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levads

Baltijas valstis giita pieredze liecina, ka Afrikas ciku méra (ACM) viruss var
saglabaties meza cuku populacija vai vide, tostarp meza ciiku likos, pat, ja to populacijas
blivums ir 0,5 dzivnieki uz 1 km?, savukart 1idz8ingjos datos balstita informacija lauj izvirzit
pienémumu, ka ACM izplatiba izbeigtos, ja meza ciiku populacijas blivums biitu
0,15 dzivnieki/km? vai mazaks. Medibu statistika izmantotaja blivumu raksturojo$a izteiksmé
tas nozimé < 1,5 dzivnieki/1000 ha. Saskana ar Valsts meza dienesta (VMD) 2024. un
2025. gada veikto populacijas novert§jumu un noteikto nomediSanas apjomu, meza ciiku
populacijas blivums tikai neliela Latvijas dala ir nokrities zem §1s robeZvertibas, un teritorijas
ar augstaku blivumu joprojam ir savstarpgji savienotas. Tas dod visas iesp&jas virusa izplatibas
vilniem parvietoties pa teritoriju dabiska cela, jo Latvija nav geografisku barjeru, kuras meza
ciikas nespétu $kérsot. Sis pétijums veikts, lai atrastu piemérotako veidu, ka, izmantojot zinatng
balstitas metodes, parliecinaties, ka populacija tieSam ir samazinata gan valstt kopuma, gan
lokali, kas nozimé&tu populacijas teritorialu sadrumstalosanu uz laiku, kamér virusa klatbiitne
nomedito un bojagajuso ciiku kermenos vismaz 3 gadus netiek konstateta.

Petijumam izvirziti 2 mérki:
1) izstradat un validét mezaciiku populacijas uzskaites metodiku izmantoSanai Valsts
meza dienesta noteiktajas medijamo dzivnieku uzskaites vienibas;

2) izstradat kontroles sistému, kas lautu parliecinaties par mezactiku faktiska skaita un
populacijas blivuma atbilstibu ACM uzraudzibas un apkarosanas strateégija noteiktajam
meérkim.

P&tfjuma pirmaja etapa tika izstradats teorétiskais pamatojums un stenoti praktiskie
pricksdarbi. Saja parskata sniegta informacija un izdariti secinajumi par praksei
vispiemérotako sistému, kas lautu VMD sadarbiba ar medibu tiesibu lietotajiem iegiit
parliecino$us pieradijumus, ka meZa ciiku populacijas blivums neparsniedz ACM uzraudzibas
un apkarosanas stratégija noteikto robezu, ka arl sagatavoti priekslikumi nepiecieSamam
ricibam, ar kuram iepazistinat atbildigas institiicijas un iesaistitas sabiedribas grupas.



1. Meza ctku populacijas struktdras un blivuma
savstarpéja atkariba

1.1. Metodika

Lai noveértétu meza ciku populacijas demografisko struktiiru, izmantojot lietotnes
MEDNIS datus, veikta nomedito individu dzimuma un vecuma datu analize par laika posmu
2024. gada 1. decembris—2025. gada 31. oktobris. Min&to informacijas avotu dati ir izmantoti
nomedito sivénu Tpatsvara aprékinam. Matisu indekss aprékinats, dalot nomedito matisu skaitu
ar nomedito te€vinu skaitu.

Lietotne MEDNIS registrétas meza ciikas analiz€tas ar mérki nodalit datu kopu par
dzivniekiem, kas nomediti gaides medibas, tatad iesp&u robezas selektivi izvéloties
nomedijama dzivnieka dzimumu un vecumu (lielumu). Saja noliika, izmantojot geotelpiskas
informacijas GIS lauku bloku slani, meZa ciku nomediSanas vietas sadalitas meza un arpus
meza platibam izvietotajas. Ta ka arT mezu platibas var notikt gaides medibas piebaroSanas
vietas, tad no §1m vietam atlasitas diennakts tumsaja laika un termina, kad nav atlautas medibas
ar dzingjiem, nomeditas meZa ciikas. Sis meZa ciikas kopa ar visu gadu lauksaimniecibas zemés
nomeditajam $aja pétijjuma uzskatitas par dzivniekiem, kas nomediti baroSanas vai
piebaroSanas vietas.

Parbaudita ar1 iesp€ja iegit datus par meza ciiku populacijas struktiiru neinvaziva cela,
proti — péc slépna kameras fiks€tiem foto un video uznémumiem. Izmantotas LVMI “Silava”
ipaSuma esoSas slépna kameras (1. att.). Izveidot brivpratigu medibu tiesibu lietotajiem
piederoSo slépna kameru tiklu medijamo dzivnieku uzskaitei un novéroSanai ir ilgtermina
uzdevums un risinajums efektivakai medibu resursu uzraudzibai un parvaldibai, tacu paslaik
tas neizdodas vairaku iemeslu dél:

1) kameru darbibas rezims, laika uzstadijumi un uztveramibas zonas nav vienoti;

2) nav izveidota vienota sistéma datu apkopoSanai un sasaistei ar konkrétam kameru
atraSanas vietam;

3) mednieku sabiedriba valda aizspriedumi par informacijas nodosanu vai bazas par
kameru dro$ibu;

4) nav vienota juridiski saistoSa protokola par sadarbibu starp kameru 1pasniekiem un
informacijas lietotajiem, pieméram, VMD;

5) velme dalities ar informaciju socialajos tiklos vai publicét sabiedriskajos médijos
ir lielaka par gatavibu iesaistities vienota datu apmaina ar uzraugo$am iestadém
vai zinatniekiem.



Noveértetais meza cuku blivums
VMD uzskaites vienibas (UV)
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1. attels. LVMI “Silava” veiktajos p&tijumos izmantoto slépna kameru izvietojums. Noraditajas vietas
var bt uzstaditas vairakas kameras saskana ar metodiku vairaku p&tniecibas uzdevumu veikSanai.

Saja pétijuma esam izmantojusi datus ar meza ciku novérojumiem no 304 slépna
kameru novietoSanas punktiem, kas laikd no 2024.gada 1.decembra Iidz 2025. gada
25.novembrim bijusas uzstaditas LVMI “Silava” vairakos veiktajos pé€tijumos: “Audzes
strukturalas dinamikas un biologiskas daudzveidibas noveért&jums vecas skuju koku mezaudzes

hemiborealajos mezos dabai tuvakas mezsaimniecibas attistibai”
(https://www.silava.lv/petnieciba/petijumi/postdoc-biologiskas-daudzveidibas-novertejums-
vecas-mezaudzes), ”Lacu monitorings 2023.-2025. gada”

(https://www.silava.lv/petnieciba/petijumi/lacu-monitorings-2023-2025), “Izpratne par dzivu
novajinatu vakcinu darbibas raditajiem Afrikas ciiku méra profilaksei un kontrolei meZactikam
un majas cukam” (https://bior.lv/lv/projekts/apstiprinats-apvarsnis-eiropas-projekts-izpratne-
par-dzivu-novajinatu-vakcinu-darbibas-raditajiem-afrikas-cuku-mera-profilaksei-un-
kontrolei-mezacukam-un-majas-cukam/), ka ar1 Seit aprakstitaja projekta. Kopgjais iegtais
kameru diennaksu skaits ir 86 910. Saja laika meZa ciikas kameras fiksétas 1234 foto un/vai
video uzn€mumos, t.sk. sivéni 268, pieauguSas meza ciuku matites 146, te€vini 139 un
nenosakdma dzimuma pieaugusi individi 681 uznémuma. Datus analiz€jot, iesp&ju robezas
precizéts visu minéto dzimuma un vecuma grupu individu skaits, izv€loties lielako vienlaikus
redzamo individu daudzumu un atmetot viena uznémumu sérija ietverto individu uzn€émumus,
kas raduSies meza ciikam ilgstoSi uzkavéjoties kameras uztveramibas zona.

Lai saistitu neinvazivi iegiitos datus par meza ciiku populacijas blivumu un medibu
rezultatiem, salidzinats ne tikai VMD sniegtais skaita blivuma veért€jums medijamo dzivnieku
uzskaites vienibas, bet arT slépna kameras ieglitie meza ciiku novérojumi ar nomedito meza
ciiku skaitu un dzimuma/vecuma struktiiru 5,62 km radiusa (t.i. 10 000 ha platiba) ap katru
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kameru uzstadiSanas vietu. Tas ir izdarams ar geotelpisko datu (GIS) apstrades programmu,
pateicoties lietotne MEDNIS atzimétajam meza ciiku nomediSanas vietu koordinatam (2. att.).
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2. att€ls. Piemérs meza cliku medibu rezultatu atlasei 10 000 ha platiba ap trijam slépna kameru
uzstadiSanas vietam Ziemelkurzemé, kuru tuvuma péc VMD vertgjuma 2025. gada 1. aprili
populacijas blivums gan parsniedzis 1,5 individus uz 1000 ha (sarkanais tongjums), gan samazinajies
zem noteiktas robezas (pelekais tongjums).

Analizeti kameras fikséto meza ciiku dati, salidzinot ar noveértéto meza ciiku blivumu
attiecigaja VMD uzskaites vienibas. Lai noteiktu sakaribas starp kameru datiem un uzskaites
vienibas novértéto blivumu, ka ar1 ar nomedito meza ciiku skaitu, izmantota Spirmena rangu
korelacija.

1.2. Rezultati

Kopuma ar lietotnes MEDNIS palidzibu iegita informacija par 21 230 nomeditam
meza cikam, no kuram 8217 bija matites, 12 942 te€vini un 71 nenoteikta vai lietotné
neregistréta dzimuma meza ctika. Datubazé atrodama informacija arT par 15 ar automasinu
notriektam meza ciikam — 12 téviniem un 3 matitém. Sie 15, ka arT dzivnieki ar datu baze
neievaditu dzimumu no talakas apstrades izslégti.

Individualo un dzinéjmedibu salidzinajums

Lielaka dala (17 297 jeb 81,8%) meza cuku nomeditas individualo jeb gaides medibu
laika (3. att.), atSkiribas ir statistiski biitiskas (y* tests, y>= 183,16, P < 0,01). Dzingjmedibu
laika starp nomedito matiSu un tevinu skaitu nav statistiski biitiskas atSkiribas, savukart
individualo medibu laika nomedito tévinu skaits gandriz divas (1,7) reizes parsniedz matisu
skaitu, atSkiribas ir statistiski biitiskas ()(2 tests, Xz =1964,16, P <0,001).
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3. att€ls. Nomedito meza ciiku dzimuma sadalijums individualajas un dzinéjmedibas laika posma no
2024. gada decembra Iidz 2025. gada oktobrim ieskaitot.

Analizgjot nomedito meza ciiku dzimuma/vecuma struktiiru, redzams, ka dzingjmedibu
laika nomedito tévinu parsvars statistiski biitiski lielaks ir jaunu un jaunaku par gadu dzivnieku
grupa, savukart vidéja vecuma dzivnieku grupa butiski vairak nomeditas matites (4. att. un
1 .tab.). Lai gan dzingjmedibu laika nomedito dzivnieku dzimuma atSkiribas ir statistiski
bitiskas, tomér nav ar lielu efektu (vidgji 0,094), kas no zZimée, ka §is atSkiribas ir vairak
salidzinosi lielas paraugkopas katra dzimuma grupa dél, nevis tadel, ka §is atSkiribas patieSam
biitu nozimigas populacijas apsaimniekosana. Tomér konstatétais fakts apliecina, ka populacija
ir pietiekosi daudz pieaugusu matisu, kas arT izskaidro straujo skaita atjaunosanos péc lieliem
zaudgjumiem medibu un ACM virusa izraisitas mirstibas rezultata.

Individualo medibu laika nomedito té€vinu parsvars par matitém ir loti izteikts visas

vecuma grupas un Ipasi liels — vid&ja vecuma dzivnieku grupa (y* tests, x>=1156,86;
P <0,001; V=0,702).

Sie rezultati vedina secinat, ka joprojam apstaklos, kad teorétiski iesp&jamas izlases medibas,
neskatoties uz epidemiologisko situaciju valsti, daudzi mednieki mérktiecigi saudzé ctuku
matites.

DZINEJMEDIBAS INDIVIDUALAS MEDIBAS
Vecs Vecs
Vidéja vecuma Vidéja vecuma
Jauns Jauns
Jaunaks par gadu Jaunaks par gadu
0 200 400 600 800 1000 0 1000 2000 3000 4000 5000
tevini matites tevini matites

4. att€ls. Nomedito meza ciku dzimuma/vecuma struktiira dzingjmedibu un individualo medibu laika.




1. tabula

Dzinéjmedibu un individualo medibu laikd nomedito mezZa citku dzimuma/vecuma struktiiras
salidzindajums, y? testa rezultati (y? — testa vértiba, p — biitiskuma lielums, Cramer’s V — efekta vértiba
(ja V < 0,1 — nebitisks efekts; 0,1-0,3 — mazs; 0,3-0,5 — videjs un > 0,5 — liels efekts))

Dzinéjmedibas Individualas medibas
e Efekta lielums o Efekta liclums
X P vertiba (Cramer’s V) X P vertiba (Cramer’s V)
Jaunaks | 14,24 < 0,001 0,102 115,23 < 0,001 0,164
par gadu
Jauns | 10,57 0,001 0,107 138,97 < 0,001 0,147
Vidéja | 7,94 0,004 0,073 1156,86 < 0,001 0,432
vecuma
Vees | 0,84 0,361 188,02 < 0,001 0,702

Meza ciku matisu indekss

Ja ieprieks$€ja sezona visvairak meza ciiku nomedits vasaras meénesos, tad Saja gada tas
noticis laika perioda no augusta lidz oktobrim (5. att.). Divreiz vairak tévinu neka matisu
nomedits laika posma no aprila lidz jiinijam ieskaitot, ar1 paréjos vasaras ménesos un visa gada
kopuma nomedito teévinu skaits biitiski (y* tests, P < 0,001) parsniedz nomedito matisu skaitu.
Lidzigi ka ieprieks, arT Sogad par gadu jaunaku nomedito meZaciiku grupa tévinu parsvars par
matitém ir mazaks neka pieauguSo nomedito grupa — matiSu indekss attiecigi 0,74 un 0,60.
Abas salidzinatajas grupas atskiriba starp dzimumiem ir statistiski bitiska (y* tests, P < 0,001).

Gada griezuma ik ménesi nomedito pieauguso meZza ciiku grupa (vecuma kategorija
“jauns”, “vid€ji vecs” un “vecs”) matiSu skaits ir biitiski mazaks par tévinu skaitu () tests,
P <0,001); tas pats noverojams ar1 sivénu grupa, iznpemot martu un aprili, kad §1s atSkiribas
nav statistiski butiskas (2. tab.). Apskatot nomedito dzivnieku dzimumstruktiiru gada griezuma
pa menesiem un pieliekot klat informaciju par nomedito matiSu indeksu pieauguSo dzivnieku
un jaunaku par gadu dzivnieku grupa, redzams, ka vairoSanas laika (mazulu dzim$anas un
zidiSanas perioda) pieauguSo dzivnieku grupas matites tikuSas iesp&jami saudzetas. Tas
izskaidrojams gan ar medibu vietas un pan€miena izveli, gan mednieku &tisku un racionalu
apsveérumu rezultata veiktu selekciju.
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5. attéls. Nomedito meZa cliku matisu un tévinu skaita izmainas pa ménesiem un nomedito matisu
indeksu vertibu izmainas pieaugu$o un jaunaku par gadu (sivénu) grupa (ar * atzimeti menesi, kuros
nomedito matiSu indeksu vertibas pieauguso un jaunaku par gadu dzivnieku grupa statistiski
btiski atskiras).



2. tabula

Nomedito matiSu indeksu (matites/tevini) vértibu salidzinajums pieauguso un jaunaku par gadu
dzivnieku grupd (y? tests, p < 0,001) (ar * atzimétas bitiskas atskiribas)

Menesis | Jaunaki par gadu | Pieaugusie | P vértiba
DEC 0,764 0,787 0,732
JAN 0,788 0,747 0,517
FEB 0,813 0,707 0,160
MAR 0,877 0,530 0,000*
APR 0,818 0,401 0,000*
MAI 0,492 0,331 0,080
JUN 0,490 0,381 0,316
JUL 0,654 0,666 0,891
AUG 0,732 0,591 0,022%*
SEPT 0,697 0,609 0,114
OKT 0,734 0,682 0,357

Salidzinot nomedito meza ctiiku matiSu indeksu vértibas ar ieprieks$€ja gada nomedito
matiSu indeksu vertibam, statistiski biitiskas atSkiribas ir vienigi pieauguso dzivnieku grupa
maija, jiinija un septembri (3. tab.) (x% P < 0,001), visos gadijumos efekta lielums ir loti mazs
(V <0,1). Tatad, lai arm 2025. gada nomedits biitiski mazak meza cuku neka iepriekseja
2024. gada, kopuma nemot, matisu indeksu veértibas gan pieauguso, gan jaunaku par gadu
dzivnieku grupa butiski neatskiras.

