nordeuropeisk
population, som omfattar vargarna i Norge, Sverige, Finland och Ryssland, och som dven stracker sig
ner till bl.a. Baltikum och Polen. Denna storre nordeuropeiska population behover besta av minst 1700
vargar for att den ska kunna anses vara langsiktigt livskraftig, dvs. ha en forsumbar utdéenderisk samt
bibehalla genetisk variation sa att populationen kan utvecklas i evolutionara perspektiv och anpassa
sig till andrade miljoforhallanden.

Forskning och de omfattande inventeringarna har visat att vargar i sina naturliga forflyttningar kan
réra sig langre an 1000 km. Spontan invandring av vargar fran Finland eller Ryssland till
Skandinavien (Sverige och Norge) forekommer med i genomsnitt ca. 1,5 immigranter per ar vilket
motsvarar 7-8 individer per varggeneration. Av dessa har dock endast ett fatal reproducerat sig med de
skandinaviska vargarna; tre stycken hittills under aren 1985-2015 (motsvarande sex varggenerationer),
varav tva under artikel-17-rapporteringsperioden 2007-2012 (vilken motsvarar ungefar en
varggeneration). Tivedenvargarna eller deras ungar har annu inte reproducerat sig med skandinaviska
vargar. Detta innebdr att det i varggenerationen efter 2012 (dvs. aren 2013-2018) annu saknas ett flode
av nya gener till den skandinaviska stammen.

Det beddms rimligt att tillampa Allendorf & Rymans (2002) genetiska kriterium for minsta livskraftig
population (MVP), dar delpopulationen férlorar mindre &n 5 % av sin genetiska variation pa 100 ar,
med effekten av immigrationen inréknad och d&r den svenska stammen ses som en del av den storre
nordeuropeiska vargpopulationen. Den sérskilda genetiska sarbarhetsanalysen (Bruford 2015) visade
att den skandinaviska vargstammen forlorar mindre an 5 % av sin genetiska variation pa 100 ar om
populationen bestar av minst 300 vargar och om minst en ny invandrad varg fran Finland eller
Ryssland reproducerar sig per varggeneration. Inget utdéende av den skandinaviska vargpopulationen
intréffade i simuleringarna, vare sig om immigration saknades eller fanns med i modellen.

Den skandinaviska vargstammens populationstillvaxt beraknas till atminstone +13% per ar (se bilaga 3
och 4) vilket, enligt majoriteten av forskarna, ocksa ar en indikation pa gynnsam bevarandestatus.



Artikel-17-riktlinjerna (2011; sid. 22) anger t.ex. att usually only stable or increasing trends can result
in a favourable conservation status.”

Den skandinaviska vargstammen ateretablerades genom invandringen av tre reproducerande vargar
fran Finland-Ryssland under 1980- och 1990-talen, och inget ytterligare genflode tillférdes stammen
forran 2008. Déarfor har den skandinaviska delpopulationen en lagre genetisk variation och hdgre
inavelsgrad an delpopulationen som dessa grundare kom fran.

Syntesforfattarna ar eniga om att en genomsnittlig inavelsgrad pa maximalt 0,20 pa lang sikt ar
acceptabel for den skandinaviska vargstammen, givet den minsta frekvensen av invandrande vargar™.
Om man vill minska inavelsgraden ytterligare sa behdvs en dubblering eller annu storre 6kning av
antalet nya immigranter som reproducerar sig med de skandinaviska vargarna per 5-arsintervall. Detta
illustreras exempelvis av Tabell 9b i Brufords rapport (2015) och av resultaten av Forslunds analyser
(2010).

Minskningen av inavelsgraden hos en population med en sa begransad genetisk bakgrund som de
skandinaviska vargarna kan endast ske genom immigration fran andra delpopulationer, eller genom
forflyttning av vargar genom manniskans forsorg. Effekten pa inavelsgraden av en genetisk
forstarkning genom ménniskans forsorg och inférsel av 10 eller 20 helt obesléktade vargar har
analyserat genom modellsimuleringar av Forslund (2010; Figur 2 i Liberg & Sand 2012). Han fann att
dessa respektive insatser reducerade populationens inavelsgrad med ca. 30% resp. 45 % av
utgangsvardet. Men den langsiktiga effekten bestams framst av hur stor den kontinuerliga
invandringsfrekvensen &r, dvs. minst en ny reproducerande immigrant varje 5-arsperiod under 100 &r.

Brufords (2015) analyser visar tydligt att immigrationen har proportionellt sett betydligt storre
paverkan pa den skandinaviska vargstammens genetiska variation &n en storre populationsstorlek. Vid
populationsstorleken 300 hade den forsta reproducerande nya immigranten per generation en effekt
motsvarande att de skandinaviska vargarna var drygt 520 st fler, och nasta sadan immigrant under
samma generation har en effekt motsvarande ytterligare drygt 200 dartill.

Effekten av de tva invandrade varghannar som borjade reproducera sig med skandinaviska vargar
2008 marks bl.a. genom att drygt 50 % av de reproducerande vargparen i Skandinavien idag har nagon
individ som &r immigrant eller attling till en sadan och att stammens inavelsgrad minskat och den
genetiska variationen okat (bilaga 3).

Generellt férvantas den langsiktiga jAmviktsnivan for inavelsgraden under samma immigrationsfrekvens i manga generationer
vara lika med 1/(4-Nem+1) nar parbildningen sker slumpvis och dér Nem &r antalet nya reproducerande immigranter per
generation.
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EUs riktlinjer, art- & habitatdirektivet och domar

EU:s riktlinjer for forvaltning av stora rovdjur (Linnell m.fl. 2008) nédmner uttrycket “ecological
viability”, som innebdr att arten ifrdga har en tillrackligt stor population for att helt fylla sin ekologiska
roll i livsmiljerna och ekosystemen dar arten naturligt forekommer. Detta motsvarar ndrmast
ekosystemens totala barférmaga (“carrying capacity”) for arten i landet, vilket for vargen 1 Sverige
utanfor renskotselomradet skulle motsvara en population med maximalt 1200 stationara individer
(Sand m.fl. 2014; bilaga 2 sid 68). Huruvida “ecological viability” dr ett kriterium for referensvérdet
for populationsstorlek (FRP) rader det oenighet om; en forskargrupp samt en av forskarna i andra
gruppen anser att detta helt eller delvis bor végas in i bedémningen av referensvardet i Sverige. De
ovriga forskarna och radfragad advokat (bilaga 5) finner inte stod for att just “ecological viability”
skulle vara kriteriet for FRP i de gallande artikel-17-riktlinjerna (2011) eller i art- och
habitatdirektivet. Inte heller Kommissionens rovdjursriktlinjer (Linnell m.fl. 2008) som namner
uttrycket eller dess véagledning (2007) om strikt skydd for djurarter i enlighet med art- och
habitatdirektivet anger att "ecological viability" ska anvéndas vid FRP-beddémningar.

En av syntesforfattarna gjorde bedémningen att tva domslut i EU-domstolen (ECJ 2007: Case C-
342/05; ECJ 2011: Case C-383/09) skulle vara prejudicerande i att delar av en gemensam population i
grannliggande icke-EU-land inte kan beaktas i bevarandestatusbedémningar. Den bedémningen delas
inte av den radfragade advokaten (bilaga 5). | fallet om varg i Finland (Commission vs. Finland, Case
C-342/05) ar det svart att se hur forskaren har kommit fram till detta da EU-domstolen i malet pa
Kommissionens talan prévade fragan om Finlands forvaltningspraxis. Den andra domen (Commission
vs. France, Case C-383/09) handlar om den europeiska hamstern (Cricetus cricetus) som inte &r ett
stort rovdjur och ekologiskt inte fungerar som ett sadant (t.ex. rérelsemonster och spridningsrackvidd).
Domstolen kom dar fram till att Frankrike inte hade vidtagit tillrackliga atgarder for att méjliggora
strikt skydd av den europeiska hamstern i Alsace. Inte heller i detta mal kan man se att Kommissionen
skulle ha Iatit talan omfatta — eller Frankrike i malet gjort invandning om — fragan om ifall
bevarandestatusen ska bedémas nationellt eller gransoverskridande. Den fragan var inte uppe till
domstolens beddmning och advokatens bedomning (bilaga 5) ar att det darmed inte gar att dra nagra
slutsatser om hur domstolen skulle se pa fragan.

Naturvardsverkets bedomning avseende inhamtat underlag

Mot bakgrund av vad som framkommit i de vetenskapliga underlagen, syntesforfattarnas slutsatser och
advokatens bedémningar ovan gor Naturvardsverkets foljande bedomning betraffande vad som ska
laggas till grund for att avgora vad som kravs for att vargpopulationen i Sverige ska anses ha gynnsam
bevarandestatus.

Naturvardsverket bedomer att:

e det i vargens fall ar vetenskapligt motiverat att tillimpa EU-kommissionens artikel-17-
riktlinjer (2011, sid. 38): ”There may also be cases where it is biologically relevant to
consider populations in a neighboring non-EU country. This should be clearly
described under field 2.8.3 Transboundary assessment.” Det har dven stod i
Kommissionens végledning (2007) om strikt skydd for djurarter i enlighet med art- &
habitatdirektivet och i EU: s rovdjursriktlinjer (Linnell m.fl. 2008).
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e ideavgoranden av EU-domstolen som forskaren har lyft fram som ”praxis” var inte
fragan om nationell kontra gransoverskridande bedomning av bevarandestatusen uppe
till prévning. Det har i vart fall inte redovisats i vare sig domskal eller domslut.
Naturvardsverket delar advokatens bedémning att det med aberopande av dessa inte
gar att séga att domstolens praxis dr att populationens FRP ska tillampas pa nationell
niva.

e Dbetréffande vad som avses med begreppet gynnsam bevarandestatus foreligger stod
enbart for det som i rovdjursriktlinjerna kallats “demographic viability” och “genetic
viability”, dvs. att populationen i sig sjalv ar langsiktigt livskraftig och har tillgang till
den livsmiljo och foda som den behdver.

e kvantifieringen av referensvéardet FRP som &r baserad pa att FRP = ekosystemens och
utbredningsomradets maximala birkraft (”carrying capacity”) ir tveksam. Eftersom
FRP é&r ett minimivarde maste en population for att ha gynnsam bevarandestatus vara
storre &n ekosystemens barformaga. Detta skulle medfdra en oundvikligt negativ
populationstillvaxt och minskning, vilket star i konflikt med artikel-17-riktlinjen
(2011, sid. 22) att en population med gynnsam bevarandestatus ar stabil eller 6kande.
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Regeringsuppdraget



TAYATYAY)
Regeringsbeslut I:1
REGERINGEN 2015-04-01 M2015/1573/Nm
Miljo- och energidepartementet Naturvirdsverket

106 48 STOCKHOLM

Uppdrag att utreda gynnsam bevarandestatus for varg

Regeringens beslut

Regeringen uppdrar &t Naturvirdsverket att utifrin ett brett
vetenskapligt underlag uppdatera befintlig sdrbarhetsanalys fér varg och
med den som grund utreda vad som krivs for att vargpopulationen i
Sverige ska anses ha gynnsam bevarandestatus enligt art- och
habitatdirektivet.

Naturvirdsverket ska direfter, utifrdn utredningen om gynnsam
bevarandestatus och i samarbete med Statens jordbruksverk, analysera
och redovisa hur socioekonomin péverkas av en vargpopulation som har
gynnsam bevarandestatus i Sverige. Naturvirdsverket bor sirskilt
analysera pdverkan pi landsbygdens niringar och renskotseln.

Uppdraget ska genomforas i dialog med en nationell kommitté for
hallbar vargpolitik (M 2015:2).

Den del av uppdraget som omfattar att uppdatera befintlig
sdrbarhetsanalys och att utreda vad som krivs {or att vargpopulationen
ska anses ha gynnsam bevarandestatus ska redovisas till
Regeringskansliet (Miljo- och energidepartementet) senast den 30
september 2015. Den del av uppdraget som omfattar att analysera och
redovisa socioekonomiska aspekter ska redovisas till Regeringskansliet
(Miljo- och energidepartementet) senast den 30 november 2015.

Bakgrund

Art- och habitatdirektivet (ridets direktiv 92/43/EEG av den 21 maj
1992 om bevarande av livsmiljéer samt vilda djur och vixter) stiller bland
annat krav pd att medlemsstaterna ska se till att de arter och livsmiljéer
som omfattas av direktivets bilagor uppnir och bibehiller en gynnsam
bevarandestatus. Varg 4r upptagen i bilaga IV som anger arter som kriver
strikt skydd och i bilaga IT som anger vilka arter som kriver att sirskilda
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Malmtorgsgatan 3 08-24 16 29



bevarandeomriden (Natura 2000-omriden) ska utses for att gora det
mojligt att bibehilla eller, i forekommande fall, dterstilla en gynnsam
bevarandestatus hos arten i dess naturliga utbredningsomriden.

I direktivets artikel 1 anges att en arts bevarandestatus 4r summan av de
faktorer som paverkar arten och som p3 ling sikt kan paverka den
naturliga utbredningen och storleken av artens populationer.
Bevarandestatusen ska anses gynnsam nir dels uppgifter om den berorda
artens populationsutveckling visar att arten pa ldng sikt kommer att
forbli en livskraftig del av sin livsmiljo, dels artens naturliga
utbredningsomride varken minskar eller sannolikt kommer att minska
inom en overskddlig framtid, dels det finns, och sannolikt kommer att

- fortsitta att finnas, en tillrickligt stor livsmilj6 f6r att artens
populationer ska bibehllas p3 ldng sikt.

EU-kommissionens riktlinjer fér férvaltning av stora rovdjur pd
populationsnivi (Guidelines for Population Level Management Plans for
Large Carnivores, 2008, A Large Carnivore Initiative for Europe, Report
prepared for the European Commission och Note to the Guidelines for
Population Level Management Plans for Large Carnivores, European
Commission, DG Environment, 01.07.2008) togs fram mot bakgrund av
att det dr svirt fo6r enskilda medlemslinder att nd upp till de krav som
art- och habitatdirektivet stiller nir det giller arter med 13ga
populationstitheter och grinsdverskridande populationer. Riktlinjerna
foreslar att minsta livskraftiga population (Minimum viable population,
MVP) ska definieras genom Internationella naturvirdsunionens
kriterium E (en utddenderisk baserad p4 en kvantitativ sirbarhetsanalys
med mindre 4n 10 procents utdéenderisk éver 100 4r) eller kriterium D
(antalet kénsmogna individer) och populationens status miste dvervakas
med en limplig metod. Riktlinjerna anger vidare att dir kunskap finns ir
det limpligt att gora en sdrbarhetsanalys {6r att berdkna MVDP.

EU-kommissionen publicerade 2011 riktlinjer f6r bedémning och
rapportering enligt artikel 17 1 art- och habitatdirektiver (Assessment
and reporting under Article 17 of the Habitats Directive, Explanatory
Notes & Guidelines for the period 2007-2012, Final version July 2011,
European Commission). Riktlinjerna frin 2011 syftar till att sikerstilla
en harmonisering av medlemsstaternas rapportering. Enligt riktlinjerna
ir referensvirden nyckelbegrepp vid utvirderingen av huruvida arten har
gynnsam bevarandestatus. Referensvirden bér enbart grundas pd
vetenskapliga grunder och kan behéva férindras mellan
rapporteringstillfillena. Referensvirdet f6r populationsstorlek dr den
storlek pé artens population som beddms vara det minimum som ir
nddvindigt {or att pd 1ing sikt sikerstilla artens livskraft. Referensvirdet
for populationsstorlek bor baseras pa artens ekologi och genetik. Om en
sirbarhetsanalys f6r att berikna MVP for arten har genomférts, kan den
anvindas som stdd for att bestimma referensvirdet for
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populationsstorleken. Eniigt riktlinjerna ir MVP fér en art per definition
alltid ligre 4n referensvirdet for artens populationsstorlek.

Regeringen beslutade den 10 juni 2010 att tillsitta en sirskild utredare
med uppdrag att utvirdera de l8ngsiktiga mélen f6r rovdjurs-
populationerna. Utredningen dverlimnade 1 april 2011 delbetinkandet
Rovdjurens bevarandestatus (SOU 2011:37). Utredningen redovisade i
betinkandet att divarande populationen om 252-291 vargar inte hade
uppnitt gynnsam bevarandestatus. Som provisoriskt referensvirde fér
vargstammen 1 Sverige och Norge foreslogs 450 vargar. Som underlag for
bedémningen av gynnsam bevarandestatus och faststillande av
referensvirde anvinde utredningen bland annat en ildre sirbarhetsanalys.

Mot denna bakgrund beslutade regeringen den 31 maj 2012 att ge
Naturvirdsverket 1 uppdrag att redovisa en sdrbarhetsanalys {6r bland’
annat varg som skulle bygga p senaste dokumenterade kunskaper om
arternas populationer (dnr M2012/1490/Nm). I beslutet angavs att
sarbarhetsanalysen skulle géras utifrin kriterierna fér referensvirde for
populationsstorlek enligt EU-kommissionens riktlinjer for férvaltning av
stora rovdjur pa populationsnivd. Naturvirdsverket redovisade den 2 juli
2012 en sdrbarhetsanalys som tydliggjorde minsta livskraftiga population
for varg i Sverige och Norge (dnr M2012/1802/Nm). I redovisningen av
MVP inkluderades risken for sillsynta katastrofer som tillfilligt forhojer
dodligheten, men hinsynen till populationsgenetik inkluderades inte.
Naturvirdsverket redovisade att MVP f6r varg i Sverige och Norge ir
minst 100 individer.

Sérbarhetsanalysen kritiserades for att inte beakta de genetiska
aspekterna. Naturvirdsverket redovisade den 18 oktober 2012 en
komplettering till sirbarhetsanalysen for varg med de genetiska
aspekterna (dnr M2012/1505/Nm). Naturvirdsverket bedémde att 380
vargar i Sverige motsvarar ett referensvirde for populationsstorlek under
forutsittning att i genomsnitt 3,5 vargar invandrar och reproducerar sig
per 5-drsperiod. Redovisningen har ifrgasatts och det finns i dag ingen
hillbar vetenskaplig bedomning av vad som utgdr referensvirde fér varg i
Sverige som beaktar de genetiska aspekterna.

I enlighet med rekommendationerna i EU-kommissionens riktlinjer, om
att referensvirdet per definition ska vara storre in MVP, foreslog
regeringen i propositionen En hillbar rovdjurspolitik (prop.
2012/13:191) den 12 september 2013 att referensvirdet f6r varg i Sverige
ska vara 170-270 vargar. Utgidngspunkt for regeringens bedémning var
Naturvirdsverkets redovisning att MVP {ér vargstammen i Sverige och
Norge dr 100 vargar. Regeringen gjorde i propositionen, mot bakgrund
av att referensvirdena for populationsstorlek och utbredningsomride var
uppnidda, den starka populationsutvecklingen, den férbittrade
genetiken med minskad inavelsgrad och dkad genetisk variation, den
lyckade genetiska f6rstirkningen samt en tillricklig invandringstakt av
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vargar frin Finland och Ryssland, bedémningen att vargen hade uppnitt
gynnsam bevarandestatus i Sverige.

Riksdagen beslutade den 10 december 2013 att godkinna regeringens
forslag (bet. 2013/14:MJU7, rskr. 2013/14:99). Naturvirdsverket har
direfter, i enlighet med propositionen, bestimt referensvirdet till 270
individer. Naturvirdsverket har i december 2013 rapporterat
referensvirdet till EU-kommissionen i enlighet med rapporteringen
enligt artikel 17 i art- och habitatdirektivet och referensvirdet giller for
tiden 2013-2019 i Sverige. Naturvardsverket rapporterade dven
bedémningen att vargen har uppnitt gynnsam bevarandestatus i Sverige.

Regeringen beslutade den 30 april 2014 att ge Sveriges
lantbruksuniversitet i uppdrag att analysera hur rovdjursangrepp
paverkar landsbygdsforetagens hela ekonomi, inklusive indirekta
kostnader, och féresld en ny ersittningsmodell som syftar till att
kompensera for de merkostnader som direkta och indirekta skador av ett
angrepp av stora rovdjur medfor (dnr L2014/1389/JFS). I uppdraget
ingdr dven att analysera om och i si fall under vilka omstindigheter
bidrag bor limnas for dtgirder som forebygger angrepp av rovdjur pa
hignat vilt, biodling och liknande skadeutsatta verksamheter samt om
ersittning bor limnas f6r djur som har angripits av stora rovdjur inom
vilthign. Slutredovisning ska limnas till Niringsdepartementet senast
den 31 augusti 2015.

Regeringen beslutade den 1 april 2015 att tillsitta en nationell kommitté
for hallbar vargpolitik (M 2015:02). Kommittén ska med forankring hos
berdrda intressegrupper bistd regeringen i utarbetandet av en héllbar
nationell vargpolitik. Det innebir bland annat att kommittén ska utgéra
en referensgrupp till regeringen och verka for att berorda intressegrupper
finner en gemensam héllning i frigor rérande utvecklingen och
forvaltningen av vargstammen. Kommittén ska bland annat f6lja och fora
en dialog med Naturvirdsverket i arbetet med uppdraget att utreda
gynnsam bevarandestatus for varg (dnr M2015/1573/Nm).

Nérmare om uppdraget

Vargpopulationen ir under stindig forindring och forutsittningarna for
vargens fortlevnad paverkas kontinuerligt av ménga olika faktorer. For
en framgdngsrik férvaltning av varg ir det nddvindigt med en vil
genomarbetad bild av vargens bevarandestatus som uppdateras
allteftersom férutsittningarna for vargens fortlevnad férindras.

Naturvirdsverket ska utifrin ett brett vetenskapligt underlag uppdatera
befintlig sirbarhetsanalys f6r varg och med den som grund utreda vad
som krivs for att vargpopulationen i Sverige ska anses ha gynnsam
bevarandestatus enligt art- och habitatdirektivet. Naturvirdsverket ska
sammanfatta och anvinda vetenskapliga publikationer, redovisade



forskningsresultat och andra dokumenterade kunskaper om
vargpopulationen i Sverige och Norge. Naturvirdsverket ska vid arbetet
efterstriva en bred medverkan frin forskarsamhillet med representation
frén flera hogskolor och universitet. Arbetet ska bedrivas i en 6ppen
process gentemot berdrda intresseorganisationer.

Naturvirdsverket ska direfter, utifrén utredningen om gynnsam
bevarandestatus och i samarbete med Statens jordbruksverk, analysera
och redovisa hur socioekonomin péverkas av en vargpopulation som har
gynnsam bevarandestatus i Sverige. Naturvirdsverket bor sirskilt
analysera piverkan p4 landsbygdens niringar och renskotseln.

Uppdraget ska genomforas i dialog med en nationell kommitté for
héllbar vargpolitik (M 2015:2).

Den del av uppdraget som omfattar att uppdatera befintlig
sdrbarhetsanalys och att utreda vad som krivs fér att vargpopulationen
ska anses ha gynnsam bevarandestatus ska redovisas till
Regeringskansliet (Miljé- och energidepartementet) senast den 30
september 2015. Den del av uppdraget som omfattar att analysera och
redovisa socioekonomiska aspekter ska redovisas till Regeringskansliet
(Milj6- och energidepartementet) senast den 30 november 2015.

P3a regeringens vignar

Magnus Bergstrom

Kopia till

Statsrddsberedningen/SAM
Finansdepartementet/BA
Niringsdepartementet/FJR
Statens jordbruksverk
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Joint statement by the experts commissioned by the Swedish
Environmental Protection Agency to provide an updated
synthesis on appropriate science-based criteria for “favourable
reference population” of the Scandinavian wolf (Canis lupus)
population (NV-03602-15)

September 3, 2015

I. All experts (Olof Liberg (OL) Guillaume Chapron (GC), Camilla Wikenros (CW),
@ystein Flagstad (@F), Petter Wabakken (PW), Hakan Sand (HS), L. Scott Mills
(LSM), Jennifer Feltner (JF)) have consensus on the following points:

e The Habitats Directive implies long-term genetic viability for which Ne=500
is the appropriate benchmark.

e A target for inbreeding coefficient should be 0.2.

e An FRP of 200 wolves for Sweden or Scandinavia is too small.

e Every effort should be made for the immigrants into Sweden to be natural
dispersers, instead of human-assisted translocations.

I1. A subset of the experts (OL/CW/ @F/PW/HS) and (LSM/JF) have consensus on
the following additional points:

e The Ne=500 benchmark is most appropriately applied to the entire functioning
meta-population, extending from Norway to the eastern edge of European
Russia (35 degrees east) and south to Poland and northern Ukraine. This
designation is contingent on the maintenance of a connectivity of at least one
effectively reproducing migrant per wolf generation between Scandinavia and
other parts of this meta-population.

e A population size of 340 wolves for the Scandinavian population (Sweden +
Norway) and 300 wolves for the Swedish population would have a high
probability of persistence (again, conditional on being part of a functioning
meta-population as noted above). These numbers are well above a ‘MVP’ and
therefore would qualify as an FRP based on genetic and demographic
viability.

e An adapted management approach is important, by which responsible
authorities can react to changes in the conditions important for the size of the
wolf population, e.g. a decline in the Swedish population or in the meta-
population.

e Controlled hunting can play an appropriate role in the management of
Scandinavian wolves under FRP status, e.g. to mitigating conflicts and
increasing acceptance.



I11. A different subset of the experts (GC), and (LSM/JF) have consensus on the
following additional points:

The criteria of “ecological viability” is relevant and should be

addressed separately from the population size necessary for genetic and
demographic viability. While there is limited research on exactly what the
quantitative threshold should be for a species to fulfill its ecological role and
thereby achieve ecological viability, we agree on a preliminary estimate of
600 Swedish wolves, a value that is one-half the estimated carrying capacity
for this population.

IV. The three expert groups operationalize their points in different ways:

SM and JF propose that — under the current functioning meta-population
including Russian wolves — the current population size of wolves in Sweden
(approx. 400) exceeds the threshold for FRP according to the criterion in the
Article 17 Guidelines: The estimates of Minimum Viable Population (MPV)
will, by definition, be lower than FRP. However, because the wolves cannot
yet be considered to be fulfilling their ecological role other than in a limited
part of Sweden, they propose that FRP be granted now, but to also let the
population grow to an ecologically effective 600 wolves with the conditions
that 1) immigration into Sweden continues with at least one effectively
reproducing migrant per wolf generation (5 years) as above; 2) a positive
average growth rate; 3) a meta-population size not declining by more than
25% over 3 years; and 4) continued efforts to increase social tolerance
including implementation of controlled hunting. Finally they recommend

that human-assisted translocation should be considered only as an emergency,
stopgap measure that is rarely initiated. Assisted translocations should only be
attempted if substantial efforts to improve natural migration from Finland and
Russia through northern Sweden to the south have already been implemented
for multiple years.

OL, CW, @F, CW, PW and HS argue for a flexible interpretation of the
Directive in light of the current controversy about wolves in Sweden and in
line with the LCIE guidelines. They argue that there is support for regarding
Ne = 50 as a short-term genetic MVP, provided there is at least one effective
immigrant per generation. This would amount to approximately 170 wolves,
and doubling this number (340) would satisfy the criteria for FRP to be larger
than MVP. By considering that Norway would host 40 wolves, they suggest a
FRP for the Swedish wolf population to be 300. They regard the Swedish wolf
population to be ecologically viable over a significant area of Sweden south of



the reindeer husbandry area. They recommend that immigration primarily is
natural, but can accept human-assisted translocation should there be an
unacceptably long break in the migration flow. Such translocations should
only occur with wolves that already have moved naturally into northern
Sweden.

GC relies on numerous and consistent rulings by the Court of Justice of the
European Union and documents from the European Commission which state
that the Habitats Directive must be interpreted strictly and on purely biological
grounds. If FCS is to be determined only by considering wolves on the
Swedish national territory and without adding wolves from other distant
populations in foreign countries, FCS will be achieved at 1700 wolves
(corresponding to Ne=500) or the country’s carrying capacity (preliminary
estimated at 1200 wolves), whichever is the smallest. If connectivity between
Sweden and Finland would drastically improve up to establishing a single
functioning population and if it is deemed compatible with the Habitats
Directive that a population in a Member State reaches FCS by considering
individuals belonging to the same population but in another Member State,
FCS will be achieved at half carrying capacity (preliminarily estimated at 600
wolves) to ensure the species ecological role, or at a larger size to have
Ne=500 given the realized connectivity. Importantly, the de facto ban against
wolves settling and breeding in Northern Sweden must be lifted as it typically
precludes the species from reaching FCS.
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The assignment

An updated synthesis on appropriate science-based criteria for “favourable reference
population” of the Scandinavian wolf (Canis lupus) population

Decision
As a contribution we herewith appropriate 406 800 SEK (260 000 SEK + SLU overhead) to
the Grimso Wildlife Research Station, Dept. of Ecology at the Swedish Univ. for Agricultural
Sciences, to be used for your research group carrying out the above-mentioned synthesis.

The report shall be submitted to the Swedish Environmental Protection Agency (SEPA) no
later than on August 31.

Background and specification

The Swedish Government has commissioned (Ref M2012/1490/Nm) the Swedish
Environmental Protection Agency (SEPA) to entertain an updated synthesis of the existing
viability assessments of the wolf (Canis lupus) in Scandinavia (i.e. Sweden + Norway) and,
on that basis, investigate what is required to ensure that the wolf is considered to have
favorable conservation status in Sweden and Scandinavia under the Habitats Directive (the
European Union’s Council Directive 92/43/EEC).

The Habitats Directive, which states that the habitats and species listed in its Annexes shall
have “favourable conservation status” (Article le and 1i), has EU Law & Directive Status
(http://ec.europa.eu/environment/nature/legislation/habitatsdirective/index_en.htm), and the wolf is
listed in Annexes 2 and 4. The most recent guidelines (Evans & Arvela 2011) for assessing
the conservation status of these habitats and species can be found at
https://circabc.europa.eu/sd/d/2c12cea2-1827-4bdb-bb56-3731c9fd8b40/Art17%20-%20Guidelines-
final.pdf). In this context, it is important to note that Sweden is a Member State of the
European Union (EU) and Norway is not.

The report shall include an updated assessment and short review of relevant scientific
results for population viability so far, and a synthesis focusing on what would be appropriate
science-based criteria for a favorable reference population (FRP; Evans & Arvela 2011) —
minimum population size and the minimum genetic connectivity with conspecifics in Finland
and/or Karelia — required to fulfill the FRP part of “favorable conservation status” of the
Scandinavian wolf population.

