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Pétijumu objektu abiotisko un biotisko faktoru potencialas ietekmes uz mezaudzeém

noverteésanai un izplatibas vairakkartéjai noteikSanai apraksts

KOPSAVILKUMS

Pastavigajos parauglaukumos trijas Latvijas vietas, veicot regularu nobiru un augsnes
mitruma, ka ari meteorologisko apstak]u monitoringu, ievakti dati So raditaju savstarpgjas
saiknes novértéSanai. Konstatéts, ka gan virs§jo nobiru slapa mitrums, kas norada uz
aizdegSanas iespgju, gan dalgji sadalijusos nobiru slapa mitrums, kas raksturo potencialo
deg8anas intensitati, viscieSak koreleé ar Kanadas uguns laika apstaklu indeksu (FWI), tadg] to
rekomend&jams izmantot ugunsbistamibas raksturoSanai. Prognozes liecina, ka klimata
izmainu ietekm@ pieaugs gan vidgjais dienu skaits sezona ar seviski augstu ugunsbistamibu
(FWI>17), gan gadu skaits, kad sadas vertibas tiks sasniegtas.

Petijuma prognozetas ne tikai abiotisko, bet ar1 biotisko faktoru ietekmes izmainas
klimata izmainu rezultata. Ta, analiz§jot 25 agresivako dendrofago kukainu sugu savairoSanas
vestures teritorijas, kuru klimats Iidzigs Latvija nakotn& prognoz&tajam (Centraleiropa), un uz
vesturisko novérojumu pamata, kas veikti pastavigos un Tslaicigos parauglaukumos,
izstradajot to savairoSanas prognozes, konstatéts, ka visam apskata ietvertajam sugam
sagaidams to ietekm&to meZa platibu pieaugums, turklat vairuma gadijumu fikséta tendence ir
statistiski biitiska. Atseviskos gadijumos savairoSanas tendences ir saistitas ar konkr&tiem
meteorologiskajiem faktoriem, pieméram, Ips typographus ietekmétajai platibai konkrétaja
gada ir pozitiva korelacija ar iepriek§€jas sezonas vid€jo gaisa temperatiiru augusta. Nemot
vera, ka priedei un eglei Latvija ir liels meza platibu ipatsvars un tam raksturigs salidzinosi
augsts kopgjais un specifisko dendrofagu sugu skaits, lielakais kaitéklu savairo$anas risks

prognoze€jams tiesi skujkoku audzes.
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levads
Peétijumu objektu abiotisko un biotisko faktoru potencialas ietekmes uz mezaudzém
novertésanai apraksta ietverta informacija ir apkopojums par visa projekta aktivitates izpildes
laika ierikotajiem objektiem (veiktajiem pe@tijumiem). Lai novérStu dubléSanos ar citos §is
aktivitates parskatos ietverto informaciju, kur objekti aprakstiti konteksta ar tajos iegiitajiem
rezultatiem, ka ari, lai sniegtu prieksstatu par izveidoto pétijumu objektu pielietojamibu, Saja
parskata ietverta informacija par:
a) vienu abiotisko faktoru — degmateriala mitruma analizi (informacijas par sasalstosa
lietus un v&ja bojajumiem ir citos $is aktivitates parskatos);
b) vienu biotisko faktoru — dendrofago kukainu savairo$anas iesp&ju analizi (informacija
par slimibu, ka arT invazivo sugu un specifiski eglu brunuts un ar to saistito sekundaro

kaiteklu bojajumiem jau ietverta citos $is aktivitates parskatos).

Petijuma objekti aprakstiti konteksta ar tajos iegiitajiem rezultatiem, demonstr&jot to

praktisko nozimi, ka art nodroSinot informaciju par projekta aktivitaté sasniegto.



1. Degmateriala mitruma

prognozes

analize

un ugunsbistamibas

izmainu

Meteorologisko apstaklu ietekme uz degmateriala un augsnes mitruma izmainam

Aprakstiti vairaki ugunsbistamibas indikatori, kuri izmantoti meza zemsegas un augsnes

organiska slana mitruma raksturosanai.

Nesterova indekss (NI)

Lidz Sim Latvija ugunsbistamibas

novertejumam

izmantots 1968.gada PSRS

Hidrometeocentra izstradatais kompleksais ugunsbistamibas raditajs, kurs§ ir parveidots agrak
izmantotais Nesterova 1939.gada izstradatais ugunsbistamibas indekss. Daudzviet pasaulé So

parveidoto indeksu dévé par Nesterova indeksu (NI). Nestrova indeksa vertibu nosaka 3

raditaji — temperatiira, rasas punkta temperatiira un nokri$nu daudzums ieprieksgja diennakti.

NI =¥ T * (T; — D)
kur:

NI = Nesterova indekss,

W = dienu skaits kops lietus >3mm;

Ti = i-tas dienas pusdienas laika t (°C);

D; = i-tas dienas rasas punkta t (°C).

(1)

Atbilstosi oficialajai metodikai, Nesterova indeksu sak uzskaitit pavasari péc sniega

nokuSanas, kad temperatiira paaugstinas Vvirs 0°C, un turpina summét, lidz nokrisnu

daudzums diennakts laika parsniedz 3 mm. Ja lietus daudzums parsniedz 3 mm diennakfti,

Nesterova indeksa vertibu pienem ka atbilstoSu 0. Beidz skaitit rudent, kad T<0 °C.

Meteorologisko apstaklu noteikta ugunsbistamiba dalita 1.1.tabula aprakstitajas klases.

1.1.tabula

Meza ugunsbistamibas kompleksa raditaja klases (Roga, 1979)

y - - Meza ugunsbistamiba
Meza ugunsbistamibas ——
Klase Vasaras pirma puse Vasaras otra puse
(vV,V,VI) (VILVIIILIX)
I klase (0-300) zema nav
Il klase (301-1000) vid&ja zema
111 klase (1001-4000) augsta vidgja
IV klase (4001-1000) seviski augsta augsta
V klase (10000<) arkartgja seviski augsta
arkartgja, ja 15000<




Modificétais Nesterova indekss (MNI)

Modific@tais Nesterova indekss izteikts ar sekojosu sakaribu:

MNI = K Y2, Ty = (T; — D;) (2)

kur:

MNI = Modificétais Nesterova indekss;

W = dienu skaits kops lietus>19 mm;

Ti = i-tas dienas pusdienas laika t (°C);

Di = i-tas dienas rasas punkta t (°C).

K —vértibas no 1.2.tabulas, kuras ir atkarigas no lietus daudzuma iepriekséja diena.

1.2.tabula

Koeficienta K vértibas

Nokrisni (mm) | O 0,1-09 |1,0-29 |3,0-59 |6,0-149 |15,0-19,0 |>19
K 1 0,8 0,6 0,4 0,2 0,1 0

Meza ugunsgréka riska Itmeni atkariba no modificéta Nesterova indeksa paraditi 1.3. tabula.

1.3.tabula
MeZa ugunsgréka risks atkariba no modificéta Nesterova indeksa
Uguns riska Itmenis Modificetais Nesterova indekss Meza ugunsgréeka risks
| 100 — 1000 loti zems
I 1001 — 2500 zems
I 2501 -5 000 vidgjs
v 5001-10000 augsts
\Y > 10 000 ekstréms

Modificétais Portugales indekss (MPI)

Modificetais Portugales indekss, kas veidots uz Nesterova indeksa pamata, izteikts ar
sekojosu sakaribu:

Pl = r S 1(k) + T; + (T; — Dy) 3)

kur:

PI = Portugales indekss;

Ti = i-tas dienas pusdienas laika t (°C);

D; = i-tas dienas rasas punkta t (°C).

r — koeficients (1.4. tab.) atkariba no nokrisnu daudzuma iepriekseja diena (k).



Koeficienta r vértibas

1.4.tabula

Nokrisni (mm) 0-1 1-2 2-3 3-4

4-10

<10

r

1 0,8 0,6 0,4 0,2

0,1

Kanadas uguns laika apstakiu indekss (FWI)

Virkne pétijumu liecina, ka Z@iSanas process ir atkarigs ari no citiem meteorologiskajiem

raditajiem, pieméram, v€ja atruma, ka arl no degmateriala (ar to saprotot dazada lieluma

organiskas dalas gan augsng, gan uz tas, pieméram, nobiras) ipas§ibam (blivuma, novietojuma,

sakotn&ja mitruma u.c.).

Pitckett, 1985) aprékina, izmantojot sekojosus apaksindeksus:

Smalko degmaterialu mitruma kods (Fine fuel moisture code (FFMC));
Nobiru mitruma kods (Duff moisture code (DMC));

Sausuma kods (Drought code (DC));

Sakotngjas izplatisanas indekss (Initial spread index (ISI));

Attistibas indekss (Build up index (BUI)).

Kanadas uguns laika apstaklu indeksu (Canadian Fire Weather index (FWI) (Wagner,

Katrs no augstak minétajiem kodiem un indeksiem tiek aprékinats, balstoties uz

nokri$nu daudzumu ieprieksgja perioda, pusdienas laika temperatiru, relativo mitrumu, véja

atrumu (FFMC), ka ar1 nemot véra saules (dienas garuma) ietekmi (DMC, DC). Kodu un

indeksu aprékinaSana tiek izmantota vienadojumu sistéma, kas raksturo ZuSanas un

samitrinasanas procesu atseviSski smalkajam degmaterialam (FFMC), nobiram (DMC) un

zemakajos augsnes organiskajos slanos (DC). Vienadojumi aprakstiti, pieméram, Wagner un
Pickett (1985).

FEMC Smalko degmaterialu mitruma kods

Parametri:

TEMP ir 12:00 vietgja standartlaika temperattira, °C;

RH ir 12:00 vietgja standartlaika relativais mitrums, %;

WIND ir 12:00 vietgja standartlaika v&ja atrums, km ha™;

RAIN ir 24 stundu akumul@tais nokri$nu daudzums (mm) 12:00 péc vietéja standartlaika;
FFMCo ir ieprieksgjas dienas FFMC.




Mo = 147,2 * (101 - FFMCPrev) / (59,5 + FFMCPrev) (1)
ja (RAIN > 0,5) tad
rf = RAIN - 0,5 (2)
ja (Mo <= 150) tad
Mr =Mo + 42,5 * rf * (Exp(-100 / (251 - Mo0))) * (1 - Exp(-6,93 / rf)) (3a)
Citadi
Mr = Mo + 425 * rf * (Exp(-100 / (251 - Mo))) * (1 - Exp(-6,93 / rf)) +0,0015 * (Mo -
150#) ~ 2 * (rf) ~ (0,5) (3b)
ja (Mr > 250) tad
Mr = 250
Mo = Mr
Ed = 0,942 * (RH) ~ (0,679) +11 * Exp((RH - 100) / 10) + 0,18 * (21,1 - TEMP) * (1 - Exp(-
0,115 * RH)) (4)
ja (Mo > Ed) tad
ko=0,424* (1 - (RH/100)~1,7) + 0,0694 * (WIND) ~ (0,5) * (1 - (RH / 100) " 8) (6a)
kd = ko * 0,581 * Exp(0,0365 * TEMP) (6b)
m = Ed + (Mo - Ed) * (10) " (-kd) (8)
citadi
Ew = 0,618 * (RH) ~ (0,753) +10 * Exp((RH - 100) / 10) + 0,18 * (21,1 - TEMP) * (1 -
Exp(-0,115*RH))  (5)
ja (Mo < Ew) tad
kl = 0,424 * (1 - ((100 - RH) / 100) ~ 1,7) + 0,0694 * (WIND) ~ 0,5 * (1 - ((100 - RH) /
100#) " 8) (7a)

kw =kl * 0,581 * Exp(0,0365 * TEMP)  (7b)

m = Ew - (Ew - Mo) * (10) " (-kw) 9)

citadi

m = Mo

FFMC = 59,5 * (250 - m) / (147,2 + m) (10)



DMC Nobiru mitruma kods

Parametri:

TEMP ir 12:00 vietgja standartlaika temperatira, °C;

RH ir 12:00 vietgja standartlaika relativais mitrums, %;
RAIN ir 24 stundu akumul@tais nokri$nu daudzums (mm) 12:00 péc vietéja standartlaika;
DMCo ir ieprieksgjas dienas DMC;

LAT ir vietas geografiska platuma gradi;

MONTH ir gada ménesa kartas skaitlis (1..12).

ja (RAIN > 1,5) tad re = 0,92 * RAIN - 1,27 (11)
Mo = 20 + Exp(5,6348 - DMCPrev / 43,43) (12)
ja (DMCPrev <= 33) tad

B =100/(0,5+ 0,3 * DMCPrev) (13a)
citadi

ja (DMCPrev <= 65) tad

B=14-1,3* (Log(DMCPrev)) (13b)

citadi

B =6,2* Log(DMCPrev) - 17,2 (13c)

Mr = Mo + 1000 * re / (48,77 + B * re) (14)
Pr=244,72 - 43,43 * Log(Mr - 20) (15)

If (Pr > 0) tad

DMCPrev = Pr

citadi

DMCPrev =0

ja (TEMP > -1,1) tad

DI = DayLength(LAT, MONTH)

K =1,894* (TEMP + 1,1) * (100 - RH) * DI * 0,000001
citadi

K=0

DMC = DMCPrev + 100 * K a7



DC Sausuma kods

Parametri:

TEMP ir 12:00 vietgja standartlaika temperatira, °C;
RAIN ir 24 stundu akumulétais nokris$nu daudzums (mm) 12:00 p&c vietéja standartlaika;
LAT ir vietas geografiska platuma gradi;

MONTH ir gada ménesa kartas skaitlis (1..12);

* DCo ir ieprieksgjas dienas DC.

ja (RAIN > 2,8) tad

rd = 0,83 * (RAIN) - 1,27 (18)

Qo =800 * Exp(-DCPrev / 400) (19)
Qr=Qo0 + 3,937 * rd (20)

Dr =400 * Log(800 / Qr) (21)

ja (Dr > 0) tad

DCPrev = Dr

citadi

DCPrev =0

Lf = DayLengthFactor(LAT, MONTH - 1)

ja (TEMP >-28)tad V =0,36 * (TEMP + 2,8) + Lf (22)
citadi V=Lf

ja(V<0)tadV=0

D =DCPrev+05*V (23)
DC=D

ISI Sakotnéjas izplatisanas indekss

Parametri:

WIND ir 12:00 vietgja standartlaika v&ja atrums, km ha™;

FFMC ir kartgjas dienas FFMC.

fWIND = Exp(0,05039 * WIND)  (24)

m =147,2 * (101 - FFMC) / (59,5 + FFMC) (1)

fF =91,9 * Exp(-0,1386 * m) * (1# + (m) ~ 5,31 / 49300000) (25)
ISI =0,208 * fWIND *fF  (26)



BUI Attistibas indekss

Parametri:

DMC ir kartgjas dienas DMC;

DC ir kartgjas dienas DC.

Ja (DMC <=0,4 * DC) tad

Uu=08*DMC*DC/(DMC +0,4*DC) (27a)

citadi

U=DMC-(1-0,8*DC/(DMC + 0,4 *DC)) * (0,92 + (0,0114 * DMC) ~ 1,7) (27b)
BUI=U

FWI uguns laika apstakju indekss
Parametri:
* ISI ir kartgjas dienas ISI;
BUI ir kartgjas dienas BUI.
ja (BUI <=80) tad
fD = 0,626 * (BUI) ~ 0,809 + 2 (28a)
citadi
fD = 1000/ (25 + 108,64 * Exp(-0,023 * BUI)) (28b)
B=01*ISI*fD (29)
ja(B>1)tad
S = Exp(2,72 * (0,434 * Log(B)) " 0,647) (30a)

citadi S=B (30Db)

FWI =S

LfN = Array(-1,6, -1,6, -1,6, 0,9, 3,8,5,8, 6,4, 5, 2,4, 0,4, -1,6, -1,6)

Smalko degmaterialu veido maz sadalijusas zaru, lapu u.c. organiskas atliekas (litter).

Nobiru mitruma kods raksturo vidgji Iidz gandriz pilnigi sadalijusos lapu, skuju, smalko
zarinu un citu organisko materialu, kas atrodas starp smalko degmaterialu un mineralas
augsnes slani 2-5 cm dziluma.

Sausuma kods raksturo nobiru/humusa/kidras slani 5-10 cm dziluma.
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Ugunsbistamibu raksturojoso indikatoru saikne ar degmateriala un augsnes mitruma
izmainam

Lauka materials ievakts 2012. un 2013. gada pé&tijumu objektos 3 dazadas Latvijas
vietas — Piejiiras zemiené (Mazirbe), Ventaszemé (Ugale) un Austrumzemgalé (Vecumnieki),
ka ar1 2014.gada Ventaszemé (Ugale).

Meteorologiskie raditaji noveértéti, izmantojot parvietojamas meteostacijas Vantage
Pro2, kuras uzstaditas atklata vieta (vismaz 100 m attaluma no dabiskiem vai maksligiem
SkerSliem). Ieguti sekojosi meteorologiskie raditaji: gaisa temperatiira, relativais mitrums,
véja atrums (10 m augstuma), nokrisnu (lietus) daudzums.

Audzes izv€letas atbilstosi sekojoSiem nosacijumiem:

1) atrodas ne talak par 2,5 km (pa gaisa liniju) no meteostacijas;
2) parstav dazadus meza tipus un dazadas ugunsbistamibas klases, valdos$a suga priede,
egle, bérzs, apse.
Atbilstosi MK noteikumiem (1." pielikums Ministru kabineta 2004.gada 17.februara noteikumiem Nr.82).

audzes péc to ugunsbistamibas tiek iedalitas 5 klas€s (1.5.tab.).

1.5.tabula
Mezaudzu un izcirtumu iedalijums ugunsbistamibas klas€s

(izvilkums no Pielikuma MK 10.06.2008. noteikumu Nr.422 redakcija)

Nr.p.k. Ugunsbistamibas klase Mezaudzes vai izcirtuma apraksts

1. I klase —  ugunsbistamibalPar 40 gadiem jaunakas skuju koku audzes visos meza augSanas
paaugstinata apstaklu tipos un lauksaimniecibas zemés ieaudzetie skuju koku
plantaciju mezi. Lauksaimniecibas zemes ieaudzetie lapu koku
plantaciju mezi, kas jaunaki par 10 gadiem. Mezaudzes un izcirtumi
sila un grint

2. Il klase —ugunsbistamiba augsta [MeZaudzes un izcirtumi 1ana, métraja, virSu areni un virSu kadreni
3. I11 klase —ugunsbistamiba vidéja [MeZaudzes un izcirtumi damaksni, Saurlapu areni, métru areni,
Saurlapu kiidrent un métru kiidrent
4. IV klase —ugunsbistamiba zema [MeZzaudzes un izcirtumi veri, garsa, slapja métraja, slapja damaksni,
slapja veri, slapja garsa, platlapju kiidrent un platlapju arent
5. V/  klase —ugunsbistamiba  |oti{Mezaudzes un izcirtumi purvaja, niedraja, dumbraja un liekna
zema

P&tijumu objektu sadalijums pa ugunsbistamibas klaseém un valdoSajam sugam atspogulots

1.6.tabula, bet sadalijums pa meza tipiem un ugunsbistamibas klasém 1.7.tabula.
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1.6.tabula

Parauglaukumu skaits sadalijuma pa ugunsbistamibas klasém un valdosajam sugam

. Ugunsbistamibas klase _

Valdosa suga T A i [ v v ko
Priede 3 4 6 5 3 12 3 2 38
Egle 4 5 3 12
Beérzs 2 7 1 10
Apse 1 1
Izcirtums 1 2 4 1 8
Kopa 3 4 13 5 5 28 9 2 69

* 1.skaitlis — ugunsbistamibas klase péc MK noteikumiem (02.17.2004. Nr.82), 2.skaitlis — ugunsbistamibas
klase pec MK noteikumos noraditas meza tipu klasifikacijas.

1.7.tabula
Parauglaukumu skaits sadaltfjuma pa ugunsbistamibas klas€m un meza tipiem
MeZa tips Ugunsbistamibas klase Kopi
I 111* 1711 11V I i v \
As 6 10 16
Dm 3 9 12
Dms 3 2 5
Km 2 3 5
Ks 2 6 8
Mr 4 5 9
Mrs 2 2 4
Nd 2 2
Sl 3 3
Vr 5 5
Kopa 3 4 13 5 5 28 9 2 69

* 1.skaitlis — ugunsbistamibas klase peéc MK noteikumiem (02.17.2004. Nr.82), 2.skaitlis — ugunsbistamibas
klase pec MK noteikumos noraditas meza tipu klasifikacijas.

