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1. DARBA VISPARIGS RAKSTUROJUMS
1.1. Témas aktualitate

Dabiskie trauc€jumi ietekmé gan atseviSkas mezaudzes, gan meza ainavas un to
turpmako attistibu. Hemiborealajos meZos nozimigakie dabiskie abiotiskie traucgumi ir
vetras (izraisot gan v&jgazes, gan vg&jlauzes) un ugunsgreki, ka arT sniegs un sasalstoss
lietus (viens no atkalas veidiem). So traucg&jumu nozime ir gan ekonomiska (pieméram,
samazinot koksnes vértibu, ietekm&jot kada regiona koksnes resursu pieejamibu, koksnes
cenu, regiona piem@rotibu tirismam), gan ekologiska (pieméram, samazinot vecu koku
Ipatsvaru audz€ vai meza ainava, radot piemérotas dzivotnes atseviskam dzivo organismu
sugam, izmainot atseviSku sugu parvieto$anas iesp&jas ainava).

Sasalstosa lietus biezums dazados Latvijas regionos nozimigi atskiras, turklat netiek
prognozets, ka klimata izmainu ietekmé tas varétu mazinaties vai arl varétu mainities
regioni ar dazadu ta iesp€&jamibu. Tade] butiski novertét §is meteorologiskas paradibas
ietekmi uz kokaudzi un to determingjoSos faktorus, rezultata izstradajot rekomendacijas
bojajumu mazinasanas pasakumiem, ka arT audzu apsekoSanas prioritatém varbiit€jo
bojajumu savlaicigai konstatacijai pec sasalstosa lietus notikuma.

Pedgjas desmitgades novérota palielinata ciklonu aktivitate, kas Eiropas ziemelu
dala saistita ar biezakam stipram vetram. Tiek prognozets, ka vetru raditie bojajumi
Eiropas mezos nakotn€ pieaugs, kas saistits ne tikai ar vétru biezuma vai stipruma
izmainam, bet arT ar klimata izmainu ietekmi, kuras de] vétras mezu biezak skars
vegetacijas perioda, ka ari perioda ar nesasaluSu augsni. Informacija par meZaudzu
atjaunoSanos un augSanu ilgaka laika posma pec vétras teritorija bez saimnieciskas
darbibas ir bitiska, padzilinot un precizg€jot izpratni par dabisko sukcesiju hemiborealajos
mezos. Ta izmantojama, izstradajot meza apsaimniekoSanas rekomendacijas specifiskam
situacijam un teritorijam, kuras darbibas princips ir dabisko trauc€jumu imitacija, noltika
paaugstinat meza biologisko daudzveidibu, ka ari novértgjot specifiskus §im mérkim
paredzetus pasakumus. Tapat iegita informacija par kokaudzu sastavu saimnieciskas
darbibas neietekmé&tas audzgs ir biitiska, novertéjot oglekla piesaisti mezos $adas teritorijas
ka dalu no Latvijas mezu kop€jas oglekla piesaistes valsts starptautisko saistibu izpildes
ietvaros.

1.2. Promocijas darba mérkis

Promocijas darba méerkis ir raksturot vétras ilgtermina sekas saimnieciskas darbibas
neietekmétas audzés un meza ainava, ka ari novertét kokaudzes noturibu pret sasalstosa
lietus ietekmi determingjosos faktorus saimnieciskajos mezos.

1.3. Promacijas darba pétnieciskie uzdevumi:
1. novertét sasalstosa lietus bojajumus determin&josos raditajus skujkoku audzgs,
2. raksturot péc liela meroga vE&jgazes atjaunojusos kokaudzu struktiru un to
ietekmg&josos faktorus,
3. novertet liela meéroga vejgazes ilgtermina ietekmi uz meza ainavu.




1.4. Promocijas darba t€zes:

1. sasalstoSa lietus bojajumu apjoms kokaudzg ir atkarigs gan no tas individualo,
gan kolektivo noturibu noteico$ajiem parametriem,

2. egles atjaunosanas péc liela méroga vétras galvenokart notiek ar paaugas kokiem,
pirmaja stava konstatgjamas vairaku vecumklasu egles,

3. intensiva liela meéroga traucguma ietekme uz meza ainavas telpiskajiem
indikatoriem saglabajas ilgak neka 20 gadus.

1.5. Zinatniska novitate

Pirmo reizi Latvija veikta tik plasa meZa atjauno$anas noveérté$ana vétras nopostitas
platibas bez saimnieciskas darbibas ietekmes tik ilgu laiku p&c §1 dabiska trauc&uma (45
gadi); lidz §im hemiborealajos mezos Eiropa bijusi tikai dazi pétjjumi par So tému,
analizgjot 1idz 20 gadus ilgu periodu péc vétras.

Pirmo reizi Latvija veikta vétras ilgtermina ietekmes uz meza ainavas fragmentaciju
vertésana, radot pamatu turpmakiem pétijumiem par iesp&jamo dabisko traucg&umu un to
dinamikas izmainu ietekmi uz biologisko daudzveidibu.

Promocijas darba veiktais noveértéjums pirmo reizi tik plasi un detaliz&ti raksturo
sasalstoSa lietus bojajumus skuju kokiem hemiboredlajos mezos Eiropa; lidzSingjie
pétijumi par ta ietekmi uz kokaudz&m veikti galvenokart Ziemelamerika. Promocijas darba
ietvaros pirmo reizi izstradati §1s meteorologiskas paradibas ietekmi uz audzes bojajumiem
raksturojosi vienadojumi.

1.6. Praktiska nozime

Promocijas darba sagatavotie sasalstoSa lietus ietekmi uz audzes bojajumiem
raksturojosie vienadojumi izmantojami, novertg§jot audzu apsekoSanas p&c Sis
meteorologiskas paradibas nepiecieSsamibu un prioritates, nodro§inot iesp&jami atru
bojajumu konstataciju un koksnes savaksanu, gan iespg€jami maz zaudgjot tas vertibu, gan
mazinot dendrofago kukainu savairoSanas risku. lzpratne par vétras ka Latvijas teritorija
nozimigaka dabiska trauc&juma ilgtermina ietekmi ne tikai uz konkr€tu mezaudzi, bet uz
meza ainavu kopuma, izmantojama biologiskas daudzveidibas aizsardzibas planu
(koncepciju) izstradasanai.

1.7. Promocijas darba struktiira un apjoms

Promocijas darba pirmaja nodala apkopotas 1idz§ingjo p&tijjumu atzinas par dabisko
traucgjumu ietekmi uz mezaudzi. Pirmaja apaksSnodala raksturoti sasalstoSa lietus
veido$anos izraisoSie klimatiskie un meteorologiskie faktori, aprakstiti apledojuma
noverojumi pasaulé, ka ari apkopoti pé&tijumu rezultati par sasalsto$a lietus un sniega
ietekmi uz kokaudz&€m. Otraja apaksnodala aprakstitas vétras izraiso$as atmosferas
paradibas un apkopoti petijumu rezultati par mezaudzes un meza ainavas noturibu pret v&ja
bojajumiem saistiba ar bojajumu merogu un augsnes apstakliem, ka ari par audzu
atjaunos$anos un palikuso koku reakciju péc vétras. Otraja nodala aprakstits pétjjuma
materials un metodika. TreSaja nodala analizgti p&tjjuma rezultati. Pirmaja apaksnodala
novertétas sasalstosa lietus izraisito bojajumu apjomu determingjosas koka individualas un




mezaudzi raksturojo$as pazimes. Otraja apakSnodala analizéta audzes atjaunoSanas péc
intensiva dabiska trauc€juma — v&tras, bet tre$aja apaks$nodala raksturotas meza ainavas
telpiskas struktiiras indikatoru izmainas p&c ST traucgjuma.

Promocijas darbam ir 132 lappuses, informacija apkopota 19 tabulas un 87 attelos,

izmantoti 229 literatiiras avoti.

1.8. Zinatniska darba aprobacija

Pe&tijuma rezultati apkopoti Cetras publikacijas:

1.

Baders, E., Puripa, L., Libiete, Z., Narti§s, M., un Jansons, A., 2014.
Fragmentacijas ilgtermina dinamika meZa ainava bez cilvéka saimnieciskas
darbibas ietekmes. Mezzinatne 28, 91-107. (AGRIS; CAB ABSTRACTYS)

Baders E., Jansons A., Jogiste K., Polyachenko O., Kiviste A. Stand structure 40
years after the major storm in two different site types of spruce hemi-boreal forests
in Slitere Natural Park, Latvia. Tesniegts zurnala Forest Ecology and Management.
Baders E., Senhofa S., Libiete Z., Purina L., Jansons A. Natural succession of
Norway spruce stands in hemiboreal forests: case study in Slitere national park,
Latvia. Akceptéts publicéSanai zurnala Baltic Forestry.

Baders E., Adamovics A., Purin$ M., DZerina B., Tree damages by icing in Scots
pine stands and factors affecting them. Akceptéts publicéSsanai konferences
,Research for Rural Development 2016 zinatnisko rakstu krajuma.

Pétfjuma rezultati prezent&ti 12 zinatniskajas konferencgs:

1.

11-12.11.2013. Zviedrijas Lauksaimniecibas universitate, Upsala, Zviedrija,
Referats:

Jansons A., Baders E., Rieksts-Riekstins J., Neimane U. (2013). Ice Damages of
Coniferous Trees in Hemiboreal Forests in Context of Climatic Changes: a Case
Study in Latvia. In: International scientific conference: Climate change and
forestry in northern Europe. Book of abstracts of international scientific
conference, 11 to 12 November, Uppsala, Sweden. SLU, p. 27.

16.-19.06.2014. Sveices Federalais pétniecibas institits WSL, Birmensdorfa,
Sveice, Stenda referats:

Jansons A., Baders E., Jogiste K., Donis J., Dzerina B. (2014). Towards mimicking
natural disturbances in hemiboreal forest management: case study in Slitere
National Park, Latvia. In: The 9th IUFRO International Conference on Uneven-
Aged Silviculture: Future Concepts in Uneven-Aged Silviculture for a Changing
World. International Conference Book of Abstracts, 16 to 19 June 2014,
Birmensdorf, Swiss. Federal Research Institute WSL, p. 53.

11.-14.08.2014, Igaunijas Dzivibas zinatpu universitate, Tartu, [gaunija. Referats:
Baders E., Jogiste K., Taukacs K., Donis J., Jansons A. (2014). Long-term impact
of wind storm on stand composition in hemiboreal forests: case study in Slitere
National Park, Latvia. In: Forest landscape mosaics: disturbance, restoration and
management at times of global change. International Conference Book of Abstracts,
11 to 14 August 2014, Tartu, Estonia. Transactions of the Institute of Forestry and
Rural Engineering, Estonian University of Life Sciences, p. 19.



10.

11.-14.08.2014, Igaunijas Dzivibas zinatnu universitate, Tartu, [gaunija. Referats:
Jansons A, Baders E., Rieksts-Riekstins J., Jansons J. (2014). Ice damages of
coniferous trees in hemiboreal forests: case study in Latvia. In: Forest landscape
mosaics: disturbance, restoration and management at times of global change.
International Conference Book of Abstracts, 11 to 14 August 2014, Tartu, Estonia.
Transactions of the Institute of Forestry and Rural Engineering, Estonian University
of Life Sciences, p. 40.

15.10.2014., Daugavpils universitate, Daugavpils, Latvija. Referats:

Baders E., Libiete Z., Jansons A, Nartiss M. (2014). Long-term natural
fragmentation dynamics in semi-natural forest massif. In: Special session of 9th
Baltic Theriological Conference: Forest ecosystem and its management: towards
understanding the complexity. International Conference Book of Abstracts, 15.
October 2014, llgas, Daugavpils, Latvia. University of Daugavpils, p. 21.
23-24.04.2015, Riga, Latvija, Stenda referats.

Aris Jansons, Endijs Baders, Mara Zadina (2015). Building-up understanding of
long term natural dynamics in forest landscape: cases studies from Slitere National
park, Latvia. In: Adaptation and mitigation: strategies for management of forest
ecosystms. International Conference Book of Abstract, 23 to 24 April 2015,
Salaspils, Latvia. LSFRI Silava, p. 39.

16-18.06.2015. Latvijas Universitate Riga, Latvia. Referats:

Baders E., Taukacs K., Dzerina B., Jansons A. (2015). Characteristics of un-
managed Norway spruce stands in windthrow area in Slitere national park, Latvia.
In: 25th NJF congress: Nordic view to sustainable rural development. Proceedings
of the 25th NJF Congress, 16 to 18 June 2015, Riga, Latvia. Latvian National
Association of NJF, p.402.

22.-28.08.2015, Igaunijas Dzivibas zinatpu universitate, Tartu, Igaunija. Referats:
Baders E., Jansons A., Taukacs K., Pobiarzens A., Katrevics J. (2015). The
structure of semi-natural un-even aged Norway spruce stands in hemiboreal zone: A
case study in windthrow area in Slitere National Park, Latvia. In: IUFRO
Landscape Ecology Conference: Sustaining ecosystem services in forest
landscapes. International Conference Book of Abstracts, 22 to 28 August 2015,
Tartu, Estonia. Estonian University of Life Sciences, p. 33.

3.-5.11.2015, Kopenhagenas universitate, Kopenhagena, Danija. Stenda referats:
Baders, E., Purina, L., Libiete, Z., Lazdina, D., Jansons, A. (2015). Wind and
Freezing Rain Damages in Forest — Impact on Fragmentation Dynamics: Case
Studies in Latvia. In: Centre of Advanced Research on Environmental Services from
Nordic Forest Ecosystems Conference: Managing Forests to Promote
Environmental Services: Climate change adaptation and mitigation, water
protection, biodiversity conservation, and soil quality maintenance. International
Conference Book of Abstracts, 3 to 5 November 2015, Copenhagen. University of
Copenhagen, p. 53.

4-6.11.2015. a/s Latvijas valsts mezi, Riga, Latvija, Referats:

Baders E., Donis J., Krisans O., Adamovics A., Jansons A. (2015). Impact on
Freezing Rain on Forest Stands: a Case Study in Eastern Part of Latvia. In:



Scientific Conference of the Forest Sector: Knowledge based forest sector.
International Conference Book of Abstracts, 4 to 6 November 2015, Riga, Latvia.
LSFRI Silava, p. 70.

11.  4-6.11.2015. a/s Latvijas valsts meZi, Riga, Latvija, Stenda referats:
Baders E, Jogiste K., Adamovics A., Jansons A., (2015). Posts-storm Regeneration
and Stand Structure of Norway Spruce (Picea Abies (L.) Karst.) in Oxalidosa Forest
Type. In: Scientific Conference of the Forest Sector: Knowledge based forest
sector. International Conference Book of Abstracts, 4 to 6 November 2015, Riga,
Latvia. LSFRI Silava, p. 91.

12.  4-6.11.2015. a/s Latvijas valsts mezi, Riga, Latvija, Stenda referats:
Baders E., Purina L., Libiete Z., Jansons A. (2015). Impact of Wind and Freezing
Rain Damages on Fragmentation Dynamics of Forest Landscape: Case Studies in
Latvia. In: Scientific Conference of the Forest Sector: Knowledge based forest
sector. International Conference Book of Abstracts, 4 to 6 November 2015, Riga,
Latvia. LSFRI Silava, p. 96.