3. tabula

Nomedito matiSu indeksu (matites/tevini) véertibu salidzinajums pa ménesiem pieauguso un jaunaku

bitiskas atskiribas)

par gadu dzivnieku grupd starp 2025. un 2024. gadu (y? tests, p < 0,001) (ar * atzimétas

Jaunaki par gadu Pieaugusie
2025|2024 | x> |Pvertiba|Efekta lielums V| 2025|2024 | > |P vértiba|Efekta lielums V
JAN |0,788]0,728|0,865| 0,352 0,018 0,747(0,729| 0,088 | 0,767 0,005
FEB [0,813]0,796|0,036| 0,85 0,005 0,707(0,5971| 3,070 | 0,080 0,040
MAR (0,877]0,902|0,036| 0,85 0,007 0,530(0,596| 1,224 | 0,269 0,028
APR |0,818(0,711|0,382| 0,536 0,033 0,401/0,464| 1,906 | 0,167 0,034
MAI |0,492]0,633|0,864 | 0,353 0,058 0,331/0,407| 5,100 | 0,024* 0,045
JUN [0,490|0,832| 3,41 | 0,065 0,117 0,3810,543 {20,580 | 0,000* 0,078
JUL |0,654]0,542|1,081| 0,299 0,045 0,666 0,684 | 0,177 | 0,674 0,006
AUG |0,732/0,69910,136| 0,713 0,011 0,591(0,640| 1,374 | 0,241 0,019
SEPT| 0,697 | 0,606 | 1,125| 0,289 0,031 0,609(0,510| 4,160 | 0,041* 0,040
OKT [0,734]0,74410,014 | 0,905 0,003 0,6820,699| 0,099 | 0,754 0,006

Savukart matiSu indeksa bitiskais samazinajums ménesos, kad pieaugusas ciiku matites

mezZa ciiku blivumam valstl samazinoties, jauzskata par apSaubamu lidzekli ACM apkaro$anas
strateégijas istenosana.
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Meza clku populaciju struktras salidzinajums teritorijas ar atskirigu populacijas blivumu
starp kameru datiem un nomedito dzivnieku datiem

Analizei izmantoti dati par 224 noveérotam meza ciikam no kuram 27 bija pieaugusi
tevini, 35 matites, 98 sivéni un pargjie — lidz dzimumam neidentificéti pieaugusie dzivnieki.

Aplukojot kameras vienlaikus fiks€to meza ciiku matiSu un teévinu skaitu un 10 000 ha
lielaja poligona ap $Tm kameram nomedito pieauguSo meza ciiku skaitu un salidzinot to
dzimumstruktiiru (matites/tévini), redzams, ka dala teritoriju un ari, visus datus skatot kopa, ir
verojamas statistiski biitiskas atkiribas (4. tab.). Dala gadijumu y* testa rezultati ir ar vid&ju
vai lielu efektu (V > 0,3), kas apliecina mednieku selektivas mediSanas praksi.

4. tabula

Kameras noveroto pieauguso meza citku dzimumstruktiiras salidzindjums ar 10 000 ha poligona ap
kameram nomedito meza citku dzimumstruktiiru. x? tests, p < 0,001, efekta lielums (ja V < 0,1 —
nebitisks efekts; 0,1-0,3 —mazs; 0,3—0,5 — videjs un > 0,5 — liels efekts)

Aptuvena I:ielﬁlfais kamf:rﬁ.s N
atrasanis v1en!a1k11s ﬁkset.als Nomedrti ” p Efekta
. meZa cuku skaits lielums V
vieta p—— — —— =
teévini matites teévini matites
Aloja 1 - 13 2 3,37 0,04 0,459
Balvi - - 14 5 - - -
Kemeri* 1 4 15 13 6,65 0,005 0,449
Kuja* 4 4 12 7 0,98 0,246 0,191
Lejasciems - 2 2 - - - -
Lubana* - - - 2 - - -
Skrunda - 1 22 12 1,96 0,11 0,237
Skujene - 2 21 16 5,29 0,12 0,368
Talsi 3 4 23 15 2,18 0,09 0,22
Teici 3 2 17 6 0,589 0,386 0,145
Valka 1 13 10 1,43 0,16 0,244
Ventspils - - 46 23 - - -
Viesite - 1 5 2 2,033 0,101 0,504
Vilkene 1 6 10 2 9,95 0 0,724
Zalve 1 2 19 15 3,28 0,04 0,298
KOPA: 15 28 232 130 19,16 0 0,222

Ar * apzimétajas vietas kamera atradusies medijamo dzivnieku uzskaites vieniba, kur 01.04.2025.
populacijas blivums veértéts ka < 1,5/1000 ha.

Salidzinot kameras lielako vienlaicigi fikséto meza ciiku skaitu dalijuma pa vecuma
kategorijam (pieaudzis dzivnieks un sivéns) ar nomedito meza cuku vecuma sadalijumu
10 000 ha poligona ap $tm kameram, konstatétas statistiski butiskas atSkiribas: kameras
kopuma fikséts proporcionali vairak sivénu neka tas ir starp nomeditajiem dzivniekiem (5. tab.,
6. att.).
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5. tabula

Kameras noveroto pieauguso meza citku vecumstruktiras salidzinajums ar 10 000 ha poligona ap
kameram nomedito meza citku vecumstruktiiru. x° tests, p < 0,001, efekta lielums
(ja V < 0,1 — nebitisks efekts; 0,1-0,3 — mazs; 0,3-0,5 — videjs un > 0,5 — liels efekts)

M kameru dati

nomedito MC dati

Lielakais kameras
vienlaikus fikseétais Nomedrti 5 Efekta
meZa ciiku skaits X p lielums V
pieaugusie sivéni pieaugusie sivéni
Aloja 13 11 15 5 2,22 0,088 0,225
Balvi 1 - 19 3 4,577 0,018 0,446
Kemeri 4 - 28 6 6,11 0,007 0,401
Kuja 15 7 19 6 1,16 0,21 0,157
Lejasciems 2 4 2 - 3,88 0,03 0,696
Lubana 1 - 2 - 1,54 0,14 0,716
Skrunda 1 4 34 9 7,98 0,003 0,408
Skujene 3 5 37 16 3,24 0,04 0,23
Talsi 5 12 38 22 10,33 0 0,366
Teici 16 16 23 11 3,69 0,03 0,236
Valka 1 - 23 23 5,76 0,009 0,35
Ventspils 1 - 69 23 3,83 0,03 0,203
Viesite 2 5 7 7 5,97 0,008 0,533
Vilkene 6 12 12 3 12,18 0 0,608
Zalve 2 5 34 9 7,64 0,003 0,391
4.5
v 4
235
Jg 3
F25
g 2
T L5
L I
3 -
O A S R P OF O o F O OF N
\’}0\ Q”if *;:é\?’iéj;\)*‘z '\Q‘&'\’Z’\‘, /\é'\g \\%\L&i\éi&-‘?&qjﬁ QAQO
N

6. atte€ls. Kameras novéroto meza ciiku vecumstruktiira (sivéni/pieaugusas meza ciikas (MC)) un
10 000 ha poligona nomedito meza ciiku vecumstruktiira (ar * atzZimétas biitiskas atskiribas)

Ar Spirmena rangu korelaciju parbaudot sakaribas starp lielako kameras fikséto meza
ciku skaitu un uzskaites vieniba novért€to meza ciiku blivumu, neviena gadijuma nav
verojamas statistiski biitiskas sakaribas (6. tab.). Tendence lielakoties ir likumsakariga —
teritorijas ar lielaku noveérte€to meza ciiku blivumu, tos ar1 biezak iesp€jams novérot kameras.
Pieaugusajam meza ciiku matitém veérojama pret&ja tendence — teritorijas ar lielaku noverteto
meza ciiku blivumu, lielakais vienlaikus novérotais matisu skaits ir nedaudz mazaks (7. att.b) —
vienadojuma x koeficients ar negativu zimi, R?=0,0012, p=0,785).

Korelaciju analizi nav iesp€jams veikt par kameru datiem, kas uzstaditas VMD
uzskaites vienibas ar noveértéto meza cuku blivumu zem 1,5. Tadas ir 4 kameras (Teici, Lubana,
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Kuja un Kemeri — 4. tab.). Sajas uzskaites vienibas ir neliels fikséto dzivnieku skaits, un tas
nav zinams ari visas vecuma un dzimuma grupas. Grafiski, apliikojot sakaribas starp lielako
kameras fiks€to meza ctiku skaitu un uzskaites vieniba novertéto meza ciiku blivumu, vérojama
lidziga tendence ka visus datus apliikojot kopa, proti, teritorijas ar lielaku noveértéto meza ciiku
blivumu lielakais vienlaikus noveérotais abu dzimumu un visu vecuma grupu dzivnieku skaits
art ir lielaks (7. un 8. att.). Ta ka kameras fikséto dzivnieku skaits ir neliels, So tendenci tomér
javerte loti kritiski.

6. tabula
Spirmena rangu koreldcijas rezultati
Korelacijas starp blivuma Korelacijas starp nomedito
veértéjumu uzskaites vienibas skaitu uzskaites vienibas
S p S p
mezaciiku fiks€jumu skaits 865,330 0,673 829,830 0,5697
lielakais vienlaikus fikséto
_ . . 80,536 0,923 83,419 0,987
tevinu skaits
lielakais vienlaikus fikséto
oy . 260,730 0,785 173,410 0,2055
matisu skaitu
lielakais vienlaikus fikséto
. v e . 926,080 0,862 1207,800 0,3242
pieauguso individu skaitu
lielakais vienlaikus fikséto
Y . . 80,448 0,130 181,910 0,7781
teko$a gada sivénu skaitu
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7. attels. Sakaribas starp lielako kameras vienlaikus fiks€to visu picauguso meza ciiku (a), pieauguso
matisu (b), pieauguso tevinu (c¢) un sivénu (d) skaitu un uzskaites vieniba noveértéto meza
ctuku bltvumu
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8. att€ls. Sakaribas starp lielako kameras vienlaikus fiks€to visu pieaugus$o meza ciku (a), picauguso
matisu (b), pieauguso teévinu (c) un sivénu (d) skaitu un novertéto meza ciiku blivumu uzskaites
vienibas, kur tas ir zem 1,5 meza cikam uz 1000ha

Meza ciiku populacijas blivumam samazinoties, pieauguso matisu ipatsvars lokalpopulacijas
nesamazinas, kas izskaidrojams gan ar matites saudzgjosu medibu praksi, gan sugai piemitoso
socialo struktiiru, kura baru veido cuku mates ar pécnacgjiem.

2. Kritériji teritorijas klasificéSanai par platibu, kura
populacijas blivums neparsniedz 1,5 meza ctkas uz 1000 ha

2.1. Metodika

Petijuma divu gadu laika veikta pieejamo datu un to ieguves metozu analize, lai
noteiktu uzticamus kriterijus, péc kuriem parliecinaties par meza ciiku populacijas blivumu
medibu platibas. 2018. gada Zemkopibas ministrija grozija noteikumus “Medijamo dzivnieku
populaciju stavokla novertésanas un pielaujama nomediSanas apjoma noteikSanas metodika”,
kuros aprakstitas dzivnieku blivuma noteikSanai paredzetas metodes: pedu uzskaite sniega,
dzingéjmedibu laika novéroto individu skaitiSana, izkarnijumu skaits, novérojumi pie barosanas
un piebaroSanas vietam, ka armT mednieku novérojumi medibu laika. Medijamo dzivnieku
populaciju stavokla novértésanu VMD regionalajas mezniecibas organizeé virsmezzini, kuri
nosaka dzivnieku uzskaites teritorijas — nepartrauktus masivus, kas noteikti péc dabiskam
robezam un ietver vienu vai vairakus nedalitus medibu iecirknus. MezZa ctikam $im teritorijam
jabiit ne mazakam par 1500 hektariem, nemot véra kop&jo medibu platibu. Pamatojoties uz
populacijas stavokla noveértéSanas datiem, katrai uzskaites teritorijai tiek pienemts lémums par
pielaujamo nomediSanas apjomu, lai uzlabotu, saglabatu vai ierobezotu populaciju
(Zemkopibas ministrija, 2018). Tomer praksé likuma aprakstitas metodes tiek izmantotas reti.
Parnadzu, tostarp meza ciku, populacijas blivums un tendences galvenokart tiek verteti,
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balstoties vienigi uz nomedito dzivnieku datiem — dzimumu, vecumu, koordinatém un laiku —,
ka arT uz medibu tiesibu lietotaju aptauju, kas tiek veikta pe&c medibu sezonas beigam marta.
Sajas aptaujas tick vertéts novérotais dzivnieku blivums un populacijas tendences (samazinas,
stabila vai palielinas), ka ar1 jautats, vai medibu sezonas sakuma izsniegtais atlauju skaits bija
atbilsto$s un ka tas biitu jamaina. Janem véra, ka Afrikas cliku méra izraisitas epizootijas dél,
lai samazinatu populacijas blivumu, meza ciiku medibas kop$ 2022. gada 20. aprila ir
neierobezotas.

Kops$ 2023. gada Latvija tiek izmantota mobila lietotne “Mednis”, kurd medniekiem
obligati jaregistré nomeditas meza ciikas un citi medijumi, izmantojot digitalos mark&juma
numurus. ST sistéma novérs nepiecie$amibu péc fiziskajiem meZa ciiku markieriem un papildu
informacijas iesniegSanas par izmantotajam atlaujam, vienlaikus nodrosinot precizus laika un
atraSanas vietas datus, kas automatiski tiek pievienoti medibu protokolam (Valsts meza
dienests, 2023). Pétijuma 1. posma, kas norisinajas 2024. gada, veicot literatiras analizi, tika
identificetas vairakas meza ciiku populacijas monitoringa metodes, kuru precizitate un
praktiskums ieveérojami atSkiras. Tas ietver medibu datu analizi, transektu novérojumus,
telemetriju, pe€du un rakumu uzskaiti, izkarnijumu uzskaiti, neinvazivo DNS paraugu nemsanu,
aerofotouzskaiti un mednieku aptaujas. Lai gan medibu dati var biit noderigi, to praktiska
izmantojamiba liela méra ir atkariga no medibu slodzes ticamas uzskaites, kas Latvija ir
problematiska ierobezotas mednieku iesaistes un zinoSanas d€l. Izvertjot pieejamo metozu
piemérotibu Latvijas apstakliem, par vispraktiskako un objektivako risinajumu tika atzita
fotokameru izmantoSana. Tas nodroSina nepartrauktu, maz invazivu monitoringu un ir mazak
paklautas cilvéka klatbiitnes ietekmei. Lai izm&ginatu So metodi un novértétu meza ciku
blivumu, LVMI “Silava” pievienojas Eiropas Savvalas dzivnieku observatorijas vaditajam
projektam. Lai nodroSinatu, ka pétijuma teritorija ir piemeérota dzivnieku blivuma novértésanai,
tai jaatbilst konkrétiem krit€rijiem: teritorijas platibai jabiit no 2000 Iidz 6000 hektariem, jabut
droSiem apstakliem fotokameru uzstadiSanai un jabiit meza biotopam, kas mijas ar citu zemes
izmantoSanas veidu teritorijam. Nedrikst praktiz€t intensivu parnadzu piebaroSanu, lai gan
neliela piebarosSana arpus uzstadiSanas perioda vai pievilinasana ar ésmu medibu vajadzibam
netiek uzskatita par problému. Iesp€ju robezas biitu jaizvairas no fotokameru uzstadiSanas
parklasanas ar medibu aktivitatem. Fotokameru uzskait€ balstitai blivuma noteikSanai ir biitiski
izmantot reprezentativu un nejausu parauglaukuma dizainu. Kameram jabit izvietotam,
izmantojot datoriz&ti generétus nejausus punktus, kuri nav atkarigi no dzivnieku parvietosanas
celiem vai pédam. Kameras nedrikst uzstadit dzivniekus piesaistosas vietas, pieméram, pie
tidens avotiem, sals laizitavam vai barotavam, jo nerandomizgeta izvieto$ana var radit kladainu
rezultatu, lietojot nejausas sastapSanas modeli. P&tijumu teritorijam 2000—6000 ha platiba
ieteicams izmantot vismaz 36 kameras. Attalums starp kameru punktiem var atSkirties, un
lielakam teritorijam nepiecieSams proporcionali lielaks kameru skaits. Katrai kamerai
jadarbojas vismaz Cetras ned€las, ideala gadijuma — seSas (ENETWILD Consortium, 2022).

Viena no nejausas sastapSanas principa prieksrocibam ir ta, ka péc §1 modela kameras
vienlaikus var registrét vairakas dzivnieku sugas, laujot p&tniekiem noteikt sugu klatbiitni vai
to blivumu bez tieSas mijiedarbibas ar dzivnieku. Sis kameras sniedz ari informaciju par
dzivnieku parvietosanos, atrumu, blivumu un uzskaites intensitati katra vieta. Turklat tas spgj
vakt datus par temperatiiru, vegetaciju un fenologiskajiem procesiem, kas lauj no viena
fotografiju kopuma veikt dazadus zinatniskos pétijumus.

Fotokameru datu apstradei tika izmantota Agouti platforma — Agouti platform and
Random Encounter Model (REM), kas ir tieSsaistes sist€ma, ko izstradajusi un uztur
Vageningenas Universitate (WUR) un Dabas un meza izpétes institits (INBO, Brisele), lai
parvalditu un apstradatu fotokameru datus savvalas dzivnieku monitoringa vajadzibam.
Eiropas Savvalas observatorijas (EOW) un ENETWILD projekta ietvaros Agouti kalpo ka
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centrala kratuve un analitiskais riks visa Eiropa savaktajiem fotokameru attéliem (ENETWILD
Consortium, 2024). Platforma lauj veikt visas fotokameru datu apstrades stadijas — no projekta
izveides, attelu augSupielades un ar maksliga intelekta palidzibu veiktas sugu atpaziSanas lidz
dzivnieku parvietoSanas izsekoSanai un parametru noteikSanai nejausas sastapSanas modelim
(REM). Platforma ir integréta fotogrammetrija 3D kalibréSanai, kas automatiz€ attaluma un
atruma noteikSanu un samazina cilvéka kliidu iesp&jamibu. Standartiz&jot darba plismas
dazadas valstis, Agouti nodroSina harmoniz€tus un reproduc€jamus savvalas dzivnieku
blivuma novértéjumus Eiropas méroga (Casaer et al., 2019). Populacijas blivuma novertésanai
no apstradatajiem datiem tie tika eksportéti uz R-Studio, un tika izmantots R pakotne
camtrapDensity (Rowcliffe et al., 2016). ST pakotne izmanto nejausds sastap$anas modeli
(REM), kombingjot informaciju par detekciju biezumu, kameras detekcijas zonu, detekcijas
lenki, dzivnieku parvietoSanas atrumu un aktivitates Itmeni, lai aprékinatu dzivnieku blivumu.
Saja pétijuma izmantotas galvenas funkcijas bija: remBoot blivuma aplésem ar bootstrap
pieeju; activityDensity dzivnieku diennakts aktivitates aprékinasanai un cameraOperation
izvietojuma grafiku un izmantotas slodzes korekcijas parvaldibai (ENETWILD Consortium,
2022).