Parauglaukumos novertets:

1) augsnes mitrums, izmantojot augsnes mitruma méritaju (Soil moisture meter), katra

uzmériSanas reiz€ parauglaukuma vismaz 2 vietas. Katra parauglaukuma novert€jums

veikts vismaz 10 (10-15) reizes sezona 2012.gada, 18 (16-22) reizes sezona 2013.gada

un 10 reizes (ne visos pétijuma objektos) 2014. gada
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2) nobiru un zemsegas mitrums, izmantojot DMM600 (Duff moisture meter)
CAMPBELL SCIENTIFIC atbilstosi rokasgramata noraditajai metodikai. Mitrums
meérits augsnes virskarta 0-2 cm (ieskaitot nesadaliju$as nobiras), 2-5cm dziluma
(dalgji sadalijuSos nobiru slanis) un 5-10 cm dziluma (humusa slanis jeb ,,triidzemes”).
Merijumi katra parauglaukuma katra mériSanas diena veikti vismaz 2 atkartojumos.
Merijumi veikti katra objekta 4-5 reizes sezona.

3) ieprieksgja gada nozagétu koksnes paraugu (priedes stumbra nogrieznis bez mizas
apméram Im garuma, ar caurméru 6-8 cm) mitrums, izmantojot koksnes mitruma
méritaju Wood Moisture meter T500. Koksnes paraugi novietoti uz zemsedzes
parauglaukuma centra tuvuma. Merfjumi veikti 11-15 reizes sezona 2012.gada un 17

(16-20) reizes sezona 2013.gada.

Vidgjais augsnes virskartas mitrums atSkiras dazadas ugunsbistamibas klases.
Mezaudzgs sila un jaunaudz€s 1ana, metraja, virSu arent un virSu kiidrenT augsnes virskartas
mitrums ir butiski zemaks neka pargjas ugunsbistamibas klas€s. Savukart skujkoku
jaunaudzes III un IV ugunsbistamibas klases meza tipos augsnes virskartas mitrums ir lidzigs
II un IV ugunsbistamibas klases meza tipu mitrumam, nevis I ugunsbistamibas klases
mitrumam (1.8.tab., 1.1.att.).

1.8.tabula
Vidgjais augsnes virskartas mitrums pa ménesiem un ugunsbistamibas klasem 2012.,

2013.gada (%)

. Ugunsbistamibas klase ..
Menesis |/|g]l|l v T v v | Ve
Aprilis 214 | 26,2 | 69,6 | 66,9 | 345 | 645 | 744 | 36,5 | 57,3
Maijs 11,8 | 17,9 | 51,7 | 57,4 | 39.4 | 48,1 | 665 | 77.9 | 478
Janijs 74 | 159 | 50,0 | 431|308 | 381 | 47,6 |554 | 385
Talijs 125 | 15,7 | 35,7 | 39,9 | 22,9 | 32,4 | 46,0 | 49,1 | 324

Augusts 11,9 | 18,6 | 39,9 | 55,8 | 27,8 | 34,7 | 50,0 | 55,4 | 36,8
Septembris | 11,2 | 15,2 | 40,2 | 42,3 | 26,6 | 32,4 | 45,4 | 75,4 | 33,8
Oktobris 20,6 | 22,6 | 33,2394 |24,1|36,6 | 448|444 | 344
Vidgji 115 | 17,2 | 43,6 | 48,2 29,1 | 37,7 51,4 |56,6 | 381
* 1.skaitlis — ugunsbistamibas klase peéc MK noteikumiem (02.17.2004. Nr.82), 2.skaitlis — ugunsbistamibas
klase pec MK noteikumos noraditas meza tipu klasifikacijas.

13



W aprilis

® maijs

| jlnijs

| julijs

H augusts

m septembris
= oktobris

| e e v Il 11| v \%
Ugunsbistamibas klase

Ugunsbistamibas klase: 1.skaitlis — ugunsbistamibas klase péc MK noteikumiem (02.17.2004. Nr.82), 2.skaitlis
— ugunsbistamibas klase pec MK noteikumos noraditas meza tipu klasifikacijas.
1.1.att€ls. Augsnes virskartas mitrums (%) dazadas ugunsbistamibas parauglaukumos 2012.

un 2013.gada.

Izmantojot gan 2012.gada, gan 2013.gada datus, konstatéts, ka abos gados I un I/II
ugunsbistamibas klases parauglaukumos augsnes mitrums ir biitiski (p<0,001) zemaks neka
pargjas ugunsbistamibas klas€s (dispersijas analize, veicot gradacijas klasu salidzinasanu,
izmantots Tjukija tests (Tukey HSD)). Izmantojot apvienotos 2012., 2013., 2014.g. datus,
konstatéts, ka butiski mazaks augsnes mitrums ir I un I/Il ugunsbistamibas klases
parauglaukumos, savukart, I/IIl un III, ka ari I/IV un IV ugunsbistamibas klases
parauglaukumos konstatéts 1idzigs augsnes mitrums (1.9.tab.).

1.9.tabula

Augsnes mitrums dazadas ugunsbistamibas klasu audzés (p<0,05; Tjukija tests)

- Homogena apakskopa
Ugunsbistamibas klase N 1 > 3 n 5 5
I 184 11,5
11l 237 17,2
I 222 29,2
Il 1200 37,7
/1 576 43,6 | 43,6
11V 299 48,2 | 48,2
v 363 51,4 | 514
\Y 76 56,6
p-vertiba 0,07 1,0 0,07 | 0,28 | 0,73 | 0,16
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Salidzinot mitruma daudzumu dazados dzilumos (virs€jais nobiru slanis, dal&ji

sadalfjusos nobiru slanis 2-5cm dziluma un vidgja ,tridzeme” 5-10 cm dziluma), gan
2012.gada, gan 2013. un 2014. gada, var konstatet lidzigas sakaribas: I un II klasé mitruma
daudzums ir mazaks neka par€jas ugunsbistamibas klases, bet III un IV ugunsbistamibas
klases meza tipos ari skujkoku jaunaudzes nobiru un humusa slana mitrums ir lidzigaks
kategorijai, kura noteikta atbilsto$i meza tipam, nevis I klases ugunsbistamibas meza tipiem

(1.2.att., 1.10.tab.).

1.10.tabula
Vidgjais nobiru, dal&ji sadalijuSos nobiru un tridzemes slana mitrums
(2012.,2013., 2014.gada mérijumu apkopojums)
Ménosis Ugunsbistamibas klase Vidgji
I I/11 /11 111V I i v \Y
Vidgjais nobiru slaga mitrums, %
Aprilis 88 |10,0 [158 |21,8 12,1 | 23,0 |[13,7 |153
Maijs 66 |75 |[14.2 155 |82 126 |26,1 483 |139
Junijs 58 (98 |219 (172 |166 |128 |192 |268 |[155
Jalijs 10,1 | 106 | 169 |239 |99 149 19,4 26,0 |16,0
Augusts 17,2 | 17,2 | 23,7 |354 |200 |176 |270 |439 |227
Septembris | 1855 | 9,9 | 245 |[298 |285 |148 |278 18,9
Oktobris 36,3 (388 |423 47,7 |36,7 |358 |38,7 |560 |[403
Vidgji 11,2 | 12,0 |198 |248 |141 |149 |235 |334 |17,7
Vidgjais dalgji sadalijusos nobiru slana mitrums, %
Aprilis 238 | 26,7| 411 | 473 31,1 423| 503| 37,2
Maijs 18,2 159 | 345| 389| 219| 29,7| 515| 56,7| 315
Jinijs 136 | 184 | 368 | 362| 181| 245| 369| 418 | 287
Jalijs 209 20,1| 324| 379| 191| 261, 362| 46,8 28,7
Augusts 22,0 | 24,6 336 | 446 25,9 25,6 | 42,2 49,1 | 31,5
Septembris | 196 | 202| 368| 373| 338| 215| 333 26,1
Oktobris 39,7| 36,5| 40,7| 475| 293| 37,1| 482| 557 | 404
Vidgji 199 | 208| 345| 404| 220| 264| 412 | 480]| 304
Vidgjais tridzemes slana mitrums, %
Aprilis 381 | 285| 494 | 5172 41,71 56,0 | 59,7| 458
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b)

Maijs 253 | 275| 438| 474| 371 409| 56,0 59,1| 41,9
Junijs 18,1 248 | 42;7| 439| 273| 313| 484 | 515| 36,6
Jalijs 20,0 | 216| 38,1| 463| 288| 326| 454 | 542| 351
Augusts 230 271| 40,2| 474| 299| 313| 519| 56,9| 36,7
Septembris | 90| 281| 38,7 | 46,2 350| 221| 453 30,6
Oktobris 140| 275| 39,2| 458 | 272| 332| 480| 583| 368
Videji 218 | 253| 410| 46,7 31,1 335| 502| 555| 374
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c)
1.2.attels. Vid&jais nobiru slana mitrums (a); vid€jais dalgji sadalijusos nobiru slana mitrums

(b) un vidgjais tridzemes slana mitrums (C).

Veicot vienfaktora dispersijas analizi, konstat€ts, ka pastav statistiski biitiskas atskiribas
starp nobiru slana mitrumu dazadas ugunsbistamibas klas€s (p<0,001), un, izmantojot Tjukija

testu, konstatéts, ka butiskas atskiribas ir starp V klasi un I, I/II, 11, IIT klasém (1.11.tab.).

1.11.tabula

Virs€ja nobiru slana mitrums dazadas ugunsbistamibas klasu audzgs (p<0,05; Tjukija tests)

Homoggéna apakskopa

Ugunsbistamibas klase N
1 2 3 4
| 110 11,1879
11 145 12,0230

Il 91 14,1355 | 14,1355
11 442 14,9238 | 14,9238

17111 265 19,7648 | 19,7648

v 118 23,4520

Y 198 24,8232

\Y 29 33,3793
p-vertiba 0,606 0,111 0,211 1,000
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Dalgji sadalijusSos nobiru slana mitrums starp I, VI, I, [l un /I, VIV, IV, V
ugunsbistamibas klasém atskiras butiski (1.12.tab.).
1.12.tabula
Dalgji sadalijusos nobiru slana mitrums dazadas ugunsbistamibas klasu audzes

(p<0,05; Tjukija tests)

Homogena apakskopa
Ugunsbistamibas klase N
1 2 3 4 5
| 98 19,9
11 132 20,8 20,9
1 90 22,0 22,0
1l 416 26,4
/11 255 34,5
Inv 198 40,4
v 104 41,2
\% 29 48,0
p -vertiba 0,95 0,07 | 1,00 | 1,00 | 1,00

Tridzemes slana mitrums starp I, I/IT un II, IIT I/IIL, I/TV, IV, V klasém atskiras butiski
(1.13.tab.).

1.13.tabula
Trudzemes slana mitrums dazadas ugunsbistamibas klasu audzés (p<0,05; Tjukija tests)
Homogéna apakSkopa
Ugunsbistamibas klase N
1 2 3 4 5

I 67 21,8
| 104 | 25,3
I 87 31,1
Il 379 33,6
/111 251 41,0
v 184 46,7 | 46,7
v 90 50,2 | 50,2
\Y 29 55,5
p-vertiba 0,56 | 0,89 | 0,05 | 0,54 | 0,09

2012., 2013. un 2014. gada, NI mainoties no 0 lidz 3966, augsnes virskartas mitruma un
Nesterova indeksa vértibu kopsakariba ir relativi vaja (r=-0,201). I un II ugunsbistamibas
klases parauglaukumiem aprékinata NI sakariba ir ciesaka: r=-0,23 (1.3.att.). Tomér arT ta
izskaidro tikai 5% no datu izkliedes. Nedaudz ciesaka korelacija ar augsnes virskartas

mitrumu ir korigétajam Portugales indeksam: r=-0,17 1idz -0,19 (1.4.att.).
18
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-0,6584x + 29,592
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Mitrums, %

y = -0. 5685 + 22 E46

R*=0,0479

1.4 attels. Augsnes virskartas mitruma sakariba ar korigéta Portugales indeksa, korigéta

Nesterova indeksa, FFMC un FWI veértibam visos objektos (a), I un II ugunsbistamibas klases

audz€s p&c meza tipa (b) 2012., 2013., 2014.¢.

Savstarp@ji salidzinot korelacijas starp dazadiem mitruma mérfjjumu parametriem un

ugunsbistamibas raditajiem (neatkarigi no mérjjumu gada), konstatétas sakaribas atspogulotas

1.14.tabula un 1.5.att€la.

1.14.tabula
Mitrumu mérfjumu un ugunsbistamibas raditaju savstarp€ja korelacija
Virséja Nobiru ?:é?_i
Para-metri | Sare | slana e o | Trid o eepe | pumc Dc | Fwi | DSR | NI Pl | cni
mit-rums, | mitrums . zeme,%
nobiras
% % "
%
Virsgja slana 1
mitrums, %
Nobiru slana
mitrums, % 0,501 !
Dalgji
sadaliju-§as 0,759 0,694 1
nobiras,%
Trod- 0,791 0529 | 0847 1
zeme,%
FFMC 0,209 | -0431 | 0266 | -0,164 1
DMC 20171 | -0450 | -0372 | -0247 0,628 1
DC 0,363 | -0254 | -0,394 | -0408 0370 0,533 1
FWI -0,189 | -0501 | -0391 | -0,259 0,662 0812 | 0402 1
DSR -0,162 | -0406 | -0354 | -0,252 0,485 0745 | 0357 |0947 | 1
NI 0,205 | -0459 | -0,378 | -0,259 0,637 0765 | 0445 | 0,768 | 0664 | 1
PI 0,244 | -0472 | 0393 | -0279 0,666 0868 | 0520 | 0820 | 0731 | 0943 | 1
CNI 0,219 | -0455 | -0354 | -0241 0,679 0813 | 0415 | 0,846 | 0,773 | 0,858 | 0,935 | 1

Virsgja slana mitrums viscie$ak korelé ar DC (r=-0,363), savukart nobiru slana mitrums

vislabak korelé ar FWI (r=-0,501), NI korelacija ar $1 slana mitrumu ir zemaka (r=-0,459).
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Dalgji sadalijusos nobiru slana mitrums korel€ ar FWI un PI (r=-0,391). Savukart ,,tridzemes”

mitrums viscieSak korelé ar DC (r=-0,408) un PI (r=-0,279).

Tadgjadi secinams, ka FWI vislabak korelé gan ar virsgjo nobiru slana mitrumu, kas

norada uz aizdegSanas iesp€ju, gan ari ar dal&ji sadalijuSos nobiru slana mitruma izmainam,

kas varetu tikt izmantots ugunsbistamibas raksturoSanai. Zemako organisko augsnes slanu

(,,tridzeme”) mitruma izmainas vislabak prognozé FWI indeksa ietilpstosais DC.

. ¥ = -0.0128x + 27.071
(i R'=0.2109

elit. . ¥ 00125 + 28213
el (O " - 02074

Korigttan Nesterows Isdetss

¥ 0.0118x + JASP6
R'= 02232

P Indokons

a)

y = 00065 + 41415
&= 006N

¥ = 00063 « 41.752
R« 0.0582

y = 00066 + 42474
®'«00778

y « -0.74654 ¢+ 30876
R = 00672

1.5.attels. Nobiru slana mitruma (a), dalgji sadalijuSos nobiru slana (b) un triidzemes slana (c)

mitruma sakaribas ar Nesterova indeksu, korigéto Nesterova indeksu, korigéto Portugales

indeksu un Kanadas uguns laika apstaklu indeksu (FW1).
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Koksnes paraugu, kas novietoti uz zemes virskartas, mitrums dazados méneSos

ieverojami neatskiras starp parauglaukumiem dazadas ugunsbistamibas klasés gan 2012.gada,

gan 2013.gada (1.6.att.).
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2013. gads
1.6.attels. Koksnes paraugu mitrums dazadas ugunsbistamibas klases

2012.gada un 2013.gada.

Vertéjot koksnes mitruma izmainas pa méneSiem 2012.gada (junijs —septembris), nav
konstatétas ievérojamas atskiribas - Tjukija testa vertibas visos gadijumos ir p>0,05. Lidzigi

nav konstatetas ar1 butiskas atSkiribas starp dazadu ugunsbistamibas klasu audzém (p>0,05).
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2012.g. maija mérfjumi analiz€ netika izmantoti, jo, ta ka paraugi tika izvietoti meza tikai
maija, to sakotngjo mitrumu noteica ieprieksgjie glabasanas apstakli.

Vertgjot koksnes mitruma izmainas 2013.gada (maijs — septembris), nav konstatetas
statistiski biitiskas atSkiribas starp vidéjo koksnes paraugu mitrumu dazadas ugunsbistamibas

klasgs, taCu konstatétas atSkiribas starp ménesiem (1.15.tab.).

1.15.tabula

Koksnes paraugu mitrums dazados méneSos 2013.gada

Koksnes paraugu vidgjais
Meénesis mitrums, %
1 2 3

Julijs 19,89
Augusts 21,22
Junijs 21,34
Maijs 24,46 | 24,46
Septembris 30,24
Aprilis 37,85
Oktobris 39,13

Starp mérjjuma dienai aprékinato Nesterova indeksa veértibu un koksnes parauga
mitrumu konstat€ta negativa, vaja korelacija (r=-0,28). I un II ugunsbistamibas klasu audzes
§1 sakariba ir vidgji ciesa: r=-0,56.

Augstakam NI veértibam koksnes paraugu mitrums 2012.gada ir zemaks. Tacu pie NI
vertibas 0 koksnes parauga mitrums mainas no 19 lidz pat 48%, taja pasa laika arT pie NI
veértibas 1500 koksnes paraugu mitrums sasniedz pat vairak neka 35%. I un I
ugunsbistamibas klases audz€s vidgjais koksnes paraugu mitrums ir zemaks salidzinajuma ar
visu audZzu vidgjo — attiecigi 19% un 25%.

Tapat ka 2012. gada, arT 2013. gada pie augstakam NI vértibam koksnes paraugu
mitrums ir zemaks. Tacu pie NI veértibas 0 koksnes parauga mitrums mainas no 15 lidz pat
50%, taja pasa laika pie NI vértibas 2500 koksnes parauga mitrums var sasniegt 22%. Ari
2013.gada I un II ugunsbistamibas klases audzes vidgjais koksnes paraugu mitrums ir zemaks

salidzinajuma ar visu audzu vid&jo — attiecigi 14% un 22%.
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No ta izriet secinajums, ka koksnes paraugu zusanu ietekmé citi raditaji, ne tikai ar NI
raksturota ugunsbistamiba.
Ugunsbistamibas izmainas klimata izmainu rezultata

Izvertgjot iesp&jamas klimata izmainas un to ietekmi uz ugunsgreku bistamibu,
aprekinatas Nesterova indeksa un Kanadas uguns laika apstaklu indeksa (FWI) vertibas videju
izmainu gadijuma.

Prognozes veiktas periodam 2031-2060 un 2071-2100, ka arT v&sturiskajai situacijai
(modeleta) 1980-2009. Rezultati atspoguloti 1.7.-1.12.attelos.

1.7.attels. Gadu ipatsvars, kad model&ta Nesterova indeksa vértiba parsniedz 4000 (IV klase,
seviski augsta ugunsbistamiba), perioda 1980.-20009.
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1.8.attels. Gadu 1patsvars, kad modeléta Nesterova indeksa vertiba parsniedz 4000 (IV
klase, seviski augsta ugunsbistamiba), perioda 2031.-2060.

LYNTUSY LY NTUSY

1.9.attels. Gadu 1patsvars, kad modeléta Nesterova indeksa veértiba parsniedz 4000 (IV klase,
seviski augsta ugunsbistamiba), perioda 2071.-2100.
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1.10.attels. Gadu 1patsvars, kad modeléta FWI indeksa vértiba parsniedz 17 (IV klase, seviski
augsta ugunsbistamiba), perioda 1980.-2009.

1.11.attels. Gadu 1patsvars, kad modeléta FWI indeksa vértiba parsniedz 17 (IV klase, seviski
augsta ugunsbistamiba), perioda 2031.-2060.
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1.12.attels. Gadu 1patsvars, kad modeléta FWI indeksa vertiba parsniedz 17 (IV klase, seviski
augsta ugunsbistamiba), perioda 2071.-2100.

Ja vésturiski, atbilsto$i modelim, lielakaja dala Latvijas gadu Ipatsvars ar Nesterova
indeksa vértibu ,,IV klase un augstaks” (4000<) bijis Iidz 20%, tad tiek prognozets, ka ap
gadsimta vidu $adu gadu Tpatsvars jau bus 30%, bet gadsimta beigas 40%.

Atbilstosi aprekinatajam FWI vertibam seviski augsta ugunsbistamiba (>17) bijusi 30-
50% gadu, bet gadsimta vidi un beigas tiek prognozéta attiecigi 60-70% un 80% gadu.
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2. Dendrofago kukainu populaciju dinamika un tas prognozes

Kukainu masveida savairo$anas iemeslu analize ir viens no meza entomologijas
svarigakajiem izp&tes objektiem (Allard et al., 2003; Barbosa et al., 2012). Daudzu plasi
pazistamu dendrofago kaitéklu sugu savairoSanas pamata ir dazadu biotisko faktoru ietekme,
tai skaita —putnu populacijas izmainas, plésigo posmkaju un specifisko parazitoidu ietekme,
kaiteklu starpsugu konkurence, saimniekaugu pieejamiba, to regeneracija un inducéta
rezistence, ka ari patogéno agentu apmainas biezums starp ipatpiem (Allard et al., 2003;
Barbosa et al., 2012; Roques et al., 2006). Tomér jaunakie pétijumi liecina, ka kukaini
vistiesak ir paklauti klimata izmainam, jo temperatira ir primarais faktors, kas nosaka to
vielmainu, baro$anas intensitati, kopulacijas sekmes un p&cnacéju skaitu (Bjorkman et al.,
2011; Kolk, 2006; Ohr, 2012; Seidl et al., 2011). Temperatiirai palielinoties Iidz sugai
specifiskajam optimumam, iepriekSmingtie raditaji pieaug. Pastavot salidzino$i augstai gaisa
temperatiirai, daudzas kukainu sugas var strauji savairoties pat p&c populacijas blivuma
krituma, kas noticis dabisko ienaidnieku ietekmé& (Allard et al., 2003; Barbosa et al., 2012;
Cheraghian, 2013; Herard, Mercadier, 1996).