2. MATERIALS UN METODES

Dabiskie traucgjumi ir jebkada veida argji procesi vai apstakli, kas izraisa peksnu
augu biomasas bojaeju ieverojami 1saka laika posma neka jaunas biomasas veidoSanas.
Saja pétijuma katrs dabiskais traucéjums vértéts taja Latvijas regiona, kur, ka liecina
péd&jo 50 gadu meteorologisko novérojumu dati (LVGMC), tas sastopams visbiezak.

Atkala ir meteorologiska paradiba, kad ledus un sniegs uzkrajas uz atmosféra
eksponéta objekta virsmas (ISO-12494). Atkalas veido$anas parasti ir saistita ar salidzinosi
specifiskiem atmosferas apstakliem, un ta veido$anas norit ne tikai miglai nosézoties, bet
arT lietus laika gaisa temperatiirai strauji pazeminoties zem 0°C (Zirnitis, 1968; Ahrens,
2007). Sasalstoss lietus veidojas krasi at8kirigas temperatiiras gaisa masu saskares josla: no
augstak esosa silta slana izkritusie lietus nokri$ni, kritot cauri noteikta biezuma aukstajam
slanim, formé sikas ledus lodites, kuru centra ir nesasalis tidens. Tam atsitoties pret cietu
virsmu un saskistot, veidojas apledojums (Fikke et al., 2005). Ta ka darba tiks analizé&ti
tikai sasalstoSa lietus paradibas izraisitic mezaudzu bojajumi, bet citi nokri$nu veidi, kas
ietver péc genézes atSkirigas meteorologiskas paradibas, darba netiks skatiti, termins
,,atkala” netiks lietots.

Sasalstosa lietus ietekmi determingjoSo faktoru vertéSanai dati ievakti skuju koku
mezaudz@s, kuras §is dabiskais traucgjums skaris 2012. gada decembri: a/s ,,Latvijas valsts
mezi” Ziemellatgales mezsaimniecibas meZza masivos R&zeknes, Baltinavas, Balvu un
Karsavas novada.

Izloz&to skujkoku audzu (taksacijas apraksta sastava formula sugas koeficients 7
lidz 10) vecums priedei bija no 12 lidz 123 gadiem, eglei — no 20 lidz 123 gadiem.
Nogabali atradas 12 mezZa tipos: sila, métraja, lana, damaksni, v&ri, slapjaja métraja,
slapjaja damaksni, slapjaja veri, niedraja, Saurlapju areni, Saurlapju kidreni, platlapju
kadreni. Kopuma 163 nogabalos (platiba >0.8 ha) — 98 priedes audzes, 51 egles audze un
14 skujkoku mistraudzés (kopsavilkuma nav analiz@tas) — sistematiski izvietoti vidgji



astoni aplveida parauglaukumi (200 m*; R=7.96 m). Kokiem (d;3n>2 cm) uzmérija
stumbra caurméru, vainaga sakuma un kop&jo augstumu, noteica bojajuma veidu: lauzts vai
saliekts. Lauztajiem kokiem uzmérija lizuma augstumu un, kur iesp&jams, noltizusas dalas
garumu koka kop&ja augstuma rekonstrukcijai. Kokiem, kuriem nebija iesp&ams tiesa
veida nomérit lauztas dalas garumu, aprékinata augstumlikne péc Petersena vai Gafreja
vispargjas augstumliknes (Donis, 2009). Ka saliekti tika atzim@ti koki, kuriem konstatgta
stumbra novirze no vertikalas ass vismaz par 15°, t.sk., gan koki ar noliekusos galotnes
dalu, gan slipi (,,pusizgazti”), gan izgazti koki.

Katram nogabalam pa mezaudzes elementiem aprékinati taksacijas raditaji (stumbra
caurmérs (D), koka augstums (H), audzes $kérslaukums (G), tilpums (V)). Audzes péc
bojajuma pakapes (nebojato un maz bojato koku I stava skérslaukuma) iedalitas 3 grupas:
1) nebojatas — G>0.5 no Tretjakova normalo $k&rslaukumu tabulas noradita; 2) 0.5>G>0.3;
3) G=0.3.

Lai noteiktu pazimes, kas ietekmé audzu bojajuma varbiitibu, veikta binara
logistiska regresijas analize, izmantojot SPSS 14 riku ,,pielagota regresija” (Advanced
Regression). Izmantots ,,solpiemekléSanas” (Backward Stepwise LR) algoritms. Pirms
regresijas analizes faktoru savstarpgja korelacija novertéta, izmantojot riku ,,kolinearitates
diagnostika” (Multicollinearity Diagnostics), un par neatkarigajiem mainigajiem izveleti
tadi, kuru savstarp&ja korelacija mazaka par 0.8.

Liela méroga v&jgazes ilgtermina ietekmes vert€Sanai pétijums veikts Sliteres
Nacionala parka teritorijas dala, kura kops 1923. gada, kad tika izveidots ,,Sliteres vecais
piemineklis” nav veikta nekada veida cilvéka saimnieciska darbiba. P&tjjuma teritorija
visvairak parstaveti slapjaini (41% platibas) — slapjais métrajs, slapjais damaksnis, slapjais
veris, slapja garSa; mazak sausieni (18%) — damaksnis, veris, garSa, un purvaini (8%) —
purvajs, niedrdjs un liekna. Sliteres rezervatu 1969. gada 2. novembri skara spéciga vétra,
ietekmgjot lielako dalu audzu. AtbilstoSi pec vetras veiktas meza taksacijas datiem, ka ar1
satelitattelu analizei (vairak neka 90% vainagu klaja samazinajums), lielakais izgazto
audZzu Tpatsvars (55%) konstatéts 70 1idz 130 gadus vecas eglu audzgs. Tiesi $ajas platibas
sistematiski ierikoti 266 (t.sk., sausienos 179, slapjainos 63) aplveida parauglaukumi ar
platibu 100 m® (R=5.64 m), no kuriem dala (17 parauglaukumi pla§ak parstavétajos meza
tipos — veri un slapjaja damaksni) papladinati lidz 500 m* (R=12.62 m). Katra
parauglaukuma tika noteikts visu koku (d;z,>2 cm) skaits, suga un piederiba stavam;
katram audzes elementam (stavam un sugai atseviski) noteikts vid€jais koku augstums un
stumbra caurmérs. Piezimés tika noradits, ja koks identificéts ka iepriek$€jas generacijas
koks, t.i., izdzivojis pec 1969. gada vetras. Papildus tam, paplasinatajos parauglaukumos
katram audzes elementam iegiitas picauguma urbumu skaidas vismaz 15 dazada stumbra
caurm@ra kokiem un visiem vizuali nosakamajiem iepriek$€jas generacijas kokiem, urbjot
lidz koka serdei pie saknu kakla.

Koku sadalfjums pa caurméra pakapém tika modeléts, izmantojot trTs parametru
Veibula (Weibull) sadalijumu (2.1) (Bailey, Dell, 1973):

o= e (((5)) e
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¢ — formas parametrs;
b — méroga parametrs;
a — novietojuma parametrs.

Veibula sadalijuma koeficientu vértibas katram parauglaukumam aprékinatas péc
,»maksimalas ticamibas metodes” (The Method of Maximum Likelihood) un aproksimétas,
izmantojot daudzfaktoru regresijas analizi. Regresijas modeli Veibula sadalijjuma tris
parametri katrs atseviSki tika izmantoti ka atkarigas pazimes, bet ka neatkarigas pazimes
izmantoti tie audzes raditgji, starp kuriem nav izteikta kolinearitate (r<0.50). Pakapeniski
izsledzot no modela nebitiskos (p>0.05) regresorus, labakais vienadojums izvelets,
izmantojot Akaikes informacijas kriteriju (Akaike, 1974).

Meza masivam, kas ietver Sliteres rezervatu, veikta meza ainavas parklajuma
izmainu telpiska analize. Ilzmantoti pieci Corona un Landsat satelitattéli, kuri uznemti laika
posma no 1966. gada lidz 2010. gadam. Corona KH-4B misijas 1966. un 1972. gada dati
iegtti ka skené&ti panhromatiskie attéli bez koordinatém, tadel, izmantojot zinamu zemes
virsmas kontrolpunktu koordinates no ortofoto attéliem, tie tika piesaistiti geografiskajam
koordinatem LKS-92 sisteéma. Lai turpmak iegiitos rezultatus varétu savstarpgji salidzinat,
izmantojot ,,tuvaka kaimina interpolacijas” (k-nearest neigbours) metodi, 1966. gada un
1972. gada satelitatteliem tika samazinata viena piksela telpiska izskirtsp&ja no 1.8x1.8 m
un 2.75%2.75 m lidz 30x30 m (McGarigal et al., 1995; Buyantuyev, Wu, 2007).

Satelitattélu parraudzita klasifikacija veikta Grass GIS 6.4.3. vide (Vitti, 2008).
Izmantojot LVMI ,,Silava” arhiva pieejamos 1973. gada mezaudzu planus un Meza valsts
registra telpisko datu bazé pieejamo informaciju par meza masiva eso$ajiem nogabaliem,
defingtas 3 zemes virsmas seguma klases: 1) platibas ar zemu kokaudzes biomasu (purvi,
virs@ji, parplustosi klajumi, izniku$as audzes un jaunaudzes); 2) nemeZa zemes
(lauksaimniecibas zemes, autoceli, tdeni, apbiive); 3) mezaudzes. Meza ainavas
kompozicija, struktira un fragmentacija raksturota, izmantojot bezmaksas telpiskas
analizes programmu Fragstats 4.2 (McGarigal et al., 1995). Telpiskai vizualizacijai
izmantota GIS programmatara ArcGIS Desktop 10.2.2.

Petitas pazimes ietekm&joso faktoru butiskums novertets ar vienfaktora dispersijas
analizi. Pe@tito pazimju sadalifjums dazadas mainigo kategoriju grupas salidzinats,
izmantojot y° testu. Sakaribas starp pazimém novértétas ar linearas regresijas analizi.
Statistiskie testi galvenokart izpilditi programma R 2.13.0 (R Development Core Team
2011).

3. REZULTATI UN DISKUSIJA

3.1. Sasalstosa lietus izraisito bojajumu apjomu determingéjoso koka un audzes
pazimju novertejums

Lai raksturotu ledus apjomu, kas sasalstosa lietus rezultata bija izveidojies uz
kokiem, izraisot to bojajumus, 12 dazada vecuma priezu audzgs tika izveleti 57 valdaudzes
koki (caurmérs 3—18 cm) un veikta to virszemes biomasas svérSana ar apledojumu un p&c
ledus nokuSanas. Ledus masa uz lauztajiem kokiem bija vid&ji 1.54+0.27 reizes lielaka par
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pasa koka biomasu dabiski mitra stavokli. Korelacija starp koka biomasu un ledus masu uz
ta bija cieSa un statistiski biitiska (r=0.92, p<0.01). Koka biomasa ar ledu, Iidzigi ka bez
ledus, atkariga no stumbra caurméra, So sakaribu vislabak apraksta pakapes funkcija
(3.1. att.). Tomér iegitie rezultati liecina, ka kritiska ledus masa kokiem ar lidzigu
caurméru var nozimigi atSkirties, kas, iespgjams, saistits ar koku vainagu asimetriju vai
veja ietekmi, ka rezultata arT mazaka ledus masa var izraisit koka l0Sanu. Zinatniskaja
literat@ira atrodams loti maz informacijas par kritiska ledus slana biezumu uz koku virsmas,
kas izraisa to lGSanu un/vai izgaSanu; atseviskos avotos minéti 1-2 cm (Greene et al., 2007).

180
160 1 y = 3.3669x.325 M
o_tt)ﬁz I{edus R>=0.8536 W
+—  without ice =
140 [ | (]
[ |
&
*
y = 0.3054x2063
R?=10.9495
0 5 10 15 20

Stumbra caurmérs, cm /
Stem diameter at breast height, cm
3.1. att. Lauztu prieZu virszemes masa ar ledu un bez ta.
Fig. 3.1. The above-ground biomass of pines with ice and without ice.

Bojato koku ipatsvars priedes un egles audzges bitiski neatskiras (p>0.05) un bija
attiecigi 28% un 27%. Lauzto koku bija vairak neka saliekto: priedes audzgs attiecigi 18%
un 9%, egles audzeés — 16% un 11%. Bojato koku 1patsvars (gan kopgjais, gan atseviski
lauztajiem kokiem) paradits 3.1. tabula, kur dati audzgs ar priedi ka valdo$o sugu un egli ka
valdoSo sugu apkopoti pa atseviskam koku sugam (priede, egle, bérzs) dazadas stumbra
caurméra pakapes (péc audzes valdosas sugas pirma stava koku vidéja stumbra caurméra).
Priezu audz@s par bojatiem (lauztiem vai izgaztiem) atziti 26% koku (26% no uzmeéritajam
priedém, 20% no eglém un 32% no bérziem); nedaudz lielaks bojato koku (ipasi eglu)
Ipatsvars konstatéts eglu audz8€s — par bojatiem atziti 27% koku (28% no uzméritajam
priedém, 27% no eglém un 32% no bérziem).

Koku augstuma ietekmes uz bojato koku Ipatsvaru analizé ieklauti tikai I stava
koki. Egles audzgs vislielakais saliekto koku ipatsvars (25%) konstatéts 8 m augstiem
kokiem. Palielinoties augstumam, saliekto koku Tpatsvars bija robezas no 1% lidz 7%.
Egles audzes luzumi konstatéti, sakot ar 9.1 m augstumu, un lidz 13 m augstumam lauzto
koku Tpatsvars bija neliels (no 2% 1idz 7%). Lauzto koku Tpatsvars strauji pieauga no 13 m
lidz 15 m augstumam, attiecigi no 2% lidz 33%, 16-17 m augstiem kokiem noverots lauzto
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koku Tpatsvara kritums Iidz aptuveni 20%. Vislielakais kopgjais bojato koku ipatsvars
(41%) egles audzes konstatéts 18 m augstiem kokiem, bet augstakiem kokiem bojato koku
Ipatsvars samazinajas. Bojajuma ietekmes uz sortimentu iznakumu noteikSanai nozimigi
novertet stumbra lizuma augstumu. Egles audzg€s valdaudzes kokiem zalais vainags
veidoja vid&ji 57% no stumbra kopgaruma, bet konstatetais vid€jais relativais lizuma
augstums bija 76% no stumbra kopgaruma (skaitot no stumbra pamatnes) (3.2. att.).
Analizgjot stumbra lizuma vietu (lauzts vainaga vai zem pirma zala zara), konstatéts, ka
egles audzes koki ar lizumiem zem vainaga veidoja 31% no visiem lauztajiem kokiem;
lizumi zem vainaga egles audzes raksturigi tievakiem kokiem — lielakais $adu koku
patsvars konstatéts kokiem ar stumbra caurméru 8.1-10 cm (9%).

