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1. Darba visparigs raksturojums
1.1. Promocijas darba problematika

Ilgstosa antropogéna slodze uz meza ekosisttmam Eiropa
(Esseen et al., 1997) un Latvija ir ietekm&jusi sugu sastavu un hidrologisko
rezZimu. L1dz ar intensivo meza apsaimniekoSanu un lauksaimniecibas zemju
apgusanu ir palielinajusies mezu fragmentacija, kas ietekmé biotopu izolaciju,
un daudzas sugas ir paklautas izzu$anai (Andrén, 1994). Termins ,,mala”
ekologija ir definéta ka parejas josla starp divam ekosisttmam. Tadgjadi meza
ekosistemas izskir gan dabigi veidojusas malas, piem&ram, mezmalas vai malas,
kas veidojusas dabisko trauc€jumu rezultatd, gan arT antropogéni izveidotas
malas (anglu val. — human-induced edges), kuras izveidojusas cilvéka saimnieciskas
darbibas rezultatd, pieméram, infrastruktiiras objektu izveides vai mezizstrades
rezultata. [zmainas malu tuvuma, kas krasi atskiras no valdosajiem apstakliem audze
un $adu ietekmi sauc par malas efektu, un tas var izpausties organismu un struktiiru,
ka arT to sastava pozitiva, negativa vai neitrala atsauce (Harper et al., 2005).

Lai nodrosinatu ilgtsp&jigu mezsaimniecibu un dzivotnes retam sugam
fragment&taja mezu ainava, gan Skandinavija, gan Baltijas valstis saimnieciskos
mezos 21.gadsimta sakuma izveidoja dabisko meza biotopu tiklu
(Gjerde et al., 2007; Timonen et al., 2011), kuru galvenie noteikSanas Kriteriji
bija mezaudzes vecums un kokaudzes struktiirelementu daudzveidiba
(Ericsson et al., 2005). Lielaka dala So mezu biotopu atbilst Eiropas nozimes prioritari
aizsargajamam meza biotopam “Staignaju mezs” (9080*) (Noteikumi par 1pasi...,
2000; Aunins et al., 2013; Laivins, 2014). Ta ka tas ir saméra nelielas teritorijas
(0.1-10.0 ha), tapéc ipasi nozimigi ir veikt malas efekta ietekmes pé&tijumus
(Aune et al., 2005), kas palidz novértét biotopu kvalitati un prognozét $adu
biotopu attistibu nakotné. Lidz $im veikts sam&ra maz pétjjumu par malas
ilgtermina ietekmi uz vegetaciju boreo-nemoralds joslas meZzos un kopuma
(Marozas et al., 2007; Baker et al., 2016). Maz pétita ir arT epifitisko kérpju
atsauces reakcija laika gaita, ka arf reti sastopami pétijumi par zemsedzes augu
daudzveidibu, kas detalizéti raksturo struktiru izmainas malu tuvuma
(Moen, Jonsson, 2003; Pellissier et al., 2013; Baker et al., 2016). Par promocijas
darba pétijuma objektu izveleti melnalksna mezi. Vesturiski melnalk§na mezu
galvenais degradacijas iemesls bija intensivas hidrotehniskas melioracijas
izveide un praktizéSana, kas aizsakas 20. gadsimta 50-tajos gados
(Prieditis, 1997), lidz ar to butiski samazinajas melnalk§na mezu platibas sugas
dabiskaja izplatibas regiona, un ir reti sastopamas visa Eiropa.

1.2. Promocijas darba merkis

Noskaidrot melnalk8na meZu vegetacijas attistibu malas efekta
ietekmé Zemgalg.



1.3. Promocijas darba uzdevumi

1. novertet malas ilgtermina ietekmi uz melnalkSna meziem blakus dazada
vecuma mezaudzeém;

2. novertet malas ietekmes attalumu melnalk$na mezos;

3. raksturot un salidzinat malas attaluma un malas ilgtermina mijiedarbibu
melnalks$na meZos.

1.4. Izvirzita darba hipoteze

Saimnieciska darbiba blakus melnalk§na mezaudzeém ietekmé tas,
veicinot izmainas vegetacija — malas efektu, kas laika gaita samazinas.

1.5. Promocijas darba novitate un nozimigums

Promocijas darba pirmo reizi Latvija kompleksi verteta malas ietekme
uz vegetaciju. Darba noskaidrotas vegetacijas izmainas, kas radu$as péc
saimnieciskas darbibas blakus audzg€s, malas iectekmes ilglaiciba, malas attaluma
ietekme un to mijiedarbiba melnalk§na mezos Zemgalé. legiitais rezultatu
kopums ir biitisks ieguldijums malas efekta p&tijumos boreo-nemoralas joslas
mezos, ka ar1 iegiitie rezultati par stinu sastava izmainam, zemsedzes augu
ekologisko grupu sastavu un epifitisko k&rpju sastopamibu ir batisks
papildinajums malas ietekmes p&tijumu salidzinajumiem pasaules méroga.

1.6. Promocijas darba struktiira un apjoms

Promocijas darba pirmaja nodala apkopotas 1idzsingjo petijumu atzinas
par melnalk$na Alnus glutinosa (L.) Gaertn. meZiem: sniegts melnalk$na
biologiskais  raksturojums, izplatiba, Eirosibirijas melnalk§éna mezu
raksturojums, aizsardzibas statuss un raksturotas melnalkSna mezu augu
sabiedribas, ka arT meza apsaimniekoSanas ietekme uz melnalk§na meziem.
Otraja nodala aprakstiti p&tjjuma objekti, lauka darbu un kameralo darbu
metodika. TreSaja nodala analizéti p&tijuma rezultati un salidzinati ar citu
petijumu datiem (diskusija): melnalk§na mezu kokaudzes struktirelementu un
vegetacijas noveérté§jums blakus dazada vecuma mezaudzém, malas attadluma
ietekme uz melnalkSna meziem Zemgal€, malas attaluma ietekme uz melnalksna
meziem blakus dazada vecuma mezaudzém. Darba nobeiguma ietverti secinajumi.

Promocijas darbs sastav no 122 lapaspusem, informacija apkopota devinas
tabulas un 50 attélos, ietverti 12 pielikumi, izmantoti 340 informacijas avoti.



1.7. Promocijas darba aprobacija

P&tfjuma publikacijas:

Liepa L., Straupe 1. (2016). Edge effects on stand structural characteristics in
unmanaged black alder forest stands in Southern Latvia. In: Proceedings of
16" International Multidisciplinary Scientific Geoconference, Volume III,
Vienna, Austria, pp. 409-414. (Indekséts datu baze: Web of Science).

Liepa L., Straupe . (2015). Edge effects on epiphytic lichens in unmanaged black
alder stands in Southern Latvia. In: Proceedings of 21st Annual ISC ,,Research for
Rural Development 2015”. Z. Gaile, A. Zvirbule-Bérzina, . Arhipova, G. Assouline,
L. Ciproviéa, S. Balina, A. Kakitis, A. Dumbrauskas, A. Jansons, J. Zukovskis (eds.).
Volume No.2 pp. 44-49. (Indekséts datu bazes: SCOPUS, EBSCO, Academic
Search Complete, CAB Abstracts,CABI electronic resource).

Liepa L., Straupe 1. (2012). The assessment of vegetation diversity in black alder
woodland key habitats in Zemgale. In: Proceedings of 18th Annual ISC ,,Research
for Rural Development 2012”. Z. Gaile, A. Zvirbule-Beérzina, I.Arhipova,
G. Assouline, I. Ciprovica, S., A. Kakitis, A. Dumbrauskas, A. Jansons, J. (eds.).
Volume No.2, pp. 37-43 (Indekséts datu bazes: SCOPUS, EBSCO, Academic
Search Complete, CAB Abstracts, CABI electronic resource).

Zinojumi starptautiskajas konferencés un public&tas tezes:

1. Liepa L., Straupe I. ,,Edge effects on stand structural characteristics in unmanaged
black alder forest stands in Southern Latvia”. 16" International Multidisciplinary
Scientific Geoconference SGEM 2016, Vine, Austrija (02.11.-05.11.2016).

2. Liepa L., Straupe 1. ,The persistence of edge effects on unmanaged
Fennoscandian deciduous swamp woods in Southern Latvia”. [UFRO Landscape
ecology conference ,,Sustaining Ecosystem Services in Forest Landscapes”,
Tartu, Igaunija (23.-30.08.2015).

3. Liepa L., Straupe I. ,,An assessment of edge effects on Fennoscandian
deciduous swamp woods in Southern Latvia”. International conference
,2Adaptation and Mitigation: Strategies for Management of Forest Ecosystems”,
Riga, Latvija (23.-24.04.2015).

4. Liepa L., Straupe 1. 2015. ,,Amount, structure and dynamics of dead wood on
black alder woodland key habitats in Southern Latvia”. 4™ International
conference for PhD students ,Multidirectional Research in Agriculture and
Forestry”, Krakova, Polija (21.-22.03.2015).

5. Liepa L., Straupe 1. ,,Edge effects on vegetation, forest structural elements and
epiphytic lichens in black alder woodland key habitats in Southern Latvia”. The
Macrotheme Conferences BSS Paris 2013, Parize, Francija (19.-22.12.2013).

6. Liepa L., Straupe L. ,,Edge effects and forest plant species diversity in unmanaged
black alder swamp woods in southern Latvia: Preliminary results”, 4 International
conference “Forest & Water”, Smardzewice, Polija (16.-18.10.2013).
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7. Liepa L., Straupe 1. “Evidence for edge effects on black alder woodland key
habitats in Latvia”, 56" Annual symposium of the international association of
vegetation science “Vegetation Pattern and their Underlying Processes”, Tartu,
Igaunija (26.-30.06.2013).

8. Zeltina A., Liepa L. ,, Vegetation diversity in black alder woodland key
habitats”., 8" International conference ,,Students on Their Way to Science”,
Latvijas Lauksaimniecibas universitate, Jelgava, Latvija (24.05.2013).

9. Liepa L., Straupe I. ,,The magnitude of edge effects on vegetation in black alder
woodland key habitats in southern Latvia”, Daugavpils Universitates starptautiska
zinatniska konference ,,Research and Conservation of Biological Diversity in
Baltic region”, Daugavpils Universitate, Daugavpils (25.-27.04.2013).

10. Liepa L., Straupe 1. ,, Black alder woodland key habitat relevance in
Zemgale”., 7" International conference ,,Students on Their Way to Science”,
Latvijas Lauksaimniecibas universitate, Jelgava, Latvija (25.05.2012).

11. Liepa L., Straupe I. ,,Assessment of vegetation diversity in black alder
woodland key habitats in Zemgale”., 18™ International conference ,,Research for
Rural Development 2012”,Latvijas Lauksaimniecibas universitate, Jelgava,
Latvija (16.-18.05.2012).

Zinojumi Latvijas konferenc€s un public&tas tezes:

1. Liepa L., Straupe I. ,, Malas ieteckme uz dabiskajiem meza biotopiem
»Staignaju mezi” Zemgale”. Latvijas Universitates 72. konference sekcija:
,,Biodaudzveidiba un ainavu ekologija”, Latvijas Universitate, Riga (31.01.2014).
2. Liepa L., Straupe I. ,,Malas ietekmes p&tijumi melnalk$nu dabiskajos meza
biotopos”, Latvijas Universitates 71. konference sekcija: ,,Biodaudzveidiba un
ainavu ekologija”, Latvijas Universitate, Riga (30.01.2013).

3. Liepa L., Straupe 1. ,,Melnalk$nu dabisko meza biotopu raksturojums Zemgalg”.,
Zinatniska konference ,,Biologiska daudzveidiba NATURA 2000 vieta — Moricsalas
dabas rezervata”, Ventspils Augstskola, Ventspils, Latvija (01.06.2012).

4. Liepa L., Straupe I. ,,Augu daudzveidiba melnalk$nu dabiskajos meza
biotopos Zemgale”., Latvijas Lauksaimniecibas universitates Meza fakultates
zinatniski praktiska konference ,MeZzinatne un prakse nozares attistibai”,
Jelgava, Latvija (12.-16.03.2012).

5. Liepa L., Straupe I. ,Melnalk§nu dabisko meZa biotopu nozimigums
Latvija”., Latvijas Zinatnu akad@mijas, Latvijas Universitates, Rigas Tehniskas
universitates un Rigas LatvieSu biedribas rikotais apvienotais pasaules latviesu
zinatnieku 3. un Letonikas 4. kongress, Latvijas Lauksaimniecibas universitate,
Jelgava, Latvija (24.-27.10.2011).




1.8. Lietotie satsinajumi

A — austrumi

C — konkurenti

CS — konkurenti-strestoleranti

CSR — konkurenti-strestoleranti-ruderali

D — dienvidi

EO — stinu stavs

El — lakstaugu stavs

E2 — kriimu stavs

E3 — koku stavs

LLU — Latvijas Lauksaimniecibas universitate
NMS  — Nemetriska daudzdimensiju mérogosana (anglu val. — Nonmetric
Multidimensional Scaling)

R — rietumi

SR — strestoleranti-ruderali

St. — stumbenis

AS — akciju sabiedriba

Vs. —ka otradi (latiu val. - versus)

V4 — ziemeli



2. MATERIALS UN METODES

P&tjjumu objekti atrodas Zemgales geobotaniskaja rajona, Zemgales
lidzenuma (Ramans, 1975), Ozolnieku un lecavas novada (2.1. att.).