The EU Commission guidelines for the management of large carnivores at population level
(Guidelines for Population Level Management Plans for Large Carnivores, 2008, prepared by
the Large Carnivore Initiative for Europe
(http://ec.europa.eu/environment/nature/conservation/species/carnivores/pdf/guidelines_for p
opulation_level management.pdf), and the Note to the Guidelines for Population Level
Management Plans for Large Carnivores, European Commission, DG Environment,
01.07.2008) were developed due to the difficulties for individual member states to fulfill the
Habitats Directive’s requirements in the cases of carnivore species with low population
densities and cross-border populations These guidelines suggest that the minimum viable
population (MVP) shall be defined by the IUCN criterion E (the extinction risk based on a
quantitative viability assessment with the criterion < 10 % risk of extinction in 100 years) or
criterion D (the number of sexually mature individuals)
(http://jr.iucnredlist.org/documents/RedListGuidelines.pdf) and that the population status
must monitored by an appropriate method. Linnell et al. (2008) state that where knowledge is
available, it is appropriate to conduct a viability analysis to estimate the MVP. Both Linnell et
al. (2008) and Evans & Arvela (2011) state that the MVP is by definition smaller than the




FRP. In case of any disagreement between the Evans & Arvela (2011) and Linnell et al.
(2008) guidelines, the EU Commission has decided that the 2011 guidelines take priority.

The literature used for the synthesis should foremost be scientifically peer reviewed.
Relevant “grey” (not peer reviewed) literature and reports can also be considered/included,
but only if their reliability is clearly assessed in the text or in footnotes of the synthesis report.

A feature of the Scandinavian wolf population is that it was extinct in the 1970s and was
refounded by 2 wolves in the 1980s plus an additional immigrant in 1991. Not until in 2007-
2008 did two additional immigrants reproduce in Scandinavia, even though spontaneous
immigration from more eastern populations (Finland and Karelia) does occur; for example, 12
wolves immigrated during the period 2002-2009, i.e. averaging 1.5 per year. It is desirable
that the synthesis pays some consideration to this demographic and genetic history and
whether or not it should affect the FRP assessment and, if so, how.

There have been a number of PVAs or similar analyses and assessments done already; the
most recent one (SEPA report 6639; in press) by a senior conservation geneticist, Michael W.
Bruford (Cardiff Univ.). It examined the effects of immigration and population size on the
genetic diversity and inbreeding coefficient of the Scandinavian population, and will be made
available for you. This additional conservation-biological syntheses — addressing and
proposing appropriate criteria for FRP for the Scandinavian wolves — shall consider the
applicable parts of the Habitats Directive, the EU’s Guidelines (Linnell et al. 2008, Evans &
Arvela 2011), the relevant scientific literature and information, and also the genetic and
demographic history of the present-day wolf population.

A draft of the synthesis report is to be sent to the SEPA contact person no later than on
August 14, so that the draft can be discussed at a meeting in Stockholm on August 24. The
synthesis report shall be submitted to the SEPA no later than on August 31.

SEPA’s contact person is Per Sjogren-Gulve.

To receive the funds, fill in your department’s and university’s contact and banking details in
the enclosed requisition form, have it signed and send it to:

Naturvardsverket
Ekonomienheten, 2771
Att: Per Sjogren-Gulve
SE-106 48 Stockholm
Sweden

On behalf of the Swedish Environmental Protection Agency,

Maria Hornell-Willebrand
Head of the Wildlife Assessment Unit
The Research & Assessment Department



English summary

This report provides an updated synthesis on appropriate science-based criteria for
“favourable reference population” FRP for the Scandinavian wolf (Canis lupus) population
and present quantitative values on FRP. The assignment was given by the Swedish
Environmental Protection Agency to the SKANDULYV research group at Grimso, SLU,
Sweden. A thorough review of the ecology and genetics of the wolf population is provided,
including measurements of inbreeding depression in the population. Results from earlier
MVP analyses of the Scandinavian wolf population are presented, as are former suggestions
of FRP or other management goals for the population. A consensus was not possible to
achieve among all involved scientist, the results are therefore presented in two different parts.

OL, CW, OF, PW and HS suggest that the population value for FRP should be 340 for
Scandinavia, and 300 for Sweden. They argue that this Scandinavian sub-population should
be connected to a larger meta-population with the minimum size of Ne=500, corresponding to
approximately 1700 wolves, and the connection should be minimum one immigrant from the
large meta-population to the Scandinavian wolf population per generation. They acknowledge
a meta-population that includes also wolves living outside of EU territory, as long as there is
the stipulated connectivity.

GC evaluated FCS based on a strict interpretation of Habitats Directive informed by previous
rulings by the European Court of Justice and documents from the European Commission. He
finds that if Sweden cannot include wolves from outside its national territory to fulfill its
obligations under the Habitats Directive, FCS will be achieved at 1700 wolves (Ne=500) or at
the country carrying capacity. If on the contrary Sweden can include wolves living in a
separate population from another country to fulfill its obligations under the Habitats Directive,
FCS will be achieved at half the country carrying capacity (preliminarily estimated at
1200/2=600 wolves) or more according to the connectivity naturally achieved. Non EU
Member States cannot contribute to this meta-population.

There was consensus between all researchers that the target for the population inbreeding
coefficient should be 0.2 or lower.



Agreement of independent approaches and authors’ contribution

This report provides an updated synthesis on appropriate science-based criteria for
“favourable reference population” of the Scandinavian wolf (Canis lupus) population.
Defining such criteria has been a lasting debate among wolf researchers, quantitative
ecologists and geneticists in Sweden. One reason behind this debate is that the concept of
Favourable Conservation Status is written in law and is not straightforwardly interpretable in
quantitative ecological and genetic terms. Different interpretations can therefore emerge
depending on whether one gives more importance to the broader social context of the wolf
question or one follows instead a stricter textual interpretation of the Habitats Directive and
previous court decisions. Such competing interpretations are not un-common among scientists
involved in policy relevant research and SKANDULYV — the Scandinavian Wolf Research
Project is no exception. We, the authors of the report, have agreed and decided to expose our
diverging interpretations of the appropriate criteria for a “favourable reference population” of
the Scandinavian wolf population. We therefore provide two parts for the section “Proposed
criteria for FRP for wolves”. OL wrote the first part, which is endorsed by CW, OF, PW and
HS. GC wrote the second part (with contributions of legal scholars not co-author of the report
at Uppsala University) and not other parts of the report. We believe the approach to openly
expose how, by following a flexible or strict interpretation of the Directive, we reach different
conclusions is more informative and constructive than to force an agreement between
irreconcilable interpretations.



Population monitoring, research, colonization history, demography and
genetics of the recent Scandinavian wolf population

Methods in research and management

Monitoring

The Scandinavian wolf (Canis lupus) population has been monitored annually since the late
1970’s, at first by volunteers and later by professional field personnel (Wabakken et al. 2001).
From early 2000’s the responsibility for wolf monitoring in Sweden is at the regional
authorities (“lansstyrelserna”), and in Norway with Hedmark University College and with the
central authority “Statens Naturopsyn”. The monitoring of wolf numbers and distribution is
based on snow-tracking (2000 — 4000 km each year), and from 1998/99 also supported with
telemetry, and since 2002/03 with DNA-analyses of scats and urine (Liberg et al. 2012a).
Annually 400 — 500 DNA-samples are analysed within the monitoring program. Each winter
more than 100 professional field workers are engaged full time or part time with snow-
tracking and with collection of DNA-samples. Monitoring results are analysed and presented
in annual reports (by the Wildlife Damage Center in Sweden and Hedmark University College
and Rovdata in Norway), using strict and standardized criteria for determining number of
family groups (packs), reproductions, pairs, and single individuals (Wabakken et al. 2006,
Liberg et al. 2012a, Wikenros et al. 2014). A detailed description of the monitoring
organization and methods is given in Appendix 1.

Research

The Scandinavian Wolf Research Project (SKANDULYV) was founded in January 2000, and is
a consortium of independent research projects based at seven universities in Sweden and
Norway. Research activities and coordinated data are shared within the research project and
information is distributed among expert groups, management authorities, and the public. One
Swedish and one Norwegian ecological research project comprise the core of SKANDULYV,
along with associated national projects focusing on genetics, population modelling, veterinary
medicine and pathology, sociology and depredation. SKANDULYV also has cooperation with a
large number of international wolf research groups distributed over Europe and North
America (Aronson et al. 1999, Pedersen et al. 2005, Wabakken et al. 2007, 2014).

Wolf research in Scandinavia includes radio-collaring of wild wolves and have so far included
156 collared wolves, representing 210 “wolf years” (number of years each wolf was
instrumented summed up for all wolves). Research on genetics include samples taken from
live-captured and from retrieved dead wolves, but also from faeces and urine found during
snow-tracking (Liberg et al. 2005, 2012a). An overall objective (also shared with the
monitoring goals) is having DNA-profiles for each year from all territorial wolves (both
wolves in established pairs not yet breeding, and both parents in family groups). Analysis of
mortality, movements, spacing and other social aspects including predation is based on radio-
telemetry. Estimates of reproduction are based on visits at dens for radio-marked packs,
counting number of individuals in family groups during snow-tracking supplemented with



DNA-analyses. For further details of research methods, see Bensch et al. (2006), Liberg et al.
(2005, 2012a), Sand et al. (2005, 2006b), Wabakken et al. (2001, 2006), and Wikenros et al.
2013.

Colonization history and number of founders

Like in most of the western world, wolves in Scandinavia have been heavily persecuted since
early history. When finally the modern 20" century view of nature and its preservation also
came to embrace the wolf in Scandinavia, with total protection in Sweden in 1965 and in
Norway in 1972, it was too late. The last confirmed breeding occurred in 1964, in
northernmost Sweden (Wabakken et al. 2001). By 1970, the wolf was regarded as
functionally extinct in Scandinavia, and also for most of Finland, except possibly a few packs
living close to the Soviet/Russian border. In the Soviet Union, which at that time also
encompassed all the Baltic countries, there still existed a large wolf population, from which
dispersers repeatedly established in eastern Finland, and occasionally some even reached
northern Scandinavia.

In the late 1970’s reports of wolf sightings increased markedly including the south-central
part of the Scandinavian Peninsula, and in 1983 biologists recorded the first litter (Wabakken
et al. 2001). DNA-analyses later revealed that the wolves in this breeding pair were
immigrants from Finland/Russia (Figure 1; Vila et al. 2003, Liberg et al. 2005). The same pair
continued to produce litters until 1985, and incestuous breeding by a sequence of various
constellations of wolves continued within this pack until 1991, when the first reproduction
outside the original territory was observed 250 km north-east. A reconstruction of the DNA-
profiles of the two breeding wolves in this new territory by samples obtained from their
offspring showed that the male in this pair was a new immigrant from the east (Liberg et al.
2005). After 1991 the number of breeding pairs increased rapidly (Figure 1) with five
breeding packs in1997 and 19 in 2007. The number of individual wolves in 2007 was
estimated to 188 & 22 (Wabakken et al. 2008). At that time the entire population was founded
by only three individuals. A detailed record of how the origin and relationships among
individual wolves in this early phase of the wolf colonization of Scandinavia is given in the
Supplementary Material in Liberg et al. (2005).

After 1991, another 20 immigrant wolves have been recorded by DNA in Scandinavia. Most
of these immigrants were recorded in the reindeer area in northern Scandinavia, where
typically they were either legally killed due to depredation on reindeer, or contact was lost
after a short time. A small number of these wolves managed to reach the breeding wolf range
in central Scandinavia, and only four of them successfully bred (Figure 2). Two males arrived
in 2006/2007 and both started breeding in 2008. By 2014, twenty offspring (called F1) from
these two immigrants had bred successfully. In late 2012 another two migrant wolves from
the Finnish/Russian population established as a pair in northern Sweden. As this was inside
the reindeer husbandry area, the authorities decided to translocate them to southern Sweden.
This was done in February 2013, and the wolves accepted their new environment and
established a territory around the releasing point. They reproduced already the same spring
(2013), and again in 2014 (Figure 2). By winter 2014/15 no offspring from this pair has
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Figure 1. The recolonization of the Scandianvian Peninsula by wolves from the eastern
population in Finland and Russia and establishment of new breeding territories in
Scandinavia during the 1980°s and 1990’s. The eastern wolf population is denoted in dark
gray. Filled rings are breeding territories, unfilled rings are former territories no longer

active. Arrows go from natal population/territory to establishement territory (not shown for
1997 map).

yet bred, and therefore this new pair cannot yet be included as founders of the recent
Scandinavian wolf population in addition to the first five wolves.

Demography

The Scandinavian wolf population is expanding in an environment that is favourable
concerning resources (space and prey) but hostile concerning human tolerance. These aspects,
as well as genetic problems, both exert influence on the demography of the population. Below
we give a brief description of the basic demographic and genetic characteristics of the
population as based on the more than 15 years of research performed.
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Figure 2. Recorded lmmlgrants to Scandinavia from the Finnish/Russian wolf population
1977-2015 (n = 27). Immigrants that have managed to breed and contribute to the recent
Scandinavian wolf population are marked in green, immigrants that have failed to breed
before death/disappearance are marked in red. Two immigrants that bred in 1977 but did not
contribute to the recent population are marked in yellow. Two immigrants that established as
a pair in the reindeer area in northern Sweden in 2012 but were translocated to southern
Sweden in winter 2013 before their first breeding are marked with blue in their first
established territory and with green in their final territory. The translocation route is marked
with black arrow. The approximate breeding ranges of the Scandinavian and the eastern
Finnish/Russian wolf populations are marked with transparent red. The border between
Scandinavia (Norway + Sweden) and Finland/Russia is marked with a continuous red line.
The southern borders of the Scandinavian and the Finnish reindeer husbandry areas are
marked with dashed red lines.

Number of family groups, reproductions and litter sizes

The number of wolf family groups (packs) in Scandinavia (see Liberg et al. 2012a for
definition) has increased from one in the winter 1990/91 to 49 in 2014/15. The number of
wolf packs where reproduction has been confirmed is for some years slightly lower, but has
increased from one in the winter 1990/91 to 46 in 2014/15 (Figure 3). Total number of
individuals has not been counted in both Sweden and Norway since 2003, and has since 2011
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Figure 3. Number of family groups in early winter in the Scandianvian wolf population 1991-
2015. The year denoted on the x-axis refers to the first part of the winter. i.e. 1990 represents
for the winter 1990/91.
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Figure 4. Number of reproductions in the Scandinavian wolf population 1990-2014.
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been calculated based on number of reproductions. For the winter 2014/15 population size
was estimated to 460 with a minimum of 364 and a maximum of 598 (Anon. 2015).

Litter sizes are recorded on snow during winter. We limit our estimates to first-born litters
(primiparous) only, as it is impossible to differentiate between tracks from pups of the year
and older siblings in packs that have bred more than once (multiparous). For the 1983-2011
period (total number of animals in each pack was not recorded in the same strict way after
2011 in Sweden) the average winter litter size was 3.6 (CI & 0.3, range 1 — 8). During 1991-
2001 the average winter litter size was 4.1. Thereafter, the average litter size declined to 3.5
during 2001-2005, and later to 3.2 for the 2006-2007 period. This decline could be a result of
ongoing inbreeding depression (Liberg et al. 2005), but none of these changes in litter size
have yet been statistically confirmed. After the two new immigrants started breeding the mean
litter size has again increased to 3.6 in 2008-2009 and 3.4 in 2010-2011. This is similar to the
average winter litter size of 3.6 in the Finnish wolf population for the period 1998-2011 (1.
Kojola, pers. com.).

Winter pack sizes have averaged 6.0 wolves (range 3-11, pairs not included) for the entire
study period, which corresponds well to the average reported for a large number of North
American (Figure 5) wolf populations living on deer and moose (Fuller et al. 2003), and is
well above the size of packs reported for another newly established expanding wolf
populations (Wydeven et al. 1995).

Litter size in winter for
first time breeders

Figure 5. Litter size (mean number of pups in packs in early winter) for a number of North
American wolf populations (black, Fuller et al. 2003), for the Finnish wolf population in the
period 1998-2011 (blue. 1. Kojola pers. comm.) and for the Scandinavian wolf population
during five different time periods (vellow).
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Survival and mortality causes

Poaching has been found to be the strongest single mortality cause in the Scandinavian wolf
population (Liberg et al. 2008). A large part of that is due to what we have termed “cryptic
poaching”, i.e. a poaching that is not verified with the help of a dead body or other physical
evidence (Liberg et al. 2012b). This makes poaching difficult to quantify but this problem can
be overcome with the help of a sophisticated modelling technique including multiple sources
of data, including both radio telemetry (104 radio marked wolves, representing 141 “wolf
years”’) and monitoring data (Liberg et al. 2012b). According to this analysis total annual
mortality between 1998 and 2009 was 0.29, which corresponds to a survival of 0.71. Poaching
accounted for no less than 51% of the total mortality, and two thirds of this was classified as
cryptic poaching (for information on variance and other details, see Liberg et al. 2012b). It
was also possible to demonstrate the effect of this mortality on population growth. In the
period 1999-2009 the population increased from 74 individuals to 263 with an annual growth
rate of 13.5%. A population simulation with all poaching excluded between 1999 and 2009
gave a population in 2009 of 990 instead of the actual number of 263 (Figure 6). Although it
is quite possible that other mortality causes would have increased in such a scenario, e.g. legal
harvest or density effects, this simulation demonstrates the dramatic effect of poaching on the
potential for population growth.
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Figure 6. Census estimates of the wolf population in Scandinavia (filled black squares) and
modelled population with poaching (red squares and lines, 95% credible interval shown by

dashed lines) and without poaching (blue squares and line) during 1999-2009. From Liberg
etal. 2012b.
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The results of the Liberg et al. (2012b) report do not deviate much from unpublished results
based on a larger data set, covering the whole period from 1998 to early 2015 (SKANDULV
unpubl. data). This dataset includes 149 radio-marked wolves, representing 198 “wolf years
(Table 1). Seven wolves that have been marked in the reindeer area are excluded from this
dataset. Overall survival for this whole period was 0.74, which is close to the earlier estimate
of 0.71. Territorial animals had a survival rate of 0.79, whereas subordinate adult pack
members had a survival of 0.61 and survival of dispersing animals was as low as 0.41. The
proportion of the mortality caused by poaching was almost identical to the earlier results
(52% vs. 51%). Legal killing comprised 23%, traffic 9% and natural causes (disease, age,
trauma) another 17% of total mortality. Total annual survival rates of 0.75 correspond well
with the average for many wolf populations in North America (Fuller 1989, Fuller et al. 2003,
Adams et al. 2008, Smith et al. 2010). This is somewhat lower than what is typical for non-
harvested wolf populations (Ballard et al. 1987, Hayes and Harestad 2000) but well above the
level typical for declining populations (Ballard et al. 1987).

Table 1. Cause specific annual mortality rates (%) for the period 1999-2014 among radio
marked Scandinavian wolves split up on age- and social classes. For total mortality also 95%
confidence intervals are given. Observe that the same wolf individual can occur in different
classes as it is growing and changes from one social class to another. Therefore the figure for
“All wolves” is smaller than the sum of all individuals split up on categories in column “N
radio marked”.

Cause specific annual mortality rates

Category N radio Wolf N Natural Traffic Leg Confirmed Prob.  Total
marked years dead harvest illegal legal mortality

Terr.males 50 72.0 14 5.0 0 2.7 2.6 8.8 17.949.6

Terr. 49 77.8 20 2.5 2.5 6.6 0 13.6 23.5+10.4

females

Subord. 27 14.1 4 22.2 0 0 20.0 0 38.8+14.4

pack adults

Dispersers 44 20.3 17 4.2 12.5 22.4 22.6 17.7 59.249.3

Pups 54 14.2 2 2.1 1.9 0 0 0 4.0+5.1

All wolves 149 1983 57 4.8 2.6 6.5 4.3 10.9 26.3+6.1

In another report Liberg et al. (2011), demonstrated a significant reduction of poaching and of
total mortality in Sweden during the 2006-2011 period, compared with the 1998-2005 period.
No corresponding change could be detected in Norway. Unfortunately, no more recent
analyses have been performed on this aspect.
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Population growth

The Scandinavian wolf population has had a positive growth almost every year since the third
founder started breeding in 1991 (Figure 3 and 4). As all categories of individual wolves have
not been recorded in all of Scandinavia since 2003, we do not here present rates of increase
based on individuals, but on the number of family groups and reproductions. As these two
parameters follow each other rather closely, the growth rates based on them also do so. For
family groups, the intrinsic rate of increase () between 2003 and 2014 (early winters) was
0.132 resulting in a lambda 1.14 (14% annual increase; Figure 7). For reproductions
corresponding figures were 0.125 and 1.13 (13% annual increase; Figure 8).
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Figure 7. Trendline of population growth for family groups (transformed to natural
logaritms) in the Scandianvian wolf population 2003-2014. Intrinsic growth rate (r) for the
total period = 0.132. lambda = 1.14. The years on the x-axis refer to early winter. e.g. 2003
refers to the winter 2003/2004.
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Figure 8. Trendline of population growth for number of reproductions (transformed to
natural logaritms) in the Scandianvian wolf population 2003-2014. Intrinsic growth rate (r)
for the whole period = 0.125 with lambda = 1.13.

Distribution

The present breeding range of wolves in Scandinavia covers a continuous area in the southern
boreal zone of south-central Scandinavia (Figure 9 and 10). Including gaps within the range, it
covers approximately 120,000 km® of which 100,000 are in Sweden and 20,000 in Norway.
This wolf distribution area covers approximately 25% of Sweden'’s total land-area. Most of
Sweden, excluding the reindeer area, with the highest suitability for wolves as determined by
Karlsson et al. (2007), is now occupied by wolf territories (Figure 9). But vagrant wolves and
stationary single wolves are recorded in increasing frequency all over the country outside the
breeding range, both in the reindeer area which covers almost half of Sweden, and in the
south (Figure 10). Every year young wolves try to establish both in the reindeer area and in
the south, but are either killed legally in control operations due to depredation on livestock
and domestic reindeer, or they simply disappear from the area which may have multiple
potential explanations, where poaching likely constitutes the major candidate. In the south
also traffic kills takes a heavy toll (Table 1).
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Figure 9. Wolf habitat suitability and distribution of wolf territories during the winter
2014/15 in Sweden. Also wolf territories in the Norwegian part of the wolf breeding range are
denoted. The Scandinavian wolf breeding range in 2014/15 is denoted with thick black line.
Territories with family groups or pairs are denoted with circles. The reindeer husbandry area
in northern Sweden is shaded in gray. The background colors of southern Sweden mark the
suitability for wolves with darker red/brown showing higher suitability. Developed from
Karlsson et al. 2007.
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Figure 10. Confirmed wolf observations in Scandinavia from January 2011 to June 2015. The
Scandinavian wolf breeding range in 2014/15 is denoted with a red line.
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Dispersal

Out of 42 Scandinavian wolves radio-marked as pups between 1998 and 2010, 81% dispersed
from their natal territory. Average straight-line dispersal distances from the natal territory to
the place where they finally settled was 89 km for females and 139 km for males, but the
variance was large, and some wolves dispersed very far. In Figure 11 we present straight-line
dispersal distances for 25 wolves that moved further than 400 km. Many of these died during
dispersal meaning that the real dispersal distance for those would have been even longer. The
longest dispersal distance we have measured concerns a female born in 2002, who moved
from SE Norway (the Gréfjell territory) to northern Finland where she established with a male
close to the Russian border. The straight-line dispersal distance was 1092 km, but it was
estimated that she totally had moved more than 10,000 km (Wabakken et al. 2007). Recently
we have recorded a similarly long dispersal from a male born in in SE Norway in 2012 that
have dispersed to northern Karelia in Russia.
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Figure 11. Dispersal distances for 25 wolves that moved more than 400 km from their natal
territories in the period 1984 — 2013 in Scandinavia. The origin for each wolf is based either
on radio marking or DNA analysis of wolves found dead. End-point of arrow either shows the
last radio position or the place where the wolf was found dead.
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Genetics

The Scandinavian wolf population has some typical characteristics for being in a critical
genetic situation. It is small, isolated, and has a narrow genetic basis. Up to 2007 when the
population size was close to 200 wolves, it was based on only three founders. An expected
consequence of this situation was a rapid increase of inbreeding levels, and evidence of
inbreeding depression has been demonstrated (Liberg et al. 2005, Bensch et al. 2006,
Réikkonen et al. 2013). Recently, the situation has improved since two new wolves entered
the breeding population in 2008 by natural immigration, and another two were artificially
translocated from the Swedish reindeer range in 2013. These new migrants have halted the
increase of the inbreeding level, and even depressed it somewhat (Figure 12). To continue this
decreasing trend however, more genetic input from outside is needed.
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Figure 12. Average inbreeding coefficient (F) for family groups 1983-2014 (SD dashed lines).

Fortunately there exists a very good knowledge of the genetics of this population. The core of
this knowledge is a near complete pedigree of the population, going back to the first founder
(Liberg et al. 2005). The reasons for that this pedigree (Figure 13) could be constructed are
partly the same as is causing the genetic problems for the population, namely few founders
and a small population. The recent origin of the population, and the small number of founders
entailed that enough DNA-samples from the early phase of the population’s history allowed a
reconstruction of its complete pedigree, from the first two founders up to present (Liberg et al.
2005).

Material and analysis methods

For identification and parentage analysis we have used between 19 and 36 microsatellite
markers. The markers used depended on the year of analysis where more markers were used
from 2010 and onwards in order to increase information content and to increase the
comparability between analysis made by Swedish and Norwegian laboratories (Grimso
Wildlife Research Station, SLU and NINA, Trondheim, respectively). Samples for
microsatellite analyses were derived both from dead and live-captured radio-collared wolves,
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and noninvasively, primarily from scats, and less frequently from hair and blood in snow. For
description of the laboratory methods, see Liberg et al. 2005 and Akesson et al. (in review).
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Figure 13. Pedigree of the Scandinavian wolf population for reproducing pairs during 1983-
2014. Pairs are visualized from left to right in the order of year they first reproduced. Below
each pair is the inbreeding level (F) denoted for their offspring. IM represents individuals
with an origin outside the Scandinavian wolf population. Pairs denoted by a circle have not
been able to link to any known reproducing pack in the population. The abbreviations of each
pair are further explained in Table 1.

The number of samples analyzed per year has increased with the growing wolf population.
Recently between 1500 and 2000 samples are sent in to the two laboratories each year, of
which approximately 1000 are analyzed. The ambition is that at least all the territory marking
animals in packs and pairs should be identified each year. In our database there are now 1445
different individual DNA-profiles, which correspond to between 85 and 90% of all wolves >
6 months old that have ever existed in this population since it was founded in 1983. The
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pedigree contains 199 different breeding pairs, of which complete genetic relationships has
been possible to reconstruct for 192 pairs (Akesson and Svensson 2015).

Development of inbreeding and genetic variation

During the 1980’s and early 1990°s the average inbreeding coefficient F (calculated as the
mean of F for offspring to all breeding pairs for the respective year, not weighted for variation
between pairs regarding number of offspring) varied largely due to small number of breeding
pairs (Figure 12). From the mid-1990’s, the inbreeding coefficient increased steadily until it
peaked in 2006. After that the increase has been halted, and there even has been a small
decline during the following eight years. This decline has also been expected because in 2008
the two new migrants started breeding and later also their F1 and F2 offspring have entered
the breeding section of the population. The possible positive effect of the latest migrants in
the Tiveden territory has not been included in this analysis yet, as the genetic relation between
the partners in this pair is not yet resolved.

Also the genetic variation, measured as multi-locus heterozygosity in 30 microsatellites, has
been affected by the new migrants and their offspring. It decreased until 2007, after which it
has stabilized or even shown a small increase (Figure 14). Also the number of alleles in our
sample of microsatellites decreased through genetic drift in the early phase of the population,
but after the third migrant arrived in 1991, it has increased steadily with each immigration
event (Table 4). On a sample of 30 microsatellite loci, the total number of alleles has
increased from 88 in the first breeding pair in 1983 to 147 in 2014. A total of 151 alleles have
been brought to the population by the seven founders (including the Tiveden couple). Eleven
alleles have been lost through genetic drift, but of these 7 have been restored later by
immigrants.
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Figure 14 a and b. Development of multi-locus heterozygosity MLH in 650 wolves with known
vear of birth in the Scandinavian wolf population from 1978 to 2014. Each wolfis assigned to
its year of birth on the X-axis.
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Table 4. Contribution of new alleles on 30 microsatellite loci by the founders of the
Scandinavian wolf population, number of these alleles lost by drift, and number of those lost
that have been restored by later immigration.

Year/ Founders New Lost Lost alleles | Tot alleles in
Period alleles alleles restored pop
1983 Nyskoga pair 88 88
1983-1991 9
1991 | Gillhov male 21 1 101
1991-2008 2
2008 | Galven + Kynna males 30 5 134
2008-2013
2013 Tiveden pair 12 1 147
Total 151 11

Evidence of inbreeding depression

Already in 2005 a negative effect of inbreeding was demonstrated on winter litter sizes in the
Scandinavian wolf population (Figure 15; Liberg et al. 2005) in an analysis that covered the
first 20 years of the population’s existence (1983-2002). This negative effect remains using an
extended data set reaching up to 2013 (Figure 16), but the relationship has been weakened
(linear regression: r* declined from 0.39 to 0.20).
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Figure 15. Litter sizes in early winter for first born litters in relation to the inbreeding
coefficient of the pups in the Scandinavian wolf population in the period 1983-2002. Small
dots refer to one data point each, medium-sized to two data points and large to four data
points. Inbreeding levels corresponding to parent-offspring or full-sib mating and self-
fertilization are indicated (From Liberg et al. 2005).
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Figure 16. Same as in Figure 15 but with data extended over a longer period (1983-2013).

There has also been demonstrated an increase in the frequency of congenital malformations
with time in the Scandinavian wolf population, that has been claimed to be connected to the
simultaneous increase in inbreeding level in the population (Riikkdnen et al. 2013). In a
sample of 171 necropsied Scandinavian wolves born between 1978 and 2011, all kinds of
malformations were found, but vertebrae and teeth were examined in deeper detail. A total of
63 cases of malformations (37% of all examined) were found, with 50 occurring in vertebrae
and teeth and 13 in soft tissue. Frequency of malformations increased from 13% to 40%
during the period (Figure 17).

However, a draw-back with this study was that malformation frequency was not correlated
directly with inbreeding coefficients, but with time, using the assumption that inbreeding
increased with time. In a sample of 282 wolves necropsied at the Swedish National Veterinary
Laboratory between 1978 and 2014 where 59 malformations in 52 different individuals were
reported (18%), failed to support a correlation between the frequency of malformations and
inbreeding coefficient (Figure 18). This is puzzling and an indication that some of the strong
conclusions drawn by Rdikkonen et al. (2013) might have been premature. The two data sets
are not identical, but the overlap is large. There was a higher frequency of anomalies in
vertebrae and teeth found in the sample of Rdikkdnen et al. (2013) due to their deeper and
more detailed analysis of these organs, while SNVL-sample was larger covering a period up
to 2014. The ratio between anomalies in hard tissue (vertebrae and teeth) and soft tissue
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Figure 17. Relationship between year of birth and incidence of congenital pathology in
Scandinavian wolves born between 1978 and 2010 (n=171). The wolf born in 1978 is the
founding immigrant female. The solid line is the predicted logistic regression line which
includes an estimate for the slope and intercept. The dashed line is the weighted average of
two models, the model that includes an estimate of the slope and intercept and a model
including only an intercept (i.e. assumes no trend). Each circle is the proportion of wolves
observed for a particular year with some kind of congenital pathology. The size of each circle
represents the number of wolves observed each year. There are five sizes of circles
representing sample sizes of 1, 2-3, 4-6, 7-9 and 9 to 19 (from Rdikkonen et al. 2013).