3.1. tabula / Table 3.1.
Bojato koku un lauzto koku Ipatsvars atkariba no audzes valdosas koku sugas un tas
vidéja stumbra caurmeéra
The proportion of damaged and broken trees according to the stands dominant species
and stands mean diameter at breast height

NOgabaI/u s / I stava koku stumbra caurméra pakapes (cm) / \; S
grupas uga Diameter classes (cm) for overstorey trees 5] g
Stand Species = :%
| 9roups 4 [ 8 [ 12 ] 16| 20 [ 24 | 28 | 32 | 36
X8 Visassugas | g3 | o5 | o8 | 22 | 32 | 27 | 22 | 22 | 18 26
55 kopa/ All species
=0 Priedes i
z & audzes/ P”edlfir’] escms 33 22| 28| 21| 33 | 28 | 24 | 24 | 18 26
&5 Pine Egle / Norway
z 2| stands spruce 29 | 29 25| 12| 9 20
<5 Bérzs / Birch 60 14 | 19 32
'i S Visas sugas
3 g gles | kopal Allspecies 22 28 | 43 | 28 | 20 | 18 | 17 | 18 27
audzes / P”ed;_/ Scots 30 | 33| 20 | 16 28
Norway =i /'Se
spruce gierNorway | 45 18 | 42 | 27 | 30 | 18 | 18 | 14 27
stands spruce
Bérzs / Birch 69 28 | 20 | 18 | 16 32
Visas sugas 6 | 5 |19 |19 20 | 24 | 20|20 | 13 19
kopa/ All species
I X Priedes Priede / Scots
S %] audzess Pine 6 | 6 | 18|19 | 3 | 25| 22| 22| 14 19
e Pine Eql
55 gle / Norway
£5|  stanos spruce 25 | 27 24 | 10| 7 17
]
&5 Bérzs / Birch 1 7 | 4 5
£s Visas sugas 6 14 | 35 | 24 | 26 | 15 | 15 | 12 22
i S Egles kopa/ All species
58| audzes/ | Priede/Scots 24 |27 | 15 | 12 20
= O Pine
=& Norway o7
spruce | Egle/Norway | 16|38 | 25 | 28 | 16|18 9 24
stands spruce
Bérzs / Birch 4 3 4 |6 |5 5
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Koku 1patsvars ar lizumiem zem koka vainaga samazinajas kokiem ar stumbra
caurméru no 10.1 cm Iidz 36 cm. Liizumi zalaja vainaga, palielinoties stumbra caurméram,
pakapeniski pieauga, sasniedzot 21% kokiem ar stumbra caurméru no 22.1 cm lidz 24 cm,
un péc tam samazinajas.

30 - - 45% @
25 - - 40% g £
- - 35% 3 o
E ¢ 20 - - 30% g_%
g o 15 - 25% g5
22 - 20% 2 g
je)
3 T 10 - - 15% S°E
25
5 | - 10% & g—
- 5% o
0 . . . . . T 0%
12 16 20 24 28 32 36
Stumbra caurméra pakapes, cm/
Diameter classes, cm
s Bojatie / Damaged Lauztie / Broken
e=mgu= K 0ku augstums /Tree height Liizuma vietas augstums / Breakage height

=== \/ainaga augstums / Crown height

3.2. att. Eglu vidéjais koka augstums, vainaga un lizuma vietas augstums
atkariba no stumbra caurmeéra
Fig. 3.2. The mean height, crown-base height and breakage height of Norway
sprucess according to stem diameter at breast height.

Priedes audzes vislielakais saliekto koku Tpatsvars (33%) konstatéts kokiem ar
augstumu no 3.5m lidz 4 m. Palielinoties koku augstumam, salickto koku ipatsvars
samazindjas: 8 m augstiem kokiem tas bija 4%, bet augstakiem kokiem bija robezas no 0%
lidz 7%. Priedes audzes lauzto koku ipatsvars samazinajas no 10% lidz 2% intervala no
3.5 m Iidz 8§ m augstumam, tad picauga Iidz 16% (11 m augstuma), p&c tam samazinajas,
bet intervala no 14 m lidz 21 m augstumam — strauji pieauga no 3% lidz 38%. Lidzigi ka
egles audzgs, vel palielinoties koku augstumam, lauzto koku Tpatsvars strauji samazinajas.
Vislielakais kopgjais bojato koku Tpatsvars (33%) priedes audzes konstatéts kokiem, kuru
augstuma bija 4.9 m, pieaugot koku augstumam bojato koku Ipatsvars bija robezas no 18%
lidz 30% (3.3. att.).

Vidgjais zala vainaga kopgarums priedes audzes veidoja 52%, bet vidgjais relativais
lizuma augstums bija 64% no stumbra kopgaruma, skaitot no stumbra pamatnes (3.3. att.).
Stumbra caurmg@ra intervala no 2.1 cm lidz 18 cm strauji pieauga koku ar lizumiem zem
vainaga patsvars (no 1% lidz 22%), kamér koku ipatsvars ar lizumu vainaga S$aja
caurméra intervala pieauga pakapeniski lidz 10%. Koku ipatsvars ar lizumiem zem
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vainaga caurmera intervala no 16.1 cm Iidz 24 cm bija robeZzas no 20% lidz 22%, savukart,
stumbra caurméram palielinoties, $adu bojajumu Ipatsvars strauji saruka un kokiem ar
stumbra caurméru virs 42 cm, koku ar lizumiem zem vainaga nebija. Liizumi zalaja
vainaga no caurmeéra intervala no 18.1 cm Iidz 28 cm palielinajas no 9% lidz 16%, bet,
caurméram V&l palielinoties, vainaga lauzto koku ipatsvars saruka. Lauzto koku Tpatsvara
pieauguma tendence lizumiem vainagd un zem ta izmainijas caurmeéra intervala no
18.1 cm Iidz 20 cm — sakot ar caurméra pakapi 24 cm, lizumi vainaga, nevis zem ta
veidoja lielaku dalu no visiem liizumiem. Salidzinot luzumus daZadas priedes stumbra
dalas, konstatéts, ka lizumi zem vainaga vairak raksturigi salidzinosi tievakiem kokiem,
kamer I0zumi vainaga bieZak konstatéti resnakiem kokiem.

35 - - 35%

30 + -30% o,
[«5)
Py
25 - - 25% s o
S s a
& 520 - - 20% & &
E E = o
2,215 - - 15% 2 ¢
> e .2
< s E
10 - - 10% = 8
8 o
o

5 A - 5%

0 T T T T T T T T 0%

4 8 12 16 20 24 28 32 36
Stumbra caurméra pakapes, cm /
Diameter classes, cm
mmmmm Bojatie / Damaged Lauztie / Broken
g K oku augstums /Tree height Lizuma vietas augstums / Breakage height

=== \/ainaga augstums / Crown height
3.3. att. Priezu vid€jais koka augstums, vainaga un liizuma vietas augstums
atkariba no stumbra caurmeéra.
Fig. 3.3. The mean height, crown-base height and breakage height of Scots pines
according to stem diameter at breast height.

Analizgjot retinasanas iesp&jamo ietekmi uz bojajumu apjomu, audzu kopa sadalita
divas grupas — nesen (p&dgjo tris gadu laika pirms sasalstosa lietus bojajumiem) retinatas
un pargjas audzes; izmantoti valdaudzes koku dati. P€dgjo tris gadu laika retinatas priezu
audzgs bojato koku (lauztie un izgaztie kopa) Tpatsvars bija 25%, bet pargjas audzes — 26%;
eglu audz€s — 31% bojatu koku retinatas un 23% pargjas audzgs (3.2. tab.).
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3.2. tabula / Table 3.2.
Bojato koku 1patsvars pedéjo 3 gadu laika retinatas un parejas audzes
The proportion of the damaged trees in the recently thinned stands (i.e. thinned during
the last 3 years) and in the other (i.e. thinned earlier or not thinned)

Nogabalu . Stumbra caurméra pakapes (cm) / =9

grupa/ Variants / Diameter class (cm) [

Stand Type S :?’

groups 4 8 12 |16 |20 |24 |28 |32 |36

Vidzji/

- o\— Priedes Average 33 22 28 21 33 28 24 24 18 26
X 8 | audzes/ Neretinats /

& £ | scots Ping|  Un-thinned 2 %6 30 25 27 23 %
S8 | stands Retindts |

E 2 . 33 22 28 24 35 24 15 20 12 25
= Thinned
£5 Vidgji/

22 | Egles ) 15 18 |42 |27 |30 |18 |18 | 14 27
x5 Average
S g | audzes/ Neretinats /

=2 | Norway ! 15 32 (34 |24 |16 |10 |14 23
=5 Un-thinned
T 5 | spruce Retinats /

&2 2 | stands I 18 55 24 41 22 49 31
o Thinned

Vidgji/
Average 29 |25 |28 |30 |30 |28 |21 |21 |18 26

Konstatgts, ka sasalstosa lietus bojato koku Tpatsvars gan priedes, gan egles audzes
butiski augstaks bija otraja stava salidzinajuma ar audzes pirmo stavu. Priedes audzgs gan
pirmaja, gan otraja stava statistiski biitiski (p<0.05) vairak lauztu koku bija nogabalos, kur
nebija nesen veikta retinasana. Egles audzgs statistiski biitiski (p<0.05) vairak lauztu koku
bija otraja stava nesen retinatajas audzes (dala no tiem varétu biit péc retinasanas saglabatie
otra stava koki); pirmaja stava atSkiribas starp nesen retinatajam un pargjam audz&m nebija
statistiski btiskas (p>0.05).

Kopuma rezultati nerada pamatu apgalvot, ka nesen veiktas retinaSanas rezultata
audz& butiski palielinatos sasalstoSa lietus ietekmé bojato valdaudzes koku ipatsvars,
netiesi liecinot par citu faktoru nozimigaku lomu audzes bojajumu intensitates noteikSana.

Koku augstuma un caurméra attieciba bojatiem kokiem bija lielaka neka nebojatiem
Visos gadijumos — nesen retinatas priezu audzges ta bija attiecigi 1.07 un 0.93, eglu audzgs —
1.03 un 0.95, pargjas priezu audzés — 1.01 un 0.94, pargjas eglu audzes — 1.03 un 0.97.
Bojato priezu un eglu Tpatsvars koku grupas ar atskirigu augstuma un caurméra attiecibu
(<0.8; 0.8-1.2; >1.2) paradits attiecigi 3.4. un 3.5. attéla. Veértgjot katras caurméra pakapes
(no 4 cm lidz 28 cm) kokus atseviski, gan priedei, gan eglei konstatéta tendence, ka lielaks
bojato koku Tpatsvars bija grupas ar lielaku koka augstuma un caurméra attiecibu.

15



60% - mh/d<0.8

0.8<h/d<1.2

50% - Bh/d>1.2

B Audzes vidgja h/d / The stands mean h/d

40%

30%

20%

Bojato koku Tpatsvars /
Proportion of damaged trees

10%

0%
4 12 20 28
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3.4. att. Bojato prieZu Ipatsvars atkariba no augstuma/caurmera attiecibas.
Fig. 3.4. Proportion of damaged Scots pines according to the diameter at breast
height (DBH) class and slenderness coefficients .

Veicot binaro logistisko regresiju, konstatéts: lai prognozetu, kuras audzes atbilst
klasei ,bojata vai iznikusi”, priezu audzeém statistiski batiski bija mainigais
Grminimalais*Graktiskais . UN konstante (3.1.), savukart eglu audzem - H, D, H’D™,
Gminimalais*Graktiskais - UN konstante (3.2.), kur H — audzes vidgjais augstums, D — audzes
vidgjais stumbra caurmers:

1

P(y)priedei = 3.1)

G .
—-(31.243x MIN _54489)
1+e fakt

P(y)eglei =
el

1

(3.2)

G .
—8.951XH+3.665><D+5.267><H2D_1+25.827><(G;nll:" —18.928))
akt

kur

P(y)- aprékinata varbiitiba vai konkréta audze bis bojata/iznikusi,
H - audzes vidgjais augstums m,

D - audzes vidgjais stumbra caurmérs, cm,

Gin - audzes minimalais Skérslaukums, mzha'l,

Gkt - audzes faktiskais Skérslaukums, m*ha™.
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3.5. att. Bojato eglu ipatsvars atkariba no augstuma/caurmeéra attiecibas.
Fig. 3.5. Proportion of damaged Norway spruces according to the diameter at
breast height (DBH) class and slenderness coefficients.

Iegiito rezultatu interpretacija: ja audzei aprékinata varbiitiba P(y)<0.5, tad audze
nav iznikusi, ja P(y)>0.5 — audze ir bojata/iznikusi. Izmantojot iegiitas sakaribas, p&c
sasalstoSa lietus iesp&jams saskana ar meza inventarizacijas informaciju prognozget, kuras
audz8s potenciali blis nozimigakie bojajumi, attiecigi planojot apsekoSanas un seku
likvidacijas pasakumus. Sis prognozes iespéjams npemt véra stratégiskaja planoana,
izstradajot kopSanas cirSu modeli teritorijas, kur sasalstosa lietus bojajumu varbitiba ir
visaugstaka.

Pirma stava bojatas dalas Skerslaukums priezu audzes ir atkarigs no retinasanas (ir
vai nav retinats ped&jos 3 gados), H10 un H’D™ (3.3.), bet eglu audzes — no H10, H’D™ un
pirma stava skerslaukuma (3.4.), kur H10 — pirma stava valdosas sugas vid€jais augstums:

2
Goojtais(rrica) = 6:106 — 1442 X R — 0.403 X H + (0.420 x =) (3.3)

Gpojatais(Egle) = 6.033 — 0.137 X G — 0.837 X H + (0.706 X %2) (34)
kur
R - ja veikta retinasana p&d&jo 3 gadu laika pirms sasalsto$a lietus, tad R =1,
H10 - pirma stava valdosas sugas vid€jais augstums, m,
H’D'- koka augstums (m) kvadrata attieciba pret stumbra caurméru (cm),
G- pirma stava $kerslaukums, m? ha™.

Sis sakaribas izmantojamas, nosakot audzes, kur iesp&jams lielakais pirma stava
bojato koku sk&rslaukums, ka arT planojot audzu kopsanas modeli teritorijas ar augstako
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sasalstoSa lietus bojajumu varbiitibu tada veida, lai iespgami veicinatu pirma stava koku
noturibu pret o bojajumu.

3.2. Audzes atjaunosanas péc intensiva dabiska traucéjuma

Teritorija, kur pirms v&tras atradas 70 gadus vecas un vecakas eglu audzes,
uzmeriSanas laika 44-45 gadus péc tas konstatétas 11 koku sugas. Biezak parstaveta koku
suga bija egle (44% no kopgja koku skaita), karpainais un pikainais bérzs (kopa 22%),
melnalksnis (11%) un apse (6%); citas koku sugas kopa veidoja 17% no koku skaita.
Analizgjot sugu sadalfjumu pa audzes staviem, konstatéts, ka no pirma stava koku skaita
vislielakais Tpatsvars bija pioniersugai berzam (40%), tomér relativi augsts bija arT egles
Ipatsvars — 26%.

No visam eglém 19% bija pirmaja stava (vidgji 192+37.0 koki ha™), 55% otraja
stava (575+72.5 koki ha™) un 26% paauga (273+65.6 koki ha™) (3.6. att.).
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- 8 75% 75% .Egle/
w O Norway spruce
E = .Bérzs/Birch
> O .
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s S 50% 50% Black alder
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i S Citas sugas /
Q D‘—_ 2506 2506 Other species
0% 0%
I Il Paauga/ Il Paauga/
Advanced Advanced

regeneration

regeneration

Audzes stavs / Stand storey

3.6. att. Koku skaita sadalijums pa staviem dazadam sugam sausienos un slapjainos.
Fig. 3.6. The proportion of trees according to the species, site type and stand storey.