) 10 Apziméjumi
4 | 1 km o
op— A B izpates objekti
—— Udensteces
- ¥ I Mesi
[ zamgee

2. 1. att. Pétijjumu objektu atrasanas vietas Zemgalé (merogs: 1:10000)
Fig. 2.1. Location of the study plots in Zemgale (scale: 1:10000)

Petijuma 30 objekti atrodas AS “Latvijas Valsts mezi” apsaimniekotos
mezos. Petfjuma parauglaukumi ierikoti melnalkSna mezos, kas atbilst Eiropas
nozimes aizsargajama meza biotopa ,,Staignaju mezi” kriterijiem, un domingjosa
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kokaugu suga ir melnalksnis. P&tfjuma ieklauto audzu vecums ir >81 gadu.
Parauglaukumi ierikoti dumbraja Dryopterioso—caricosa, lickna Filipendulosa un
platlapu kiidreni Oxalidosa turf. mel.

Petijuma objektu mezaudzes atbilst tris grupam: audzes, kuram D-DR
pusé mezsaimnieciska ietekme (atjaunosanas cirte) bijusi Iidz 10 gadiem, pirms
20-40 gadiem un >41 gadu.

Lauka darbu metodika. Parauglaukumi izveidoti 2008. un 2012. gada,
bet empiriskie dati ievakti 2012. gada un 2013. gada vegetacijas perioda.

Malas ietekmes vertesanai katra objekta D-Z vai DR-ZA virziena ierikots
pastavigs taisnstiirveida parauglaukums, kura izméri ir 20x50 metri (1000 m?), katrs
parauglaukums sadalits piecas 10 m platas joslas (joslas izmers 10x20 m, katras
joslas platiba 0.02 ha) (2.2. att.).

L=

(3.josla)

L]
=)
=
=

A
4

20-30m (2.josla

LA
(=]
=

0m 0-10m {1.josla)

o
o

A

20m

2.2. att. Parauglaukuma shéma
Fig. 2.2. The schematic design of sample plot

Kokaudzes struktiirelementu uzmerisana. Katra parauglaukuma (20 x 50 m)
veikta augoSu koku, sausoknu, stumbenu un kritalu uzskaite, sakot ar caurméru 6 cm
1.3 m augstuma. Uzmeritajai atmiruSajai koksnei vai to dalam (sausokniem,
stumbeniem un kritalam) noteiktas arT sadaliSanas pakapes no I-V (Stokland, 2001).

Vegetacijas datu ievaksana. Katra parauglaukuma 0-10 m (turpmak — 1. josla),
20-30 m (turpmak — 2. josla) un 40-50 m (turpmak — 3. josla) attaluma josla no

11



audzes malas veikta vegetacijas uzskaite, izmantojot Brauna — Blanke pierakstu
formu (Pakalne, Znotina, 1992): uzskaititas visas vaskularo augu un stinaugu sugas,
ka arT novertéts katras sugas un vegetacijas stava kopgjais projektivais segums (%):
o  koku stavs E3 (koki, kuri augstaki par 7.0 m);
e  kriimu stavs E2, kura ietilpst kriimi un paaugas koki (0.5 — 7.0 m augsti
koki un krami);
o lakstaugu stavs E1 (ieklauti lakstaugi un sikkriimi, ka arT jaunie koki un
krtimi, kuri neparsniedz 0.5 m augstumu);
e shnu stavs EO (Pakalne, Znotina, 1992).
Sugu nomenklatiira: vaskularajiem augiem — Gavrilova, Sulcs (1999),
sinam — Abolina et al. (2015).
Epifitu kérpju sugu uzskaite. Parauglaukumu 0-10 m (1. josla),
20-30 m (2. josla) un 40-50 m (3. josla) joslas uz augoSajiem melnalk$niem
veikta reto epifitisko kérpju sugu (Larmanis et al., 2000; Aunins et al., 2013)
uzskaite divos augstumos: 0.5 m un 1.5 m augstuma virs saknu kakla, atzimgjot
17 — suga ir sastopama; ,,—” — sugas klatblitne nav konstateta. Kerpju sugu
nomenklatlira — Abolina et al. (2015).
Kokaudzes struktiirelementi. Dendrometrisko raditaju aprékinasanai ir
izmantoti parauglaukumos iegiitie dati.
Audzes Skerslaukuma aprékinasanai izmantota §ada formula:

G=g, N (2.1)
gy -audzes vidgja koka Skerslaukums;
G -audzes Skérslaukums, m? ha'' ;

N -koku skaits, gab. ha'.
Augosu koku stumbra tilpuma aprékinasanai izmantota $ada formula:

v=LxdPlal+e (2.2)

L -stumbra garums, m;

d -caurmérs 1.3 m no saknu kakla, cm;

Y, a, B, @-katrai koku sugai pieméroti koeficienti (Liepa, 1996).
Izmantoti sekojosi koeficienti:

melnalksnim: J = 0.7950*10, o= 0.77095, B= 0.13505, (o= 1.80715;
eglei: = 2.3106*10%, ot = 0.78193, B =0.34175, p =1.18811;
berzam: J = 0.9090*10, ot = 0.71677, B =0.16692, ¢ =1.75701;
priedei: P = 1.6541%10%, a = 0.56582, B =0.25924, @ =1.59689.
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Koku sugam, kuram nav noraditi koeficienti, stumbra tilpuma
aprékinasanai izmantotas melnalkSna koeficientu noteiktas vertibas, jo §1 suga
uzrada vidgjas vertibas (Liepa, 1996).

Kritalu kraja (V, m’) aprékinata, pielictojot F. Hubera salikto
viduslaukuma formulu (Liepa, 1996).

V=LY v+ L goi=12,0k 23.)
1 -sekcijas garums, m;
I -galotnes konusa garums, m;
Yi -j-tas sekcijas viduslaukums, m?;
k -pilno sekciju skaits (Liepa, 1996).

Vegetacija. Katrai kokaugu, vaskularo augu un stnaugu sugai
aprekinats sastopamibas koeficients (R) p&c Raunkiéra formulas, kas rada
konkrétas sugas parstavniecibas biezumu parauglaukumos.

a

R=100- (2.4)
R -sugu sastopamibas koeficients;
a -parauglaukumu skaits, kuros uzskaitita attieciga suga;
n -kopgjais parauglaukumu skaits (Magurran, 1988).

Visos pétijuma parauglaukumos sugu skaitam noteikts Sénona
daudzveidibas (Shannon-Wiener diversity index, turpmak — S&nona indekss)
indekss, kas raksturo sugu daudzveidibu parauglaukumos:

H==> [0 [2] (2.5

H’ -Senona daudzveidibas indekss;

N -kopgjais individu skaits;

n; -i-tas sugas parauglaukuma;

S -kopgjais sugu skaits (Magurran, 1988).

Visos pétijuma parauglaukumos noteikta malas efekta ietekmes intensitate
(Chen et al., 1995) un malas attaluma ietekmes intensitate uz biezak sastopamajam
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sugam un melnalk§na mezu raksturojoSo sugu Ipatsvaru, kas raksturo pozitivu,
negativu vai neitralu atsauci (Harper et al., 2004):

_ (e=i)

MEI = = (2.6.)
__(e-D)

DEI= 7 (2.7)

MEI  -malas efekta ietekmes intensitate (anglu val. — magnitude of edge influence);
DEI -malas attaluma ietekmes intensitate (anglu val. — distance of edge influence);
e -vertiba (piemeram, sugu skaits vai projektivais segums pie malas);

i -vertiba vai parametrs audzes centra, vai attalums tuvak audzes centram.

Malas efekta ietekmes intensitate (blakus audzes vecuma grupa: 0-10 gadi,
20-40 gadi attieciba pret >41 gadu) vai malas attaluma ietekmes intensitate (attalums:
0-10 m, 20-30 m attieciba pret 40-50 m no audzes malas) intensitates iegiitas vertibas
varie no -1.0 (negativa ietekme (-)) lidz +1.0 (pozitiva ietekme (+)), un var bt
vienadas ar 0 (neitrala ietekme) (Harper et al., 2004).

Visas konstatetas lakstaugu stava sugas raksturotas péc augu dzivibas
formam (Raunkiaer, 1934; Melecis, 2011), augu sugu stratégijam jeb C-S-R
iedaljuma (Grime, 1979), augu s€klu izplatibas veida un piederibas
augu ekologiskajam grupam, kas noteikta, izmantojot brivpieejas datu
bazes — BIOLFLOR (Klotz et al., 2002), BIDS EcoFlora (Fitter, Peat, 1994) un
,,Vaskularo augu flora centralaja Krievija” (ba3a nanusix..., 2015).

Ekologisko raditaju (gaisma, temperatiira, kontinentalitate, augsnes
mitrums, augsnes reakcija un prasibas péc slapekla) noveértgjums veikts
lakstaugu stavam, izmantojot Ellenberga standartskalas (Ellenberg et al., 1992;
Namniece, 2005). Visu iepriek§ min€to augu grupu raksturos$anai izmantoti dati
par augu sugu skaitu, bet Ellenberga vertibu aprékinasanai izmantots katras
sugas projektivais segums (%).

Datorprogramma PC-ORD for Windows (Version No.5) veikta NMS
ordinacija, lai pétfjuma objektos noteiktu sugu saistibu uz vides faktoru ietekmi
(atseviski analizeti parauglaukumi, kas ir blakus audz€m vecuma Iidz 10 gadiem,
no 20 lidz 40 gadiem un >41 gadu.

Datu statististiska apstrade. legiito kokaudzes struktiirelementu,
vegetacijas un reto epifitisko kérpju sugu datu normalitates sadalijuma
noteikSanai izmantots Shapiro-Wilk normalitates tests. Atbilstosi iegiitajiem
rezultatiem datu analize veikta, izmantojot parametriskas statistikas metodes.
Divfaktoru dispersijas analize (ANOVA) izmantota variacijas biitiskuma noteikSanai
starp blakus audzu vecuma grupas un attaluma faktoru. Gradacijas klasu
salidzinasanai starp grupam izmantots post-hoc Tukey’s HSD tests. Datu statistiska
apstrade veikta datorprogramma R 3.1.1. (R Development core team, 2013).
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3. REZULTATU ANALIZE UN DISKUSIJA

3.1. Kokaudzes struktiirelementu novértéjums

Augosu koku novertejums. Melnalk$na mezos koku stava valdosa koku
suga ir melnalksnis Alnus glutinosa (L.) Gaertn., bet sastopama arT parasta egle
Picea abies (L.) H. Karst., piikainais Betula pubescens Ehrh. un ara bérzs Betula
pendula Roth. Kopgja augoso koku kraja p&tjjuma objektos ir saméra lidziga, un
vid&ja melnalksnu kraja ir no 277.4 1idz 329.5 m> ha!. Lielaka kokaudzes kopgja
kraja konstateta petijuma objektos, kas ir blakus audzém vecuma no 20 lidz
40 gadiem (turpmak teksta — vidgja vecuma malas) un >41 gadu (turpmak
teksta — relativi vecas malas), bet mazaka — parauglaukumos, kas ir blakus
audzém vecuma lidz 10 gadiem (turpmak teksta — jaunas malas) (p=0.04).

Petitajos mezos doming vid&ju dimensiju caurmera pakapes melnalksni
(3.1. att.) un bérzi. Visvairak lielu dimensiju melnalksni sastopami mezos pie
relativi vecam malam (vid&ji 41 koks uz ha), savukart lielu dimensiju bérzi un egles
sastopami reti (attiecigi 6 un 5 koki uz ha).

250
200 f
§
<< 150
3
EZ 100
&
A 50 -
O I_l—h 1 ’* 1 1 1 .

6.0-9.9 10.0-19.9  20.0-29.9  30.0-39.9 >40.0
Caurméra pakapes intervals (cm) / Diameter classes
00-10 gadi/ years  020-40 gadi/ years @>41 gads/ years

3.1. att. Melnalk$na Alnus glutinosa augo$u koku skaits pa caurméra
pakapju intervaliem. Noraditas vidéjas vertibas + standartkluda
Fig. 3.1. The density of black alder Alnus glutinosa according to intervals of
diameter class. Mean values + standart error are shown

Konstatets, ka blakus audzes vecums bitiski ietekmé melnalkSna
Skérslaukumu I un II stava. Bitiski lielaks melnalkSna I un II stava Skérslaukums

konstatéts mezos pie jaunam un vid€ji vecam malam (attiecigi p=0.03 un p=0.04).
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Petitajos melnalkSna meZos saméra lielu piemistrojuma Ipatsvaru veido
parasta egle dazadas caurm@ra pakapes. Lielu audzes Ipatsvaru veido mazu
dimensiju (caurméra pakapés <10 cm un 10.0-19.9 cm) parastas egles objektos
pie vidgjam un relativi vecam malam. Kopuma melnalk$pa mezos Zemgalg lielu
dimensiju parastas egles (30.0-39.9 cm un >40.0 cm) sastopamas reti. Parasta
egle nav izturiga pret v&ju, turklat v&jgazu risks kokaugiem palielinas, pieaugot
individu caurméra dimensijam un augstumam (Valinger, Fridman, 2011).
Zinams, ka parasta egle dabiskos pieaugusa vecuma melnalksna staignaju mezos
Igaunija vidgji ir 165 koki uz ha (Lohmus, Kraut, 2010). Lidzigs parastas egles
biezums noteikts arT pétitajos melnalksna mezos Zemgalg.

Melnalk$na mezos Zemgalé piemistrojuma sastopams gan ara, gan
piikainais bérzs. To Ipatsvars ir neliels un vidéja kraja I stava ir 55.4 m> ha™! objektos
pie jaunam malam, bet mazak — blakus vid€ja vecuma un relativi vecam
malam (attiecigi 39.2 un 38.0 m* ha!).