(aorta, heart, kidneys and testis) in the latter sample was 35 to 24, as compared to 50 to 13 in
Réikkdnen et al. (2013). When the two types of anomalies were split up in SNVL-sample,
there was a tendency for soft tissue material to correlate with inbreeding coefficient, but no
such trend were find for hard tissue (Table 2). This could indicate that some of the anomalies
of the latter type indeed are not congenital or are ubiquitous in the population with no or little
natural selection against them. The trivial nature of some of these anomalies with little or no
effect on fitness, as also pointed out by Réikkdnen et al. (2013), might support the latter
interpretation.
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Figure 18. Frequency of all recorded malformations found in 282 wolves necropsied at the
Swedish National Veterinary Laboratory in the period 1978 -2014 at different levels of
inbreeding. Chryptorchism and testis anomalies that only can occur in males are weighted for
the proportion of males in respective sub-group (SKANDULYV unpubl.).

Irrespective of how well or poor the malformations in the Scandinavian wolf population
correlate to the inbreeding coefficients, their total frequency still is relatively high which
makes it difficult to completely dismiss some link to inbreeding (Figure 18). However, when
comparing frequencies of single types of anomalies in the Scandinavian wolves with those in
other strongly inbred carnivore populations, like the Florida panther (Roelcke et al. 1993) and
the wolves on Isle Royale (Riikkonen et al. 2009) they are still rather modest (Table 3).

Table 2. Frequencies of anomalies in two types of organs at two different inbreeding levels
(F) found in 282 wolves necropsied at the Swedish National Veterinary Laboratory in the
period 1978-2014.

F=10.0-0.24 F=0.25-0.45

N necropsies | N Malformations | N necropsies | N Malformations

Soft tissue 83 6 (7 %) 199 25 (12 %)

Hard tissue 83 12 (14 %) 199 20 (10 %)
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Table 3. Frequencies of three types of morphological malformations in three different large
carnivore populations. LSTV stands for “lumbo-sacral transitional vertebrae”, a
malformation in the hip region of the spine. References within parentheses are: SKANDULV
unpublished data (1); Roelcke et al. 1993(2); Rdikonen et al. 2009 (3).

Scandinavian wolves (1) | Florida panther (2) | I. Royale wolves (3)

Heart/aorta 0.7% (1) 18% (2)
Kryptorchism 7% (1) 80% (2)
LSTV 10% (3) 33% (3)

Pairing and breeding success of migrant offspring compared with inbred offspring
Interestingly, the first generation offspring (F1) of the two migrants that started breeding in
2008, had a significantly higher pairing and breeding success than their contemporary inbred
counterparts (Akesson et al. in review). Among the 28 migrant offspring that were born
between 2008 and 2010 and that were not legally shot before reaching pairing age (1.5 years),
18 (64.3%) managed to find a partner, which is a significantly higher proportion than the 33
of 93 (35.5%) inbred offspring, also born between 2008 and 2010, that managed to form a
pair (* = 7.32, p = 0.007).

The difference was even larger concerning how many succeeded to breed. Among the 27
migrant offspring that were not legally shot before reaching breeding age (2 years), 14
(51.8%) managed to breed, compared with 17 of 85 (20.0%) inbred offspring (* = 10.38, p =
0.001). This disproportionate success of the migrant offspring has contributed significantly to
the decrease in average inbreeding coefficient seen in the population after 2007. After only
one wolf generation, these two migrants together contributed with some 15% of the genetic
variation in the population. In winter 2014/15 there were 68 family groups or territorial pairs
in the Scandinavian wolf population, of which 38 (56%) contained at least one migrant, or an
F1 or F2 migrant offspring.
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Earlier viability analyses of the Scandinavian wolf population

There has been produced a number of viability analyses of the Scandinavian wolf population
between the second half of the 1990s and 2014.

Ebenhard and Johnsson 1996-2000

Johnsson & Ebenhard (1996), Ebenhard (1999) and Ebenhard (2000) used the computer
programme package Vortex (Miller and Lacy, 1999), to simulate the development of the
population 100 years into the future. As there were very little hard data on the demography of
the Scandinavian wolf population available at that time, they ran a number of scenarios with
different demographic and genetic data as input values, including varying lambda between
1.02 and 1.35. Even in the worst scenario, including inbreeding effects and 3.0 lethal
equivalents per individual, they found that a population without immigration and with a
management ceiling of 200 individuals was enough to keep extinction risk in 100 years below
5%. To retain at least 95% of the genetic variation for 100 years, they however found that the
population without immigration could not be capped lower than 500 wolves.

Nilsson 2004

Nilsson (2004) also used the Vortex program for a PVA of the Scandinavian wolf population.
Like Johnsson and Ebenhard he tested different input values, but restricted the analysis to
three scenarios (A, B and C), where scenario A had the presumed most likely demographic
and genetic input values, while B and C had more pessimistic input values, B regarding
demography and C genetics. The number of lethal equivalents ranged between 1.57 and 6.1 in
the different scenarios. He included environmental variation and also infrequent larger
catastrophes in the simulations, but his model population was closed with no immigration. He
investigated both what he called short time perspectives (100 years) and long perspectives
(1000 years). An interesting result was that a small, but closed, population that is viable for
the first 100 years still may go extinct in a 1000 year perspective, indicating a late threshold
effect of inbreeding. In his most optimistic Scenario A, a population where the management
ceiling was as low as 400 was enough to keep extinction risk for 1000 years below 5%. In the
more pessimistic scenarios, the population ceilings had to be at least 1300 (Scenario B) and
3000 (Scenario C), respectively.

The Fdrna meeting 2002

In 2002, there was held a 3-day workshop on the genetic problems of the Scandinavian wolf
population with six invited international experts on population genetics or wolf ecology, the
so called Farna-meeting (Liberg 2006).

The most important conclusions of the workshop were:

* The Scandinavian peninsula (Sweden + Norway) is probably too small to hold a long-term
(> 100 years) viable wolf population on its own. Therefore promotion of immigration of
wolves from Finland/Russia should have highest priority.

* The present narrow genetic basis of only three wolves makes this recommendation even
more important.
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* One or two immigrating wolves per wolf generation (approx. 5 years) would guarantee
enough genetic variation for long-term viability.

* The ratio between total population and genetically effective population (Ne/N) for
Scandinavian wolves range between 0.25 and 0.33.

* Even with a satisfying rate of immigration, the effective population size Ne should not be
smaller than 50, i.e. 150 — 200 wolves in total with a Ne/N ratio of 0.25 — 0.33.

« If there, despite all efforts is no further immigration of wolves, the population should retain
at least 95% of its present genetic variation for the next 100 years, which would need a
minimum effective population of approximately 200, giving a total population of 600 — 800.

Chapron et al. 2012

The first PVA of the Scandinavian wolf population based entirely on data from this
population was performed by SKANDULYV on a request to from the Swedish government via
an assignment from the Swedish Environment Protection Agency SEPA in summer 2012
(Chapron et al. 2012). For the analyses three population models with increasing level of
structural complexity were used. The models were specifically designed for the Scandinavian
wolf population. The models were purely demographic, not considering the genetics. The
reason genetics was not included in the analyses was that the deadline given for the report was
extremely short. As stated in the assignment, the analyses aimed at estimating what is the
minimum demographically viable population of wolves in Scandinavia under [IUCN Red List
criterion E (excluding genetic criteria). This criterion proposes that for a population to qualify
as not being “Vulnerable” or any more serious threat category, a quantitative analysis should
show that the probability of extinction is less than 10% within 100 years (IUCN 2003, 2006).

Similar simulations for all three models were run. Given that genetics is no problem, the
results showed that a population of 38 wolves with a demography like the Scandinavian wolf
population was large enough to keep the risk of stochastic extinctions below 10%, and with
42 wolves the risk decreased to 5%. There was no detrimental environmental variation or
larger catastrophes included in this analysis. Scenarios, with catastrophes of varying intensity
and frequency included, demonstrated that a population capped by management at a ceiling as
low as 100 individuals could sustain (extinction risk < 10%) single catastrophes which killed
up to 90% of the population, if their frequency was not higher than two per century (Figure 19
and 20). With the same management ceiling the population could sustain up to 5 catastrophes
per century if they did not kill more than 70% of the population each time. It was also
concluded that there is no evidence that increased environmental fluctuations may seriously
affect wolf viability, as the required frequency and intensity of catastrophes, which would
make a MVP unviable remain unsupported by empirical data on catastrophes for any wolf
population in the world.

Liberg and Sand 2012

In autumn 2012, SKANDULYV was asked by SEPA to complement its demographic PVA
from the same year with genetic aspects. A report was delivered in October 2012 (Liberg and
Sand 2012). No new analyses were made and the report was based on a literature review
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Figure 19. Extinction probability as a function of population cap for a theoretical population
with parameters obtained from the Scandinavian wolf population. Horizontal grey lines are
5% (dashed) and 10% (continuous) threshold of extinction risk. From Chapron et al. 2012.
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Figure 20. MVP contour curves with extinction risk of 10% as a function of frequency of
catastrophes and of intensity (mortality (%) due to the catastrophe) for a theoretical
population with parameters obtained from the Scandinavian wolf population. Irregular
patterns are stochastic artefacts. The four curves are scenarios with populations capped at
40, 50, 75 and 100 individuals respectively. An example: with a frequency of two catastrophes
per 100 years a population capped at 40 individuals can sustain a loss of maximum 55% to
keep the extinction risk at maximum 10% while a population capped at 100 individuals can
sustain a loss of up to 90 % to keep the extinction risk below 10 % (from Chapron et al.
2012).

32



and on earlier analyses. In the report it was stressed that assumptions play a much larger role
in genetic PVAs than in pure demographic PVA's, especially concerning the effect that loss
of genetic variation can have on extinction risk (“...the effects of inbreeding depression on
individual fitness and population growth can normally be incorporated in standard PV As,
such as those generated by VORTEX, but the potential harmful effects of loss of adaptability
on population viability cannot...” ; Jamieson and Allendorf 2012). Typically, the population
size needed to retain a certain amount of genetic variation is larger than the size needed to
cope with inbreeding depression (c.f. the so called “50-500 rule”; Franklin 1980). It was
however also pointed out that the need for genetic variation to retain the evolutionary
potential of the population refers to the global rather than the local population as long as there
is some gene flow into the latter (Hoegh-Guldberg et al. 2008, Jamieson and Allendorf 2012).
This turns the attention away from focus on population size per se, to the demand for genetic
inflow, which also was the approach chosen for the report. Instead of trying to give a certain
population size to reach a genetic MVP, the relation between different immigration scenarios
and resulting levels of inbreeding and genetic variation was discussed. No definite
recommendation on migration flow was given.

In this report a graph was presented to illustrate how much genetic variation is lost from a
population that is cut off from a large metapopulation (figure 21). The graph was originally
presented by Ryman and Laikre ( 2009). It is based on theoretical population genetics and is
described in Ryman and Leimar (2008). However, its relevance for the Scandinavian wolf
population has beeen questioned, and the authors of the report (Olof Liberg and Hakan Sand)
have later advised against using it for the purpose of describing retention of genetic variation
in the Scandinavian wolf population (Liberg et al. 2013).
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Figure 21. Remaining degree of heterozygosity [H(t=20)/H(t=0)] after 20 generations (=100
vears) at different effective population sizes (Ne) and for different immigration frequencies.

Migrants come from an infinitely large population (reproduction of Figure 3a in Liberg &
Sand 2012).

Bruford (2015)

As it has become increasingly clear that genetic connection with other populations is the key
component for the viability of the Scandinavian wolf population, SEPA asked in November
2013 the English conservation geneticist Michael Bruford to perform a PVA with special
emphasis how many effective immigrants per generation will be needed to prevent significant
inbreeding or loss of variation (Figure 22, 23, 24). A final report was delivered in July 2015.

Bruford used the Vortex program, where he tested two different models — (1) the pedigree
plus supplementation model and (2) the allele frequencies and dispersal model - to simulate
trajectories of the inbreeding coefficient and genetic variation. Both models utilized real data
available from Scandinavia and neighboring populations. An important difference between
the two models is the way inbreeding is measured. The pedigree plus supplementation model
estimates the inbreeding coefficient from the degree of co-ancestry between two individuals,
as given from the pedigree. The allele frequencies and dispersal model utilizes allele
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Figure 22. Inbreeding coefficient in the Scandinavian wolf population starting from 2012
pedigree values using a carrying capacity of 700 with population supplementation. Means of
1000 simulations (PS-model) are presented (from Bruford 2015).
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Figure 23. Inbreeding coefficient in the Scandinavian wolf population starting from 2012
pedigree values using carrying capacities of 200-700 with population supplementation
ranging from zero to one female per three years. Means of 1000 simulations (PS-model) are
presented (from Bruford 2015).
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Bruford pedigree + supplementation model (Bruford 2015) and after 100 years in the
Forslund model (Liberg & Sand 2012). Generation time is five years.

frequencies and their departure from Hardy-Weinberg frequencies to calculate Fi, an
estimator of local (within-population) correlation of allele frequencies or inbreeding.

Both models were openly discussed by the author and the reviewers. The pedigree plus
supplementation model was considered to better reflect the demography and inbreeding
trajectories. However due to limitations in Vortex, the immigrants in this model carried
unique alleles, leading to unrealistically high genetic differentiation between the donor and
the recipient populations. Still this model produced lower effect of immigration than what is
expected from the island model (Wright 1969), and also from Forslund’s model (Figure 24).
The allele frequencies and dispersal model was considered to better represent the genetic
similarity between the Scandinavian wolf population and its neighbors in Finland. Thus, this
model was supposed to provide a more realistic assessment of the effect of immigration, but
had clear limitations in reflecting demography and inbreeding trajectories.

Several different scenarios were modelled, addressing the effect of different levels of
immigration with the population size varying between 170 and 700 in Scandinavia, defined in
the models as the carrying capacity. The simulations clearly demonstrated that modest levels
of immigration (one effective migrant per six years or 0.83 per generation) were sufficient to
maintain gene diversity at acceptable levels (95% of its current state), provided a population
size of at least 300 wolves. Inbreeding levels were also constrained close to 0.2 with a
moderate number of immigrants. As expected, the ability to retain rare alleles improved with
increased population size. Neither of the models predicted significant probabilities of
extinction in any of the simulation scenarios.
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An important conclusion from this report, pointed out several times by the author, is that
population size does not matter much for reduction of inbreeding or retention of genetic
variation, once there is a continuous supplementation (effective immigration) into the
population. The key parameter is the frequency of effective immigration. This is also in
accordance with the classical island model (Wright 1969).

Genetic drift and loss of genetic variation are directly connected to the effective population
size (Ne), rather than the census size (Nc). Bruford calculated Ne from the loss of gene
diversity through time. With no immigration the Ne/Nc ratio varied between 0.32 and 0.39
depending on which carrying capacity (k) was used in the simulation (“219/686 (k = 700;
ratio 0.32), 180/499 (k = 500; ratio 0.36) and 115/297 (k = 300; ratio 0.39”). Bruford also
presented an alternative method to calculate Ne based on loss of heterozygosity, which gave
lower ratios. For k = 300 in the absence of immigration, the ratio is 0.246 and for k = 700 it is
0.224.

Scenarios with immigration included provided much higher ratios. For one immigrant per
three years, the Ne/Nc ratio varied between 0.66 and 0.86, depending on carrying capacity,
and for one migrant per six years the ratio varied between 0.53 and 0.79. However, several of
the reviewers pointed out that these ratios are problematic, since they reflect the dependence
of the whole meta-population. The complex problem to calculate Ne and thus also the ratio
Ne/N in meta-populations where there is connection between the sub-populations has been
treated by several papers, and cannot be regarded to be definitely solved (Allendorf et al.
2013, Hossjer et al. 2014).

The report provides some closing remarks on an appropriate FRP-level in the Scandinavian
wolf population. Bruford emphasizes that it is the meta-population of which Scandinavia is a
part, that should be the unit of assessment for FRP status, and refers to the conventional goal
of Ne = 500 (from the 50/500 rule, Franklin 1980) as a minimum for the meta-population. In
that sense, the appropriate level for Scandinavia would strongly depend on what fraction of
the meta-population that the Scandinavian population represents and how large the total meta-
population is.
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Earlier suggestions of management goals or FRP values for the
Scandinavian wolf population

During the last fifteen years there have been a number of suggestions for how large the
Scandinavian or Swedish wolf population ought to be. This has caused a lot of confusion,
especially in the broad public, and has been used as an argument to discredit any further
suggestions. However, these different figures have all been suggested for different reasons, in
different situations, and/or under different assumptions, and some have been temporary goals
whereas other has been permanent long term goals. In an effort to increase the understanding
and reduce confusion, we here give a brief review where we bring up most of the different
suggestions for wolf population levels that have appeared in the wolf debate, and try to
explain the context of each one of them. Note that several of these suggestions have not been
made by scientists but politicians, with a political agenda.

1999 Large Carnivore State Inquiry (Rovdjursutredningen) SOU 1999:146

The expert group within this inquiry commission concluded that for short term demographic
viability at least 500 wolves were needed (Andrén et al. 1999). For long term survival
minimum 3000 — 5000 (Ne = 500) wolves were needed. With a large genetic connectivity to
other populations, and under the condition that the total meta-population had at least this size,
it would be enough if the Swedish part of the meta-population made up 30%. With very little,
or no connection, 100% must occur in Sweden. A short term survival (10 — 50 years) would
need 500 (Ne = 50) wolves. It is not said explicitly, but it is obvious that these two levels
were based on the so called 50/500 rule (Franklin 1980), and a Ne/N ratio of 0.1. No specific
viability analysis of the Scandinavia wolf population was made.

In spite of these high figures from his expert group, the commissioner of this inquiry in his
final report suggested a minimum of 200 wolves. The reason given for this reduction was that
a population of 500 wolves or more would not be accepted locally, and would cause large
damages to life stock and domestic reindeer both in Sweden and in Norway.

2000 Swedish parliament decision

On basis of the suggestion from the 1999 inquiry, the Swedish parliament in 2000 decided a
so called stage goal (Sw: Etappmal) for the wolf population of 20 reproductions in Sweden,
including border territories, corresponding to approximately 200 wolves. When this goal was

achieved, a new evaluation should be made before a new stage goal, or definite goal should be
decided.

2007 State Inquiry about the Large Carnivores (Utredningen om de stora rovdjuren) SOU
2007:89

In the directives for this mission, suggestions for new population goals were not included.
This mission suggested that when the Swedish wolf population had reached the stage goal of
20 reproductions, decided by the parliament in 2000, the population should be limited to this
level for three years, to keep damages low, reduce the illegal hunting and increase local
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acceptance by demonstrating that the authorities are able to control the population. Thereafter
a new evaluation of population goal should be made.

2009 Swedish parliament decision

The temporary goal of 20 annual reproductions should be prolonged until the effects of
this population size had been evaluated, and until its conservation status, including actions to
improve its genetic status, has been evaluated. It was decided that maximum 20 new wolf
individuals from other populations should be brought in and included in the breeding
population in Scandinavia (i.e. being effective immigrants). During this period the population
should be controlled through harvest, and should not exceed 210 wolves.

2011 The Large Carnivore State Inquiry (Rovdjursutredningen) SOU 2012:22

This was the third national inquiry about the large carnivore management and conservation in
Sweden within 12 years. An international expert panel appointed by this Inquiry stressed that
the most important concern regarding the wolf population was to reduce the inbreeding level,
and that the only way of doing that was through connectivity between the Scandinavian wolf
population and the larger meta-population in Finland/Russian Karelia and Kola. Again the
experts referred to the 50/500 rule, and claimed that for long term survival the meta-
population needed to have a minimum Ne of 500, meaning a true population of 3000 — 5000
wolves. They based their suggestion for an FRP for Sweden on the philosophy that all the
countries sharing the meta-population should take responsibility for a part of the meta-
population that was proportional to their respective proportion of the total habitat for the
meta-population. Based on total land area, a fair share of this meta-population for Scandinavia
(Sweden + Norway) would be approximately 700 wolves, but a better analysis should be
based on available suitable habitat.

In the final report by this inquiry, the commissioner suggested that the mean inbreeding
coefficient should be reduced down to 0.1 within a 20 year period by 5-10 effective
immigrants per wolf generation during this period. If this immigration did not happen
naturally, it should be done through artificial introductions. The ambition for the
Scandinavian wolf population should be 500 wolves. The justification for this figure was that
it meant a doubling of the present wolf population at that time, and that this should secure also
in the long term the reduction of the inbreeding level achieved through the suggested
introduction of new wolves, even if the natural migration flow would cease in the future.
Based on this Scandinavian ambition, a suggested provisional reference value for the Swedish
wolf population should be 450 wolves. It was recommended that this value should be re-
evaluated before next FCS report to the European commission in 2019. This was the first
suggestion of a FRP-value for Swedish wolves.

2012 Swedish Environment Protection Agency (SEPA)

Based on figure 3a (in this report reproduced as figure 21) in the the SKANDULYV genetic
complement to the 2012 demographic PVA (Liberg and Sand 2012), mentioned earlier in this
report, SEPA suggested that a Scandinavia wolf population of 417 wolves would fulfil the
requirements for FRP, provided that a migration flow to Scandinavia of 3.5 effective
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immigrants per generation could be achieved. The figure concerned illustrates the relation
between population size, immigration rate, and retention of genetic variation after 100 years
according to the so called “island model” in population genetics theory (Wright 1969, Sved
and Latter 1977). With a Ne value for the wolf population of 100 and 3.5 migrants per
generation, the 95% level of genetic variation will be reached. SEPA used a Ne/N ratio of
0.24 which transforms a Ne value of 100 to a total population of 417. Given that 30-40 wolves
will be accepted in Norway, SEPA suggested on basis of these data a FRP for the Swedish
wolf population of 380 wolves.

2012 The Swedish minister for the environment

Based on the same figure 3a in the the SKANDULYV genetic complement to the 2012
demographic PVA as was used in SEPA s suggestion, the Swedish minister for the
environment made a different suggestion, assuming a somewhat more optimistic scenario for
future migration flow to Scandinavia. According to this figure, if the migration flow increased
from 3.5 per generation to 4, the Ne value of the population could be reduced from 100 to 50
and still retain 95% variation in 100 years. With a Ne/N ratio of 0.25 (suggested by Liberg
and Sand 2012) this means a true population of 200. The minister then presumed that Norway
should take responsibility for 30 wolves, leaving 170 wolves for Sweden, which the minister
then suggested as a FRP value.

As previously underlined in this report, the authors of the concerned SKANDULYV genetic
complement (Liberg and Sand 2012), containing the graph that both SEPA and the minister
based their suggestions on, have later recommended that this graph should not be used in this
way. This is because the way the “island model” is used in the calculation of the graph does
not apply to the retention of the present genetic variation in the Scandinavian wolf population.

2013 Laikre et al. (2013) in Conservation Biology

In this paper Laikre et al. (2013) suggested that a large wolf meta-population in the minimum
range of Ne = 500-1000 should be re-established throughout Scandinavia, Finland, and the
Russian Karelia-Kola region and that Sweden should take a leading role in the international
efforts in this respect. To reach Favourable Conservation Status the Swedish wolf population
should make up a substantial part of this meta-population with a gene flow so that the
Swedish segment of the total meta-population is not isolated. The average inbreeding level
should be <0.1, the population should maintains its own genetic variation, including measured
in terms of founder alleles, and the Swedish wolves should also be able to contributes to the
total population. At a minimum the Swedish part of the meta-population should be large
enough to not be classified as threatened according to International Union for Conservation of
Nature (IUCN) Red List criteria (IUCN 2003). According to Laikre et al. (2009) applying
existing red-list criteria, such a goal translates into at least 1000 sexually mature individuals.
Considering the age composition of the Scandinavian wolf population during the monitoring
period in the winter (SKANDULYV unpublished data) this would translate into a total
population of minimum 1600 wolves.
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2013 Letter from 10 scientists to SEPA and the Ministry of Environment

Concerned about the increasing polarization in the Swedish society regarding its wolf
management, and worried that this situation might be aggravated by an unrealistic suggestion
for FRP-value for the wolf population in the imminent Article 17 report to EU, ten
Scandinavian wildlife biologists and geneticists wrote a letter to SEPA, with copy to the
Ministry of the Environment. In this letter they suggested a FRP for the Scandinavian wolf
population of 300, with 270 wolves in Sweden and 30 in Norway, provided that the
population has a “satisfactory” connection with the eastern population. They based this
suggestion on their interpretation of the Habitats and Species Directive of the European
Union. Specifically they discussed the eight operational points in the Guidelines for
Population Level Management Plans for Large Carnivores, 2008, prepared by the Large
Carnivore Initiative for Europe (Linnell et al. 2008), and found that the Scandinavian wolf
population at that time satisfied all these points.

2013 Swedish parliament decision

In autumn 2013 the Swedish Parliament accepted a Government proposition that the FRP
value for the Swedish wolf population should be within the interval 170 — 270 wolves. In this
decision it was also stated that SEPA should find the final value for FRP within this interval
in its reporting of the Conservation Status for the Swedish wolf population to EU according to
the Article 17 in the Habitat Directive. In its motivation for this level of FRP for wolf, the
government referred to the formulation in the Habitat Directive and its Guidelines that the
FRP value should be at least as high and preferably higher than the MVP value. For MVP
value in this case, the government selected the SKANDULYV demographic PVA from 2012,
which concluded that a demographic (but not genetic) MVP for wolf in Scandinavia,
including a reasonable risk for rare catastrophes, was 100.

2013 SEPA's Article-17 report of Dec. 2013

In SEPA's Article-17 report of Dec. 2013 to the European commission it was suggested that
the FRP value for the Swedish wolf population should be 270, the highest value within the
interval of 170-270, given by the parliament decision in 2013.
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Interpretation of the criteria for Favourable Reference Population in the
Habitat and Species Directive of the European Union regarding the

Scandinavian and Swedish wolf population.
This section written by OL, CW, OF, PW and HS

In this analysis of criteria for Favourable Reference Population we will primarily search for

guidance in three documents:

1.

“COUNCIL DIRECTIVE 92/43 /EEC of the European Union on the conservation of
natural habitats and of wild fauna and flora”, hereafter called “the Habitats
Directive”

“Assessment and reporting under Article 17 of the Habitats Directive. Explanatory
Notes & Guidelines for the period 2007-2012 (Evans and Arvela 2011)”, hereafter
called “Article 17 Guidelines”

“Guidelines for Population Level Management Plans for Large Carnivores. Contract
nr. 070501/2005/424162/MAR/B2”, prepared by Large Carnivore Initiative for
Europe (Linnell et al. 2008) and hereafter called “the LCIE Guidelines”

Sentences and paragraphs that we have found especially relevant for this report are

highlighted with italicized text. Other documents that will be referred to in this analysis will

be presented as they occur.

The wolf'is listed in Annex II and IV of the Habitats Directive. Achievement of a “Favourable
Conservation Status” (FCS) for species and habitats listed in these annexes is the primary goal
for the conservation work of the Union. FCS is defined in article 1(i) of the Habitats Directive

as follows:

“Conservation status of a species means the sum of the influences acting on the species
concerned that may affect the long term distribution and abundance of its populations within
the territory referred to in article 2. The conservation status will be taken as ‘“‘favourable”

when.:

- population dynamics data on the species concerned indicate that it is maintaining
itself on a long term basis as a viable component of its natural habitat, and

- the natural range of the species is neither being reduced nor is likely to be reduced
for the foreseeable future, and

- there is, and will probably continue to be, a sufficiently large habitat to maintain its

population on a long-term basis.”

In the Article 17 Guidelines the concept of “Reference Values” (RV) is introduced. For
judging the conservation status of species, two types of Reference Values are relevant:
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Favourable Reference Range (FRR) and Favourable Reference Population (FRP). Both have
to be achieved to declare a species to have a Favourable Conservation Status. These two
concepts are explained as follows:

Favourable Reference Range = The “range within which all significant ecological variations
of the habitat / species are included for a given biogeographical region and which is
sufficiently large to allow the long term survival of the species, favourable reference values
must be at least the range when the Directive came into force, if the range was insufficient to
support favourable status the reference for favourable range should take into account of that
and should be larger (in such a case information on historic distribution may be found useful
when defining the favourable reference range); best expert judgement may be used to define it
in the absence of other data”

and

Favourable Reference Population = The “population in a given biogeographical region
considered the minimum necessary to ensure the long-term viability of the species;
favourable reference value must be at least the size of the population when the Directive came
into force, information on historic distribution / population may be found useful when
defining the favourable reference population; best expert judgement may be used to define it
in absence of other data”

As our assignment for this report only concerns criteria for Favourable Reference Population,
we will in the following disregard the concept Favourable Reference Range except when we
judge that range and habitat requirements are important for determining appropriate criteria
for Favourable Reference Population.

As can be seen, the definitions for FCS and FRP in the Habitats Directive are not very
specific. Terms like “long term basis”,” viable component of its natural habitat” or
“foreseeable future”, are not defined, nor is an exact percentage probability associated with
“probably continue” given. As pointed out in the LCIE Guidelines this is hardly surprising as
the Directive text, like any legal text, is not based on scientific definitions, but is meant to
refer to a statement of general principle — in this case that the EU intends to conserve its
species and habitats for the future. Furthermore, it would have been problematic to be too
specific in a statement common for all the species of plants and animals occupying the
European continent, from bryophytes to large mammals. This on the other hand opens for a
certain degree of flexibility in the single case which may have been intentional when the text
was written.

The Article 17 Guidelines elaborate a little more on the requirements for FCS and FRP. They
state that “Favourable Reference Populations should be based on the ecology and genetics of
the species..” and that the “..population should be sufficiently large to accommodate natural
fluctuations and allow a healthy population structure . Later in the document the difference
between fluctuations and trends are discussed: “Trends are decisive for the assessment of
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conservations status since usually only stable or increasing trends can result in a favourable
conservation status. Trend is a directed change of a parameter over time. Fluctuation (or
oscillation) is not a directed change of a parameter, and therefore fluctuation is not a trend.”

The most informative statements in Article 17 Guidelines regarding definition of FRP are the
statement of the potential connection between the formal concept of a minimum viable
population (MVP) and Favourable Reference Population. It is suggested that when “..viability
assessments are available they can be used to help set a FRP”. After that comes the most
specific criterion of FRP in this document: “The estimates of Minimum Viable Population
(MPYV) will, by definition, be lower than FRP”. In the 2006 version of Article 17 Guidelines,
this statement was a little more developed: “However, as concepts to estimate MVP are rather
used to evaluate the risk of extinction they can only provide a proxy for the lowest tolerable
population size. MVP is by definition different — and in practice lower — from the population
level considered at favourable conservation status.” The LCIE Guidelines comment this: “In
other words, this means that for a population to be at its FRP it must be at least greater than
a MVP, but there is a clear intention within the Habitats Directive to maintain populations at
levels significantly larger than those needed to prevent extinction.”

Another very specific criterion for both FRP and FRR in Article 17 Guidelines is that
“..favourable reference value must be at least the size of the population when the Habitat
Directive came into force”. For Sweden that is 1995, when Sweden had approximately 50
wolves. This requirement however only gives a bottom-line for FRP and FRR.