Konstatetas statistiski biitiskas atSkiribas (p<0.01) starp eglu skaitu pirmaja un
otraja stava. Butiski atSkiras arT eglu skaits (bet ne TpatsvarsS) pa staviem starp sausieniem
un slapjainiem (p<0.001).

Augstaks eglu Tpatsvars otraja stava un paaugd neka pirmaja stava varétu bt
skaidrojams ar $1s koku sugas atjaunos$anas Tpatnibam: vairakos pétljumos konstatéts, ka
egle ievérojami sekmigak atjaunojas uz sadalfjuSos izgazto vai nolauzto koku atliekam
neka neietekméta zemsedzg vai vétras izgazto koku saknu atsegta augsné (Hytteborn,
Packham, 1987; Ilisson et al., 2007; Zielonka, 2006). Nemot véra, ka analiz&taja platiba
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mezaudzes nopostitas pilniba, koku atliekas bija sakrituSas kaudzes, kas vargja kavét to
sadaliSanos un parveidosanos par eglu s€jeniem piemérotu substratu (Harrington, Bluhm,
2001; Storaunet, Rolstad, 2002).

Egle pirmaja stava bija parstaveta 48% parauglaukumu, un bija valdosa koku suga
23% sausienu un 43% slapjainu platibu. Egles Ipatsvars vismaz 70% no koku skaita
parauglaukuma bija 18% no visiem apsekotajiem parauglaukumiem, turklat platibu ar §adu
egles Tpatsvaru I stava ieverojami un statistiski butiski (p<0.001) mazak bija sausienos
(11%) neka slapjainos (33%). Audzes otraja stava egle bija sastopama ievérojami biezak —
83% no visiem parauglaukumiem. Saja audzes stiva augsts egles Ipatsvars (>70%)
konstatéts 40% parauglaukumu.

Konstatgts, ka distancei lidz vétras neskartai vai maz bojatai audzei (kas noteikta ar
programmas ArcGIS riku Analyst tools (ESRI, Inc. Redlands, CA)) ir biatiska ietekme
(p<0.01) uz eglu Tpatsvaru I stava slapjainos (nozimigi augstaks tas ir Ilidz 50 m attalumam
no vismaz 40 gadus vecas eglu audzes), tacu ne sausienos (3.7. att.). Citu autoru p&t;jumos
noradits, ka eglu telpisko izplatibu teritorija turpmakajos gados péc trauc€juma nosaka
distance Iidz séklu avotam (Coates, 2002). S€klu avota nozimes detaliz€tu analizi ST
petijuma ietvaros apgriitina tas, ka nav informacijas par v€ja virzienu un stiprumu eglu
seklu izbirSanas laika, ka arT par pasu eglu s€klu razu. Zinams tikai, ka eglu zied€Sana
Latvijas rietumu dala 1969. un 1970. gada bija vid&ja, no koka ieglistamais séklu apjoms
salidzino$i mazs, bet to kvalitate augsta (Zviedre, 1971). Tacu Sajos aspektos var pastavet
nozimigas atskiribas starp audzem, 1pasi, ja tas aug meZza tipos ar dazadu augsnes mitrumu
(Rone, 1965).
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3.7. att. Distances lidz 1969. gada vétra nebojata vai maz bojata nogabala malai saikne
ar eglu dominanci sausienos un slapjainos.
Fig. 3.7. The distance from undisturbed stands edge according to the proportion of
Norway spruce in mesic and wet plots.

Pirma stava eglu vienmérigo biezumu dazada attaluma no saglabajusos eglu audzu
sienas sausienos varétu izskaidrot ar ies€Sanos no vétra nogazto eglu Ciekuriem, kuros
s€klas vétras bridi jau bija nogatavojusas. Tapat vétras raditajos atvérumos konstatgtas
atseviskas izdzivojuias egles (vidgji 33 koki ha™), kas arT vargja kalpot ka seklu avots.
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Distancei no meza sienas nebija biitiskas ietekmes uz I stava eglu augstumu nedz
sausienos, nedz slapjainos. Janem vera, ka §T briza audzes sastavu ietekm@jusi ne tikai
seklu pieejamiba, bet ari digSana, ko, savukart, nosaka klimatisko un mikroklimatisko
apstaklu dazadiba (Clinton, Bake, 2000).

Butiski lielaks parauglaukumu Tpatsvars ar augstu otra stava eglu Tpatsvaru
konstatéts vairak neka 25 m attaluma no vétras nenopostitas eglu audzes. To, visticamak,
noteikusi s€klu pieejamibas un vienlaikus ne parak augstas konkurences (no vecas audzes),
ka arT augsta eglu Ipatsvara pirmaja stava kombinacija.

Eglu dominanci jaunajas audz€s vétras skartaja teritorija ietekmé&ja arl paaugas
klatbiitne. Paauga 1963. gada (pirms vétras) taksacijas apraksta bija atziméta tikai 3 no 32
nogabaliem, kuros ierikoti §1 pétfjuma parauglaukumi. Parauglaukumos, kur vizuali
konstateta pirms vetras paaugas eglu klatbiitne, tas 95% gadijumu bija I stava, turklat
kopuma $ajos parauglaukumos konstatéti 49% no visam I stava eglém. Parauglaukumos,
kur tika identificéta paaugas egles klatbiitne, nav konstatéts statistiski biitiski mazaks
audzes biezums neka parauglaukumos ar egli, bet bez iepriek$€jas generacijas paaugas
kokiem, tacu ir konstatéts statistiski butiski (p<0.01) mazaks I stava eglu skaits — attiecigi
177496 egles ha™ un 256+53 egles ha™, netiesi liecinot, ka atjaunosanas ar séklam nav
bijusi tik sekmiga platibas, kur augstaks paaugas koku biezums.

Lai precizétu vizuali novertéto iepriek$gjas generacijas koku klatbitni, ierikotie
parauglaukumi divos meza tipos (Vr un Dms) eglu audzgs (egle 70-90% no skérslaukuma)
paplasinati Iidz 500 m® un tajos ievakti picaugumu urbumi. To datu analize liecina, ka
pirms vétras paauga slapjaja damaksni un v&rT nodro§ingjusi attiecigi 19% un 59% no
kopgja 45 gadus péc §is meteorologiskas paradibas konstatéta pirma stava eglu skaita.
Sekmigaka eglu ievieSanas p&c vétras notikusi pirmajos desmit gados, kad iesgjusies
lielaka dala jauno I stava eglu: Dms — 85%, Vr — 62% (3.8. att.).

Paaugas koku ietekme uz eglu klatbatni jaunajas audz&s p&c vétras bija ieverojami
lielaka, neka to biitu iesp&jams prognozet no pirms vétras taksacijas apraksta, liecinot, ka
ar1 relativi nelielam paaugas grupam ar zemu biezumu (kas netiek atzimetas) bijusi biitiska
loma. Nav konstatéts, ka sakotngji paauga auguso koku dimensijas sausienos vai slapjainos
butiski atSkirtos no p&c vetras iesgjusos koku dimensijam. Tas saistis ar nepiecieSamibu
Siem kokiem vispirms, nonakot krasi atSkiriga apgaismojuma (un, atseviskos gadijumos, —
arl augsnes mitruma), nomainit skujas (fotosintezgjoso aparatu) un jaunajiem apstakliem
pielagot saknu sisttmu (Kneeshaw et al., 2002), un tikai p&c tam tiem var veidoties
ievérojami augstuma un radialie pieaugumi (Panayotov et al., 2011). Sai laika p&c vétras
iesgjusies koki, strauji augot, var sasniegt Iidzigas dimensijas.

Analizgjot visu péc vétras atjaunojusos koku dimensijas, konstatéts, ka pirma stava
eglu vidgjais augstums (20.7£0.66 m) bija statistiski biitiski (p<0.01) mazaks neka apsu
(27.3+1.53 m) augstums, lidzigs beérzu (21.7+0.50 m), melnalk$pu (21.5+0.68 m) un pargjo
uzmérito koku sugu (19.2+1.03 m) augstumam. Pirma stava eglu augstums parauglaukumu
grupam ar dazadu eglu Tpatsvaru butiski neatskiras. ArT bérza un melnalk$pa augstums
neatskiras parauglaukumos ar atSkirigu egles ipatsvaru. Sausienos egles augstums bija
statistiski butiski (p<0.001) lielaks neka slapjainos, attiecigi 22.5+0.54 m un 17.7£1.01 m.
Otra stava koku vid€jais augstums starp sugam atSkiras statistiski bitiski (p<0.001).
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Vismazakais tas bija eglém (10.6+0.46 m), par€jo koku sugu vidgjais augstums bija
robezas no 12.4+0.63 m (par¢jam koku sugam) Iidz 16.7+1.18 m (apsei).
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3.8. att. Eglu atjaunoSanas dinamika pec vejgazes slapjaja damaksni un vert.
Fig. 3.8. The regeneration dynamics of Norway spruce in two forest types (Dms-
Myrtilloso—sphagnosa; Vr- Oxalidosa) after windthrow.

Pirma stava eglu vidgjais stumbra caurmers (22.3+0.94 cm) bija statistiski biitiski
(p<0.01) mazaks neka apSu (25.742.06 cm), tacu lielaks neka bérzu (19.3+0.80 cm),
melnalk$nu (21.6+1.47 cm) un par§jo uzmérito koku sugu (19.4+1.72 cm) stumbra
caurmérs (3.9. att.).

Lidzigi ka augstums, arT eglu stumbra caurmérs starp parauglaukumu grupam ar
dazadu to Tpatsvaru butiski neatskiras. Parauglaukumos, kuros egle nebija sastopama,
pirmaja stava augoSo bérzu, melnalk$nu, apSu un citam koku sugam konstatétais vid&jais
stumbra caurmérs bija, attiecigi, 19.5£0.91 cm, 22.7+1.93 cm, 25.7£2.97cm un
18.2+2.22 cm, un tas, Iidzigi ka augstums, bitiski neatskiras no parauglaukumiem, kuros
egles klatbiitne konstatéta (iznpemot melnalksna stumbra caurmeéru, kas bija butiski lielaks
parauglaukumos ar egli neka bez tas: attiecigi 22.7+1.93 cm un 17.8£1.75 cm). legiitie
rezultati nenorada, ka pioniersugam biitu bijusi nozimiga ietekme uz egles augSanu, un
netiesi apliecina, ka nozimigakais p&c vétras veidojusos audzu sastavu noteicosais faktors
ir koku ievie$anas (paaugas koku klatbiitne un saglabasanas, s€klu un piemérotu ies€$anas
vietu pietickamiba, meteorologiskie apstakli pirmajos sgjenu augsanas gados u.tml.).

Tapat ka pirma stava eglu augstums, ari to vidgjais stumbra caurmers bija statistiski
butiski (p<0.01) mazaks slapjainos (19.4+1.48 cm) neka sausienos (23.8+1.04 cm). Otra
stava eglu dimensijas biitiski neatskiras starp parauglaukumiem ar dazadu eglu Tpatsvaru
vai starp sausieniem un slapjainiem.
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3.9. att. Dazadu sugu I stava koku stumbra caurmers parauglaukumos ar atSkirigu
egles Tpatsvaru.
Fig. 3.9. The mean diameter at breast height (DBH) of the overstorey tree species
according to the proportion of the Norway spruce in the plot.

Veéri (Vr) vairakuma analizéto audzu koka caurméra sadalfjumu bija iesp&ams
raksturot ar Veibula sadalijjumu (Kolmogorova-Smirnova testa p>0.05), kamér slapjaja
damaksni (Dms)- tikai dazas audz@s (20%). S sadalfjuma koeficientu vidgjas vértibas
statistiski butiski (p<0.05) atSkiras starp meZa tipiem: formas un méroga koeficientu
vertibas Dms (attiecigi 0.79 un 5.59) bija mazakas neka Vr (attiecigi 1.90 un 15.90);
savukart novietojuma koeficients Dms bija lielaks neka Vr (attiecigi 7.93 un 5.10)
(3.10. att.). Ka noradijusi Bailey un Dell (1973), ja teorétiska sadalijuma formas
koeficienta vértiba ir <1 (ka Dms), tad caurméra sadalijumu raksturojosa likne biis negativi
eksponencidla. Sads caurm@ra sadalfjums visbiezak raksturigs dazada vecuma audzém
(Burkhart, Tomé, 2012). Stumbra caurméru sadalifjumu v&ri var raksturot ar pozitivu
unimodalu likni.

Veicot linearu daudzfaktoru regresijas analizi, veri konstatSta statistiski butiska
(p<0.05) sakariba tris parametru Veibula sadalfjuma formas (R*=0.79), méroga (R*=0.80)
un novietojuma (R?=0.53) koeficientiem gan ar vidgjo stumbra caurméru, gan ar caurméera
intervalu (3.5, 3.6, 3.7):

y (formas)=0.54368*D(1.3m)-0.09174D;,;erpais-4-85681 (3.5)

y (méroga)=3.3651*D(1.3m)-0.3884D;,,¢erpars~33.9265 (3.6.)

y (novietojuma)=-1.4240*D(1.3m)~+0.5217D;p;erpzis+14.2451 (3.7)
kur

D (1.3m) - vidgjais stumbra caurmérs 1.3 m augstuma no saknu kakla, cm;
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D ineais - Starpiba starp lielako stumbra caurm@ra vertibu un mazako stumbra
caurmera veértibu parauglaukuma.
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3.10. att. Tris parametru Veibula caurméra sadalijums un ta koeficientu vidéjas
vertibas slapjaja damaksni un verr.
Fig. 3.10. Theoretical three-parameter Weibull distribution fitted to diameter density
distributions, with mean shape, scale and location values for sample plots by forest types
(Dms- Myrtilloso—sphagnosa; Vr- Oxalidosa).

Saja pétijuma nav konstatdta Veibula sadalfjuma parametru saikne ar audzes
Skérslaukumu un biezumu, kas fikséta citu autoru p&tijjumos (Kilkki et al., 1989).

Stumbra caurmé@ra sadalfjuma asimetriju var veicinat liels skaits nomaktu, bet
nenokaltusu koku, kas raksturigs éncietigajam koku sugam augstas biezibas audzes
(Lorimer, Krug, 1983). Saja pétijuma konstatgts, ka audzes bieziba v&r bija augstaka neka
slapjaja damaksni, attiecigi 0.8 un 0.45; skérslaukuma atSkiribas starp meza tipiem bija
ievérojamas (gandriz divas reizes) un statistiski batiskas (p<0.001): Vr vidgji
36.8+6.39 m* ha™, Dms vidgji 18.3+2.37 m? ha™. Vidgjais audzes biezums abos meZa tipos
nebija statistiski biitiski atSkirigs (p>0.05): vér1 1295+181 un slapjaja damaksnt 12224213
koki ha™. Tomér par nozimigaku koku diferenciaciju (pasizretinasanos) iepriekseja audzes
attistibas posma verT liecina $aja meza tipa konstatStais augstais nokaltuso koku Tpatsvars:
16% 1idz 36% no visiem kokiem platiba (Dms <5%). Analizgjot atjaunoSanos platiba bez
saimnieciskas darbibas péc cita traucgjuma (ugunsgréka), art Rouvinen un Kuuluvainen
(2005) konstatgjusi, ka pec intensivas paSizretinasanas (50-60 gadu vecuma) stumbra
caurméra sadaltjums eglu audz€s mainas no negativa eksponenciala uz bimodalu.