2.2.  Rezultati

Péc VMD datiem 2025. gada 1. aprili 445 medijamo dzivnieku uzskaites vienibas
vidgjais populacijas blivuma veért§jums bijis 2,5 meza cukas uz 1000 ha. Tacu teritoriali
populacijas blivums sadalits izteikti nevienmérigi (9. att.). Uzskaites vienibu ar populacijas
blivuma veértgjumu zem 1,5 uz 1000 ha ir nepilna ceturta dala — 104 ar kopplatibu 1 584 144 ha.
Savukart vairak par 1,5 meza cikam uz 1000 ha novertéts 341 uzskaites vieniba ar kopplatibu
4 747 215 ha. Art lielaka dala 2024./2025. gada nomedito meza cuku (10. att.) bijis platibas ar
blivumu > 1,5/1000 ha — attiecigi 19 830 un 2386 meza ciikas.

2024. gada EOW projekta ietvaros Lubanas mezu iecirkni uzstaditas fotokameras
pieradija, ka slépna kameru metode ir efektiva biezi sastopamu savvalas dzivnieku blivuma
noveértéSanai. Tomér neviena meza ciika netika registréta neviena no 72 izvietojumiem
(36 kameras, kas pec ménesa tika parvietotas), lidz ar to nebija iesp€jams aprékinat meza ctiku
blivumu. Lidzigi ar1 teritorija fiks€tie vilku un liSu noverojumi bija parak reti, lai veiktu
blivuma apl&ses, kas norada, ka teritorijas ar zemu meza ciiku blivumu lidzigas problémas ir
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9. attels. Uzskaites vienibu (N = 445) sadalijums péc meza ciiku populacijas blivuma uz 1000 ha
apmedijamo platibu.
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10. att€ls. Sezona nomedito meZa ctiku skaits VMD medijamo dzivnieku uzskaites vienibas
uz 1000 ha.

2025. gada fotokameru izvietoSanas darbu laika taja pasa teritorija tika noverota vairak
neka 15 meza ciiku liela grupa — parsvara sivéni. Tomer att€lu sérijas nekad netika fikseti
vairak neka Cetri sivéni kopa ar ciiku mati, kas norada, ka nejausi izvietotas fotokameras var
neuztvert visu meza ciku baru. Lidzigi Mérsraga mezu iecirkni kameru uzstadiSanas laika tika
konstatétas svaigas p&das un citas meza ciiku klatbiitnes pazimes, tacu divu ménesu laika
neviena ciika netika registréta, vel vairak uzsverot nejausas sastap$anas fotokameru metodes
ierobeZojumus meza ciiku blivuma noveértésanai. Tas apstiprina, ka zema blivuma apstak]os,
kad sagaidams maz kontaktu vai populacija ir loti sadrumstalota (un lidz ar to ari kontaktu
biezums ar kameram), ir nepiecieSams ieveérojami lielaks fotokameru skaits un/vai garaks
pétijums, lai iegltu precizas blivuma apléses, jo aprekinatais variacijas koeficients
(nenoteiktiba) parasti ir liels (ENETWILD Consortium, 2022). Rezultatus iesp&jams uzlabot,
ja zema blivuma (0,7 lidz 6,99 dzivnieki/km? meza teritorijas 250—450 ha platiba) apstaklos
tiek izmantotas 9 kameras uz km? (Massei, 2017), tacu tas nozimétu 180 kameras 2000 ha
teritorijai, kas ir nereali un nepraktiski.

Fotokameru uzstadiSana prasa ievérojamu laiku un resursus, jo biezi nepiecieSams
attirit augsto vegetaciju, un katras kameras kalibrésana aiznem apméram 15 miniites. Vidgjais
uzstadiSanas temps — ieskaitot ieSanu vai braucienu lidz izvél&tajai vietai, vegetacijas attiriSanu
un kameras redzes lauka kalibréSanu — ir aptuveni viena kamera 50 miniit€s. ParvietoSanas
starp vietam var biit sarezgita Latvijas biezo mezu d€l. Divu cilvéku komandai 20 kameru
uzstadiSana aiznem apméram divas pilnas dienas, savukart to parvietosana divu dienu laika ir
gandriz neiesp&€jama un parasti aiznemtu tris dienas. NepiecieSamo laiku iesp&jams samazinat,
piesaistot vairak cilvéku, tacu tas prasa papildu resursus. Meza ciku populacijas blivuma
kontroli iesp&jams padarit efektivaku.
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Pievilinasana ar @smu (Baiting at camera trap sites)

Peris u.c. (2019) centralaja Spanija veica gadu ilgu pétijumu, lai novertetu, ka
piebarosana ietekmé ar fotokameram iegiitos meza ciiku populacijas blivuma noveértgjumus.
36 kameras tika izvietotas 12 parauglaukumos, katru monitor&jot aptuveni 60 dienas. Pusé
vietu notika piebaroSana ar aptuveni 5 kilogramiem kukurtzas, kas tika papildinata ik péc
7—10 dienam, bet pargjas vietas kalpoja kontrolei bez piebarosanas. Ka salidzinosa uzskaites
metode izmantota dzivu meza ciiku kerSana, individuala mark&Sana ar ausu krotalijam un
atbrivosana (Peris et al., 2019).

PiebaroSana vairak neka triskarSoja fiksaciju skaitu kameras— no 85 lidz 278
neatkarigiem meza ciiku novérojumiem — un biitiski samazinaja sastapSanas bieZzuma variaciju.
Baribas pievienoSana ne tikai palielindja fiksacijas varbiitibu un samazindja sastapSanas
bieZuma variacijas koeficientu, bet art lava iegiit uzticamus blivuma noveértéjumus, izmantojot
mazaku kameru skaitu un 1sakus uzstadiSanas periodus. Piebaroto vietu blivuma apléses sakrita
ar atzimeSanas-atkartotas nokerSanas datiem, savukart nepiebarotas vietas konsekventi uzradija
zemu populacijas lielumu (Peris et al., 2019).

Latvija, kur meza ciiku blivums Afrikas cliku méra dél ir samazinajies, kontroléta
piebaroSana butu efektivs veids, ka palielinat detekcijas varbiitibu un uzlabot blivuma aplésu
precizitati, Ipasi mezainos apgabalos ar zemu dzivnieku aktivitati. Lai nodroSinatu rezultatu
salidzinamibu un izvairitos no parliekas uzvedibas ietekméSanas, piebaroSana butu
jastandartiz€ — gan baribas veids, gan daudzums, gan papildinasanas intervali (Peris et al.,
2019).

Mednieku iesaiste novérojumos

Kops 2024. gada visi nomeditie dzivnieki tiek registréti mobilaja lictotné “Mednis”,
kas aizstaj plastmasas markierus un nodroSina Valsts meZa dienestu ar preciziem telpiskiem un
laika datiem par katru nomedijumu (Mobila lietotne “Mednis”, 2024). Lietotni varétu izmantot
arT ka ertu un precizu riku mednieku noverojumu registré$anai, pieméram, skatit nakamo
rindkopu.

Attalumu registrésana (Distance sampling)

Uzskaite zinama garuma marsrutos, izmantojot termokameras, ir metode meza ciiku
blivuma novertésanai, registréjot dzivnieku novérojumus gar ieprieks izplanotiem transektiem
un mérot attalumu Iidz dzivniekiem, lai izveidotu sastopamibas funkciju. Termokameras
uzlabo detekciju, 1pasi nakti vai sliktas redzamibas apstaklos, piem&ram, migla un sniega,
ietekmé biotopa struktiira un populacijas blivums. Vietas ar blivu zemsedzi vai zemu meZza
ciiku skaitu, it Tpasi augstas medibu intensitates apstaklos metode prasa lielu uzskaites apjomu
un ripigu kalibréSanu. Lai gan ta veiksmigi izmantota dazviet Eiropa, vislabak ta darbojas
atklatos biotopos vai regionos ar lielaku meza ciiku blivumu. Latvijas biezo meZu apstaklos §is
metodes ievieSana visrealak biitu iesp&jama atklatas vietas, pieméram, baroSanas vietas, kuras
pieejamas lielakaja dala medibu kolektivu. Pieaugot termokameru pieejamibai un to lietoSanai
mednieku vidi, §T metode varétu biit vertigs papildinajums esoSajam fotokameru metodém
(ENETWILD Consortium, 2018).

Uzskaite ar izdziSanu (Drive counts)

Dzingjmedibu uzskaite ir tradicionala metode populacijas blivuma noteikSanai,
dzivniekiem tiekot izdzitiem un saskaititiem noteikta teritorija. Metode plaSi izmantota
parnadzu populaciju novertéSanai mezainas teritorijas, un to var veikt, izmantojot dzingjus ar
vai bez suniem, lai virzitu dzivniekus uz medniekiem vai noverotajiem. Dzin&medibu laika
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visi pamanitie individi tiek registréti ipasi norikotu uzskaititaju vai mednieku rinda. Metodes
precizitati ietekmé tadi faktori ka populacijas blivums, dzivnieku uzvediba, redzamiba un
dalibnieku koordinacija (ENETWILD Consortium, 2018).

Latvija dzingjmedibas ir biezi izmantota un labi izveidojusies prakse meza ciku un citu
parnadzu medibas rudens/ziemas sezona. STiemesla dél dzingjmedibu uzskaiti biitu salidzinosi
viegli integrét eso$ajas medibu aktivitates, padarot to par potenciali izmaksu zina efektivu
populacijas datu ieguves metodi. Vecakas paaudzes mednieki to arT agrak ir izmantojusi.
Tome@r pastav vairaki izaicinajumi, tostarp risks saskaitit dzivniekus divreiz, dzivnieku
iesp€jama izvairisanas no pamanisanas un izteikta cilvéka piepiiles un laikapstaklu ietekme uz
rezultatiem. Lai gan dzingjmedibu uzskaite var sniegt noderigus lokalus novertejumus, Tpasi
augsta blivuma apstaklos, metode prasa labu koordinaciju un uzticamu datu ievadi no
medniekiem, lai nodroSinatu precizus populacijas noverte§jumus (ENETWILD Consortium,
2018).

Pedu uzskaite (Track surveys)

P&du uzskaite sniega ietver dzivnieku pedu skaita vai biezuma registréSanu gar ieprieks
planotiem transektiem, lai aprekinatu viet&jas populacijas relativas sastopamibas indeksu. Saja
metodeé peédu skaits uz vienu uzskaites vienibu var tikt izmantots populacijas lieluma
novértésanai, un dazos gadijumos pedu izméri lauj aptuveni noteikt populacijas struktiiru.
Metode ir vienkarSa un I€ta, tacu to ietekmé vairaki kltidu c€loni, tostarp novérotaja pieredze,
motivacija un laikapstakli. IlgstoSs sals vai dzil§ sniegs var samazinat dzivnieku aktivitati,
izraisot populacijas pazeminatu novertéjumu.

Latvija sniega atstato p&€du uzskaite biitu piemérota papildmetode ziemas sezona, 1pasi
regionos, kuros veidojas stabila sniega sega. Daudzi mednieki jau nem véra pirms medibam
atrastas peédas ka dalu no regularajiem lauka noveérojumiem, un So prakSu integréSana
standartiz&ta monitoringa protokola varétu uzlabot viet€jo sastopamibas novertejumu. Lai §adi
dati batu uzticami, butiski registrét kop€jo apsekoto teritoriju un laiku, kas pavadits lauka, jo
Sie raditaji raksturo noverosanas slodzi un lauj salidzinat datus starp dazadiem apgabaliem vai
periodiem. Lai gan sniega atstato pédu dati vieni pasi nevar nodrosinat precizus populacijas
blivuma aprékinus, §is metodes kombing€Sana ar citdm uz novérojumiem balstitam metodém,
piemé&ram, uzskaiti ar dzingjiem vai fotokameram, biitu efektivs veids, ka stiprinat meza ctuku
monitoringa sistému valstt (ENETWILD Consortium, 2018).

Nejausas sastapSanas un uzturésanas ilguma modelis (Random Encounter and Staying Time
(REST) model)

Yokoyama u.c. (2020) izmantoja Beisija statistisko hierarhijas modeli, kas apvienoja
fotokameru datus ar kerSanas datiem, lai novertétu sezonalo meza ciiku blivumu, biotopu izveli
un nokerSanas varbiitibu. Modelis balstijas uz nejausas sastapSanas un uzturéSanas ilguma
metodi (REST), kas ir uzlabota nejausas sastapSanas modela (REM) versija. Atskiriba no REM,
kas izmanto neatkarigus dzivnieku kustibas datus, REST novérteé populacijas blivumu,
balstoties uz to, cik ilgi dzivnieks uzturas kameras uztverSanas zona, tadéjadi modelis ir pilniba
balstits uz fotokameru datiem (Yokoyama et al., 2020).

Autori analiz&ja méneSa noveérojumu skaitu un uzturésanas ilgumu 180 meza teritorijas,
sasaistot tos ar dazadiem biotopiem, lai model&tu lokalos blivumus un p€c tam tos parrékinatu
uz | km? apsaimniekoSanas vienibam. KerSanas rezultati tika iegiiti ar kastu un cilpu
slazdiem — galvenajam ker$anas metodém $aja regiona —, savukart medibas ar Saujamiero¢iem
netika ieklautas, jo tas veidoja tikai ap 3% no kopé&ja medibu apjoma. Modeli tika ieklauta
kerSanas slodze piepiile (aktivo slazdu skaits ménesi), Iidz ar to nokerto individu skaits
atspoguloja gan blivumu, gan intensitati, laujot atseviski novertét nozvejas varbiitibu katram

19



slazda tipam. Visi parametri tika novertéti kopigi, izmantojot Beisija parbaudi (JAGS + R).
Sada integréta pieeja samazinaja nenoteiktibu un lava identificét sezonalas izmainas blivuma,
biotopu izmantoSana un nokerSanas varbiitiba, kas ziema pieauga baribas trilkuma un &smas
efektivitates dél. REST modelis tad&jadi nodroSinaja praktisku, tikai uz fotokameram balstitu
populacijas dinamika monitoréSanu un apsaimniekoSanas pasakumu efektivitates novertésanu
(Yokoyama et al., 2020).

Lidzigu pieeju varétu ieviest ari Latvija, apvienojot ar fotokameram iegiitos REST
blivuma noveértgjumus, aizstajot fizisko slazdu izmantoSanu ar medibu statistiku. Medibu
slodze — pieméram, mednieku skaits, dzingjmedibu dienas vai lauka darbs stundas — varétu
aizstat “slazdu slodzi”, savukart nomedito vai pamanito dzivnieku skaits nodroSinatu kerSanas
val novérojumu datus. Tas lautu vienlaicigi novertét gan nomediSanas varbiitibu, gan
populacijas blivumu, izmantojot Valsts meZza dienesta esoSos medibu datus, bez
nepiecieSamibas izvietot slazdus.

Darba drosibas un dzivnieku aizsardzibas (labbttibas) prasibas

Sis darbs neparedz meza ciiku ker$anu vai tie$u ricibu ar dziviem individiem, tomér
joprojam ir spéka €tikas pamatprincipi dzivnieku aizsardzibai. Visa darba gaita nepiecieSams
ieverot Latvijas Dzivnieku aizsardzibas likumu un Eiropas Savienibas Direktivu 2010/63/ES
par dzivnieku aizsardzibu, izmantojot tos zinatniskiem nolikiem. Sie normativie akti
nodrosina, ka dzivniekiem netiek raditas liekas sapes vai traucgjumi. Saja projekta izmantotas
metodes — fotokameras, piebaroSanas vietas un mednieku aptaujas — ir neinvazivas, tacu tas
joprojam var ietekmét dzivnieku uzvedibu. Lai to mazinatu, kameras un barotavas jaizvieto
pardomati, bet lauka darbu apmeklejumu skaits jasaglaba péc iesp&jas mazaks. Projekts ieveéro
3 R (3 pieeju) princips — aizstajamiba, minimalisms un saudzigums (Replacement, Reduction,
Refinement), lai samazinatu ietekmi uz savvalas faunu. Medibu dati (novérojumi un
nomedijumi) tiks izmantoti tikai apkopota veida analizei, un §1 pétjjuma ietvaros netiks
organiz€tas papildu medibas. Vietas, kur nepiecieSams, pirms lauka darbu sakSanas tiks
sanemta Dabas aizsardzibas parvaldes atlauja.

Lauka darbos nepiecieSams ieveérot droSibas pasakumus pétnieku aizsardzibai. Tas
ietver aizsargapgérba izmantoSanu, lai pasargatu no &r¢u kodumiem, piesardzibu,
parvietojoties pa nelidzenu vai meZainu reljefu, ka ari droSu transportlidzeklu izmantoSanu
izbraukumos. Lauka darbos vienmér biis pieejama pirmas palidzibas aptiecina.