Not much is written on genetic requirements for FRP in the Article 17 Guidelines. Apart from
the general statement that FRP should be based on the ecology and genetics of the species, it is
simply stated that “..it may be relevant to consider the genetic structure of a species”, and
after that just a reference to Laikre et al. (2009): “The importance of genetics in the
evaluation of conservation status is discussed in more detail in Laikre et al. (2009)”. The
operational genetic recommendation in Laikre et al. (2009) is that a minimum for attaining
FRP is that Ne > 500. It is however also recognized that “for some species in some countries,
it is hardly conceivable that the country could host an effective population size of 500 of the
species. Population genetics theory can provide guidance for such. The population within a
member state can maintain its genetic variation, and hence its long-term viability, if it is a
part of a larger population or system of populations that in total has a large enough effective
size. There is also a well-founded quantitative guideline for how much exchange of
individuals is required in such cases: each subpopulation should receive at least one
genetically effective migrant per generation to prevent eroding the genetic variance within
subpopulations. This general guideline may be modified in cases where there is detailed
genetic information motivating such a change (cf. Mills & Allendorf 1996, Wang 2004), but
in the absence of such information the rule of thumb of one migrant per generation is a useful
guideline”.

It can therefore be interpreted that Article 17 Guidelines through their reference to Laikre et
al. (2009) give a recommendation for a quantitative criteria of FRP: either a population with
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Ne > 500, or connection with such a population by minimum one migrant per generation.
There is no recommendation for a minimum size of the single sub-populations once they are
connected to the meta-population, but it is obvious that Laikre et al. (2009) wanted to see a
flow of migrants in both directions, i.e. each sub-population should both receive and produce
migrants.

The LCIE Guidelines point out two factors that make large carnivore conservation and
management different from most other organisms. First, due to their placement on top of the
food chain combined with large body size, they demand large home ranges and occur in low
densities, which means that viable populations of large carnivores demand enormous areas,
often measured in tens or even hundreds of thousands of square kilometers (the average size
of a wolf territory in Scandinavia is approximately 1000 km* (Mattisson et al. 2013). In the
densely human populated Europe, there are few, if any, wilderness areas of this size, which in
reality forces large carnivores to share habitat with humans. And this leads us to the second
factor special for large carnivore conservation, potential conflicts with humans. The LCIE
Guidelines puts it this way: “Conservation of large carnivore requires their integration with
human activities in human-dominated landscapes. This means coexistence between large
carnivores and humans, which is not always easy to achieve. It almost always requires active
management (such as reintroduction, translocation, hunting, lethal control) of large carnivore
populations and coordinated planning with conflicting land- uses and activities (farming,
hunting....etc.). The LCIE Guidelines thus considered that this “..requires that a very
pragmatic approach be taken to large carnivore management” and continues by interpreting
that “..it is possible to make certain compromises concerning the measures adopted to achieve
conservation of large carnivores in order to take human interests into accounts, although the
main goal of the Habitats Directive is clearly to conserve biodiversity”.

The LCIE Guidelines list eight operational criteria for large carnivore populations to attain
Favourable Conservation Status FCS. Five of them (1, 4, 5, 7 and 8) concern Favourable
Reference Population FRP. The explaining or interpreting text in normal font, following the
introductory statement in italic font, is the text of LCIE, not of the authors of this report.

(1) “Population dynamics data on the species concerned indicate that it is maintaining

itself on a long term basis as a viable component of its natural habitat” (Article 1 (1)).

We (LICE) interpret this as implying that monitoring data indicate the population has a stable
or increasing trend. We believe that a slight reduction in population size may be

permitted if it is a result of response to changes in prey density or habitat quality that

are not the cause of direct human action, unless conditions for derogations apply (see

6.4). All segments of a population should have stable or positive trends, and not just

the population as a whole. And,

(2) “The natural range of the species is neither being reduced nor is likely to be reduced

for the foreseeable future” (Article 1 (1)). We (LICE) interpret this as implying that the overall
distribution of the population is stable or increasing. And,
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(3) “There is, and will probably continue to be, a sufficiently large habitat to maintain its
population on a long-term basis” (Article 1 (1)). We (LICE) interpret this to imply that the
quality and continuity of habitat should be sufficient, and have a stable or increasing
trend. And,

(4) The population size and range are equal to or greater than when the Directive came
into force. And,

(5) The favourable reference population size has been reached. According to our (LICE)
proposal this will be set at levels greater than those regarded as being viable using
the IUCN red list criteria E or D. And,

(6) The favourable reference range has been occupied. And,

(7) Connectivity within and between populations (at least one genetically effective
migrant per generation) is being maintained or enhanced. And,

(8) “Member States shall undertake surveillance of the conservation status of the natural
habitats and species referred to in Article 2 with particular regard to priority natural
habitat types and priority species” (Article 11) and “Member States shall establish a
system to monitor the incidental capture and killing of the animal species listed in

Annex IV (a)” (Article 12.4). These statements combine to indicate that the population
should be subject to a robust monitoring program.
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Proposed criteria for FRP for Scandinavian/Swedish wolves
Section written by OL, CW, OF, PW and HS

Discussion on principles

When we have interpreted the Habitat Directive and associated documents in our efforts to
suggest criteria for FRP for the Swedish wolf populations, we have felt forced to compromise
between two principles, the precaution principle that calls for large safety margins, and the
principle to integrate wolf conservation with human interests, as expressed and exemplified
by the LCIE guidelines (see above). The latter implies an effort to minimize conflicts and
maximize acceptance, for the wolf in the local areas where it is intended to live, and for the
official wolf policy of the country.

We are aware that suggesting a high FRP for the Scandinavian wolf population, referring to
the precaution principle, probably would be applauded by most of the conservation
community. However, we are not convinced that it would serve the conservation of the wolf
in Sweden and Scandinavia well. In fact, we see some serious problems with choosing a high
FRP-value. The most acute threat to the Scandinavian wolf population presently is not genetic
impoverishment or demographic stochasticity, but poaching (Liberg et al. 2012b). It is
possible that suggesting a high level for the wolf population would trigger an increase in
poaching, and in the worst case lead to a situation where the authorities would lose control
over the wolf management, and that criminality rather than legal policy would set the limit for
the population. It is not known whether this is what has happened in Finland, but the decline
of the Finnish wolf population with more than 50 % in just two years, most likely caused by
poaching (Kojola et al 2014), is an illustration of how rapid population status may change.

Conflict

The increase in populations of large carnivores and their co-occurrence with humans may
often result in controversies and promote conflicts (Skogen and Krange 2003), Treves and
Karanth 2003, Bisi et al. 2010). Across Europe, people’s attitudes toward wolves became less
favorable the longer people coexisted with them (Dressel et al. 2015). An analysis of Swedish
survey results from 2004 and 2009 showed that while bear and wolf populations are still
growing, positive attitudes toward their presence are decreasing as people gain direct personal
experience with these predators (Eriksson et al. 2015). These results imply that attitudes
towards wolves are likely to become more negative as populations continue to grow. At the
individual level, negative attitudes toward carnivores may result in illegal killings, which
already threaten some of the European wolf and bear populations (Kaczensky et al. 2011,
Liberg et al. 2012, Gangas et al. 2013). Recent research has emphasized the need for
sustainable carnivore management programs that integrate social, cultural, political,
ecological, and biological components (Treves and Karanth 2003, Bruskotter and Shelby
2010, Decker et al. 2012). This view is also stressed in the text of both the LCIE guideline
document and in the Habitat directive Article 2, point 3: “Measures taken pursuant to this
Directive shall take account of economic, social and cultural requirements and regional and
local characteristics”. Indeed, the viability of large carnivore populations is affected both by a
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favorable ecological and genetic status as well as local acceptance. Acceptance is considered
to be key to achieving sustainable long-term conservation of large carnivores (LCIE ).

The LCIE guidelines also acknowledge the uncertainty of the future and the need for
flexibility through the use of the adaptive management process: “Another reason to not place
too much security in minimum numbers lies in the difficulty of accounting for, in all PVAs, the
direction and rate of changes of environmental conditions and demographic parameters
throughout the entire period for which predictions are made (Soulé 2002).......1t is therefore
crucial to monitor several parameters that reflect population size and population status to
permit the adjustment of goals through an adaptive management approach.”

An adaptive management approach has recently become increasingly important in
conservation and management of wildlife populations (Shea et al. 2002, Rout et al. 2009) and
has been recognized as an important tool which should be used not only to manage a system,
but also to learn about the system (Holling 1978, Walters 1986). Because adaptive
management is based on a learning process, it improves long-run management and
conservation outcomes. The challenge in using the adaptive management approach lies in
finding the correct balance between gaining knowledge to improve management in the future
and achieving the best short-term outcome based on current knowledge (Allan and Stankey
2009).

We recommend such an approach for the future management of the Swedish wolf population.
A rigorous and extensive monitoring system and regular and systematic collection of
important and relevant data on both demography and genetics for the Scandinavian wolf
population, is and has been the norm for many years. With this annually updated information
both demographic and genetic problems can be detected well before their effects have been
realized into decreasing growth rates or reduced population size.

Suggestion of FRP-values

Concerning long-tern viability, there seems to be a rather broad consensus in the general
conservation literature (see e.g. Jamieson and Allendorf 2012, Laikre et al. 2009) and the
reports specifically dealing with the Scandinavian wolf population (e.g. SOU 2012, Bruford
2015) that to be viable in the long term, a population either has to be large enough to prevent
inbreeding and loss of genetic variation or to be connected to a large population in a meta-
population system. Considering the large space requirements of large carnivores, the LCIE
Guidelines even put a larger emphasis on connectivity among populations than on the size of
each single population. “Given the enormous space requirements and low densities of large
carnivores the most important practical consideration in maintaining genetic viability is to
ensure as much connectivity as possible between populations (Liberg et al. 2006, Miller and
Waits 2003)”".
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There is some disagreement of how large the meta-population has to be, but an absolute
minimum seems to be Ne 500 (Jamieson and Allendorf 2012, Laikre et al. 2009), to which
we will adhere, although we are aware that there are suggestions of minimum Ne 1000, or
even more (Franklin and Frankham 1998, Lynch and Lande 1998). Based on this we have
found three factors to be of importance when setting a FRP-value for the Scandinavian wolf
population. 1) The size of the meta-population to which the Scandinavian is or is supposed to
be connected to, 2) the migration frequency between Scandinavia and the larger meta-
population (i.e. the magnitude of the connection), and 3) the size of the Scandinavian wolf
population itself.

1) Size of the meta-population
Both in the 2011 Large Carnivore State Inquiry and in the Bruford report, it is assumed that
the meta-population to which the Scandinavian could belong covers Finland and Russian
oblasts of Karelia and Murmansk (including the Kola Peninsula). Based on the study by Aspi
et al. (2009) it was assumed that this population is semi-isolated from the large wolf
population further east and south-east. It is currently not known how large this Finnish-
Karelian-Murmansk population is, but with approximately 200 wolves in Finland (I. Kojola
pers. com.) and 300 in Karelia (Danilov and Tirronen 2014), it is not likely to be more than
1000, resulting in an approximate Ne value of 300. Together with the Scandinavian Ne value
of 100 (Bruford 2015) this results in a meta-population value of 400 which is lower than the
minimum 500 required. However, it can be questioned that this population is isolated. In Aspi
et al. (2009) the connection between Karelia and Archangelsk further east was found to be 4.7
migrants per generation. Even if not all assumptions of these calculations were satisfied, these
figures still indicate some exchange of individuals between these populations. That the
Finnish wolf population has more exchange with wolf populations further east is also
supported by the results in a study by Stronen et al. (2013). They analyzed variability in
67,000 SNP’s from 177 samples and found no differentiation within a large panmictic wolf
population in northeastern Europe, including samples from Finland, the Leningrad oblast
immediately south of Karelia and the Baltic countries (Figure 25). It included no samples
from Karelia and Archangelsk, but in a study by Pilot et al. (2006) it was shown that
Archangelsk samples did not indicate a separation from Baltic or Leningrad wolf populations
(Figure 25).
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Figure 25. Results from four different analyses of genetic structure of the wolf population in
north-eastern, eastern and central Europe using various genetic techniques. Wolf occurrence
is denoted by light gray shading. A: Aspi et al. (2009) found limited genetic exchange between
the wolves in Finland (F), Russian Karelia (K) and Russian Archangelsk (4), based on
analysis of 14 microsatellite loci in 161 samples. Number of samples from each of the three
sub-populations and the approximate sampling sites in Karelia and Archangelsk are shown.
B: Pilot et al. (2006) identified 10 different subpopulations (SI — S10) based on percentage
frequencies of 21 mtDNA haplotypes in 643 samples. The number of samples from each sub-
population is shown. C: Pilot et al (2006) identified three subpopulations based on
frequencies of 14 microsatellites in 643 samples (same as in B). D: Stronen et al. (2013)
identified four subpopulations based on analysis of 67.000 SNP's from 177 samples. The
approximate sampling sites are shown. From Stronen et al. (2013).

The results in both Stronen et al. (2013) and Pilot et al. (2006) were based on the effects of
genetic drift. Genetic drift works quite slowly in medium to large-sized populations, which
means that the connection demonstrated by these analyses does not necessarily show the
present but rather the historic situation. Recent changes towards a more structured population
would not turn up until after rather long time. However, as there are no physical barriers and
there is no reason to assume recently created large gaps in the distribution of wolves over this
vast area, the most likely state is that the population still is panmictic. This assumption is
supported by the description of this region in the LCIE Guidelines: “In cases where a very
large area of distribution contains areas where the species is exposed to very different
management or ecological conditions we have chosen to split it into two or more populations
in an effort to identify units which have relatively homogenous demography. This was
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especially necessary when it came to eastern countries bordering onto Russia. For Eurasian
lynx, bears and wolves Russia represents a massive population, stretching from the Baltic Sea
to the Pacific Ocean. In order to limit our scope we have only considered the provinces
(“oblasts”) from Moscow (35 degrees east) and westwards. In addition to this east-west
truncation we have made a north-south truncation, grouping the oblasts of Murmansk and
Karelia with Finland and Norway into a population and separating these from the oblasts
bordering the Baltic States, Belarus and Ukraine into another. Although there is a set of
natural geographic features marking this border (Lakes Onega and Ladoga and the White
Sea) the carnivore populations extend continuously across the region, and our separation is
intended to be pragmatic rather than biological.”

We therefore conclude, given that connectivity exists, that Scandinavia is part of a much
larger meta-population than just Finland and Karelia, with a Ne value far exceeding 500.

Can wolf populations in non-EU countries be considered?

Another importance question is whether the Habitats Directive allows that populations outside
the territory of the European Union can be considered when FRP is defined for a Member
State. We cannot find anything with bearing on this aspect in the main document of the
Directive, but in the Article 17 Guidelines the question of transboundary populations is briefly
treated: “There may also be cases where it is biologically relevant to consider populations in
a neighboring non-EU country. This should be clearly described under field 2.8.3
Transboundary assessment”. The LCIE Guidelines also treat the question of connection to
wolf populations outside of EU in chapter 7 (Developing population level management plans),
page 32: “Most of the main large carnivore populations in Europe contain countries that are
not EU members. These countries need to be involved in the process through novel diplomatic
approaches as their cooperation can only be requested rather than required. For countries
that are signatories to the Bern Convention it should be possible to encourage participation if
this convention could also adopt these guidelines. Recommendation No.115 (2005) on the
conservation and management of transboundary populations of large carnivores from the
Bern Convention secretariat already goes a long way towards encouraging this process. For
key countries that are not signatories of the Bern Convention it may be necessary to find other
incentives to encourage their voluntary participation. The Bonn Convention may be one
suitable platform to exploit, as is the Convention on Biological Diversity.

We interpret this to mean that non-EU populations can be considered as long as this is clearly
stated in the Article 17 report.

2) Migration frequency or how much exchange is needed?
According to population genetics theory (Wright 1931), and also pointed out e.g. in the Firna
meeting (Liberg 2006), and demonstrated by the simulations in the Bruford (2015) report, the
key issue for retention of genetic variation and stabilizing inbreeding is the immigration
frequency (the unit for measuring migration in population genetics is effective migrants per
generation, Me), not population size. Emerging from this fact was the so called one migrant
per generation (OMG) rule (Mills and Allendorf 1996, Wang 2004), which states that in an
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infinitely large meta-population, a flow of one effective (i.e. reproducing) migrant per
generation (Me 1) between subpopulations will retain 80% of the total genetic variation in
each sub-population, and the rest is maintained among the sub-populations, and inbreeding
levels will stabilize at 0.2. These levels are no magic thresholds, but just gradual values on a
continuous scale. But remarkably, the effect of drift on the frequency of single alleles changes
abruptly just below this value (Wang 2004). At Me < 0.5 the probability for single alleles to
become fixed or lost from the population through drift increases dramatically, while at Me >
0.5 the allele frequency tends to approach that of the population mean (Figure 26). One
migrant per generation is the minimum frequency of migration proposed by the LCIE
guidelines for attaining FCS, and is also the minimum recommended in Laikre et al. (2009) as
well as in many other reports and publications, e.g. the Fiarna meeting (Liberg 2006). Bruford
(2015) simulations demonstrated that >95 % of heterozygosity would be retained after 100
years, provided one effective immigrant per generation, regardless of population size above
300 (Table 5 and 6).

! Nm =025

I \ y Nm=1
0 0.25 0.50 0.75 1.00

Allele frequency

Figure 26. Distribution of gene frequencies among subpopulations in the island model for
various values of Me = Nm, assuming an average gene frequency across subpopulations of
0.5. The figure is taken from Wang 2004, but is drawn based on Eq. 9.2.5 in Crow and
Kimura (1970).
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Table 5. Key model outcomes (pedigree + supplementation model) for the Scandinavian wolf
population after 50 years with different carrying capacity and effective immigration scenarios
(from Bruford 2015). The mean starting value for inbreeding coefficient was 0.267 and for
gene diversity (MLH) it was 0.725.

Mean sSD Percentage of

Stochastic r Population Population Gene Initial Gene Inbreeding
Scenarlo (growth rate) SD (1) slze size diversity SD (GD) Diversity retained coefficlent
One female/ 0.139 0.23 19285 2314 0.769 004 106.2 0.223
3 years k200
One female/ 0.141 0.232 43594 5166 0.78 0.038 107.7 0.22
3 years k450
One female/ 0.142 0.23 679.06 8592 0.782 0037 1080 0.221
3 years k700
One pair/ 0.171 0.241 19%.01 19.31 0.818 0032 1129 0.184
3 years k200
One pair/ 0.176 0.235 43802 4965 0.823 0031 1137 0.186
3 years k450
One pair/ 0.175 0.233 68494 71.11 0.823 0033 1137 0.186
3 years k700
Two females  0.214 0.245 19563 2054 0.863 0023 119.2 0.143
and two males/
3 years k200
Two females  0.215 0.238 49136 4632 0.867 0023 1198 0.145
and two males/
3 years k450
Two females  0.216 0.236 68984 5548 0.865 0024 1195 0.147
and two males/
3 years k700

Table 6. Key model outcomes after 50 years using the allele frequencies + dispersal model
vears with different carrying capacity and effective immigration scenarios (from Bruford
2015). The mean starting value for inbreeding coefficient was 0.267 and for gene diversity
(MLH) it was 0.725.

Stochastic Mean final SD Percent GD
growth rate Population Population Gene sD retained from Inbreeding
Scenario r SD(r) size slze diversity (GD)  starting value coefficlent
Six immigrants/  0.367 0.23 6914 53.51 0.728 0.016 101.0 0.271
3 years k700
Three immigrants/ 0.363 0.245 683.7 73.92 0.718 0.014 994 0.280
3 years k700
Six immigrants/  0.363 0.239 496.7 19.76 0.729 0.016 101.0 0.267
3 years k500
Three immigrants/ 0.363 0.235 496.8 33.13 0.716 0.015 99.1 0.280
3 years k500
Six immigrants/  0.360 0.222 2996 13.04 0.728 0.015 101.0 0.268
3 years k300
Three immigrants/ 0.350 0.24 2921 38.05 0.715 0.021 99.0 0.279
3 years k300

Importance of connectivity for inbreeding levels

Based on the above given information we suggest applying a minimum migration frequency
of one effective migrant per generation for attaining FRP for the Scandinavian wolf
population (Mills and Allendorf 1996, Wang 2004). This is also the migration frequency
listed as point 7 in the criteria list for FCS of the LCIE guidelines. However, this suggested
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level of migration frequency is based on the assumption that the meta-population from which
these migrants shall come has a Ne larger than 500. As this is not un-disputably determined,
we suggest that two additional conditions to this criterion should be met. The FRP status is
only valid as long as the mean inbreeding level F continues to decline until it is below 0.2,
after which it should be kept below this level. The second condition is that multi-locus
heterozygosity increases or stays stable. These two conditions are part of the adaptive
management of the Scandinavian wolf population, and should be considered over each 6-year
reporting period to the European Commission, as stated in Article 17 in the Habitats
Directive. In addition, a close monitoring of the demography and of the genetic health of the
population should be performed continually, including measuring of demographic parameters
and frequencies of congenital malformations. At any sign of increasing inbreeding depression
over a six-year period, the operational criteria for FRP should be reconsidered.

It seems that for most populations, a level of F below 0.2 should be acceptable (“As a rough
guide an inbreeding coefficient of 0.25 seems acceptable for many species.... To be
conservative an inbreeding coefficient of 0.2 appears appropriate considering the random
processes, such as inbreeding, drift and environmental stress, associated with inbreeding
depression and extinction”; Wang 2004). Another reason why the level for mean inbreeding
can be set at 0.2 (other experts have suggested 0.1) is that there are now 32 years of
experience and data from the inbred Scandinavian population, with 25 years above this level,
without any strong effects on the population growth rate.

According to the Bruford’s (2015) simulations, the average inbreeding level would stabilize at
0.22 with one immigrant per 3 years (1.6 per generation), regardless of population size. As
acknowledged by the author, the simulations were based on neutral expectations with random
mating within the population. However, a recent study has shown that immigrants are more
successful breeders than are more inbred wolves (Akesson et al. in review). In addition, a
selective hunting regime, where immigrants and their offspring in most cases are not legally
hunted, would provide an additional selective advantage for the immigrants and their
offspring, further reducing the average inbreeding level. Also, the expected equilibrium level
of inbreeding in the “island model” with one migrant per generation is 0.2. From this it seems
likely that one effective immigrant per generation would be sufficient to stabilize inbreeding
levels at an acceptable level of 0.2 or even below this level (Figure 24).

Direction of dispersal

There is nowhere in the Habitat Directive or associated documents stated that the migration
flow has to be in both directions, i.e. that the Scandinavian population not only shall receive
migrants, but also contribute to the meta-population with migrants in the opposite direction.
However, we agree with Laikre et al. (2013) that this is desirable. Since 2005, when the
population had reached approximately 150 wolves, we have recorded two cases of wolves
born in Scandinavia that have migrated to Finland/Russia (Wabakken et al. 2007,
SKANDULYV unpubl.). As approximately 5 - 10% of the population is radio-collared
annually, we can assume that the true number of migrants from Scandinavia to the eastern
population has been much larger, possible as many as 30 during the last ten years. Although
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there is no information on how many effective migrants there has been, we know that the first
of the two known migrants established in a pair in northern Finland before she was legally
shot in a control operation. As far as known, the second recorded migrant is still alive in
northern Karelia just inside the Russian border 225 km east of Uleaborg (Oulu).

3) Minum level of the Scandinavian wolf population to be at FRP
The only quantitative criterion given for FRP in the Habitats Directive, or associated
documents, is that “estimates of Minimum Viable Population (MPV) will, by definition, be
lower than FRP” as it is expressed in the Article 17 Guidelines. The LCIE guidelines are a
little more specific: “According to our proposal this (the FRP value; our comment) will be set
at levels greater than those regarded as being viable using the IUCN red list criteria E or D”.
According to criterion D a population is viable if it contains minimum 1000 mature
individuals, and according to criterion E if a PVA shows that the probability of extinction is
less than 10% in 100 years. Criterion E was applied in the demographic PVA produced by
SKANDULYV in 2012 (Chapron et al. 2012), which showed that the Scandinavian wolf
population was demographically viable for 100 years if it was larger than 100 individuals.
This analysis included a frequency of up to two catastrophes per 100 years with a mortality of
90%. It did not explicitly include genetic risks, but it was based on demographic data from the
inbred Scandinavian population and thus can be regarded as having included a certain amount
of genetic risk. In Bruford’s PVA (2015) parameters on genetic variation and lethal
equivalents were included. Bruford showed that a population size of 300 in Scandinavia
would retain 95% of the gene diversity after 100 years provided an effective immigration rate
of one reproducing migrant per generation. All simulations showed insignificant probabilities
of extinction.

Suggestion of FRP

In this report we have repeatedly stressed that the key parameter for retention of genetic
variation and limiting inbreeding is not population size, but effective migration. As we
already have included meta-population size and connectivity in the criteria for FRP, it could
be argued that the genetic aspect of FRP is satisfied, and a FRP clearly larger than the
demographic MVP of 100 would be enough to satisfy the condition by the Article 17
Guidelines that FRP should be larger than MVP. However, already at the Férna meeting it
was expressed that even with a satisfying connection to a larger population, the Scandinavian
wolf population should have a minimum of Ne 50 (taken from the 50/500 rule; Franklin
1980). This was justified by a need to protect the population from short-term genetic
problems, for example caused by a temporary break in the migration flow. More recent papers
also argue that Ne=50 is an appropriate level for short-term genetic viability (Jameson &
Allendorf 2012, Rosenfeld 2014).

Using the same Ne/N ratio of 0.3 as Chapron in this report, Ne 50 corresponds to a true
population of approximately 170 individuals. We argue that a population which is double the
size of MVP would satisfy the Article 17 Guidelines definition “....estimates of Minimum
Viable Population (MPV) will, by definition, be lower than FRP”. A doubling a MVP of 170
individuals will give a FRP of 340. Using 340 as FRP is also supported from Bruford (2015)
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simulations. With the pedigree + supplementation model he demonstrated that a population
as low as 200 retained more than 106 % of its genetic diversity (GD) for 100 years, with an
immigration rate of one wolf every third year. With his more conservative model (allelle
frequency + dispersal) he showed that a population of 300 retained at least 96.5 % of its
genetic diversity in 100 years. He did not simulate lower population sizes with this model, but
the decrease in GD retention with a decrease of carrying capacity from 700 to 300 was
negligible (from 97.1 to 96.5), indicating that even with a further decrease of the population to
say 200, it would still have retained more than 95 % of its genetic diversity. Equally
important, extinction probabilities in 100 years were insignificant in all simulation scenarios,
regardless of population size. Accordingly, a FRP level of 340 should be well above the
genetic viability level presented by Bruford (2015), provided an effective migration rate of
one wolf per generation.

We argue that this figure should apply to the Scandinavian population. Norwegian official
policy is to allow 3 reproductions of wolves completely inside Norway, corresponding to
approximately 30 wolf individuals, and there is an agreement between Sweden and Norway to
share border territories on an equal basis. It is therefore reasonable to assume that Norway
will take the responsibility for having at least 40 wolves (3 family groups in Norway and half
of the border territories), and is why we suggest a FRP for the Swedish wolf population to be
300. This number will include 50% of the wolves living on the border between
Sweden/Norway and all wolves within Sweden. Although this figure to a certain extent may
be regarded as an arbitrary choice, all levels between a scientifically defined MVP and the
global Ne 500 (or possibly 1000) are arbitrary. Our expert judgement is that a population of
340 wolves, connected through a minimum of one migrant per generation, to a large meta-
population with Ne > 500 will have long term viability according to the criteria in the Habitats
Directive.

FRP and the operational criterial in LCIE guidelines

In conclusion, a FRP of 300 satisfies well all the five criteria from the LCIE guidelines that
according to our judgement affect the assessment of the FRP level. We will comment on these
in more detail below:

Point I contains an interesting passage: “... maintaining itself on a long term basis as a
viable component of its natural habitat”. The LCIE guidelines have interpreted this to mean
that the population shall also have an ecological role over large areas. For a large carnivore,
this means that it should have an impact on its prey populations, interact with other carnivores
in a natural way and have indirect effects typical for large carnivores, for example on
scavengers. We argue that this criterion is satisfied for wolf in Scandinavia. Figure 10 show
that even if the breeding range is limited to central Scandinavia, wolves appear regularly and
in high frequency anywhere on the peninsula, including the reindeer husbandry area. They
have impact on their prey populations, especially moose and roe deer (Sand et al 2005; 2008,
2012), over a large part of the peninsula, they interact with other large carnivores like lynx
and brown bear (Ordiz et al. In press, Wikenros et al. 2011), and they affect the scavenger
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guild by altering the availability of carrion over the year (van Dijk et al. 2008, Wikenros et al.
2013).

However, there is a limit to how much of its natural role a large carnivore can play in human
dominated landscapes today. In densely populated regions, like most of Europe today, human
activities control densities of large mammal species through hunter harvest and habitat
changes (forestry and agriculture etc.). This contrasts with large wilderness areas in historic
time and the few large protected areas where humans still have little impact on the ecology.
The wild top predators in Europe will rarely reach the level where they play an essential
ecological role (Linnell et al. 2005). On the Scandinavian Peninsula, human density is lower
than in most of Europe, but even here humans currently have the role of the ultimate apex
predator affecting all three levels (wolves-moose-forest) through intensive managements.
Human harvest has replaced wolf predation as one of the major mortality factors in the moose
population and has likely resulted in a loss of anti-predator behaviour in moose as exemplified
by high hunting success rates by re-colonizing wolves (Sand et al. 2006a, Wikenros et al.
2009, Gervasi et al. 2013) and the absence of a change in moose habitat use in relation to the
risk of wolf predation (Nicholson et al. 2014).

Point 4 states that the population size and range are equal to or greater than when the
Directive came into force. A FRP of 340 will with great margin satisfy this requirement.
Sweden entered the Union in 1995, a time when the Swedish wolf population was less than 50
animals

Point 5, which contains the central criterion (larger than MVP) has been treated in detail
above.

Point 7 (connection by at least one genetically effective migrant per generation) is also treated
above.

Point 8 requires a robust monitoring system. We argue that the monitoring system for wolves
in Scandinavia probably is one of the best in the world, with its combination of intensive
snow tracking by a large group of specially trained trackers, DNA-analyses of several
hundred samples annually, and radio telemetry.

The need for adaptive management

The adaptive management approach based on the type of data that can be collected
continually, given enough resources, will result in a situation where management promptly
can respond to any early sign that the development is not favorable, and act accordingly.
Important parts of this adaptive management is continued annual high-qualitative monitoring
of the population size, of its demography and health, of its genetic status (with help of
continually updating the pedigree), of the flow of effective migrants, and of the status of the
meta-population. It is especially important that the Swedish conservation authorities establish
a close contact with their counter parts in Finland and Russia, and acquires tools to early
detect any signs of a drop of wolf numbers in the meta-population.
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Finally, we would like to stress the view proposed by a passage in the LCIE document that
links modern conservation efforts to more traditional strategies “If overall objectives and
policy frames are set at a central European level, and population-specific management plans
are developed, it should be possible to allow a great deal of flexibility at the level of the
subpopulation or management unit to implement this in a manner compatible with local
traditions, conditions, and conflicts. In other words, as long as the goals are decided on a
large scale, there should be some flexibility to modify the means that are used at a more local

scale.”
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Clarification of the concept of Favourable Conservation Status (FCS)
This section written by GC only

The following text is adapted from Epstein, Lopez-Bao & Chapron. 2015. A legal-ecological
understanding of Favourable Conservation Status for species in Europe. Conservation Letters.
10.1111/conl. 12200 to which the reader is referred for a more substantial treatment of the
concept of FCS.