P&tfjuma konstatétas biutiskas atikiribas starp Sénona daudzveidibas
indeksu augoSiem kokiem attieciba uz koku sugam, caurméra pakapju
intervaliem un kokaugu skaitu blakus dazada vecuma malam. Bitiski lielaks
Sénona daudzveidibas indekss ir meZos pie jaunam malam, bet mazaks — pie
relativi vecam malam (p=0.003), savukart paréjos objektos tas ir lidzigs, un
bitiskas atSkiribas nav konstatétas. ST sakariba skaidrojama ar kokaugu
atjaunoSanos pie malam, kur nesen bijis trauc&jums. Statistiski butiski blakus
audzes vecums ietekmé Sénona daudzveidibas indeksu parastajai eglei: lielaks
daudzveidibas indekss ir mezos blakus jaunam malam, bet mazaks — pie relativi
vecam malam (p=0.02). P&c mezizstrades blakus audz& melnalksna mezos pie malam
izmainita mikroklimata rezultata, pastiprinati attistas Iidz §im no€nota parasta egle.

Kopejais atmiruias koksnes raksturojums. Lielakais atmirusas koksnes
daudzums ir melnalk$na meZos blakus jaunam malam (vidgji 55.6 m® ha''), bet
mazaks pargjos objektos. Konstatets, ka melnalk$na mezos blakus dazada vecuma
audzem kopégja atmirusas koksnes kraja ir Iidziga un statistiski butiski neatskiras.

Petitajos melnalksna mezos Zemgale vidgjais atmirusas koksnes
daudzums ir 49.2 m* ha'!, kas ir pietickams, lai nodro§inatu substrata pieejamibu
sugam, kuras saistitas ar atmiruso koksni.

Lielaka sausoknu un stumbenu kraja konstatéta melnalk$na meZos pie
relativi vecam malam, bet mazak — pie jaunam malam (vidgjas vertibas ir attiecigi
140.0 un 73.3 m® uz ha). Konstatéts, ka vidgjais sausoknu un stumbenu skaits
melnalk$na meZos blakus jaunam malam ir no 67 kokiem uz ha Iidz 153.8 kokiem
uz ha pie relativi vecam malam (3.1. tabula). ArT Igaunijas staignaju mezos vidgjais
sausoknu un stumbenu skaits ir lidzigs — 107 koki uz ha (Lohmus, Kraut, 2010).
Visos objektos vairakuma ir mazu dimensiju (caurméra 10.0-19.9 cm) sausokni un
stumbeni (atkarba no blakus audzes vecuma attiecigi vidgji 38.8, 58.0 un 78.8 koki
uz ha) (3.1. tabula). Lielaks Sénona daudzveidibas indekss sausokpiem un
stumbeniem pa caurméra pakapju intervaliem ir objektos pie relativi vecam

16



malam, savukart mazaks — pie vidgja vecuma un jaunam malam (3.1. tabula).
Petfjuma noskaidrots, ka nepastav statistiski biitiskas atSkiribas starp blakus audzes
vecumu un kopgjo sausoknu un stumbenu kraju, caurméra pakapju intervalu
sadalfjumu un Sénona daudzveidibas indeksa vértibam melnalksna mezos Zemgalg.

3.1. tabula / Table 3.1.

Sausoknu un stumbenu salidzinajums / The comparison of snags and stems

Blakus audzes vecuma grupa 0-10 gadi / 20-40 gadi / >41 gads /
/Adjacent forest stand 0-10 years 20-40 years > 41 years
Sausokni un stumbeni / Snags and stems

Skaits (N), gab. ha / Total

density (N) ha! 67.0 +3.35 117.0 £ 5.85 153.9+7.70
Kraja / Total volume (m?ha') 18.1 +0.80 14.9 £0.75 228+1.14
Skaits (N), gab. / Density (N) ha™!

(910.0-19.9 cm) 31.0 +0.65 57.0+£2.85 78.8 £2.19
Skaits (N), gab. / Density (N) ha'!

(920.0-29.9 cm) 12.0+1.55 23.0+1.15 25.0+3.94
Skaits (N), gab. / Density (N) ha’!

(9 >30.0 cm) 11.0+£0.55 4.0+0.20 6.3+0.32
Kraja 1 sadaliSanas pakape /

Volume of decay stage | (m*ha™!) 12.0 £ 0.60 10.0 £ 0.50 18.0 £0.90
Kraja Il un 111 sadaliSanas pakape /

Volume of decay stage I, Il (m’ha™) 6.1 +£0.30 4.9 +£0.25 4.8+0.24
Sénona daudzveidibas indekss /

Shannon diversity index 0.7 +0.04 0.8 +0.04 1.0 £0.05

Noraditas vidgjas vertibas + standartkliida / Mean values + standart error are shown

Kopuma noskaidrots, ka melnalk§na mezos blakus jaunam malam pieaug
mazu dimensiju sausoknu un stumbenu skaits, kas butiski palielina kopg&jo atmirusas
koksnes kraju dazadas sadaliSanas pakapes. To apliecina arT citi p&tfjumi, kuros
pieradits, ka pec traucgjuma blakus audze, piemeram, kailcirtes, petito mezaudzu
malas biitiski piecaug atmirusas koksnes daudzums (Harper, Macdonald, 2002;
Harper et al., 2015). Laika gaitd pé€c traucgjuma melnalk§na mezos Zemgale
palielinas arT sausoknu un stumbenu daudzums. Lidzigi rezultati ieghti arT citos
petijumos (piemeram, Chen et al., 1992;Young, Mitchell, 1994), kur pieradits, ka pie
malam, kas izveidotas pirms 10 Iidz 15 gadiem, konstatéts ieverojami lielaks
sausoknu daudzums neka mezaudze. Sada tendence ir skaidrojama ar mikroklimata
izmainam, kas radusas pec trauc€juma blakus audzg, kas izsauc atsevisku koku
bojaeju, lidz ar to palielinot kokaudzes strukttirelementu daudzveidibu. Melnalksna
mezos Zemgalé domin€ mazu (I1dz 20 cm caurméra — vidgji 59 koki uz ha) un vidgju
(Iidz 30 cm caurmeéra — vid&ji 25 koki uz ha) dimensiju sausokni un stumbeni, un to
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skaits Iidzinas Igaunijas datiem par staignajiem, kur dominé mazu un vidgu
dimensiju atmirusi koki (attiecigi vid&ji 57 un 23 koki uz ha) (L&hmus, Kraut, 2010).

Pefitajos melnalkSna mezos dominé mazu dimensiju parastas egles
sausokni. Noverots, ka parastas egles ipatsvars palielinas parauglaukumos pie
jaunam un relativi vecam malam, bet laika gaita tas atmirst dabiska nog€nojuma
rezultata. Aizsargajamo biotopu apsaimniekosanas vadlinijas noradits, ka ieteicams
veikt II stava parastas egles izvakSanu, lai mazinatu skuju nobiru ietekmi uz augsnes
reakciju melnalks$na mezos (Johansson, 2005).

3.2. tabula / Table 3.2.

Kritalu novertéjums / An assessment of downed logs and pieces

Blakus esosas audzes vecuma grupa /
Kritalas / Downed logs and Adjacent forest stand
pieces 0-10 gadi / 20-40 gadi / >41 gads /
0-10 years 20-40 years >41 years

Skaits (N) / Total density of 361.0+18.05 | 368.0+18.06 | 395.0+19.25
logs, (N) ha
Kopgja kraja / Volome of logs 37.5+1.88 305153 | 250+125
(m’ ha')
Kraja / Volume of logs
(m’ ha'!), 0 10.0-19.9 cm 16.7+0.84 15.1+£0.76 16.1 £0.81
Kraja / Volume of logs
(m’ ha'!),  20.0-29.9 cm 163 £0.82 12.9 £0.65 7.8+0.39
Kraja / Volume of logs
(m*ha) > 0 30.0 cm 454023 2.5+0.13 1.1+0.06
I sadali$anas pakape, kraja /Volume
of decay stage | (nvha) 14.0+0.70 6.8 +0.34 7.0 £0.35
11 sadaliSanas pakape, kraja /
Volume of decay stage I (mha) 17.2 +0.86 16.4 +0.82 9.6 +0.48
III sadali$anas pakape, kraja /
Volume of decay stage Il (nhir) 5.7+0.29 6.1 031 6.1+031
IV, V sadaliSanas pakape, kigja/
Volume of decay stage IV, V/ (i’ ha') 1.9£0.09 1.3£0.07 22+0.11
Sénona dal_leV(?ldl_baS indekss / 074004 084004 1.0 0.05
Shannon diversity index

Noraditas vidgjas vertibas + standartkltda / Mean values + standart error are shown

Melnalksna mezos Zemgale lielako Tpatsvaru veido kritalas II, I un
III sadaliSanas pakapes (attiecigi 45%, 26% un 21%), bet mazaku — kritalas IV un
V sadaliSanas pakapées (attiecigi 7% un 1%). Savukart pétitajos mezos pie jaunam
un vid&ja vecuma malam lielakais kritalu skaits ir sastopams II sadaliSanas pakapée:
lielaka kritalu kraja II sadaliSanas pakape konstat€ta objektos pie jaunam malam
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(vidgji 17.2 m® ha'!), bet mazaku Tpatsvaru veido kritalas III, IV un V sadali$anas
pakapés (3.2. tabula). Sénona daudzveidibas indekss kritalu caurméra pakapju
intervaliem un sadaliSanas pakapém ir lidzigs visos objektos (3.2. tabula).
Konstatets, ka melnalkSna meZos nepastav statistiski biitiskas atskiribas starp
blakus audzu vecumu un sastopamo kritalu kraju, skaitu un S&nona
daudzveidibas indeksu. Kritalu krajas daudzveidiba pa sadaliSanas pakapem
raksturo mezaudzes kontinuitati un palielina biotopu kvalitativas un kvantitativas
vertibas, ka rezultata rodas substrata pieejamiba sugam, kuru izdzivoSanai
nepiecieSama nepartraukta substrata kolonizacija (Fritz et al., 2009).

Kopuma vislielako atmirusas koksnes Ipatsvaru pétitajos melnalk$na mezos
Zemgalg veido kritalas (vidgji 62.9%) savukart sausokni un stumbeni — vidgji 37.1%.

3.2. Vegetacijas novértéjums blakus dazada vecuma meZaudzém

Melnalksna mezos Zemgal€ analiz&ts sugu skaits un projektivais segums
stnu, lakstaugu, krimu un koku stava, kur kopuma vislielakais sugu skaits ir
lakstaugu stava — 146 sugas, stinu stava — 41 sugas, krimu stava — 15 sugas un
koku stava — piecas sugas.

3.2.1. Staignaju meZus raksturojosas sugas

Atseviski analizéts staignaju mezus raksturojoSo sugu projektivais segums
stinu un lakstaugu stava (Larmanis et al., 2000; Aunin$ et al., 2013), ka ar noteikta
malas efekta ietekmes intensitate péc K. Harperes u.c. metodes (Harper et al., 2004).

100% r
- 80%
2 c
£2  60% r
o 20% t
0% 1 1 1
EO El EO El
0-10 gadi / years 20-40 gadi / years

Blakus audzes vecuma grupa un vegetacijas stavs /
Adjacent forest stand age and vegetation layer

W Pozitiva / Positive  ONegativa /Negative @ Neitrala / Indifferent

3.2. att. Malas efekta ietekmes intensitate uz staignaju mezu raksturojoso
sugu ipatsvaru
Fig. 3.2. The proportion on magnitude of edge influence on swamp forest
characteristic species
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Konstatets, ka melnalkSna mezos sastopamas 27 staignaju mezus
raksturojosas sugas — devinas siinu un 18 sugas — lakstaugu stava. No tam
vislielako projektivo segumu stinu stava veido Rhytidiadelphus triquetrus un
Plagiomnium ellipticum (attiecigi vidgji 5.8% un 5.5%), bet lakstaugu
stava — Athyrium filix-femina un Scirpus sylvaticus (attiecigi vid&ji 8.5% un 6.3%).
Melnalk$pa mezos blakus jaunam un vidéja vecuma malam sugas stinu stava
57% reagg pozitivi, bet 43% uzrada negativu atsauci uz malas efekta ietekmes
intensitati (3.2. att.). Savukart mezos pie jaunam malam minétas sugas lakstaugu
stava reagg sekojosi: 61% — pozitivi, 33% — negativi un 6% — neitrali, bet meZos
pie vidgéja vecuma malam attiecigi 56% — pozitivi, 39% — negativi un
6% —neitrali. Kopuma secinams, ka vairak ka 50% staignaju mezus raksturojosas
sugas gan siinu, gan lakstaugu stava uz malas ietekmi reagg pozitivi, vairak neka
40% sugu stinu stava reag€ negativi, un uz 6% sugu lakstaugu stava traucgjums
neatstaj ietekmi. Arf cita petfjuma apstiprinats, ka liela dala vaskularo augu sugu
péc traucgjuma blakus audz&é reagE pozitivi un spg pielagoties straujam
mikroklimata izmainam (Murcia, 1995).

3.2.2. Vegetacijas projektiva seguma izmainas

Vegetacijas projektiva seguma izmainas melnalk$na meZos blakus jauna,
vid&ja vecuma un relativi vecam malam att€lotas 3.3. att€la.