Izpildes plans

Projektu nepiecieSams stenot divu gadu perioda no 2026. gada janvara lidz 2027. gada
decembrim teritorijas, kur p&c 11dz§ingjas dzivnieku uzskaites kartibas meza ctiku populacijas
blivums neparsniedz 1,5 uz 1000 ha un kur péd&jo 3 ménesu laika nav konstatéta ACM
infekcija nomeditam vai atrastam bojagajusam meza cukam. 2026. gada vasaras sakuma
jaorganizé 1sa apmaciba lauka komandai par fotokameru uzstadiSanu, kalibréSanu un datu
parvaldibu saskana ar ENETWILD protokoliem, izmantojot Eiropas Savvalas observatorijas
(EOW) platformu. Parauglaukumu izvéle un sagatavoSana tiks pabeigta lidz jiinijam.

aptuveni seSas ned€las pirms parvietoSanas.

So izvietojumu laika lidztekus standarta nejausas sastap$anas modelim (REM) jatesté
alternativas monitoringa metodes. Jaapzina kameras, kas novietotas papildu piebarosanas un
barosSanas vietas, lai izvertétu, vai to izvietojums uzlabo detekcijas biezumu zema blivuma
teritorijas. Paral€li visam monitorétajam vietam javac mednicku aptauju dati, tostarp registréti
meza ciiku novérojumi un nomedijumi. Sie dati tiks apvienoti ar fotokameru fiksacijam, lai
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testétu REST protokolu, kas pielagots, izmantojot novérojumu un nomedijumu datus, nevis
kerSanas datus, un lautu salidzinat dazadu blivuma novértéSanas metozu rezultatus.

Datu ievaksana jaturpina [idz v€lam rudenim, kam sekos att€lu apstrade un datu analize
no 2026. gada septembra lidz decembrim, izmantojot Agouti platformu. 2027. gada tiks
atkartots tas pats sezonalais grafiks, lai iegiitu salidzinamus datus un izveérteétu REM, REST un
mednieku noverojumu savstarp&jo atbilstibu. 2027. gada noslédzosie meénesi javelt
padzilinatai analizei, modelu veiktsp&jas salidzinaSanai un galigd zinojuma sagatavoSanai
Zemkopibas ministrijai.

lzmaksu aplése

Sis pétijums tiesi atbalsta Zemkopibas ministrijas prioritates savvalas dzivnieku
slimibu uzraudziba, ilgtsp&jiga medijamo dzivnieku apsaimniekoSana un parrobezu dzivnieku
infekciju izplatibas novérsana (Ministru kabineta noteikumi Nr. 59). Finans€jums var segt
pétnieku atalgojumu un ar to saistitos nodoklus, lauka darbu un datu ievakSanas izmaksas,
materialu iegadi vai nomu, analitiskos un laboratorijas pakalpojumus, programmatiiru un
aprikojumu, cela izdevumus, ka arT administrativas vai infrastruktiiras izmaksas — kopuma Iidz
pat 100% no attiecinamajam izmaksam. Projekta rezultati ir iesniegti Zemkopibas ministrijai,
glabati Latvijas Biozinatnu un tehnologiju universitates (LBTU) p&tniecibas datubaze un biis
brivi pieejami vismaz piecus gadus (Ministru kabineta noteikumi Nr. 59).

Projekta budzets meza ctiku populacijas blivuma parbaudei divas teritorijas ir sadalits
starp 2026. un 2027. gadu (7. tab.). Lielaka dala izmaksu ir saistita ar atalgojumu, lauka
darbiem un aprikojumu. Abus gadus projekta stradas divi lauka tehniki un viens datu analitikis,
kur§ vienlaikus pilda art projekta koordinatora funkcijas. Ekspluatacijas izmaksas ietver cela
izdevumus, naktsmitnes un degvielu lauka darbiem. Aprikojuma izmaksas sedz fotokameras,
uzladgjamas baterijas un tehnisko uzturéSanu, lai gan §is izmaksas var biit zemakas, ja
izpilditaja riciba jau ir pietiekams skaits fotokameru, kuras var atkartoti izmantot, samazinot
jaunu iekartu iegades nepiecieSamibu. Projekta budzeta nav ieklautas telpu izmaksas,
transportlidzekli un noliktavas, kuras nodroSina darbu izpilditajs no netieSajam izmaksam
(12%). Kopgjas izmaksas ir planotas 20 070 € apmera 2026. gada un 9 070 € 2027. gada,
kop&jam budzetam sasniedzot 29 140 €. Tomér izmaksas varétu samazinat lidz 19 140 €, ja
tiktu izmantotas esos$as fotokameras un nebiitu nepiecieSami papildus inventara iepirkumi.

7. tabula
Meza citku kontroluzskaites izmaksas, veicot darbu vienlaicigi divos objektos
Izmaksu veids 2026. g. 2027. g.

Darba samaksa, ieskaitot darba devgja socialos maksajumus 5324 5324
Komandgjumi, naktsmitnes, degviela 2334 2334
Iekartas 11200 200
Biroja uzturésana 0 0
Netiesas izmaksas 1212 1212

Kopa 20070 9070
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3. Uzskaites atbilstibas parbaude daba izméginajuma teritorijas
péc meza cuku skaita samazinasanas lidz pielaujamajam
populacijas blivumam

3.1. Metodika

2025. gada vasara veikta meza ciiku un par€jo medijamo dzivnieku kontroluzskaite
divos objektos: A/S “Latvijas valsts mezi” Lubanas un Meérsraga meZa iecirknos (11. att.).
Monitoringa tika izmantota kameru uzskaites pieeja, kas balstita uz ENETWILD protokolu.
Katra pétijuma teritorija bija apméram 2500 hektarus liela. Lubanas iecirkni uzskaite notika
atkartoti, un, tapat ka 2024. gada, taja pirms darbu uzsaksanas bija informacija par loti zemu
populacijas blivumu. Mersraga iecirkni populacijas blivums vértéts ka vid&ji augsts —
2,24 meza ctkas uz 1000 ha (12. att.). Katra regiona tika izvéléti 40 parauglaukumi, kurus
noteica sistematiski. Kameras tika vienmerigi sadalitas starp Siem punktiem, un vienlaicigi tika
monitoréti 20 parauglaukumi. P&c Cetru ned€lu perioda kameras tika parvietotas par vienu
rezga vienibu ziemelu virziena, lai nosegtu atlikusos 20 punktus un pabeigtu vienu monitoringa
ciklu. Divu ménesu laika kopuma tika veikti 40 kameru izvietojumi katra regiona. Kameras
tika uzstaditas meza celu un kvartalstigu krustpunktos, lai netrauc€tu mezZsaimniecibas
darbiem. Koordinatas tika registrétas LKS-92 geodéziskaja koordinatu sistéma, izmantojot
LVM GEO lietotni, lai apliecinatu atbilsttibu ENETWILD protokola prasibam. Uzskaite tika
pabeigta pirms sezonas dzin&jmedibu sakuma.
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11. attéls. Meza cuku uzskaites teritoriju novietojums un uzstadito slépna kameru tikls
parbaudamajos objektos.
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12. att€ls. Meza ciiku populacijas blivums 1000 ha platiba Latvija p€c VMD vertgjuma medijamo
dzivnieku uzskaites vienibas uz 2025. gada 1. aprili un kontroluzskaitei izvél&to
parauglaukumu izvietojums.

3.2. Rezultati

Lubanas meZu iecirkna kontroluzskaite ar slépna kameram meza ciikas konstatétas nav,

Mersraga mezu iecirkni kameras fikséto meza ciiku populacijas blivums ir 0,61 individs
uz km? jeb 6,1 meza ciika uz 1000 ha (13. att.), kas ievérojami parsniedz ACM izplatibas
ierobezo$anai pielaujamo robezu un ir arT lielaks par vid€jo blivumu uzskaites vieniba (12. att.).
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13. attels. R-Studio aprékinu un stirnu aktivitates un blivuma novértgjuma datu izvades grafiki un
tabula. Taja redzams kameras fikséto meza ciiku nove€rojumu radiuss (radius), lenkis (angle),
parvietoSanas atrums kim/h (active_speed), aktivitates biezums (activity _level), dzivnieka noieta
distance km/diena (overall speed), kameras fikséto dzivnieku proporcija ind./diena (trap rate), ka ar1
novertetais dzivnieku blivums ind./km2 (density). “Estimate” ir aprékinatais novertejums, “se” ir
standartnovirze, “cv” ir variacijas koeficients, “lcl95” ir 95% ticamibas intervala leja, “ucl95” —
augsa, “n” ir novérojumu skaits un “unit” apzZimé méervienibu.
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Slépna kameru izmantoSana meza ciiku uzskaite apliecina $is metodes atbilstibu un uzticamibu
gan, lai parbauditu, vai meza ciiku populacija lokali ir samazinata zem 1,5 individiem uz
1000 ha, gan, lai novertetu populacijas blivumu, kas ir augstaks par pielaujamo robezu.

4. MeZa ctku populacijas blivuma un ACM epidemiologisko datu
analize

4.1. Metodika
MeZa cliku skaits, blivums un saslimstiba ar ACM

Pétijuma izmantota metodika, kas atbilst “Nacionalaja ricibas plana attieciba uz
mezacikam, lai nepielautu Afrikas cliku méra izplatiSanos” noteiktajiem uzdevumiem —
sasniegt un uzturét mezaciiku populaciju tada daudzuma, kas neparsniedz 0,15 dzivnieku/km?
visa Latvijas teritorija, izstradat, cik vien iesp&jams, precizu, praktiski izmantojamu un
finansiali 1stenojamu uzskaites sisttmu meZactiku skaita noteikSanai un ieviest to medibu
uzskaites vienibas mezactuku skaita (mérka blivuma) kontrolei, attistit eso$as informacijas
sisttmas ACM uzraudzibas un kontroles nodro$ina$anai, ka ari nodrosinat iesaistito personu
un organizaciju apmacibu un informét sabiedribu par ACM un slimibas izplatibas risku. Veikta
uzskatama un viegli uztverama analize ar datiem, kurus regulari publisko Valsts meza dienests
par meza cuiku populacijas dinamiku (novertetais populacijas lielums un sezona nomedito meza
cuku skaits) un Partikas un veterinarais dienests (Partikas droSibas, dzivnieku veselibas un
vides zinatniskaja institiita “BIOR” veiktie izmekl&jumu rezultati nomeditajam un atrastajam
beigtajam meZa ciikam, kuru paraugi ievakti atbilstosi PVD noteiktajam prasibam) (8. tab.). So
datu ieguve iesaistiti gan mednieki, gan atbildigo dienestu darbinieki, tade] petijums sniedz
ieskatu taja informacija, kuras izcelsmi iesp€jams parbaudit ikvienam un kas veidojusies,
vertgjot pieejamos skaitlus kopsakaribas. Populacijas blivuma aprékinasanai izmantota
LR Valsts zemes dienesta, VMD informacija un oficialas statistikas parvaldes datu bazes
(https://stat.gov.lv/lv/statistikas-temas/noz/mezsaimnieciba).

8. tabula

Meza citku skaita un ACM inficéto individu dinamika, kops slimibas konstatésanas Latvijas teritorija

Kopéja skaita Vidéjais blivums uz Sezon_af lalk% ACM pozitivo

Gads e - v - nomeditas meza . - .
veértéjums valstt 1000 ha meza platibu® ciikas meza ciiku skaits

2014. 55354 17,04 44871 217
2015. 49000 15,04 50956 1048
2016. 32000 9,81 34084 1146
2017. 23000 7,02 25549 1431
2018. 20000 6,10 15238 905
2019. 20000 6,09 15279 430
2020. 22000 6,68 19262 377
2021. 26000 7,89 24485 448
2022. 26000 7,88 28006 1274
2023. 26000 7,87 30153 1002
2024, 21000 6,34 22284 1433
2025. 15000 4,52 *ok 1278

* meZa kopplatiba no:

https://data.stat.gov.lv/pxweb/Iv/OSP_PUB/START _NOZ ME__MEP/MEMO030/table/tableViewL
ayoutl/;

** sezona noslégsies 2026. gada 31. marta;

*** no gada sakuma Iidz 2025. gada 15. novembrim
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Darba izmantota Windows 11 Pro Excel programmatiira pieejama grafiska un
statistisko funkciju analize.

4.2. Rezultati

Ka jau pétijuma 1. posma veikta vésturisko datu analize (Ozolin$ et al., 2024)
apliecinaja, augot meza ctuku populacijai, palielinajas art tas blivums (14. att.).
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14. attels. Meza ciiku populacijas blivuma atkariba no kopgja skaita 100 gadu perioda.

Kaut arT meza ciiku populacijas blivuma un saslimstibas ar ACM saistibas dinamika,
izsekojot $im procesam pa gadiem, bijusi mainiga, piedzivojusi kapumu un kritumu, Sobrid ta
Skiet apstajusies atkartota kapuma, un infekcijas apturéSana ar medibu panémieniem skiet visai
griiti Tstenojama. Salidzinot meZa cliku novértéto populacijas lielumu un ar ACM infic&to
individu kopskaitu, lineara skaitlu sakritiba nav konstatéta. Tacu, izsekojot abu parametru
saistibu pa gadiem visd perioda (15. att.), redzams infic€to meza ciiku skaita atkartots
pieaugums, kam@r to skaits nav samazinajies zem 20 000. Sads populacijas lielums sava veida
kluvis par pedgejas desmitgades atskaites punktu, jo nomedito meza ciiku skaits l1dzinas vai pat
parsniedz daba esoso skaitu, kas liecina, ka populacija sp€j atri atjaunoties. Pagaidam nav datu,
kas liecinatu, ka valsts méroga, saglabajoties $adam dzivnieku skaitam, notiktu saslimstibas
samazinasanas, kaut gan populacijas vertejums 2025. gada ir nokrities par apméram ceturtdalu,
salidzot ar iepriekS€jo. Loti lidzigu izmainu gaitu uzrada arT infic€to meza ciku skaita
salidzinajums ar nomedito dzivnieku daudzumu (16. att.). Tas arT neparsteidz, jo starp meza
cuku skaita veért€jumu un medibu rezultatiem jau agrak pastavéjusi un joprojam pastav ciesa
korelacija (17. att.). Lidz ar to pagaidam nav nozimes saistiba ar epidemiologisko situaciju abus
Sos populacijas dinamikas raditajus aplikot atseviski. Tapat nav nozimes papildus skaita
dinamikai analizet valsti vid€ja populacijas blivuma izmainas, jo $1 raditdja izmantoSana
nesniegs atsSkirigu informaciju tadel, ka mezu platibas pieaugums kops 2014. gada bijis niecigs
un skaita un blivuma izmainas notiek vienlaicigi. Katra zina abi grafiki rada, ka kop$ infekcijas
sakuma turpmakos tris gadus populacijas lielums samazinajies vairak ka uz pusi, bet inficéto
meza cuku skaits strauji pieaudzis. Tad sekojusi saslimstibas samazinasanas pie tris gadus
gandriz nemainiga populacijas lieluma un strauja atgrieSanas agrakaja Iltmeni, kaut ari
populacija pieaugusi nedaudz — tikai 20% robezas — kur preti Saja gada nokritusies pat lidz
15 000.
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15. attels. ACM epidemiologisko datu un meZza ciiku populacijas liecluma savstarpgja saistiba laika
perioda, kop$ virusa pirmas konstaté$anas Latvija.
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16. attels. ACM epidemiologisko datu un nomedito mezZa ciiku skaita savstarpgja saistiba laika
perioda, kops$ virusa pirmas konstaté$anas Latvija.
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17. attels. Nomedito meza ciiku skaita korelacija (r = 0,9309) ar meza ctuku skaita veértg§jumu Latvija
perioda no 2014. lidz 2024. gadam.

Pasreizgjais infic€to meza ctiku skaita palielindjums ir parsniedzis to apjomu, kas tika
konstatéts 2015. un 2016. gada, kad slimiba parnéma vienigi Latvijas austrumu dalu. Tacu
tagad@ja aina skaidri parada biitisku un ciesu korelaciju starp meza ciiku populacijas lielumu,
vid&jo blivumu un saslimstibu (18., 19. att.). ST saistiba izpauZas apstaklos, kad viruss valsti
kluvis par endémisku saslimsanu, kas uz laiku noplok reizg ar meza ciiku lokalu izmirSanu, bet
tad atkal atgriezas agrakajas vietas, un meza cuku populacijas kopg€jais lielums vairs butiski
nepieaug, kaut ar1 uz laiku atjaunojas lokali.
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18. attéls. Gadijumu skaits, kad ACM saslimstiba konstatéta nomeditam un atrastam kritu$am meZza
ctikam salidzinajuma ar attiecigaja gada VMD veikto meZa ctuku kopgja skaita un blivuma vertgjumu
Latvija perioda no 2015. lidz 2024. gadam (attiecigi r = 0,4230 skaitam un r = 0,4186 blivumam).
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19. attels. Gadijumu skaits, kad ACM saslimstiba konstatéta nomeditam un atrastam kritu$am meZza
ctikam salidzinajuma ar iepriekséja gada VMD veikto meza ciiku kop€ja skaita vert&jumu Latvija
perioda no 2017. 1idz 2024. gadam (attiecigi r = 0,8825 skaitam un r = 0,8743 blivumam).