The Habitats Directive seeks to achieve its biodiversity goals by requiring EU Member States
to take measures to reach or maintain the favourable conservation status (FCS) of natural
habitats and species. In Article 1(i) of the Directive, the conservation status of a species is
defined as “the sum of the influences acting on the species concerned that may affect the long
term distribution and abundance of its populations within the Member States’ European
territory”, and further that “conservation status will be taken as “favourable” when:
population dynamics data on the species concerned indicate that it is maintaining itself on a
long-term basis as a viable component of its natural habitats, and the natural range of the
species is neither being reduced nor is likely to be reduced for the foreseeable future, and
there is, and will probably continue to be, a sufficiently large habitat to maintain its
populations on a long-term basis”.

In this section, we clarify and interpret several aspects of FCS for species, which have not yet
been conclusively settled by analyzing and weighting a variety of sources. The most relevant
aspects of the Directive for the Swedish wolf cases are /) whether FCS should be measured at
the species, population or national level, 2) what it means for a species to be a “viable
component of its natural habitat”, 3) how long is a “long-term basis”, 4) what it means for a
species to “maintain itself’ and 5) whether FCS should be measured from extinction or
carrying capacity. The methods of legal scholarship — followed in this section — are somewhat
different from ecological research as the data examined here consists of various legal sources.
Importantly, the Directive itself and the decisions of the European Court of Justice (ECJ) are
the only legally binding sources, and where a decision of the ECJ seems to contradict the
Directive, the ECJ’s interpretation trumps.

At what level should FCS be measured?
Based on the text of Article 1(e) of the Directive, a population at FCS is required at least at

the EU, rather than the global, level: “conservation status of a species means the sum of the
influences acting on the species . . . within . . . the European territory of the Member States to
which the [EU] Treaty applies.” Member States each have a responsibility to take measures to
protect those species within their European territory The Commission requires reporting of a
species conservation status for each biogeographical region within each Member State (Evans
& Arvela 2011). The essential question of whether FCS should be achieved at the European,
population, or Member State level has been analyzed by scholars both within the natural and
legal sciences. Mehtéla & Vuorisalo (2007) propose viewing FCS as a hierarchical concept
occurring at each of these levels. Guidance from the Commission has been inconsistent. As
Trouwborst (2014) points out, the Commission has suggested that question of scale is species-
dependent and may require population based analysis for some species, such as large
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carnivores (European Commission 2007), but has nevertheless focused only on national
assessment in some situations such as the Finish wolf case. The Large Carnivore Initiative for
Europe (LCIE) guidelines support the idea that when populations are transboundary, with
FCS recommended to be achieved at the population level (Linnell ez al. 2008). However, the
jurisprudence of the European Court of Justice (ECJ) indicates that FCS may also be required
to be achieved at the national level (Trouwborst 2014). In the 2007 Finnish wolf case (ECJ
2007), the ECJ considered only the wolves in Finland in stating that the population was not at
FCS, and not those in neighboring Russia, Sweden, or Norway. Importantly, the 2009 hamster
(Cricetus cricetus) case (ECJ 2011) indicates that the ECJ would favor a narrow interpretation
of what constitutes a population: the court considered there were multiple populations of
hamsters within Alsace (France), rather than treating the French hamsters as one small part of
a very large population that extends till Hungary (Weinhold 2008). Similarly, while
emphasizing a population approach, Trouwborst (2014) recommends that Member States thus
pursue FCS at both the national and population level.

What does it mean for a species to be a “viable component of its natural habitat?”

A standard method for ecologists of assessing viability is to determine minimum viable
population (MVP) (Thomas 1990; Boyce 1992; Traill et al. 2007; Frankham et al. 2014; Reed
& Mccoy 2014). This is the approach recommended by guidelines produced by the LCIE
(Linnell et al. 2008), which suggest that one of several factors for determining FCS could be a
MVP based on the [IUCN Red List criterion E, which defines a MVP as a population with less
than 10% chance of extinction within 100 years estimated from a model that “makes full use
of all relevant available data” (IUCN 2001). These guidelines also discuss that FCS may
require greater numbers than MVP, although it is not clear where the threshold should be.

The commission’s own guidelines introduced the concept of Favourable Reference Population
(FRP) to define the population size at which FCS is considered reached, but through a more
qualitative approach by including the consideration of ecological data such as historic
distribution and abundances, potential range, biogeographical and ecological conditions, gene

flow or genetic variation and add that a population should be sufficiently large to
accommodate natural fluctuations and allow a healthy population structure (Evans & Arvela
2011). The 2006 Article 17 Reporting Guidelines (European Commission 2006) were the first
to suggest that MVP could be linked to FCS. However, they claimed only that MVP could be
“of use” in determining FRP and “by definition different”. The 2011 Article 17 Reporting
Guidelines again indicated that MVP is one possible means for determining FRP, adding that
MVP is necessarily lower than the number required for FCS (Evans & Arvela 2011). The
2011 guidelines cited favourably a scientific article that recommended MVP be used with a
criteria of extinction risk <1% over 40 generations (Trail ef al. 2010). It should also be noted
than none of the Article 17 Reporting Guidelines mention IUCN criterion E, which tolerates a
much higher extinction risk (1 out of 10 populations becoming extinct over 100 years). The
LCIE guidelines’ recommendation to use criterion E is wholly unjustified and should be
rejected; there is no reason why [UCN’s criterion E should be used in determining whether a
species is a “viable component of its natural habitat”. Indeed a textual analysis of the Habitats
Directive indicates that MVP in general may not be sufficient to determine FCS. The relevant
clause of the Directive does not emphasize that the species is just demographically viable as
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an isolated entity, but instead the role the species plays in the ecosystem of which it is a part,
even though having a viable role naturally requires being first a viable entity. That a species
must remain a “component” of its habitat implies ecological functionality in addition to
demographic viability. The LCIE chose narrowly to focus on demographic viability. The
language of the Directive indicates rather that ecological viability, which considers
interactions among species and between a species and its habitat is the more appropriate
interpretation for this particular clause.

What is a “long-term basis”?
The Habitats Directive primarily implements the Bern Convention, which in its preamble
recognizes the need to preserve wild flora and fauna for future generations. But the stronger

interpretive guidance stems from the preamble of the Convention on Biological Diversity
(CBD), which specifically talks about the importance of biological diversity for evolution,
and of preserving biological diversity for future generations. The importance of the CBD for
the interpretation of the Habitats Directive is underscored by the EU biodiversity strategy to
2020, which implements the Strategic Plan for Biodiversity and Aichi Biodiversity Targets
adopted under the CBD (European Parliament 2012). The EU biodiversity strategy to 2020
expresses a goal of improving the conservation status of all species and habitats through the
improved implementation and enforcement of the Habitats Directive. It is not explicitly stated
for how long a population must remain a viable component of its natural habitat, but in light
of the goals stated in the preambles of the Habitats Directive, the Bern Convention, and the
Convention on Biological Diversity, populations should remain viable indefinitely.

This implies that to be considered at FCS, a population must maintain evolutionary potential
or genetic viability (Laikre ef al. 2009). The need for genetic viability, in addition to
ecological viability, seems to be implicitly supported by the 2011 Article 17 Guidelines,
which recommend Traill ez al. (2010) to those considering using a PVA for setting FCS. Traill
et al. (2010) concluded that long-term survival (and continued ability to evolve) of a species
must aim for a metapopulation of thousands of individuals. Laikre et al. (2009) also argue that
the long-term viability of a population requires genetic viability, requiring in turn at least a
genetically effective population size of Ne=500 individuals. An analysis of MVP modelled on
this understanding of genetically viability was accepted by the Court of Justice in the hamster
case (ECJ 2011). This case referred to an estimation of 1,500 hamsters over 600 ha as MVP,
numbers derived from a study using this formulation (Kayser 2005). Recent research shows
however that larger numbers may be necessary, as a recent exhaustive review of the role of
genetic factors in population viability found that to avoid eroding evolutionary potential,
Ne=1,000 would instead be warranted (Frankham et al. 2014). While each Member State must
reach and maintain FCS, however, it may not be possible for each Member State to have over
Ne=500 or 1,000 individuals of every listed species in the different Annexes of the Directive.
Instead, Laikre ef al. (2009) argue that species populations within states can maintain the
necessary genetic variation to remain viable if they are part of a larger population or network
of connected populations that has the requisite numbers and with connectivity between
patches of at least 1 genetically effective immigrant each generation to maintain sufficient
genetic diversity. These numbers of genetically effective immigrants necessary are likely to
be higher if the concerned population already suffers from a restricted genetic diversity.
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What does it mean for a species to “maintain itself”?

It is important to note that an equivalent of the word “itself” does not occur in the majority of
the other official language versions of the Habitats Directive. All language versions of EU
legislation are equally valid (ECJ 1998). The French version, for example, requires that the
species “continue et est susceptible de continuer...a constituer”, which more literally means
that the species must “continue and be likely to continue to constitute”. Where there are
differences in the language versions of a law, the court must find a uniform interpretation by
interpreting the contested passage “by reference to the purpose and general scheme of the
rules of which it forms a part” (ECJ 1977). Further clarifications can therefore be provided by
looking at what, if any, level of human management is deemed consistent with the purpose of
the Habitats Directive. The Directive acknowledges that much of Europe’s habitat cannot be
truly said to be natural: the definition of natural habitat in Article 1(b) includes both the
“entirely natural” and “semi-natural”. In fact, human activity, such as certain agriculture or
livestock practices, may be required to maintain habitats of community interest (Bignal &
McCracken 2000; Lopez-Bao et al. 2013) and necessary to reach FCS for certain species as
the Directive’s preamble states that maintaining biodiversity may “in certain cases require the
maintenance, or indeed the encouragement, of human activities”. For example, in the Alsace
hamster case (ECJ 2011), hamster conservation status was unfavourable due in part to
changing agricultural practices—hamsters require the cultivation of particular types of cereals
and hay, but changes in the agricultural market had led to these crops being replaced. The ECJ
ruled that it was necessary for the management plan for the hamster to include the cultivation
of crops needed to support the continued existence and recovery of the hamster. The court
considered that while the hamster is not at FCS, the attainment and maintenance of its FCS
would necessarily require agricultural activity. It does not however logically follow that FCS
of a species could be considered to be maintained if its continued existence was wholly
dependent on human intervention as this is also not in line with the purpose of the text. For
example, a metapopulation dependent on regular artificial translocations should not be
considered to have reached FCS, as such dependence would likely not be consistent with the
Directive’s goal. While it is not literally required that a species maintain “itself”, the fact that
several language versions have expressed the clause in question using the reflective “itself”
support the interpretation that the intention was that the amount of human assistance required
should be limited.

Should FCS be measured from extinction or carrying capacity?
The commission guidance documents consistently emphasize that FCS must be assessed as
“distance from some favourable state” rather than distance from extinction (Evans & Arvela

2011). Therefore, conceptually, measurement from carrying capacity appears to be a better fit.
That is, if conservation status is evaluated based on the distance from favourability, but the
FRP value is based on distance from extinction, the conservation status is indirectly being
measured from extinction. It is more logically consistent to base the FCS from the most
favourable state which is carrying capacity. The European Commission notes positively the
use of carrying capacity to determine the FRP values and describes in detail how this has been
done in Poland for wolves (Evans & Arvela 2011; based on the suitable habitat for the
species, Jedrzejewski et al. 2008).
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Operationalizing Favourable Conservation Status
This section written by GC only

The commission guidance makes it clear that political context should be given no role in
setting what is FCS. Evans & Arvela (2011) explicitly write that “Favourable Reference
Values should be based purely on scientific grounds”. While biodiversity conservation is a
political choice, this choice already lies in the Habitats Directive itself as well as the others
international legislations (Bern Convention, Convention on Biological Diversity) that
Swedish politicians have signed. These legislations translate a broad societal goal to restore
and keep a flourishing biodiversity into legal instruments. Therefore I should restrict myself
to providing the scientific and legal interpretation of legal instruments, unencumbered by any
past statements quantifying FCS.

My approach is to interpret the Habitats Directive in line with the European Court of Justice
(ECJ) numerous clarifications that the provisions of the Directive to contribute towards
ensuring biodiversity through the conservation of natural habitats and of wild fauna and flora
“must be interpreted strictly” (see e.g. C-6/04, Commission v. UK; C-342/05, Commission V.
Finland). One could argue that such a strict interpretation would contravene Article 2(3) of the
Directive, which states “Measures taken pursuant to this Directive shall take account of
economic, social and cultural requirements and regional and local characteristics”.
However, Article 2(3) mentions only measures and not the goal of the Directive, and the ECJ
has considered in Case C-371/98 that Article 2(3) was not a reason to derogate from the
provision of Article 3(1) and its goal to reach FCS. The court suggested a rather limited scope
of the provision, ruling that a member state “cannot of its own accord, whether because of
economic, social or cultural requirements or because of regional or local characteristics,
delete sites which at national level have an ecological interest”. This interpretation is re-
stated in the Guidance document on strict protection, which adds “Since Article 2(3) requires
the protection of natural habitats and species to be balanced against other requirements, one
may ask if this provision comprises an independent derogation from the general requirements
of the Directive. For Directive 79/409/EEC [the Birds Directive], the Court has clearly
confirmed that it does not. Mutatis mutandis, it follows that Article 2(3) of Directive
92/43/EEC does not provide an independent derogation from the obligations and
requirements of the Directive”

In light of previous decisions by the ECJ, the Commission has also made clear that
introducing flexibility in the Directive provisions for the Swedish wolf case was inappropriate
in particular by stating that “by allowing a licensed hunt in 2010, 2011, 2013, 2014 and 2015,
Sweden has established a systemic practice which infringes the Habitats Directive .

Under the Habitats Directive, Member States have an individual obligation to promote FCS of
those populations within or partially within their borders, as well as in each of their
biogeographical regions, thus contributing to FCS of the species at the European level. The
language of the Directive suggests demographic viability, evolutionary or genetic viability
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instead indicates a recovered and abundant population. Below, I quantitatively interpret these
obligations based on the best available science.

No risk of extinction

The language of the Directive suggests that populations within or partially within borders of
Member States should have an infinitesimal extinction probability on the long-term. Most of
the PV As for Swedish wolves have examined extinction risk over short-term periods (e.g. 100
years in Chapron et al. 2012) and are therefore irrelevant to conclude on FCS values (see also
Chapron 2014). Chapron et al. 2012 is not a PVA fulfilling the requirement of IUCN criteria
E since it did not “use all the relevant data” and ignored genetic aspects. An additional
condition for reaching an infinitesimal extinction risk is that the population should not be

facing any major threat. This reasoning is also in line with Sweden’s own suggested approach
to the European Commission (see Figure 2 p. 21 in Evans & Arvela 2011) where the existence
of threats is given a particular importance in setting reference values.

One threat that has been consistently pointed out by scientists, Swedish authorities and the
European Commission is the high inbreeding level in the population and associated
inbreeding depression. There is a substantial peer-reviewed scientific literature describing
inbreeding as a major concern (Bensch et al. 2006, Liberg et al. 2005, Riikkonen et al. 2006,
Réikkonen et al. 2013). In particular, Liberg et al. 2005 found that the number of surviving
pups per litter during their first winter after birth was strongly and negatively correlated with
the inbreeding coefficients of pups. In 2009, the Swedish parliament decided the wolf
population's genetic status must be improved, primarily by making it easier for naturally
migrating wolves to move from the reindeer husbandry area to the wolf population located in
central Sweden. In 2011, the Swedish government announced that the wolf genetic status was
to be strengthened through introduction of new wolves during the coming years. Urgently
decreasing inbreeding was also the ground for the decision of the Swedish Environmental
Protection Agency (NV-01007-13) to carry a selective wolf hunt. The European Commission
wrote on multiple occasions that the genetic status of the Swedish wolf population was not
satisfying and needed to be improved (e.g. letter from European Commissioner Potocnik to
Minister of the Environment Carlgrén dated 7" Dec. 2010; Motivated Opinion dated 17" June
2011; letter from European Commissioner Poto¢nik to Minister of the Environment Ek dated
25™ Jan. 2013; Additional Reasoned Opinion dated 19" June 2015) and an international
scientific report for the European Commission stated that “inbreeding depression and low
genetic variability are important factors to consider in the conservation of the Scandinavian
wolves” (Kaczenski et al. 2013) with a consequent report identifying the genetic
reinforcement of inbred populations as a most urgent action for large carnivores (Boitani et al.
2015). Prior suggestions made by other scientists (Jansson et al. 2015a, Laikre et al. 2013) and
a previous independent investigation commissioned by the Swedish government (Liljelund,
2011), have recommended that inbreeding coefficient approaches 0.1 before the population
can be considered at FCS. Based on the one effective migrant per generation rule, I
recommend that inbreeding coefficient becomes less than 0.2.

An additional threat to the Swedish wolf population is poaching which a peer-reviewed
scientific paper estimated to account for half the total mortality of wolves, with two thirds of
poaching not being reported (Liberg et al. 2011). It has been suggested that poaching could be
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reduced by capping the population at lower size or allowing license hunting. This approach
creates a wicked situation where reaching FCS is contingent on supposedly controlling a
threat by reducing the population to a size not satisfying the criteria for FCS. In that regard, it
is important to note that the European Commission has explicitly stated that “social
acceptance is not among the grounds specified in Article 16 of the Directive, to exempt from
the strict protection of species listed in Annex IV”’. In addition, whether capping population
will reduce the threat of poaching appears speculative in light of an increasing body of
evidence suggesting the opposite. A mailed questionnaire survey by the Montana Fish
Wildlife and Parks (Lewis et al. 2012) only found that Montana’s wolf-hunt improved
perceptions of the administrative agency and its management actions, which is different than
tolerance for wolves. Peer-reviewed scientific papers (Browne-Nuiiez et al. 2015; Hogberg et
al. 2015; Treves et al. 2013) reporting longitudinal studies in Wisconsin, USA 2001-2013,
showed that acceptance for wolves decreased and inclination to poach increased after
management was made more flexible and wolf-killing was liberalized (Treves et al. 2013).
The least tolerant interest groups showed that once culling was liberalized, participants in
focus groups said that was not enough and hunting was needed to reduce the wolf population
(Browne-Nuiez et al. 2015). The latest study also in Wisconsin from 2009-2013 showed
acceptance continued to decline after wolf-hunting was legalized, among males familiar with
hunting who lived in wolf range (Hogberg et al. 2015). This seems to suggest that government
action to allow killing of wolves sparks intolerance and further demands for killing more
wolves not greater acceptance of the smaller wolf population. I therefore conclude that
reducing population size to decrease poaching is incompatible with reaching FCS.

Evolutionary potential through Ne=500

The language of the Directive suggests it is also necessary that the species has evolutionary or
genetic viability by reaching at least a genetically effective population of Ne=500. Several
estimates of Ne for the Scandinavian wolf population have been provided using different
methods. Estimating Ne is notoriously difficult: whether genetic samples are well
representative of the population, which method or estimator is used, which time period is
considered and what is the population dynamic during that time period are all important
factors affecting Ne estimates or Ne/N ratio. For example, Jansson et al. 2012 estimated Ne/N
for the Finnish population and found that it could vary from 0.16 to 1.47, according to the
method used or the years considered within the time period 1995-2009. Cherry-picking
particular estimates of Ne/N is not appropriate, especially considering the complexity added of
meta-population level estimates. In that regard, Ne/N estimates derived from simulation
models may be more relevant, especially when the models are designed for this purpose. In a
report to the Swedish Environmental Protection Agency, Forslund (2008) developed a wolf-
specific individual-based model and reported a ratio Ne/N = 0.24. Bruford (2015) reported
higher values for Ne/N (0.53—0.86), however a substantial review of the report by geneticists
(Jansson et al. 2015b) raised serious concerns about the method used where the Ne reflected
rate of inbreeding of the metapopulation whereas the N reflected local census size.
Importantly, when computed for isolated populations in this report, the ratio Ne/ N became
lower (0.39 for K =300 and 0.32 for K = 700, t = 50 years in both cases, K being population
cap), in line with a previous report returning Ne/ N = 0.35 of Andrén (2005; Vortex

65



simulations). In summary, based on today’s state of knowledge, precautionary estimates of the
Ne/N ratio would suggest a value close to 0.3 in the Scandinavian wolf population implying
that Ne = 500 would be reached when the population size contains N = 1700 wolves. This
population size is within the range of sizes for other wolf populations usually considered to be
at FCS in Europe (i.e. Romania, Spain, see Chapron et al 2014). Preventing the ratio Ne/N
from dropping to lower level may also be contingent on a lack of excessive hunting especially
if breeding wolves are killed (Jansson et al. 2012, Jansson et al. 2015a).

Can Sweden include foreign wolves to reach FCS?
A major point of contention is whether Sweden can include animals outside the national
Swedish or European Union territory when assessing whether Swedish wolves have FCS

(Figure 27). The reasoning behind this possibility is that the population size implied by
Ne=500 (1700 wolves) would be too large for Sweden, although no biological study supports
this statement and Sweden actually hosts 2800 brown bears and 1000 lynx. In the French
hamster case (Commission v France, Case C-383/09), the ECJ followed a very narrow

minimum viable population threshold, which is estimated at 1 500 individuals™) and not of the
overall French population. Neither did the court take into consideration that French hamsters
were the extreme Western patch of a much larger (meta)population ranging as far as Hungary
where hamsters are abundant and in Annex V. In the case Finnish case (C-342/05), the
government of Finland called attention to the pups born annually in the immediate vicinity of
Finland on the Russian side of the border (Letter of observations from Finland to the
European Commission dated 05" July 2001), however the ECJ did not keep that argument in
its rulings. The ECJ appears to indicate that FCS must be reached at the national population
level. The Article-17-guidelines (2011; p. 38) mention cases where “species may have a
population which is shared between two or more Member States” and the LCIE guidelines
clearly focus on population-level management of large carnivores (Linnell et al. 2008).
Nevertheless, there is no biological basis to assume there is a functioning Fennoscandian wolf
population, as no wolf pack has a territory overlapping Sweden and Finland (contrary to
Pyrenean brown bears which the Article-17-guidelines cite as an illustrative example) and
breeding Swedish and Finnish wolf packs are distant by roughly at least 1000 km. The
Article-17-guidelines further “encourage Member States to undertake a common assessment
and to agree on data and assessments, but each Member State would report the results”.
However, it is important to note that this encouragement to standardize monitoring and share
data does not suggest that each Member State would face weaker obligations for the
conservation status of a population under the Directive as soon as it is shared with other
countries. The Article-17-guidelines add that “joint assessments between two or more
Member States should be done primarily in cases where there is a certain level of cooperation
and common understanding of the management needs and approaches for that species”.
There is no joint management approach of wolves between Sweden and Finland and the
countries have not succeeded in improving connectivity between their respective populations.
The same conclusion can also be made regarding Russian and Member States of the European
Union. The Finnish wolf management plan actually indicates that the Russian-Karelian wolf
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population has been halved during the past decades to 300-350 wolves, and wolf numbers
South of the Gulf of Finland have fallen even more rapidly in recent years. In addition, the
Federation of Russia is not bound to the Habitats Directive, has not signed the Bern
Convention and does not have a wolf management plan indicating population targets as well
as harvest levels. While there is some connectivity across the Finnish-Russian border fence,
the actual international context with Russia growing hostility towards Finland precludes from
relying on the assumption that the border fence will not be sealed in the near future. A strict
interpretation of both rulings by the ECJ and guidelines by the Commission would suggest
1700 wolves are required for the species to have FCS in Sweden. If this number would be
larger than the species carrying capacity of the wolf in its natural habitats, then FCS would be
reached at carrying capacity (~1200 wolves as a preliminary estimate, see below), while the
appropriate level of immigration to reach Ne=500 would still need to be secured. Under this
reasoning, Sweden would first need to do all what it can in to improve the conservation status
of the wolf on its national territory, before relying on wolves outside its national territory.

Following the explicit request of the Swedish EPA during the reporting meeting on August
24" 2015, 1 also discuss the case where the ECJ would consider that FCS is defined at a meta-
population level. Importantly, the connectivity between Sweden and Finland has so far
remained exceptionally low with only 3 wolves effectively and naturally immigrating into the
Swedish population after it established, which amounts to less than 1 effective and natural
migrant every 10 years. If connectivity had been at the required level of 1 effective migrant
per generation (5 years), twice as many immigrants would have bred in the Swedish
population. Assuming Swedish wolves would be allowed to regularly roam through Northern
Sweden as to form a functioning meta-population with Finnish wolves with 1 effective
migrant per generation, the approach promoted by the LCIE may apply. What still remains
unclear is how Sweden and Finland would decide on the allocation of these 1700 wolves. The
wolf in northern Finland is in Annex V of the Habitats Directive and the Finnish population
remains relatively small (220-245 wolves in January 2015). Different approaches are possible,
e.g. allocating an equal amount of wolves (850) between the two countries, allocating wolves
according to the proportion of suitable habitat in the two respective countries, or according to
a political agreement. In any case, wolves would still need to reach a population size deemed
compatible with the fulfillment of their ecological role (see next).

Ecological viability across Sweden
The language of the Directive suggests ecological viability in addition to demographic

viability for species through its wording “a viable component of its natural habitats”. This
wording is not exclusive to English and is also found in e.g. the Swedish version of the
Directive “en livskraftig del av sin livsmiljé”. The stronger interpretive guidance stems from
Article 2 of the Convention on Biological Diversity which states that “ "Biological diversity"
means the variability among living organisms from all sources including, inter alia,

LCIE guidelines (Linnell 2008) also acknowledged that ecological viability is implied in the
intentions of the Habitats Directive. The science of ecological viability remains however
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limited (Chesson & Kuang 2008) and in theory, a single wolf could be considered as being
ecologically functioning as it would still kill prey. However, with the language of the
Directive signaling that FCS is better measured from an optimal state such as carrying
capacity than from extinction, ecological viability can be formalized as the species occupying
a majority (>50%) of its natural habitats at an abundance of half its carrying capacity in its
habitats. This approach is consistent (albeit less ambitious) with Poland’s approach to
estimate FCS for wolves by using a habitat suitability model and calculating the potential
number of wolves at carrying capacity (Evans & Arvela 2011). One proposed estimate of the
carrying capacity for wolves in Sweden is 1200 animals or 200 territories (Sand et al. 2014),
which would suggest FCS is reached with 600 animals or 100 territories. However, this
estimate excludes the reindeer herding area and should be considered as preliminary before
more accurate estimates are proposed. It is nevertheless clear that wolves are not ecologically
viable in their natural habitats in Sweden as they are de facto not allowed to settle or breed in
the Northern part of the country, as illustrated by the so-called ‘Junsele female’ case and the
fact that an offspring of the immigrant so-called ‘Tiveden pair’ was shot in the reindeer
herding area.

Practical recommendations
In light of the analysis above, I conclude that the Swedish wolf population does not have FCS.
The inbreeding coefficient remains too high, the population remains too small and the

connectivity in Northern Sweden with neighboring Finland is typically broken by human
threats (there is no operational plan on how to naturally reach a minimum of 1 migrant /
generation). In order to reach FCS, two important points require a particular attention. The
first one is to allow wolves (especially immigrants) to roam and establish in Northern Sweden
so that inbreeding coefficient drops below 0.2 and natural connectivity reaches at least 1
migrant / generation. It is important to make the difference between a trend and a result: the
fact that inbreeding coefficient may be declining (a trend) does not equal this coefficient
passing below 0.2 (a result). Therefore, wolves in Sweden can never be said to have achieved
FCS as long as their inbreeding coefficient remain > 0.2 and substantial number of immigrant
wolves is required to reduce the inbreeding coefficient. This implies that even if a
connectivity of 1 migrant / generation would be achieved today, the wolf population would
still not qualify for FCS. This connectivity should also be achieved naturally and without
artificial translocations. The Directive defines FCS when the population “is maintaining
itself”, and the hamster case (Commission v France, Case C-383/09) only suggests that
depending on already existing human actions (such as farming) may be compatible with FCS
and does not suggest human actions that would normally not occur such as translocations.
Decreasing inbreeding by hunting the most inbred wolves is also a very risky strategy
(Chapron et al. 2013) and against the precautionary principle written in EU law. Swedish
courts have actually ruled that the 2013 genetically selective hunt was not in line with the
Habitats Directive. Similarly, it is unclear how a related idea to ‘thin’ the Swedish wolf
population (under the assumption that local density is now too high for immigrants and their
offspring to settle) would decrease inbreeding and not violate the Directive. The practice to de
facto avoid wolves settling in Northern Sweden appears to be infringing the Directive on
multiple grounds. It precludes the population from reaching FCS and it amounts in reality to a
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transfer of wolves in Northern Sweden from Annex IV to Annex V (note: wolves in Northern
Finland are in Annex V but Sweden does not have this derogation or a mandate to move
wolves between annexes). The second point is to let the population grow to half its carrying
capacity (~600 wolves as a preliminary estimate) or, if connectivity is not improved, to its
carrying capacity or 1700 wolves (whichever is the smallest). It is in any case critical to allow
wolves in Northern Sweden by letting pairs settle and by designating areas of special interest
(as mandated in Article 3(1) of the Directive for species in Annex II) where the species can
breed.

Synthetic approach to establish FCS for wolves in Sweden

Can Sweden include
wolves from other
populations in foreign
countries to obtain FCS?

Is there space for Is connectivity = 1
1700 wolves in effective migrant /
Sweden? generation?
FCS =K FCS =K/2 FCS > K/2 wolves
FCS = 1700 wolves (prelim. estimates (prelim. estimates (prelim. estimates
~ 1200 wolves) ~ 600 wolves) > 600 wolves)
Case 1 Case 2 Case 3 Case 4

Figure 27: Rules to establish FCS values for wolves in Sweden according to interpretation of
the Habitats Directive and ecological parameters. In all cases inbreeding coefficient must
pass below 0.2.

1. Sweden cannot include wolves from outside its national territory to reach FCS and there is space
for more than 1700 wolves in Sweden: FCS is achieved at 1700 wolves and the country reaches
Ne=500 by itself.

2. Sweden cannot include wolves from outside its national territory to reach FCS and there is no
possibility to have 1700 wolves in Sweden (required for Ne=500): FCS is achieved at carrying
capacity K (preliminarily estimated at 1200 wolves) and the appropriate level of immigration to
reach Ne=500 should be secured.

3. Sweden can include wolves from outside its territory to reach FCS and the connectivity is more
than 1 effective migrant per generation: FCS is achieved at half carrying capacity K/2
(preliminarily estimated at 600 wolves) to ensure the species ecological role.