[o.0]
(e}
1

Projektivais segums (%) /
Projective coverage (%)

EO El E2
Vegetacijas stavs / Vegetation layer

00-10 gadi / years ®20-40 gadi/ years E>41 gads/ years

3.3. att. Vegetacijas projektivais segums (%) pa staviem
Noraditas vidgjas vertibas + standartklida

Fig. 3.3. Projective coverage per vegetation layers
Mean values + standart error are shown
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Melnalksna mezos stinu stava projektivais segums ir lidzigs, un ta
vidgja vertiba varié no 28.7% lidz 35.1% (3.3. att.), ka ar1 konstatgts, ka blakus
audzu vecums neietekme ta projektivo segumu. Savukart noskaidrots, ka blakus
audzes vecums mezos ietekmé projektivo segumu lakstaugu, kriimu un koku
stavos. Lakstaugu stava butiski lielaks projektivais segums ir melnalk$na mezos
blakus jaunam, bet mazaks — blakus relativi vecam malam (p=0.02). Citos
petijumos secinats, ka lakstaugu stava sugu projektivo seguma pieaugumu
veicina gaismas un temperatiiras paliclinaSanas mezaudzEs pie malam, kas
izveidotas pirms Cetriem, astoniem un 10 gadiem (Harper, Macdonald, 2002;
Harper et al., 2004). ArT melnalkSna mezos Zemgal€ pie jaunam malam butiski
pieaug lakstaugu stava projektivais segums, un doming pirmas sukcesijas stadijas
sugas (Urtica dioica, Rubus idaeus, Mercurialis perennis). ArT kriimu stava sugu
projektivais segums biitiski lielaks ir objektos pie jaunam malam, bet mazaks — pie
relativi vecam malam (p=0.02). Kriimu stava seguma pieaugums ir saistits ar vides
apstaklu (galvenokart apgaismojuma) izmainam blakus izcirtumiem, ka ar1 palielinas
putnu sugu daudzveidiba mezaudzu malas (Gates, Gysel, 1978), kas var veicinat
ornitohoru sugu sastopamibu. Bitiski lielaks projektivais segums koku stava ir
konstatets mezos pie relativi vecam malam, bet mazaks — pie jaunam malam (p=0.02).

3.2.3. Augu ekologisko grupu sadalijjums

Atseviski analizets lakstaugu stava sugu sastavs pec piederibas indikativam
grupam (Korner, 1994), sugu stratégiju grupam (Grime, 1979; Ellenberg et al., 1992),
s€klu un sporu izplatibas veidiem (Howe, Smallwood, 1982), dzivibas formam
(Raunkiaer, 1934), ka ar1 raksturoti vides apstakli (Ellenberg et al., 1992).

Melnalksna mezos lielako Tpatsvaru veido sugas no nitrofilas, borealas,
staignaju un nemoralas indikativas grupas.

MelnalkSna mezos blakus audzes vecums ietekmeé sugu skaitu pa
indikattvam grupam. Visos objektos doming nitrofilas sugas, bet butiski lielaks
$o sugu skaits ir konstatéts objektos pie jaunam malam, bet mazaks — pie vidgja
vecuma (p=0.0002) un relativi vecam malam (p=0.03). Visbiezak sastopamas
nitrofilas sugas ir Lysimachia vulgaris, Lycopus europaeus, Filipendula ulmaria,
Urtica dioica un Alnus glutinosa. Ar1 batiski lielaks nemoralo sugu skaits ir
objektos pie jaunam malam, bet mazaks — pie vid€ja vecuma (p=0.03) un relativi
vecam malam (p=0.04). Lielu Tpatsvaru veido staignaju mezu sugas objektos pie
jaunam malam, bet mazaku — pie vid€ja vecuma (p=0.02) un relativi vecam
malam (p=0.001). Raksturigakas staignaju mezu sugas ir Caltha palustris,
Scutellaria galericulata, Galium palustre un Peucedanum palustre. Lielaks
adventivo sugu skaits konstatéts objektos blakus jaunam un vid€ja vecuma
malam, bet mazaks — blakus relativi vecam malam (attiecigi p=0.003 un
p=0.009). Noskaidrots, ka traucgjums blakus audz€ veicina adventivo sugu skaita
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pieaugumu, un §is sugas ir spgjigas kolonizét un konkurét melnalk$na mezu
malas vairakas dekades p&c traucgjuma.

Atseviski ir analizéts augu sugu strat€gisko grupu (Grime, 1979)
sadalfjums melnalk$na mezos blakus dazada vecuma audzeém. Melnalksna mezos
lielako sugu ipatsvaru veido augi no CS, CSR un C stratégiju grupam.
Melnalk$na meZos blakus audzes vecums bitiski izmaina sugu strategisko grupu
sadalfjumu gan péc skaita, gan p&c projektiva seguma. Konstatets, ka mezos pie
jaunam malam butiski vairak sastopamas sugas, kas pieder C (p=0.02), CR (p=0.02)
un CSR (p=0.0009) stratégiju grupam. Ar lielaks C un CSR sugu projektivais
segums konstatéts objektos pie jaunam malam, bet mazaks — pie vidgja vecuma
malam (attiecigi p=0.03 un p=0.04). ArT citos pétfjumos secinats, ka mezistrade
blakus mezaudzgs veicina kop&jo sugu skaita paliclinasanos, ka ari vaskularo
augu — konkurentu ienakSanu pétitajas mezaudzes (Braithwaite, Mallik, 2012).

Atseviski noverteta blakus audzes vecuma ietekme uz augu sugu
sadalfjumu pa s€klu un sporu izplatibas veidiem. MelnalkSna mezos Zemgalg
lielako 1patsvaru veido anemohori, ornitohori un autohori augi (attiecigi vidgji
27.5%, 20.1% un 17.2%). MeZos blakus jaunam malam lielako 1patsvaru veido
anemohori, ornitohori un hidrohori augi (attiecigi vidgji 25.2%, 21.8% un
20.5%), savukart objektos pie vidéja vecuma un relativi vecam malam lielako
sugu ipatsvaru veido anemohori, hidrohori un ornitohori (attiecigi vidgji 29.2%,
24.8%, 17.9% un 27.9%, 20.7% un 20.2%). Kopuma konstatgts, ka vairak sugu,
kuru se€klu un sporu izplatiba ir saistita ar vEja izplatibu (anemohori), ir
sastopama objektos pie jaunam malam, bet mazak — pie vidéja vecuma malam
(p=0.02). Sugas, kam s€klu izplatiba ir atkariga no putniem (ornitohori), vairak
sastopamas objektos pie jaunam malam, bet mazak — pie relativi vecam malam
(p=0.0009). ArT autohoras sugas vairak sastopamas objektos pie jaunam malam,
bet mazak — pargjos. Ir zinams, ka malas efekts var izmainit mezaudzes strukttru
un sastavu, pieméram, palielinas v€ja ietekme un apgaismojums, izmainas
augsnes mitrums un baribas vielu daudzums, kas savukart ietekmé zemsedzes
augu seklu un sporu digtsp&ju un to kolonizacijas sp€jas. Izmainitais
mikroklimats rada iesp&ju pie malam attisties tadam sugam, kas nav
raksturigas melnalk$na mezu augu sabiedribam.

Atseviski analiz€ts sugu sadalfjums pa augu dzivibas formam.
MelnalkSna mezos lielako sugu Ipatsvaru veido hemikriptofiti, hamefiti un
helofiti. Lielaks hemikriptofitu skaits konstat&ts objektos pie jaunam malam, bet
mazaks — pargjos objektos (attiecigi blakus vid€ja vecuma malam p=0.0006 un
relativi vecam malam — p=0.009). Vairak fanerofitu sastopams objektos pie
jaunam un vid€ja vecuma malam, bet mazak — pie relativi vecam malam (attiecigi
p=0.03 un p=0.02). Vairakums ir visparigas sugas, kas pielagojusas traucgumu
ietekmei un vides apstaklu mainai (Lysimacia vulgaris, Iris pseudacorus, Lycopus
europaeus un Carex spp.). Arl vairakums no melnalksna mezos domingjosiem
hemikriptofitiem ir visparigas sugas, pieméram, Urtica dioica, Mycelis muralis un
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Geum spp. Vairakas kriimu un koku sugas spgj attistities péc traucgjumu ietekmes
blakus audzg un spgj veiksmigi atjaunoties pie mezaudzu malam.

Atseviski raksturoti vides apstakli péc gaismas, mitruma, augsnes
reakcijas un slapekla koncentracijas augsné, kas noteikti p&c uzskaititajiem
augiem lakstaugu stava (Ellenberg et al., 1992). Melnalk$na mezus raksturo
pusénas gaismas apstakli (vidgja indikatorvertiba 4.5), mitra augsne (vidgja
indikatorvertiba 6.5), mereni skaba augsnes reakcija (vidgja indikatorvertiba 4.9)
un vidgji bagats slapekla daudzums (vidgja indikatorvertiba 5.2).

Konstatgts, ka blakus audzes vecuma ietekme izmainas augsnes reakcija
melnalk$na mezos (p=0.009). Noskaidrots, ka meZzos pie jaunam malam ir
baziskaka augsnes reakcija, bet skabaka — objektos pie vidéja vecuma malam
(p=0.008). Paliclinatu augsnes paskabinasanos melnalk§na mezos Zemgalé var
skaidrot ar Picea abies skaita pieaugumu objektos pie vid€ja vecuma malam.

3.3. Retu epifitu kérpju sugu sastopamibas noveértejums

Melnalksna mezos konstatétas Cetras retas un aizsargajamas
sugas — epifitiskie kérpji. Tris no tam ir ieklautas ipasi aizsargdjamo sugu
saraksta — Arthonia leucopellea (Ach.) Almg, Arthonia spadicea Leight. un
Arthonia vinosa Leight. (Noteikumi par Tpasi aizsargajamo..., 2000). Melnalksna
mezos So sugu kopgjo skaitu bitiski ietekmé blakus audzes vecums (p=0.0002).
Noskaidrots, ka objektos pie jaunam malam ir konstatéts mazak sugu, bet
vairak — pie vidgja vecuma (p=0.0006) un relativi vecam malam (p=0.002).
Kopuma pétito epifitisko kerpju sugu sastopamibu melnalks$na mezos Zemgalé
negativi ietekmé vides apstaklu izmainas, kas radusas péc traucg€juma blakus
audzg. Jaatzist, ka dazas no sugam ir pielagojusas mainigiem vides apstakliem
(pieméram, Arthonia spadicea) un var kolonizét melnalk$na stumbrus, ka arl
pastavét pie biotopu malam, tadéjadi uzradot pozitivu atsauci uz malas ietekmi.
Savukart laika gaita malas ietekme samazinas, un pie melnalk§na mezu malam
palielinas So sugu sastopamiba. P&c mezistrades blakus audzgs, petitajas audzes malas
ietekmes rezultata palielinas v&ja izgaztu kokaugu skaits, 11dz ar to biitiski samazinas
substrata pieejamiba epifitu k€rpju sugam un to sastopamiba (Harper et al., 2004).

3.4. Vegetacijas novertéjums blakus dazada vecuma meZaudzém
(kopsavilkums)

Bitiskakas kopsakaribas par vegetacijas izmainam melnalkS§na meZos
blakus dazada vecuma audzeém apkopotas 3.4. att.

Malas ilgtermina ietekme uz augosiem kokiem. Salidzinot augosu koku
kopgjo kraju objektos, kas ir blakus dazada vecuma audzé€m, noskaidrots, ka
bitiski mazaka augosu koku kraja ir objektos blakus jaunam malam. ArT kopgjais
Skerslaukums melnalksnim ir mazaks objektos pie jaunam malam, salidzinot ar
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pargjiem objektiem. Sénona daudzveidibas indekss augosiem kokiem liecina par

lielaku daudzveidibu melnalkSna mezos blakus jaunam malam.

Malas ietekme

Sénona daudzveidibas, sausokni
un stumbeni (parasta egle) T

Sénona daudzveidibas, sausokni
un stumbeni (parasta egle) |

I Stumbenu skaits |

| l Stumbenu skaits 1

Augosi koki:

| Skerslaukums, melnalksnis |

I Sénona daudzveidibas indekss 1

| [ senona daudzveidibas indekss |

| Augosu koku kraja, m*ha! |

| I Augosu koku kraja, m*ha! 1

I Epifitisko kérpju sastopamiba |

Nemoralas, nitrofilas sugas 1
Staignaju meZu, priezu meZu sugas t
Adventivas sugas T

C, CR, CSR sugu skaits 1

C un CSR sugu projektivais segums 1
Anemohori, ornitohori, zoohori 1
Hemikriptofiti un fanerofiti 1
Augsnes reakeija (pH) 1

| Epifitisko kérpju sastopamiba T

Nemorilas, nitrofilas sugas |
Staignaju mezu, priezu mezu sugas |
Adventivas sugas 1

CSR sugu skaits |

C un CSR sugu projektivais segums |
Anemohori, zoohori |

Hemikriptofiti |

Projektivais segums (%):

Fanerofiti 1

I Epifitisko kérpju sastopamiba t

Nemorilas, nitrofilas sugas |

E1 stavs t Augsnes reakceija (pH) 5 :
E2 stavs t % ja (pH) | meZu, priezu mezu sugas |
E3 stavs | Projektivais segums (%):

Adventivas sugas |
C, CR, CSR sugu skaits 1

E2 stavs (+)
E3 stavs (—)

E2 stavs (+)
E3 stavs (+)

El stavs | s ¢
Kokaugu atjaunosanas: Ornitohori |
Parasta ozola sastopamiba E1 stava t Kokaugu atjaunosanas: ZOO}{OU 1 .
Melnalksna sastopamiba E3 stava | Parasta ozola sastopamiba E1 stavat gcmlhlpﬂ‘)lﬁ“ !
Staignaju mezus raksturojosas sugas: aju mezus rak jO8as sugas:
EO stavs (+) EO stavs (+) Projektivais segums (%):
El stavs (+ un 0) El stavs (+ un 0) El stavs |

E2 stavs |

Biezak sastopamas sugas: Biezak sastopamas sugas: E3 stavs 1
EO stavs (+) EO stavs (—)
E1 stavs (+) E1 stavs (+) Kokaugu atjaunosanas:

Melnalk$na sastopamiba E3 stava 1
Parasta ozola sastopamiba E1 stava |

Sugu skaits EO stava |
Sugu skaits E1 stava 1
Sugu skaits E3 stava |
Kopéjais sugu skaits 1

Sugu skaits EO stava 1
Sugu skaits E1 stava |
Sugu skaits E3 stava 1
Kopéjais sugu skaits |

Sugu skaits EO stava |
Sugu skaits E1 stava |
Sugu skaits E3 stava |
Kopéjais sugu skaits |

3.4.