P&tijuma iegiitas sakaribas izmantojamas neapsaimniekotu eglu audzu raksturosanai
taja analiz€tajos meza tipos.
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3.3. Ainavas ilgtermina dinamika péc traucéjuma

Pétfjuma teritorija Sliteres nacionalaja parka péc 1969. gada véjgazes ainava
konstatétas pedgjo 50 gadu laika lielakas izmainas. Mezs tika ietekméts lielas platibas, gan
pilniba iznicinot kokaudzi, gan bojajot atseviskus kokus vai koku grupas, tadgjadi péc
vejgazes izveidojot ainava dazada izmera un struktiiras homoggnas platibas jeb plankumus.
Saja pétfjuma terminu ,,plankums” saprot ka relativi homogénu nelinedru teritoriju, kas
atSkiras no apkartnes p&c raksturojuma un izskata (Forman, 1995). Ainavas fragmentacijas
analizé ieklauta meza masiva platiba bija 1646 ha (iznemot 1966. gada satelitattelu, kura
analizeta platiba bija 1610 ha makonu nosegtas teritorijas d€]). Meza masiva kartes ar
dazadam zemes virsmas seguma klasém un to ilgtermina dinamika redzama 3.11. attela.
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3.11. att. MeZa masiva kartes ar dazadam zemes virsmas seguma klasém 1966.-

2010. gada.
Fig. 3.11. Maps of forest massif with different land cover classes from 1966 to 2010.

Kopégjais plankumu skaits bija Iidzigs gan tris gadus pirms vétras (1966. gada), gan
tris gadus péc tas (1972. gada), attiecigi 956 un 997, bet 2010. gada ainavu veidoja
ievérojami mazaks skaits (207) plankumu (3.3. tab.). Vidgja plankuma platiba laika no
1966. 1idz 2010. gadam pieauga no 1.68 ha lidz 7.95 ha. Ainavas, kur izteikti doming viens
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vai vairaki plankumi un ir daudz maza izméra plankumu, iesaka lietot vid&o svérto
plankuma platibu (T€rauds, 2011).
3.3. tabula/ Table 3.3.
MeZa masiva telpiskas struktiiras indikatori laika posma no 1966. gada lidz
2010. gadam
Indices characterizing the landscape spatial structure from 1966 to 2010

Indikatori/ Gads / Year

Indicators 1966 1972 1988 1998 2010
TA (ha) 1610 1646 1646 1646 1646

NP 956 997 422 393 207
TE (km) 213.4 413.8 128.3 119.2 73.8

ED (mha) 133 251 78 72 45
AREA_ MN (ha) 1.68 1.65 3.90 4.19 7.95
AREA AM (ha) 1038 594 918 1074 1059
SHAPE_MN 1.28 1.31 1.36 1.38 1.39

ENN_AM (m) 20 62 24 33 32
SHDI 0.55 0.89 0.70 0.58 0.57

Paskaidrojumi / Explanations: TA- kopgja meZa masiva platiba, ha / Total area; NP- plankumu
skaits / Number of patches; TE- kopgjais malu garums, km / Total edge; ED- plankumu malu
blivums, m ha? / Edge density; AREA_MN-vidgja plankuma platiba, ha / Mean patch area;
AREA_AM- vidgja sveérta plankuma platiba, ha / Area-weighted mean patch area;
SHAPE_MN- vidgjais plankumu formas indekss (minimala vértiba 1, kad plankums ir apal$) /
Mean shape index (minimal value is 1 when patch shape is cycle); ENN_AM- vidgjais sveértais
tuvaka kaimina Eiklida attalums, m / The area-weighted mean Euclidean nearest neighbour
distance; SHDI- Senona daudzveidibas indekss / Shannon’s diversity index.

Pe&titaja meza ainava uzreiz pec vétras gandriz uz pusi samazinajas vidgja sverta
plankuma platiba — no 1038 ha 1966. gada Iidz 594 ha 1972. gada, bet turpmakajos gados
vidgja sverta plankuma platibai novérota tendence atgriezties pirms vétras ITmenT un pat
nedaudz to parsniegt. MeZa masiva heterogenitati raksturojosais Senona daudzveidibas
indekss uzreiz pec vEjgazes palielinajas (no 0.55 — 1966. gada lidz 0.89 — 1972. gada), bet
pec 29 gadiem jau bija atgriezies pirms vétras [imen.

Lai pilnvertigak novertétu izmainas meza masiva ilgaka laika posma, lietderigi
kombingt ainavas limena un zemes virsmas seguma klases Iimena analizes. Konstatéts, ka
tris gadus pirms v&jgazes meza masiva lielako dalu aizp@ma un ainavas pamatni veidoja
zemes virsmas seguma klase ,,mezaudzes” (1310 ha jeb 81.3% no kopg€jas meza masiva
platibas), bet ,,platibas ar zemu kokaudzes biomasu” un ,,nemeza zemes” bija sastopamas
galvenokart atsevisku plankumu veida un to kopgja platiba veidoja attiecigi 264 ha un
37 ha jeb 16.4% un 2.3% no kopgjas meza masiva platibas (3.4., 3.5., 3.6.tab.). Pec
vejgazes, 1972. gada ,,mezaudzu” platiba samazinajas 1idz 457 ha, un platiba , teritorijam ar
zemu kokaudzes biomasu” un ,,nemeZa zem&m” palielindjas attiecigi lidz 1015 ha un
173 ha. Sakot ar 1998. gadu, zemes virsmas seguma klasu platibu proporcija bija lidziga ka
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pirms v&jgazes, t.i., 1998. gada ,,mezaudzes” veidoja 80.8%, ,,platibas ar zemu kokaudzes
biomasu” — 15.4%, bet ,,nemeza zemes” — 3.7% no kop&jas meza masiva teritorijas. Tatad
lielakaja dala vetra bojato mezaudzu noverota sekmiga atjaunoSanas — 29 gadu laika péc
vétras izveidojies jauns nepartraukts vainagu klajs.
3.4. tabula/ Table 3.4.
Fragmentaciju raksturojoSie indikatori zemes virsmas seguma klasei ,,meZaudzes”
Landscape metrics to quantify fragmentation for land cover class ,,forest areas”

Indikatori/ Gads / Year
Indicators 1966 1972 1988 1998 2010
CA (ha) 1310 457 1237 1330 1325
PLAND (%) 81.3 27.8 75.2 80.8 80.5
NP 48 516 32 18 25
PD 3.0 31.4 1.9 1.1 15
TE (km) 1943 | 317.2 | 116.2 111.4 71.9
ED (m ha) 121 193 71 68 44
AREA_MN (ha) 27.29 0.89 38.65 30.24* 52.99*
AREA_AM (ha) 1273 23 1210 1324 1305
ENN_AM (m) 16* 61 19* 31* 31*
SHAPE_MN 1.51 1.37 1.53 1.56 1.42

Paskaidrojumi / Explanations: *konstatétas statistiski bitiskas (p<0.05) at3kiribas salidzinajuma
ar 1972. gadu / statistically significant (p<0.05) differences were detected in comparison to
1972; CA- zemes virsmas seguma klases platiba, ha / Land cover class; PLAND- klases platibas
patsvars no kopgjas ainavas platibas, % / Land cover class area proportion of the landscape;
NP- plankumu skaits / Number of patches; PD- plankumu blivums, t.i., plankumu skaits platibas
vieniba (ha™) / Patch density (number of pathces per area unit); TE- kop&jais malu garums, km
/ Total edge; ED- plankumu malu blivums, m ha / Edge density; AREA_MN- vidgja plankuma
platiba, ha / Mean patch area; AREA_AM- vidgja svérta plankuma platiba, ha / Area-weighted
mean patch area; ENN_AM- vidgjais svértais tuvaka kaimina Eiklida attalums, m / The area-
weighted mean Euclidean nearest neighbour distance; SHAPE_MN- vidgjais plankuma formas
indekss (minimala vértiba 1, kad plankums ir apals) / Mean shape index (minimal value is 1
when patch shape is cycle).

,Mezaudzes” teritoriju 1966. gada veidoja 48 plankumi jeb 3 plankumi ha™, kuru
vidgja platiba bija 27.29 ha. Péc vgjgazes (1972. gada) teritorija iev€rojami pieauga
plankumu skaits — 516 plankumi jeb 31.4 plankumi ha™, vidgja plankuma platiba
samazinajas Iidz 0.89 ha. Péc v€jgazes nakamajos gados plankumu skaits vari€ja robezas
no 18 Iidz 32 (no 1.1 lidz 1.9 plankumiem ha™), un vidgja plankuma platiba gan 1998. gada
(30.24 ha), gan 2010. gada (52.99 ha) bija statistiski batiski (p<0.05) lielaka neka
1972. gada (0.89 ha). Gan pirms vétras (1966. gada), gan p&c vétras laika perioda no 1988.
lidz 2010. gadam ,,mezaudzes” veidoja plankumi ar vid&jo svérto platibu no 1210 ha lidz
1324 ha., savukart uzreiz péc vétras (1972.gada) vidgja sveérta plankuma platiba
»meZaudz&s” bija tikai 23 ha.
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Zemes virsmas seguma klasi ,,platibas ar zemu kokaudzes biomasu” 1966. gada
veidoja 638 plankumi, bet 1972. gada plankumu skaits samazindjas lidz 72, attiecigi 39.6
un 4.4 plankumi ha™*. Turklat konstatétas statistiski bitiskas atSkiribas (p<0.05) starp vidgjo
plankuma platibu 1966. gada un 1972. gada, attiecigi 0.41 ha un 14.1 ha. Statistiski
butiskas (p<0.05) bija arT atSkiribas starp vidéjo plankuma platibu 1972. un 1998. gada
(1.16 ha). Ari vidgja sverta plankuma platiba nozimigi pieauga uzreiz p&c vétras — no 16 ha
1966. gada lidz 952 ha 1972. gada. Par jauniem nozimiga apméra meZzaudZu bojajumiem
misdienu ainava, kas, saskana ar vizualiem novérojumiem, varétu biit radusies 2005. gada
vetras un intensivas bebru darbibas ietekmé, liecina zemes virsmas seguma klases ,,platibas
ar zemu kokaudzes biomasu” vidgjas plankuma platibas palielina$anas lidz 2.60 ha
2010. gada, ka arT vidgjas sveértas plankuma platibas palielinasanas (lidz 48 ha).

3.5. tabula / Table 3.5.
Fragmentaciju raksturojoSie indikatori zemes virsmas seguma Kklasei ,,platibas ar
zemu kokaudzes biomasu”
Landscape metrics to quantify fragmentation for land cover class ,,areas with low woody

biomass”
Indikatori/ Gads / Year

Indicators 1966 1972 | 1988 1998 2010
CA (ha) 264 1015 314 254 281
PLAND (%) 16.4 61.7 19.1 15.4 17.1
NP 638 72 112 219 108

PD 39.6 4.4 6.8 13.3 6.6

TE (km) 2013 | 3982 | 80.1 99.6 58.8

ED (mha™) 125 242 49 61 36
AREA_MN (ha) 0.41* | 14.10 | 2.80 1.16* 2.60

AREA_AM (ha) 16 952 44 22 48

ENN_AM (m) 34 60 41 338 32
SHAPE_MN 1.28 1.57 1.36 1.33 1.36

Paskaidrojumi / Explanations: *konstatétas statistiski batiskas (p<0.05) atSkiribas salidzinajuma
ar 1972. gadu / statistically significant (p<0.05) differences were detected in comparison to
1972; CA- zemes virsmas seguma klases platiba, ha / Land cover class; PLAND- klases platibas
patsvars no kopgjas ainavas platibas, % / Land cover class area proportion of the landscape;
NP- plankumu skaits / Number of patches; PD- plankumu blivums, t.i., plankumu skaits platibas
vieniba (ha™) / Patch density (number of pathces per area unit); TE- kop&jais malu garums, km
/ Total edge; ED- plankumu malu blivums, m ha™ / Edge density; AREA_MN- vidgja plankuma
platiba, ha / Mean patch area; AREA_AM- vidgja sverta plankuma platiba, ha / Area-weighted
mean patch area; ENN_AM- vidgjais svértais tuvaka kaimina Eiklida attalums, m / The area-
weighted mean Euclidean nearest neighbour distance; SHAPE_MN- vidgjais plankuma formas
indekss (minimala vértiba 1, kad plankums ir apal§) / Mean shape index (minimal value is 1
when patch shape is cycle).
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Péc platibas vismazaka zemes virsmas seguma klase bija ,,nemeza zemes”. P&c
véjgazes noverotais ,nemeza zemju” platibas pieaugums dal&ji skaidrojams ar §is zemes
virsmas seguma klases spektrala parauga diezgan nelielo atskiribu no zemes virsmas
seguma Kklases ,,platibas ar zemu kokaudzes biomasu” spektrala parauga vertibam.
»NemeZa zemju” platiba turpmakajos gados péc vétras samazinajas lidz 40 ha
(2010. gada), kas vargtu liecinat par nemeza zemju aizaugsanu.

3.6. tabula / Table 3.6.
Fragmentaciju raksturojoSie indikatori zemes virsmas seguma klasei
,nemeza zemes”
Landscape metrics to quantify fragmentation for land cover class ,,non-forest land”

Indikatori/ Gads / Year
Indicators 1966 | 1972 1988 1998 2010
CA (ha) 37 173 95 61 40
PLAND (%) 2.3 10.5 5.8 3.7 2.4
NP 270 409 278 156 74
PD 168 | 24.9 16.9 9.5 45
TE (km) 312 | 1121 60.2 27.3 16.8
ED (m ha™) 19 68 37 17 10
AREA_MN (ha) 0.14 | 0.42* 0.34 0.39 0.54*
AREA AM (ha) 1 4 3 5 5
ENN_AM (m) 61 75 41 65 84
SHAPE_MN 1.26 | 1.18 | 1.35%** [ 142%* [ 1.43%**

Paskaidrojumi / Explanations: *konstatétas statistiski butiskas (p<0.05) atSkiribas salidzinajuma
ar 1966. gadu / statistically significant (p<0.05) differences were detected in comparison to
1966; ***konstat€tas statistiski butiskas (p<0.05) atSkiribas gan ar 1966., gan 1972. gadu/
statistically significant (p<0.05) differences were detected in comparison to both 1966 and
1972; CA- zemes virsmas seguma klases platiba, ha / Land cover class; PLAND- klases platibas
patsvars no kopgjas ainavas platibas, % / Land cover class area proportion of the landscape;
NP- plankumu skaits / Number of patches; PD- plankumu blivums, t.i., plankumu skaits platibas
vieniba (ha™) / Patch density (number of pathces per area unit); TE- kop&jais malu garums, km
/ Total edge; ED- plankumu malu blivums, m ha / Edge density; AREA_MN- vidgja plankuma
platiba, ha / Mean patch area; AREA_AM- vidgja svérta plankuma platiba, ha / Area-weighted
mean patch area; ENN_AM- vidgjais svertais tuvaka kaimina Eiklida attalums, m / The area-
weighted mean Euclidean nearest neighbour distance; SHAPE_MN- vidgjais plankuma formas
indekss (minimala vértiba 1, kad plankums ir apal§) / Mean shape index (minimal value is 1
when patch shape is cycle).