Lai prognozeétu kukainu savairoSanas tendences nakotné un noskaidrotu, vai
temperattira ir noteicoSais savairoSanas faktors salidzinos$i neliela lokala izplatibas areala,
jazin konkréto kukaipu sugu masveida uzliesmojumu vésture. Pasaulé 1idzigi petijumi biezi
veikti atseviSku sugu un faktoru konteksta (Barbosa et al., 2012; Kunca et al., 2014b), tomér
nav apskatiti sugu kompleksi kopuma, kas bitu svarigak, prognozgjot to savairoSanos un
ietverot ietekmi meza apsaimniekoSanas modelos.

Misu apskats ir universals, 11dz §im pirmo reizi veikts informacijas apkopojums, kas
balstas uz speciali atlasitu nozimigako meza dendrofago kukainu sugu savairoSanas veéstures
izpeti Centraleiropas regiona. Apskata pamata ir hipotéze, ka, izmantojot informaciju par
dazadu dendrofagu savairoSanas vésturi vismaz pusgadsimta laika, iesp&jams noteikt to
savairoSanas tendences salidzinoSi tuva nakotng; turklat, tas liela mera atkarigas no klimata
izmainam. Apskata meérkis ir raksturot un prognoz&t nozimigako dendrofago kukainu

savairo$anas tendences.
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Metodes

Apskata ietverto sugu atlase veikta péc vairakiem krit€rijiem:

1) izvéletas tas sugas, kuram vesturiski vismaz viena gada konstatéta savairoSanas vairak

neka 150 ha liela platiba;
2) netika izv€l&tas tas sugas, par kuru savairoSanos trikka datu divus vai vairak gadus péc
kartas (jebkura apskata perioda posma).

Visas no apskata ietvertajam sugam jau Sobrid sastopamas Latvijas teritorija. Apkopota
informacija par 25 mezam nozimigakajam dendrofagu sugam (aiz sugas nosaukuma iekavas
dots turpmak teksta izmantotais tas saisinajums): Lymantria dispar (Lymdis), Lymantria
monacha (Lymmon), Ips typographus (Ipstyp), Ips acuminatus (Ipsacu), Hylobius abietis
(Hyabi), Bupalus piniarius (Buppin), Neodiprion sertifer (Neoser), Phymatodes testaceus
(Phytes), Scolytus ratzeburgi (Scorat), Euproctis chrysorrhoea (Eupchr), Aradus
cinnamomeus (Aracin), Xyleborus dispar (Xyldis), Cryphalus piceae (Crypic), Archips
crataegana (Arccra), Melasoma populi (Melpop), Phalera bucephala (Phabuc), Diprion pini
(Dippin), Rhyacionia buoliana (Rhybuo), Saperda carcharias (Sapcar), Panolis flammea
(Panfla), Melolontha melolontha (Melmel), Dendrolimus pini (Denpin), Pityogenes
chalcographus (Pitcha), Tomicus piniperda (Tompin), Tomicus minor (Tommin). Visas
atlasttas kukainu sugas ir pasaulé pazistami mezu kait€kli ar plaSu izplatibu Eiropa un Latvija
(Barbosa et al., 2012; pec Fauna Europaea Database informacijas). So sugu savairo$anas
platibu apjoma vésture analizéta, sakot ar 1950. gadu. Sadu apskatama perioda izvéli noteica
uzticamu zinatnisku datu trikums laika pirms Otra pasaules kara, ka arl nepiecieSamiba
perioda ietvert ari kaitéklu, kam raksturiga Iéna augsana un attistiba (k-stratégu), savairosanas
ciklus (pieméram, M. melolontha savairosanas cikls ilgst lidz pat 20 gadiem) (Zimmermann,
2010).

Informacijas ievaksanai un apkopoSanai izmantotas EFI (European Forest Institute),
EFIATLANTIC, GISD (Global Invasive Species Database), EPPO (European and
Mediterranean Plant Protection Organization) un FED (Fauna Europaea Database)
datubazes, ka arT zinatniska literatira.

Atlasito dendrofagu savairoSanas teritorijas galvenokart apskatitas Centraleiropas
regionam kopuma, ietverot datus par sekojosam valstim — Belgiju, Niderlandi, Slovakiju,
Latviju, Lietuvu, Cehiju, Austriju, Serbiju, Ungariju, Baltkrieviju, Rumaniju, Apvienoto

Karalisti, Poliju, Vaciju, Franciju un Ukrainu — un piegemot, ka kukainu savairoSanas
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tendences visas iepriekSminétas valstis klimata izmainu ietekmé izpauzas Iidzigi. lzveleto
valstu teritorijas ir relativi “tuvas” un atrodas uz dienvidiem no Latvijas (Allard et al., 2003;
Haynes et al., 2014).

Lai noteiktu saistibu starp laiku (gadi) un ievaktajiem vésturiskajiem datiem, ka arT, lai
prognoz&tu izmainas Iidz 2020. gadam, izmantots GLS modelis (generalized least square); §1
modela izveli noteica analizétajam laika rindam raksturiga augsta autokorelacija. Statistiskas
analizes veiktas programma R 3.1.1. (R Core Team, 2014). GLS modelus pielietoja, gan
analiz&jot savairoSanas platibu, gan attiecibu starp So platibu un registréto savairo$anas
gadijumu skaitu (2.1.-2.3. pielikums). Saskana ar iegiitajiem GLS modela rezultatiem,
salidzinats, cik strauji konkrétam sugam notikusi skarto meza platibu palielinasanas
apliikotaja laika perioda, lai prognozétu konkrétu sugu savairo$anas iesp&jas tuva nakotné.

Padzilinatai analizei (pamatojoties uz registréto savairo$anas vésturi Latvijas teritorija)
atlasitas 8 dendrofagu sugas, kuram raksturigs biitisks nodaritais kait§jums misu valsts
mezsaimniecibai: B. piniarius, P. flammea, D. pini, I. typographus, R. buoliana, L. monacha,
L. dispar, M. populi (Ozols, 1985). Lai noskaidrotu, ka Latvijas mezsaimniecibai nozimigu
kukainu savairoSanas platibu pieaugumu ietekmé dazadi klimatiskie faktori un to izmainas
laika, analizei izmantoti dati par kaiteklu skarto kop&jo platibu (2.1. pielikums) un platibas
attiecibu pret registréto savairoSanas gadijumu skaitu (2.3., 2.4. pielikums) Eiropas valstis, ka
arT klimatiskie raditaji, kas iegti, apkopojot vairakus meteorologiskos parametrus no 53
kukainu savairo$anas punktiem (aprékinot vidgjo raditaju), izmantojot CRU (Climatic
Research Unit) datubazi (Harris et al., 2014) (2.5., 2.6. pielikums). Sie 53 savairo$anas punkti
(2.6. pielikums) ir visu 25 atlasito dendrofagu sugu masveida savairoSanas regionu epicentri,
kas atlasiti p&c sekojoSiem kritérijiem:

1) apskatitaja vesturiskaja perioda attieciga regiona notikusi vismaz tris dendrofago
kukainu sugu savairoSanas;
2) savairo$anas regiona minimala platiba — 200 ha.

Attiecibai starp savairo$anas platibu un registréto gadijumu skaitu veikta logaritmiska
transformacija, lai samazinatu datu variaciju, kas var radit problémas talakaja datu analizes
procesa. Izmantoti galvenokart klimatiskie dati par ieprieks€jo sezonu (gadu) — pirms sezonas,
kura registréta masveida savairoSanas. Konkrétas sezonas dati izmantoti, vienigi analiz&jot

sausuma ietekmi (dienu skaits bez nokriSniem).
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No CRU datubazes GLS faktoru ietekmes modelu izstradei atlasiti sekojosi ikméneSa

meteorologiskie raditaji (paskaidroti CRU originalie raditaju nosaukumi):

Mean TMean (°C) — vidgja temperatiira (°C);

Total Precipitation (mm) — kopgjais nokri$nu daudzums (mm);

Mean TMax (°C) — vidéja maksimala temperatira (°C);

Concecutive Days Without Prcp (days) — nepartraukto dienu skaits bez nokri$niem;
RelativeHumidity (%) — relativais gaisa mitrums (%);

Nb Days With Prcp(days) — kopgjais dienu skaits ar nokri$niem;

Snowfall (mm of water) — sniega daudzums (tidens mm);

WindSpeed (km h™) — vidgjais v&ja atrums (km h™);

Frost Days (days) — kopgjais kailsala dienu skaits (Harris et al., 2014).

Katrai atlasitai viet€jas nozimes kaiteklu sugai izveidots viens faktoru modelis. Katra
faktoru modeli ieklauti sesi ietekm€joSie mainigie (faktori) — gads (lai noskaidrotu, vai pastav
noteiktas, statistiski butiskas izmainas (tendence) vértStaja laika perioda), ka arT sugu
ietekméjosi pieci klimatiskie faktori (izveleti sakana ar literatiras datiem). Iekavas noraditi
ménesi, kuros izvéletie meteorologiskie parametri var but kritiski attiecigas sugas dzivotspg&jai
konkréta tas attistibas posma (2.5. pielikums). ST analize veikta par laika periodu no 1962. lidz
2011. gadam, kad pieejami CRU klimatiskie dati. Faktoru ietekmes biitiskuma noveértéSanai
izmantota p-vértiba 0,1 (batisks ar 90 % varbiitibu).

Latvija izplatitakajam koku sugam noteiktas specifiskas (vienai sugai raksturigas) un

kopigas (t.s. generalisti — barojas uz dazadiem saimniekaugiem) dendrofagu sugas.

Dendrofago kukainu savairosanas un to ietekméjosie faktori

Veicot datu analizi, vispirms izrékinatas savairoSanas platibas attieciba pret registréto
savairoSanas gadijjumu skaitu. GLS analizes rezultata iegiitas savairoSanas platibu izmainas
apskatitaja vestures perioda un to prognozes visam apskatitajam kukainu sugam paraditas

2.1. attéla.
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x-ass — laiks, gadi; y-ass - savairo$anas platibas attiecibas pret registréto savairo§anas gadijumu skaitu

logaritmiski transformétas vertibas
2.1. attels. Dendrofago kukainu savairoSanas platibu dinamika un tas prognozes tuvakajiem

seSiem gadiem izv€letajam sugam.

Lai gan GLS analize iegiito platibu raditaju vid&jas izkliedes atSkiras, tomér visu sugu
savairoSanas platibam laika ir augSupejoSa tendence. Tadel arT prognozgjams, ka tuvakajos 6
gados tendence nemainisies un dendrofagu ik gadus ietekmétas platibas turpinas palielinaties
(2.2. att.).

SavairoSanas platibu pieauguma tendences atseviskam sugam raksturo sakaribas
virziena koeficienti (2.1.tab.). Virziena koeficienta reizinajums ar gadu ir savairo$anas
platibu attiecibas pret gadijumu skaitu logaritmiska transformacija. Virziena koeficienti ir
salidzinami sava starpa, jo iegiiti no standartizétam veértibam. Straujakie savairoSanas platibu
pieaugumi raksturigi R. buoliana, X. dispar, A.crataegana, S.carcharias, P.buchepala,
D. pini, P.flammea. A.cinnamoreus, H. abietis. So kukainu sugu savairo$anas sakaribas

virziena koeficienti parsniedz 0,04.
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2.2. attels. Dendrofago kukainu savairosanas platibu dinamika un to prognozes tuvakajiem

seSiem gadiem apskatitajam sugam kopuma.
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2.1. tabula

Atlastto dendrofago sugu prognozu projekciju virziena koeficienti

Nr. p.k. Suga Virziena koeficients | p veértiba
1 Rhybuo 0,0465 <0,001
2 Xyldis 0,0461 <0,001
3 Arccra 0,0459 <0,001
4 Sapcar 0,0441 <0,001
5 Phabuc 0,0428 <0,001
6 Dippin 0,0423 <0,001
7 Panfla 0,0420 <0,001
8 Aracin 0,0418 <0,001
9 Hyabi 0,0407 <0,001
10 Buppin 0,0398 <0,001
11 Tommin 0,0392 <0,001
12 Melpop 0,0384 <0,001
13 Scorat 0,0378 <0,001
14 Denpin 0,0367 <0,001
15 Crypic 0,0352 0,0002
16 Ipsacu 0,0348 0,0002
17 Eupchr 0,0339 0,0013
18 Phytes 0,0323 0,0014
19 Ipstyp 0,0309 0,0075
20 Tompin 0,0304 0,0014
21 Pitcha 0,0275 0,0203
22 Lymdis 0,0226 0,2894
23 Lymmon 0,0219 0,3000
24 Neoser 0,0208 0,1523
25 Melmel 0,0130 0,3796

Noveért§jot nozimigako dendrofago defoliatoru ietekmi laika gaita, konstatéts to
savairosanas teritoriju stabils pieaugums (2.3. att.), kas lauj prognozét, ka lidziga tendence

varetu saglabaties tuvako 6 gadu laika.
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2.3. attels. MeZa nozimigako defoliatoru sugu (L. dispar, B. piniarius, N. sertifer, D. pini)
savairo$anas platibu un savairo$anas gadijumu attiecibas logaritmiskas transformacijas

1950. — 2020. gadu periodam.

Veicot regresijas analizi starp savairoSanas gadijumu skaitu un apskatito valstu
platibu, noskaidrots, ka wvalstis ar salidzino$i lielaku kopgjo platibu noverots augstaks
savairoSanas gadijumu skaits.

GLS klimata faktoru ietekmes analizes modelu grafiska interpretacija dota 2.4.-
2.19. attelos. Modelu rezultatos uzmaniba japieverS Sadiem raditajiem: Phi vertibai, kas
parada autokorelaciju savairoSanas platibu datos; sakaribas virziena koeficientam (tabulas
Coefficients kolonnai Value), kas rada, vai konkréta faktora ietekme ir pozitiva vai negativa,
ka arl p-vertibai (tabulas Coefficients kolonnai p-value), kas rada, vai konkréta faktora
ietekme ir biitiska. Sakaribu grafiskajos atte€los (2.4.-2.11. att.) uz x ass noraditas attieciga

faktora vertibas, bet uz y ass — savairoSanas platibu logaritmiski transformétas veértibas.
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B. piniarius novérojumu perioda konstatéts butisks savairo$anas platibu pieaugums;

analiz&to klimata faktoru ietekme nebija biitiska (2.4. att.).
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attéls. Dazadu faktoru ietekme uz B. piniarius savairo$anas platibu pieaugumu 1962. —
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P. flammea novérojumu perioda konstatéts biitisks savairo$anas platibu piecaugums,
turklat savairo$anas platibu pieaugumu bitiski (p<0,05) negativi ietekm&ja dienu skaits bez

nokri$piem savairoSanas sezonas aprili un maija, biitiski (p=0,105) negativi — ieprieksgjas
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2.5. att€ls. Dazadu faktoru ietekme uz P. flammea savairoSanas platibu pieaugumu 1962. —
2011. gados.
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D. pini novérojumu perioda konstatéts butisks savairoSanas platibu picaugums;

analiz&to klimata faktoru ietekme nebija biitiska (2.6. att.).
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2.6. attels. Dazadu faktoru ietekme uz D. pini savairo$anas platibu pieaugumu 1962. — 2011.

gados.
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I. typographus novérojumu perioda konstatéts biitisks savairo$anas platibu picaugums;

analiz&to klimata faktoru ietekme nebija biitiska (2.7. att.).
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2.7. att€ls. Dazadu faktoru ietekme uz |. typographus savairoSanas platibu pieaugumu 1962. —

2011. gados.

40



R. buoliana novérojumu perioda konstatéts biitisks savairo$anas platibu pieaugums;

analiz&to klimata faktoru ietekme nebija biitiska (2.8. att.).
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2.8. attels. Dazadu faktoru ietekme uz R. buoliana savairo$anas platibu pieaugumu 1962. —

2011. gados.
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L. dispar savairosanas platibu picaugumu biitiski negativi ietekmé&ja vidéjas maksimalas

temperatiiras iepriek$€jas sezonas junija un julija; pargjo analizéto faktoru ietekme nebija

bitiska (2.9. att.).
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2.9. att€ls. Dazadu faktoru ietekme uz L. dispar savairoSanas platibu pieaugumu 1962. —

2011. gados.
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Lidzigi ka L. dispar, L. monacha savairo$anas platibu picaugumu ar7 butiski negativi

ietekm@ja vid€jas maksimalas temperatiiras ieprieks€jas sezonas jiinija un jilija; pargjo

analiz&to faktoru ietekme nebija bitiska (2.10. att.).
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2.10. attels. Dazadu faktoru ietekme uz L. monacha savairos$anas platibu picaugumu 1962. —

2011. gados.
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M. populi novérojumu perioda konstatSts biutisks savairoSanas platibu pieaugums;

analiz&to klimata faktoru ietekme nebija batiska (2.11. att.)
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2.11. attels. Dazadu faktoru ietekme uz M. populi savairos$anas platibu picaugumu 1962. —

Novértéta ari klimata faktoru ietekme uz savairo$anas platibu attiecibu pret registréto

savairosanas gadijumu skaitu (2.12.-2.19. att.), uz x ass noraditas attieciga faktora vértibas,

bet uz y ass — savairoSanas platibu attiecibas pret registréto savairo$anas gadijumu skaitu

logaritmiski transformétas vértibas.
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Lidzigi ka ieprieksgja analiz€, B. piniarius novérojumu perioda konstatéts butisks

savairo$anas platibu pieaugums; analiz&to klimata faktoru ietekme nebija bitiska (2.12. att.).
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2.12. attels. Dazadu faktoru ietekme uz B. piniarius savairo$anas platibu attieciba pret

gadfjumu skaitu pieaugumu 1962. — 2011. gados.
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P. flammea novérojumu perioda konstatéts butisks savairo$anas platibu pieaugums;

butiska (p=0,108) negativa ietekme konstatéta ieprieks€jas sezonas nokriSnu daudzumam

maija-junija (2.13. att.).
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2.13. attels. Dazadu faktoru ietekme uz P.flammea savairosanas platibu (attieciba pret

gadfjumu skaitu) picaugumu 1962. — 2011. gados.
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D. pini novérojumu perioda konstatéts bitisks savairoSanas platibu pieaugums;

analiz&to klimata faktoru ietekme nebija biitiska (2.14. att.).
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2.14. attéls. Dazadu faktoru ietekme uz D. pini savairoSanas platibu (attieciba pret gadijumu

skaitu) pieaugumu 1962. — 2011. gados.
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I. typographus novérojumu perioda konstatéts biitisks savairoSanas platibu picaugums;

savairoSanas platibu pieaugumu bitiski (p<0,05) pozitivi ietekméja ar1 vidgjas temperatiras

iepriek$€jas sezonas augusta (2.15. att.).
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2.15. attels. Dazadu faktoru ietekme uz |. typographus savairosanas platibu (attieciba pret

gadijumu skaitu) picaugumu 1962. — 2011. gados.
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analiz&to klimata faktoru iectekme nebija butiska (2.16. att.).
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2.16. attéls. Dazadu faktoru ietekme uz R. buoliana savairoSanas platibu (attieciba pret
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gadijumu skaitu) picaugumu 1962. — 2011. gados.
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L. dispar savairoSanas platibu picaugumu bitiski negativi (p<0,05) ietekm&ja vid&jas

maksimalas temperatiiras iepriek$¢ja gada jinija un jilija, batiski (p=0,073) pozitivi — dienu

skaits ar nokris$niem ieprieks$&jas sezonas aprili-julija (2.17. att.).
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2.17. attels. Dazadu faktoru ietekme uz L. dispar savairoSanas platibu (attieciba pret gadijumu

skaitu) pieaugumu 1962. — 2011. gados.
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L. monacha savairoSanas platibu picaugumu bitiski (p<0,05) negativi ietekmgja

vidgjas maksimalas temperatiras iepriekS€jas sezonas junija un julija, biutiski pozitivi

(p=0,095) dienu skaits ar nokri$niem iepriek$¢jas sezonas aprili-julija (2.18. att.).
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2.18. attels. Dazadu faktoru ietekme uz L. monacha savairosanas platibu (attieciba pret

gadijumu skaitu) pieaugumu 1962. — 2011. gados.
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M. populi novérojumu perioda konstatSts biutisks savairoSanas platibu pieaugums;

savairoSanas platibu pieaugumu bitiski (p<0,05) pozitivi ieteckmé&ja vidgjas temperatiiras

iepriek$€ja vegetacijas perioda (aprilis-oktobris), ka arT bitiski pozitivi (p<0,05) dienu skaits

ar nokriSniem ieprick$€jas sezonas junija un julija (2.19. att.).
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2.19. attels. Dazadu faktoru ietekme uz M. populi savairoSanas platibu (attieciba pret

gadijumu skaitu) picaugumu 1962. — 2011. gados.