0-10 gadi

20-40 gadi

Blakus audzes vecuma grupa

241 gads

att. Vegetacijas novertéjums melnalkSna meZos blakus dazada vecuma
meZaudzém (kopsavilkums)

Malas ilgtermina ietekme uz atmirusas koksnes dinamiku. Kopgjo
atmirusas koksnes sadalfjumu un tas daudzveidibu melnalk$pa mezos Zemgale
neietekm@ traucjums blakus audzg. Abiotisko faktoru ietekmé objektos pie
jaunam malam bitiski samazinas stumbenu daudzums, bet Sada likumsakariba
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nav vairs vérojama objektos pie vid€ja vecuma un relativi vecam malam. Izteikti,
ka pétijuma objektos pie jaunam malam konstatSts bitiski lielaks Sénona
daudzveidibas indekss parastas egles sausokniem un stumbeniem.

Malas ilgtermina ietekme uz siunu stavu. Melnalk§na mezos traucgjums
blakus audzg ir ietekm@jis sastopamo siinu sugu skaitu. Konstatets, ka butiski
mazak stinu sugu sastopams objektos pie jaunam un relativi vecam malam, bet
vairak — pie vidg€ja vecuma malam. Savukart biezak sastopamo stinu sugu un
staignaju mezus raksturojo$o sugu projektivais segums palielinas objektos pie
jaunam un vid&ja vecuma malam.

Malas ilgtermina ietekme uz lakstaugu stavu. Melnalk§na mezos
Zemgalg lakstaugu stava butiski pieaug sugu skaits un projektivais segums, kas
samazinas mezos pie vid€ja vecuma un relativi vecam malam. Noskaidrots, ka
staignaju mezus raksturojo$as sugas uz malas ietekmi reagé pozitivi (palielinas
sugu projektivais segums) mezos pie jaunam un vidgja vecuma malam attieciba
pret meziem pie relativi vecam malam. ArT nesens traucgjums blakus audzg
(Iidz 10 gadiem) atstaj ietekmi, un petijuma objektos bitiski vairak konstatEtas
nemoralas, nitrofilas, priezu mezu, adventivas un staignaju mezZu sugas, kas
samazinas objektos pie vid€ja vecuma malam. Lidz ar citu augu sabiedribu sugu
ienaksanu objektos pie jaunam malam, btiski palielinas C un CSR sugu skaits
un to projektivais segums, bet $ada ictekme samazinas objektos pie vidgja
vecuma malam. Melnalk$na mezos pie jaunam malam butiski vairak konstatgti
anemohori un ornitohori, bet anemohoru sugu skaits samazinas objektos pie
vidgja vecuma malam, bet ornitohoru — objektos pie relativi vecam malam,
turklat §Ts grupas objektos konstatéts arT butiski lielaks zoohoru augu skaits.
Noskaidrots, ka melnalk§na mezos pie jaunam malam sastopams vairak
hemikriptofitu un fanerofitu neka pargjos mezos.

Malas ilgtermina ietekme uz kriomu stavu. MelnalkSna mezu blakus
audzes vecums ietekm& krimu stava projektiva seguma izmainas, kur noteikts,
ka mezos pie jaunam malam segums palielinas, bet samazinas — pie vid&ja
vecuma un relativi vecam malam. Ari biezak sastopamo sugu projektivais
segums kriimu stava uz traucéjuma ietekmi blakus audzes reag€ pozitivi mezos
pie jaunam un vid&ja vecuma malam.

Malas ilgtermina ietekme uz koku stavu. MelnalkSna mezos Zemgal@
blakus audzes vecums ietekmé sugu skaitu un projektivo segumu koku stava.
Konstatgts, ka butiski mazaks sugu skaits un to projektivais segums ir mezZos pie
jaunam malam, kas savukart palielinas laika gaita un meZzos pie vid&ja vecuma
un relativi vecam malam ir lielaks. Sada attistiba ir saistita ar abiotisko faktoru
ietekmi mezos, kur blakus audz@s traucgums ir bijis nesen. Butiski samazinas ar1
melnalk$pa sastopamiba meZzos pie jaunam malam, turklat noskaidrots, ka biezak
sastopamas sugas samazinas (reag€ negativi) melnalk$na mezos pie jaunam malam.

Malas ilgtermina ietekme uz reto epifitisko kerpju sastopamibu. Ir zinams,
ka epifitiskas kérpju sugas negativi reag€ uz abiotisko faktoru mainu, ko izsauc
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traucgjums blakus audzes. ArT melnalk$pa meZos konstateta sada likumsakariba,
kur noskaidrots, ka objektos, kuros traucgums bijis nesen (lidz 10 gadiem),
sastopams biitiski mazak reto epifitisko k&rpju sugu neka pargjos objektos.

3.5. Attaluma faktora ietekme uz vegetaciju melnalk§pa meZos Zemgalé
3.5.1. Staignaju meZus raksturojosas sugas

Atseviski analizéta malas attaluma ietekmes intensitate péc K. Harperes
u.c. metodikas (Harper et al., 2004) uz staignaju mezus raksturojoso sugu
projektiva seguma izmainam stinu un lakstaugu stavos (Larmanis et al., 2000;
Aunins et al., 2013). Novertéts, ka malas attaluma ietekmes intensitate uz minéto
sugu projektiva seguma izmainam stnu un lakstaugu stavos ir pozitiva
(videji 58%), negativa (vidgji 39%) un neitrala (3%). Konstatets, ka 1. josla
vairakums sugu stinu un lakstaugu stavos reagé pozitivi (attiecigi 78% un 50%),
mazak — negativi (attiecigi 22% un 39%) vai neitrali (attiecigi 0% un 11%).
Savukart 2. josla vairakums sugu sinu stava reagé pozitivi (67%) (3.5. att.).
Pretgji tam, vairakums lakstaugu stava sugas $aja josla reagg negativi (56%), bet
mazak — pozitivi (39%) vai neitrali (6%) (3.5. att).
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Attalums no audzes malas uz centru un vegetacijas stavs /
Distance from stand edge and vegetation layer

W Pozitiva / Positive ONegativa / Negative O Neitrala / Indifferent

3.5. att. Malas attaluma ietekmes intensitate uz staignaju mezus
raksturojoso sugu ipatsvaru
Fig. 3.5. The distance of edge influence on proportion of black alder swamp
forest characteristic species

Kopuma secinams, ka vairakums staignaju meZus raksturojoSo sugu
stinu stava uz malas attalumu reagé pozitivi, bet mazaku Tpatsvaru veido sugas,
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kas reag€ negativi un neitrali. Pozitiva ietekme uz stinu sugu sastopamibu ir
skaidrojama ar to, ka melnalkSna mezos valda pastavigi mitruma apstakli, kas
saglabajas ar1 pie to malam un ir biitisks siinu sugu pastavésanai. Vairakas sugas
sp&j eksistet, arT strauji samazinoties relativajam mitrumam (Esseen et al., 1981),
kas vérojams D un DR malas, salidzinot ar Z. Tomg&r suga Leucobryum glaucum
ar vislielako vidgjo projektivo segumu konstatéta 3. josla, un ta negativi reagé uz
malas attaluma ietekmi 1. un 2. josla. Savukart lakstaugu stava vairakums sugu
uz malas attaluma ietekmi reag€ negativi un neitrali, bet mazak sugu reage
pozitivi. Pieméram, negativi uz malas attalumu reage Athyrium filix-femina,
Filipendula ulmaria, Iris pseudacorus, Lysimachia vulgaris un Solanum
dulcamara. Savukart pozitiva malas attaluma ietekme konstatéta $adam
melnalk$na mezus raksturojo$am sugam: Lycopus europaeus, Galium palustre un
Caltha palustris. STm sugam projektivais segums samazins, attalinoties no malas.

3.5.2. Vegetacijas projektivais segums pa staviem

Melnalk$na mezos Zemgalg vislielako vid€jo projektivo segumu veido
vegetacija lakstaugu un koku stava, bet vismazako — kriimu stava (3.6. att.).
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3.6. att. Vegetacijas projektivais segums (%) pa staviem 0-10 m, 20-30 m un
40-50 m attaluma no audzes malas
Noraditas vidgjas vertibas + standartklida
Fig. 3.6. Vegetation projective coverage per layers 0-10 m, 20-30 m and 40-50 m
from forest stand edge
Mean values + standart error are shown

Konstatgts, melnalk§na mezos lakstaugu (p=0.009) un koku stava
(p=0.006) projektivais segums ir atkarigs no attaluma ietekmes. Noskaidrots, ka
lielaks lakstaugu stava projektivais segums ir 1. josla, bet mazaks — 2. un 3. josla
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(attiecigi p=0.02 un p=0.005). Butiski mazaks projektivais segums koku stava
konstatets 1. josla, savukart lielaks — 2. un 3. josla (attiecigi p=0.05 un p=0.03).
Noskaidrots, ka attalums neietekmé siinu un kriimu stavu projektivo segumu
Lakstaugu stava projektiva seguma pieaugumu un sugu bagatibu veicina
apgaismojuma palielinaSanas un temperatiiras paaugstinasanas pie malam, kur
tas robezojas ar izcirtumiem un jaunaudzem.

3.5.3. Augu ekologisko grupu sadalijums

Melnalk$na meZos augu sugu skaita sadalijums pa indikativam grupam
butiski mainas attaluma ietekmé. Noskaidrots, ka lielaks nemoralo sugu skaits
sastopams 1. josla, bet mazaks — 3. josla (p=0.02). Pargjo indikativo grupu sugu
skaits ir 11dZigs un statistiski batiski neatskiras, bet tomér novérojama tendence,
ka pie malam ir vairak nitrofilo, borealo, staignaju, plavu, priezu mezu un
adventivo sugu (Solidago canadensis, Impatiens parviflora, Grossularia
reclinata), ka ari citas melnalkSna meZiem neraksturigas sugas (Taraxacum
officionale, Chamaenerion angustifolium un Solidago virgaurea). Lidziga p&tjjuma
konstatets, ka tuvak audzu malai bitiski pieaug invazivo vai sveSzemju sugu
sastopamiba, salidzinot ar audzes centru (Brothers, Spingarn, 1992).

Melnalksna mezos atseviski analizéta lakstaugu stava sugu
strat€gisko grupu sadalijuma izmainas attieciba pret malas attaluma ietekmi.
Kopuma vislielako vidgjo ipatsvaru 1. josla veido C, CS un CSR stratégiju
augi (attiecigi 32%, 32% un 27%). Savukart mezos 2. un 3. josla lielako
Tpatsvaru veido CS (attiecigi 32% un 27%), CSR (attiecigi 27% un 27%) un
C augi (attiecigi 28% un 28%), bet mazaku 1patsvaru — CR, S un SR augi.
Konstatéts, ka attaluma faktors bitiski ietekme sugu skaita stratégisko grupu
sadalijumu. Noskaidrots, ka butiski lielaks C sugu skaits ir sastopams 1. josla,
bet mazak — 2. un 3. josla (attiecigi p=0.03 un p=0.0006). Biezak sastopamas
C sugas lakstaugu stava ir Rubus idaeus, Urtica dioica, Sorbus aucuparia,
Frangula alnus un Picea abies. Zinams, ka lakstaugu sugas Rubus idaeus un
Urtica dioica strauji savairojas péc trauc&juma un spg negativi ietekmét,
pieméram, augus — strestolerantus. Tomér $is sugas ir biezi sastopamas un
raksturigas melnalk$na mezu augu sabiedribam Latvija (Prieditis, 1999).

Atseviski analizéta augu sugu seklu un sporu izplatiba malas attaluma
ietekmeé. MelnalkSna mezos Zemgal€ 1. un 2. josla lielako Ipatsvaru veido
anemohori, hidrohori un ornitohori augi. Savukart 3. josla lielako Tpatsvaru
veido hidrohori, ornitohori un anemohori augi. Konstatgts, ka sugu sadalijums
pa s€klu un sporu izplatibas veidiem mainas attaluma ietekmée. Noskaidrots, ka
vairak ornitohoru (p=0.01) un anemohoru (p=0.002) sugu konstatetas 1. josla,
bet mazak — 3. josla. Savukart pargjo sugu s€klu un sporu izplatiba nav saistama
ar attaluma ietekmi. Lielaka anemohoru sugu sastopamiba konstatéta tuvak
melnalk§na mezu malam, jo daudzas no $Tm sugam ir visparigas sugas, kas
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samera 1sa laika perioda sp€j koloniz€t jaunas teritorijas un ievieSas p&c
traucéjumiem. Biezak sastopamas sugas ir Mycelis muralis, Betula pubescens
un Equisetum spp. Zinams, ka fragment&ta meZa ainava tuvak meZaudZu
malam seklu un sporu izplatibu nodrosina v&;js.

Melnalk$na meZzos atseviski analizets sugu skaita sadalfjums pa augu
dzivibas formam attaluma ietekm&. Noskaidrots, ka melnalkSna mezos visas
joslas lielako Tpatsvaru veido hemikriptofiti (attiecigi 38%, 36% un 33%),
fanerofiti (20%, 17% un 20%) un helofiti (attiecigi 15%, 18% un 18%), bet
mazaku — geofiti, hamefiti un terofiti.