5. Manuskriptu sagatavosana publicésanai SCOPUS limena
zinatniska izdevuma

Sagatavots zinojums 12. Baltijas Teriologijas konferencei

“Wanted dead or alive — wild boar Sus scrofa control challenges concerning African
swine fever outbreak in Latvia”
https://www.silava.lv/images/articles/Pasakumi/2025-12BTC/2025-03-12BTC-Abstract-

Book.pdf
Ozolins J., Bagrade G., Blums K., Done G., Olsevskis E., Ornicans A., Pilate D, Serzants M., Stepanova A., Suba J.

2025. In: Zunna A. (Ed.) Abstracts Book of 12th Baltic Theriological Conference "Baltic mammals in the

turbulence of anthropogenic tensions”, Jaundome, Latvia, March 27-29, 2025. Salaspils: LSFRI "Silava’, p. 29,
ISBN 978-9934-603-20-4

Lidzautora statuss starptautiskas publikacijas 1. manuskriptam

“African swine fever vs. COVID-19: only one virus mattered for wild boar hunting
bags in Europe”

Authors: Valentina Barukéi¢!'*, Bostjan Pokorny?, Jacopo Cerri’, Klaus Hacklinder®,
Ferdinand Bego®, Alain Licoppe®, Jim Casaer’, Dalibor Ballian®®!?, Stoyan Stoyanov'!, Milo§
Jezek'?, Mervi Kunnasranta'3, EImo Miettinen'#, Eric Baubet'®, Oliver Keuling'®, Konstantinos
Papakostas'’, Andras Nahlik'®, Andrea Monaco'®, Janis Ozolins?°, Olgirda Belova?!, Sandra
Cellina??, Milo§ Jankovi¢?®, Niels de Nijs?*, Barbara Zimmermann®, Tomasz Podgorski*'?,
Carlos Fonseca®’, Attila Farkas?®, Nickolay Markov?’, Dragan Gaci¢*’, Petar Lazar’!, Joana
Colomer’?, Goran Bergqvist®, Claude Fischer**, Giovanna Massei>’, Nikica Sprem'.

* corresponding author.
Manuskripta kopija pievienota 1. Pielikuma.
Lidzautoru statuss starptautiskas publikacijas 2. manuskriptam

“Trends of ungulate species in Europe: not all stories are equal”

Authors: Jacopo Cerri'»?*, Roberta Chirichella®**, Walter Arnold’, Ludék Bartos®,
Tomasz Borowik?, Juan Carranza’, Francesco Chianucci®, Sandor Csényi9, Goéran Ericsson'?,
Marco Heurich!'!, Ilpo Kojola'?, Atle Mysterud'?, Bostjan Pokorny'*, Krzysztof Schmidt?,
Nikica Sprem'”, Joaquin Vicente'®, Ajsa Alagi¢'*, Linas Bal¢iauskas'’, Jim Casaer'®, Sandra
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Christine Saint-Andrieux?’, Rauno Veeroja*®, Marco Apollonio**.

Manuskripta kopija pievienota 2. Pielikuma.
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Abstract

Wild boar (Sus scrofa) populations have been steadily increasing across Europe in the last decades, due to
the synergy between landscape modifications, the ecological plasticity of the species and global warming.
However, since 2014, an increasing number of these populations have also been affected by African swine
fever (ASF) and have experienced increased mortality. Moreover, in 2020 and 2021, wild boar hunting
regimes were temporarily changed due to restrictions in response to COVID-19. There is therefore a need
for a pan-European assessment of the long-term trend in wild boar populations. We analysed wild boar
hunting bags from 21 European countries, as a proxy of population abundance, to estimate long-term trends
between 2000 and 2022. We also identified possible changes in harvests due to COVID-19. Finally, we
summarized changes in the number of hunters between 2018 and 2023 in 19 European countries. Wild boar
harvest has increased steadily over the last two decades, peaking at over 3.6 million harvested individuals
in 2019. Since the appearance of ASF in Europe, hunting bags in most affected countries decreased, i.e.
either immediately after the first outbreak or following a short-term increase of the harvest after the
outbreak. Restrictions due to COVID-19 did not have any clear impact on the total number of harvested
wild boar. Over the past six years, in spite of mixed trends between the countries, the overall number of

hunters has decreased across Europe.

Keywords: ASF; hunting management; mortality; population trend; SARS-CoV-2; Sus scrofa; ungulates
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Highlights

Wild boar harvests increased 2.25-folds across Europe for two decades until 2019.
ASF outbreaks caused harvest declines in affected countries.

COVID-19 restrictions did not measurably affect wild boar harvest levels.

The overall number of hunters in Europe is decreasing (=3.9 million), although some countries show slight

increases.

In 2017, legal changes and the adoption of new hunting methods, such as night-vision devices and silencers,

marked a key shift in hunting practices.

1. Introduction

Wild boar (Sus scrofa) is a highly adaptable species whose numbers have steadily increased throughout
Europe in recent decades (Massei et al., 2015; Smith et al., 2025). This growth, along with the species'
expansion into new areas, has made wild boar among the most widespread and commonly hunted ungulates
in Europe (Jori etal., 2021). Hunting bag data further highlights this fact, showing an increase in the number
of wild boar hunted, from almost 2.2 million in 2012 (Massei et al., 2015) to over 3 million in 2017 (Linnell

et al., 2020), and almost 4 million in recent years (ENETWILD-consortium et al., 2024).

As wild boar populations have grown, conflicts with humans have also increased. Wild boar has high
economic impact through damage to crops and forests, vehicle collisions, nuisance behaviour in urban
areas, and disease transmission, with important consequences to public health (Sprem et al., 2013;
Podgorski et al., 2018; Conejero et al., 2024). In addition, wild boar can also negatively affect other native
species and biodiversity, sometimes leading to declines in the density and abundance of various plant and

animal species (Barrios-Garcia and Ballari, 2012; Colomer et al., 2021). At the same time, wild boar are
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important ecosystem engineers, positively affecting the environment by shaping soil structure, promoting

seed dispersal, and influencing nutrient cycling in many habitats (Barrios-Garcia and Ballari, 2012).

The increase of the wild boar populations can be attributed to a combination of environmental and socio-
economic factors, interacting with the biological and ecological plasticity of the species. For example,
global warming has benefited wild boar populations in Central and Northern Europe by decreasing winter
mortality and increasing food availability of high-energy food such as acorns and other forest seeds due to
more frequent masting (Vetter et al., 2015). Landscape changes have also increased environmental
suitability for the species. The afforestation and rural abandonment that characterized many marginal rural
areas of Europe in the second half of the 20" century (Levers et al., 2018) have additionally increased the
availability of food, and the fragmentation of semi-natural forests due to their conversion to arable land
created mosaic landscapes that provided wild boar with both refuges and abundant resources (Ferens et al.,
2025). Moreover, landscape anthropisation offered considerable and rich anthropogenic food resources
(Colomer et al., 2024), without affecting individual fitness due to the ability of wild boar to avoid human
disturbance (Johann et al., 2020). Reduced winter mortality and increased resource availability and
accessibility alongside with supplementary feeding and baiting allowed wild boar populations to boom, due
to a high reproductive rate of the species, which is the highest among wild ungulates (Barrios-Garcia and
Ballari, 2012). Landscape anthropisation also promoted hybridization with domestic pigs (Sus scrofa f.

domesticus), which may have further enhanced the reproductive capacity of wild boar (lacolinaetal., 2019).

Wild boar populations are greatly influenced by hunting which is still the main cause of the species’
mortality (Bassi et al., 2020). Hunting is also believed to shift reproduction of wild boar to an earlier age
(Gamelon et al., 2011), alter physiological state (Kelava-Ugarkovi¢ et al., 2025), and affect the species’
spatial behaviour (Olejarz et al., 2024). In some countries, hunters have been responsible for deliberate
releases, which accelerated the spread of wild boar across Europe (Jori et al., 2021), and for extensive
supplementary feeding which affects wild boar behaviour (Muthoka et al., 2023) and potentially also its

survival rates (Oja et al., 2014).
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In recent years, wild boar populations across Europe have been affected by African swine fever (onwards
ASF) (Drimaj et al., 2020). In its latest outbreak on the continent, ASF was first detected in the
(north)eastern part of the European Union (i.e., Poland and Baltic states) in 2014 and has since spread across
several other European countries (Dixon et al., 2020). ASF causes high lethality among suids and in the
absence of any treatment or vaccination, the disease represents a major threat to pig production and wild
boar populations. Wild boar and its habitats are the sole reservoir of ASF virus (Chenais et al., 2018) and
thus it is important to reduce wild boar numbers to help constrain the disease (Drimaj et al., 2020). Hunters
play a key role in population control, alongside natural mortality sources such as starvation, disease, and
predation (Massei et al., 2015). As hunting management strategies in Europe vary from country to country
and are typically implemented at the local level, effectively controlling the spread of ASF in wild boar
remains a significant challenge (Linnell etal., 2020; Sauter-Louis et al., 2021a). VVarious European countries
have used a range of measures to combat ASF, including zoning, restricting wild boar movement with
fencing, banning hunting in infected areas that are not physically contained, modifying habitat management,
and prohibiting access to infected zones (EFSA et al., 2024a). Additionally, efforts to reduce wild boar
numbers through intensive hunting and trapping have been introduced (Jori et al., 2021). The use of night
vision equipment and silencers during wild boar hunts is also already permitted by law in some countries
or under consideration in others (Sauter-Louis et al., 2021a). Despite these management efforts, ASF
continues to spread among wild boar populations across Europe (Sauter-Louis et al., 2021a; EFSA et al.,
2025). In most cases, the spread of the disease is not due to animal-to-animal transmission, but rather due
to human activity (Bergmann et al., 2021); indeed, humans are responsible for all known long-distance

transmissions of ASF in Europe.

In March 2020, the World Health Organization (WHO) declared the COVID-19 pandemic prompting
countries worldwide to implement various forms of lockdown (Allen, 2022). These restrictions led to
“anthropause”, a period of reduced human activity which, in many cases, had a positive effect on wildlife

(Rutz et al., 2020) with animals showing increased movement shortly after the lockdowns began (Pokorny
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et al., 2022). However, the pandemic also affected hunting and wildlife management. The number of
hunting licenses issued during this period was lower than in previous years, indicating a decline in hunting
activity (Cerri et al., 2024). Driven hunts with hounds, which rely heavily on group participation, may have
been significantly affected by the restriction on gatherings in pandemic. Consequently, COVID-19 may
have further reduced the number of active hunters, resulting in a decline in recreational hunting and a

subsequent reduction in the control of wild ungulate populations (Cerri et al., 2024).

Collecting and analysing hunting statistics is essential for effective hunting management and the
development of wildlife policies (Jori et al., 2021; Colomer et al., 2024). Data on hunting bags, ideally used
in conjunction with the number of hunters or hunting effort, are an excellent tool for monitoring wildlife
populations trends and for detecting factors such as disease outbreaks, poaching, and environmental
changes that might affect these trends. Hunting bag data are primarily used in ecological research and

wildlife management as indicators of population density (Carvalho et al., 2024).

The most recent pan-European study that used hunting bags to analyse wild boar and hunter population
trends in 18 European countries from 1982 to 2012 was conducted by Massei et al. (2015). Therefore, our
overall objective was to continue this data series and analyse trends in wild boar populations in Europe over
the past two decades, a period marked by two major events — ASF outbreaks and COVID-19 lockdowns —
that may have affected wild boar population numbers across the continent. Understanding the impact of

these events is crucial for the future development of wild boar population management.

The specific aims of this study were: i) to present trends of wild boar hunting bag (as a proxy of the
abundance) over the last two decades in Europe; ii) to explore how ASF outbreaks (i.e., its presence in a
country) influenced wild boar hunting bags by comparing trends in ASF-infected and ASF-free countries;
iii) to quantify potential changes in hunting bags due to COVID-19 associated restrictions and changes in

recreational hunting; iv) to evaluate changes in the number of European hunters over the past six years.
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2. Materials and methods

We collected wild boar hunting bag data from the last two decades in 29 European countries. To maintain
the reliability of the manuscript and ensure accurate results, we excluded countries with missing or
incomplete data (n = 8) from the analysis, leaving the following 21 countries: Austria, Belgium, Bulgaria,
Croatia, Czech Republic, France, Germany, Hungary, Italy, Latvia, Lithuania, Luxembourg, the
Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, and Switzerland (Figure 1).
It is important to emphasize that: i) in different countries wild boar are hunted with different techniques, ii)
in some countries, numbers of hunted wild boar are defined through hunting quotas that are decided at the
beginning of each hunting season based on population monitoring and a discussion of management
objectives, and iii) this situation has changed through time. Regarding the hunting method, in countries
such as Germany (Keuling et al., 2021) or Sweden (Thurfjell et al., 2013) a significant proportion of wild
boar are stalked and culled from hides by individual hunters, whereas in other countries, most wild boar are
harvested through driven hunts (e.g. Spain: Fernandez-de-Simon et al., 2023). In some countries, hunting
quotas limit the number of wild boar that can be hunted (e.g. Slovakia: Goracova et al., 2025). In other
countries, particularly those where drive hunts are common, such as Croatia, Czech Republic, Poland, and
Spain there is no real limit to the number of wild boar hunted; moreover, in recent years hunters may even
be financially motivated by the state to shoot as many wild boar as possible (e.g. Croatia, Slovenia). It is
worth mentioning that, in the two decades, management regimes sometimes considerably changed within

the same country.

Additional data on the number of hunters, hunting management of wild boar (Supplementary file 1) and on
the COVID-19 lockdown periods and hunting management during these periods (Supplementary file 2), as
well as data on the occurrence of ASF and the number of positive cases and hunting bans due to ASF were

also provided by all included countries (Supplementary file 3).

As different countries had very different numbers of wild boar (harvest), either due to their size and the

different range of the species or different hunting efforts and hunting intensities, we made hunting bag
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numbers between countries more comparable by calculating the hunting index, expressed as the total
numbers of hunted individuals per km2. Harvest densities (not population densities) represent the total
number of wild boar that were hunted in each year, divided by the extension of the species range in 2022
in the respective country (ENETWILD-consortium et al., 2022). Although this value is an approximation,
as the range of wild boar has likely expanded since 2000, we used data from 2022 as they were the only
one with a pan-European coverage and an adequate resolution. We did not control for hunting effort, as
data on overall hunting effort and the total number of hunters are not available for Europe over the study
period. We used a Generalized Extreme Value distribution (Bali, 2003) for our response, and we used the
year as a covariate. To account for country-specific trajectories, we fitted approximate Gaussian processes
to each country (Wood, 2017). Moreover, we allowed the scale parameter of the Generalized Extreme Value
distribution to vary between different countries (Burkner, 2017a). The scale parameter captures the
variability in the response; through this approach we managed to account for differences among countries
in wild boar management, which could have resulted in higher or lower differences in the total number of
wild boar that were harvested in different years. Models were fitted in STAN (Carpenter et al., 2017),
through the brms package (Blrkner, 2017b) in R (R Core Team, 2025). Model selection was carried out
through Bayesian leave-one-out cross validation (Vehtari et al., 2017) and posterior predictive checks and
model residuals were used to assess the goodness of fit of the best candidate model. Continuous variables

were standardized and centred before being included in the model.

To assess the variation in the number of wild boar that were hunted due to changes in hunting caused by
COVID-19 restrictions, we used the approach proposed by Cerri et al. (2022; 2024). In this approach we:
i) fitted a Bayesian Generalized Additive Model (GAM) to predict wild boar harvests between 2000 and
2019 in each country, ii) used the same model to forecast how many wild boar would have been harvested
between 2020 and 2024, under the same temporal trend, and iii) compared the actual number of wild boar
that were hunted between 2000 and 2024 against predictions for these five years from 2000-2019 data. We

used a Bayesian Generalized Additive Model (GAM), because under the Bayesian inference framework
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values from the posterior distribution, even when included in credibility intervals, are not equally plausible
(Kruschke and Liddell, 2018). Therefore, we could compare the number of wild boar that were hunted in
2020-2024 against the most plausible predicted value for each year. However, from the initial 21 countries
included in the previous analysis, we had to exclude Latvia and Lithuania because wild boar numbers and
harvests in these countries plummeted after 2014 due to ASF. Therefore, we trained our model with data
that also reflected a rapid, generalized decrease in these two countries. As a result, we observe that post-
COVID-19 predictions for the number of wild boar shot per km2 are unrealistic: the 2014-2019 trend
continues even for 2020-2023/2024, and in some cases, we even have negative values. Therefore, we

removed these predicted values because they were not reliable.

We analysed the percentage change in hunter numbers by country, as well as the overall trend during the
past six years, in 19 selected European countries (Austria, Belgium, Bulgaria, Croatia, Czech Republic,
France, Germany, Hungary, Italy, Latvia, Luxembourg, Montenegro, Poland, Portugal, Slovakia, Slovenia,
Spain, Sweden and Switzerland). Other countries were excluded from this analysis owing to incomplete

data on hunter numbers.

3. Results

Our best candidate model showed that the Generalized Extreme Value distribution was a good
approximation for wild boar harvest densities (Fig. S1) and explained a significant amount of variation in
2000-2019 data (Bayesian R? = 0.95). Model selection (Fig. S2) retained a model where the expected
harvest density in each year was explained by a Gaussian process with 9 bases, and where variation in the
harvest density differed between countries. Residuals (Fig. S3), the autocorrelation function (Fig. S4) as
well as the exploration of country-specific trends showed that Gaussian processes were effective at
capturing country-specific variation in wild boar harvests. However, the best candidate model still showed

signs of overdispersion, when residuals were plotted against predicted values from the model (Fig. S3).
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This probably depended upon the choice of quantifying hunting effort as the number of wild boar hunted,
divided by the range of the species in each country, which did not entirely rule out differences among

countries, in terms of the magnitude of hunting bags.