4. Sweden can include wolves from outside its territory to reach FCS but the connectivity is less
than 1 effective migrant generation: FCS is achieved at a value larger than half carrying capacity
K/2 (preliminarily estimated at 600 wolves) and large enough to have Ne=500 given the realized
connectivity.
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Appendix 1. Monitoring of wolves in Scandinavia.

The County Administrative Boards in Sweden are responsible for performing annual
monitoring of wolves. In each county a varying number (5-15) of field workers are employed,
on full or part time, to perform the field work (Liberg et al 2012). In Norway, Hedmark
University College has the responsibility for monitoring stationary wolves whereas vagrant
wolves are monitored by the Norwegian Nature Inspectorate (SNO). The Wildlife Damage
Centre (Swedish University of Agricultural Sciences) and Rovdata (Norwegian institute for
nature research) are responsible of evaluating monitoring results and make a joint annual
report.

The monitoring of wolves in Scandinavia is based through snow-tracking and DNA-analyses
of scats and urine. Information from GPS-collars, other research data and dead wolves are
used when available. The main method is tracking of wolves on snow (Wabakken et al. 2001).
The field workers are actively searching for tracks all through the winter, but are also getting
information about fresh tracks from the public. Tracks found, especially groups consisting of
two or more wolves, are followed, usually backwards, to avoid disturbance of the animals, for
as long distances as possible, depending on time available and competition with other work
tasks, but at minimum 3 km. During tracking, number of animals in the group tracked is
determined, territorial scent markings and oestrus bleedings are recorded, and found
scats/urine are retrieved for DNA-analysis. The second method is DNA-analysis. DNA is
extracted from blood or other tissue from live wolves during capture and from retrieved dead
wolves, but the majority of DNA-samples are sampled from feces found during tracking
(Liberg et al 2005). The DNA-analyses are valuable for verifying reproductions, for
identifying newly established pairs, for differentiating between neighboring territories and for
identify new immigrants from the Finnish/Russian population. Tracking effort and number of
DNA-samples analyzed per year varies. For example, during the winter 2013/2014 a
minimum of 2083 km of wolf tracks was followed and 498 DNA-samples were analyzed
(Svensson et al. 2014).

For the winters of 1998/1999 through 2013/2014 Scandinavian wolves have been classified
as: family groups, territorial pairs, other stationary wolves, or vagrants (Wabakken et al. 1999,
2014, Liberg et al. 2012), during the period October 1 to February 28. Family groups are
defined as a minimum of three wolves, of which at least one should be territorial by scent
marking, travelling together and sharing a territory. Territorial pairs should include two
wolves with different sex where both are territorial by scent marking and share a territory.
Other stationary wolves usually include single wolves that have recently settled, or remnants
of split family groups. In Norway, also vagrant wolves (not stationary) were recorded,
whereas this segment of the population in Sweden was calculated according to an assumed
proportion of the population. Also the number of reproductions has been estimated each year
during the period May 1 to February 28 based on visual or vocal observations, scats from
pups, rendezvous sites during late summer/early autumn, or confirmed using DNA of pups.

The Swedish Environmental Protection Agency and the Norwegian Environment Agency
decided in 2012 that monitoring of wolves (and other large carnivores) should be better
coordinated and conducted using the same type of methods in both countries exclusively. This
resulted in new criteria (Naturvardsverket and Rovdata 2014) of wolf monitoring in Sweden
and Norway. Starting from the winter of 2014/2015, the primary units of the annual
population monitoring in Sweden are family groups and territorial pairs during the period
October 1 to March 31. Within the Swedish reindeer husbandry area all individual wolves

80



should be registered per Sami village. In Norway, monitoring of all wolves in the field should
be continued (the Norwegian Environment Agency, personal communication). As a
consequence, determination of the number of territories with pups of the year (monitored
since 1978, Wabakken et al. 2001a) is no longer a target neither for the Swedish monitoring
nor for the total Scandinavian monitoring, but will be recorded when the criteria for
reproduction are fulfilled without any extra effort for the field personnel. The number of
reproductions will instead be estimated from the observed number of family groups during the
winter monitoring period. The routines for monitoring wolves are regulated by official
instructions issued by the responsible central authorities, (Rovdata in Norway and the
Swedish Environment Protection Agency).

From every winter since 1998, joint Swedish-Norwegian annual reports have presented the
status of the wolf population. Also data from the wolf monitoring in Finland has been
included with the exception of the monitoring report including the winter of 2014/2015 (Anon
2015).
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INTRODUCTION

The Swedish Environmental Protection Agency (SEPA) has requested an updated
assessment on the status of the wolf population in Scandinavia based on existing population
viability assessments and scientific results to date. The assessment should include a synthesis
of appropriate science-based criteria for population size and connectivity with conspecifics in
Finland and Karelia to ensure that the wolf population in Scandinavia fulfills the “Favorable
Reference Population” (FRP) part of “favorable conservation status” under the Habitats
Directive (Council Directive 92/43/EEC), and are able to maintain FRP for the foreseeable future
(favorable “Future Prospects”, Evans & Arvela 2011). The time frame given for this task is
quite short (<2 months), so no new analyses are included and no effort is made to be exhaustive
in reviewing all related papers and concepts. Instead, we will attempt to identify the key
conceptual areas of relevance for Scandinavian wolves, and assess the population status based
on the relevant literature and personal evaluation of the evidence.

By way of background: L. S. Mills is an applied population ecologist with research and
teaching experience in population genetics, population viability analysis, and population
monitoring. Although not a “wolf biologist” Mills has taught multiple PVA and conservation
genetic workshops to practitioners, and served in various capacities as an advisor or expert
witness regarding management of North Rockies gray wolves in the western U.S. Jennifer
Feltner is a PhD student working with L. S. Mills who will be carrying out her dissertation
research on multi-predator, multi-prey interactions amongst large carnivores and ungulates in
the southern Greater Yellowstone Ecosystem of the United States. Feltner has several years of
field and research experience with large carnivore and mountain ungulate ecology and
management in the Southwestern United States and Latin America as well as a previous
professional background in international relations, policy and Chinese language. Because we
have no experience working directly with wolves in Scandinavia, this is an independent
‘outsider’ review, relying on a broad knowledge of the relevant ecological and evolutionary
concepts, and on the many analyses conducted by others on wolves in Sweden and elsewhere.

The literature on wolves in general and Scandinavian wolves in particular is impressive
in its breadth and depth, with several hundred scientific articles addressing various aspects of
wolf ecology, evolution or management. Between the authors of these papers and outside
evaluators of various reports on the Scandinavian wolf, it is fair to say that many of the best
minds in population biology and genetics have weighed in on how these animals should be
managed. For that infusion of science into practical decision making, conservation planners in
Sweden should be congratulated. In this report we make no attempt to be comprehensive in
reviewing the entire wolf literature, and instead focus on the key threads.



BACKGROUND ON SCANDINAVIAN WOLVES

Here we give a brief background on our understanding of some of the most relevant
aspects of demographic, genetic and management history of wolves in the Scandinavian
population (Sweden and Norway). Much of this is well-known based on the impressive work
that has done on this species to date, so this section is not comprehensively referenced. The
primary sources used include Chapron et al. (2012), Kaczensky et al. (2013), Liberg (2006),
Liberg et al. (2010), Liberg et al. (2011), Liberg et al. (2012), Sand et al. (2014), and Wabakken et
al. 2001).

The only new information contained in this section is an analysis of average population
growth rate using a new estimation method (See “Population Growth Rate”).

Distribution and General Habitat of Scandinavian Wolf

The “Scandinavian wolf” is native to Sweden and Norway. Historically wolves occurred all
over the Scandinavian Peninsula, and by 1800, the population was still continuous with the
much larger Finnish-Russian population. The present day Scandinavian wolf population is
shared between Sweden and Norway, though the majority of the population is found in central
Sweden. There are no permanent territorial wolves in the northern and southern part of
Sweden. In Norway, resident wolves are only found in a limited area in the southeast close to
the border with Sweden.

The present wolf range in central Scandinavia covers approximately 120,000 km?. Boreal
forest and alpine tundra are the primary land cover types in the peninsula, however, the
majority of it is intensively managed and interspersed with a network of unpaved forest roads.
The northern and interior parts of Scandinavia have a low human population density, as the
majority of the 15 million inhabitants live in the southern and coastal areas, where the climate is
milder and the majority of urban and agricultural lands are located. Wild ungulate prey is
abundant in Scandinavia. There are more than 300,000 Moose (Alces alces), the primary prey for
wolves, distributed all over the peninsula, and over a million roe deer (Capreolus capreolus) . In
addition, large populations of wild reindeer (Rangifer tarudus) and red deer (Cervus elaphus)
inhabit southwestern Norway, while smaller and less wide spread populations of red deer,
fallow deer (Dama dama) and wild boar (Sus scrofa) exist in southern Sweden. In the northern
portion of Scandinavia (40 %), the Sami people continue to graze approximately 400,000 semi-
domesticated reindeer.

It appears that at this time the wild prey base would be sufficient to (hypothetically)
sustain wolves throughout Scandinavia assuming an average pack territory size of 1,000 km?.
According to Sand et al. (2014), excluding reindeer herding areas there is a high probability of
wolf presence in 80% of the Peninsula. Biologically speaking, this is enough area to support 200
wolf packs or approximately 1,200 individual wolves. Of course, the carrying capacity will be
set not by available habitat or prey but by social tolerance (discussed below).



Origin and Demographic History of the Scandinavian Wolf Population

The historical Scandinavian wolf population started declining during the 19th century,
and was functionally extinct in Scandinavia when protected in 1966 in Sweden and 1972 in
Norway. A source population persisted along the eastern border of Finland in Russian Karelia
however, and during the 1970’s wolves expanded over the border into Finland. In 1977 there
were several sightings of wolves in northern Sweden, and by 1982 a pair of wolves established a
territory in south-central Scandinavia. The pair successfully bred and produced a litter in 1983.
Between 1983 and 1990, the population remained very small, and never grew beyond 9-10
animals (Wabakken et al. 2001). A third male immigrant arrived in 1990, also originating from
Finland/Russia, after which the population began to grow steadily. In 2008 another two
immigrants (both males) from the Finnish/Russian population entered the breeding
Scandinavian population, increasing the total number of founders to five by March 2011. A few
years later, in 2013 a wolf pair from northern Sweden moved down to the southern core area
and established a territory. They produced their first litter in May 2013, and most likely also
bred in 2014. During the 2014-2015 winter inventory in Sweden and Norway, 49 wolf packs
were documented in Scandinavia, 41 in Sweden, 5 in the border zone between Sweden and
Norway and three in Norway. This converts to a total population size in Scandinavia in 2014-15
estimated at 460 wolves (95% CI = 364-598), of which approximately 90 % occurred in Sweden
or in border territories (Anon 2015). Taking into account the number of wolves killed in the
licensed and protective hunts as well as accidents however, the current population size is closer
to 400.

Population Growth Rate for Scandinavian Wolves

In spite of inbreeding effects on reproduction (Liberg et al. 2005, Bensch et al. 2006), the
Scandinavian wolf population has continued to expand each year since 1991. Trend in
population size over time is described by the population growth rate, which can be expressed in
various ways (Appendix I). The most intuitive, and common form, is based on lambda (A), the
proportionate change in population size (Nt) from one step to the next (A = Nt+1 / Nt).

For an updated estimate of population growth I applied a ‘state-space” model to
estimate stochastic exponential population growth rate (Humbert et al. 2009; see accessible
overview in Mills 2013 Chapter 5) based on Scandinavian wolf data. [Notably, other state space
models are available and have been used for Scandinavian wolves (e.g. Chapron 2012; Sand,
Liberg and Chapron 2014)]. A useful attribute of a state space model is that both sample
(observation) variance in the count data and process variance from year to year due to
environmental and demographic stochasticity are accounted for. In other words, unlike most
other estimates of growth rate, this model does not assume that either the abundances were
estimated without error, or that the environment was constant over time. These more realistic
assumptions of the state space model should not have a strong effect on the estimated growth
rate, but they should improve the confidence intervals (Humbert et al. 2009).



Applying the state space model to the SKADULV Scandinavian wolf data from 1998
through 2014/15 gives an estimate of A=1.13, with a 95% confidence interval of (1.11 to 1.14).
This strongly positive growth rate (with the entire distribution within the confidence interval
above a stationary rate of A=1) corresponds closely to estimates of Scandinavian wolf growth
rate derived in SKANDULYV documents. [See Appendix I for discussion of the different
methodology and suggestions for future trend estimates]. To place a growth rate of A=1.13 into
perspective, if the Scandinavian population were to continue growing exponentially at this rate,
it would double in size every 6 years.

Genetic History of Scandinavian Wolves

From a genetic perspective, the most succinct summary of the Scandinavian wolf population is
that it originated from just 5 individuals. These 5 individuals include the original founding pair
(1983-85), a lone male (1991-93), and two males (2008-2012); a recent translocated pair to
southern Sweden (2013) has reproduced but their offspring have not yet reproduced (Sand et al.
2014). The comparison of the founders' DNA profiles with those from other populations are
most consistent with what is expected from wild wolves from Finland and western Russia.
(Laikre et al. 2012).

The SKANDULYV research team has been able to create a nearly complete pedigree for the
Scandinavian wolf population, back to the early founders in 1983. By the spring of 2014 there
were 1243 individual DNA profiles (Sand et al. 2014). Liberg et al. (2005) constructed a pedigree
for 24 of the 28 breeding pairs that established territories in Scandinavia from 1983 to 2002.
Their results showed that for wolves born during the study period, the inbreeding coefficient
F varied between 0.00 and 0.41. The highest mean inbreeding coefficient was reached in 2006,
when it peaked at 0.31. Given the arrival of two new immigrants in 2008, and two more in 2013,
the inbreeding level has been reducing. For the 2013/14 season the average inbreeding dropped
to 0.24 while in 2014/2015 the mean inbreeding coefficient was estimated at 0.25 (Svensson et al.
2014, Anon 2015).

In terms of inbreeding depression, whereby inbreeding leads to a reduction in one or
more demographic vital rates, evidence exists for inbreeding depression on a single vital rate:
reproductive output. When incorporated into a population model the inbreeding depression
was projected to decrease annual growth rate by 6% from a 29% annual increase to a 21%
annual increase (Liberg et al. 2005). A less direct line of evidence for inbreeding may be found
in abnormalities or morphological defects that may or may not result in detectable effects on
vital rates. Swedish wolves may have elevated spine defects and other bone and tissue
malformations (Raikkonen et al. 2006, 2013).

Connectivity and Gene Flow

“Connectivity” refers to individuals that disperse from a source and immigrate into a
recipient population, as well as the subset of those who reproduce and thereby contribute genes
to the recipient population. The Scandinavian wolf population has developed 800-1000 km
from its source population, the larger Finnish- Russian wolf population (Wabakken et al. 2001).



During the period 1977-1999 at least seven wolves immigrated into Scandinavia from the
Finnish-Russian population to Scandinavia, 3 of which successfully reproduced. From 2000-
2014 at least 19 additional individuals immigrated to Scandinavia, two of which successfully
reproduced and added genes to the population (Sand et al. 2014).

Wolves have remarkable inherent dispersal capabilities. And yet, although dispersal and
gene flow is biologically possible for a wide-ranging species such as wolf, in this case there
seems to be very limited genetic exchange with the Finnish/Karelian wolf population. With the
exception of an occasional route across the Baltic ice, all immigrants must pass through the
reindeer herding areas of northern Finland, Sweden and Norway. Immigration through this
area is limited by high rates of human-caused mortality in northern Sweden and Finland where
wolves are in conflict with humans herding reindeer. Furthermore, Aspi et al. (2006, 2009) and
Jansson et al. (2012) have shown that genetic diversity among Finnish wolves has been
decreasing recently, and that gene flow between wolves in Finland and Russia is also
decreasing. Therefore, it appears that allowing for natural dispersal of effective immigrants into
the Scandinavian population will remain a major continuing challenge to address in
management.

The Greater and Functional Metapopulations: The Status of Wolves in Finland and Russia

Although some concerns have been raised about applying the term ‘metapopulation” to
Scandinavian wolves because it implies extinction-recolonization dynamics that are not known
to be occurring (Hansen et al 2011: 118), our opinion is that the modern connotation of the
‘metapopulation’ is perfectly appropriate to Scandinavian wolves. In current practice,
metapopulation refers to populations where both among-population processes such as
connectivity and within-population processes such as birth and death rates are important in
driving population dynamics (Mills 2013 Ch. 10).

There appear to be at least 2 different scales of metapopulations relevant to
Scandinavian wolf management and persistence. The ‘“functional metapopulation’ consists of
wolves living Scandinavia as well as populations most likely to serve as dispersal sources, in
Finland and the Russian oblasts of Karelia and Murmansk (often described as the Finnish-
Russian or “Karelian” wolf population). The Karelian wolf population is frequently assumed to
be continuous with the larger wolf population in Northeastern Europe (including eastern
Poland, Lithuania, Latvia, Estonia, Belarus, northern Ukraine and the Russian oblasts of
Kaliningrad, Lenningrad, Novgorod, Pskov, Tver, Smolensk, Bryansk, Moscow, Kursk,
Belgorod and Orel). Collectively, these areas form the ‘greater metapopulation” for
Scandinavian wolves. The most recently estimated population size for this northeastern
European population excluding the Karelian subpopulation was 3,600 wolves which itself has
been described as “more or less” continuous with the even larger population of wolves in the
remainder of Russia (Linnell et al. 2008). However, a recent study on the genetic status of
wolves in European Russia has indicated that the population may be fragmented, in contrast to
the common assumption of a continuous population (Sastre et al. 2011). For the entire country
of Russia, the wolf population from the border of Finland to the Pacific Ocean has most recently
peaked at an estimated 49,000 animals in 2010, an increase of almost 150% since 1991, which has



largely been attributed to the cessation of control measures immediately following the collapse
of the Soviet Union (Bragina et al. 2015). However, this same study showed that populations of
moose exhibited significant declines over the same time period, and control measures have
since been reinstated (Kaczensky et al. 2013).

The size of the wolf population in Finland has fluctuated widely since the late 1800s,
when a drastic decline occurred. A population of no more than a few individual wolves existed
in Finland until the mid-1990s when wolf numbers and distribution began to increase. By the
end of 2006, the wolf population had increased from an estimated 130-140 wolves in 1995 to a
peak of 250. The population declined again after 2006, decreasing by 40% in 2011 when Kojola
etal. (2011) estimated 135-145 wolves in their winter census. By the winter of 2013, the number
was even lower, with estimates at 120-135 wolves (Kaartinen et al. 2015). In Finland 10-20% of
the population are legally harvested, but poaching appears to be a much bigger threat. At the
Finnish-Russian border there is a drastic change in wolf management: Finland is subject to EU
monitoring for wolf poaching, while in Russian Karelia government issued bounties are still
paid (Kaczensky et al. 2013). The Russian Federal Agency of Game Mammal Monitoring has
most recently estimated the population size of wolves in Karelia at approximately 460 animals
(Game mammals of Russia 2011).

To summarize using very (very) rough abundance estimates, we would characterize the
entire population size of the functional metapopulation as approximately 900 wolves (about %2
being the Scandinavian population) and the greater metapopulation comprising 4,500 wolves
(about 1/10 being Scandinavian).

Overview of Current Management of Scandinavian Wolves and Potential Dispersers

The Norwegian parliament sets management goals for the wolf population in Norway. In
2004, the goal of three breeding packs (approximately 30 animals) with territories entirely inside
Norway in each year was set, in addition to an unspecified number of packs with territories
overlapping between the borders of Norway and Sweden. These resident wolves are intended
to only be found in a wolf management zone that was set up in southeastern Norway in the
border zone with Sweden. Any wolves existing outside the zone can be removed at much lower
damage thresholds. Norway’s national Directorate for Nature Management coordinates wolf
management between the two regional committees that make up the resident wolf zone. In
Norway all species are legally protected, excepting specific hunting seasons. In the case of
wolves, there is a restricted license hunting season designed to enforce the zoning policy and
keep the number of resident wolves at the goal of three packs. Wolves may also be removed
each year in cases of acute livestock damage (Kaczensky et al. 2013).

Regarding Finland and Russia, where likely dispersers to Scandinavia would originate:
There is no management-level cooperation between Scandinavia and Finland, and neither
Scandinavia nor Finland coordinates management with Russia. There is in addition, no
transboundary cooperation between Finland and Russia. However, there is good research and
technical cooperation between Scandinavia and Finland that has been promoted by scientists,
leading to joint annual wolf status reports (Kaczensky et al. 2013).



In Sweden, the wolf is a protected species under both national law and the European Union
(EU) Habitats Directive. In Sweden, county authorities are responsible for monitoring all large
carnivore species, including wolves. The present wolf range includes 9 of Sweden’s 21 counties
(Liberg et al. 2012a). Before 2006, even the removal of large carnivores which attacked domestic
animals was very restricted. Livestock owners were not permitted to kill an attacking carnivore
until after any animals were wounded or dead, but in 2006 this requirement was adjusted and
only pertained to attacks outside of fenced areas. Following the election of a new Swedish
government in 2006, the predator policy was relaxed further, with more removals allowed for
depredating carnivores and self-defense of domesticated animals. It then became legal to kill
carnivores before any damage had taken place, including outside fenced areas and for hunting
dogs (Liberg et al. 2011).

By 2009, the wolf population had grown to 210 wolves, which had been a temporary
conservation goal of the Swedish government until 2012. At that time the Swedish government
initiated a new management policy for large carnivores in Sweden (2009/10:MJUS). This policy
included two main provisions for the Swedish wolf population: 1) the population would be
restricted to a maximum of 210 wolves for a three year period, enforced through a regulated
legal harvest, and 2) that active measures should be taken to improve the genetic status of the
population. This second provision included a strategy to introduce up to 20 wolves to southern
Sweden from other populations (Chapron et al. 2012). According to Raikkonen et al. (2013), this
decision was influenced by the value of gaining social tolerance from hunters, livestock owners
and other stakeholders.

After this new management policy was initiated the EU Commission requested that the
Swedish government provide further information on the new wolf policy in 2010
(M2010/3062/R) and 2011 (M2011/647/R). The Commission questioned the decision to restrict
the population size to 210 wolves, particularly through the use of a regulated harvest, and
stated that Sweden’s new wolf management policy may prevent the Scandinavian wolf
population from reaching the goal of a Favorable Conservation Status (FCS) according to the
Habitat Directive (92/43/EEC).

In 2011 the Swedish government removed the temporary population cap of 210
wolves. Earlier in June 2010 the Swedish government appointed a commission to evaluate the
long-term goals for the population sizes of large carnivore species in Sweden, including actions
that could be taken to improve the genetic status of the wolf population and improve
coexistence between humans and wolves. In April 2011 the commission presented an interim
report on the conservation status of large carnivore species in Sweden (Hansen et al. 2011), and
suggested that a long-term goal for the Scandinavian wolf population as 500 wolves, 450 of
which could be seen as a preliminary reference value for Sweden (Chapron et al. 2012).

In June 2013, a group of wolf researchers and other experts in Sweden and Norway sent an
open letter to the Swedish Environmental Protection Agency and the Ministry of Environment,
urging them to set the FRP for Scandinavia at 300 wolves (270 for Sweden), suggesting that
goals for FRP that are “difficult or impossible to achieve” may result in a deleterious impacts on
Sweden’s ability to manage its wolf population (Liberg et al. 2013). This value for FRP is
incorporated into the new National Wolf Management Plan, which outlines long-term goals and
milestones for wolf management in Sweden from 2014-2019, and decentralizes wolf



management, including hunting to the county level. The National Wolf Management Plan
includes four milestones: 1) Achieve and maintain favorable conservation status (FRP of 270
individuals and least 1 new genetically effective immigrant per wolf generation (approximately
5 years) if the population is at 370 individuals or 2.5 if the population is at 270 individuals); 2)
Reduced damage to livestock; 3) Increased confidence in the administration; and 4) No illegal
hunting.

OVERVIEW OF POPULATION VIABILITY APPROACHES AND CONCEPTS

Here we give a general overview of key concepts related to Population Viability
Analysis (PVA) that underlie the management needs for Scandinavian wolves. PVA can be
defined as “the application of data and models to estimate likelihoods of a population crossing
thresholds of viability within various time spans, and to give insights into factors that constitute
the biggest threats” (Mills 2013:227). This definition makes clear that any PVA must be clear
about what is meant by ‘viable’, the ‘time spans’ of interest, and the ‘risk likelihoods’ to be
described. Furthermore, the reference “population’ (or metapopulation) must be clear.

Although many approaches to quantitative population viability analysis (PVA) exist, at
the most coarse level there are two main classes of models. The first projects time series of
population counts. The mean stochastic population trend and its process variance are first
calculated from the time series of abundance (or abundance index) estimates. Then, in its
simplest form, the trend and variance estimates are used in a random walk or diffusion process
to estimate the probability that a population will stochastically decline to a threshold size of
concern (quasi-extinction threshold) in a specified time (e.g. Dennis et al. 1991, Morris and Doak
2002, Mills 2013). Viability (or persistence) is driven by the mean and variance of the stochastic
growth rate: If mean growth rate is large, and variance in growth rate relatively small, then
even quite small populations will be likely to persist far into the future. Typically, genetic
factors are not easily incorporated in a mechanistic fashion in these time series-based
approaches, although effects of inbreeding depression, habitat degradation, harvest, etc are
included implicitly inasmuch as they affect the mean trajectory and its process variation.

The second major class of PVA models is often called “demographically explicit” to
capture the fact that births, deaths, age structure, and among population connectivity can be
accounted for. Within this framework, mechanistic factors that affect population dynamics
through age-specific vital rates (birth and death rates) can be explicitly modeled; these factors
include, for example, density dependence, harvest, and genetic factors such as inbreeding
depression. This ability to model inbreeding depression is especially important because for
over 20 years it has been known that demographic and genetic effects interact to increase
vulnerability to extinction (Mills and Smouse 1994). That is, in small populations, deterministic
stressors (eg overharvest, disease, invasive species) decrease vital rates, that in turn decreases
the census and effective population sizes, which exacerbates the costs of Allee effects, stochastic
fluctuations, and inbreeding depression, further decreasing vital rates, and so on. This process
is captured by the “extinction vortex” (FIG 1).
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Reflections on Multiple Population PVAs

The framework of single-population PVAs can be extended (if sufficient input data
exists) to multiple populations. In addition to the within-population vital rates and associated
within-population inputs such as density dependence, vital rate covariances, and age structure
(all of which may well differ among populations), key input parameters for multiple population
PV As include connectivity among populations and correlations in vital rates among
populations. The general principles to emerge from theory and practice with multiple
population PVAs is that persistence of both individual populations and the greater
metapopulation are highly affected by connectivity (gene flow) and by the degree of correlation
in population dynamics among the individual populations.

The general importance of metapopulation dynamics underscore the importance of
considering the multi-population processes even when data are insufficient to formally conduct

a multipopulation PVA. For example, the concept of metapopulation viability is linked to
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the “three R” framework (Resiliency, Redundancy, and Representation; Shaffer and Stein 2000),
frequently cited by the U.S. Fish and Wildlife Services and other conservation-planning
practitioners (Carroll et al. 2010); it has also been advocated as a guideline for defining the
health of the Scandinavian wolf population (Rdikkonen et al. 2013). According to the 3-R
framework, a species can be considered recovered if it is present in many populations across

a range of ecological contexts. The resiliency component is associated with factors that enhance
local subpopulation persistence due to connectivity with other populations, while redundancy
refers to the enhancement of viability through the existence of multiple subpopulations in a
metapopulation through the spreading of risk. Representation can be an important
complement to viability-related goals because it allows consideration of biological diversity at
multiple scales.

Reflections on Inbreeding Coefficients, Inbreeding Depression, Heterozygosity, and Rare Alleles

The inbreeding coefficient quantifies the loss of heterozygosity arising from preferential
mating with relatives and/or genetic drift in small populations. Because preferential mating can
usually be dismissed in most wild vertebrates, we typically quantify inbreeding due to genetic
drift, whereby loss of heterozygosity depends on the genetic effective population size (Ne) over
time. The inbreeding coefficient may be calculated from pedigrees, from effective population
size over time, or from molecular data on multiple populations.

Inbreeding depression arises in cases where the loss of heterozygosity (inbreeding)
translates into a decrease in one or more vital rates (eg survival, reproduction). PVA models
account for inbreeding depression by decrementing specified vital rates based on inbreeding
coefficient at that time step and the specified cost of inbreeding (usually specified as ‘lethal
equivalents’). Importantly, an increase in the inbreeding coefficient or measured inbreeding
depression in single vital rates do not necessarily implicate inbreeding depression as the biggest
threat facing a small population. For example, Johnson et al. (2011) show that endangered
Sierra Nevada bighorn sheep suffered statistically significant inbreeding depression on
fecundity. However, incorporating these costs of inbreeding into a PVA-type stage based
matrix projection model showed that the inbreeding depression would have minimal effect on
short-term population growth, implying that other management actions would be more
effective at recovery than would genetic rescue to address inbreeding depression.

Likewise, the species-specific interactions between vital rates, environment, life history
and inbreeding depression mean that no scientifically based general threshold exists for when
the inbreeding coefficient is “too high’. The “One-Migrant-Per-Generation” rule (‘{OMPG’; Mills
and Allendorf 1996) intends to maintain the equilibrium inbreeding coefficient (Fst) at a level of
0.2, where short-term problems from inbreeding depression should be minimized while
allowing for local adaptation. Although lower inbreeding coefficients — for example 0.1 — may
be advisable in small populations where inbreeding depression is known to be limiting
population growth, no general theory supports such a threshold. As will be noted below, we
believe a prudent goal to minimize demographic costs of inbreeding depression would hold the
inbreeding coefficient roughly at the level expected at equilibrium with one-migrant-per-
generation (F =0.2).
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By extension, because the inbreeding coefficient is a measure of loss of heterozygosity,
no precise universal threshold exists for minimum level of heterozygosity that must be retained.
The general rules that have been suggested (usually in the 90 — 99% range for perhaps 50 to 100
years) are all reasonable; in a growing population a moderate goal somewhere in the middle of
that range should be fine.

Finally, rare alleles are one potential measure to index ability of a local population to
adapt to the local environment and perhaps be better able to deal with future changes. Again,
however, no specific threshold exists for "how many” are necessary for long (or short) term
persistence.

Reflections on Ecological Effective Population Sizes (“Ecological Viability”)

It has long been recognized that the population size required for persistence of a
population (or species) will be different from (and probably much smaller than) the number of
individuals needed to maintain ecological function (Conner 1988, Soulé et al. 2003). Further, the
idea that some species play disproportionately strong roles in their communities and
ecosystems has long been recognized by ecologists, with the term ‘keystone’ referring to species
whose interaction strengths in their communities are disproportionately strong in relation to
their biomass (Mills et al. 1993, Power et al. 1996). These idea are poorly acknowledged in most
wildlife conservation policy directives in North America (Mills et al. 2012); to our knowledge it
has only been incorporated in the Marine Mammal Protection Act (Section 2:130), which states
that “population stocks should not be permitted to diminish beyond the point at which they
cease to be significant functioning elements of the ecosystem of which they are a part and,
consistent with this major objective, they should not be permitted to diminish below their
optimum sustainable populations.”