Atseviski analizSta attaluma faktora ietekme uz sugu skaitu pa augu
dzivibas formam. Konstatéts, ka attaluma faktors btiski ietekme sugu skaitu pa augu
dzivibas formam. Noskaidrots, ka bitiski vairak hemikriptofitu sugas sastopamas
1. josla, bet mazak — 3. josla (p=0.02). Vairak fanerofitu sugu sastopams 1. josla, bet
mazak — 2. (p=0.02) un 3. josla (p=0.003). Savukart attaluma faktors butiski
neietekmé hamefitu, geofitu un tereofitu sugu skaitu. P&tjjumos par malas
attaluma ietekmi uz zemsedzes sugu sastavu skaidrots, ka fanerofttu daudzuma
palielina$anos malu tuvuma izsauc vé&ja ietekme (Chen et al., 1995). ST ietekme
pétitajos melnalkSna mezos konstatéta lidz 30 m attaluma no audzes malas.
Savukart butiski lielaka hemikriptofitu bagatiba lidz 10 m attalumam ir saistama ar
vgja ietekmi malu tuvuma. Ir zinams, ka lielaka dala no pétjjuma parauglaukumos
sastopamajiem hemikriptofitiem ir anemohori (pieméram, graudzales).

3.6. Retu epifitisku kérpju sugu sastopamibu

Melnalk$na meZos Zemgale mazaka reto epifitisko k&rpju sastopamiba
konstatéta tuvak malai 1. josla, bet vairak — pargjas joslas (p=0.02). Konstatgts,
ka vislielaka reto epifitisko k&rpju sugu sastopamiba (Cetras sugas) konstatéta
40-50 m attaluma no malas. L1dzigi apstiprinats ari citos petijumos par malas
ietekmi uz k€rpju un stnu sugu daudzveidibu, kas samazinas, pieaugot
attalumam no malas (Murcia, 1995).

3.7. Malas attaluma ietekme uz melnalk§na meZiem Zemgalé (kopsavilkums)

Bitiskakas kopsakaribas melnalkSna mezos Zemgalé malas attaluma
ietekmé apkopotas 3.7. att.

Malas attaluma ietekme uz sinu stavu. P&Tjuma noskaidrots, ka
attalums no audzes malas butiski neietekm& kop&jo stinu sugu skaitu un
projektivo segumu, bet ir konstatéts, ka objektos pie malam (1. un 2. josla)
biezak sastopamo sugu projektivais segums palielinas. Arl staignaju mezus
raksturojosas stinu sugas malu tuvuma (1. un 2. josla) uzrada pozitivu atsauces reakciju.
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Epifitisko kérpju sastopamiba |

Nemoralas sugas 1
Konkurenti (C) 1
Anemohori 1
Ornitohori 1
Hemikriptofiti 1
Fanerofiti 1
Pusgaismas un gaismas
prasigas sugas T
| Epifitisko kérpju sastopamiba Tl
Projektivais segums (%): | Epifitisko kérpju sastopamiba 1
2 El stavs 1 | Fanerofiti | - :
= E3 stavs | Projektivais segums (%):
] Projektivais segums (%): El stavs |
g Kokaugu atjaunosanas: El stavs | E3 stavs 1
= Parasta ozola sastopamiba 1 E3 stavs 1
s Nemoralas sugas |
2 Staignaju mezus raksturojosas Staignaju mezus raksturojo$as Konkurenti (C) |
% sugas: sugas: Anemohori |
= EO stavs (+) EO stavs (+) Ornitohori |
El stavs (—) El stavs (—) Hemikriptofiti |
Fanerofiti |
Biezak sastopamas sugas: Biezak sastopamas sugas: Pusgaismas un gaismas
EO stavs (+) EO stavs (—) prasigas sugas |
El stavs (+) El stavs (+)
E2 stavs (+) E2 stavs (+) Kokaugu atjaunosanas:
E3 stavs (+) E3 stavs (+) Parasta ozola sastopamiba |
Sugu skaits E1 stava 1 Sugu skaits E1 stava 1 Sugu skaits E1 stava |
Kopgjais sugu skaits 1 Kopgjais sugu skaits 1 Kopgjais sugu skaits |
0-10 m 20-30 m 40-50 m

3.7. att. Malas attaluma ietekme uz melnalk§na meZiem Zemgalé
(kopsavilkums)

Malas attaluma ietekme uz lakstaugu stavu. Kopuma secinams, ka
lakstaugu stavs indicé malas attaluma ietekmes izmainas melnalk§na mezos
Zemgalé. Noskaidrots, ka kopg€jais sugu skaits un to projektivais segums ir
butiski lielaks malu tuvuma, bet samazinas, palielinoties attalumam no malas,
un ietekme uz sugu projektivo segumu sniedzas no 20 lidz 30 m no audzes malas,
savukart sugu skaits samazinas 40-50 m attaluma no audzes malas. Uz malas
ietekmi pozitivi reagé biezak sastopamas sugas (to projektivais segums) 1. un
2. josla, salidzinot ar 3. joslu. Savukart staignaju mezus raksturojosas sugas
malu tuvuma reagé negativi (1. un 2. josla). Arl analiz§jot augu sabiedribu
ekologisko grupu pazimes, secinats, ka kopuma tuvak melnalk§na mezu malai
(1. un 2. josla) butiski pieaug nemoralu sugu skaits, konkurentu (C) sugu skaits
un to projektivais segums, vérojams anemohoru un ornitohoru skaita, ka art
hemikriptofitu skaita pieaugums. Malu tuvuma (1. josla) pieaug fanerofitu
sugu skaits, ka arT Quercus robur sastopamiba. Noskaidrots, ka tuvak malai
butiski pieaug pusgaismas un gaismas prasigu sugu skaits, kas samazinas,
palielinoties attalumam no audzes malas.
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Malas attaluma ietekme uz kriomu stavu. Attieciba uz kopgjo krimu
stava sugu skaitu un to projektiva seguma izmainam melnalk$na mezos Zemgale
nav vérojamas izmainas. Noskaidrots, ka biezak sastopamas sugas veido pozitivu
malas attaluma atsauci lidz pat 40-50 m attalumam no audzes malas.

Malas attaluma ietekme uz koku stavu. Noskaidrots, ka butiski mazaks
kopégjais koku stava projektivais segums ir melnalk$na mezos tuvak malai, bet
pieaug, palielinoties attalumam no audzes malas.

Malas attaluma ietekme uz reto epifitisko kérpju sastopamibu. Kopuma
noskaidrots, ka retas epifitisko kérpju sugas uz malas attaluma ietekmi reage
negativi tuvak audzes malai (1. josla), bet, sakot ar 2. attaluma joslu to
sastopamiba palielinas, kur vislielaka sugu sastopamiba konstatéta 3. josla.

3.8. Malas attaluma ietekme uz vegetaciju blakus dazada
vecuma meZaudzeém
3.8.1. Vegetacijas sugu projektivais segums pa staviem

MelnalkSna mezos blakus dazada vecuma audzem visas joslas
vislielakais sugu projektivais segums konstatéts lakstaugu stava. P&tijuma
objektos pie jaunam malam sugu projektivo segumu stinu un lakstaugu stavos
butiski ietekmé malas attalums, kur noskaidrots, ka lielaks stnu stava
projektivais segums ir 1. josla, bet mazaks — 3. josla (p=0.04). Turklat lakstaugu
stava lielaks projektivais segums noteikts 1. josla, bet mazaks — 2. un 3. josla
(attiecigi p=0.04 un p=0.003). Savukart §is grupas objektos kriimu un koku stavu
projektivo segumu malas attalums biitiski neietekm@. Secinats, ka melnalksna
mezos, kas ir blakus audzeém vecuma Iidz 10 gadiem, biitiski pieaug lakstaugu
stava projektivais segums, un domin€ pirmas sukcesijas stadijas sugas, tadgjadi
§1s sugas veido bitisku konkurenci, kas var negativi ietekm& melnalksna
atjaunoSanos. Pieméram, melnalk§na mezos Zemgalg pie jaunam malam lielakais
lakstaugu stava projektivais segums — 95% konstatéts 1. josla, ka ari vidgjais
projektivais segums visas §is grupas joslas ir videji 87%, kas liecina par
ievérojamu dominanci zemsedzg.

Melnalk$na mezos Zemgal@ blakus vidgja vecuma un relativi vecam
malam attalums butiski ietekmé projektivo segumu koku stava, kur konstatéts,
ka mezos pie videja vecuma malam lielaks koku stava projektivais segums
konstatéts 1. josla, bet mazaks — 3. josla (p=0.02). Savukart mezos blakus relativi
vecam malam bitiski lielaks koku stava projektivais segums ir 1. josla, bet
mazaks — 2. un 3. josla (attiecigi p=0.04 un p=0.03). leglitie rezultati atskiras no
citiem pétljumiem, kur primara malas attaluma ietekme vérojama ka kokaugu
skaita un projektiva seguma biitiska samazinasanas (Harper et al., 2004;
Harper et al., 2015). Ta ka pétitie melnalkSna mezi atbilst paraugusa vecuma
audzém, tad to iekSiené notiek dabiskie traucumi, pieméram, audzes
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pasizrobosanas, ka rezultata, kokaudzei sabriikot, rodas atvérumi, un dabiski
samazinas projektivais segums, turklat §adi atvérumi pielidzinami malam.

3.8.2. Augu ekologisko grupu sadalijums

Melnalk$na mezos lielako Tpatsvaru veido nitrofilo, borealo, nemoralo
un staignaju mezu augu sugas. Mezos pie jaunam malam visas joslas lielako sugu
skaitu veido nitrofilas sugas, no tam visbiezak sastopamas ir Alnus glutinosa,
Urtica dioica, Athyrium filix-femina, Filipendula ulmaria, Lycopus europaeus
un Lysimachia vulgaris. Konstatéts, ka sugu skaita sadalfjums pa indikativam
grupam butiski izmainas malas attaluma ietekm&, kur vairak adventivas,
nemoralas un plavas sugas konstatétas 1. josla, bet mazak — 3. josla (attiecigi
p=0.02, p=0.01 un p=0.01). Vairak meza ekosisttmam neraksturigas sugas
sastopamas vietas, kur ainava doming lauksaimniecibas zemes un mezos, kuros
parsvara ir sastopamas pirmas pionierfazes sugas, kas sp€j pielagoties straujam
mikroklimata izmainam, tadgjadi atri kolonizgjot atverumus p&c mezizstrades,
gan ar1 blakus mezaudzu malas, kas arT Latvija visvairak ir ietekmétas no D un
DR puses (Palik, Murphy, 1990; Harper et al., 2005). Tapat vairakos p&tijumos
apstiprinats, ka mezaudzu malas p&c traucéjuma piecaug invazivo sugu skaits, kas
atri spgj parnemt pirms traucgjuma domingjosas augu sabiedribas (Yates et al., 2004;
Harper et al., 2005; Honnay et al., 2005). Konstatéts, ka melnalk$na mezos pie
jaunam malam 1. josla sastopamas S$adas adventivas sugas: Grossularia
reclinata, Impatiens parviflora un Solidago canadensis. Noskaidrots, ka arT $is
grupas 1. josla ir lielaks plavas sugu skaits, kas norada, ka arT melnalk§na mezos
pie malam spgj ieviesties sugas, kas nav raksturigas STm mezu sabiedribam, bet
nemoralo sugu pieaugumu var saistit ar temperatiiras un gaismas palielinasanos,
kas pozitivi veicina $o sugu sastopamibas pieaugumu (plavas sugas — Agrostis
stolonifera, Taraxacum officinale, Fragaria vesca un Galeopsis tetrahit, nemoralas
sugas — Paris quadrifolia, Mycelis muralis). Savukart melnalk$na mezos pie vidgja
vecuma un relativi vecam malam attaluma ietekme uz sugu skaita sadalijuma pa
indikativam grupam nav statistiski butiska. Kopuma biitisks adventivo, plavas un
nemoralo sugu pieaugums melnalk$na meZos pie jaunam malam vérojams 1. josla.