Salidzinot dendrofagus pe&c to vidgja savairoSanas platibu kopgja apjoma uz vienu

savairo$anas gadijumu laika perioda no 1950. — 2013. gadam visa apskata ietvertaja teritorija,

visnozimigaka iectekme meZsaimnieciba konstatéta eglu astonzobu mizgrauzim |. typographus

(vidgja vienas savairoSanas skarta platiba 18070 ha); nozimiga savairo$anas konstatéta arl
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tadam sugam ka eglu seSzobu mizgrauzis P. chalcographus (vidgji 8474 ha), ozolu mukene L.

dispar (vidgji 6698 ha), galotnu se$zobu mizgrauzis |. acuminatus (vidgji 6598 ha) (2.20. att.).
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2.20. attels. Dendrofagu savairoSanas platibas 1950. — 2013. gados uz vienu savairo$anas

gadfjumu.

OKopgjais dendrofagu sugu skaits

16 B Specifiskie dendrofagi
ﬂg 14 O Nespecifiskie dendrofagi
% 12
z _ — —
%010 - -
w
= 8
&0
& 6
o
S 4
=
o
A 2
0 L L LA | L | L] L
37 30 18 7 4 3 1 0,1
Priede Bérzs Egle  Baltalksnis  Apse Melnalksnis  Osis Ozols

Valdosa koku suga, % no mezu platibas (VMD)

2.21. att€ls. Dendrofagu sadalijums péc to saimniekaugiem.
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Salidzinosi augstaks specializéto — monofago, t.i., vienam saimniekaugam raksturigo
kaiteklu, skaits konstatéts priedei (10) un eglei (5); (2.21. att.). Savukart, lielakais kopgjais
atlastto dendrofagu skaits konstatets apsei (11) un ozolam (10).

Novertéjot skujkoku mizgrauzu un liksngrauzu savairoSanas dinamiku konstatéts, ka
izveleétajam sugam ta ir lidziga (2.22. att.), korelacijas koeficienti starp atseviSku sugu
savairo$anas platibam (uz vienu savairo$anas gadijumu) ir statistiski batiski (p<0,01), un
vairuma gadijumu parsniedz 0,7, nedaudz mazakas korelacijas koeficientu vertibas

konstatétas I. typographus (0,44-0,50) (2.2. tab.).
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2.22. attels. Skujkokiem raksturigo mizgrauzu, liksngrauzu (Scolitidae) savairoSanas platibu

dinamika uz vienu savairoSanas gadijumu 1950. — 2013. gados.
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2.2. tabula
Skujkoku mizgrauzu, ltiksngrauzu (Scolitidae) sugu skarto platibu uz vienu savairo$anas
gadijumu dinamikas Iidziba laika perioda 1950. — 2013. gads (Pirsona korelacijas

koefiecienti)

Dendrofago Ips Ips Cryphalus  Dendrolimus Pityogenes Tomicus
kukainu suga typographus acuminatus piceae pini chalcographus piniperda
Ips acuminatus 0,49
Cryphalus piceae 0,50 0,78
Dendrolimus pini 0,47 0,93 0,78
Pityogenes chalcographus 0,52 0,98 0,80 0,94
Tomicus piniperda 0,44 0,88 0,76 0,86 0,87
Tomicus minor 0,53 0,96 0,80 0,94 0,96 0,88

Apskatito kukainu sugu savairoSanas prognozes Centraleiropa un Latvija tuva nakotné

Viens no pamatkritérijiem dazadu prognozu izveidé ekologija ir laiks (Steyerberg et
al., 2010). Ilgakais laika periods prognozu veikSanai nav konkréti definéts — tas atkarigs no
problémas un faktoriem, kas to ietekmé, tomeér S$is periods nedrikste€tu parsniegt 1/3 no
pagatné aptverta. Jo lielaks ir pieejamo datu apjoms un garaks analizétais vesturiskais periods,
jo precizakas prognozes iesp&jams izstradat (Box et al., 2013; Neigh et al., 2014; Steyerberg
et al., 2010). Saja gadijuma, 63 gadi ir laiks, kura vairakums no apskata izvélétajam sugam
radijusas jau vid&ji 63- 126 paaudzes.

Nemot veéra, ka atlasitajam kukainu sugam raksturigas stabilas augSupejoSas
savairoSanas tendences visa apskata perioda bez izteiktam cikliskuma iezimém, GLS analizes
pielietojums ir vislogiskakais. GLS modelis nerada atseviskas, papildus ekstrémas vértibas —
tadejadi neizkroplo tendencu projekcijas (Zuur et al., 2009). Kopgja savairo$anas platibu
pieauguma tendence visiem dendrofagiem, iesp&jams, norada uz meza kait€klu populaciju
picaugumu saistiba ar klimata izmainam — vid€jiem temperatiiras picaugumiem (IPPC, 2007).
Turklat interesanti, ka, noveértéjot savairoSanas projekciju virziena koeficientus (2.1.tab.),
straujakais savairoSanas pieaugums raksturigs tieSi sugam ar zemakajiem mezu bojajumu
apjomiem 1950. — 2013. gadu laika perioda (2.20. att.). Tatad sugam, kuram raksturiga
salidzino$i augsta sastopamiba (par ko liecina savairoSanas platibas attieciba uz vienu
savairo$anas gadijumu) ir iesp&jama populaciju lejupslide un savairo$anas riska
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samazinasanas, kamér citam sugam ar salidzino$i zemu populacijas Itmeni un nelielam
savairoSanas platibam ir iesp&jams lokals strauj$ savairosanas platibu un riska pieaugums
(pieméram, R. buoliana, X. dispar, A. crataegana, S. carcharias, P. buchepala). Nemot véra,
ka A.crataegana (agresivs ozolu kaiteklis), S.carcharias (agresivs apSu kaitéklis) un
P. buchepala savairo$anas gadijumi lielakoties ir lokali un ar augstu defoliacijas pakapi
(Barbosa et al., 2012), domajams, Centraleiropa un Latvija tuvako 6 gadu laika
visapdraudg&takas ir tiesi nelielas lapkoku mezu platibas (galvenokart apses un ozoli), ka art
staditas plantacijas (pieméram, bérzu plantacijas). Tacu tas nenozimé, ka tadu kaite€k]u sugu
ka I. typographus, l.acuminatus, L. dispar, L. monacha, P.chalcographus un N. sertifer
savairo$anas risks ir samazinajies, jo to kopgjie skarto platibu apjomi ir krietni augstaki,
turklat, nozimigi pieaug ar katru nakamo gadu dekadi.

Viszemakie savairo$anas raditaji konstatéti lauka maijvabolei M. melolontha, tacu
janem véra, ka to populaciju ietekmé salidzino$i garais preimago attistibas cikls (4 gadi,
atseviskos gadijumos arT garaks), ka ar specifisks augsnes mikroklimats un temperatiiras —
lokali faktori, kas raksturigi konkrétai majvaboles dzivotnei (Imrei, Toth, 2002; Luisa, Mauro,
1996). Turklat, maijvaboles savairoSanas cieS$i saistita ar lauksaimniecibas intensitati.
Pamestas augligas lauksaimniecibas zemes bieZi kalpo par savairo$anas vietu. Ja augsne tiek
apstradata katru gadu, tas vairakkartigi samazina maijvabolu daudzumu, jo kapuri tiek izcelti
virspusé, kur tos aped putni. ST iemesla dé] M. melolontha savairo$anos ir griiti paredzét. M.
melolontha savairo$anas netalu no meza platibam ir seviski bistamas. M. melolontha imago
nereti pariet baroties uz meza sastopamajiem lapkokiem (primari — ozoliem), parasti pilniba
apgrauzot to lapotnes. Sada veida maijvaboles, savairojoties meZa platibas, spgj nodarit
ievérojamus zaudéjumus (Imrei, Toth, 2002; Kolar et al., 2012). Paradoksali, tomér ari .
typographus savairosanas tendences nav viegli prognozg&jamas, nemot véra, ka $1 mizgrauza
savairosanos ietekmé novajinatu eglu Tpatsvars. Specigu vétru rezultata tiek izgaztas egles, un
tas nodroSina labvéligus apstaklus, lai savairotos eglu astonzobu mizgrauzis. Tapat dalai koku
tiek “izStipota” saknu sist€ma, koki tiek novajinati un vairak paklauti vabolu uzbrukumam
(Borkowski, Podlaski, 2011; Ohr, 2012). Parsniedzot ekologisko kapacitati, masveida
savairo$anas vietas |. typographus iznicina ari dzivas, pilnigi veselas egles, retak priedes
(Wermelinger, 2004).

Apskata ietvertajam skujkoku mizgrauzu, liksngrauzu sugam ir izteikti lidziga

savairo$anas dinamika 1950. — 2013. gados — sakaribas starp sugam (iznemot |. typographus)
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ir cieSas (Pirsona korelacijas koeficienti parsniedz 0,7; p<0,01) (2.2. tab.). Lidz 1997. gadam
I. typographus savairo$anas dinamikai ir augsta saistiba ar pargjam, Iidzigam sugam (Pirsona
korelacijas koeficienta vértibas parsniedz 0,7; p<0,01). Tas, visticamak, skaidrojams ar So
sugu baribas un dzivesvietas niSu lidzibu — skujkoku meziem (pamata — priedi un egli). Tomér
daudzi pétijumi liecina, ka vairakums $o sugu ir sekundari “piesaistitas” I. typographus un I.
acuminatus, kas darbojas ka primarie kait€kli — uzsak baroSanos pirmie, un vélak to skartajas
audz@s savairojas sekundarie kaitekli (Cheraghian, 2013; Zubrik et al., 2008). Pastav uzskats,
ka tie$i sekundarie koksnes kaitekli ir tie, kas izraisa koku bojaeju (Barbosa et al., 2012). I.
typographus populaciju straujo pieaugumu pamata 1997. — 2013. gados, iesp&jams, ir $adi
iemesli: specifisko dabisko ienaidnieku trikums, sugai specifisku mikroklimatisko apstaklu
uzlabosanas, koksnes parazitisko s€nu un citu kokus novajino$o organismu savairo$anas
atseviskos regionos, mezsaimnieciskas darbibas kltidas; tomér par galveno c€loni uzskatamas
biezas un spécigas vétras. Tas varétu bit nozimigakais iemesls, kadél saikne starp I.
typographus un citam mizgrauzu, liksngrauzu sugam 1997. — 2013. gados (vértjot viena
savairoSanas gadijuma ietekm&to platibu) ir salidzinosi vaja.

Salidzinot Latvijas meZsaimnieciba nozimigas koku sugas péc tas apdraudoSo
dendrofago kukainu sugu skaita, konstatéts, ka Latvija tuvako 6 gadu laika apdraudétaki ir
tiesi skujkoku mezi: priedei raksturigo specifisko dendrofagu skaits no apskatitajiem ir vidéji
par 8 kaiteklu sugam, bet eglei — par 4 lielaks neka pargjam koku sugam. Eglu astonzobu
mizgrauzis |. typographus ir specifisks tiesi eglei, un ta nodaritais kaitéjums ekonomikai,
salidzinot ar citiem meZa kaitekliem, ierindojas pirmaja vieta — ne tikai Eiropa, bet visa
pasaulé (Barbosa et al., 2012). Eglu mukene L. monacha ir otrs agresivakais eglu kaiteklis
Eiropa un ASV (Barbosa et al., 2012), kas ietekmé ari plasas priezu audzu platibas. NO
lapkokiem apdraud@tas ir apses un ozoli, kuriem specifiskas ir divas kaiteklu sugas, bet
kopgjais kaiteklu sugu skaits parsniedz seSas. Bérziem ir zems specifisko kaite€klu skaits —
tikai 1 suga. Sadas kaiteklu sadalfjuma tendences atkariba no to saimniekaugiem, iesp&jams,
izskaidrojamas ar salidzinoSi “vésaku”, lapkoku kaiteklu sugam mazak piemérotu klimatu
Centraleiropa (Lust et al., 2001).

Noskaidrots, ka valstis ar lielaku kop&jo platibu ir raksturigs proporcionali augstaks
dendrofago kait€klu savairoSanas gadijumu skaits neatkarigi no to saimniekaugu izplatibas.
To, iesp€jams, nosaka kukainu augSanai un attistibai piemérotu apstaklu augstaka

sastopamiba lielaka teritorija. Tomér §1 sakariba nenorada uz zemaku dendrofago kaiteklu
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savairoSanas iesp€jamibu Latvija salidzino$i nelielas valsts teritorijas d€]. Misu valsti ir
augsts mezainums un nesen iecelojusam kaiteklu sugam labvéligi apstakli, pieméram,
pamatarealiem raksturigu, specifisku parazitu trikums, tapeéc Latvija nakotn€ ir iesp&amas
plaSas savairoSanas. To pierada nesen registrétas ozolu mikenes L. dispar masveida
savairosanas Latvija 2008. un 2011. gados.

Novertgjot apskatito defoliatoru sugu savairo$sanas dinamiku Centraleiropa (2.3. att.),
redzams, ka to skarto platibu apjoms uz vienu savairo$anas gadijumu kop$ 1950. gada
palielinajies gandriz 2 reizes. lesp&ams, Sadas defoliatoru savairoSanas izmainas ir
ietekm@jusi nemoralo (méreno lapkoku) mezu zonas pakapeniska “ienakSana” Centraleiropa
un tas ziemelu dala. Lapkoku izplatibu ziemelu virziena veicina globalu klimata izmainu
ierosinats vidgjas ikgadgjas temperatiiras pakapenisks pieaugums (Allard et al., 2003; Bottero
et al., 2013; Haynes et al., 2014). Defoliatoru sugu savairo$anos mezos pasaulé iesp&jams
noteikt ar ar satelita palidzibu, registréjot koku vainagu seguma izmainas, tadéjadi nosakot
savairo$anas regionu platibas un defoliacijas pakapi, ka ari prognozg€jot kaiteklu talakas

izplatibas virzienus (Meshkova, 2006).

Apskatito kukainu sugu savairoSanas ilgtermina prognozes

Apskata ietvertajam 25 meZam nozimigajam dendrofagu sugam veikta ne vien
savairoSanas datu analize laika periodam no 1950. gada Iidz musdienam un prognoze
tuvakajiem 6 gadiem, bet arT So kaiteklu savairoSanas iesp&ju noveérte§jums (ar GLS modeli)

ilgaka laika perioda — lidz 2040. gadam (2.23. att.).
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2.23. att€ls. Dendrofago kukainu savairosanas platibu dinamika un tas prognozes lidz

2040. gadam.

Lai gan visu apskatito sugu savairoSanas platibam nakotné ir tendence pieaugt, tomeér

atSkiras to projekcijas vid&jas izkliedes. Jo talakai nakotnei tiek veiktas prognozes, jo

projekcijas nenoteiktiba ir lielaka, tomér savairoSanas riska pieauguma tendence saglabajas

nemainigi visam sugam. Starpsugu atSkiribas (projekciju nenoteiktibu) raksturo variacijas

koeficients (2.24. att.). M. populi, M. melolontha, L. dispar un L. monacha projekcijas ir ar
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viszemako paredz€to savairoSanas platibas pieaugumu un augstakajam variacijas koeficienta
vertibam. GLS modela prognozu zemakas veértibas 2030.-2040. gada lidzigas tam, kas
konstatetas 1950. — 1960. gada.
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2.24. att€ls. Variacijas koeficientu atskiribas starp apskatitajam sugam.

Sada prognozu nenoteiktiba var biit skaidrojama ar sugu biologijas Tpatnibam: L.
dispar un L. monacha ir kaitekli, kuriem ir raksturiga strauja savairoSanas, kas atkariga no
vidéjam maksimalajam ménesa temperatiram. So sugu populacijas spgj strauji parsniegt
ekologisko kapacitati ,,uzliesmojuma” ekscesa faz€, un strauji samazinaties recesijas fazg
(biezak parazitu un plés€ju iedarbibas rezultata, bet netieSi — vid€jo gaisa temperatiiru
samazinasanas ietekm&) (Tan et al., 2010). M. populi ari raksturigas straujas, lokalas
savairoSanas, ko ietekmé& saimniekaugu kvalitate un sekmé temperatiiras paaugstinaSanas
vegetacijas perioda ta dzivotnés. Savukart, M. melolontha savairo$anos vismazak ietekmé
tieSas klimata izmainas, bet gan augligu, pamestu lauksaimniecibas zemju Ipatsvars (Battisti,
2006; Schroeder, 2008). Visas apskata ietvertas dendrofago kukainu sugas lidz 2040. gadam
var nozimigi savairoties, jo ir salidzinosi izplatitas Latvija un veésturé registrétas to masveida
savairoSanas.

Lai saprastu, ka So dendrofago kukainu sugu savairo$anas varétu skart Latvijas mezus,
projekta ietvaros izstradatas prognozes veérté€tas pasaulé un Eiropa pieejamas zinatniskas
literatiras konteksta. I. typographus, I. acuminatus, T. piniperda un T. minor savairo$anas
pieaugumu, visticamak, veicinas ari mérenas klimatiskas izmainas, jo $is ir palearktiskas,
holarktiskas karstumtolerantas, siltummilosas (tadgjadi saistitas ar meza ,,izrobojumu”,
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izcirtumu mikroklimatu — saules pastiprinatu radiaciju) taigas entomofaunai raksturigas sugas,
kuram raksturigs plass izplatibas areals Ziemelu puslode (Battisti, 2006; Ozols, 1985;
Schroeder, 2008). Var prognozét, ka no So sugu ietekmes cietis ievérojamas Skujkoku
platibas, jo sugas ir saimniekaugam specifiskas (Augustaitis, 2007; Moretti et al., 2010;
Schroeder, 2002). Vidgjais vegetacijas perioda pieaugums $im sugam var veicinat paaudzu
skaita palielinasanos vienas sezonas laika (I. typographus — pat lidz 4 paaudzém), Iidz ar to
izraisot plasakus un postosakus mezaudzu bojajumus (Kulhanek, 2009).

Mizgrauziem un koksngrauziem raksturigs plass temperatiru panesamibas diapazons,
kas liecina, ka to ietekme nesamazinatos pat loti krasu klimata izmainu gadijuma (vidgjai
temperatiirai paaugstinoties par 5 — 10°C). Saimnieciski nozimigu potencialo iecelotaju sugu
ir maz, tom&r to aklimatizacija miisu apstaklos nozimétu nekontrolétu So sugu masveida
savairoSanos, kas skaidrojams ar dabisko ienaidnieku trikumu misu regiona (Battisti, 2006;
Schroeder, 2002). Ka piemérs kalpo L. dispar salidzino$i nesenas masveida savairo$anas
2008. gada un 2011. gada lapkoku mezos pie Liepajas un Engures. Invaziju risku paaugstina
vegetacijas perioda garuma palielinasanas, kas paaugstina iesp&jas atseviskam taurinu sugam
iecelot, ,,balongjot” kapuru agrinas attistibas laika un izdzivot (Ozols, 1985).

Nozimigaka lapgrauzu ietekme varétu biit sagaidama gados ar ekstrémi augstam
temperatiram un galvenokart talaka nakotn€ neka miisu prognozu periods, jo daudzam
lapgrauzu kukainu sugam ir subtropu izcelsme un tiem optimalas temperatiiras nereti

parsniedz 25°C (pieméram, M. populi).

Ieteikumi kaitéklu uzraudzibas uzlaboSana, balstoties uz klimatisko raditaju ietekmes
uz kaitéjuma apjomu (platibam) analizi
Latvijas meZsaimniecibai nozimigas izvélétas dendrofago kukainu sugas ietekmgjoSo faktoru

analizes rezultata iegtiti sekojosi secinajumi un ieteikumi:

Bupalus piniarius —priezu sprizotajs (Buppin)

Nevienam no analizé ieklautajiem klimatiskajiem raditajiem netika konstatétas bitiskas
sakaribas ar kaitéjuma apjomu. Tas skaidrojams ar $i kaitekla biologiju. Taurini lido vasaras
vidi, tikai lidoSanai piemérotos laikapstaklos. Kapuru attistiba ilgst [idz v€lam rudenim, kas ir
jutigakais periods sprizotaja attistiba. Ta ka savairoSanas platibam raksturiga tendence

palielinaties ilgstosa laika perioda, §1 suga jaieklauyj meza kaiteklu monitoringa
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pamatprogramma. Kaitekla savairo$anas blivuma izmainas viegli konstatét, pavasari uzskaitot
zemsedz& ziemojosas kininas. ST kaitékla savairo$anas rezultdta vérojama atsevisku Koku
kal$ana, Tpasi 20-40 gadus vecas audzes. Sajos kokos, vairojoties sekundarajiem kaitekliem
(svekotajsmecerniekiem, liksngrauziem, galotnu seSzobu mizgrauzim), bitiski palielinas
koku mirstiba un ekonomiskie zaudgjumi (Smits, Vilka, 1993), tapéc savairo$anas laika
svarigs pasakums ir sekundaro kaiteklu invadéto koku izcirSana. Meza kaiteéklu monitoringa
noverojot strauju skaita pieaugumu, riska audzg€s jaizvieto putnu biri. Dobumperétaju putnu
piesaistiSana mezaudzém visefektivaka ir tie$i B. piniarius savairosanas laika (Vilka, 1999).