The total number of harvested wild boar in Europe has been steadily increasing over the last two decades,
and in the period 2000-2022 total hunting bag in the 21 countries, included in our analysis, rose 2.25-folds,
i.e. passing from approximately 1,297,500 individuals harvested in 2000 to 2,922,500 in 2022, with a peak
of 3,663,500 individuals harvested in 2019. Data for 2023 and 2024 were not included in the analysis, as
many countries had not yet published figures for those years. Moreover, for some countries included in the
study, data were incomplete across the whole study period, although the number of harvested wild boar
appears to be on the rise also there. Montenegro and Bosnia and Herzegovina have only recently begun
recording wild boar hunting bag data, although the species has long been present and hunted in these two
countries. Serbia publishes its official wild boar harvest data every two years, thus not providing reliable
data. Finland and Norway have also only recently started to collect data on wild boar harvests following
the species’ recent expansion into these two countries. Greece and Russia had incomplete data, and Albania
had no data recorded. To maintain consistency, these eight countries were excluded from the total harvest
analysis, so only countries with continuous data from the year 2000 onward were included, as incorporating
countries with shorter data records would distort the long-term trend (Figure 1). If the data from the eight
countries with incomplete records are included, the number of harvested wild boar could potentially

increase by approximately 177,000 individuals (see Supplementary file 4).
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Figure 1. Complete datasets on wild boar hunting bags were available for 21 red-coloured countries (a) and

were used to calculate overall hunting bag trends across Europe between 2000 and 2022 (b).

Since the first recent outbreak of ASF in the European Union in 2014, 18 of the 28 countries included in
the study (i.e., those for which we collected any relevant data for this study, even when not included in the
above analysis of temporal trends) have been affected by the disease (for more details, see Supplementary
file 3). Hunting bags are showing different trends across 13 infected countries for which consistent data are
available, but with the same ultimate outcome of a decline in the number of harvested animals (Figure 2a).
In eight countries where ASF did not occur and for which relevant data are available, wild boar harvest
generally continued to rise. The only exception is the Netherlands, where the number of harvested wild

boar has declined sharply despite the absence of ASF (Figure 2b).
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Figure 2. a) Wild boar hunting bags in 13 countries with African swine fever (ASF; years after outbreak in
red lines, while vertical orange lines indicate the year in which ASF first appeared in each country; for more
details, see Supplementary file 3). b) Wild boar hunting bags in eight countries without ASF. For Belgium

and Spain, the dataset ends in 2022 as no official records for the last two years were published.

When assessing the impact of the COVID-19 lockdowns and the anthropause on the hunting activity
through the total number of harvested wild boar, no clear pattern emerged, compared to the 2000-2019
period. When comparing the total number of wild boar that were hunted against the most likely values
predicted by the posterior distribution of our candidate model, we found that in 2020, 13 out of 19 countries
harvested a lower number of wild boar than expected, but 6 countries harvested more wild boar than
expected. A similar pattern emerged in 2021 (8 and 11), 2022 (12 and 7) and 2023 (10 and 7), respectively.
No clear pattern emerged even when considering values that fell outside of the 95% credibility interval
(Figure 3). For 2023, Belgium and Spain are missing as we did not have data on wild boar hunting bags for

that period in those two countries.
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Figure 3. Impact of the COVID-19 restrictions on wild boar hunting bags in selected European countries,
i.e. comparison between real and expected numbers of hunted individuals. Dots on the left side of the
vertical lines indicate that the number of hunted individuals was lower than expected, while on the right
side the number of hunted wild boar was higher than expected. Red dots indicate values that fell outside of
the 95% credibility interval, reflecting harvests that deviated from the expected numbers, i.e. in scenario

that COVID-19 restrictions did not occur.

The trend in hunter numbers varies among 19 European countries. While some countries have recently

experienced an increase in the number of hunters, others have shown a marked decline (Figure 4). Overall,
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321 5).
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323  Figure 4. Percentage change between the number of hunters in 19 selected European countries that had the

324  available data for the six-year period.
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Figure 5. Overall trend in hunter numbers during the six-year period across 19 selected European countries.

4. Discussion

Accurate estimates of population abundance are essential for developing effective wildlife management
strategies and for detecting changes in population trends (Soininen et al., 2016). In this respect, it is
important to note that hunting data collection is not standardized across European countries, making it
difficult to accurately estimate population densities and to precisely compare data among countries (EFSA
et al., 2018). Nevertheless, in case of species such as wild boar, for which hunters are generally highly
motivated to hunt and report the harvest, hunting data are good (and actually only broadly available)
proxy/indicator for abundance as well as trends and interannual variability in population sizes
(ENETWILD-consortium et al., 2018). Our analysis of wild boar hunting bag data reveals a significant

increase in the number of wild boar harvested across Europe in the last two decades: since 2000, the number
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of hunted wild boar has increased 2.25-folds (Figure 1), passing from approximately 1.3 million individuals
harvested in 2000 to 2.9 million in 2022, with a peak of 3.6 million wild boar harvested in 2019. This
upward trend, previously observed by Saaez-Royuela and Telleriia (1986) up to 1975, by Massei et al.
(2015) up to 2012, and later by Linnell et al. (2020) up to 2017, has clearly continued in recent years, with
a peak in 2019 after which the number of harvested wild boar in Europe began to slightly decrease, at least
on a short term (i.e., last three year) basis. The rise in the number of wild boar harvested reflects the ongoing
general increase of the abundance of the species in Europe, which is in accordance with increasing reports
on the occurrence of urban individuals, crop damage and traffic collisions with wild boar (Conejero et al.,
2024). Moreover, several factors can lead to underestimate the true number of wild boar mortality even in
the countries with hunting data across the whole study period, for example illegal hunting and unreported
roadkill (Massei et al., 2015; Bil et al., 2025). The harvest/mortality of these animals is not documented,
therefore the recorded hunting bags often reflect a lower count than the actual mortality rate, deviating by
more than 30% in some countries (Massei et al., 2015). In some cases, hunting bag records typically rely
on self-reported statistics, and their accuracy may be compromised by either over-reporting or under-
reporting, further distorting population assessments (Massei et al., 2015; Soininen et al., 2016). In addition,
hunting statistics sometimes do not include animals which are killed during wildlife control operations by
non-hunters, such as police officers, whose numbers can be significant in some countries (Banti et al.,

2021).

Understanding the impact of ASF on wild boar populations is crucial for designing evidence-based
population management to combat ASF (Morelle et al., 2020), and to forecast future population trends. A
recent model of ASF epidemics showed a decrease of the wild boar populations after an ASF outbreak
(Salazar et al., 2022), which is consistent with our findings showing evident decline in wild boar hunting
bags across most countries affected by ASF (Figure 2). Given that the hunting bag data reflect population
trends and interannual variability of local wild boar numbers, our results indeed suggest that wild boar

numbers declined in several European countries due to mortality caused by ASF.



364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

When analysing how the outbreak of ASF in 2014 affected the hunting bags (as a proxy of the abundance)
of wild boar, we found a difference in hunting bags after the ASF appearance in Latvia, Lithuania, and to a
lesser extent in Poland. In Poland, unlike in Latvia and Lithuania, the hunting bags continued to rise until
2021 before declining. In both Latvia and Lithuania, after a sever drop immediately after the ASF outbreak,
the hunting bag started to rise again in 2020, which may indicate either a recovery of the population or
increased hunting pressure to stop the disease spreading (Figure 2). However, the European Food Safety
Authority (EFSA) suggests that the growing hunting bags in the Baltic states reflect a genuine population
recovery (EFSA et al., 2024b). Since 2014, ASF has continued to spread and in the following years (until
2022) it appeared in Belgium, Bulgaria, Czech Republic, Germany, Hungary, Italy, Romania, Serbia, and
Slovakia (EFSA et al., 2020; Sauter-Louis et al., 2021b). In Belgium, the ASF epidemic lasted only one
year and affected only 5-10% of the wild boar range. In this country, high hunting bag in 2018 and 2019 is
linked to increased pressure imposed at the regional level to stop spreading of ASF as well as to the
important mast production in 2018. Belgium effectively controlled ASF, reporting 833 cases in wild boar
in 2018 (Sauter-Louis et al., 2021a), but the disease had no lasting impact on Belgian hunting bags, thanks
to swift containment measures and small proportion of the country which had been affected. EFSA reported
that the Bulgarian wild boar population followed a stabilising trend, but there was a decline in the abundance
after the ASF outbreak (EFSA et al., 2025), which is consistent with our data (Figure 2). In countries where
hunting bag trends did not decline immediately after the ASF outbreak, this could be due to the low
percentage of the country affected by ASF. Further research should account for the percentage of country
territory affected by ASF, i.e. with restriction zones, as a proxy of ASF spatial coverage. In 2023 and 2024,
the first ASF outbreaks were recorded in several previously unaffected countries, such as Croatia and
Sweden. The number of positive cases in these countries remains low, and hunting bags have not yet shown
significant changes. ASF has only recently appeared in Sweden, and it has regained ASF-free status (EFSA
et al., 2025), but the number of wild boar hunted had already decreased before the appearance of ASF. The

effect of ASF on hunting bag should be closely monitored as previous work has shown that the density and
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abundance of wild boar decreased by 84% and 95%, respectively, within a year of the ASF outbreak

(Morelle et al., 2020).

ASF poses a significant challenge for wildlife disease control (Jori et al., 2021). This is reflected in the fact
that the number of reported ASF outbreaks in wild boar increased by 10 in 2023 in Europe compared to the
previous year and remained at this level in the following year (EFSA et al., 2024b; 2025). In the inner zones
of ASF occurrence, driven hunts were banned to contain the spread of the disease. In contrast, in the outer
areas, targeted hunting for depopulation was promoted and intensified to reduce population density of wild
boar (Sauter-Louis et al., 2021a). Many countries have also adopted sanitary culling and promoted the
intensive harvesting of wild boar females whilst also revising regulations on wild boar hunting methods
(see Supplementary file 3). Some studies argue that the decline in the wild boar population has been
observed in the affected countries (Schulz et al., 2019; 2020), and the declines of the hunting bags confirmed
by our results are a good indicator of this. However, from analysing solely the hunting bag data it is difficult
to conclude whether the disease has affected the European wild boar populations due to its high mortality
rate or whether the declines in hunting bags are rather due to the implemented hunting bans (Sauter-Louis
et al., 2021a). Further research focusing on the impact of ASF on the demographic structure of wild boar
populations could provide valuable insights into the resilience and long-term viability of populations as

well as developing wild boar management strategies to combat ASF (Gocarova et al., 2025).

Due to the complexity of managing wild boar populations and the inability of hunters to achieve sufficient
removal rates to control population growth, many countries have modified hunting regulations. These
changes include the legalization of night hunting and the use of night vision or thermal imaging devices,
with the year 2017 seemingly marking the starting point for making these changes legal (Supplementary
file 1). Also, many countries have allowed the use of silencers, which has certainly contributed to better
hunting success and a larger hunting bag. For example, a government decision in Sweden in 2019 to permit
the use of movable lights and thermal imaging led to a significant increase in wild boar harvest and probably

a decrease in population size. The observed up-following reduction in harvest is believed to result from this
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population decline. In addition, changes in supplementary feeding and baiting have been reported. In many
countries where supplementary feeding used to be practiced, it has been banned in recent years. Following
the spread of ASF, restrictions on the amount of feed used for baiting have been established and vary from
country to country (Supplementary file 1). Moreover, monetary incentives for culling wild boar increased
the hunting effort, with bounties again varying from country to country (Supplementary file 1). All these
changes have influenced hunting effectiveness and may have affected hunting bag data, changing the

association between hunting bags and population abundance throughout the study period.

In 2020, during the COVID-19 pandemic, the associated "anthropause™ was widely reported to have
positive impacts on wildlife due to reduced human activity and disturbance (Allen, 2022). Despite many
studies emphasizing the potential transformation of existing wildlife management models due to COVID-
19, little empirical research has been conducted on this topic (Cerri et al., 2024). Two studies examined the
impact of COVID-19 lockdowns on the wild turkey (Meleagris gallopavo) hunting season in North
America. One study observed an increase in hunting participation and effort in 2020 compared to previous
years, resulting in a higher total reported harvest (Danks et al., 2022). The other study found no difference
in harvest success compared to previous years despite an increase in the number of resident hunters
(Chizinski et al., 2022). Our findings indicate that potential changes in wild boar hunting that could have
followed COVID-19 restrictions did not significantly affect wild boar harvest (Figure 3). Indeed, analysis
of the hunting bag data shows no major change in wild boar harvests during the COVID-19 lockdown
period. This may be explained by the timing of lockdowns, which predominantly occurred in spring, a
season that typically falls outside the main (driven) hunt period for wild boar, which in most European
countries takes place in late autumn and winter. Furthermore, driven hunts on wild boar were not prohibited
in most countries during the COVID-19 lockdowns and high alert periods, but were rather regulated with
some restrictions, i.e. with the prescribed minimum distance and the maximum number of participants in

the driven hunt varying from country to country (see Supplementary file 2). Due to the restrictions
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introduced during COVID-19 pandemic, many hunters may have shifted to single hunts, resulting in no

significant changes in wild boar yields.

Controlling of the growing populations of wildlife can be achieved through recreational hunting (Sprem et
al., 2024), and hunting is currently one of the widely employed tools for controlling overpopulated wildlife
species, including wild boar (Gortazar and Fernandez-de-Simon, 2022). However, a significant shift from
rural to urban lifestyles has contributed to a decline in the number of hunters across many European
countries (Massei et al., 2015; Gaspar et al., 2025). One of the main challenges that the hunting communities
are facing is the aging of the hunter population. Reports from the Iberian Peninsula and Denmark indicate
that the hunting population is aging rapidly, with most hunters in the Iberian Peninsula falling between 61
and 70 years of age (Hansen et al., 2012; Gaspar et al., 2025). This older group of hunters is not being
replaced by enough newcomers, leading to a demographic imbalance within the hunting community
(Gaspar et al., 2025). It is also difficult to determine how many hunters specifically hunt wild boar, making
it challenging to assess whether trends in wild boar hunters mirror those of the general hunting population

(Massei et al., 2015).

Our findings indicate a heterogeneous situation about hunting in recent decades. In countries such as Czech
Republic, France, Italy, Latvia, Portugal, Slovenia, Spain, and Sweden, hunter numbers are decreasing. On
the other hand, several other European countries have seen growth in their hunting populations (Figure 4).
Spain, for example, maintained a stable hunting population of around one million hunters for a decade until
2011, making it the largest in Europe at that time (Gaspar et al., 2025). However, this number has since
declined dramatically, dropping by nearly half by 2022. Gaspar et al. (2025) reported that the Iberian
Peninsula has experienced a 45% decline in its hunting population over the past 50 years. In contrast,
Croatia has seen a recent increase in the number of hunters, possibly due to changes in education system
(online lectures) and reduced licensing fees (80 euros), which have made hunting more accessible to
younger generation. A similar trend was recorded in Bulgaria, where the cost of hunting permit was reduced

to a symbolic 0.5 euros (see Supplementary file 1). Overall, the number of hunters during six-year period
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across 19 selected European countries has declined since 2018 (Figure 5), falling from 4.3 million to 3.9
million in 2023, although trends vary by country. Massei et al. (2015) reported the total number of hunters
in 16 European countries to be around 7 million in 2011. This considerable difference in the number of
hunters in these two studies could be a result of the fact that data on hunter numbers in Russia (over 3
million) were included in the study by Massei et al. (2015), but not in our one. However, the number of
hunting license holders does not always reflect actual hunting activity (Gocarova et al., 2025), neither it
reflects the effectiveness of (different) hunting practices. Given that wild boar harvest in Europe continue
to rise while overall hunter numbers decline, it is likely that hunters in some countries have intensified their
efforts to become more efficient in wild boar hunting (Massei et al., 2015; Gortazar and Fernandez-de-
Simon, 2022), or this may also be a consequence of the implementation of more efficient hunting methods

such as night vision devices (see above).

As the hunting population is aging rapidly, maintaining the high hunting effort to efficiently manage the
wild boar population might become a problem in the future. Additionally, the implementation of measures
to prevent the spread of ASF may also be hampered by the reduced number of hunters, e.g. when searching
for carcasses, which is one of the most important measures to prevent the spread of ASF. This could
potentially be solved by the establishment of professional hunters. Some countries, such as Austria and
Belgium, have already established professional hunting units to help manage problematic wildlife

populations (see Supplementary file 1).

5. Conclusions

Despite the continued spread of ASF across Europe, the overall wild boar population in the continent
continues to grow until 2019. In several countries, however, the number of harvested animals has decreased
following ASF outbreaks. This decline may be attributed either to the high mortality associated with the
disease or to hunting bans and restrictions implemented as part of disease control measures. Other factors
that may have reduced the number of animals harvested are the climate with occasional poor mast years

and the spread of large predators such as wolves. In countries where ASF has only recently emerged, it is
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still too early to determine the long-term effects on wild boar harvests and population dynamics, which
needs to be monitored in the future. As ASF continues its gradual expansion throughout Europe, many
countries are adopting a range of control measures aimed at containing the disease and preventing its spread
to unaffected regions. Our data suggest that COVID-19 had no impact on wild boar harvests. Given that
(recreational) hunting remains the primary method for wild boar population control, it is essential to ensure
a stable and active population of hunters or to implement additional options (i.e., activation of professional
hunters, implementation of capturing/trapping) as well as to potentially explore alternative methods such
as fertility control that might complement culling. Importantly, in countries experiencing a decline in hunter
numbers, systemic changes to the registration and training processes for new hunters should be considered.
Additionally, establishing and supporting professional hunting units could be an effective strategy for
managing overabundant or problematic wildlife species, thereby enhancing disease control efforts and

contributing to sustainable wildlife management.
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Abstract

Wild ungulates have deep impacts on socio-ecological systems, and analyzing large-scale
population trends in a multispecies set can identify their environmental and socio-economic drivers.
We collected annual hunting bags (n = 11,046, period 1975-2018) of 7 wild ungulates of high
management interest across 25 European countries. We identified different temporal trends in
hunting bags and for roe deer, red deer, wild boar, fallow deer, and mouflon, we also evaluated the
social and environmental drivers of their abundances.