Melnalk$na mezos blakus dazada vecuma audzém atseviski analiz&ts
lakstaugu stava sugu stratégiju grupu sadalfjums péc sugu skaita malas attaluma
ietekm@. Konstatéts, ka melnalk§na mezos pie jaunam malam sugu stratégiju
grupu sadaltjumu bitiski ietekm@ malas attalums, kur noskaidrots, ka 1. josla ir
butiski lielaks C sugu skaits un projektivais segums, salidzinot ar 3. joslu
(attiecigi p=0.03 un p=0.03). Savukart mezos pie vid€ja vecuma un relativi
vecam malam attalums neietekmé sugu stratégisko grupu sadalijumu. Iegutie
rezultati parada, ka malas attaluma ietekmei visvairak paklauti melnalkSna mezi
pie jaunam malam (1. josla). Ka bija prognozéts, Sajos melnalkSna meZos,
attalums biitiska ietekmé C sugu projektivo segumu un skaitu. Tas ir skaidrojams
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ar to, ka biezi vien C sugas ir pirmas pionierfazes sugas, kam ir nepiecieSami
pusgaismas vai gaismas apstakli, un, pieaugot vecumam p&c traucgjuma
ietekme@taja kokaudzg, palielinas koku stava augstums, kas savukart samazina
apgaismojumu un vgja ietekmi pie malam, ka rezultata pieaug no€nojums,
tadgjadi palielinot strestolerantu skaitu. Jaatzime, ka sugas ar jaukta tipa
strat€gijam (pieméram, CS vai CSR), izmainoties vides apstakliem, sp&j mainities
uz citu stratégisko tipu (Grime, 1979). Pieméram, Impatiens parviflora ir ruderala
suga ar CSR tipa strat€giju, kas pieaugusa vecuma meZa ir strestolerants, bet péc
trauc€juma kluist par konkurentu, strauji kolonizgjot antropogéni ietekmétas vietas.
Melnalksna mezos blakus dazada vecuma audzém malas attaluma
ietekmé atseviski analizEtas augu sugu izmainas pa s€klu un sporu izplatibas
veidiem. Konstatéts, ka meZos pie jaunam malam sugu skaits pa s€klu un sporu
izplatibas veidiem butiski mainas attaluma ietekmé. Noskaidrots, ka vairak ornitohori
un anemohori sastopami 1. josla, bet mazak — 3. josla (attiecigi p=0.03 un p=0.02).
Savukart mezos pie videja vecuma un relativi vecam malam sugu skaitu pa dazadiem
seklu un sporu izplatibas veidiem neietekmé malas attalums. Noskaidrots, ka
melnalkSna mezos visvairak sugas ir anemohori un ornitohori. Visbiezak
sastopamie ornitohori ir Rubus spp., Sorbus aucuparia, Vaccinium spp. un Picea
abies. Putniem 30 sugu augli un sgklas ir baribas avots. Sada ornitohoru
dominance melnalk$na mezos liecina par to, ka Sie mezi funkciongé ka malu
biotopi ainava. To apliecina ari citi pétijumi, kur novertéta aizsargajamo meza
biotopu funkcionalitate un kvalitativas vertibas saimnieciskos mezos
Skandinavija, kas apliecina, ka Sajas teritorijas iztrikst kodolzonas, kas neveicina
to funkcionalitati ainavas Iimeni (Aune et al., 2005; Timonen et al., 2011).
Palielinoties malu biotopiem meza ainava, rodas jaunas ekologiskas niSas vairakam
organismu grupam, kas palielina s€klu izplatibas iespgjas, tad€jadi radot izmainas
vegetacijas sastava, pieméram zoohorija (Sekgororoane, Dilworth, 1995).
Noskaidrots, ka ziemelu skujkoku meZos putni mezaudzu malas izmanto ka baribas
mekl&Sanas un vairoSanas vietas daudz aktivak neka kodolzona (Andrén, 1995).
Atseviski analizéts augu sugu skaits pec augu dzivibas formu
sadalfjuma. Noskaidrots, ka melnalk$na mezos pie jaunam malam augu sugu
skaits pa augu dzivibas formam butiski mainas attaluma ietekmé. Noskaidrots,
ka vairak hemikriptofitu ir sastopami 1. josla, bet mazak — 2. un 3. josla
(attiecigi p=0.03 un p=0.006). Ar1 p&tijuma objektos vairak hemikriptofiti ir
sastopami 2. josla, bet mazak — 3. josla (p=0.03). Vairums no melnalksna
mezos domingjosiem hemikriptofitiem ir visparigas sugas, pieméram, Urtica
dioica, Mycelis muralis un Geum spp. Savukart mezos pie vidgja vecuma un
relativi vecam malam sugu skaita sadalljums pa augu dzivibas formam
attaluma ietekmé bitiski nemainas. Kopuma secinats, ka melnalkSna meZos
Zemgal@ domin€ hemikriptofTti, fanerofiti un helofiti. Vairakums ir visparigas
sugas, kas pielagojusies traucgjumu ietekmei un vides apstaklu mainai.
Piem@ram, vairumam helofitu piemit hidrofitu pasibas, kas nodroSina sugu
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eksistenci ilgsto$i parmitros apstaklos (Hérault, Honnay, 2007). Saja aspekta
izplatitakas melnalk§na meZzu sugas ir Lysimacia vulgaris, Iris pseudacorus, Carex
Spp. un Lycopus europaeus. Vairakas kriimu un kokaugu fanerofitu sugas spgj
atfistities pec traucgjumu ietekmes blakus audzg€ un sp€j sekmigi atjaunoties
tuvak melnalkS§na mezaudzu malam, bet bitiskas atSkiribas attieciba uz
fanerofitu sugu skaitu pie melnalkSna malam nav konstatetas. Biezak
sastopamie fanerofiti ir Alnus glutinosa, Picea abies, Sorbus aucuparia un
Frangula alnus, kas ir raksturigi melnalk$na meziem. Lielakai dalai sugu augli un
seklas ir liela izméra un smagi, un $o to izplatibu veicina putni vai mazie grauzgji.
Atseviski analizéta sugu bagatiba augiem lakstaugu stava, kuru
pastavésana ir atkariga no pusgaismas un gaismas apstakliem (3.8. att.).
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3.8. att. Pusgaismas un gaismas prasigo sugu skaits lakstaugu stava blakus
dazada vecuma audzém 0-10 m, 20-30 m un 40-50 m attaluma no audzes malas
Noraditas vidgjas vertibas + standarkliuda
Fig. 3.8. The species richness of light demanding species in herb layer
adjacent to different stand age with distance 0-10 m, 20-30 m and 40-50 m

from forest stand edge
Mean values + standar error are shown

Konstatéts, ka melnalk$na mezos pie jaunam malam attalums ietekmé
pusgaismas un gaismas sugu skaitu lakstaugu stava, kur tas vairak sastopamas 1. josla
(vidgji 22.1 sugas), bet mazak — 3. josla (vidgji 15.1 sugas) (p=0.02) (3.8. att.).
Savukart p&tijuma objektos pie vidgja vecuma un relativi vecam malam attalums
neietekm& pusgaismas un gaismas prasigo sugu skaitu lakstaugu stava. Kopuma
secinats, ka pec traucgjuma blakus audzé melnalk$na mezos tuvak malai (1. josla),
btiski pieaug pusgaismas un gaismas prasigo sugu skaits (piemeram, Lysimachia
vulgaris, Rubus idaeus, Urtica dioica), kas mainas laika gaita p&c trauc&juma.
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3.9. Retu epifitisku kérpju sugu sastopamiba

Melnalk$na mezos reto epifitisko kerpju sastopamiba blakus dazada
vecuma audz&m ar dazadu attalumu no audzes malas att€lota 3.9. att. Melnalksna
mezos pie jaunam un vidéja vecuma malam reto epifitisko kerpju sugu
sastopamiba ir saméra neliela un attalums neietekmé to. Savukart melnalk$na
mezos pie relativi vecam malam bitiska ir attaluma ietekme uz reto epifitisko
kérpju sugu sastopamibu. Noskaidrots, ka buitiski mazak sugu sastopams 1. josla,
bet vairak — 2. un 3. josla (attiecigi p=0.02 un p=0.03).

100 ¢
80 |
60 |
40
20

0

Sastopamiba / Occurrence (%)

0-10m IZO-30m|40-50 0-10m I20-30
0-10 gadi / years 20-40 gadi / years > 41 gads / years

Blakus audzes vecuma grupa un attalums no audzes malas uz
centru / Adjacent forest stande age and distance from forest edge

mArthspad OGrapscri EArth leuc BArth vino

3.9. att. Retu epifitisko kérpju sugu sastopamiba (%) blakus dazada
vecuma audzém 0-10 m, 20-30 m un 40-50 m attaluma no audzes malas
Fig. 3.9. The occurrence (%) of rare species epiphytic lichens adjacent to different
stand age with distance 0-10 m, 20-30 m and 40-50 m from forest stand edge

Atrastas liecibas, ka epifitiskie k&rpji mazak koloniz€ substratus pie
mezaudzu malam (Hilmo et al., 2005). Savukart negativs epifitu populacijas
pieaugums ir saistits ar izmainito mikroklimatu malu tuvuma, kur visbiezak So
atsauci rada pieejama subtstrata izzti$ana, kas notiek pastiprinata véja ietekmé un
saules radiacijas pieauguma rezultata (Chen et al., 1995). Lai samazinatu malas
attaluma ietekmi uz retu epifitu sastopamibu, ieteicama buferjoslu izveide gar
D vai DR malam, kas samazinatu traucgjuma ietekmi un nodroSinatu tam
pieejamu substratu. Jauzsver, ka retu epifitu sugu sastopamibu var noteikt arf citi
faktori, kas S$T petfjuma ietvaros nav analizeti. Ir nepiecieSami talaki petijumi, kas
apliecina, vai melnalkSna mizas lobiSanas atstaj negativu ietekmi uz krevju
kérpju sastopamibu Latvija, ka ar1, vai savstarp&ja sugu konkurence par substrata
pieejamibu ir saistita ar sugu izzu$anu uz melnalk$niem. So Tpai nozimigi bitu
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novertét, lai analiz€tu ES aizsargdjamo biotopu pastavéSanas efektivitati

ilgtermina saimniecisko mezu platibas Latvija.

Malas attdluma ietekme

3.10. Malas attaluma ietekme uz melnalk§pa meZiem blakus dazada

vecuma meZaudzém (kopsavilkums)

Bitiskas kopsakaribas par malas attaluma ietekmi apkopotas 3.10. att.
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C sugu skaits un projektivais segums |
Anemohori, ornitohori |

Hemikriptofiti |

Pusgaismas un gaismas prasigas sugas |
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iba 1

Kopgjais sugu skaits |

[ Projektivais scgums (%6): E0 |, E1

Sugu skaits E1 stava |

Projektivais segums (%): E3 stavs |

| | ifitisko kerpju

[ Kopajais sugu skaits |

[ Hemiksiptofiti |

Malas attaluma ictekme:
EO0(+),E1(+).E2(=),E3 (%)

| Epifitisko kérpju sastopamiba T

Malas attaluma ietekme:
E0(-),El(-),E2(-),E3(+)

Malas attaluma ietekme:
EO stavs (-), El stavs (+) , E2 stavs (+)

[ Projektivais scgums (%): E1 stavs |

| [ Projekivais scaums (%): E3 stavs |

| | Projektivais segums (%): E3 stavs |

Staignaju mezus raksturojosas sugas:
EO stavs (+), E1 stavs (+)

Staignaju meZus raksturojosas sugas:
EO stavs (+), E1 stavs (+)

Staignaju meZzus raksturojosis sugas:
EO stavs (+), E1 stavs (+)

Biczak sastopamas sugas:
EO (), E1(-), E2 (-), E3 (+) stava

Biezik sastopamas sugas:
EO stavs (—), E1 stavs (—), E2 stavs (+)

Biczak sastopamas sugas:
EO0 stavs (—), E1 stavs (+), E3 stavs (+)

| Sugu skaits E3 stava |

| I Kopgjais sugu skaits |

I l Kopgjais sugu skaits 1

[ Projektivais segums () E1 stavs |

| [ Proicktivais segums (%): E3 stavs |

| I Projektivais segums (%): E3 stavs |

Staignaju mezus raksturojosas sugas:
EO stavs (+), E1 stavs (+ )

Staignaju meZus raksturojosas sugas:
EO stavs (+), E1 stavs (+)

Staignaju mezus raksturojosas sugas:
EO stavs (+), E1 stavs (+)

|

Biczak sastopamas sugas:

EO (=), E1(-). E2 (-), E3 (+) stava

Biezik sastopamds sugas:
EO stavs (—), E1 stavs (—), E2 stavs (+)

Biczak sastopamas sugas:
EO stavs (—). E1 stavs (+). E3 stavs (+)

| Sugu skaits E3 stava |

I I Kopgjais sugu skaits |

I | Kopgjais sugu skaits T

20-30m

Nemoralas sugas t

Adventivas sugas T

Plavas sugas 1

C sugu skaits un projektivais segums 1
Anemohori, omitohori 1

Hemikriptofiti 1

Pusgaismas un gaismas prasigas sugas 1

Malas attaluma ietekme:
EO stavs (+), El stavs (+), E2 stavs (+)

| Epifitisko kérpju sastopamiba |

‘ [ Malas attaluma ietekme: E3 stavs (+)

Malas attaluma ietekme: EO stavs (+), E1
stavs (1), E2 stavs (+), E3 stavs (+)

Projektivais segums (%):
EO stavs, E1 stavs 1

| Projektivais segums (%): E3 stavs 1

Staignaju mezus raksturojosas sugas:
EO stavs (+), E1 stavs (+)

Staignaju meZus raksturojosas sugas:
EO stavs (+), E1 stavs (+)

[ Projekivais segums (%): E3 stavs 1

Staignaju meZus raksturojodas sugas:

Biezak sugas:

Biczak sastopamas sugas:
EO (+). E1 (+), E2 (+) un E3 stava ()

EO0 (-),E1 (-), E2(+) un E3 stava (+)

EO stavs (+), El stavs (+ )

Biezak sastopamas sugas:

Kopgjais sugu skaits 1

I Sugu skaits E3 stava t

Sugu skaits E1 stava t

EO0 (-), E1 (+), E2 (-) un E3 stava (+)

| Kopéjais sugu skaits 1

0-10m

0-10 m

0-10 gadi

20-40 gadi

241 gads

3.10. att. Malas attaluma ietekme uz melnalk$na meZiem blakus dazada
vecuma meZaudzém (kopsavilkums)
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Malas ilgtermina un attaluma ietekme uz sunu stavu. MelnalkSna
mezos blakus dazada vecuma audzeém butiski lielaks projektivais segums stinu
stava konstatéts tuvak malai (1. josla), kas savukart samazinas, pieaugot
attalumam no malas. Secinats, ka staignaju mezus raksturojosas sugas, ka art
biezak sastopamas sugas veido pozitivu atsauci tuvak malai (1. un 2 josla)
attieciba pret 3. joslu.