Intensiva putnu baroSanas ar pieaugusSiem kapuriem notiek rudeni pirms putnu migracijas.

Panolis flammea — priezu pucite (Panfla)

Analizgjot klimatisko faktoru ietekmi uz priezu picites savairoSanos, konstatéts, ka nokriSnu
daudzums maija- jinija biitiski samazina P. flammea kaitgjuma apjomu nakamaja gada. Saja
laika pucites kapuri ir 1-3 auguma un strauji barojas. Sim kaiteklim raksturigas lokalas
savairoSanas, ka ar1 savairoSanas platibu palielinaSanas ilgstosa laika perioda. Veicot kaitekla
uzraudzibu, jaapseko riska audzes (Ozols, 1985) nakamaja sezona péc gadiem ar izteikti sausu
maiju un janiju. P. flammea uzraudziba pavasara zemsedzes kontrolg ir apgriitinata, jo taurini
lido vél pirms pilnigas sniega nokuSanas. Lietderigi izlikt planSetes nobiru savakSanai.
Intensiva ekskrementu kraSanas planSetés norada uz kaite€kla savairoSanos. Putnu biiru

izvietoSana mezaudz@s ir pasi efektiva, jo kapuri attistas putnu mazulu barosanas laika. Divas

pedgjas $1 kaitekla savairoSanas noverotas Garkalnes apkartné.

Diprion pini — prieZzu parasta zaglapsene (Dippin)

Neviens no analizé ieklautajiem klimatiskajiem raditdjiem neuzradija bitisku sakaribu ar
kaitekla savairoSanas apjomu. Kaiteklim, atskiriba no abiem iepriek§ min&tajiem, raksturigas
divas paaudzes gada un nav iesp&jams izdalit kadu 1pasi jutigu periodu sugas attistiba. ArT Sim
kaiteklim raksturigs bitisks savairo$anas platibu pieaugums ilgstosa laika perioda. Kaitekla
savairosanas raksturigas ar augstu koku mirstibu (Langstrom et al., 2001). Par priezu parastas
zaglapsenes kaitgjumu liecina ekskrementi, kapuru kolonija uz paaugas priedém, kokoni
zemsega pirms otras paaudzes izlido$anas. Lidz ar to ir iesp&jams laicigi konstatét skuju-lapu

grauzgéju savairoSanos, pirms mezaudzes ir pilniba atlapotas. Sis sugas savairoSanas
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profilaksei liela nozime ir savlaicigai svaigi invadéto koku izcirSanai un putnu biru

izvietoSanai.

Ips typographus — eglu astonzobu mizgrauzis (Ipstyp)

Eglu astonzobu mizgrauzis ir bistamakais kaiteklis Latvijas mezos. Savairojoties tas iznicina
pat veseligas eglu audzes, kuras vecdkas par 50 gadiem. Sis kaiteklis primari savairojas péc
plasam v&jgazém, bet lokali arT appludinatas teritorijas vai saknu trupes stipri invadétas eglu
audzes. Eglu astonzobu mizgrauza vabolu lidoSana parasti sakas aprila beigas, bet maija -
perioda. Aaliz&jot klimatisko faktoru ietekmi uz §1 kaitekla savairoSanos, tomé&r netika
konstateta biutiska ietekme. Klimatiskie apstakli vien reti izraisa masveida savairoSanos.
Masveida savairoSanas parasti aizsakas péc veétram, kad vaboles savairojas svaigi gaztas egles,
bet sauss un saulains laiks maija-jinija sekmé &1 kaitékla invaziju augo3as eglés. Sim
kaiteklim jabut meza kait€klu monitoringa pamatprogramma. Uzraudzibu var veikt ar
feromonu slazdiem svaigas skuju koku cirsmas (cirsmas, kuras cirstas péc 1.novembra)

vabolu lidoSanas laika un svaigi invadéto koku uzskaitém eglu mezaudzes.

Rhyacionia buoliana — priezu galotnes dzinumu tinéjs (Rhybuo)

Sim kaiteklim vérojams bitisks savairo$anas platibu palielinajums ilgstosa laika perioda, bet
bitiska konkrétu klimatisko raditaju ietekme analizé netika konstatéta. IepriekSgjie p&tijumi
liecina, ka §T kaitek]a attistibai kritiskas ir ziemas temperatiiras. Pie -30°C daudzi ziemojosie
kapuri iet boja (Ozols, 1985). Visvairak no Sis kait€klis boja 5-15 gadus vecas priezu

jaunaudzes. Uzraudzibu var veikt, izlases veida apsekojot priezu jaunaudzes.

Lymantria monacha — eglu mikene (Lymmon)

Eglu mukenes savairoS$anas platibu apjomam arT ir tendence pieaugt laika, tomér §1 tendence ir
mazak izteikta neka par€jiem analiz€ ieklautajiem kait€kliem, un nav statistiski butiska.
Konstatéta statistiski bttiska negativa iepriek$€jas sezonas vid€as maksimalas gaisa
gadijumu skaitu. Jilija sakuma novérojama taurinu masveida lidoSana. Iesp&jams, ka karsts
un sauss laiks Saja laika perioda veicina dabisko ienaidnieku, parsvara putnu, sekmes,

iznicinot mazkustigas uz koku stumbriem ,,s€dosas” eglu milkenes matites. Nemot vera, ka $is
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kaiteklis var biitiski bojat gan eglu, gan priezu audzes, eglu mukene jaieklauj meza kaiteklu
monitoringa pamatprogramma. Efektivs eglu miikenes populacijas monitorings iesp&jams,

izmantojot feromonu slazdus.

Lymantria dispar — ozolu mikene (Lymdis)

Ar1 ozolu milkenes savairoSanas apjomam ir tendence pieaugt laika, tomér $1 tendence nav
statistiski butiska. No klimatiskiem faktoriem biitiska negativa ietekme ir iepriek$gja gada
maksimalajai temperatiirai junija-jalija, kas sakrit ar kapuru iekino$anos un taurinu lidoSanu.
Lidzigi ka eglu mukenes gadijuma, svariga var biit putnu barosanas ar tauriniem. AtSkiriba no
eglu mukenes, ozolu mikenes matites nav sp&jigas lidot, bet parvietojas tikai rapojot. Nemot
vera, ka S§1s sugas pirma savairoSanas Latvija konstat€ta tikai 2008. gada, tas uzraudzibai
nepiecieSsams pieskirt ipasu veribu. ST suga jaieklauj meza kaiteklu monitoringa
pamatprogramma. Ozolu mikenes populacijas monitorings iesp&jams, izmantojot feromonu
slazdus. Ir pieejami universali feromonu dispenseri eglu mikenes un ozolu mikenes
vienlaicigai uzraudzibai. Papildus slazdi ozolu mikenes kontrolei izliekami lapu koku audzes
riska regionos. Lidzigi ka daudzam citam meZa kait€klu tauripu sugam, ozolu mikenes
savairoSanas riskus un to raditas sekas var biitiski samazinat, attiecigajas mezaudzes uzstadot
putnu birisSus, bet arkartas stavokli, kad ozolu mukenes kapuru baroSanas rezultata pilniga
(100%) vainagu defoliacijas platiba parsniedz vairakus simtus hektaru, ieteicams pielietot
Bacillus thuringiensis kurstaki (tauriniem specifiski toksiska bakterija) un Entomophaga
maimaiga (entomofaga séne) Skiduma izsmidzinasanu defoliacijas zona (Davidson et al.,

2001; Lipa, Kolk, 2008).

Melasoma populi- Lielais ap3u lapgrauzis (Melpop)

ST kaitekla savairosanas apjomam ir tendence biitiski pieaugt ilgsto$a laika perioda. Analizgjot
Klimatisko faktoru ietekmi uz licla apSu lapgrauza savairo$anos, konstatéta butiska gaisa
temperatiiras (aprilis-oktobris) ietekme. Sim kaiteklim raksturigas divas paaudzes gada.
Masveida savairoSanas var notikt viena gada laika. Konstatéta arT pozitiva bitiska nokrispu
ietekme juinija-julija. Iesp&jams, ka nokriSni veicina saimniekaugu lapotnes atjaunoSanos, kas
nodroSina lapgrauzu otras paaudzes sekmigu attistibu. Parasti savairoSanas ir lokalas un ilgst

tikai vienu gadu, 1idz ar to ir griiti prognoz&jamas. Uzraudziba veicama jaunaudzgs.

64



Izmantota literatiira

Allard G.B., Fortuna S., See L.S., Novotny J., Baldini A., Courtinho T. (2003). Global
information on outbreaks and impact of major forest insect pests and diseases. [skatits
2014.gada 1.decembri] Pieejams:
http://www.fao.org/docrep/ARTICLE/WFC/X11/1019-B3.HTM

Annila E. (1977). Seasonal flight patterns of spruce bark beetles. Annales Entomologica
Fennica, 43: 31-35.

Arthofer W. (2005). Mitochondrial and nuclear markers for analyzing the phylogeography of
Pityogenes chalcographus (Coleoptera, Scolytidae): development, applications and
pitfalls. Dissertation. Institut fiir Forstentomologie, Forstpathologie und Forstschutz,
Department fiir Wald- und Bodenwissenschaften. 133 p.

Augustaitis A. (2007). Pine sawfly (Diprion pini L.) — related changes in Scots pine crown
defoliation and possibilities of recovery. Polish Journal of Environmental Studies, 16:
363-369.

Barbosa P., Letourneau D.K., Agrawal A.A. (2012). Insect outbreaks revisited. Blackwell
Publishing Ltd. 459 p.

Barbour D.A. (1988). The pine looper in Britain and Europe. — Berryman A.A. (ed.).
Dynamics of Forest Insect Populations. Plenum Press, New York, 291-308.

Battisti A. (2006). Insect populations in relation to environmental change in forests of temperate
Europe. — Paine T. (ed.). Invasive forest insects, introduced forest trees, and altered
ecosystems. Springer, 127-140.

Bjorkman C., Bylund H., Klapwijk M.J., Kollberg I., Schroeder M. (2011). Insect pests in
future forests: more severe problems? Forests, 2: 474-485.

Borkowski A. (2006). Spatial distribution of losses in growth of trees caused by the feeding of
pine shoot beetles Tomicus piniperda and T. minor (Col., Scolytidae) in Scots pine
stands growing within range of the influence of a timber yard in southern Poland.
Journal of Forest Science, 52: 130-135.

Borkowski A., Podlaski R. (2011). Statistical evaluation of Ips typographus population
density: a useful tool in protected areas and conservation-oriented forestry. Biodiversity
and Conservation, 20: 2933-2951.

65



Bottero A., Garbarino M., Long J.N., Motta R. (2013). The interacting ecological effects of
large-scale disturbances and salvage logging on Montane spruce forest regeneration in
the western European Alps. Forest Ecology and Management, 292: 19-28.

Box G.E.P., Jenkins G.M., Reinsel G.C. (2013). Time Series Analysis: Forecasting and
Control. John Wiley & Sons. 746 p.

Brookes M.H., Stark R.W., Campbell R.W. (1978). The Douglas-fir tussock moth: a
synthesis. United States Department of Agriculture, Forest Service, Washington. 321 p.

Carter D.J. (1984). Pest Lepidoptera of Europe: with special reference to the British Isles. Dr.
W. Junk Publishers. 437 p.

Cedervind J., Pettersson M., Langstrdm B. (2003). Attack dynamics of the pine shoot beetle,
Tomicus piniperda (Col.; Scolytinae) in Scots pine stands defoliated by Bupalus
piniaria (Lep.; Geometridae). Agricultural and Forest Entomology, 5: 253-261.

Cheraghian A. (2013). A guide for diagnosis & detection of quarantine pests. Eight-toothed
spruce bark beetle Ips typographus (Linaeus,1758), Coleoptera: Scolytidae. Plant
Protection Organization, Ministry of Jihad-e-Agriculture, Islamic Republic of Iran.
11 p.

Colombari F., Battisti A., Schroeder L.M., Faccoli M. (2012). Life-history traits promoting
outbreaks of the pine bark beetle Ips acuminatus (Coleoptera: Curculionidae,
Scolytinae) in the south-eastern Alps. European Journal of Forest Research, 131: 553—
561.

Colombari F., Schroeder M.L., Battisti A., Faccoli M. (2013). Spatio-temporal dynamics of
an Ips acuminatus outbreak and implications for management. Agricultural and Forest
Entomology, 15: 34-42.

Davidson C.B., Gottschalk K.W., Johnson J.E. (2001). European gypsy moth (Lymantria
dispar L.) outbreaks: a review of the literature. USDA, Forest Service, General
Technical Report NE-278. 19 p.

De Somviele B., Lyytikdinen-Saarenmaa P., Niemeld P. (2004). Sawfly (Hym., Diprionidae)
outbreaks on Scots pine: effect of stand structure, site quality and relative tree position
on defoliation intensity. Forest Ecology and Management, 194: 305-317.

Dzuteski B. (1960). Occurrence of, and control measures against, Euproctis chrysorrhoea in
Macedonia in the post-war period. Zastita Bilja, 57/58: 239-244.

66



EFI — European Forest Institute databases. [skatits 2014.gada 1.decembri] Pieejams:
http://dataservices.efi.int/dfde/

EFIATLANTIC database Forest pests and diseases. [skatits 2014.gada 1.decembr]
Pieejams:http://www.efiatlantic.efi.int/portal/databases/pests_and_diseases/.

EPPO - European and Mediterranean Plant Protection Organization databases. [skatits
2014.gada 1.decembri] Pieejams: https://www.eppo.int/DATABASES/databases.htm

FED — Fauna Europaea Database. [skatits 2014.gada 1.decembri] Pieejams:
http://www.faunaeur.org/index.php

Foit J. (2012). Felling date affects the occurrence of Pityogenes chalcographus on Scots pine
logging residues. Agricultural and Forest Entomology, 14: 383-388.

Frago E., Guara M., Pujade-Villar J., Selfa J. (2010). Winter feeding leads to a shifted
phenology in the browntail moth Euproctis chrysorrhoea on the evergreen strawberry
tree Arbutus unedo. Agricultural and Forest Entomology, 12: 381-388.

Gavrilovi¢ Bo., Gavrilovi¢ Br., Curéié¢ S., Stojanovi¢ D., Savi¢ D. (2014). Leaf beetles
(Coleoptera: Chrysomelidae) of Mt. Fruska Gora (Vojvodina province, Northern
Serbia), with an overview of host plants. Izvorni znanstveni ¢lanci — Original scientific
papers; Sumarski list, 1-2: 29-41.

Gedminas A. (2003). Outbreaks of pine defoliating insects and radial growth. — Kamata N.,
Liebhold A.M., Quiring D.T., Clancy K.M. (eds.). Proceedings: International
Symposium of IUFRO ,Forest Insect Population Dynamics and Host Influences”,
September 14-19, Kanazawa, Japan, 100-102.

GISD - Global Invasive Species Database. [skatits 2014.gada 1.decembri] Pieejams:
http://www.issg.org/database/welcome/

Hansen L.W., Ravn H.P., Geldmann J. (2005). Within- and between-stand distribution of
attacks by pine weevil [Hylobius abietis (L.)]. Scandinavian Journal of Forest Research,
20: 122-129.

Harris 1., Jones P.D., Osborn T.J., Lister D.H. (2014). Updated high-resolution grids of
monthly climatic observations — the CRU TS3.10 Dataset. International Journal of
Climatology, 34: 623-642.

Haynes K.J., Allstadt A.J., Klimetzek D. (2014). Forest defoliator outbreaks under climate
change: effects on the frequency and severity of outbreaks of five pine insect pests.
Global Change Biology, 20: 2004—2018.

67



Heeley T., Alfaro R.l., Humble L., Strong W. (2003). Distribution and life cycle of
Rhyacionia buoliana (Lepidoptera: Tortricidae) in the interior of British Columbia.
Journal of the Entomological Society of British Columbia, 100: 19-25.

Herard F., Mercadier G. (1996). Natural enemies of Tomicus piniperda and Ips acuminatus
(Col., Scolytidae) on Pinus sylvestris near Orléans, France: Temporal occurrence and
relative abundance, and notes on eight predatory species. Entomophaga, 41: 183-210.

Hicks B.J., Leather S.R., Watt A.D. (2008). Changing dynamics of the pine beauty moth
(Panolis flammea) in Britain: the loss of enemy free space? Agricultural and Forest
Entomology, 10: 263-271.

Hrasovec B., Perneck M., Matosevi¢ D. (2008). Spruce, fir and pine bark beetle outbreak
development and gypsy moth situation in Croatia in 2007. Forstschutz Aktuell, 44: 12—
13.

Humble L.M., Allen E.A. (2006). Forest biosecurity: alien invasive species and vectored
organisms. Canadian Journal of Plant Pathology, 28: 256-269.

Ikonen A. (2001). Leaf beetle feeding patterns on and variable plant quality in Betulaceous
and Salicaceous hosts. Doctoral disertation. University of Joensuu. 154 p.

llyinykh A.V., Kurenshchikov D.K., Baburin A.A., Imranova E.L. (2011). Factors influencing
the duration of gypsy moth (Lymantria dispar L.) population outbreaks. Russian Journal
of Ecology, 42: 236-240.

Imrei Z., Toth M. (2002). European common cockchafer (Melolontha melolontha L.):
preliminary results of attraction to green leaf odours. Acta Zoologica Academiae
Scientiarum Hungaricae, 48: 151-155.

IPCC (2007). Climate Change 2007: Synthesis Report. Contribution of Working Groups I, 11
and 11l to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change (Core writing team supervised by Pachauri R.K. and Reisinger A.). IPCC,
Geneva, Switzerland. 103 p.

Jatcel H., Kleinhentz M. (1997). Intensive sylvicultural practices increase the risk of
infestation by Dioryctria sylvestrella Ratz (Lepidoptera: Pyralidae), the Maritime pine
stem borer. — Grégoire J.C., Liebhold A.M., Stephen F.M., Day K.R., Salom S.M.
(eds.). Proceedings: Integrating cultural tactics into the management of bark beetle an
reforestation pests. USDA Forest Service General Technical Report NE-236, 177-190.

68



Johnson D.M., Liebhold A.M., Bjernstad O.N., Mcmanus M.L. (2005). Circumpolar variation
in periodicity and synchrony among gypsy moth populations. Journal of Animal
Ecology, 74: 882-892.

Jurc M., Bojovi¢ S. (2004). Bark beetle outbreaks during the last decade with special regard to
the eight-toothed bark beetle (Ips amitinus Eichh.) outbreak in the Alpine region of
Slovenia. — Csoka G., Hirka A., Koltay A. (eds.). Biotic damage in forests: Proceedings
of the IUFRO Symposium (WP 7. 03. 10 “Methodolgy of forest pest and disease survey
in Central Europe”), September 12-16, Matrafiired, Hungary, 85-95.

Kolat T., Rybnicek M., Tegel W. (2012). Dendrochronological evidence of cockchafer
(Melolontha sp.) outbreaks in subfossil tree-trunks from Tovacov (CZ Moravia).
Dendrochronologia, 31: 29-33.

Kolk A. (2006). Insect outbreaks in managed and unmanaged forests. Forest Research
Institute, Warsaw. 113 p.

Kolk A., Burzynski J., Rodziewicz A. (1981). Rearing the European pine shoot Rhyacionia
buoliana on synthetic substrates. Prace Instytutu Badawczego Lesnictwa, Poland,
584/589: 87-98.

Kolomiets N.G., Stadnitskii G.V., Vorontsov A.l. (1972). The European pine sawfly.
Distribution, biology, economic importance, natural enemies and control. Nauka
Publishers, Siberian Branch, Novosibirsk. 138 p.

Kulhanek A. (2009). User-friendly methods for timing integrated pest management strategies: An
analysis of degree-day models and biological calendars. Master Thesis. The Ohio State
University. 109 p.

Kunca A., Dubec M., Findo S., Galko J., Gubka A., Kastier P., Konopka B., Leontovy¢ R.,
Longauerova V., Malovd M., Nikolov C., Rell S., Vakula J., Zubrik M. (2014a).
Problémy ochrany lesa v roku 2013 a progndza na rok 2014. — Kunca A. (ed.). Aktualne
problémy v ochrane lesa, Zbornik referatov z 23. ro¢nika medzinarodnej konferencie,
ktora sa konala 23. a 24. aprila 2014 v Novom Smokovci, 8-15.