Number of harvested red deer, fallow deer, and wild boar increased steadily across Europe, with
minor differences among countries, despite variations in land use and climate. On the contrary, roe
deer harvest has decreased in six European countries since the late 1990s, probably due to reduced
ecotone areas and locally also due to predation, intraspecific competition, and/or climate severity.
Northern chamois harvests in Austria and Switzerland have decreased markedly, probably due to
increasing temperatures, which decrease the survival of kids at high altitudes. Wild boar harvests
have decreased in Poland, Estonia, Latvia, and Lithuania since the African Swine Fever outbreak in
2013-2014. Minor differences emerged between countries adopting different management regimes
for wild ungulates.

While many studies pointed out landscape changes as the cornerstone for the increase in wild
ungulates across Europe, our research emphasizes important species-specific differences. There is a
need to predict how landscape and climate change and the growing presence of large carnivores,
will affect populations of species already showing signs of decline, like European roe deer and

northern chamois.

Keywords: wild ungulates; hunting bags; time-series analysis; wildlife management; reforestation;

rural abandonment.
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Introduction

The cumulative impact of human activities had driven most large mammals into severe declines and
regional extinctions by the end of the Holocene (i.e., in late 19" and early 20™ centuries; Ripple et
al. 2015). As for wild ungulates living in the Global North, particularly in Europe, a prolonged
decrease started in the 18" century and lasted until the end of the IT World War (Linnell and Zachos
2010; Putman et al. 2011; Beguin et al. 2016; Carpio et al. 2021). Some Central European countries
like Austria experienced a different trend in the XIX century but the shared the marked decrease
from the beginning of the XX century till the end of the War (Schwenk 1985). Since then, wild
ungulates have increased their geographical range and numbers, being nowadays generally
abundant and widespread (Apollonio et al. 2010).

The members of the Cervidae family, such as red deer (Cervus elaphus) and European roe deer
(Capreolus capreolus), as well as wild boar (Sus scrofa) are increasingly ubiquitous and abundant
in most European countries, accounting for over 90% of total wild ungulate biomass (Milner et al.
2006; Apollonio et al. 2010). These species can have strong ecological impacts (Fuller and Gill
2001; Carpio et al. 2021), as they can damage soil properties (Harada et al. 2020) and remove plant
biomass (Marchiori et al. 2012) or curtail forest regeneration (Coté et al. 2004; Pépin et al. 2006),
thus affecting also animal communities (Barasona et al. 2021; Dawson et al. 2024; Mori et al. 2020;
Oja 2017; Palmer et al. 2015; Rae et al. 2014) and ecological successions (Perea et al. 2014; Suzuki
2024). Moreover, wild ungulates transmit diseases to other wildlife, domestic ungulates and humans
(Gortazar et al. 2007), sometimes with major economic impacts, like in the case of the African
swine fever (hereinafter ASF; Bergmann et al. 2021). However, (native) wild ungulates are also
very important compositional part and key species of terrestrial ecosystems, where they have
several important ecological roles/functions which are essential for existence and functionality of

those ecosystems (Chiriboga et al. 2019; Pokorny and Jelenko 2014; Pokorny et al. 2017; Smit and
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Putman 2011), but they also have several important values for humans (Csanyi et al. 2014; Pascual-
Rico et al. 2021).

In the respect of global changes that may influence population dynamics of wild ungulates, the
current situation in Europe stemmed from the synergy between three large-scale processes of
human land-use that started in the late 1940s: the exodus from rural to urban areas (Baudin and
Stelter 2022), which reduced human disturbance, increased the amount of land available to wild
ungulates and fostered a shift in wildlife value orientations that allowed the subsequent emergence
of conservation policies (Manfredo et al. 2020); the decrease in the amount of land used for
agricultural production and livestock breeding (Jepsen et al. 2015), which eased human pressures on
the environment and progressively increased biomass available to wild ungulates; the development
of institutions and laws that govern the reforestation of rural areas, the creation of protected areas,
the implementation of intensive wildlife management systems, and the reintroduction or
translocation of wild ungulates (Fuchs et al. 2015).

Understanding how these processes have influenced the population trends of different wild
ungulates, across European countries, is needed to manage them adequately. However, differences
between European countries, in terms of their environment and society, make it hard to completely
generalize the numerical and geographical expansion of wild ungulates.

In this study, we summarized large-scale population dynamics of wild ungulates, by using annual
hunting bags as a proxy of different species abundances across Europe and identified their most
relevant environmental and socio-economic drivers in a framework of human-wildlife coexistence
(Carpio et al. 2021). In particular, over the last few decades, wildlife agencies in Europe have: i)
managed common and widespread species with relevant hunting and commercial interest, such as
red deer, roe deer and wild boar, ii) conserved species with limited distribution but abundant local
populations such as moose (Alces alces) and northern chamois (Rupicapra rupicapra), iii) taken

decisions about controlling emerging diseases, like in the case of ASF in wild boar, or chronic
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wasting disease in deer species, and iv) controlled introduced species with widespread (i.e., fallow
deer, Dama dama) or local (i.e., mouflon, Ovis gmelini musimon) distribution. In consequence,
these diverse practices could have had contrasting effects on the population demography of
different species.

This paper analyzes the population dynamics of seven ungulate species to identify species-specific
or species-country-specific differences in their trends and highlight their environmental and socio-
economic drivers. The results of this study can contribute to build a background to predict how
emerging factors like climate change as well as the recovery of large carnivores and (imported)

diseases could add to their influence in affecting populations of more widespread species.

2. Methods

2.1 Data collection

To quantify long-term trends in wild ungulate populations, we collected data about annual harvests
of wild ungulates across 25 European countries. Among these countries we selected the 19
countries that had hunting bag dataset starting from 1975 till 2018 for ungulate species. Although
some studies highlighted the potential limitations of hunting bags in reflecting the population
densities and temporal dynamics of wild ungulates (Pettorelli et al. 2007; Imperio et al. 2010), we
used this data as they were the only figures available for such a long-time span. In this paper, we do
not consider hunting bags as a direct indicator of population biological parameters but rather as an
index representing the interaction between environmental factors and the harvest rate of different
ungulate species, which can reflect long-term changes in populations (Massei et al. 2015; Aebischer
2019).

Data collection focuses on seven species that are regularly harvested or controlled to reduce their
impacts on human activities and ecosystems: European roe deer (17 countries), red deer (17), wild

boar (15), fallow deer (6), mouflon (6), northern chamois (6), and moose (6). For all these 7 species,
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we collected hunting bags from 1975 to 2018. Moreover, we also compared the 1948 — 2018 trends
in roe and red deer hunting bags in Austria, Denmark, Sweden, and Switzerland to better understand
their simultaneous temporal evolution concerning forest structure (see the Discussion section).

Because individual countries have different living conditions and, therefore, very different ungulate
populations, we standardized counts in each country, by subtracting the mean and dividing by the
standard deviation. This allowed us to compare time series from different countries, represented as
standardized values of each time series, that would have been on different scales otherwise. We did
not divide hunting bags according to the area of each country (calculated bag densities), as this
value was larger than the distribution range of the various species, which for decades ago was often

unknown.

2.2 Statistical analysis

For each species, we used longitudinal cluster analysis (Den Teuling et al. 2021), based on Dynamic
Time Warping (DTW; Sarda-Espinosa 2019), to identify groups of countries with similar long-term
trends. The optimal number of clusters was identified by inspecting the silhouette index. As DTW
clustering does not allow us to compare a solution with two clusters against a solution with a single
cluster, we used a cutoff of 0.5 for the silhouette index: in case there were groups with truly
diverging long-term trends in each species, the silhouette index would have been higher than this
cutoff (for an explanation of these metrics, see Den Teuling et al. 2021).

Then, we also used the random forests algorithm (Breiman 2001) to quantify the effect of different
landscape and socio-economic dynamics on the temporal evolution of hunting bags. Wild ungulates
are generally deemed to be favored by forest cover, which can provide regular (Spitzer et al, 2020)
and pulsed (Bisi et al. 2018; Barrere et al. 2020; Touzot et al. 2020) food resources, a refuge against
human disturbance (Bonnot et al. 2013; Carbillet et al. 2020; Jasinska et al. 2021; Salvatori et al.

2023; Dupke et al. 2017), and shelter from temperatures above critical thresholds (van Beest et al.
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2012; Ewald et al. 2014; Reiner et al. 2021, 2022; Kramer et al. 2022). Therefore, we also included
changes (1975-2018) in the proportion of forested areas of each country as a covariate in the model.
The amount of forest cover in each country was obtained by combining official data from the Food
and Agriculture Organization with data from forestry inventories of the various countries.
Moreover, as some ungulate species are also affected by the availability of understory and
secondary successions (Hewison et al. 2009; Reiner et al. 2023; Vannini et al. 2021; Zong et al.
2023), we also calculated the percentage of forests that in 1975 were less than 20 years of age. This
value was obtained from Vilén et al. (2012) and aimed to identify countries subjected to intense
afforestation policies in the 1950s and the 1960s. Moreover, in Europe, forest expansion followed
agricultural land abandonment, particularly in mountainous or marginal areas (MacDonald et al.
2000; Levers et al. 2018). Therefore, we also used changes in the percentage of the population

living in rural areas (https://data.worldbank.org/indicator/SP.RUR.TOTL.ZS) and changes in the

proportion of surface that was covered by croplands

(https://data.worldbank.org/indicator/AG.LND.AGRI.ZS) in individual countries as predictors in

our model.

In most cases, rural abandonment also corresponded to a decrease in the presence of livestock in the
environment, which can compete with wild ungulates for resources and transmit infectious and
parasitic diseases (Martin et al. 2011; Chirichella et al. 2014). Therefore, we also controlled for
differences in livestock units of each country
(https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Livestock_unit_(LSU))
between 1975 and 2018.

Finally, as European countries differ in their game management systems, we also controlled
different management policies' effects on wild ungulates. Namely, following Apollonio et al. (2010)
and Putman et al. (2011), we compared countries i) with a centralized, top-down approach, where

overall hunting quotas are established by national agencies and subsequently divided across regions,
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ii) with a decentralized top-down approach, where national wildlife agencies fix overall quotas, but
their implementation is up to management districts, iii) where wildlife agencies define the
boundaries of management units, but these units are then entirely responsible for the determination
of hunting quotas, iv) countries with a “bottom-up” approach, where hunting quotas are determined
by each district and where districts could aggregate between them, and v) countries with a
“libertarian” approach, where hunting quotas are entirely up to landowners.

In random forests, we also controlled for the year of each hunting bag in each country to model
overall temporal trends, which could have been caused by unmeasured factors, such as climate
change (Mysterud et al. 2010) or numerical increase of large carnivores (Chapron et al. 2014).

In random forest modeling, we did not model either the hunting bags of moose nor those of the
chamois, as we had too few countries and, therefore, little variation in model covariates. Moreover,
our analyses did not include variables representing climatic conditions. Although climate is a key
factor affecting the population dynamics of wild ungulates (Apollonio and Chirichella 2023;
Malpeli et al. 2024), which can be represented by indexes such as the North Atlantic Oscillation
(Mysterud et al. 2003), climate conditions in Europe are not homogeneous either between, or within
countries. For example, they vary according to the latitude, elevation, or distance from the coast of
different areas. However, aggregating these gradients at the national scale would have resulted in
the so-called “ecological fallacy” and biased our findings (Salkeld and Antolin 2020).

All continuous predictors were converted to z-scores. As random forests average between multiple
regression trees, the relative importance of each predictor was measured as the decrease in node
impurities through the residual sum of squares. Statistical analyses were carried out using R (R Core

Team 2024).

3. Results
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229 Between 1975 and 2018, Europe-wide hunting bags increased for all 7 studied species of ungulates
230 (Table 1, Fig. 1). This increase was considerable and yet quite heterogeneous among countries.
231 Even when excluding particularly extreme increases (Table 1), the median increase of harvest per
232 species during the 43-year study period was as follows: European roe deer (1.97 folds), red deer
233 (10.95), wild boar (10.20), fallow deer (5.58), mouflon (14.58), northern chamois (2.27), and moose
234 (1.33), respectively. In case of wild boar, it is worth mentioning that the species was absent from
235 Sweden until its accidental introduction in the wild during the late 1970s, but in 2018 a total of
236 112,352 wild boar were harvested (Fig. 2). Moreover, in Finland, approx. 1,000 roe deer were
237 culled in 2013; in 2023/2024, this number has risen to 16,555 individuals (Ilpo Kojola, personal
238 communication).

239
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Fig. 1. Conditional effects plots, representing the evolution in the average number of harvested individuals, across the
different species, according to random forests. The number of harvested individuals was transformed to a Z-score and is

represented in terms of standard deviations, from the mean value of each country.

The only ungulates with an overall decrease in their harvests were northern chamois in Austria and
Switzerland, and moose in Lithuania (Table 1). Furthermore, in Poland, 560 moose were hunted in
1975, with harvests peaking in 1989 (1,670 individuals), but hunting was suspended in 2001 due to
the dramatic decline of the population (Bobek et al. 2005).

Longitudinal cluster analysis confirmed the pan-European, long-term increase in hunting bags.
Except for northern chamois, for which two groups of countries with clearly diverging trends
emerged, the Silhouette Index (hereinafter, SI) for a two-cluster solution was always below the
cutoff of 0.5 (Fig. 3). This indicates that clusters had poorly distinguished long-term trends, with
hunting bags in 2018 being consistently higher than those in 1975. However, the graphical
inspection of cluster centroids sometimes revealed different groups of countries concerning short-

term fluctuations or emerging differences.
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Fig. 2. Relative increase in the number of wild ungulates, across European countries (see Table 1 for detailed data in
particular countries). The relative increase indicates how larger the number of harvested individuals was in 2018,
compared to 1975. To make comparisons clearer, we omitted those countries where harvests had increased more than

25 times (see the Results section).

When considering roe deer (SI = 0.37; Fig. 3), hunting bags have decreased since the late 1990s in
Luxembourg, Norway, Switzerland, Slovenia, Sweden, and the autonomous province of Trento
(Italy). On the other hand, in the rest of Europe, after a decrease in the late 1990s, roe deer harvests
have boomed.

Harvests increased steadily across most of Europe in case of red deer (SI = 0.37; Fig. 3). However,
in Estonia, Latvia, Lithuania, Poland, Slovakia, and Slovenia, harvests of this species peaked in the

early 1990s, then decreased and subsequently increased again with a change point around 2010. In
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some Eastern European countries, these patterns might occur at different levels due to the political
changes after the collapse of socialism (1989/1990), as shown by Bragina et al. (2018).

Wild boar experienced a steady increase across most of Europe. However, the increase in wild boar
harvests was temporally lagged in Croatia, Poland, Estonia, Latvia, Lithuania, and Sweden, where it
started after 1995. Noteworthy, in Poland and Baltic countries, wild boar harvests also decreased
after 2013-2014, when an outbreak of ASF occurred in this area (Cwynar et al. 2019).

Fallow deer had even less pronounced differences in long-term trends of its harvests (SI = 0.23; Fig.
3), which increased homogeneously across Europe. Homogeneity also characterized mouflon (SI =
0.34), whose harvests also increased markedly across the 6 European countries for which we had
data. Luxembourg was the only country with a different trajectory, where harvests of mouflon
boomed in the 1990s and then dropped in 2015.

The only species characterized by well-distinguished opposite harvest trends in two groups of
countries was northern chamois (SI = 0.61; Fig. 3). Harvests increased between 1975 and the early
1990s in Austria and Switzerland, where they subsequently declined in recent years. On the other
hand, the number of harvested individuals continuously increased in France, Germany, Slovenia,
and the autonomous province of Trento (Italy).

As for moose harvests (SI = 0.44; Fig. 3), two groups of countries emerged. In Sweden, Estonia,
Latvia and Lithuania, harvests increased until the late 1980s, declined until the mid-1990s, and
increased again. Norway and Finland instead constituted a second group of countries with
somewhat different temporal dynamics. In Norway, moose harvests increased until the late 1990s,
then slightly declined. In Finland, on the other hand, harvests fluctuated highly, with two peaks, i.e.
from 1980 to the mid-1990s and from 2000 to 2010, with two sharp declines in between (Fig. S2).
Random forests predicted well hunting bags of roe deer (R* = 0.81; MSE = 0.18), red deer (R* =
0.92; MSE = 0.07), fallow deer (R* = 0.94; MSE = 0.06), wild boar (R* = 0.90; MSE = 0.09), and

mouflon (R* = 0.92; MSE = 0.08). However, random forests also revealed species-specific
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differences in the most important correlates of hunting bags (Table 2). Overall, hunting bags were
positively associated with the years within the time series, which aligns with the fact that each
species increased in the number of harvested individuals over time. The year of each hunting bag
was the most important predictor for red deer and wild boar.

However, the temporal component was not the most predictive factor for roe deer, mouflon, and
fallow deer. The change in % of forest cover of each country was the most important predictor for
roe deer and mouflon: hunting bags for these two species were much higher in those countries with
a marked increase in forest cover. The change in the percentage of the human population that lived
in rural areas was the most crucial factor predicting hunting bags in fallow deer, with peak in
countries with little rural depopulation. Other predictors seemed to have a comparatively smaller
effect (Table 2).