The concept of ecological viability seems especially appropriate for carnivores such as
wolves because they are often considered keystone predators when they exert top down control
across trophic levels (Ripple et al. 2014). We consider the potential application of this concept to
Scandinavian wolves at some detail in the synthesis section (below).

Reflections on Appropriate Projection Intervals for PVA

As noted above, PVA outcomes are fundamentally defined by the projection interval, or
time span over which projections are made (Frankel and Soulé 1981). As with any other
prediction (e.g., weather, stock market), the assumptions (and therefore predictions) of PVA
will be less and less reliable further into the future. Scott et al. (1995) proposed that when PVA
is used in endangered species recovery plans it should incorporate short-term projections that
are evaluated over time against a long-term goal (see also Goodman 2002). The long-term
viability assessment should include goals that are biologically based. The short-term
projections should explicitly incorporate political/legal/social constraints; monitoring and the
iterative application of short-term PVAs can be used to evaluate how well long-term goals are
being achieved. Thus, public review (and political tradeoffs) can be incorporated in choosing



short-term management strategies, but ultimate
success is judged against the yardstick of the long-
term, biologically based goal.

Finally, One aspect of viability that is very
hard to capture in any PVA is the long-term ability
of a population to deal with new stressors. This
component of ‘long-term” or “evolutionary” viability
is hard to model because we rarely know the
relevant future stressors, or how they will affect
vital rates, or the genomic architecture (eg
heritability) that will determine the scope of
adaptation possible. As a result, the Holy Grail of
“Eco-Evo PVAs” (Pierson et al. 2015) that
incorporate long-term evolutionary potential are
lacking for wolves or indeed for any species. This
deficiency has been the motivator of the origin and
continued consideration of the famous “500” rule of
thumb, discussed next.
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Box 1. Ratios of Genetic Effective Size (Ne)
to Census Size (N)

The genetic effective size (Ne) is the size of
an ideal population that would lose
heterozygosity due to genetic drift as the
same rate as the actual population in
question; thus, Ne provides a standardized
baseline to estimate the expected loss of
genetic variation due to genetic drift.
Practically speaking, Ne is always smaller
than the population head count, or census
size (N). How much smaller Ne is than N
varies widely according to mating system and
life history. For vertebrates, ratios of Ne/N
tend to be in the range of 0.2 to 0.3. This
range of 0.2 to 0.3 is consistent with
estimates specifically derived for gray
wolves (VonHoldt et al. 2008) and
Scandinavian wolves (reviewed by Liberg
and Sand 2012; also see Bruford 2015).
Parenthetically, an Ne/N ratio of 0.1 --
advocated by some Swedish wolf documents
-- is biased low when applied to long-lived
vertebrates such as wolves (Jamieson and
Allendorf 2012, 2013).

“Minimum Viable Populations” (MVP), Evolutionary Viability, and Rules of Thumb

As reviewed by Soulé and Mills (1992), the term “Minimum Viable Population” (MVP)

was first coined by the eminent geneticist Otto Frankel, as he considered the conditions for
continuing evolution: “The prime parameters,” he said, “are the level and distribution of
variation, the size of the minimum viable population, and the optimal and minimal sizes of
reserves. We need to know the minimum population size which is likely to yield a required

level of variation” (Frankel 1974). The first specific recommendations about general guidelines,

or “rules of thumb”, for MVPs for animals emerged with the now-famous “50-500” rule
(Jamieson and Allendorf 2012). Referring to genetic effective sizes (Ne), the 50 was presented as
a minimum to protect against short-term loss of fitness due to inbreeding depression. Several
caveats implicit in the original rule were lost as it became applied in management (Soule and
Mills 1992, Mills 2013 Ch. 12). First, the 50 is the Ne, not the head count N, which for
vertebrates is typically about 0.2 to 0.3 that of the total population size (see BOX 1). Second, the
rule was proposed as a short-term guideline for captive breeding and similar holding
operations, not for long-term survival of wild populations exposed to stochastic and

deterministic stressors. Third, the rule was based purely on genetic factors, not incorporating

the other factors that would again increase the minimum population size necessary for
persistence. Based on these consideration, it is untenable to argue that an actual population size
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of 50 is sufficient as a rule to support any wildlife population into the future. Indeed, that is
why PV As (such as those described above) that incorporate stochasticity, inbreeding
depression, and other factors consistently call for population sizes to be considerably greater
than Ne=50.

As noted above, traditional PVAs are almost never able to incorporate long-term
‘evolutionary potential’. The second part of the 50:500 rule addresses such a threshold. In this
case, an Ne of 500 (including all connected populations of a metapopulation) was proposed as
the minimum Ne necessary to ensure long-term maintenance of genetic variation, thereby
preserving evolutionary options for future adaptation. In more formal terms 500 is the
minimum Ne where the loss of additive genetic variation of a quantitative character due to
genetic drift would be balanced by new variation due to mutation. Again converting Ne to
census population size (using Ne/N ratios of 0.2 to 0.3; see Box 1), we can conclude that
maintenance of long-term adaptive potential will require > 1,667 to 2500 total individuals
distributed across the metapopulation.

Traill et al. (2007, 2010) used literature surveys to revisit rules of thumb for MVP,
deriving a generalization that census head count sizes should be in the range of 3,000 to 5,000
for both short-term persistence and long-term evolutionary persistence. Although these
guidelines have been picked up in the Scandinavian wolf literature (e.g. Hansen et al. 2011),
they are highly controversial (e.g., Jamieson and Allendorf 2012, 2013) and in our opinion are
questionable as to their relevance to wolves.

In sum, the current scientific best standards in applied population ecology are to use
PVA to embrace uncertainty by generating a range of MVPs for various assumptions of time
spans, risk likelihoods, and definitions of ‘viable’. The PVAs should account for not only
deterministic anthropogenic stressors and stochastic effects, but also short term effects of
inbreeding depression. If possible, long-term evolutionary potential should be included in an
“eco-evo PVA”. Because at this time eco-evo PVAs are not possible for most species, including
Scandinavian wolves, a fall-back onto a rule of thumb for maintaining adaptive potential is
necessary. The Ne=500 rule, converting to a census head count population size of 1667 to 2500,
is a reasonable minimum for maintaining evolutionary potential in the metapopulation of
Scandinavian wolves.

REVIEWS OF RECENT SCANDINAVIAN WOLF PVAS (LISTED CHRONOLOGICALLY)

We are very impressed by the quality and sincerity of efforts by scientists to apply the
very best ecological and genetic knowledge to the question of concrete management guidelines
for Scandinavian wolves. The literature on this topic is both broad and deep.

In the interest of brevity, we will focus on the four key viability analyses conducted
since 2011. The purpose of these four efforts was to consolidate, critique, and update the
previous PVA-related efforts prior to 2011 (eg Nilsson 2004, Liberg 2006, Bull et al. 2009, Liberg
et al. 2009, Forslund 2010).
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HANSEN et al. 2011: This was a conceptual report, not technically a PVA. In its conclusions,
the report places inbreeding and genetic health as the highest priority for managing wolves in
Sweden, and implies that these problems are at crisis levels so that actions to drastically
decrease inbreeding should be implemented as soon as possible. Specifically, the report argues
for reduction of the inbreeding coefficient to 0.1 over the next 20 years. To achieve these low
inbreeding coefficients would require, the authors state very high levels of connectivity of about
5-10 effective immigrants per generation (when the Scandinavian population is 240
individuals), translating to 10-20 actual wolves per generation or 2 to 4 per year. The report also
argues for large population sizes for Favorable Conservation Status, consisting of 3,000 to 5,000
individuals in the greater Scandinavia/Finland/Karelia-Kola metapopulation, with a ‘starting
point’ recommendation of 700 for the Swedish part of the metapopulation (page 111).

None of these thresholds are unreasonable for small populations faced with imminent
extinction due to inbreeding depression. However, nothing in this report (or others we have
seen) provide convincing evidence that such extinction due to inbreeding depression is in fact
imminent for Scandinavian wolves. Also, as stated above in the conceptual review, no body of
evidence provides general support for the stated genetic criteria of inbreeding coefficient
needing to be 0.1 or less, or for the stated population sizes or gene flow requirements. Likewise,
because of the complex interactions between population growth rate, nature of genetic load,
rate of inbreeding, effects of individual vital rates on population growth, and so on, it is not
necessarily the case that “an overall inbreeding coefficient of 0.3 must be considered very high,
and should be taken very seriously” (p. 114).

Finally, Hansen et al. 2011 encourages the use of artificial translocation, including from
captive wolves. We are much less sanguine about such actions, and would urge careful
consideration of the potential negative effects of artificial translocations due to outbreeding
depression, disease, breakup of pack structure, and other issues. As will be emphasized below,
lower connectivity levels with ‘natural’ movements should be preferred over very high gene
flow levels with manually translocated individuals.

CHAPRON et al. (2012): This is what has been called a “demographic only’ PVA,
acknowledging that it does not account for genetic factors. Under a very short deadline (1
month), the authors quite heroically developed a time series count-based approach, and two
demographically explicit approaches: one simple generalized birth-death model without age
structure, and an individual-based model incorporating pack structure. In all cases population
growth was considered exponential up to a ceiling, which was considered the putative ‘MVP”’.

Because the intrinsic growth rate of wolves as a species is quite high among vertebrates,
it is not surprising that Chapron et al. 2012 found a high probability of persistence for even very
small populations of 100 or so total individuals, even in the face of occasional severe mortality
events (‘catastrophes’ or ‘disasters”). The authors properly emphasized that these results are
relevant only with the current estimates of vital rates; that is, the results would not apply if vital
rates were substantially reduced in the future by stressors such as human harvest or inbreeding
depression.
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LIBERG AND SAND 2012 This analysis was commissioned as a complement to the purely
demographic PVA of Chapron et al. (2012, above). It is noted that the short time frame
prevented this from being a formal PVA, but rather simply an exploration of tradeoffs between
gene flow and levels of inbreeding based on studies to date and general concepts. The review is
thorough and results are reasonable and in accord with the general concepts discussed above:
Moderate levels of gene flow (eg 2—3 wolves per generation, or about 1 wolf every other year)
will hold inbreeding coefficient to the vicinity of 0.2, the equilibrial level expected from OMPG.

BRUFORD (2015): The purpose of this PVA was to provide an updated and comprehensive
examination of the effects of effective immigrants into a hypothetical Swedish wolf population
whose size ranges from 170 to >417. The author uses Vortex with modifications to attempt to
improve the modeling of effects of immigrants on genetic variation. The Vortex software has
traditionally assumed the supplemented individuals (immigrants) are genetically unique, with
no similarity between source and recipient populations. Of course, this is counter to reality,
where immigrants from neighboring subpopulaitons would be genetically similar to those in
Sweden. Uncorrected, this assumption would be expected to overestimate the genetic benefit of
supplementation, because the genetically distinct immigrants will artificially decrease
inbreeding and therefore inbreeding depression. Working with Bob Lacy (developer of Vortex)
the author developed two customized approaches, each of which (in different ways) accounted
for similarities between extant Swedish wolves and putative immigrants from Finland and
Karelia.

The author (and reviewers) openly discusses some limitations, oddities and unexpected
outcomes in the modeling results, at the level of both genetic and demographic trajectories.
Some of these may have arisen from complex interactions that could not be interpreted or
explored in the short time the author had to prepare the PVA. For example, as noted above,
both the carrying capacity and the density dependence function (eg ceiling vs logistic vs Allee)
can have profound effects on outcomes of PVA projections. The density dependence function
used in all models was exponential growth up to a hard “ceiling’, where abundance was
truncated. This function could give very different results from other density dependent
functions that might have been used. Other curious results that may indicate structural
problems with the model were raised by reviewers of the report.

Despite the oddities in performance of the simulations, the conclusions from the Bruford
report were roughly consistent with expectations from general theory and previous work.
When gene flow was absent or low (eg < one effective migrant per generation), heterozygosity
was lost and the inbreeding coefficient continued to accumulate, with the potential for
inbreeding depression to add its negative effects to the extinction vortex. However, when gene
flow levels were at or above 1 effective migrant / generation, the inbreeding coefficient
remained more or less constant. In the end, this PVA was not able to provide much more
specific guidelines than those that could be derived from the general concepts discussed above:
an overall metapopulation of effective populations size of 500 with a moderate level of gene
flow into the Sweden subpopulation (1 or more effective immigrants per generation), should be
sufficient for FRP status.
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OVERVIEW OF SCIENCE-BASED CRITERIA
FOR FAVORABLE REFERENCE POPULATION

Science-based criteria for FRP for the Scandinavian wolf population include the population size
and connectivity with conspecifics in Finland and Karelia required to ensure that the wolf
population in Scandinavia fulfills the FRP part of Favorable Conservation Status” under the
Habitats Directive (Council Directive 92/43/EEC), and are able to maintain FRP for the
foreseeable future (favorable “Future Prospects”). Here we review our understanding of the
applicable EU Guidelines for assessing the conservation status of species listed under the
Habitats Directive, and summarize science-based criteria for FRP from the guiding
documentation.

Important concepts and definitions from the Habitats Directive and guiding documentation

According to the Habitats Directive Article I(i), the conservation status of a species refers to the
“sum of influences acting on a species that can affect the long-term distribution and abundance
of its populations within a territory or region.” A species is considered to have reached
Favorable Conservation Status (FCS) when 1) sufficient “population dynamics data indicate that
the species is maintaining itself on a long-term basis as a viable component of its natural
habitats”; 2) the species” “natural range is not being reduced or is likely to be reduced in the
foreseeable future”; and 3) “there is and probably will continue to be a sufficiently large habitat
to maintain its population on a long-term basis.” Evans and Arvela (2011) further expand the
concept of FCS, explaining that it describes a situation in which a species is prospering in both
quality and extent/population, and with good prospects to do so in future, “without any change
to existing management or policies.”

/a7

Evans and Arvela (2011) rely on the definition of FRP provided by a note to the Habitats
Committee (European Commission 2005): “the population of a species in a given
biogeographical region considered the minimum necessary to ensure the long-term viability of
the species,” adding that FRP must be “at least the size of the population when the Directive
came into force.” A component of FRP is trend, defined by Evans & Arvela (2011) as a directed
change in population over time, which should be based on data from a 12 year period (two
reporting cycles). These authors also interpret twelve year time periods into the future as the
meaning of foreseeable future. Long term trends should be based on data from at least 24 years
(four reporting cycles). Evans and Arvela (2011) also describe the concept of Future Prospects as
the likely future status of a species” population given its current population size and future
population trend, which is dependent upon the balance of positive influences (e.g., conservation
measures, management actions, policy changes) and negative influences (e.g., threats).

Linnell et al. (2008) also provide a definition for FRP, describing a population that is 1)
“at least as large as when the Habitats Directive came into effect”; 2) “at least as large (and
preferably much larger) as a MVP, as defined by the IUCN criterion E (extinction risk based on
a quantitative PVA with <10% extinction risk in 100 years), or criterion D (number of mature
individuals)”; and 3) “constantly monitored using robust methodology.” Linnell et al. (2008)



17

also extend the concept of population viability beyond demographic and genetic viability to
include ecological viability, the interaction between a species and its environment. The authors
further clarify that for large carnivores, ecological viability includes the degree to which the
species affects their environment.

Summary of science-based criteria for FRP from the guiding documentation

The above described concepts suggest several possible criteria for FRP, though most are
broadly defined. The guiding documents (Linnell et al. 2008, Evans & Arvela 2011) however
also attempt to operationalize FRP and provide numerous potential criteria to assess FCS and
FRP. In the section that follows, we have attempted to summarize the potential science-based
criteria described in the guiding documentation and suggested by the definitions of FCS and
FRP themselves. It should be noted that while “Favorable Reference Range” and sufficiently
large habitat are two of the four main components of FCS, we will not address them in this
report as they are outside the scope of our assignment.

Criteria for FRP suggested by the definitions themselves:
[Note: ‘population” in this context refers to the Scandinavian wolf population, recognizing that

in this case the population FRP is inextricably linked to the Functional and Greater
metapopulation as described above].

1. Population dynamics data indicate the population is maintaining itself on a long-term
basis as a viable component of its natural habitats

2. Population size is at least the minimum necessary to ensure long-term viability

3. Population is prospering in quality and extent, with good prospects to do so in future,
without any change to existing management or policies

4. The population is at least as large as when the Habitats Directive came into effect

5. The population is at least as large (and preferably much larger) as a MVP, as defined by
the IUCN criterion E (extinction risk based on a quantitative PVA with <10% extinction
risk in 100 years)

6. The population is at least as large (and preferably much larger) as a MVP, as defined by
the IUCN criterion D (number of mature individuals)

7. The population’s status is constantly monitored using robust methodology

8. The population is demographically, genetically and ecologically viable

Criteria or parameters for determining FRP suggested by the guiding documentation:

1. Demographic viability
a. The population size should be significantly greater than an MVP or the
minimum levels predicted by a PVA (Linnell et al. 2008)
b. The population trend should be stable or increasing (Linnell et al. 2008)
c. The population should be sufficiently large to accommodate natural fluctuations
and allow a healthy population structure (Evans & Arvela 2011)
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d. An adaptive management process should be in place to allow management to
adapt to changes in population status (Linnell et al. 2008)
2. Genetic viability
a. Inbreeding levels are low and genetic variation - and therefore evolutionary
potential - is high within the population
b. The genetically effective population size is sufficiently large compared to the
census population size
c. The census population size should be much larger than the population size
needed to avoid demographic extinction
d. Connectivity and gene flow within the population and to the larger
metapopulation is being maintained or enhanced (Linnell et al. 2008)
3. Ecological viability (Linnell et al. 2008)
a. The carnivore has all the elements it needs to survive including sufficient prey,
cover, den sites, etc.
b. The carnivores’ role in its biological community and ecosystem is maintained.

SYNTHESIS:
APPLYING SCIENCE-BASED FRP CRITERIA TO SCANDINAVIAN WOLVES

Next we synthesize from this report the FRP criteria, the general biological concepts
related to viability assessment, and the work on Scandinavian wolf biology and viability
considerations completed to date. From this, we derive the specific criteria we believe
appropriate for FRP status for Scandinavian wolves.

1) Trend in Population Size

The remarkably high intrinsic population growth rate makes wolves one of the world’s
most prolific and resilient vertebrates. This life history fact underlies much cause for optimism
for wolf recovery globally. For Scandinavian wolves, the primary risks to continued population
growth are indiscriminate killing by humans (especially poaching) and — to a much less extent —
inbreeding depression if the population remains small and isolated. The trend in population
size over time integrates how well the population is dealing with stressors on vital rates. Thus,
a stable or increasing average stochastic growth rate is an obvious FRP criteria, and one that is
relatively easily monitored in the field using methods already developed by Scandinavian wolf
researchers. Appendix I has some specific thoughts on analysis of trend using the count data.

2) Connectivity With the Functional and Greater Metapopulation

As described above, the Scandinavian wolf population can be considered a
subpopulation of a larger greater metapopulation that extends from Norway to the eastern edge
of European Russia and south to Poland and northern Ukraine; functionally, dispersers are
most likely to arise from the Finland / Karelian region. While Sweden can only legally manage
its portion of the Scandinavian wolf subpopulation, metapopulation viability and connectivity
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between the subpopulations remains a crucial component of both short and long-term viability
of wolves in Sweden.

The benefit of connectivity is especially obvious for Swedish wolves because of its high
profile history, with population growth increasing dramatically after the arrival of the single
male immigrant to the tiny (<10) Scandinavian population in 1990 (Vila et al. 2003). More
broadly, wolves in general remain perhaps the best “poster child” species for the concept of
genetic and demographic rescue, whereby immigration breaks inbreeding depression, provides
new mating opportunities, and steers small populations away from threats of stochastic
extinction. For example, evidence for genetic rescue exists in North America for Mexican
wolves (Hedrick and Fredrickson 2010, Rocky Mountain wolves (vonHoldt et al. 2010,
Hebblewhite et al. 2010), and wolves on the island of Isle Royale National Park (Adams et al.
2011).

Of course, genetic rescue to minimize or erase the demographic consequences of
inbreeding depression can only work if the local conditions remain favorable to stationary or
increasing population growth. It is instructive that for all of the cases of genetic rescue in
wolves mentioned above (Scandinavian, Mexican, Rocky Mountain, and Isle Royale), the
consistent conclusion is that demographic gains from genetic rescue can be completely
overwhelmed by lack of human tolerance or drastic change in habitat (Mills 2013: 171).

In sum, we believe that after controlling poaching the single most important
management action to sustain Scandinavian wolves is to nurture natural connectivity into the
Scandinavian population from other regions of the functional metapopulation. Although the
challenges are daunting, the benefits include eliminating inbreeding depression, decreasing
local stochastic extinction probabilities, increasing resilience to mortality such as hunting, and
fostering a sufficiently large metapopulation to undergo adaptive changes in the future. Next
we address the levels of connectivity and mode of immigration.

2a) Required Level of Connectivity

Based on intense consideration of specific criteria for metapopulation connectivity, some
reasonable thresholds have emerged for Scandinavian wolves. We conclude that at least 1 or
more effective (reproducing) immigrants from elsewhere in the greater metapopulation into the
Scandinavian population per wolf generation (5 years) would be sufficient for FRP status.

Importantly, this amount of immigration is, in this case, more of an optimum than a
minimum; that is, negative effects may arise not only from much less immigration, but also
from much more. The negative effects of “too much’ connectivity have not received much
attention in the Scandinavian wolf literature. Several factors underlie the potential negative
effects of too much connectivity. First, very high levels of gene flow will swamp local
adaptation (Mills and Allendorf 1996); too much gene flow will therefore risk obviating the
ability of Scandinavian wolves to respond via evolution to future environmental challenges.
Second, high levels of gene flow may increase the risk of transmission of disease or breakdown
in local social structure. Finally, the very high numbers sometimes suggested (eg 2-4 actual
immigrants per year; Hansen et al. 2011) would not only create unnecessary strain on logistics
and social acceptance but also force the undesirable option of needing to physically translocate
animals from other populations or from captivity (addressed below).
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Clearly, however, the maintenance of at least one naturally dispersing, effective
immigrant per five years from elsewhere in the metapopulation into the Scandinavian
population will require hard work and deep dedication by policymakers.

2b) Achieving Connectivity Through Natural Versus Managed Translocations
The challenges of sustaining immigration into the Scandinavian subpopulation

inevitably raise the possibility of managed translocations based on physically moving
individuals from wild or captive populations (eg Hansen et al. 2011). Although this human
assisted migration” might seem a more logistically and politically feasible alternative than
nurturing ‘natural’ immigration from elsewhere in the metapopulation, we urge extreme
caution before considering such actions (see also Raikkonen et al. 2013). First, depending on
where the animals come from, managed translocations could compromise local adaptation or
break up coadapted gene complexes, leading to outbreeding depression (Edmands 2007); this
concern will be exacerbated with captive animals, whose genomes can diverge quickly from
wild animals due to rapid artificial selection to captivity. Second, manually transporting
animals substantially increases the risk of disease transmission and its catastrophic
consequences. Third, pack structure and mating systems could be negatively affected by import
of animals of arbitrary age or sex. Finally, and most importantly, managed translocations
creates in the public an illusion of meaningful action to sustain a wild population when
fundamentally the opposite is occurring. The use of frequent translocations to overcome
anthropogenic dispersal barriers violates the notion of a self-sustaining population, and creates
a ‘conservation reliant” species (Scott et al. 2005) dependent on intense human management in
perpetuity.

3) Threshold Population Sizes for Long Term Scandinavian Wolf Persistence:

The life history of wolves means implies a high probability of persistence at relatively
small population sizes within a metapopulation, provided that birth and death rates are not
drastically reduced or their wide dispersal patterns disrupted. In this section, all consideration of
threshold population sizes is contingent on these conditions, whereby the Scandinavian population
maintains positive population growth and at least 1 effectively reproducing and naturally dispersing
immigrant from elsewhere every 5 years.

Under these conditions, the appropriate greater metapopulation size would be large
enough to sustain long-term effects of changing environmental conditions and vital rates. As
noted above, the Ne=500 rule of thumb is a reasonable number for nurturing capacity for future
adaptation through natural selection. Therefore, the greater metapopulation (as defined above)
including Scandinavian wolves should number at least 1667 to 2500 wolves to provide a genetic
effective population size (Ne=500) capable of maintaining future evolutionary potential.

The portion of the functioning metapopulation within Scandinavia is driven by the
wolves’ ability to persist at relatively small subpopulation sizes. The rules of thumb we give
here are based on both experience with population projections of many species, and on the
PV As conducted to date on wolves in general and Scandinavian wolves in particular. Assuming
population growth rate of the Scandinavian population remains positive, we believe 300 — 400 wolves will



21

have a very high likelihood to persist. Taking 350 as a midpoint, and assuming 40 wolves in Norway,
implies that demographic and genetic viability would be assured with 310 wolves as the Swedish portion
of a functioning greater metapopulation. We round this number to 300 in Sweden and 340 in
Scandinavia for ease of implementation.

Although this number is above a ‘M VT, it does not address “ecological viability”, which
is considered in the next section.

4) Ecological Viability

As noted above under “Reflections on Ecological Effective Population Sizes”, scientists
are in broad agreement that ecologically effective population sizes are often well above
minimum viable population sizes. This is especially true for strongly interacting species
including top predators.

We fully acknowledge the controversy as to the extent that relevant EU guidelines
address the concept of ecological function or ecological viability. Recognizing that we are not
legal scholars, we interpret these ideas as being captured in the Habitats Directive wording that
FCS requires “... that the species is maintaining itself on a long-term basis as a viable
component of its natural habitats.” This idea is more clearly outlined in the guiding
documentation of Linnell et al. (2008:16), where ecological viability should account for the
carnivores’ effects on other members of its community and ecosystem.

Two formidable challenges face the incorporation of ecological viability into
consideration of FRP for Scandinavian wolves. First, ecological science has not yet established a
process to quantify operational criteria for setting an ecological threshold beyond the general
recommendation that the ecologically effective population size will often be larger than the size
needed for population persistence. Second, in this case the key ecological function is that of
being a predator on ungulate prey, a hot-button issue for much of the public.

Nevertheless, we believe a burden exists in this case to consider the strong ecological
roles that wolves play. Their roles as direct predators (and in mediating behavioral changes
through a ‘landscape of fear’) can cascade across trophic systems with far reaching effects
including changes in vegetation structure, songbird diversity and beaver lodge density (eg
Hebblewhite et al. 2005, Ripple et al. 2014). Further, wolves can affect distribution and
abundance of other predators (and scavengers) through direct and indirect effects. While much
work remains to quantify ecological viability of species including wolves, the underlying
reasoning that it will be much larger than demographic viability is sound (Soulé et al.2003, 2005;
Tear et al. 2005; Linnell et al. 2008).

In short, although we believe the uncertainties around a quantitative threshold for
ecological viability should not prevent FRP status from being granted at this time, we also urge
a meaningful commitment to the concepts of ecological viability in this case. We propose an
intuitive ecological viability criterion that would be fulfilled for Sweden wolves after reaching
4 the estimated ecological carrying capacity for wolves in the country. Our impression from
the literature is that a rough ecological carrying capacity for Sweden is 1,200 wolves (Sand et al.
2014). Therefore we set 600 wolves in Sweden as the ecologically functional population size.
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This number, 600, also reflects twice the number specified for genetic and demographic viability
in Sweden.

5) Social Tolerance and Carrying Capacity

A reverberating message that emerges with wolf conservation case studies — across time
and around the earth — is that societal values of humans ultimately determine the viability of
wolves (e.g. Musiani & Paquet 2004). Human tolerance (or intolerance) determines wolf
survival, population growth, abundance, and dispersal success. Therefore, the carrying
capacity is not only determined by ecological and intrinsic life history drivers of wolves, but
also by human dimensions in the form of tolerance (Decker et al. 2001). Social carrying capacity
refers to the level of acceptance amongst local communities for the presence of a large carnivore
species and their willingness to pay the social and economic costs associated with
their presence, including damage to livestock and pets, competition for wild prey, and fear and
discomfort. Social carrying capacity is frequently related to the level of conflict, local traditions,
socio-economic conditions, the personal experiences local people have with large carnivores,
and the way in which large carnivore management is carried out by local and/or national
governments (Bath & Majic 2001, Fritts et al. 2003, Liberg et al. 2012). Social carrying capacity
for large carnivores is usually lower than ecological carrying capacity; however, a central
ambition for large carnivores in Europe is to increase social carrying capacity through rigorous
and publicly sensitive management (Linnell et al. 2008).

With Scandinavian wolves as a case study, Rdaikkonen et al. (2013) makes an important
distinction between social carrying capacity as a constraint on conservation objectives versus a
conservation goal per se. We agree with this perspective that the constraint of social carrying
capacity should not replace the biologically based conservation goal. While our review has
convinced us that the gap between social carrying capacity (tolerance) and biological criteria for
FRP is not as great as some may fear, we also agree that biological requirements for population
size and connectivity should not be compromised for political expedience.

We do not know enough about the sociopolitical and human dimensions context of
Sweden to make specific suggestions in how to increase the social carrying capacity. Rather, we
are simply underscoring the comments of many others to try to increase the public’s tolerance
level. Aswe (and others) have noted, we believe public support for higher wolf numbers --
including minimizing devastating mortality due to poaching -- is increased by building trust.
In our experience from working with wolf science and management in the Northern Rocky
Mountains of the U.S., we found that trust is facilitated by managers showing good faith in
setting biological thresholds, and by acknowledging an appropriate role for limited and
controlled hunter harvest of wolves.

Anecdotally, LS Mills found the benefits of hunting for social acceptance of wolves to be
absolutely true during 18 years living in Montana. I moved to Montana in 1995, the same year
that 65 wolves were first reintroduced to Wyoming, Montana, and Idaho. By 2012 the
population in the region had grown to >1,600 wolves. Without a doubt, controlled hunting
opportunities were a critical piece in facilitating the acceptance by the public of that many
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wolves. This perception is echoed by scientists and managers working with wolves in
Wyoming. A colleague of ours (Dr. Daniel Thompson - head of the Large Carnivore Section for
the Wyoming Game and Fish Department) noted that especially for those people who are
negatively impacted by wolves (primarily hunters and/or livestock owners), use of a science
based hunting season in conjunction with agency management to reduce conflicts and remove
offending individuals can go a long way towards building public credibility for species such as
wolves on the landscape (pers. comm. August 25, 2015).

In addition to hunting, of course, an increased “social carrying capacity” will require
significant and creative work with local communities and experts in outreach, education,
economics, and social science and human dimensions of wildlife. Financial subsidies (for
example for verified livestock losses) may be relevant in some cases.

6) Adaptive Management and Long-Term Monitoring

The management of Scandinavian wolves is a classic case where manipulations
across large spatial and temporal scales could be harnessed to provide insights into biological
mechanisms and management efficiencies (MacNab 1983). Linnell et al. (2008) have noted the
potential to incorporate an adaptive resource management approach, where rigorous
monitoring and hypotheses are linked so that information from management actions can reveal
biological processes and inform future decision-making in the face of uncertainty (Walters
1986). An example of successful adaptive management was applied to wolf population in
Algonquin Provincial Park, Ontario, Canada (Theberge et al. 2006).