Kunca A., Galko J., Zubrik M. (2014b). Vyznamné kalamity v lesoch Slovenska za
poslednych 50 rokov. — Kunca A. (ed.). Aktualne problémy v ochrane lesa, Zbornik
referatov z 23. ro¢nika medzinarodnej konferencie, ktoréd sa konala 23. a 24. aprila 2014

v Novom Smokovci, 25-31.

69



Kunca A., Zubrik M., Leontovy R., Vakula J., Konopka B., Gubka A., Galko J., Longauerova
V., Nikolov, C., Findo S., Varinsky J., Kastier P. (2012). Major forest damaging agents
in Slovakia. Forstschutz Aktuell, 56: 7-9.

Lakatos F. (2006). Xylophagous and phloeophagous insects in the Hungarian coniferous
forest — conflicts of forest protection and conservation. — Csoka Gy., Hirka A., Koltay
A. (eds.). Biotic damage in forests, Proceedings of the IUFRO (WP 7.03.10)
Symposium, September 12-16, 2004, Matrafiired, Hungary, 114-123.

Langstrom B., Annila E., Hellgvist C., Varama M., Niemela P. (2001). Tree mortality, needle
biomass recovery and growth losses in Scots pine following defoliation by Diprion pini
(L.) and subsequent attack by Tomicus piniperda (L.). Scandinavian Journal of Forest
Research, 16: 342—-353.

Lazdans D. (2009). Distribution of Scolytus ratzeburgi Janson, 1856 (Coleoptera:
Curculionidae, Scolytinae) in the nature park ,,Daugavas loki”. Acta Biologica
Universitatis Daugavpiliensis, 9: 221-224.

Leather S.R., Day K.R., Salisbury A.N. (1999). The biology and ecology of the large pine
weevil, Hylobius abietis (Coleoptera: Curculionidae): a problem of dispersal? Bulletin
of Entomological Research, 89: 3—-16.

Lieutier F., Day K.R., Battisti A., Grégoire J.-C., Evans H.F. (2004). Bark and wood boring
insects in living trees in Europe, a Synthesis. Springer Publishers. 569 p.

Lipa J.J., Kolk A. (2008). The recent situation of the gypsy moth (Lymantria dispar) and
other Lymantriids in Poland. EPPO Bulletin, 25: 623-629.

Liska J., Srutka P. (1998). Recent outbreak of the Nun moth (Lymantria monacha L.) in the
Czech Republic. — McManus M.L., Liebhold A.M. (eds.). Proceedings: Population
dynamics, impacts, and integrated management of forest defoliating insects. USDA
Forest Service General Technical Report NE-247, 351-352.

Lugowoj J. (1993). New data on the biology of Saperda carcharias Linnaeus, 1758.
Coleoptera, Cerambycidae. Wiadomosci Entomologiczne, 12: 306.

Luisa M., Mauro V. (1996). Presence and diffusion of the common cockchafer (Melolontha
melolontha L.) in the areas of Mezzocorona and San Michele a/A in Trento province.
Bulletin OILB/SROP, 19: 15-20.

Lust N., Geudens G., Nachtergale L. (2001). Aspects of biodiversity of Scots pine forests in
Europe. Silva Gandavensis, 66: 16—39.

70


http://www.nyme.hu/fileadmin/dokumentumok/emk/erfaved/Publikaciok/Lakatos_Ferenc/LF/Xylophagous%20and%20phloeophagous%20insects%20in%20the%20Hungarian%20coniferous%20forest.pdf
http://www.nyme.hu/fileadmin/dokumentumok/emk/erfaved/Publikaciok/Lakatos_Ferenc/LF/Xylophagous%20and%20phloeophagous%20insects%20in%20the%20Hungarian%20coniferous%20forest.pdf
http://www.nyme.hu/fileadmin/dokumentumok/emk/erfaved/Publikaciok/Lakatos_Ferenc/LF/Xylophagous%20and%20phloeophagous%20insects%20in%20the%20Hungarian%20coniferous%20forest.pdf
http://www.nyme.hu/fileadmin/dokumentumok/emk/erfaved/Publikaciok/Lakatos_Ferenc/LF/Xylophagous%20and%20phloeophagous%20insects%20in%20the%20Hungarian%20coniferous%20forest.pdf

Meshkova V. (2006). Foliage browsing insects risk assessment using forest inventory
information. ITUFRO Working Party 7.03.10 Proceedings of the Workshop on
»Methodology of Forest Insect and Disease Survey in Central Europe”, September 11-
14, Gmunden, Austria: 100-108.

Milanovi¢ S., Markovi¢ N. (2013). Gypsy moth in Serbia — status and prospects. Conference
paper. [skatits 2014.gada 29.novembri] Pieejams:
http://bfw.ac.at/cms_stamm/400/PDF/expertmeeting2013/Milanovic_Gypsy_moth_Serb
ia.pdf

Moller K. (2014). Forest protection changes — Current forest protection problems in
Brandenburg. Landeskompetenzzentrum Forst Eberswalde. [skatits 2014.gada
20.novembr] Pieejams: - http://www.conference-eberswalde.eu/program-
konferencji/10-moellerk.pdf

Moore R. (2009). Pine-tree lappet moth & Hylobius MSS. [skatits 2014.gada 1.decembr]
Pieejams:
http://www.forestry.gov.uk/pdf/FHD2009_NorthScotland_Moore_LappetMoth.pdf/$FI
LE/FHD2009 NorthScotland_Moore_LappetMoth.pdf

Moore R. (2011). Insect pests of trees in Scotland the auld, the new and potential pests.
[skatits 2014.gada 1.decembri] Pieejams:
http://www.forestry.gov.uk/pdf/fhd_scotland2011_insect_pests_(Moore).pdf/$FILE/fhd
_scotland2011 insect_pests (Moore).pdf

Moretti M., De Caceres M., Pradella C., Obrist M.K., Wermelinger B., Legendre P., Duelli P.
(2010). Fire-induced taxonomic and functional changes in saproxylic beetle communities in
fire sensitive regions. Ecography, 33: 760—771.

Miiller J., BuBler H., GoBner M., Rettelbach T., Duelli P. (2008). The European spruce bark
beetle Ips typographus in a national park: from pest to keystone species. Biodiversity
and Conservation, 17: 2979-3001.

Myers J.H. (1998). Synchrony in outbreaks of forest Lepidoptera: a possible example of the
Moran effect. Ecology, 79: 1111-1117.

Natali V., Paparatti B., Canganella F. (1994). Microorganisms carried by Xyleborus dispar
(F.) (Coleoptera, Scolytidae) females, collected on European hazel trees in the area
surrounding the lake of Vico (Viterbo, central Italy). Redia 77: 285-295.

71



Neigh C.S.R., Bolton,D.K., Diabate M., Williams J.J., Carvalhais N. (2014). An automated
approach to map the history of forest disturbance from insect mortality and harvest with
landsat time-series data. Remote Sensing, 6: 2782—2808.

Nieukerken van E.J., Doorenweerd C., Ellis W.N., Huisman K.J., Koster J.C., Mey W., Muus
T.S.T., Schreurs A. (2012). Bucculatrix ainsliella Murtfeldt, a new North American
invader already widespread on northern red oaks (Quercus rubra) in Western Europe
(Bucculatricidae). Nota lepidopterologica, 35: 135-1509.

Novak V., Temmlova B. (1964). Outbreak of Hylobius abietis in Czechoslovakia, and
analysis of current measures of control and protection. Lesn. Cas Praha, 10: 659-780.

Ohr P. (2012). The spruce bark beetle Ips typographus in a changing climate — effects of
weather conditions on the biology of Ips typographus. Introductory Research Essay
No.18, Department of Ecology, SLU, Uppsala. 27 p.

Oltean 1., Varga M., Gliga S., Florian T., Bunescu H., Bodis I., Covaci A. (2010). Monitoring
Melolontha melolontha L. species in 2007, in the Nursery from U.P. IV Batrana O.S.
Toplita, Harghita Forest District. Bulletin UASVM Horticulture, 67: 525-527.

Ozols G. (1968). Egles stumbra kaitekli un to ekologiskas grupas Latvijas PSR. Latvijas
Entomologs, 21: 19-34.

Ozols G. (1985). Priedes un egles dendrofagie kukaini Latvijas meZos. Zinatne, Riga. 207 Ipp.

Patek K. (1998). A description of the occurrence of pine moth Dendrolimus pini L. larvae in
the between-outbreak period in pine stands in the Tuczno Forest District. Sylwan 142:
55-65.

Port G.R., Thompson J.R. (1980). Outbreaks of insect herbivores on plants along motorways
in the United Kingdom. Journal of Applied Ecology, 17: 649-656.

Pronin D., Vaughan C.L. (1968). A literature survey of Populus species with emphasis on
P. tremuloides. USDA Forest Service Research note. 68 p.

R Core Team (2014). R: A language and environment for statistical computing. R Foundation
for Statistical Computing. http://www.R-project.org

Reiner P. (1998). Phymatodes testaceus Der Veranderliche Scheibenbock. Praktische
Schaedlingsbekaempfer, 504: 15-16.

Roga A. (1979). MeZa ugunsgréku veidi, to dze€Sanas panémieni un taktika. Apskats.

LatZTIZPI, Riga. 58 Ipp.

72



Rogues A., Auger-Rozenberg M.A., Boivin S. (2006). A lack of native congeners may limit
colonization of introduced conifers by indigenous insects in Europe. Canadian Journal
of Forest Research, 36: 299-313.

Schiegg K. (2001). Saproxylic insect diversity of beech: limbs are richer than trunks. Forest
Ecology and Management, 149: 295-304.

Schindler U. (1970). Large-scale operations against insect pests of forests in N.W. Germany,
1947-69. Forstarchiv, 41: 69-76.

Schnaiderowa J. (1968). Reasons for the outbreak of Saperda carcharias and S. populnea in
Poland. Prace Instytutu, Badawezego Lesnietwa, 35: 3-90.

Schroeder L.M. (2002).Tree mortality by the bark beetle Ips typographus (L.) in storm-
disturbed stands. Integrated Pest Management Reviews, 6, 169-175.

Schroeder L.M. (2008). Insect pests and forest biomass for energy. — Roser D., Asikainen A.,
Raulund-Rasmussen K., Stupak I. (eds.). Sustainable use of forest biomass for energy —
a synthesis with focus on the Nordic and Baltic countries, 109-128.

Seidl R., Schelhaas M.J., Lexer M.J. (2011). Unraveling the drivers of intensifying forest
disturbance regimes in Europe. Global Change Biology, 17: 2842-2852.

Sierpifiska A. (1998). Towards an integrated management of Dendrolimus pini L. — McManus
M.L., Liebhold A.M. (eds.). Proceedings: Population dynamics, impacts, and integrated
management of forest defoliating insects. USDA Forest Service General Technical
Report NE-247, 129-142.

Smits A., Strike Z., Liepa I. (2008). Priezu riisganas zaglapsenes (Neodiprion sertifer Geoffr.)
izraisitas defoliacijas ietekme uz priezu (Pinus sylvestris L.) picaugumu. Mezzinatne,
18: 53-73.

Smits A., Vilka M. (1993). Priezu sprizotaja (Bupalus piniarius L.) savairo$anas Kurzemé.
Mezzinatne, 1, 2: 73—78.

Steyerberg E.W., Vickers A.J., Cook N.R., Gerds T., Gonen M., Obuchowski N., Pencina
M.J., Kattan M.W. (2010). Assessing the performance of prediction models: a
framework for some traditional and novel measures. Epidemiology, 21: 128-138.

Supatashvili A.S. (1990). Biological agents controlling Diprion pini. Zashchita Rastenii
(Moscow), 6: 23-24.

73



Tan J.Y., Wainhouse D., Day K.R., Morgan G. (2010). Flight ability and reproductive
development in newly-emerged pine weevil Hylobius abietis and the potential effects of
climate change. Agricultural and Forest Entomology, 12: 427-434.

Thom D., Seidl R., Steyrer G., Krehan H., Formayer H. (2013). Slow and fast drivers of the
natural disturbance regime in Central European forest ecosystems. Forest Ecology and
Management, 307: 293-302.

Turcek F.J. (1964). On the ecology of the flat-bug Aradus cinnamomeus. Panz. Biologia, 19:
762-777.

Van Wagner C.E., Pickett T.L. (1985). Equations and FORTRAN program for the Canadian
Forest Fire Weather Index System. Canadian Forestry Service, Petawawa National
Forestry Institute, Chalk River, Ontario. Forestry Technical Report, 33. 18 p.

Vilka 1. (1999). Population dynamics of small cavity-nesting birds in Latvia (1984-1997).
Vogelwelt, 120: 223-227.

Virtanen T., Neuvonen S., Nikula A., Varama M., Niemeld P. (1996). Climate change and the
risks of Neodiprion sertifer outbreaks on Scots pine. Silva Fennica, 30: 169-177.

Voolma K., Luik A. (2001). Outbreaks of Bupalus piniaria (L.) (Lepidoptera, Geometridae)
and Pissodes piniphilus (Herbst) (Coleoptera, Curculionidae) in Estonia. Journal of
Forest Science, 47: 171-173.

Watt A.D., Stork N.E., Hunter M.D. (1997). Forests and insects. Chapman & Hall. 406 p.

Wermelinger B. (2004). Ecology and management of the spruce bark beetle Ips typographus —
a review of recent research. Forest Ecology and Management, 202: 67-82.

Woodboring beetles: mountain pine beetle, emerald ash borer, coffee borer beetle,
Buprestidae, ambrosia beetle, bark beetle. (2010). Books LLC. 106 p.

Zarin$ 1. (2001). Possibilities of the use of entomopathogenous viruses to control the
multiplying of the nun moth (Lymantria monacha L.) and the pine looper (Bupalus
piniarius L.) in the coniferous forests of Latvia. Latvijas Entomologs, 38: 64-72.

Zethner O., Bejer-Petersen B. (1972). Outbreak years of the pine-shoot moth (Rhyacionia
buoliana Schiff.) known from Denmark. Forstlige Forsoegsvaesen i Danmark, 33: 31—
38.

Zimmermann G. (2010). Maikédfer in Deutschland: Geliebt und gehasst. Ein Beitrag zur
Kulturgeschichte und Geschichte der Bekdmpfung. Journal fiir Kulturpflanzen, 62: 157—
172.

74



Zubrik M., Rasi R., Vakula J., Varinski J., Nikolov C., Novotny J. (2008). Bark beetle (Ips
typographus L., Pityogenes chalcographus L., Col.: Scolytidae) pheromone traps spatial
distribution optimisation in central Slovakian mountains. Lesn. Cas. — Forestry Journal,
54: 235-248.

Zuur A., leno E.N., Walker N., Saveliev A.A., Smith G.M. (2009). Mixed effects models and
extensions in ecology with R. Springer, New York. 574 p.

Makaposa T.A. (2004). bruoskonoruueckue 0COOEHHOCTH W MPHUYUHBI BCIBIIIEK MacCOBOTO
pasMHOXKEHHsT OOBIKHOBEHHOI0 cocHOBOro mummibiuka (Diprion pini L.) B ycmoBusx
Cesepa 3anagnoit Cubupu. ucceprauums. 131 c.

Mamae b.M. (1977). buonorusi HaceKOMbIX — pa3pyliuTeneld JpeBecuHbl. Bcecoro3Hsiit

WHCTUTYT HAYYHOU U TeXHHUYECKOW nHpopmannu, Mockaa. 213 c.

75



Dendrofag, sugas/ gadi
Limantria dispar
Lymantria monacha
Ips typographus
Ips acuminatus
Hylobius abietis
Bupalus piniarius
Neodiprion sertifer
Phymatodes testaceus
Scolytus ratzeburgi
Euproctis chrysorrhoea
Aradus cinnamomeus
Xyleborus dispar
Cryphalus piceae
Archips crataegana
Melasoma populi
Phalera bucephala
Diprion pini
Rhyacionia buoliana
Saperda carcharias
Panolis flammea
Melolontha melolontha
Dendrolimus pini
Pityogenes chalcographus
Tomicus piniperda
Tomicus minor

Dendrofagi, sugas/ gadi
Limantria dispar
Lymantria monacha
Ips typographus
Ips acuminatus
Hylobius abietis
Bupalus piniarius
Neodiprion sertifer
Phymatodes testaceus
Scolytus ratzeburgi
Euproctis chrysorrhoea
Aradus cinnamomeus
Xyleborus dispar
Cryphalus piceae
Archips crataegana
Melasoma populi
Phalera bucephala
Diprion pini
Rhyacionia buoliana
Saperda carcharias
Panolis flammea
Melolontha melolontha
Dendrolimus pini
Pityogenes chalcographus
Tomicus piniperda
Tomicus minor

1983

13494

1293432

3421014
830175
216245

1951
155750
51916
6981270
1593120
6308
1134750
1781150
25001
87197
77823
103530
53918
147390
59005
75014
211920
250178
62910
35201
328020
45091
421002
2030168
892596
270116

210036
1020189
139106
23111
1229199
37119
359081
3450025
564567
349172

1952
251000
83666
8156470
2180068
5995

131457
260210

1985

1103647
229153

1953 1954

260183 411435
2073411 1325108
651025 440125
184930 87016

1955
3650325

1956 1957
2450323 5671325
816774 1890442
2350410 3505670
1058975 531040

7368 5880
378250 340098

670166 1310241
440371 223149
90262 91026

1986
34787
11596

14267916
1343531.2
17810
969254
1339056
32975

1129134
234917

Atsauces uz avotiem p&c kartas numura:

1987

1988

1989

2.1.pielikums. Atlasito sugu registrétas savairo$anas platibas (ha) 1950.

1958 1959 1960 1961 1962 1963 1964
200000 5600 500 1700 1200 870520 2030820
764660 1866 1670 567 400 290173 676940
3495630 6991260 6991260 3591160 2330420 1165210 1281731
1100076 1593120 1058112 527930 1062080 540011 590144
13270 8246 6057 12820 5070 19036 29195
398570 377683 369845 378250 756500 378250 429375
379264 700980 360908 356230 320120 712460 1175559
12363 12783 24740 12363 12552 12370 13377
87982 89278 93674 87331 180659 176134 94906
85962 78001 74902 75908 80036 73014 98090
24017 34035 41431 34510 67001 35330 37976
116928 57531 47919 54320 60918 61004 64990
49004 54902 115909 98260 49330 55798 56711
59880 28036 25047 35500 31287 29940 65647
77350 161004 78264 87260 56823 74785 77090
24289 117005 119070 240090 117513 115799 319752
270304 272102 289910 264920 542902 510030 321909
31829 31270 32100 64511 35909 34859 37829
15627 18555 37643 16540 19795 36540 23200
291161 310264 270048 301256 345992 649060 380950
33690 10030 12430 11230 2514 1257 28022
120353 270114 250395 310261 427190 409187 300157
1290167 2764548 2610450 2001681 1302637 630142 720011
437811 650680 660152 872960 439905 446298 240362
92465 170120 277395 179124 92000 184930 100253

1990 1991 1992 1993 1994 1995 1996
6072 2151 36306 1949112 13464751 12844981 11837708
2024 717 12102 649704 4488250 4281660 3945903
2967883 5921971 5911963 10317935 12286153 15653781 13914472
1981397  2015296.8 2736054 2687062 3200531 4011118 3963417.04
18254 16787 35092 42019 40206 49503 59741
1459304 1460200 1913945 2392432 1789320 2309462 3386394
900560 1385490 1801194 1369340 1612189 2671563 2152975
33047 46719 50343 51339 74006 93270 92641
229083 312422 350679 460182 390090 410265 540456
292370 187245 292430 447286 610298 730981 529017
87991 148922 130965.45 190931 164093 229011 231010
147809 225026 311075 145068 269873 418994 243428
190351 188254 273798 273040 367152 271054 411060
75750 118035 15149 1136223 142039 89383 180107
227014 201035 298892 395945 350012 380401 239956
295670 590352 468006 759032 528095 572634 861192
1101425 1340495 1005371 1675619 1790211 2379026 2450950
81440 124904 129926 168745 184019 157932 165890
49943 73125 46223 74920 82901 111005 137904
1200104 1209176 847921 1270029 1950758 2418931 3001880
2479 4958.8 46261 61680 54603 54589 37527
361003 901846 1260231 898960 1720160  748617.862 848617.862
1750634 2622864 3497153 4371442 4140997 6201008 5170411
282283 803746 830183 1129134 1678423 2681912 1998567
234176 467873 350905 479178 429162 601165 691436

1965
9790445.5
3263481
2483465
584133
14565

178901
380153
1032023
1260190
193749
180344
2481011
45089
651827
8290365
3120361
569815

1966
748605
249535

2563462
1228579

1998
3747125
1249041
9942636

151926
187901
2510940
61070
848617
3115487
1019283
567192

1967
979583
326528

2600062

595120
14753

1248225

131097
760250.7
485058
99016

1999
2567594
855865
8746545
2413250
62255

4160682
1367983
415001

2004

1973

305134.5

1974 1975
550 1100
184 540
6309765 7720280
2336576 1179890
11481 11981
831131 416918
785503 810320
27330 28642
180285 308994
151864 170020
80672 126078
122040 128110
71450 140193
64056 61085
18010 16142
252190 292536
490267 920458
65800 70818
39003 23815
680167 640931
3707 38209
289017 452019
3000139 3010925
1150270 1203881
302016 152028
2005 2006
31943 45527
10648 15175