When comparing the trends of roe deer and red deer harvests with data from 1948 in Austria,
Denmark, Sweden, and Switzerland, we noticed that the two species exhibited two types of
connected trends. In the first case, there were years when roe deer harvests started stagnating or
declining, corresponding with a marked increase in red deer harvests. This happened in Switzerland
in 1980, Austria in the mid-1990s, and Denmark in the early 2010s. On the other hand, sometimes
the peak in roe deer harvests largely anticipated that of red deer. This was the case for Sweden,
where roe deer harvests started booming in the mid-1980s and those of red deer increased in the
2010s, and in Denmark, where roe deer harvests increased around 1980 and red deer in the early

2000s (Fig. 5).
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318 Fig. 3. Cluster centroids and dendrograms for the various species: roe deer (a), red deer (b), wild boar (c), fallow deer
319  (d), mouflon (e), northern chamois (f), moose (g). For temporal changes in moose harvests in Finland and Norway, see
320  Fig. S2. The number of harvested individuals was transformed to a Z-score and is represented in terms of standard

321  deviations, from the mean value of each country.
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4. Discussion

If we compare changes in large mammal distribution and abundance in Europe, we can appreciate a
difference between ungulates and large carnivores. Chapron et al. (2014) reported that the success
of large carnivores in Europe stemmed from coordinated legislation shared by many European
countries (e.g., Council Directive 92/43/EEC; Bern Convention), context-specific management
practices, and institutional arrangements. Instead, the general picture about wild ungulates in

Europe suggests that these species could regain a landscape that had significantly changed when
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human pressure shifted towards urbanized areas, while at the same time being intensively managed
all over the continent. Our study shows that in the last decades, the trends of European ungulates’
harvest (which is also a proxy of their abundance) increased, following socio-economic changes
associated with the shift from rural economies, characterized by low production applied to large
areas, to industrial and post-industrial economies. Indeed, according to our results, ungulates have
experienced a significant increase in abundance in Europe, with a correspondent change in
management issues like those related to the development of locally overabundant populations
(Carpio et al. 2021; Valente et al. 2020).

Many previous studies have already confirmed that human development shapes wildlife populations
(Tucker et al. 2021; Johnson et al. 2023), and in this context our approach revealed: i) marked
country-specific differences in the long-term trend of cold-adapted species, ii) country based
emerging differences for European roe deer and wild boar, iii) the complementary and sometimes
opposite temporal development for deer species with a different ecology, iv) similarities and
differences in the overall weight of environmental factors across different species or among
different population of the same species. These results can be helpful in predicting how landscape,
climate change, and emerging diseases could affect the dynamics of future wild ungulate
populations.

First, for Alpine/boreal species like northern chamois and moose, we found evident variations in the
temporal trend of their harvests between countries. In the case of northern chamois (Rupicapra
rupicapra rupicapra), while harvests increased between 1975 and the early 1990s in Austria and
Switzerland, where they subsequently declined, a permanent increase was revealed in France,
Germany, Slovenia, and autonomous province of Trento (Italy). Indeed, the future of northern
chamois conservation will further depend on several different environmental factors, with impacts
on demography and life history traits that still need to be fully clarified (Chirichella et al. 2021;

Corlatti et al. 2022). Available data and studies revealed the importance of environmental
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heterogeneity in shaping the population dynamics of wild ungulates, especially in response to
ongoing climatic and land use changes (Mason et al. 2014; Chirichella et al. 2021; Hoste et al.
2024; Reiner et al. 2021), concerning the expansion and increase of potential competitors (e.g., red
deer: Corlatti et al. 2019; Donini et al. 2021), and predators (Chapron et al. 2014; Vogt et al. 2024).
Another species with limited distribution but abundant local populations, i.e. moose, revealed
country-specific patterns in dynamics (e.g., Bobek et al. 2005; Kojola et al. 2021). These results
confirmed the importance of site-specific management/conservation issues to maintain sustainable
populations of a species susceptible to human-caused disturbance, vehicle collisions, illegal killings,
and rising temperatures (Janik et al. 2021). The best example of this is the moose population in
Poland, where it —in spite of the lowest harvest rate in Europe— has faced almost complete
extermination and where recovering populations are still limited by low environmental connectivity
(Bluhm et al. 2023).

On the other hand, although our findings highlighted a long-term increase in the harvests of roe deer
and wild boar, we also found emerging short-term differences. In the case of wild boar, some
countries experienced an average reduction in hunting bags between 2013 and 2014. This
differentiation could have been due to the impact of ASF in Poland, Estonia, Latvia, and Lithuania
(Cwynar et al. 2019), Recent data collected by the ENETWILD Consortium indicates a recovery of
wild boar populations in the Baltic countries affected by ASF since 2019/2020 (ENETWILD-
consortium, 2023; EFSA 2024). It will be interesting evaluating the effect of the impact wild boar
abundance fluctuations due to ASF on habitats and communities, included other wild ungulates
species (and their hunting and predation by large carnivores).

Another differentiation of harvest rates among countries occurred in the case of roe deer, whose
hunting bags in 5 countries have declined since a peak in the early 1990s. This decline in roe deer
harvests is likely to have been driven by changes in forest structures at the landscape scale (Fig. 4),

and locally by the recovery of large carnivores as in the case of Eurasian lynx Lynx lynx; in Sweden
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(Andrén and Liberg 2015). This point might be clarified when simultaneously considering the
harvests of roe and red deer over a long period. However, roe deer is still expanding its distribution
range in certain regions, like central and southern Iberia (Virgos and Telleria 1998). In Austria,
Denmark, Sweden, and Switzerland, where the harvest of these two species had been recorded from
1948, we noticed that the change points of the time series of the two species coincided and then
exhibited a symmetrical pattern: harvests of red deer always increased when those of roe deer
reached a plateau or even started declining (Fig. 5). Moreover, roe deer did not show an increase
comparable to that of red deer despite the steady increase of forest cover in Europe. The former is,
in fact, typical of pioneer species, linked to the early stages of forest development that provide
important resources like access to cover (Mysterud and Ostbye 1999) and high quality and diversity
forage, particularly at ecotones in proximity to open areas (Andersen et al. 1998; Said and Servanty
2005). On the contrary, red deer is more adapted to live among all different environments occupied,
in mature forests, forest-agriculture mosaics, and even in artificial conifer plantations, being a
mixed feeder with a better capacity to exploit poor quality forage (Hoffman 1989; Gordon and Prins
2019). A comparative analysis of the trends of the two species for the countries with available pre-
1975 data has shown a greater growth rate in roe deer in the pre-1975 period with a subsequent
slowdown. On the contrary, faster growth in the post-1975 period is noted for red deer, a species
able to benefit from the late successional stages of forests deriving from post-WW2 agriculture
decline (Mattioli et al. 2022). These symmetrical trends were already noticed in the Italian Alps
(Chirichella et al. 2017). Finding them in four countries indicates that similar dynamics could be
widespread across Europe and might produce a decline in roe deer populations over the next few
years. Moreover, locally, other factors like, for example, the influence of golden jackal (Canis
aureus) in the Balkans and Hungary (Bijl et al. 2024) or, in the case of the Danube and its
tributaries and in Central Europe, the increase of American liver fluke (Fascioloides magna), a non-

native liver parasite, could be important factor in the decline of roe deer (Csivincsik et al. 2023).
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This shows that multifactorial processes are influencing single ungulate species distribution and
abundance in Europe.

The increase in forest area partially contributed to explaining red deer harvest dynamics, as reported
in other studies (e.g., Heurich et al. 2015; Chirichella et al. 2017). While in the case of wild boar,
due to the ecological adaptability and invasive potential of this species, it is more difficult to find a
primary driver of expansion and increase, the changes in the percentage of area covered by
croplands were found in our study to be most important after the temporal component. Indeed,
many studies reported the effect of different drivers (i.e., climate, both harshness, and warming;
habitat, agriculture, both current diversity and possible change; large carnivore presence and
abundance; hunting management practices; supplementary feeding) as limiting or promoting factors
in shaping wild boar populations dynamics (for a review, see Melis et al. 2006 and Scandura et al.
2022).

In our analysis, the temporal component was not the most predictive factor for roe deer, mouflon,
and fallow deer. The change in the percentage of forest area was the most relevant driver for roe
deer and mouflon: hunting bags for mouflon were much higher in those countries with a marked
increase in forest cover. Moreover, the percentage of area covered by croplands was also an
important factor driving the abundance of mouflon (see Garel et al. 2022, for a review about
mouflon).

Similarly, the change in the percentage of the human population that lived in rural areas was the
most important factor in predicting hunting bags in fallow deer. As De Marinis et al. (2022)
reported, fallow deer is one of the most widespread introduced mammals in Europe as it has been
established in most European countries; if they are not present in the wild, then they are kept in
farms, reserves, or parks (Bijl and Csanyi 2022). Its distribution/density is, therefore, a direct

consequence of human activity (Bijl and Csanyi, 2022; Masseti 1996, 2002; Sykes et al. 2011).
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However, to date, the population dynamics of this species (and their drivers) have received poor

attention, especially in northern/central Europe and for free-ranging populations.

Climate shaped the distribution of European mammals (Santos et al. 2020), and its effects are

foreseen to become increasingly important (Levinsky et al. 2007). However, in this study we did not

investigate the effect of climatic factors over the population dynamics of European ungulates. This

choice was motivated by the mismatch between local climatic conditions in each country and our

country-level Nevertheless, considered that climate affects the distribution and dynamics of cold-

adapted ungulates (i.e. species with a low thermal neutral zone) (Lovari et al. 2020), as well as

those of species with a wide distribution (e.g., wild boar: Markov et al. 2022; deer species:

Apollonio and Chirichella 2023), we believe that it is important to address this gap to guide the

management of wild ungulates in European landscapes facing climate change.

Austria

- [N ©

Harvested individuals (Z-score)

o

Denmark

Y
o
IS

F0.0

0.4

(8100s-2) S[enpIAIpUl palSaAleH

T
2000

T
2020

T
1960

Fo.3

F0.0

r-0.

(a100s7) suabﬁp!/\!pu! paisenteH

o

19’60 19'80
Year Year
Sweden ‘ Switzerland
34 ;4
® P
3 LI
S, o
< ! .
> / \
i - 3
£ 14 ; -
3 : R
§ ~‘”_)-~.\ L #%4°
01 _‘/_//% h o
1960 1980 2000 2020 1960 1980 2000 2020
Year Year
Archived on EcoEvoRxiv https://doi.org/10.32942/X26642



https://doi.org/10.32942/X26642

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481
482
483
484
485

486

Fig. 5. Temporal trends of roe deer (dashed line) and red deer (solid line) harvests, between 1948 and 2018, in four
countries: Austria (top-left), Denmark (top-right), Sweden (bottom-left), and Switzerland (top-right). The number of
harvested individuals was transformed to a Z-score and is represented in terms of standard deviations, from the mean

value of each country.

5. Conclusion

A combination of reforestation, agricultural abandonment, and rural-urban migration has led to a
situation where wild ungulates are widespread across Europe. Nevertheless, the main drivers of
change differ among species, as well as between different socio-economic and environmental
contexts. Wild ungulates are hunted in virtually all parts of their distributional range, including most
protected areas (van Beeck Calkoen et al. 2020), with major differences between and within
countries. Hunting seems to be the major source of mortality in wild ungulates and therefore the
main anthropogenic driver of population density (Bassi et al. 2020; van Beeck Calkoen et al. 2023).
In this context, it is extremely important not to generalize the increase in ungulates but to consider
their local status and short-term fluctuations, to support proper management strategies for the
different species. Our findings confirm the need for long-term national and international monitoring
schemes, aiming to better understand the demography of wild ungulates (Carpio et al. 2021;
ENETWILD consortium, 2023), which is essential to implement and/or improve policies for their

science-based management and conservation.
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Fig. S1. Evolution of the Silhouette index for a growing number of temporal trends, in each species. Higher value of the

index reflects more pronounced differences between long-term trends of cluster centroids. The horizontal line represents

the cutoff value of 0.5, which is the threshold to identify clusters with different long-term trends according to Den

Teuling et al. (2021).
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818 Fig. S2. Temporal trends in harvested moose in Norway and Finland. The number of harvested individuals was

819 transformed to a Z-score and is represented in terms of standard deviations, from the mean value of each country.
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Tables

Table 1. Number of harvested individuals, for each species per country, in 1975 and 2018 (- = no data or not considered; / = no presence). For fallow

deer, data started in 1985. For moose in Poland, data were not considered as hunting was suspended in 2001. We also did not consider wild boar in

Sweden, whose population originated from a reintroduction in the late 1970s and was not hunted for years.

Species/year [Roe deer Red deer (Wild boar Fallow deer Mouflon Northern chamois |[Moose
Country 1975 2018 1975 2018 1975 2018 1985 2018 1975 2018 1975 2018 1975  [2018
IAustria 208,886 284,916 44,598 54977 4,355 30,542 - - - - 21,953 20,685
Croatia 4,204 16,160 1,674 3,933 2,418 29,599 - 971 - 497 12 87
Denmark 36,044 93,477 1,130 9,745 - - 1,901 9,537 - -
Estonia 16,390 24,146 5 2,757 4,977 4,761 - - - - 5,441 [7,163
Finland - - - - / - - - - 12,285 (58,190
France 59,426 586,464 6,709 65,275 45,830 747,367 217 1,331 191 2,784 2,815 12,407
Germany 787,806 1,206,445 44,517 77,212 120,831 599,862 24,127 65,226 1,869 7,214 2,131 14,843
Hungary 54,337 119,287 16,642 65,040 14,050 159,855 3,394 15,949 583 4,412
Italy (Trento) 2,119 4,185 9 2,287 - - 2 270 541 2,985
Latvia 10,086 27,422 882 17,825 7,535 15,238 - - - - 5,583  [7,474
Lithuania 10,400 28,931 405 7,876 9,690 18,016 / 3,270  [2,317
Luxembourg 4,493 7,016 131 426 972 7,777 - - b 119
Norway 5,240 29,520 3,807 143,800 / 10,218  [30,600
Poland 47,100 210,133 10,200 95,365 40,400 266,047 - - - - - - - -
Slovakia 16,557 25,856 10,993 42,937 13,696 41,723 718 14,677 461 5,544 - - - -
Slovenia 19,969 30,875 1,600 6,268 1,257 8,250 70 275 50 1459 1,625 2,212
Spain - - 11,843 144,134 19,038 373,225 - - - -
Sweden 61,349 99,165 138 11,267 - 112,352 2,849 50,449 - - 51,544 (83,059
Switzerland 39,377 42,389 3,552 12,081 489 6,997 - - 13,358 11,192
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828

829
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831

832

833

834

Table 2. Relative importance of the various predictors, expressed as the decrease in node impurities through the residual sum of squares. This value

tells how well trees can split variables (the higher the better).

Changes in % of area

Changes in livestock

Changes in

%

of]

Changes in % of area

% of forests which|

Year covered by forests density Ic) gEr]jtl:;ls(i)tl:lle Meovered by croplands {?sc; 12r? 1267‘3;5 of age orManagement regime
Roe deer 0.19 0.65 0.07 0.12 0.12 0.13 0.04
Red deer 0.58 0.16 0.03 0.05 0.06 0.01 0.01
'Wild boar 0.45 0.06 0.02 0.01 0.15 0.01 0.01
Fallow deer 0.22 0.03 0.01 0.33 0.08 0.01 0.01
Mouflon 0.14 0.26 0.01 0.04 0.17 0.00 0.00

40



	Ievads
	1. Meža cūku populācijas struktūras un blīvuma savstarpējā atkarība
	1.1. Metodika
	1.2. Rezultāti
	Individuālo un dzinējmedību salīdzinājums
	Meža cūku mātīšu indekss
	Meža cūku populāciju struktūras salīdzinājums teritorijās ar atšķirīgu populācijas blīvumu starp kameru datiem un nomedīto dzīvnieku datiem


	2. Kritēriji teritorijas klasificēšanai par platību, kurā populācijas blīvums nepārsniedz 1,5 meža cūkas uz 1000 ha
	2.1. Metodika
	2.2. Rezultāti
	Pievilināšana ar ēsmu (Baiting at camera trap sites)
	Mednieku iesaiste novērojumos
	Attālumu reģistrēšana (Distance sampling)
	Uzskaite ar izdzīšanu (Drive counts)
	Pēdu uzskaite (Track surveys)
	Nejaušas sastapšanās un uzturēšanās ilguma modelis (Random Encounter and Staying Time (REST) model)
	Darba drošības un dzīvnieku aizsardzības (labbūtības) prasības
	Izpildes plāns
	Izmaksu aplēse

	2.3. Kritēriju izstrādei izmantotā literatūra

	3. Uzskaites atbilstības pārbaude dabā izmēģinājuma teritorijās pēc meža cūku skaita samazināšanas līdz pieļaujamajam populācijas blīvumam
	3.1. Metodika
	3.2. Rezultāti

	4. Meža cūku populācijas blīvuma un ĀCM epidemioloģisko datu analīze
	4.1. Metodika
	Meža cūku skaits, blīvums un saslimstība ar ĀCM

	4.2. Rezultāti

	5. Manuskriptu sagatavošana publicēšanai SCOPUS līmeņa zinātniskā izdevumā
	Sagatavots ziņojums 12. Baltijas Terioloģijas konferencei
	Līdzautora statuss starptautiskas publikācijas 1. manuskriptam
	Līdzautoru statuss starptautiskas publikācijas 2. manuskriptam