Ainavu ekologija svariga nozime ir ari ainavas konfiguraciju raksturojo$ajiem
indikatoriem, t.i., plankuma formai un plankuma malas (robeZas) garumam (Fahrig, 2003).
Petijuma par Ziemelvidzemes biosferas rezervatu A.Teérauds secinajis, ka saimnieciskas
darbibas rezultata ainavas konfiguracija ir kluvusi vienkarSaka, un parsvara konstatéta
vienkarSotu, Cetrstlirainu laukumu formu veidoSanas (T@rauds, 2011). Analiz&jot plankumu
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formas indeksu dabisko mezu ainava $aja pétjjuma, nav konstat€ti sarezgitas formas
plankumi. Lai gan novérota tendence plankuma formam klut sarezgitakam, konstatéts, ka
laika perioda no 1972. lidz 2010. gadam vidgjais formas indekss mainjas nelielas robezas
no 1.31 Iidz 1.39 (p>0.05). Analiz&jot zemes virsmas seguma klases atseviski, konstatets,
ka ,,mezaudzeém” vidgjais plankuma formas indekss pirms vétras bija 1.51 un uzreiz péc
vétras tas samazinajas 1idz 1.37, savukart 20-40 gadus péc vétras plankumu formas indekss
bija robezas no 1.42 Iidz 1.56. Tatad iepriek$€jas saimnieciskas darbibas ietekme uz
laukumu formu bija zudusi jau laika perioda lidz vétrai (40-50 gadi, kop§ pétjjuma
teritorija partraukta jebkada veida saimnieciska darbiba). Laika perioda no 1988. Iidz
2010. gadam vidgjais formas indekss kategorijai ,,nemeza zemes” bija robezas no 1.35 lidz
1.43, vertibas bija statistiski batiski (p<0.05) lielakas salidzinajuma gan ar 1966. gadu
(1.26), gan ar 1972. gadu (1.18). Tas var€tu but saistits ar sarezgitakas formas platibu zem
tudeniem izveido$anos intensivas bebru darbibas ietekmé. ,Platibas ar zemu kokaudzes
biomasu” péc vétras pieaugusi plankumu formas sarezgitiba, par ko liecina formas indekss:
tas pieauga no 1.28 pirms vétras lidz 1.57 p&c vétras. Mezam atjaunojoties péc vétras,
,»platibas ar zemu kokaudzes biomasu” plankumu formas indekss samazinajas lidz 1.33
(1998. gada), un nedaudz pieauga 2010. gada, kas, iesp&jams, skaidrojams ar jauniem
bojajumiem, piemeram, 2005. gada vétras ietekmé.

Analizgjot plankuma malas garuma izmainas ainava péc vétras, konstatéts, ka,
palielinoties plankumu platibai un samazinoties plankumu blivumam teritorija,
likumsakarigi samazinajies plankuma vidgjais malu garums. Vislielakais kop&jais malu
garums un malu blivums konstatéts 1972. gada — attiecigi 413.8 km un 251 m ha™’. Pirms
vétras 1966. gada Sie indikatori bija attiecigi 213.4 km un 133 m ha™, bet vismazakais
kopgjais malu garums un malu blivums konstatéts 2010. gada, attiecigi, 73.8 km un
45 mha™.

Nozimigs ainavas konfiguracijas raditajs ir plankumu izolacija jeb biotopu
pieejamibas raditajs, péc kura var spriest par sugu izplatiSanas iesp&jam (Foster et al.,
1998; Kouki et al., 2001), ka arT veértet dazadu sugu dzivotspgju fragment&tos biotopos
(T@rauds, 2011). P&tijuma rezultati liecina, ka vidgjais svertais tuvaka kaimina Eiklida
attalums mezaudzes klases ietvaros uzreiz pec vetras (1972. gada) pieauga par 45 m, un
bija statistiski buitiski lielaks gan par So raditaju pirms vétras 1966 gada, gan 1988. gada
(attiecigi 61, 16, 19 m) un vélakajos gados 31 m).

Konstatets, ka lielaka dala ainavas fragmentaciju raksturojoso indikatoru lidz 29
gadus ilga laika posma péc 1969. gada licla méroga v&jgazes bija atgriezuSies pirms vétras
Itmeni. Tatad, ja specigas vetras (vai citi dabiskie trauc€jumi) seko cita citai ar pietieckami
lielu laika intervalu, tam lidzigos apstaklos nebiis paliekoSas ietekmes uz ainavas
fragmentaciju teritorijas bez cilveéka saimnieciskas darbibas.
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SECINAJUMI

1

Sasalstosa lietus bojato koku Ipatsvars priedes un egles audzges butiski neatskiras
(attiecigi 28% un 27%). Abu skuju koku sugu audzes lauzto koku bija vairak
neka saliekto vai izgazto, liecinot, ka skuju koku sugu savstarpgja nomaina nav
izmantojama ka Iidzeklis bojajumu apjoma (riska) samazinaSanai.

Skujkoku individualo un kolektivo noturibu pret sasalstoSa lietus bojajumiem
noteico$ie raditaji bija koku augstums, augstuma/caurmeéra attieciba un audzes
Skerslaukums; to ietekmi korig€ja pedéjo 3 gadu perioda pirms §is
meteorologiskas paradibas veikta retina$ana. Savlaiciga audzu kop$ana, veicinot
koku individualo noturibu un vainaga simetriju, samazina ar $§o meteorologisko
paradibu saistito kokaudzu bojajumu risku.

Vetras izgazto eglu audzu vieta 45 gadus pec tas platiba bez saimnieciskas
darbibas visbiezak sastopama koku suga bija egle (44%). Ta sekmigi konkurgja
ar pioniersugam un bija valdo$a 23% sausienu un 43% slapjainu platibu, turklat
mezaudzes pirma stava koku vidgjais augstums un caurmeérs statistiski batiski
neatskiras no pioniersugam (iznemot apsi) konstatéta.

Beérzu, melnalkSnu un apSu vidgjais stumbra caurmérs un augstums bitiski
neatskiras platibas ar dazadu eglu Tpatsvaru audzes pirmaja stava, liecinot par $o
platibu vienadu piemérotibu pioniersugu augSanai. Tatad eglu sastopamibu
noteica paaugas klatbiitne v&tras bridi un tas atjaunos$anas p&c vetras. Slapjainos
attalumam lidz potencialajam s€klu avotam bija statistiski butiska ietekme uz
eglu patsvaru audzes pirmaja stava. Savukart sausienos, kur ievérojami biezak
konstatéti pirms vetras paaugas koki (v&€r1 59% no pirma stava eglém),
attalumam lidz seéklu avotam nebija bitiskas ietekmes.

Pirma stava eglu vecums parsniedza vienas vecumklases robezas 29% platibu.
No pasreiz pirmaja stava augosajam eglém 49% vétras bridi bijusas paauga, bet
pargjas ieviesusas galvenokart pirmajos 10 gados péc vétras. Nav konstatStas
butiskas koku dimensiju atSkiribas starp $Sim divam eglu grupam.

Vgjgaze palielingja meza ainavas fragmentaciju, un tas ietekme uz mezaudzi
saglabajas lidz pat 30 gadus ilga laika perioda, par ko liecinaja plankumu platibu,
formu un savstarp&jo attalumu raksturojoSie indikatori. VE&tram atkartojoties
biezak, sagaidamas paliekoSas telpiskas struktiiras izmainas ainava.
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1. GENERAL DESCRIPTION
1.1. Topicality of the theme

Natural disturbances affect individual stand and forest landscape, and their
development. Most important natural disturbances in hemiboreal forests are windthrows
(causing both tree felling and breakage), forest fires, snow, and freezing rain. Natural
disturbances have influence on economy by changing availability of local wood resources,
reducing timber quality and value, reducing recreational value etc. Additionally, they have
ecological impact by, for instance, reducing a proportion of old trees within forest stand
and landscape, creating novel habitats, and changing movement possibilities of species
within landscape.

Occurrence of freezing rain has notable differences among regions in Latvia; and
there are no predictions that, under a changing climate, there would be a change in
possibility of occurrence or in regions where the freezing rain is the most common.
Therefore, effect of this meteorological phenomenon should be assessed on stand level,
leading to recommendations to risk mitigation, reducing damage and main concerns of
stand monitoring to timely detect damage after an event of freezing rain.

During the last decades, the activity of cyclones has increased, causing more severe
storms in Northern Europe. The damage caused by storms in European forests is expected
to increase in relation to more frequent and severe storms and changing climate, i.e., due to
a prolonged vegetation period, the storms will occur before trees have dropt leaves, and
while soil is not frozen. Information about long-term stand regeneration and growth after
windthrow in unmanaged forests is important to extend knowledge of natural succession in
hemiboreal forests. Such knowledge would complement recommendations to develop
management of specific situations and regions, where mimicking natural disturbances is
practised in order to increase biological diversity, as well as this knowledge would improve
an evaluation of specific measures, which are used to simulate natural disturbances.
Additionally, information about species structure in unmanaged stands is crucial for carbon
sequestration calculations, and it is needed for total carbon sequestration assessment in
Latvia regarding its international commitments.

1.2. Aim of the thesis

To describe long-term impacts of disturbances in unmanaged stands and forest
landscape, as well as to assess the factors that determine resistance of forest stands to
impact of freezing rain.

1.3. Research objectives:
1. to assess factors, that determine resistance of forest stand to freezing rain in
coniferous stands;
2. to characterize structure of forest stands, that are regenerated after large scale
windthrow, and factors affecting them;
3. toassess long-term effect of large scale windthrow on forest landscape.
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1.4. Proposed theses:
1. damage caused by freezing rain depends on both individual tree and stand
stability determining parameters;
2. spruce regeneration after large scale windthrow mainly occurs by advance
regeneration, spruces of different age classes are found in overstorey;
3. effect of intense large scale disturbance on spatial indicators of forest landscape
remains for longer than 20 years.

1.5. Scientific novelty

This is the first extensive long-term assessment of forest regeneration (in the length
of 45 years) in unmanaged areas after windthrow in Latvia. Only few such studies have
been carried out in hemiboreal forests by now, with an investigating period up to 20 years.
Furthermore, the first long-term assessment of forest fragmentation after windthrow in
Latvia provides basis for further studies of possible natural disturbances and influence of
their dynamics on biological diversity.

Assessment in the following research provides extended and detailed description of
freezing rain damages in hemiboreal coniferous forests of Europe; former studies of
influence of freezing rain on forests have mainly been carried out in North America. In this
study, for the first time in Latvia, equations to describe freezing rain effect on stand
damage, have been developed.

1.6. Practical significance

The developed equations of freezing rain effect on stand damage could be
implemented in stand monitoring after occurrence of this meteorological phenomenon to
assess necessity and priorities of following measures, therefore ensuring fast determination
of damage and timber extraction to reduce loss of its value and decrease risk of pest
outbreak.

Knowledge of long-term effect of windthrow (the most important natural
disturbance in Latvia) on forest stand and landscape should be adopted in development of
biological diversity protection schemes (concepts).

1.7. Structure and coverage of thesis

Chapter 1 contains a summary of earlier studies, related to effect of natural
disturbances on forest stand. In the first sub-chapter, climatic and meteorological factors,
which cause formation of freezing rain, as well as observations of effect of icing and snow-
caused damage on forest stands are described. The second sub-chapter contains
information about storm-causing atmospheric phenomena and summarises results of
studies on forest stand and landscape resistance and resilience to windthrow in relation to
spatial scale and soil conditions, as well as stand regeneration and development of
remaining trees. Chapter 2 contains description of study materials and methods. Chapter 3
contains results of the studies. The first sub-chapter includes analysis of characteristics of
individual trees and a stand, which determines freezing rain caused damage. The second
sub-chapter contains analysis of stand regeneration after intense natural disturbance —
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windthrow, while the third sub-chapter describes changes to indicator of forest landscape
spatial structure after this disturbance.

This thesis contains 132 pages, information has been summarised in 19 tables and
87 figures, 229 literature references have been used.

1.8. Approbation of research results:

Research results have been summarised in four publications and research results have been
presented in 12 scientific conferences.

2. MATERIAL AND METHODS

Natural disturbances are any kind of external processes or conditions, which cause
sudden plant biomass reduction in a considerably shorter period of time than production of
new biomass. In this research, each natural disturbance was assessed in the region of
Latvia, where it has occurred most frequently according to observations during the last 50
years by Latvian Environment, Geology and Meteorology Centre (LEGMC). Icing is a
meteorological phenomenon, when ice and snow accumulate on surface, which is exposed
in atmosphere (1ISO-12494). Formation of icing is usually related to specific atmospheric
conditions, and it could form not only by condensation of fog, but also by rain when air
temperature rapidly decreases below 0°C (Zirnitis, 1968, Ahrens, 2007). One of the icing
types — freezing rain — forms in a contact zone of air masses with radically different
temperature: precipitation from a higher warm layer falls through a particularly thick cold
layer and forms small ice drops filled with unfrozen water. Icing forms, when these ice
drops fall and disperse on a hard surface (Fikke et al., 2005). The research includes only
damage, which is caused by freezing rain, and not by the other types of icing, therefore the
term “icing” is not further used.

Data for assessment of factors that determine impact of freezing rain was collected
in coniferous stands (at least 70% of standing volume according to stand inventory data),
which were damaged by this disturbance in December 2012 in forests of JSC “Latvia’s
State Forests” in municipalities of R&zekne, Baltinava, Balvi, and Karsava. Randomly
selected pine and spruce stands were 12 to 123 and 20 to 123 years old, respectively. The
stands were located on 12 forest types: Cladinoso—callunosa, Vacciniosa, Myrtillosa,
Hylocomiosa, Oxalidosa, Vaccinioso-sphagnosa, Myrtilloso-sphagnosa, Muyrtilloso—
polytrichosa, Caricoso—phragmitosa, Myrtillosa mel., Myrtillosa turf. mel., and Oxalidosa
turf. mel. In 98 pine, 51 spruce and 14 mixed pine-spruce (the latter is not included in the
summary) stands (area >0.8 ha) on average eight circular sample plots (200 m*; R=7.96 m)
were systematically distributed. For each tree (DBH>2 c¢m), stem diameter at breast height
(DBH), height of living crown and total height were measured, and type of damage (broken
or bent) was determined. For broken trees, height of breakage was measured and, if
possible, height of the broken part was measured to reconstruct the total tree height. When
direct measurements of a broken part were not possible, tree height was calculated by
Petersen or Gaffrey height curves (Donis, 2009). Tree was classified as bent, if stem
deviation from vertical axis exceeded 15°, including trees with bent top, leaning and bent
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trees. For each stand mean DBH, height (H), basal area (G) and volume (V) was calculated.
Stands were classified into three groups according to severity of damage: (1) G>0.5 from
Tretjakov normal basal area; (2) 0.5>G>0.3; and (3) G=<0.3.

Binary logical regression was applied to determine factors, which influence
possibility of stand damage, using SPSS 14 tool “Advanced Regression” and “Backward
Stepwise LR” algorithm. Multicollinearity was assessed with tool “Multicollinearity
Diagnostics”. Factors were assumed independent, if correlation coefficient was lower than
0.8.