4002536 4045978 3893419 3266234

1710260 1130290 1
2649704  4253956.17 2

30566 29713
708238 1632900
658723 2120780
55394 36932

450936 391423
468991 372589
160050 209901
246102 268909
366990 229047
138278 237014

1187761 2600911 1907282 2010300

1520118 1550300 1990179  1453277.79

50192 49013

1485081 637701 1139269 1697235
3120397 3155890 2340556 4280497
1408154 1332378 1070190 985012

1968 1969 1970 1971 1972
957550 781572 99132 13530 5500
319183 260524 33044 4510 1832
3805183 3942193 5026805 3845193 7700350
593147 1157875 590121 1812234 2299575
6981 4961 7750 15481 21428
417893 840856 439475 1248225 859040
391853 781010 1204050 1570284 1175559
13975 14013 14315 27334 40821
100025 98076 95832 218391 200940
250371 409892 210355 81293 230910
45900 36090 39994 82557 1203%
65936 41027 63905 126809 110475
53184 60052 68036 169037 132006
32934 40036 65162 69021 72078
74088 91075 79060 270947 170140
260167 129354 138276 254098 190267
312095 619019 291412 888146 590067
33920 20403 35664 103681 78141
21364 24782 21047 44578 40194
1020155 347410 356983 1099018 76903
57040 2807 2809 2990 3780
301026 454050 156341 312100 310204
1410263 1450190 1520501 2293635 3010280
245463 480642 490927 475089 736391
200125 98062 95012 200113 201550
2000 2001 2002 2003
13614171 10613246 6194854 7466485 45527
4538057 3537749 2064952 2488829 15176
6897137 7893109 111887269 10435854 15090566
4158619 3162835 2419141
52588 49310 70366 11702 19570
2904998 1723985 1283613
2656231 3298102 3730092
75963 73968 59373 46978 57366
700084 139263 404120 620199 820989
369871 480264 380083 258190 367822
116065 162305 241093 226132 178927
347025 250927 420801 249025 170983
295085 425894 366033 229946 312074
147925 137163 225002 148990 192014
479041 584630 700823 590349 379025
900254 689730 699151 601817 723005
3011947  1977230.42 3163568
194913 15729 269803 231901 160263
61011 111799 85004 77081 95816
2130791 1490166 969002
65003 54025 50165 38816 31192
1310786 1060165 1299240
4189355 3140744 4207861
1630190 1430210 1029371
425180 557198 428162 421835 561022

431026 574890

—2013. gados

10435853.8 11994169  19392053.8

1976 1977 1978 1979 1980
2310 1837 16500 29095 35231
770 712 5500 9698 11744
5126924 8972117 14099041 8913945  10317934.6
1752432 1170293 1168288 1343531 1360002
8371 14597 21887 13968 17234
830384 849273 850430 959045 958080
790586 710940 640450 1351974 908123
29047 14026 27214 31275 31308
180032 190005 170895 249823 240913
209534 171322 278923 391231 559087
81027 86789 75142 40011 65080
117031 187033 129012 140941 136324
127901 162129 108086 142946 124109
38026 73070 65868 84020 60237
258225 172150 86075 195902 195018
301137 258724 430790 315088 162007
602910 874110 582841 680114 678290
106227 75402 76298 82796 89783
43890 38037 33285 50521 49052
701342 620185 1207302 850897 801134
1078 2500 2156 3012 5006
310023 331798 310135 327196 501270
2271130 3629251 5327209 3338905 2601730
981856 902410 1227319  1693700.91 1114352
305134 203020 192351 230165 118254
2007 2008 2009 2010 2011
4329277 7842944 6421595 6851493 5079658
1443093 2614314 2140532 2283831 1693219
12285063 6957238 17406135 9202808
2436052 4783930 3963415 3237454 2426151
87468 49522 69481 49476 29713
1690093 2259070 1712080 3951131 4559000
1300114 1090628 1640985 2159035 1208354
39637 56341 53750 56728 49230
130044 390663 430160 527835 661456
349187 629165 480943 590134 538920
246086 183460 63089 193037 200156
334791 249050 241026 447024 268036
345008 293117 243685 159010 80300
146270 146707 190152 200100 167229
203468 360740 352010 495350 417026
689770 518825 870032 869367 710094
1977230 1590270 3796073 2072676.5 2768123
148098 262052 250981 241905 187250
85390 60100 85902 130895 113791
968852 1533604 1550892 2501674 2250947
57365 60797 71090 65002 57271
1350170 706130 645082 1060547 1272927
3170782 2109050 2168933 3291647 3329081
1350193 1070129 1102928 999254 662621
294087 424194 560010 430205 445018

1. — Allard et al., 2003; Davidson et al., 2001; Milanovi¢, Markovi¢, 2013. 2. — Bottero et al., 2013; Moller, 2014. 3. — Borkowski, Podlaski, 2011; Kunca et al., 2012; Miiller et al., 2008. 4. — Colombari et al., 2013; Colombari et
al., 2012. 5. — Hansen et al., 2005; Turbé et al., 2012. 6. — Meshkova, 2006; Zarins, 2001. 7. — Allard et al., 2003. 8. — Allard et al., 2003; Woodboring beetles.., 2010. 9. — Allard et al., 2003; Lazdans, 2009. 10. — Allard et al.,
2003; Dzuteski, 1960. 11. — Allard et al., 2003; Lieutier et al., 2004; Watt et al., 1997. 12. — Kolk, 2006; Lieutier et al., 2004; Lust et al., 2001. 13. —Bjorkman et al., 2011; HraSovec et al., 2008; Kunca et al., 2014a. 14. - Brookes
et al., 1978; Seidl et al., 2011; Thom et al., 2013. 15. — Allard et al., 2003; Gavrilovi¢ et al., 2014; Kunca et al., 2014b. 16. — Allard et al., 2003; Barbosa et al., 2012. 17. — De Somviele et al., 2004; Thom et al., 2013; Watt et al.,
1997. 18. — Allard et al., 2003; Bjorkman et al., 2011; Kunca et al., 2014a, b; Thom et al., 2013; Watt et al., 1997. 19. - Kunca et al., 2014a; Lieutier et al., 2004; Thom et al., 2013. 20. — Allard et al., 2003; Schindler, 1970; Thom
etal., 2013. 21. — Kunca et al., 2014b; Luisa, Mauro, 1996; Oltean et al., 2010; Thom et al., 2013. 22. -Kunca et al., 2014b; Moller, 2014; Patek, 1998. 23. — Herard, Mercadier, 1996; Lieutier et al., 2004; Moller, 2014; Zabrik et
al., 2008; Thom et al., 2013. 24. — Borkowski, 2006; Lieutier et al., 2004; Kunca et al., 2014a, b; Thom et al., 2013. 25. — Allard et al., 2003; Kolk, 2006; Lieutier et al., 2004; Lust et al., 2001; Thom et al., 2013.
Database on Forest Disturbances in Europe - http://dataservices.efi.int/dfde/
EFIATLANTIC database ‘Forest pests and diseases’ - http://www.efiatlantic.efi.int/portal/databases/pests_and_diseases/
EPPO (European and Mediterranean Plant Protection Organization) databases - https://www.eppo.int/DATABASES/databases.htm
Fauna Europaea Database - http://www.faunaeur.org/index.php
Global Invasive Species Database - http://www.issg.org/database/welcome/
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1981
23403
7801
5915865

1079178
80005
46057

708250

6098

351495

2510184

838263
231712

2012
6105143
2035048

11387117
2354760

594903
1186338
257103
89904
3119928
42584
647073
4250894
734015
298905

1982

11891

3965
4511872



2.2.pielikums. Atlasito sugu registréto savairo$anas gadijumu skaits 1950. — 2013. gados

No. Dendrofagi, sugas/ gadi 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
1 Limantria dispar 1 1 a4 5 6 8 4 1 1 1 1 1 1 1 1 1 4 8 9 8 10 6 2 2 2 2 2 2 4 S5 10 6 9
2 Lymantria monacha 1 1 3 3 4 3 2 1 1 1 1 1 1 1 1 1 3 5 6 3 4 4 2 2 2 2 2 2 2 3 S5 a4 S
3 Ips typographus B 6 7 s 5 3 2 3 3 6 6 3 2 1 i 2 2 2 3 3 4 3 6 4 5 6 4 7 11 & 7 4 3
4 Ips acuminatus 4 3 a4 2 2 12 1 2 3 2 12 1 1 1 2 1 1 2 1 3 4 3 a 2 3 2 2 2 2 2 3
5 Hylobius abietis 2 1 1 1 1 1 1 1 2 1 12 13 a4 2 1 2 1 1 1 2 3 a4 2 2 2 2 3 2 2 2 2
6 Bupalus piniarius 4 3 2 1 1 1 1 1 1 1 1 1 2 1 1 1 2 3 1 2 103 2 2 2 1 2 2 2 2 2 3 3
7 Neodiprion sertifer 4 s 7 4 6 3 a3 1 2 1 1 12 3 12 1 1 2 3 a4 3 2 2 2 2 2 2 3 2 3 3
8 Phymatodes testaceus 2 2 1 3 2 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 2 3 2 2 2 2 1 2 2 2 2 3
9 Scolytus ratzeburgi 2 1 3 2 1 2 2 1 1 1 1 1 2 2 1 1 1 1 1 1 1 2 2 2 2 3 2 2 2 2 2 2 2
10 Euproctis chrysorrhoea 2 1 3 5 3 2 2 1 1 1 1 1 1 1 1 1 2 2 3 4 3 1 2 2 2 2 2 2 2 4 5 4 6
11 Aradus cinnamomeus 2 3 2 1 2 1 1 2 1 1 1 1 2 1 1 1 1 2 1 1 1 2 3 1 2 3 2 2 2 1 2 2 2
12 Xyleborus dispar 2 1 1 2 1 12 12 1 1 1 1 1 12 1 1 1 1 1 2 2 2 2 2 2 3 2 2 2 2 2
13 Cryphalus piceae 3 3 a4 2 1 2 2 1 1 12 2 1 1 1 1 2 1 1 1 13 2 2 1 2 2 3 2 2 2 1 2
14 Archips crataegana 1 2 2 1 1 1 1 1 2 1 1 1 1 1 2 1 1 1 1 1 2 2 2 2 2 2 1 2 2 2 2 2 2
15 Melasoma populi 1 1 2 1 2 1 3 3 1 2 1 1 1 1 1 1 2 1 1 1 103 2 2 2 2 3 2 1 2 2 3 4
16 Phalera bucephala 1 2 2 3 2 1 2 1 2 1 12 1 12 2 1 12 1 12 2 2 2 2 2 2 3 2 1 2 2
17 Diprion pini 2 1 2 1 5 4 2 2 1 1 1 1 2 2 1 1 2 2 1 2 1 3 2 2 2 3 2 3 2 2 2 3 3
18 Rhyacionia buoliana 1 2 2 2 1 1 2 1 1 1 1 2 1 1 1 1 1 1 1 1 1 3 2 1 2 2 3 2 2 2 2 2 3
19 Saperda carcharias 1 2 1 2 2 1 2 1 1 1 2 1 1 2 1 1 1 2 1 1 1 2 2 3 2 1 2 2 2 2 2 2 3
20 Panolis flammea 1 1 2 3 2 1 2 1 1 1 1 1 1 2 1 1 1 2 3 1 13 2 2 2 2 2 2 3 2 2 2 2
21| Melolontha melolontha 4 3 1 2 2 a4 1 4 3 1 1 12 12 1 2 3  a 2 2 2 2 2 3 2 1 2 2 2 2 2 2
22 Dendrolimus pini 4 3 3 2 3 1 3 2 i 2 2 3 3 3 2 1 2 1 2 3 1 2 2 3 2 3 2 2 2 2 3 2 2
23 | Pityogenes chalcographus 3 3 5 3 2 2 1 2 2 4 a4 3 2 1 1 12 1 2 2 2 3 4 3 4 4 3 s 7 4 3 3 2
24 Tomicus piniperda 3 4 6 3 2 2 2 1 2 3 3 4 2 2 1 1 1 2 1 2 2 2 3 4 5 5 4 4 5 6 4 3 2
25 Tomicus minor 2 3 3 2 1 2 1 1 1 2 3 2 12 12 1 12 1 12 2 3 3 2 3 2 2 2 1 2 2

No.| Dendrofagi, sugas/gadi | 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
1 Limantria dispar 1 7 6 4 2 2 2 6 3 8 12 12 7 6 8 B 8 9 8 10 7 3 3 2 5 6 a a 3 3 3
2 Lymantria monacha 6 a a 3 2 2 2 4 3 5 6 7 6 5 5 a 5 6 4 6 3 3 4 3 2 3 3 3 3 2 3
3 Ips typographus 6 5 6 9 5 2 3 2 4 4 7 7 9 8 15 a4 5 4 1 3 6 7 6 7 6 7 a 4 1 4 4
4 Ips acuminatus 2 2 2 2 2 2 2 3 3 4 4 4 5 5 6 7 3 5 4 3 5 5 5 4 3 6 5 4 3 3 4
5 Hylobius abietis 3 2 2 2 2 3 2 2 2 4 5 4 5 6 3 5 6 5 5 7 1 2 3 3 8 5 7 5 3 4 1
6 Bupalus piniarius 2 2 2 2 2 2 2 3 3 4 5 3 4 6 1 5 3 5 3 2 3 2 3 3 3 4 3 7 8 5 3
7 Neodiprion sertifer 2 2 2 3 3 2 2 2 3 4 3 3 5 4 3 4 4 5 6 7 5 8 5 4 3 2 3 a 3 2 3
8 Phymatodes testaceus 2 2 2 2 2 2 2 2 3 3 3 4 5 5 6 7 1 4 4 3 3 3 3 2 2 3 3 3 3 3 3
9 Scolytus ratzeburgi 2 2 2 2 3 2 2 2 3 3 4 3 3 4 a 5 3 5 1 3 a 6 3 3 1 3 3 a 5 5 4
10 Euproctis chrysorrhoea 4 3 3 2 2 2 2 3 2 3 4 5 6 4 a 5 4 3 4 3 2 3 4 3 3 5 a 5 4 3 3
11 Aradus cinnamomeus 3 2 2 2 2 2 3 2 3 3 4 3 4 4 3 3 2 2 3 4 a 3 3 4 4 3 1 3 3 3 4
12 Xyleborus dispar 2 3 2 2 2 2 2 2 3 4 2 3 5 3 3 5 3 4 3 5 3 2 3 3 4 3 3 5 3 4 4
13 Cryphalus piceae 2 2 2 2 3 2 2 3 3 a 4 5 4 5 a 3 4 4 5 5 3 a 5 3 4 4 3 2 1 2 3
14 Archips crataegana 2 2 3 2 2 2 3 2 3 4 3 3 2 4 3 4 5 3 3 5 3 a 3 5 3 3 a a 3 3 1
15 Melasoma populi 3 4 2 2 3 2 2 2 2 3 4 3 3 2 3 3 4 4 5 6 5 3 4 4 1 3 3 4 3 2 3
16 Phalera bucephala 2 2 2 2 3 2 2 2 a 3 5 3 3 5 6 5 4 5 4 4 3 4 3 3 4 3 5 5 4 3 3
17 Diprion pini 1 3 2 2 2 3 2 3 a 3 5 4 6 6 3 5 6 7 5 8 3 6 3 5 5 4 1 6 7 3 4
18 Rhyacionia buoliana 1 3 2 2 2 2 3 2 3 3 4 3 3 3 a 3 4 4 3 5 4 3 4 4 3 5 5 a 3 5 3
19 Saperda carcharias 2 1 2 2 2 2 2 2 3 2 3 3 4 5 7 7 4 2 4 3 3 3 4 3 3 2 3 a 3 3 3
20 Panolis flammea 3 3 1 2 2 2 2 3 3 2 3 4 5 6 5 5 3 4 3 2 3 3 4 3 2 3 3 5 4 6 4
21| Melolontha melolontha 2 3 2 2 2 2 2 2 a 3 4 3 3 2 3 3 5 4 3 3 2 2 3 3 3 3 a 3 3 2 1
22 Dendrolimus pini 2 2 2 4 1 3 2 2 5 7 5 8 4 4 3 4 3 6 5 6 7 3 5 8 6 3 3 5 6 3 3
23 | Pityogenes chalcographus 4 a 5 5 4 3 1 2 3 4 5 4 6 5 8 3 4 4 3 4 3 3 2 4 3 2 2 3 3 4 4
24 Tomicus piniperda 3 2 a a 3 3 3 1 3 3 4 5 8 6 9 3 4 4 4 3 a a 3 3 4 3 3 3 2 2 3
25 Tomicus minor 2 3 2 2 3 2 2 2 a 3 4 3 5 5 a a 3 3 4 3 3 a 3 4 2 3 a 3 3 2 3

Atsauces uz avotiem péc kartas numura:

1. — llyinykh et al., 2011; Johnson et al., 2005; Lipa, Kolk, 2008. 2. — Barbosa et al., 2012; Liska, Srutka, 1998. 3. — Cheraghian, 2013; Ohr, 2012; Wermelinger, 2004. 4. — Colombari et al., 2013; Colombari et al., 2012. 5. —
Barbosa et al., 2012; Leather et al., 1999; Novak, Temmlova, 1964. 6. — Barbosa et al., 2012; Barbour, 1988; Roques et al., 2006; VVoolma, Luik, 2001. 7. —-Kolomiets et al., 1972; Smits et al., 2008; Virtanen et al., 1996. 8. —
Humble, Allen, 2006; Reiner, 1998. 9. — Barbosa et al., 2012; Lieutier et al., 2004. 10. — Barbosa et al., 2012; Frago et al., 2010; Mamaes, 1977. 11. — Barbosa et al., 2012; Jatcel, Kleinhentz, 1997; Turcek, 1964. 12. — Lieutier
et al., 2004; Schiegg, 2001; Natali et al., 1994. 13. — HraSovec et al., 2008; Jurc, Bojovi¢, 2004. 14. — Barbosa et al., 2012; Carter, 1984. 15. — Barbosa et al., 2012; Ikonen, 2001. 16. —Nieukerken et al., 2012; Port, Thompson,
1980. 17. — Augusaitis, 2007; Barbosa et al., 2012; Supatashvili, 1990; Makaposa, 2004. 18. — Allard et al., 2003; Heeley et al., 2003; Kolk et al., 1981; Zethner, Bejer-Petersen, 1972. 19. —Lugowoj, 1993; Pronin, Vaughan,
1968; Schnaiderowa, 1968; Steyrer et al., 2012. 20. — Gedminas, 2003; Haynes et al., 2014; Hicks et al., 2008; Myers, 1998; Ozols, 1985; Ozols, 1968; Schroeder, 2008. 21. — Barbosa et al., 2012; Imrei, Toth, 2002; Kolar et
al., 2012; Zimmermann, 2010. 22. — Barbosa et al., 2012; Moore 2011; Moore 2009; Sierpifiska, 1998. 23. — Annila, 1977; Arthofer, 2005; Foit, 2012. 24. — Barbosa et al., 2012; Cedervind et al. 2003. 25. — Allard et al., 2003;
Barbosa et al., 2012; Lakatos, 2006; Lieutier et al., 2004.