A related comprehensive and integrative approach directly tied to population viability
has been termed population viability management (PVM; Bakker and Doak 2009). Here,
population dynamics and risk assessment become part of an integrated adaptive management
process. Researchers used PVM in the management of the endangered island fox (Urocyon
littoralis) on the Channel Islands (Bakker and Doak 2009, Bakker et al. 2009). The first step in the
management process was to set recovery criteria in terms of acceptable risk in a public forum,
accounting for the inevitably complex sociopolitical and biological considerations. Next, readily
monitored population attributes were selected (e.g., adult population size and adult mortality)
and linked to extinction thresholds (where extinction could be a number greater than zero; for
example, it may be the number of animals that would trigger a captive breeding program to be
initiated). Finally, PVM incorporated management actions predicted to affect population
attributes; for example, determining how decreasing predation on foxes by removing golden
eagles (Aquila chrysaetos) would increase adult survival, given the practical constraints of
monitoring. PVM provides a platform for integrated adaptive decision making, whereby
increasing knowledge and changing management outcomes can be accounted for in data-based
decisions. Also, this approach embraces various types of parameter and process uncertainty,
while presenting managers with straightforward results that do not bury the findings in
distracting complexity.

A rigorous monitoring program is implicit to any adaptive management program, and a
suggested criteria for FRP in its own right (Linnell et al. 2008). Sweden and Norway have a
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strong track record in monitoring Scandinavian wolves with rigorous approaches. Intensive
tield inventories of the Scandinavian wolf population have been conducted each winter since
the late 1970s using snow tracking complemented with genetics and telemetry in order to
determine the number of packs, territorial pairs, other stationary wolves and reproductions.
Data from these inventories as well as dead animals and DNA samples is stored in a joint
publically available Norwegian-Swedish database (‘Rovbase’), along with a second online
database (‘Skandobs’) where any person can report sightings of large predators in Norway or
Sweden. Finally, the formal research collaboration between Sweden and Norway, SKANDULYV,
has conducted the annual inventories since 1998 and also carries out additional research on the
Scandinavian wolf population including studies of population size and status, reproduction,
mortality and causes of death, growth, spread and establishment patterns, as well as predation
(Sand et al. 2014).

Our central recommendation for this criteria is that monitoring continue, and that
management coordination, co-operation and communication should be increased as much as
possible with countries sharing the Northeastern European metapopulation, most importantly
Finland and Russia.

OUR SPECIFIC RECOMMENDATIONS FOR SCANDINAVIAN WOLVES

In 1995, as debates raged in the U.S. about the revision of the grizzly bear recovery plan
and over reintroduction of wolves into Yellowstone National Park, Scott et al. (1995) wrote:
“All involved in the conservation of endangered species would agree on the most
basic of points: recover the species rather than compromise its chances for survival.
Common ground must be sought between the opposing points of view that pit
biological estimates of viability against the constraints of social, political and

economic realities”

One step forward towards that goal, Scott et al. (1995) suggested, was to distinguish
between long-term and short-term goals for recovery. This is the approach we suggest for
Scandinavian wolves. The short-term goal includes granting FRP status based on population
viability as part of a functional metapopulation (with 340 Scandinavian wolves, of which 300
are in Sweden), and building public trust by initiating a controlled harvest program consistent
with continued population growth. The long-term goal would be achieved when the
population achieves ecological viability at 600 wolves.
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Therefore, we propose FRP status is achieved for Swedish wolves with a head count of
300 wolves as part of a functioning metapopulation of > 2,500 and at least one effective
immigrant per 5 years, as long as the following conditions continue to be achieved: '

A) Immigrants into Sweden are natural dispersers.

For reasons articulated above and in the main review, the immigrants (at least one effective
reproducing immigrant per 5 years) should be ‘natural” immigrants. Natural dispersal (as
opposed to managed translocations) will ensure that dispersal is reciprocal to and from
Scandinavia, and will have a host of other benefits described in our main text. Occasional
managed translocations may be required on an emergency basis, but should be strictly limited.

B) Metapopulation size does not decline substantially below current numbers
We realize the near impossibility of quantifying the abundance of the functional and greater
metapopulation across multiple other countries. This threshold is simply intended to safeguard
against catastrophes. To make this criteria operational, we suggest that ‘substantial decline”
would be triggered by evidence for >25% declines in total metapopulation abundance over a 3
year period. This criterion also underscores the obvious need for trans-boundary collaboration
to maintain wolves throughout the metapopulation

C) A non-declining average annual growth rate (A>1)

Scandinavian wolves are currently increasing at about 13% per year. Such a high
growth rate appears to foster human intolerance which in turn becomes an anthropogenic
stressor on wolf population dynamics. Annual growth rates lower than 13%, but not below
replacement, would be biologically acceptable and probably better long-term for fostering
tolerance by the public. Controlled hunting of wolves is therefore appropriate. Considerable
harvest of wolves can be accommodated without causing the wolf population to decline; the
SKANDULYV group is actively developing harvest models.

Operationally, the goal with this criterion is not to describe long-term stochastic growth
rate with uncertainty but rather to identify short-term declines in population size. Therefore,
complex growth rate estimators such as state-space models are not required. For a 3 year
period (spanning two time steps) the intuitive geometric mean growth rate between the

N3
~7)

abundance at year 1 (N1) and year 3 (N3) would suffice (i.e. Aavg =
D) Work on improving social carrying capacity

As described above, this will include development of controlled hunting opportunities, as well

as other significant and creative work with local communities and experts in outreach,

! The details of the feedback between monitoring and goals will be best determined by
those on the monitoring and management teams; here we use a 3-year window as an illustrative
example.
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education, economics, and social science and human dimensions of wildlife. Financial
subsidies (for example for verified livestock losses) may be relevant in some cases.

Once the Scandinavian wolf population reaches 600 (which may take some time as
growth rate may be barely positive with harvest), the population will be managed at a ‘hard
ceiling’. Hunting opportunities will be retained, as would connectivity and metapopulation
size provisions.

CONCLUSIONS

Based on our assessment of the broader literature and the existing viability assessments
and scientific results to date on Scandinavian wolves, we have synthesized science-based
criteria to ensure that the wolf population in Scandinavia maintains status as a “Favorable
Reference Population” (FRP). The criteria we describe are conceptually sound and directly
relevant to Scandinavian wolves.

It seems clear that the persistence of wolves in Scandinavia, as elsewhere in the world,
will depend on human tolerance. Wolves have a remarkable ability to increase numbers in the
face of mortality, including that from controlled hunting. Thus, we do not see hunting per se as
incompatible with FRP status. However, illegal hunting (poaching) can decimate or slow the
restoration of any population, including Scandinavian wolves, where currently the population
continues to increase even as half of total mortality comes from poaching (Liberg et al. 2012).

The criteria for FRP that we have suggested will surely not be easy to implement.
However, we believe they are biologically defensible, and consistent with our review of the
Scandinavian wolf literature and broader conservation biology concepts. In some cases they are
more moderate than criteria that some others have proposed. We do not believe the level of
social tolerance (e.g. social carrying capacity) should be confused with the biological thresholds
for FRP, or that genetic or population health should be sacrificed for political expediency.
However, we also acknowledge the stark reality that social tolerance — and its feedback effects
on wolf survival and persistence -- will be promoted by good faith in setting biological criteria.
We have certainly seen that reality in play in our experience with wolves in the western U.S.,
where moderate stakeholders became vehemently anti-wolf when they perceived the thresholds
were being set for a political agenda instead of based on sound science. Of course, some of this
is perception only (Rdikkonen et al. 2013). Nevertheless, we believe that our moderate criteria
for population sizes and connectivity, coupled with our advocacy for controlled hunting as part
of FRP management, are both biologically defensible and less likely to initiate massive increases
in mortality due to poaching that could very quickly and drastically undercut population
persistence.

We do not find a defensible basis for using long-term, highly managed physical
translocations of wolves to maintain connectivity. While we recognize that occasional human
facilitated movements of wolves over short distances to bypass conflict zones may be necessary,
we believe that for both biological and socio/political reasons managed translocations should
not be implemented as a replacement for natural dispersal.
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Finally, we realize that our proposal for a “two-tier” FRP status for Sweden (300 for
population viability as part of a functional metapopulation, growing ultimately towards 600 for
an ecologically viable population) may be problematic with respect to existing policies, laws,
and guidelines. We favor this approach because we believe enacting FRP status at current
(biologically justified) population sizes and metapopulation dynamics, and allowing controlled
harvest, will simultaneously foster continued growth in the wolf population towards a size
closer to ecological viability (with higher public acceptance). We believe the approach is
technically possible in this case, because of the remarkable detail and rigor of the Scandinavian
wolf monitoring program. The work of the SKANDULYV team gives a luxury unavailable for
most species around the world: to manage adaptively with a strong scientific evidence-based
framework. This adaptive monitoring framework allows us to propose that wolves in Sweden can be
considered to be at FRP currently, and that FRP status would continue as long as the monitoring
program supports progress towards a long-term goal of 600 wolves.
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APPENDIX I: Calculating Scandinavian Wolf Growth Rate in a Stochastic Environment

The most commonly used models to estimate exponential trend assume that only one
form of variation -- either sampling or process variance -- is present in the time series data. For
example, one widely used method of estimating trend from a time series of abundance values
uses a simple linear regression of natural log (In) of abundances (N) against time (the natural
log accounts for the fact that birth and death processes cause populations to change
geometrically, not arithmetically). The slope of the regression of In(N) vs time represents the

estimated average rate of change (T = /1), which converts to A, the discrete stochastic geometric

growth rate, as T =/ =In(A). The simplicity of the method explains its popularity, but the

method has a major limitation: it assumes that all variation in the trend arises only from the
uncertainty in estimating abundance (i.e., pure observation error or sample variance; Humbert
et al. 2009). That is, this method assumes that population growth is completely constant --
unaffected by process variance arising from weather, predators, or other environmental
conditions -- so that all deviations in abundances from the trend line arise solely from the
uncertainty of estimating abundances.

A suite of other widely used methods make the opposite assumption, that no
observation error exists and that all variation in the trend arises from process variance or
process noise (e.g., the diffusion approximation; Dennis et al. 1991). When the time series is
complete (with no missing years), one form of this “Process Noise Only” model is to estimate
the geometric mean of multiple consecutive measurements of A over time (Humbert et al. 2009 ;
Mills 2013).

Although it does not have a big effect in this case, the SKADULYV reports erroneously
estimate average growth rate from the arithmetic mean of the consecutive A values in the wolf
time series. Because population growth is a geometric, not arithmetic process, the most likely
growth rate is characterized by the geometric mean, not the arithmetic mean. In fact, as
stochasticity increases, the arithmetic mean of consecutive will increasingly overestimate the
most likely A (Case 2000, Mills 2013). As a very simple example (that would not be impossible
for a wolf population) consider 3 years where the abundance of a population size went from 100
to 150 and back to 100. The two A consecutive values would be 1.5 and 0.67. The arithmetic
mean of these two lambda values would be 1.08 (implying an 8% increase per year, on average),
but the (correct) geometric mean lambda would be 1.0 (stationary population).

We emphasize that this error does not affect in any meaningful way the SKADULYV reports to
date. For example, if we compare the arithmetic mean lambda to the geometric mean lambda in
the SKADULYV 1998-2014 time series (Sand et al. 2014), the difference is only at the 2nd decimal
place (A=1.13 for arithmetic mean vs 1.12 for geometric mean). Nevertheless, the distinction is
important because the error will increase with greater variation in numbers.

In any case, determining the most likely trend A from the geometric mean of the
consecutive A values is, as mentioned above, a Process Noise Only estimator that does not
account for any sampling uncertainty in the estimation of N from year to year.
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In contrast, the state space model we use in the main text estimates stochastic
exponential population growth (the average instantaneous per capita growth rate) as [T]=4 =
Ln(A)) (Humbert et al. 2009; see accessible overview in Mills 2013 Chapter 5). In addition to a
confidence interval that incorporates both sample (observation) variance (denoted by 7°) and
process variance due to environmental and demographic stochasticity (denoted &), the model
also provides separate estimate of 7?and &°.

We have found through simulations (Humbert et al. 2009) that the estimates of mean
trend will not differ much among the different estimators but the confidence intervals can be
quite different, so that the CI from one estimator may overlap 1 and imply no increase while
another does not, implying an increasing population.

Therefore, we recommend use of the state space estimator, because it more realistically
accounts for both process and sample variance. (Other state space models are available and
have been used for Scandinavian wolves: e.g. Chapron 2012, Sand, Liberg and Chapron 2014).

Applying the Humbert et al. 2009 state space model to the SKADULV Scandinavian
wolf data from 1998-2014 gives an estimate of £ =0.120, with a 95% confidence interval of
(0.105 to 0.135). Converting these to A, gives A=1.13 (by coincidence, this is the same value as
the erroneous arithmetic mean of the values, but nothing should be made of that) with 95%
confidence limits of A from 1.11 to 1.14 . Updating the time series to include the most recent
2014/15 abundance estimate, gives an estimate of 2 =0.120, with a 95% confidence interval of
(0.107 to 0.132). Converting the estimate of i to A, gives A =1.12 with 95%CI of A: 1.11 - 1.14.
This growth rate represents a 13% increase in the population size each year, on average.
Because the confidence intervals do not overlap a stationary population [ &z =0 or (A=1)], the
positive growth rate can be considered statistically significant.

In summary, we concur with the widespread view that the Scandinavian wolf
population is strongly increasing; the 95% confidence interval of trend is well above a stationary
trajectory. For future use, we encourage the use of the state space estimator to describe most
likely stochastic growth rate and its confidence interval. Finally, if the wolf team feels that it is
necessary to use the Process Noise Only model to estimate population trend over time, we
encourage the use of the geometric mean, not the arithmetic mean lambda.
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Art- och habitatdirektivet (AHD) och gynnsam bevarandestatus (GYBS)

1 Bakgrund

Som en del i arbetet med ett regeringsuppdrag, "Uppdrag att utreda gynnsam bevarandestatus for
varg, M2015/1573/Nm”, har Naturvardsverket anlitat tvd forskargrupper som har tagit fram
vetenskapliga rapporter for att bedéma djurpopulationers langsiktiga livskraft och bevarandestatus.
Forskargrupperna har darefter tagit fram ett s.k. ”joint statement” vad galler referensvarde for varg i
Sverige. En av forskarna, Guillaume Chapron, har harutéver aven presenterat en egen rapport, med
tvd avsnitt om gynnsam bevarandestatus (GYBS): "Clarification of the concept of Favourable
Conservation Status by GC” och "Proposed criteria for FCS for Swedish wolves by GC”, Preliminary
Report 14th August 2015” (GC-rapporten). For att ha tillrackligt underlag for att kunna avgora vilken
betydelse som ska fastas vid den avvikande uppfattningen har Naturvardsverket anlitat Falkenborn
Advokatbyra for att gora en juridisk analys av de forutsattningar som denne forskare har utgatt ifran i
sin rapport pa s. 39-48. De fragor som Falkenborn Advokatbyrd har ombetts att analysera ar dels
Chaprons slutsatser vad géller om GYBS ska bedomas pa art-, populations- eller nationell niva samt
om ekologisk livsduglighet (ecological viability) ska véagas in i beddmningen av GYBS.

Chapron anger i inledningen till det forsta avsnittet det ar ett utdrag fran en artikel av Epstein, Lépez-
Bao & Chapron i "Conservation letters”.

2 Kan hansyn tas aven till populationer i andra lander vid beddmning av GYBS?

Chapron menar att en arts gynnsamma bevarandestatus (GYBS) méste bedémas utifran nationella
granser, dvs. hansyn ska inte tas till att delar av populationen finns pa andra sidan nationsgransen.
Detta galler i synnerhet om det andra landet inte & medlem i EU. Chapron anger flera argument for
detta och vi analyserar nedan de grunder som han har lyft fram.

2.1 Kommissionens véagledning

Chapron menar att kommissionens végledning ar motsagelsefull. A ena sidan har kommissionen i sin
skriftliga vagledning av direktivets tillampning Iatit forsta att frdgan om omfattning &ar artberoende och
kan kréava analys pa populationsniva for vissa arter, sdsom stora rovdjur. A andra sidan framhaller
Chapron att kommissionen trots detta endast har fokuserat pa nationell niva i vissa situationer som i
den finska vargdomen.



Saval kommissionens véagledning om strikt skydd som den vagledning som har getts ut av the Large
Carnivore Initiative for Europe (LCIE) indikerar att bedémningen av GYBS bor ske pa populationsniva
och att den for vissa arter, sdsom stora rovdjur, kan omfatta delar av populationer i andra lander saval
inom som utanfor EU. Chapron tycks dela den forstaelsen av den befintliga skriftliga vagledningen och
vi gar darfor inte narmare in pa dess innehall.

2.2 Kommissionens agerande i vissa situationer

Daremot havdar Chapron att kommissionen i sarskilda situationer (rattsliga forfaranden) endast har lyft
fram den nationella nivan. Vi uppfattar att Chapron menar att kommissionen med detta skulle ha tagit
stallning till att det skulle vara den nivdn som &r styrande vid bedémningen om GYBS och att man
darfor inte ska ta hansyn till en gransdverskridande population.

Den finska vargen (C-342/05)

Chapron framfor uppfattningen att EU-domstolen i malet om den finska vargen har slagit fast att det
endast ar den finska populationen som far raknas nar man bedomer GYBS.

Vi har svart att se hur Chapron har kommit fram till detta. Det aligger kommissionen bevisa det
pastaddda fordragsbrottet. Kommissionen ska forse domstolen med de uppgifter som denna behéver
for att kunna kontrollera om férdragsbrott foreligger, och den kan darvid inte stodja sig pa nagon
presumtion (se punkt 26 i domen). EU-domstolen provade i malet pa kommissionens talan fragan om
Finlands forvaltningspraxis. Kommissionen satte ramarna for sin talan och Finland aberopade savitt
framgar av domen inte ndgon gransoverskridande population vid bedémningen av om vargstammen
hade GYBS (se dock punkt 46 i generaladvokatens forslag till avgérande dar det anges att nar Finland
raknar ut antalet foryngringar som behovs for att vargen ska anses utgora ett langsiktigt livskraftigt
inslag i sin naturliga livsmiljo i Finland tar man med invandringen av vargar fran den rysk-karelska
vargstammen). Domstolen ar begransad till att prova vad kommissionen har vackt talan om. Vi menar
darfor att avgorandet inte ger nagon ledning i fragan eller sager nagot om hur domstolen framdéver
skulle kunna agera.

Det franska hamstermalet (C-383/09)

Chapron har fort fram annu ett avgérande fran EU-domstolen till stod for sin uppfattning.

| det franska hamstermalet vackte kommissionen talan mot Frankrike for underlatenhet att iaktta sina
skyldigheter under AHD. Domstolen kom fram till att Frankrike inte hade vidtagit tillrackliga atgarder for
att mojliggora strikt skydd av den europeiska hamstern i Alsace.

Vi kan inte heller i detta mal se att kommissionen skulle ha Iatit talan omfatta, eller Frankrike i malet
gjort invandning om, ifall GYBS ska bedémas nationellt eller gransoverskridande. Fragan var inte
uppe till domstolens bedémning och det gar darfor inte att dra nagra slutsatser om hur domstolen
skulle se pa fragan. Det ror sig dessutom av en annan art an varg och med andra forutsattningar.
Véagledningarna lyfter sarskilt fram just stora rovdjur som sadana for vilka granséverskridande
populationer kan utgdra underlag vid bedémning om GYBS.

2.3 Throuwborst 2014

| GC-rapporten aberopas aterkommande en artikel publicerad i juni 2014 av den nederlandska
forskaren Arie Throuwborst, universitetslektor i miljératt (Assistant Professor) vid Tilburg Law school.



De fragor som Chapron tar upp i GC-rapporten behandlas i stor utstrackning aven i Throuwborsts
artikel men de resonemang som Throuwborst for och de slutsatser som han drar &r mindre
kategoriska an vad man kan f& uppfattning av efter att ha last Chaprons rapport.

Throuwborst skriver i och for sig att det inte alls &r sakert att det ar en korrekt tolkning av artikel 16 att
utgd frdn en gransoverskridande vargpopulation och att det for narvarande inte kan uteslutas att
gynnsam bevarandestatus ocksa méste sakras av varje medlemsstat pa nationell niva. Throuwborst,
som for dvrigt inte ndmner den franska hamsterdomen, lyfter fram Den finska vargen och drar sedan
slutsatsen att det inte &ar omdjligt att EU-domstolen skulle tillampa det grénsoverskridande
forhallningssattet, dvs. att se till en population Gver nationsgranser, om ett liknande mal kom till
bedomning idag. Han menar dock att man inte kan vara helt saker pa detta. Mot bakgrund av den
legala osakerheten menar Throuwborst att det sékraste for medlemsstaterna vad géaller gréans for varg
skulle vara att ha en tvastegsstrategi genom att bade ha ett samarbete med grannlanderna for den
gransoverskridande vargpopulationen, i synnerhet genom forvaltningsplaner, och samtidigt — i vart fall
officiellt — strava efter GYBS pa nationell niva.

Throuwborsts artikel ar intressant och genomarbetad. Den kan dock inte sdgas ha ett innehall som
med juridisk tyngd faststéller att GYBS ska bedémas pa nationell niva i stallet for att ta hansyn till en
gransoverskridande population. Daremot menar Throuwborst att det inte ar helt sékert hur EU-
domstolen skulle déma i fragan, att domstolen skulle se till en gransoverskridande population, vilket i
och for sig ar korrekt. Nagon egentlig rekommendation, utdver resonemanget i stycket ovan om att det
finns en legal osékerhet, lamnas inte av Throuwborst.

2.4 Slutsatser

Chaprons skrivningar i GC-rapporten ar till storsta delen hamtade fran den artikel som Chapron
hanvisar till (Epstein, Lopez-Bao & Chapron). Vissa delar har utelamnats men inte i ndgon avgérande
omfattning.

Véagledningarna fran kommissionen och LCIE ger stod at uppfattningen att det ar mojligt att beakta en
gransoverskridande population ndr man bedémer GYBS (LCIE 2008 s. 22, kommissionens vagledning
2007 om strikt skydd for djurarter i enlighet med AHD och kommissionens (nya) vagledning 2011 om
beddémning, utvardering och rapportering under artikel 17 AHD).

| de avgdranden av EU-domstolen som Chapron har lyft fram som ”"praxis” har inte fraigan om nationell
kontra gransoverskridande beddémning av GYBS varit uppe till prévning. Det har i vart fall inte
redovisas i vare sig domskal eller domslut. Det gar darfor inte att med aberopande av dessa siga att
domstolens praxis ar att populationens GYBS ska tillampas péa nationell niva.

Det ar EU-domstolen som slutligen avgor hur bedémningen ska goras om fragan kommer upp till
domstolens bedémning. Man kan dock notera att i en annan viktig frdga, om huruvida undantag fran
det strikta skyddet aven art kan medges trots att arten inte har uppnatt GYBS, valde domstolen att g&
pa den linje som kommissionens vagledning angav. | detta senare fall trots att direktivets ordalydelse
talade emot tolkningen.



3 Maste vargens ekologiska livsduglighet beaktas enligt art- och habitatdirektivet
(AHD)?

3.1 Chapron

| GC-rapporten resonerar Chapron om vad som menas med att en art utgor en “livskraftig del av sin
livsmilj6” (s.40). Resonemanget avslutas med att Chapron anfor att trots att vagledningarna fér AHD
betonar den demografiska livsdugligheten, medfér direktivets lydelse snarare att ekologisk
livsduglighet, som tar hénsyn till interagerande mellan arter och mellan en art och dess livsmiljo, ar
den mer riktiga tolkningen av denna bestdammelse (artikel 1 €) AHD). Chapron menar vidare (s.46) att
direktivets lydelse signalerar att GYBS mats battre utifran "barandekapacitet” ("carrying capacity”) &n
utrotning och att ekologisk livsduglighet kan definieras som att arterna upptar en majoritet av sin
naturliga livsmiljo.

3.2 AHD

En arts GYBS definieras i artikel 1 i) andra stycket AHD. Bestammelsen utgar frAn den specifika
artens bevarande och inte interagerande mellan olika arter.

Artikel 1 e) innehéller daremot en definition av en livsmiljés bevarandestatus som summan av de
faktorer som paverkar en livsmiljd och dess typiska arter och som pa lang sikt kan paverka dess
naturliga utbredning, struktur och funktion samt de typiska arternas overlevnad pa lang sikt inom det
berdrda territoriet. 1 kommissionens véagledning for strikt skydd om foérsamring eller forstorelse av
platser for fortplantning eller vila anges att artikel 12.1 d) inte géaller arterna utan deras livsmiljoer
(s.38). Pa foljande sidor i vagledningen (s.40 och 46-47) anvands begreppet ekologisk funktionalitet
for att beskriva forhallanden avseende en plats.

3.3 Kommissionens véagledning

Enligt kommissionens vagledning om strikt skydd kan man enkelt beskriva GYBS som en situation dar
en livsmiljo eller en art klarar sig tillrackligt bra i fraga om kvalitet och kvantitet, och har goda utsikter
att gora sa i framtiden. Att en art inte ar hotad (dvs. inte star infor nagon direkt risk for utrotning)
innebar inte automatiskt att den har GYBS. Medlemsstatens skyldigheter enligt AHD innebar nagot
mer an bara att undvika utrotning. Enligt kommissionens vagledning om strikt skydd uppmuntras
medlemsstaterna att faststélla referensvarden som kan anvandas som mattstock vid bedémningen om
en art har GYBS men det ges inte narmare ledning om hur detta ska ga till. Sagda vagledning tar inte
upp ekologisk livsduglighet som en komponent att beakta.

Enligt kommissionens vagledning om artikel 17 frAn 2011 ska en arts GYBS maétas och utvarderas mot
tva referensvéarden, ett for utbredningsomradets storlek (Favourable Reference Range, FRR) och ett
for populationsstorleken (Favourable Reference Population, FRP). Begreppen é&r inte definierade i
AHD. Vagledningen anger ocksa att minsta livsdugliga population (Minimum Viable Population, MVP)
ar en mojlig vag att bestimma FRP. Men eftersom MVP huvudsakligen anvands for att utvéardera
risken for utrotning kan den snarast motsvara den lagsta tolererade populationsstorleken (LCIE s. 17)
och FRP ar saledes som regel storre. Vagledningen tar inte upp ekologisk livsduglighet som en
komponent vid beddmningen av FRP eller GYBS.



3.4 Vagledning LCIE

| LCIE:s véagledning (2008) anges att trots att direktivet och dess végledningar inte uttryckligen
specificerar om de tar hansyn till demografiska eller genetiska komponenter av livsduglighet (viability),
kommer LCIE att basera sin vagledning pa antagandet att AHDs definition av biodiversitet stammer
overens med Bernkonventionens. Darfor anges att vagledningen baseras pa antagandet att den form
av livsduglighet som direktivet vill uppnda tar hansyn bade till kortsiktiga demografiska och langsiktiga
genetiska komponenter och att vikten av interagerande mellan arter (dvs. deras ekologiska
livsduglighet) erkdnns (s. 17). Vidare ségs att denna slags livsduglighet fordrar mycket stora
populationsstorlekar. LCIE konstaterar harefter att forskningen inte har kommit sa langt vad galler
ekologisk livsduglighet. | sin sammanfattning av hur FRP ska definieras (s.20) namner LCIE-
vagledningen inte alls ekologisk livsduglighet utan begréansar sig till att ta upp att det ska géras som en
summa av 1) att populationen maste vara minst lika stor som nar AHD tradde i kraft, och, 2) att
populationen maste vara atminstone lika stor (och helst mycket storre) an MVP sasom definierat av
IUCN kriterium E eller D. Harutéver ska 3) populationens status konstant évervakas med hjalp av
robust metod.

3.5  Annan vagledning

En brittisk rapport (Natural England Commissioned Report NECR176, Review of Favourable
Conservation Status and Birds Directive Article 2 interpretation within the European Union, 17 March
2015) gar igenom grunderna for bedémningen av GYBS enligt AHD och de referensvarden som man
har kommit fram till i arbetsgrupper m.m. | rapporten aterges vagledningen for rapportering enligt
artikel 17 AHD, dvs. att definitionen av FRP ar en population i en given biogeografisk region med
hansyn tagen till det minsta nodvandiga for att sakerstalla den langsiktiga livsdugligheten av arten.
Referensvarden maste minst vara den populationsstorlek som foreldg nar AHD tradde i kraft (1995)
och information om historisk utbredning/population kan vara anvandbar nar FRP definieras. Béasta
expertbedémning (best expert judgement) kan anvandas i franvaro av annan data. Medlemslanderna
far nar de bedomer FRP for arter anvanda bland annat information som baseras pa utbredning och
antal, biologiska och ekologiska villkor, vandringsvagar och spridningssatt.

3.6 Slutsatser

Sammanfattningsvis kan sagas att varken AHD, vagledningen om strikt skydd eller artikel 17-
vagledningen innehéller krav pa att s.k. ekologisk livsduglighet ska beaktas. Medlemsstaterna har
inget krav pa sig att redovisa artens ekologiska livsduglighet nar man rapporterar FRP enligt artikel 17
AHD. Kommissionen tar i artikel 17-vagledningen upp Polen som ett exempel pa ett land som har
anvant barandekapacitet ("carrying capacity”) tillsammans med andra kriterier for att uppskatta FRP,
men utan sarskilt framhalla metoden framfér andra.

Definitionen av gynnsam bevarandestatus i artikel 1 i) AHD tar sikte pa just den arten som bedoms
och inte dess varde for eller interagerande med andra arter. Fér att GYBS ska anses foreligga ska
uppgifter om artens populationsutveckling visa att arten pa lang sikt kommer att forbli en livskraftig del
av sin livsmiljo. Livsmiljo ar definierat i artikelns punkt b) som land eller vattenomraden som
kénnetecknas av sarskilda geografiska, abiotiska och biotiska egenskaper, oavsett om de &r naturliga
eller delvis naturliga. Vid bedémningen av en arts GYBS &r det inte nagot krav att bedoma dess
livsmiljés bevarandestatus enligt punkten e).



Aven om artens interagerande med andra arter erkanns som viktig av LCIE, som &r den enda
vagledning som vi har kunnat finna direkt ndmner ekologisk livsduglighet, innebéar inte detta med
nagon sjalvklarhet att artens ekologiska livsduglighet ska bedémas som en sjalvstandig komponent
vid bedémningen av FRP eller GYBS. Skrivningarna i LCIE framhaller dessutom att demografisk och
genetisk livsduglighet ska beaktas under det "att vikten av interagerande mellan arter (dvs. deras
ekologiska livsduglighet) erkanns”. Det ar allts& en skillnad i formuleringen som tyder pa att storre vikt
bor fastas vid demografisk och genetisk livsduglighet. Detta Gverensstimmer ocks&d med Ovrig
vagledning och motségs inte av direktivets lydelse. Sammantaget kan vi inte se att det av Chapron
foreslagna séttet att uppskatta FRP skulle vara det enda accepterade sattet enligt AHD eller att det
skulle finnas starkare stoéd for det an fér andra metoder som anges i kommissionens vagledningar.
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