Long-term effect of large scale windthrow was assessed in the oldest part of Slitere
National Park (SNP), where no silvicultural measures have been done since 1923. Forests
are located on wet mineral soils (41% of area) — Vaccinioso—sphagnosa, Myrtilloso—
sphagnosa, Myrtilloso—polytrichosa, and Dryopteriosa, further in the study classified as the
site type “wet”; dry mineral soils (18% of area) — Hylocomiosa, Oxalidosa, and
Aegopodiosa; and wet peat soils (8% of area) — Sphagnosa, Caricoso—phragmitosa, and
Filipendulosa, classified as the site type “mesic”. SNP was damaged by severe windthrow
on November 2, 1969. According to the post-storm stand inventory data and satellite image
analysis (more than 90% of canopy loss), most (55%) of damaged stands were 70-130
years old spruce dominated stands. In these areas, 226 (179 on mesic site and 63 on wet
sites) circular plots (R=5.64 m) were systematically distributed; 17 plots on most
represented forest types were extended to 500 m® (R=12.62 m). In each plot, all trees
(DBH>2 cm) were counted, and mean height and DBH were measured according to
species and stand layer. A note was added, if a tree was classified as survived from
previous generation, i.e., established before the storm in 1969. In the extended plots,
increment cores of at least 15 trees of different DBH were sampled according to species.
Additionally, increment cores of all trees which were classified as survived from previous
generation were sampled coring near the root collar.

Tree diameter distribution was calculated using Weibull distribution of three
parameters (2.1) (Bailey, Dell, 1973):

=55 e (-(5)) e
where,

¢ — parameter of shape;
b — parameter of scale;
a — parameter of location.

Coefficients of Weibull distribution for each plot was calculated using ‘the Method
of Maximum Likelihood” and approximated using multiple regression. In regression model,
each of Weibull parameters was used as resultative value, and stand parameters, which had
low collinearity (r<0.50), were used as independent values. The best equation was found
with “Backward Stepwise LR” algorithm excluding non-significant (p>0.05) regressors,
and using Akaike information criteria (Akaike, 1974).

Changes of forest cover spatial distribution within landscape was analysed to the
forest massif that is a part of the SNP and is situated in Slitere Nature Reserve. Five
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satellite images were obtained from Corona and Landsat, which were collected from 1966
to 2010. Images of Corona KH-4B mission in 1966 and 1972 were scanned panchromatic
scenes without coordinates. Therefore, Corona images were georeferenced to LKS92
coordinate system according to the ground control points recognizable on the original
Corona images as well on recent aerial and satellite images. To compare multiple datasets,
the images cell size must be the same, therefore “k-nearest neighbours” interpolation
method was used. For the images of 1966 and 1972, a spatial resolution of one pixel was
reduced from 1.8x1.8 m and 2.75%2.75 m to 30x30 m, respectively (McGarigal et al.,
1995, Buyantuyev, Wu, 2007).

Supervised classification of satellite images was done using Grass GIS 6.4.3. (Vitti,
2008). Forest maps of 1973 from LVMI “Silava” archive and available information about
stands within studied forest area from State Register of Forests were used to classify three
land cover classes: (1) “areas with low woody biomass” (swamps, heathlands, flooding
areas, obsolescent stands, and young stands); (2) “non-forest land” (agricultural land,
roads, water bodies, and industrial areas); and (3) “forest areas”. Forest landscape
composition, structure, and fragmentation were assessed using Fragstats 4.2 software
(McGarigal et al., 1995). Software ArcGIS Desktop 10.2.2. was used for spatial
visualization.

One-way ANOVA was used to assess influence of studied parameters. Distribution
of the studied parameters within different categories was assessed using Chi-squared test.
Relation between the parameters was assessed using linear regression. Calculations were
mainly done using R 2.13.0 (R Development Core Team 2011).

3. RESULTS AND DISCUSSION

3.1. Assessment of tree and stand parameters that determine the extent of damage
caused by freezing rain

Amount of ice, which was accumulated on trees after freezing rain, was assessed
for 57 broken overstorey trees (representing DBH 3-18 cm) from 12 stands — aboveground
biomass of these trees was measured with and without icing. Mass of ice was 1.5+0.27
times higher than tree biomass in a naturally moist stage. Correlation between tree biomass
and ice mass on it was tight and significant (r=0.92, p<0.01). Tree biomass with and
without ice was dependent on a stem diameter, and this relation was described the best by a
power function (Fig. 3.1.). However, results suggest that threshold of ice mass of trees with
similar DBH could notably differ. Presumably, it is related to tree crown asymmetry or
impact of wind, which might result in the tree breakage under lower ice mass. There is
insufficient information about thresholds of ice layer thickness that cause tree breakage;
some studies have reported 1-2 cm (Greene et al., 2007).

The proportion of damaged trees in pine and spruce stands was similar (p>0.05) —
26% and 27%, respectively. The proportion of broken trees was higher than that of bent
trees: 18% and 9% in pine stands and 16% and 11% in spruce stands, respectively. The
proportion of damaged (total and broken) trees is summarized in Table 3.1. according to
stands dominant species (pine or spruce), and these stands are divided by different stem
DBH groups (mean DBH of dominating species overstorey trees) and tree species (pine,
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spruce, and birch). In pine stands, 26% of trees (26% of pines, 20% of spruces, and 32% of
birches) were damaged. There was a similar proportion of damaged trees in spruce stands —
27% (28% of pines, 27% of spruces, and 32% of birches).

The effect of tree height on the proportion of damaged trees was analysed using
overstorey trees. In the spruce stands, 8 m high trees had the highest proportion (25%) of
bent trees. For higher trees, the proportion of bent trees was from 1% to 7%. No broken
trees were found for trees smaller than 9.1 m, and the proportion of broken trees was low
(2-7%) when they did not exceed 13 m height. A rapid increase in the proportion of broken
trees was for 13 to 15 m high trees — from 2% to 33%, respectively. It was followed by a
decrease to ca. 20% for 16-17 m high trees. The highest proportion (41%) of broken trees
was observed for 18 m high trees, and it was followed by a decrease for higher trees.

For assessment of height of stem breakage, it is necessary to analyse types and
quality classes of extracted timber. In spruce stands, overstorey trees have 57% of living
crown, but mean relative height of breakage was 76% (Fig. 3.2.). In spruce stands 31% of
broken trees were damaged below the crown, i.e., lower than the first living branch. Stem
breakage below the crown was mostly (9%) found for trees with DBH 8.1-10.0 cm, and it
decreased for larger trees. Crown breakage gradually increased in the trees with stem DBH,
peaked (21%) for trees with DBH 22.1-24.0 cm, and decreased for larger trees.

In pine stands, 3.5-4.0 m high trees had the highest (33%) proportion of bent trees.
For larger trees, the proportion of bent trees decreased: 8 m high trees had 4%, while
higher trees — 0-7% of bent trees. The proportion of broken trees decreased from 10% to
2% for 3.5 m to 8 m high trees, followed by an increase to 16% for 11 m high trees. A
rapid increase (from 3% to 38%) was observed for 14 m to 21 m tall trees. Just like spruce
stands, higher trees had rapid decrease in the proportion of broken trees.

Mean crown length of pines was 52%, but relative height of stem breakage — 64%
(Fig. 3.3.). The proportion of trees, which were broken below the crown, rapidly (from 1%
to 22%) increased for trees with DBH from 2.1 to 18.0 cm, but the proportion of trees with
crown breakage increased gradually and reached 10%. The proportion of trees, which were
broken below the crown, peaked (20% to 22%) for trees with DBH from 16.1 to 24.0%,
followed by a rapid decrease, and no such tree was found among the trees with DBH larger
than 42 cm. The proportion of trees with crown breakage increased from 9% to 16% for
trees with DBH from 18.1 to 28.0 cm, and decreased for larger trees. Tendency of a higher
proportion of trees broken below the crown changed, when trees reached 21.4-26.0 cm
DBH — and larger trees had a higher proportion of trees which were broken at living crown
than below it. The results suggest that stem breakage below the crown is more common for
smaller trees, while crown breakage — for larger trees.

Stands were divided into two groups: recently (during the last three years before
freezing rain) thinned and other stands; data of overstorey trees was used. In the recently
thinned pine stands proportion of damaged trees was 25%, but in other pine stands 26%; in
recently thinned spruce stands — 31%, and in other spruce stands — 23% of damaged trees
(Tab. 3.2.).

The proportion of damaged trees in both pine and spruce stands was significantly
higher for understory trees, in comparison to overstorey trees. In both overstorey and
understory of pine stands, there were significantly (p<0.05) more broken trees found in the
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other stands, i.e., which were not thinned during the last 3 years. Significantly (p<0.05)
more trees were broken in understory of recently thinned spruce stands; in overstorey no
significant (p>0.05) differences were found between recently thinned and the other spruce
stands. Overall, results do not support assumption that a higher proportion of trees is
damaged in recently thinned stands, indirectly suggesting that other factors have stronger
effect on stand damage intensity.

Tree height and diameter ratio was higher for damaged than undamaged trees — in
recently thinned pine stands it was 1.07 and 0.93, in recently thinned spruce stands 1.03
and 0.95, in the other pine stands 1.01 and 0.94, and in the other spruce stands 1.03 and
0.97, respectively. The proportion of damaged pines and spruces, according to tree height
and diameter ratio groups, is shown in Figures 3.4. and 3.5. Within each DBH group (from
4 to 32), the higher proportion of damaged trees was found in the group with lower stem
taper.

Results of binary regression suggest that in order to classify stands into “damaged”
and “obsolescent”, the following indicators were statistically significant: independent value
for pine stands G * G * and a constant (3.1.), but for spruce stands — H, D, H°D™,
Gumin*Gra - and a constant (3.2.):

1

P(y)pine = — (3.1)
—(31.243><Gmm —24.489)
1+e fakt
1
P(y)spruce = o (3.2)
—(—(8.951><H)+(3.665><D)+(5.267><H2D_1)+25.827X(Gm7m—18.928>
1+e fakt

where,

P(y) — acquired possibility that stand is damaged/ obsolescent;
H — mean height of stand, m;

D — mean diameter of stand, cm;

Gynin— Minimal basal area of stand, m?ha™,

Grax— real basal area of stand, m*ha™.

Interpretation of the results: if possibility P(y)<0.5 was acquired, stand is not
obsolescent, if P(y)>0.5 — stand is damaged/ obsolescent. By applying these relations and
according to forest inventory data, stands with the highest possibility of damage after
freezing rain could be selected for monitoring and planning extraction of damaged trees.
These prognoses can be implemented in strategic planning, during development of thinning
model within the area with the highest possibilities of freezing rain. The proportion of
damaged basal area of overstorey in pine stands depends on thinning (thinned or not
thinned during the last three years), H10 and H?D™ (3.3.), but in spruce stands — on H10,
H’D™ and basal area of overstorey (3.4.):

2
Gaamagedpine) = 6106 — (1442 X R) — (0.403 X H) + (0.420 X =) (3.3)
2
Gaamageatspruce) = 6:033 = (0.137 X G) — (0.837 X H) + (0.706 X =) (3.4)
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where,

R — if thinning was done during the last three years, R=1;

H10 — mean height of dominating species overstorey trees, m;
H?D™ - tree height (m) squared relative to stem diameter (cm);
G - basal area of overstorey, m® ha™.

These relations can be used to determine stands, where the highest damage of
overstorey basal area is possible, as well as to plan a thinning model for stands in the
regions with the highest possibility of freezing rain occurrence in order to promote
resistance to this damage.

3.2. Stand regeneration after intense natural disturbance

In the area, where 70 years and older spruce stands were present prior to windstorm,
11 tree species were found 44-45 years after this disturbance. The most common species
was spruce (44% of total number of trees), silver and downy birch (22%), black alder
(11%), and aspen (6%). Analysis of species distribution among stand layers suggests that
most common species in overstorey was pioneer species birch (40%), and also spruce has
relatively high proportion (26%). From all spruces, 19% were overstorey trees
(192+37.0 trees ha™), 55% understory trees (575+72.5 treesha™), and 26% advance
regeneration trees (273+65.6 trees ha™) (Fig. 3.6.). Significant (p<0.01) differences were
found between the number of spruces in overstorey and understory, as well as between the
number of trees (but not the proportion) between mesic and wet sites, according to stand
layer. The higher proportion of spruces in understory and as advance regeneration in
comparison to overstorey could be related to regeneration specifics of this species. A
number of studies have shown that spruce has more successful regeneration on
decomposed uprooted or broken tree debris than on undamaged soil or on open soil, which
is formed by tree uprooting (Hytteborn, Packham, 1987; llisson et al., 2007; Zielonka,
2006). In the study area, stands were completely obsolescent, trees were felled into piles,
thus their decomposition into suitable substrate for spruce regeneration could be delayed
(Harrington, Bluhm, 2001; Storaunet, Rolstad, 2002).

In overstorey, spruce was found in 48% of plots, and was dominant species in 23%
of plots on mesic and in 43% of plots on wet sites. The proportion of spruce higher than
70% of all trees in a plot was in 18% of plots, and such plots were found significantly
(p<0.001) more on wet sites (33%) than on mesic sites (11%). In understory, spruce was
more common — it was found in 83% of plots. In this stand layer, a high (>70%) proportion
of spruce was found in 40% of plots.

Distance to undamaged or little damaged stand had significant effect (p<0.001) on
the proportion of overstorey spruce on the wet sites, but not on the mesic sites (Fig. 3.7.).
These results are consistent with other studies where spatial distribution of spruce
depending on distance to seed source have been examined (Coates, 2002). More detailed
analysis of seed source effect is hampered by lack of information about wind direction and
speed during the seed dispersal, as well as lack of information about seed production at this
time. It is known, that spruce flowering in the western part of Latvia in 1969 and 1970 was
estimated as medium and number of seeds available from tree was relatively low, but seeds
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had high quality (Zviedre, 1971). However, these aspects can notably differ among the
stands, especially if they are located on forest types with different soil moisture regime
(Rone, 1965). Even density of overstorey spruces, regardless of a distance from undamaged
(remaining after windthrow) spruce stands on mesic sites, could be due to establishing
from seeds of windthrown spruces, which had cones of mature seeds at the time of
disturbance. Nevertheless, several remaining spruces (33 trees ha™ on average) were
detected within the windthrown areas, which also could serve as a seed source. The
distance from undamaged forest had no effect on height of overstorey spruces neither on
dry nor on wet sites. It should be kept in mind, that the present stand structure was affected
not only by seed availability but also by establishment, which, in turn, is determined by
differences of climatic and microclimatic conditions (Clinton, Bake, 2000). A significantly
higher proportion of plots with the high proportion of understory spruces was found farther
than 25 m from undamaged stands. Presumably, this is a result of simultaneous seed
availability and not too high competition from undamaged stands, in combination with the
high proportion of spruces in overstorey.