Database on Forest Disturbances in Europe - http://dataservices.efi.int/dfde/

EFIATLANTIC database ‘Forest pests and diseases’ - http:/www.efiatlantic.efi.int/portal/databases/pests_and_diseases/; EPPO (European and Mediterranean Plant Protection Organization) databases -
https://www.eppo.int/ DATABASES/databases.htm; Fauna Europaea Database - http://www.faunaeur.org/index.php; Global Invasive Species Database - http://www.issg.org/database/welcome/
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2.3.pielikums. Atlasito sugu savairo$anas platiba (ha) uz vienu registréto savairo$anas gadijumu 1950. — 2013. gados

No. | Dendrofagi, sugas/gadi | 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
1 Limantria dispar 100.5 1558 627.5 8011 1167 4563 6126 56713 2000 56 5 17 12 8705 20308 97904 1872 1224 1064 977 99.13 2255 27.5 165 275 55 1155 9.185 41.25 5819 3523 39.01 13.21
2 Lymantria monacha 33.5 5192 2789 4451 5835 4056 4084 18904 7647 18.66 167 567 4 2902 6769 32635 831.8 653.1 532 8684 8261 11.28 916 55 092 27 3.85 3.56 27.5 3233 2349 195 7.93
3 Ips typographus 11432 11635 11652 11652 11985 11659 11752 11686 11652 11652 11652 11971 11652 11652 12817 12417 12817 13000 12684 13141 12567 12817 12834 12817 12620 12867 12817 12817 12817 14857 14740 14790 15040
4 Ips acuminatus 5310 5310 5450 5356 5365 5300 5295 5310 5500 5310 5291 5279 5310 5400 5901 5841 6143 5951 5931 5789 5901 6041 5749 6045 5841 5899 5841 5851 5841 6718 6800 6772 6714
5 Hylobius abietis 63.8 63.08 59.95 52.86 66.36 6552 73.68 58.8 6635 82.46 60.57 641 50.7 63.45 7299 72.83 67.59 73.77 69.81 49.61 77.5 77.41 7143 82.44 57.41 59.91 41.86 72.99 7296 69.84 86.17 83.75 86.5
6 Bupalus piniarius 3783 3783 3783 3695 3510 3703 3783 3401 3986 3777 3698 3783 3783 3783 4294 4099 4161 4161 4179 4204 4395 4161 4295 4205 4156 4169 4152 4246 4252 4795 4790 4834 4785
7 Neodiprion sertifer | 3676 3562 3562 3625 3562 3598 3562 3562 3793 3505 3609 3562 3201 3562 3919 4001 3953 3804 3919 3005 4014 3926 3919 4101 3928 4052 3953 3555 3202 4507 4541 4536 4506
8 | Phymatodestestaceus |124.4 125 1264 132.5 1237 127.8 120.1 1258 123.6 127.8 1237 123.6 1255 1237 133.8 1385 1367 1369 139.8 140.1 143.2 1367 1361 1351 1367 143.2 1452 1403 1361 156.4 156.5 156.3 159.9
9 Scolytusratzeburgi | 891.8 872 8827 900.1 908.1 8547 901.4 8712 879.8 892.8 936.7 873.3 903.3 880.7 949.1 95.83 920.0 960.2 1000 980.8 958.3 1092 1005 954.1 9014 1030 900.2 950 8545 1249 1205 1251 1152
10 | Euproctis chrysorrhoea | 7949 7782 771 7812 870 7713 89 790.2 859.6 780 749 759.1 800.4 730.1 980.9 871 1025 757.1 834.6 1025 701.2 812.9 1155 851.8 759.3 850.1 1048 856.6 1395 9781 1118 991.2 986.4
11 | Araduscinnamomeus |345.1 3451 350.1 379 340.1 370.2 345.1 3551 2402 3404 4143 3451 335 3533 379.8 379.6 4211 3851 459 360.9 399.9 412.8 4013 340.8 403.4 4203 405.1 433.9 3757 400.1 325.4 4437 4615
12 Xyleborus dispar 530.5 539.2 558.8 535.4 530.8 500.5 595 574.8 584.6 575.3 479.2 5432 609.2 610 649.9 654.7 6292 650.3 659.4 4103 639.1 634 5524 542.1 6102 640.6 585.2 623.4 645.1 704.7 6816 6011 650.9
13 Cryphalus piceae 489.8 4913 4913 4851 4813 509.6 490.6 513 490 549 5795 4913 4933 558 567.1 520.6 595.1 630.2 531.8 600.5 680.4 5635 660 640.1 7145 701 639.5 540.4 5404 7147 6205 622 671
14 | Archips crataegana 2992 295 299.4 2904 290 3189 3281 290.1 299.4 280.4 250.5 355 312.9 299.4 328.2 390.5 300.4 234.8 329.3 400.4 325.8 3451 360.4 340.5 3203 305.4 380.3 365.4 3293 420.1 3012 289 383.5
15 Melasoma populi 7409 750.1 664 6211 7415 782 7339 1015 7735 805 782.6 872.6 568.2 747.9 7709 9014 9154 890.2 740.9 910.8 790.6 903.2 850.7 1016 90.05 80.71 860.8 860.8 860.8 979.5 975.1 1006 1038
16 Phalera bucephala 1103 1060 1075 1152 1155 1141 1152 1175 1214 1170 1191 1200 1175 1158 1599 1201 1365 1282 1301 1294 1383 1270 9513 1402 1261 1463 1506 1294 1436 1575 1620 1855 1490
17 Diprion pini 2507 2502 200.1 2412 2649 2649 2646 2651 2703 2721 2899 2649 2715 2550 3219 2967 2924 2996 3121 3095 2914 2960 2050 2855 2451 3068 3015 2914 2914 3401 3391 3597 3534
18 | Rhyacioniabuoliana [319.3 3146 316 3257 3163 320.1 313.6 3288 3183 3127 321 3226 350.1 3486 378.3 3853 3807 389.9 339.2 204 3566 3456 390.7 3541 329 3541 3541 377 3815 414 4489 400 497.5
19 Saperda carcharias 1702 176 1648 175 189 199.4 1802 219 1563 185.6 188.2 1654 198 182.7 232 190.3 2488 2154 213.6 247.8 2105 2229 201 201 195 2382 2195 190.2 166.4 252.6 2453 2303 2333
20 Panolis flammea 3018 3280 2901 2918 3245 2481 3051 3010 2912 3103 2700 3013 3460 3245 3810 3240 3570 3501 3401 3474 3570 3663 3845 3705 3401 3205 3507 3101 4024 4254 4006 3541 4246
21 | Melolonthamelolontha |150.3 150.3 162 1123 117.2 1123 1123 1123 1123 100.3 1243 1123 1257 12.57 140.1 13.83 1349 1633 142.6 1404 14.05 1495 189 1275 1236 191 1078 125 10.78 1506 25.03 3049 18.44
2 Dendrolimus pini 1421 1403 1370 1301 1371 1415 1339 1290 1204 1351 1252 1034 1424 1364 1501 1401 1029 1311 1505 1514 1563 1561 1551 1510 1445 1507 1550 1659 1551 1636 1671 1757 1701
23 | Pityogenes chalcographus | 6834 6767 6911 6911 6626 6507 6702 6551 6451 6911 6526 6672 6513 6301 7200 7501 7501 7603 7051 7251 7603 7645 7526 7167 7500 7527 7570 7259 7610 8347 8672 8367 8401
24 Tomicus piniperda 2193 2231 2191 2170 2201 2190 2202 2231 2189 2169 2201 2182 2200 2231 2404 2403 2410 2425 2455 2403 2455 2375 2455 2443 2301 2408 2455 2256 2455 2823 2786 2794 279
25 Tomicus minor 900.2 900.4 867.4 924.7 870.2 924.7 902.6 910.3 9247 850.6 924.7 895.6 920 924.7 1003 951.4 970.1 990.2 1001 980.6 950.1 1001 1008 1017 1007 760.1 1017 1015 961.8 1151 1183 1159 1156
No. | Dendrofagi, sugas/gadi | 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
1 Limantria dispar 36.8 114.2 89.39 86.97 94.88 1329 28.47 10.12 7.17 4538 1624 11221 18350 19730 12128 7494 3209 15127 13267 6195 10666 151.8 106.5 227.6 8659 13072 16054 17129 16932 20350 10250
2 Lymantria monacha [ 22.49 66.62 447 38.65 31.63 4.435 9.475 506 239 242 1083 6412 7136 7892 6468 3123 1712 7563 8844 3442 8296 50.59 26.62 50.58 7215 8714 7135 7613 5644 10175 3417
3 Ips typographus 14740 14820 14855 15853 14758 15735 15073 14839 14805 14780 14740 17552 17393 17393 17393 24857 17493 17243 78931 37296 17393 21558 17393 17135 32320 17550 17393 43515 92028 28468 26201
4 Ips acuminatus 6467 6718 6698 6718 7017 7003 6800 6605 6718 6840 6718 8001 8022 7927 8042 7927 8044 8317 7907 8064 8005 8092 7787 8166 8120 7973 7927 8094 8087 7849 5285
5 Hylobius abietis 83.23 88.79 8549 89.05 72.42 107.8 88.17 91.27 83.94 87.73 8404 100.5 99.01 99.57 101.2 109.4 103.8 105.2 98.62 100.5 117 97.85 101.9 99.04 109.3 99.04 99.26 98.95 99.04 153.6 126.1
6 Bupalus piniarius 4852 4750 4752 4846 4700 4355 4785 4864 4867 4785 4785 5964 5774 5644 5902 5648 5699 5810 5747 6418 5701 5651 5694 5443 5634 5648 5707 5644 5699 5650 3764
7 Neodiprion sertifer | 4510 4801 4565 4464 4597 4506 4699 4503 4618 4503 4564 5374 5343 5382 5301 5309 5451 5312 5497 5329 5299 5317 5317 5302 4334 5453 5470 5398 4028 6355 4464
8 | Phymatodestestaceus |160.4 156.7 168.2 164.9 1582 150.3 157.9 1652 155.7 167.8 1711 185 1865 185.3 186.1 184.6 1847 189.9 184.9 197.9 156.6 191.2 184.6 184.7 198.2 187.8 179.2 189.1 164.1 195.4 123.6
9 Scolytus ratzeburgi 1200 1345 1154 1095 1104 1102 1154 1145 1041 1169 1150 1300 1368 1351 1326 1438 963.4 1400 1393 1347 1550 1368 1503 1305 1300 1302 1434 1320 1323 1300 998.3
10 | Euproctis chrysorrhoea | 988.5 984 1097 677.4 9817 1155 1095 974.6 936.2 974.8 1118 1221 1218 1323 1097 1257 1196 1233 1201 1267 1291 1226 1172 1242 1164 1258 1202 1180 1347 1270 864.2
11 | Araduscinnamomeus | 464.7 440.2 440 334 415 4751 490.3 440 496.4 436.6 477.3 547 5725 577.5 5313 539.3 475.5 580.3 541 6027 5653 596.4 533.5 524.8 6152 6115 630.9 6435 667.2 780.3 414.7
12 Xyleborus dispar 6953 692.8 695 6863 546.8 6955 7354 739 750.1 777.7 7253 899.6 838 8114 830.9 810.1 836.4 867.6 836.4 841.6 830.1 854.9 820.3 896.4 837 830.2 803.4 894 8935 1000 633.4
13 Cryphalus piceae 4951 700.2 635.1 7303 630.4 6754 709 634.5 627.5 684.5 682.6 7343 677.6 822.1 730.2 7347 750.3 737.7 851.8 732.1 766.5 780.2 734 763.5 862.5 732.8 8123 7951 803 1185 7285
14 Archips crataegana 340.2 395 380 3753 3947 439.6 382.3 378.8 393.5 378.7 3787 473.5 4469 4503 596.3 299 453.8 493.1 457.2 450 496.6 480 460.9 474 487.6 489 4754 500.3 557.4 566.9 633.6
15 Melasoma populi 1090 989.9 1135 1245 1090 1200 850.6 1135 1005 996.3 989.9 1167 1268 1200 1267 1369 1400 1198 1169 1168 1181 1263 1174 1200 2035 1202 1173 1238 1390 1166 872.1
16 Phalera bucephala 1625 1050 1555 1501 1460 1510 1152 1478 1476 1560 1518 1760 1909 1722 1720 1817 1796 1801 1724 1748 2006 1808 2521 1990 1724 1729 1740 1739 1775 1983 1447
17 Diprion pini 3480 3401 3405 3360 3303 4434 3451 3671 3351 3351 3351 4476 3965 4085 4201 4079 4200 4303 3954 3954 3959 4335 6358 4021 3954 3976 37961 3454 3954 3954 3136
18 Rhyacionia buoliana | 462.9 463.7 431.9 400.6 3952 433.6 447.4 407.2 4163 433.1 4219 613.4 5264 553 484.4 506.4 504.7 487.3 524.3 539.6 579.8 5342 587.3 552.2 493.7 5241 502 604.8 624.2 5142 415.1
19 Saperda carcharias 2465 2311 2407 2165 251.9 280.1 241.8 249.7 243.8 231.1 249.7 276.3 277.5 275.8 257.6 268.4 317.2 305.1 279.5 283.3 256.9 319.4 394.8 278.4 284.6 300.5 2863 327.2 2845 299.7 217.8
20 Panolis flammea 4263 4097 4105 4201 4101 4258 4350 4000 4031 4240 4233 4877 4838 5003 4962 5022 4900 5327 4967 4845 5067 5168 4975 4844 4844 5112 5170 5003 5627 5200 3513
21 | Melolonthamelolontha | 34 124 2047 1251 1639 23.09 1504 124 124 1542 1542 182 182 187.6 150.3 152.7 182 162.5 180.1 167.2 1941 156 167.3 163.4 191.2 202.7 177.7 2167 190.9 212.9 159.1
2 Dendrolimus pini 1745 1795 1790 1825 1798 1798 1875 1805 1804 1800 1798 2150 1872 2122 2173 2122 2137 2185 2120 2165 2122 2126 2279 2122 2250 2354 2150 2121 2122 2157 1756
23 | Pityogenes chalcographus | 8553 8625 8602 8421 8452 8637 8700 8753 8743 8743 8743 10352 10335 10341 10363 10385 10402 10473 10469 10520 10401 10520 11703 10701 10569 10545 10845 10972 11097 10627 7234
24 Tomicus piniperda 2767 2823 2759 2823 2767 2817 2843 2823 2679 2767 2823 3357 3352 3331 3467 3398 3420 4075 3576 3431 3520 3331 3567 3283 3375 3567 3676 3331 3313 3670 2840
25 Tomicus minor 1081 1164 1146 1175 1164 1153 1006 1171 1170 1170 1198 1431 1202 1383 1425 1418 1383 1417 1393 1427 1406 1403 1437 1437 1470 1414 1400 1434 1483 1495 1054
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2.4.pielikums. Atlasito sugu registréto savairo$anas gadijumu skaits apskatitajas valstis 1950. — 2013. gados

Belgija Niderlande  Slovakija Lietuva Cehija Austrija Serbija Ungrarija  Baltkrievija ~ Rumania .pvienotaKaralist  Polija Vacija Francija Ukraina

Dendrofagi, sugas/ valstu platiba 30520 41530 49035 65200 78860 83850 87460 93030 207600 238500 243610 312700 357000 552000 603700
Aradus cinnamomeus 1 3 4 3 4 5 6 5 11 12 8 22 18 22 20
Archips crataegana 4 5 8 5 9 6 9 7 8 12 10 14 15 15 18
Phymatodes testaceus 3 5 11 7 6 6 7 12 8 11 10 13 15 17 16
Xyleborus dispar 2 4 7 2 5 5 6 6 10 12 11 17 18 21 22
Saperda carcharias 3 4 5 3 4 5 7 6 9 13 12 18 20 27 14
Scolytus ratzeburgi 2 3 4 2 5 6 4 3 10 11 12 20 19 25 27
Melasoma populi 4 4 8 3 11 7 8 11 12 14 10 15 18 15 14
Rhyacionia buoliana 7 4 11 2 6 7 9 12 8 10 13 16 14 16 19
Melolontha melolontha 4 5 10 3 9 12 7 10 7 12 9 12 20 14 23
Tomicus minor 6 7 12 4 5 9 6 11 6 13 11 17 25 15 11
Panolis flammea 5 6 9 7 8 12 7 8 9 10 8 19 20 10 21
Cryphalus piceae 3 3 9 3 4 7 10 8 8 12 12 18 27 20 16
Bupalus piniarius 3 4 6 7 7 8 6 8 10 7 13 20 23 17 24
Phalera bucephala 4 5 11 2 9 11 11 12 7 14 10 15 19 16 18
Hylobius abietis 5 6 9 4 8 10 9 8 10 13 9 18 25 17 25
Euproctis chrysorrhoea 3 4 6 0 7 9 7 11 5 16 14 19 22 32 27
Ips acuminatus 7 8 7 5 8 11 13 14 9 7 16 29 27 12 15
Diprion pini 7 13 4 9 6 15 7 4 19 11 12 43 22 10 11
Neodiprion sertifer 6 13 6 8 7 15 8 5 17 10 10 50 21 9 13
Lymantria monacha 7 6 7 7 16 17 9 7 22 8 10 34 26 13 14
Dendrolimus pini 4 12 4 9 15 9 7 4 24 5 11 50 12 9 29
Pityogenes chalcographus 2 7 7 0 14 18 8 9 13 14 15 30 33 12 25
Tomicus piniperda 3 5 9 8 13 17 5 7 16 17 16 26 24 11 32
Ips typographus 12 21 11 15 31 30 10 4 20 11 17 44 39 17 23
Limantria dispar 5 8 11 4 14 13 15 19 15 34 18 31 57 23 41

79



Sugas/ Faktori, (ménesi)

2.5.pielikums. Atlasitie klimata parametri dendrofagu savairo$anos ietekméjoSo faktoru analizei

Faktors 1

Faktors 2

Faktors 3

Faktors 4

Faktors 5

Bupalus piniarius
Panolis flammea
Diprion pini
Ips typographus
Rhyacionia buoliana
Lymantria dispar
Lymantria monacha
Melasoma populi

Mean TMean (°C), (8-10)
Mean TMean (°C), (4-6)
Mean TMean (°C), (5-9)
Mean TMean (°C), (4-5)
Mean TMean (°C), (7-8)
Mean TMean (°C), (4-7)
Mean TMean (°C), (4-7)
Mean TMean (°C), (4-10)

Total Precipitation (mm), (8-10)
Total Precipitation (mm), (5-6)
Total Precipitation (mm), (5-9)
Mean TMean (°C), (8)
Total Precipitation (mm), (7-8)
Mean TMax (°C), (6-7)
Mean TMax (°C), (6-7)
Mean TMax (°C), (6-7)

Concecutive Days Without Prcp (days), (8-10)
Concecutive Days Without Prcp (days), (4-5)
Concecutive Days Without Prcp (days), (5-9)
Concecutive Days Without Prcp (days), (5-9)

RelativeHumidity (%), (7)
Nb Days With Prcp(days), (4-7)
Nb Days With Prcp(days), (4-7)
Nb Days With Prcp(days), (6-7)

Snowfall (mm of water), (11-4)
Snowfall (mm of water), (8-4)
Snowfall (mm of water), (10-4)
WindSpeed (km/h), (1-12)
WindSpeed (km/h), (7-8)
WindSpeed (km/h), (4-5)
WindSpeed (km/h), (4-5)
Snowfall (mm of water), (10-3)

Frost Days (days), (11-4)
Frost Days (days), (8-4)
Frost Days (days), (10-4)

Frost Days (days), (10-4)
Concecutive Days Without Prcp (days), (7-8)
Mean TMin (°C), (10-3)

Mean TMin (°C), (10-3)
Concecutive Days Without Prcp (days), (8-9)
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2.6.pielikums. Nozimigako savairoSanas regionu epicentru geografiskas koordinatas

Svairosanas vietas, Nr.

Koordinatas

platums

garums
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QUGB EES B S SDS DS DWW WEWELEEENNENNNNNNNDND DR B R B e
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48°39'14.49"N
47°16'12.32"N
46°21'29.29"N
50°38'18.38"N
49°33'9.93"N
51°19'50.84"N
48°36'58.14"N
48°45'17.86"N
47°47'5.93"N
47° 3'2.78"N
45°21'4.87"N
44°41'29.06"N
52°26'34.48"N
52°43'26.59"N
54°31'53.84"N
54°18'29.47"N
50°31'13.83"N
50°48'22.14"N
52°30'45.99"N
51°56'32.04"N
52°15'3.92"N
53°22'39.90"N
55°17'25.29"N
54°18'49.75"N
54°54'11.26"N
56°43'40.75"N
56°14'22.49"N
57°12'12.86"N
56°23'11.84"N
47°39'23.13"N
47°35'39.52"N
49°48'2.43"N
49°15'37.07"N
52°5'0.20"N
50°57'57.31"N
49°38'46.43"N
48°26'19.51"N
50°24'51.67"N
49° 3'10.65"N
48°42'5.45"N
50°18'11.51"N
50° 1'53.44"N
47°14'4.30"N
47°58'23.65"N
45°37'22.84"N
47°14'24.24"N
51°19'5.30"N
51°53'15.49"N
52°2'22.50"N
53°54'46.52"N
55°19'57.01"N
54°24'7.98"N
53°36'10.50"N

23°55'43.83"E
25°29'16.83"E
22°58'0.61"E
27°14'9.93"E
32°5'26.82"E
25°16'35.86"E
19°22'42.37"E
20°54'41.75"E
20°21'13.09"E
17°41'16.39"E
22°53'15.10"E
19°47'50.19"E
29° 6'46.53"E
25°54'55.71"E
27°44'11.06"E
28°28'7.26"E
22°8'5.21"E
19°16'47.93"E
15°44'3.29"E
15°21'8.50"E
19°33'18.83"E
21°48'15.97"E
25°25'19.73"E
24°18'57.76"E
23°35'28.43"E
25°35'2.53"E
26° 0'31.88"E
22°2'10.02"E
21°16'0.07"E
15°39'32.61"E
14°26'35.82"E
17°4'52.18"E
16°18'54.16"E
13°5'19.25"E
8°25'53.56"E
8°57'24.38"E
8°42'38.96"E
11° 4'42.04"E
10°34'37.83"E
12°46'17.41"E
5°43'37.49"E
5°5'42.54"E
2°58'41.46"E
6°28'41.87"E
4° 7'53.45"E
1°16'17.63"E
5°37'30.40"E
1°32'55.91"W
3°11'15.99"W
1°32'3.21"W
3°49'18.72"W
6°27'13.54"W
7° 2'35.85"W