Occurrence of spruce in regenerated stands was also affected by pre-storm advance
regeneration. In stand inventory data of 1963 (pre-storm), advance regeneration was
denoted only in three out of 32 plots, where this study was carried out. During the data
collection, in the plots where the occurrence of pre-storm advance regeneration was
detected visually, 95% of these trees were now classified as overstorey trees. Furthermore,
49% of all overstorey spruces were found in these plots, where pre-storm advance
regeneration was detected. Stand density in the plots, where pre-storm advance
regeneration was denoted, and in plots, where pre-storm advance regeneration was not
denoted, was similar. However, significant (p<0.01) differences of overstorey density were
found — in the plots, where pre-storm advance regeneration was or was not denoted,
overstorey density was 177.0+95.8 spruces ha™ un 25653 spruces ha™. These results
suggest that regeneration by seeds was hampered in the plots where pre-storm regeneration
was established.

In order to justify visual assessment of advance regeneration, in spruce stands on
two forest types (Myrtilloso—sphagnosa and Oxalidosa), the size of plots was extended and
increment cores were sampled from the trees, which were visually classified as pre-storm
advance regeneration. Results show that the pre-storm regeneration ensures 19% and 59%
of the total number of overstorey trees 45 years after windthrow. The most successful
establishment occurred during the first 10 years after windthrow, when most of overstorey
spruces were established — 85% on Myrtilloso—sphagnosa forest type and 62% on
Oxalidosa forest type (Fig. 3.8.).

Impact of pre-storm advance regeneration on spruce occurrence after 45 years was
higher than could be predicted from the pre-storm stand inventory data, indicating that also
relatively small groups of advance regeneration with low density (which are not denoted in
inventory data) have notable impact on stand regeneration. No differences were found
between dimensions of initial pre-storm advance regeneration trees and trees that emerged
after the windthrow. This is related to a necessity of adapting to notably different light (and
in certain cases also soil moisture regime), changing needles (photosynthetic mechanism),
and adapting their root system to altered conditions (Kneeshaw et al., 2002). Only
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afterwards these trees can form height and radial increment (Panayotov et al., 2011). In a
meantime, trees that were established after the windthrow can reach similar dimensions.

The analysis of all regenerated trees showed that height of overstorey spruces
(20.7+0.66 m) was significantly (p<0.01) lower than height of aspen (27.3+1.53 m), and
similar to height of birch (21.7+0.50 m), black alder (21.5+0.68 m), and other species
(19.2+1.03 m). Height of overstorey spruces, as well as birch and black alder, was similar,
regardless of different spruce density within the plots. Height of spruces on mesic sites was
significantly (p<0.001) higher than on wet sites, 22.5+0.54 m and 17.7+1.01 m,
respectively. Height of understory trees differed significantly (p<0.001) among the species.
Spruces (10.6+£0.46 m) had the lowest height, and height of other species was from
12.4+0.63 m (for other species) to 16.7+1.18 m (for aspen).

The DBH of overstorey spruce (22.3+0.94 cm) was significantly (p<0.01) lower
than DBH of aspen (25.74+2.06 cm), but higher than DBH of birch (19.3+0.80 cm), black
alder (21.6£1.47 cm), and other (19.4+1.72 cm) species (Fig. 3.9.).

Like height, also DBH of spruce was similar, regardless of its density between the
plots. Within the plots with no spruce, overstorey birch, aspen, and other species had DBH
19.5+0.91 cm, 25.7+2.97 cm and 18.2+2.22 cm, and it was similar within the plots, where
spruce was found. In contrast, black alder was thicker within the plots, where spruce was
found than where it was not found: 22.7+1.93 cm and 17.8+1.75 cm, respectively. These
results indicated that pioneer species had no noticeable effect on growth of spruce, and
indirectly indicated that tree establishment (occurrence and survival of pre-storm advance
regeneration, seed and suitable substrate availability, climatic conditions during the first
years of seedling establishment, etc.) is the main factor that affects species composition
after windthrow.

Similarly to overstorey spruce height, also its DBH was significantly (p<0.01)
lower on wet sites (19.4+1.48 cm) than on mesic sites (23.8+1.04 cm). Dimensions of
understorey spruce were similar, regardless of the proportion of spruce within the plots and
between the forest types.

In most stands on Oxalidosa forest type, the proportion of trees according to tree
DBH fit to Weibull distribution (Kolmogorov-Smirnov test; p>0.05), but on Myrtilloso—
sphagnosa forest type — only few (20%) stands fit therein. Mean values of this distribution
between the forest types differed significantly (p<0.05): values of shape and scale on
Myrtilloso—sphagnosa forest type (0.79 and 5.60, respectively) were lower than on
Oxalidosa forest type (1.90 and 15.90, respectively); however, the coefficient of location
on Myrtilloso—sphagnosa forest type was higher (7.93 and 5.10, respectively) than on
Oxalidosa forest type (Fig. 3.10.). According to Bailey and Dell (1973), if theoretical
distribution coefficient of shape is <1 (likewise on Myrtilloso—sphagnosa forest type), tree
diameter distribution can be characterised by a negative exponential function. Such tree
diameter distribution is commonly found for stands with trees of different age (Burkhart,
Tomé, 2012). On Oxalidosa forest type, tree diameter distribution can be explained by a
unimodal positive function.

Multiple factor ANOVA showed significant (p<0.05) relation among coefficients of
shape (R?=0.79), scale (R?=0.80), and location (R*=0.53) of Weibull distribution with mean
DBH and DBH range (3.5., 3.6., and 3.7.).
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y (shape)=0.54368*D-0.09174D,4, g0 -4.85681 (35.)

y (scale)=3.3651¥D-0.3884D,.4,,4.-33.9265 (3.6.)
y (location)=-1.4240*D+0.5217D; 4, g0 +14.2451 (3.7.)
where

D — the mean stem diameter at 1.3 m height, cm;
Drange — residual between the highest and the lowest DBH within plot.

Relation between coefficients of Weibull distribution and stand basal area and
density, which has been observed in other studies (Kilkki et al., 1989), was not found in
this study.

Asymmetry of DBH distribution can be caused by a large number of supressed, but
still living trees, which is common for shade-tolerant species in high density stands
(Lorimer, Krug, 1983). In this study, stand relative density on Oxalidosa forest type was
higher than on Myrtilloso—sphagnosa forest type: 0.8 and 0.45, respectively. Difference
between the basal area of these forest types was notable and significant (p<0.001):
36.8+6.39 m* ha™* on Oxalidosa forest type and 18.3+2.37 m” ha™ on Myrtilloso—sphagnosa
forest type. Mean stand density of both forest types was similar (p>0.05):
1295+181 trees ha™ on Oxalidosa forest type and 1222+213 trees ha™ on Myrtilloso—
sphagnosa forest type. However, a high proportion of dead trees indicated intense
self-thinning on Oxalidosa forest type: from 16 to 36% of all trees, compared to
Myrtilloso—sphagnosa forest type where it was <5%. Rouvinen and Kuuluvainen (2005) in
an unmanaged area after another natural disturbance (forest fire) have found, that after
intense self-thinning (at age of 50-60 years), DBH distribution in spruce forest changes
from negative exponential to bimodal.

The equation from this study could be applied to characterize unmanaged forests in
similar forest types.

3.3. Long-term dynamic of landscape after disturbance

During the last 50 years after windthrow in 1969, the largest changes of landscape
were observed in the study area of Slitere National Park. Large area of forest was affected
in large area damaging both stands and individual trees and groups of trees; as a result,
homogeneous areas, i.e., patches, of different size and structure were formed. In this
research, the term “patch” is defined as relatively homogenous nonlinear area that differs
from the surrounding area by its characteristics and appearance (Forman, 1995).

Forest maps with different land cover classes and their dynamics are showed in
Figure 3.11.

The total number of the patches was similar three years before (956 in 1966) and
three years after (997 in 1972) windthrow, but in 2010, the landscape consisted of a notably
lower (207) number of the patches (Tab. 3.3.). Mean area of a patch from 1966 to 2010
increased from 1.68 ha to 7.95 ha. Within landscapes, where one or several patches
dominate and a high number of small patches occurs, it is recommended to use area-
weighted mean patch size (Teérauds, 2011). In the studied area, the area-weighted mean
patch size decreased after the windthrow — from 1038 ha in 1966 to 594 ha in 1972; but in
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following years, it reached the pre-storm size and even slightly exceeded it. The indices of
landscape heterogeneity — Shannon diversity index increased (from 0.55 in 1966 to 0.89 in
1972), but after 29 years, it returned to pre-storm level.

Long-term changes within the forest landscape could be combined with analysis of
landscape level and land cover class level. Three years before the windstorm, most of
forest landscape was covered by land cover class “forest areas” (1310 ha or 81.3% of the
total area), but land cover class “areas with low woody biomass” and “non-forest land”
were found as several discrete patches, and they formed 264 ha and 37 ha or 16.4% and
2.3% from the total area, respectively (Tabs. 3.4., 3.5., and 3.6.). After the windthrow,
“forest areas” area decreased to 457 ha, but “areas with low woody biomass” and
“non-forest land” increased to 1015 ha and 173 ha, respectively. Since 1988, the proportion
of land cover was similar to the pre-storm level, i.e., in 1988 “forest areas” covered 80.8%,
“areas with low woody biomass” 15.4%, and “non-forest land” 3.7% of the total studied
area. Hence, forest has successfully regenerated in the major part of the damaged area—
canopy cover has formed continuously 29 years after windthrow.

In 1966, the area of “forest areas” consisted of 48 patches (three patches per ha),
with mean area 27.29 ha. After windthrow (in 1972), the number of patches notably
increased — 516 patches or 31.4 patches ha™ with mean size of 0.89 ha. In the following
years, the number of patches varied from 18 to 32 (from 1.1 to 1.9 patches ha™), and mean
patch area in 1998 (30.24 ha) and 2010 (52.99 ha) was significantly (p<0.05) larger than in
1972 (0.89 ha). Before the storm (in 1966) and from 1988 to 2010, the area- weighted
mean patch size of “forest areas” was from 1210 ha to 1324 ha, but soon after the
windthrow (in 1972) it was only 23 ha.

Land cover class “areas with low woody biomass” consisted of 638 patches in
1966, and decreased to 72 in 1972; 39.6 and 4.4 patches ha™, respectively. Significant
(p<0.05) differences were found between the mean patch size in 1966 and 1972, 0.41 ha
and 14.1 ha, respectively. Significant (p<0.05) differences were found also between the
mean patch size in 1972 and 1988 (1.16 ha). Also the area-weighted mean patch size
increased after the windthrow — from 16 ha in 1966 to 952 ha in 1972. Notable additional
damage to landscape caused by beavers was visually observed — since 2005 land cover
class “areas with low woody biomass” increased to 2.60 ha in 2010, and the area-weighted
mean patch size increased to 48 ha.

The smallest land cover class was “non-forest land”. After windthrow, its area
partly increased due to small spectral value differences from that of “areas with low woody
biomass”. “Non-forest land” decreased to 40 ha in 2010, which could indicate natural
afforestation of these areas.

In landscape ecology, also patch shape and length of its edge are important
parameters (Fahrig, 2003). In the study of The Northern Vidzeme Biosphere Reserve,
A Terauds has observed that land management alters configuration of landscape, and it
becomes simpler and mostly has quadrangular shaped patches (Térauds, 2011). Similarly,
also in this study natural forest landscape has simple shaped patches. Tendency of shapes
to become more complex was observed, but during the 1972 to 2010 the mean index of
shape changed from 1.31 to 1.39 (p>0.05). Analysis of each land-use category showed that
the mean shape index of “forest areas” before windthrow was 1.51 and decreased to 1.37
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after it, but 20-40 years after the windthrow it was from 1.42 to 1.56. Thus, effect of
former land management was gone already before the windthrow. From 1988 to 2010, the
mean shape index of “non-forest land” was from 1.35 to 1.43, and it was significantly
(p<0.05) higher in comparison to 1966 (1.26) and 1972 (1.18). That could be related to
more complex shaped patches below waterbodies, caused by an activity of beavers.

Complexity of the patches shape increased for “areas with low woody biomass”,
indicated by the shape index increase from 1.28 before the windthrow to 1.57 after it.
During the forest regeneration, the shape index decreased to 1.33 in 1998. It slightly
increased in 2010, presumably caused by new damage after windthrow in 2005.

Analysis of length of the patch edge showed that decrease in the patch size and
increase in the patch density within landscape cause decrease of the mean length of the
patch edge. The largest total length and density of the edges were observed in 1972 —
4138 km and 251 mha’, respectively. Before the windthrow, these indicators were
213.4 km and 133 m ha, respectively; but the lowest total length and density of the edges
were observed in 2010 — 73.8 km and 45 m ha™, respectively.

Patch isolation or an indicator of habitat availability is an important indicator of
landscape configuration, and it shows possibilities for species to spread and move (Foster
et al., 1998; Kouki et al., 2001), as well as it allows assessing vitality of species within
fragmented habitats (Térauds, 2011). The results of the study show that the area-weighted
mean nearest neighbour distance soon after the windthrow (in 1972) increased by 45 m and
was significantly higher before and after the storm (61, 16, and 19 m, respectively).

The results indicate that most of the indicators of landscape fragmentation reached
their pre-storm level in 29 years after the windthrow in 1969. Hence, if intense windthrows
or other natural disturbances follow subsequently each other after a long-enough time lapse
under similar conditions, they will not have permanent impact on landscape fragmentation
in an unmanaged area.

CONCLUSIONS

1. The proportion of trees damaged by freezing rain in pine and spruce stands did not
differ significantly and was 28% and 27%, respectively. Both coniferous species
stands had more broken trees than bent/uprooted, indicating that the
interchangeability with both coniferous species should not be used as a measure to
reduce risk of the freezing rain damages.

2. The parameters of individual and collective stability coniferous trees against
freezing rain damages are tree height, the height to diameter at breast height ratio,
and stands basal area; the impact has been adjusted by recent (in the last 3 years
before this meteorological phenomena) commercial thinning. Timely thinning in
advance to improve the tree individual stability and crown asymmetry can reduce
the resilience of the stands to this meteorological phenomenon.

3. In the place of the storm disturbed Norway spruce stands 45 years after the storm
and without any management, the most abundant tree species were spruce (44 %).
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However, it successfully competed with the pioneer species and dominated in 23 %
on the mesic sites and in 43 % on the wet sites, in addition the height and diameter
at breast height of the overstorey spruce did not differ statistically significantly
between the pioneer species (except aspen).

Both the mean diameter and height did not differ significantly among birch, black
alder, and aspen regardless of the proportion of spruce in the overstorey showing
these areas as suitable for the growth of the pioneer species. Consequently, the
occurrence and regeneration of spruce was determined by the presence of the initial
pre-storm advance regeneration trees. The distance to the seed source had
statistically significant impact on the proportion of overstorey spruces on the wet
sites. In contrast, on the mesic sites, where advance regeneration (59 % of
overstorey spruces on Oxalidosa forest type) was detected more commonly, the
proportion of spruces was not affected by the distance to the seed source.

Overstorey spruces exceeded one age-class on 29 % of the area. Furthermore, 49 %
from all these overstorey spruces prior to the storm in 1969 were detected as
advance regeneration. No significant differences were detected between initial pre-
storm advance regeneration trees and trees that had emerged after the windthrow.

Windthrow increased forest landscape fragmentation, and its impact on forest was
maintained over the time period of up to 30 years, as showed by the patch size,
shape, and distance indices. More often recurrence of the storms is expected to
make permanent changes to the spatial structure of the landscape.
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