Malas ilgtermina un attaluma ietekme wuz lakstaugu stavu.
Noskaidrots, ka lakstaugu stava projektivais segums palielinas melnalksna
mezos pie jaunam malam, un attaluma ietekme uz projektivo segumu sniedzas
lidz 10 m no audzes malas (1. josla), savukart lielaks sugu skaits $aja josla
saglabajas mezos pie vidéja vecuma un relativi vecam malam, kur malas
attaluma ietekme sniedzas lidz 2. joslai. Secinats, ka ilglaiciga pozitiva malas
ietekme uz biezak sastopamajam sugam, ka staignaju mezu raksturigajam
sugam saglabajas arT mezos pie relativi vecam malam 1. un 2. attaluma josla
attieciba pret 3. joslu. Bitiski, ka melnalk$na mezos blakus jaunam malam
1. josla, izmainas sugu sastavs, piemeram, pieaug nemoralu un adventivu sugu
skaits, konkurentu sugu skaits un to projektivais segums, ka ari pusgaismas un
gaismas prasigu sugu skaits, turklat biitiski palielinas anemohoru un zoohoru skaits.

Malas ilgtermina un attaluma ietekme uz krimu stavu. Kopuma
secinats, ka melnalkSna mezos ari blakus relativi vecam malam noteikta
pozitiva atsauces reakcija uz kriimu stava sugu projektiva segumu pie malam
(1. josla) , bet uz biezak sastopamajam sugam — mezos pie vidéja vecuma
malam lidz 2. joslai (3.10. att.).

Malas ilgtermina un attaluma ietekme uz koku stavu. Noskaidrots,
melnalk$na mezos pie videja vecuma malam Iidz 2. joslai sugu skaits un to
projektivais segums koku stava veido pozittvu malas atsauci.

Malas ilgtermina un attaluma ietekme uz retu epifitisko kérpju
sastopamibu. Attieciba uz reto epifitisko kérpju sastopamibu, vérojama negativa
tendence: traucgjums blakus audze §is sugas ietekm&, un tam konstatéta zema
sastopamiba (piemé&ram, Arthonia vinosa un Arthonia leucopella). Melnalks$na
mezos pie relativi vecam malam bitiska ir attaluma ietekme uz So sugu
sastopamibu, kur mazak sugu ir 1. josla, bet vairak — 2. un 3. josla.
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SECINAJUMI

1. Malas ietekme uz melnalk$na kokaudzi saglabajas lidz 10 gadiem péc
traucgjuma blakus mezaudzé — abiotisko faktoru izmainu rezultata samazinas
augosu koku kraja un melnalksna Skérslaukums, koku stava projektivais segums,
ka arT stumbenu skaits.

2. Melnalksna mezos 20-40 gadus péc traucgjuma siinu stava konstatéta pozitiva
malas atsauces reakcija, ko izskaidro abiotisko faktoru izmainas: augsnes
virskartas izziiSana nodroSina substrata pieejamibu, bet gaismas daudzuma
palielinaSanas veicina fotosint&zi, kas labveligi ietekme siinaugu sastopamibu un
to projektiva seguma palielinasanos.

3. Melnalk$na meZzos pie jaunam malam bitiski izmainas lakstaugu stavs, turklat
ietekme saglabajas vairak neka 41 gadu pec traucgjuma blakus audzg un sniedzas
20-30 m attaluma no audzes malas. Malas ietekm& melnalk§na meZos mainas
vaskularo sugu sastavs lakstaugu stava — pieaug adventivu (Grossularia
reclinata, Impatiens parviflora, Solidago canadensis) un plavas augu (Agrostis
stolonifera, Taraxacum officinale, Fragaria vesca un Galeopsis tetrahit)
sugu skaits un sastopamiba.

4. Malas ietekm& melnalk$na mezos Iidz 10 gadiem p&c traucgjuma blakus
mezaudzg bitiski palielinas kriimu stava sugu skaits un to projektivais segums,
turklat saglabajas malas Iidz 10 m arT vairak neka 41 gadu p&c traucgjuma blakus
audze. Krimu stava izveidoSanas melnalk§na mezu malas mazina izmainito
abiotisko faktoru pastiprinatu ietekmi, l1dz ar to samazinot malas efekta ietekmi
uz melnalk$na meziem kopuma.

5. Retu epifitisko k&rpju sugu sastopamibu saimnieciska darbiba blakus audzes
ietekmé vismaz 20 gadus péc traucEjuma, turklat butiski mazak S$o sugu
sastopams 0-10 m attaluma no malas. Savukart malas attaluma ietekme uz retu
epifitisko k&rpju sugu sastopamibu konstatéta ar 41 gadu péc traucgjuma blakus
audz&s. So sugu retd sastopamiba malu tuvuma skaidrojama ar substrata
nepieejamibu, ko nosaka pastiprinata melnalk$pa bojaeja tuvak malam, ka ar1
ekologisko faktoru mijiedarbibas ietekme.

6. Malas efekta ietekme melnalk$na mezos saglabajas ar1 vairak ka 40 gadus péc
trauc€juma blakus audzg€, turklat kopuma visuzskatamak to indic€ sugas
lakstaugu stava.

7. Relativi nelielas melnalk$na meZu platibas saimnieciskos mezos nodroSina
aizsargajamo biotopu kvalitativas vertibas, tomer §is teritorijas ietekm& malas
efekts, ko veicina mezsaimnieciska darbiba blakus audzes. Lai samazinatu
saimnieciskas darbibas ietekmi un nodro$inatu melnalk§na mezu raksturigas
vegetacijas saglabasanos ilgtermina, nepiecie$ami talaki p&tijumi ainavas limeni.
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1. GENERAL DESCRIPTION
1.1. Topicality of theme

Large woodlands in Europe have been intensively utilized and
influenced by human activity, especially in recent past (Esseen et al., 1997). All
these anthropogenic loads have altered species composition and hydrological
regime (Esseen et al., 1997). Due to intensive forest management and utilization
of agriculture lands, forest fragmentation and habitat loss have increased in
landscape, which in turn increases the risk of isolation and extinction of species
(Andrén, 1994). Edge is defined as an abrupt transition between two habitats.
Therefore in forested ecosystems two types of edges are distinguished: natural
forest edges and human-induced edges, which have been developed from
silvicultural practices. This alters changes by the edges, which significantly differ
from conditions in forest interior. These changes are defined as edge effects
which can affects species and structures negatively, positively or have indifferent
response for many organism groups (Harper et al., 2005).

To provide sustainable forest management by taking conservation of
biodiversity into account and preserved many habitat specialists and indicator
species, including rare and threatened species in many organism groups the
woodland key habitat concept has been created in Baltic and Scandinavian
countries (Gjerde et al., 2007; Timonen et al., 2011). WKHs should be
identifiable on the basis of stand age, the diversity of structural elements and
occurrence of IS (Ericsson et al., 2005). Since abovementioned areas are small
forest patches in highly fragmented forest landscape, they are strongly influenced
by changes in abiotic and biotic conditions which are caused by human-induced
activities. It is known, that WKHs are small parcels in production forests
(average 0.1-10.0 ha) therefore strongly influenced by edge effects. The studies
of edge effects are essential to assess habitat quality values and to help predict rare
and threatened species dynamics and their persistence in WKHs (Aune et al., 2005).

Until now, relatively few studies have assessed edge effects in terms of
persistence and distance of edge influence on vegetation in boreo-nemoral forests
(Marozas et al., 2007), especially due to the lack of information on studies of
swamp forests. The lacking studies on following organism groups: ground layer
mosses (Baker et al., 2016), little is known about habitat specialists and indicator
species epiphytic lichens response adjacent to recent created edges. Also few
studies investigate herb layer functional changes in response to plant functional
traits, which describes consequences of created edges (Moen, Jonsson, 2003;
Pellissier et al., 2013; Baker et al., 2016). In this regard this study contributes to
these fields. Studied black alder swamp woodland key habitat sites are
overlapping with priority EU habitat type “Fennoscandian deciduous swamp woods”
(code: 9080%*) (Noteikumi par 1pasi..., 2000; Aunins et al., 2013; Laivins, 2014).
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1.2. Aim of thesis

The aim of the thesis is to investigate and evaluate the influence of edge
effects on vegetation dynamics in black alder forests in Zemgale.

1.3. Objectives of the study

1. To assess edge influence on black alder forests adjacent to different stand ages;
3. To assess the distance of edge influence on black alder forests;

4. To compare the distance of edge influence adjacent to different stand ages and
its interaction on black alder forests.

1.4. Hypothesis of the study

Forest harvesting in stands adjacent to black alder forests creates edge
effects which alter the vegetation, but this influence diminishes over time.

1.5. Scientific novelty and applicability of the study

In this study for the first time in Latvia edge influence on forest stands
is investigated in relation to vegetation response. In this thesis changes in
vegetation have been studied after harvesting in adjacent stands in terms of
persistence of edge influence, distance of edge influence and their interactions in
black alder forests in Zemgale. The main results of doctoral thesis give
substantial contribution in the research of edge influence on vegetation in
boreo-nemoral forests. The main results and conclusions of this doctoral thesis
on changes in composition of mosses, plant functional traits in herb layer and
habitat specialists on epiphytic lichens provide a major contribution in the
research of edge effects at the global level.

1.6. Structure and volume of thesis

Thesis chapter 1 contains a summary of early studies, related to
description of black alder swamp forests: biological description of Alnus
glutinosa (L.) Gaertn., description of Eurosiberian Alnus glutinosa forests,
criteria of woodland key habitat type "Fennoscandian deciduous swamp woods",
nature conservation status of black alder swamp woods, description of plant
communities in black alder woods and the assessment of influence of forest
management activities on black alder swamp woods. Chapter 2 contains the
description of study area as well as methods of field data collection and data
analyses. Chapter 3 contains results and discussion: the edge influence on stand
structural elements and assessment of vegetation regarding to different ages of
adjacent forests, the distance of edge influence on vegetation and their
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interaction. The conclusions and implications for further studies are included
at the end of thesis.

This thesis contains 122 pages, information has been summarized in
9 tables and 50 figures, 12 appendices, and 340 literature references have been used.

1.7. List of abbreviations

C — competitors

CS — competitors-stress tolerators
CSR  — competitors-stress tolerators-ruderals
DBH - diameter breast height

E — east

EO — moss layer

El — herb layer

E2 — shrub layer

E3 — tree layer

IS — indicator species

JSC — Joint Stock Company

LUA - Latvia University of Agriculture
N — north

R — ruderals

S — stress tolerators

SR — stress tolerators-ruderals

WKH - woodland key habitat

2. MATERIALS AND METHODS

This study was conducted in Latvia. Studied sites were located in
Southern Latvia (Zemgale geobotanical region) (Ramans, 1975), particularly in
Ozolnieki and Iecava municipalities (Fig. 2.1.). In total 30 study sites were
chosen for analysis. Study sites represents balck alder swamp WKHs with age of
84-129 years. Study sites were established in three forest types:
Dryopterioso—caricosa, Filipendulosa and Oxalidosa turf. mel. Alnus glutinosa was
dominant tree at all sites. Study plots representing edges with south or south west
exposition were chosen: 10 with up to 10 years old cut edges (0-10 years), 10 with
20-40 years old cut edges and 10 with >41 year old cut edges.

Field data collection. During the season of 2008 and 2012 a string of
permanent sample plots was established in each WKH from stand edge towards
the interior. The field data measurements were made during vegetation seasons of
2012 and 2013. The size of sample plots was 20 x 50 m (1000 m?) and each plot was
divided into five subplots (zones) with respective distance from edge: 0-10 m,
10-20 m, 20-30 m, 3040 m and 40-50 m (each subplot had an area of 0.02 ha) (Fig. 2.2.).
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Forest stand structural elements. Trees (=6 cm DBH), snags and
stems (=10 cm DBH) were measured in all sample plots within size 20 X 50 m. Also
downed logs and pieces were measured (=10 cm diameter at intersection
point). Decay stages was evaluated for all dead wood (snags, stems and
downed logs and pieces) (decay classes I-V) (Stokland, 2001).

Vegetation data survey. The vegetation was surveyed 0-10 m
(further — 1%t zone), 20-30 m (further — 2" zone) and 40-50 m (further — 3™ zone)
zones with distance from stand edge. The Braun-Blanquet approach has been
used to survey and describe plant communities: the total projective coverage of
moss, herb, shrub and tree layers as well as coverage of each separate species was
evaluated in the each zone as percentage (%):

e tree layer (E3) (tree species from height 7.0 m);
o shrub layer (E2), (shrub and tree species at height from 0.5 to 7.0 m);
e herb layer (E1) (including plants, dwarf shrubs, shrub and tree species

up to height 0.5 m);

o moss layer (EO) (Pakalne, Znotina, 1992).
The nomenclature for vascular plants follows Gavrilova, Sulcs (1999), that for
mosses Abolina et al. (2015).

Rare epiphytic lichen species and WKH IS. In all sample plots
1%, 2" and 3" zone for the occurrence of rare epiphytic lichens and WKH IS
on randomly chosen black alder trees at the height of 0.5 m and 1.5 m from the
ground were surveyed (“+” — the presence of species and “-” — the absence of
species). The nomenclature for lichens follows Abolina et al. (2015).

Forest stand structural elements. For the calculation of dendro-metric
parameters the measured field data have been used.

The basal area of stand, m?:

G=g, N (2.1)
gy -average basal area of single tree;
G -basal area of the stand m? ha™';

N -number of trees per ha™'.
Volume of tree stem, including bark, m?:
V= LxdPlsl+e (2.2)
L -stem length, m;
D -stem diameter at height 1.3 m (with bark), cm;
Y.a, B, ¢-empirically estimated ratios (Liepa, 1996).
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The following ratios have been used:
e black alder: ¢ = 0.7950*10*, o= 0.77095, B= 0.13505, = 1.80715;
e Picea abies: ¢ =2.3106*10, a = 0.78193, $ =0.34175, ¢ =1.18811;
e birch: § =0.9090*10*, o = 0.71677, B =0.16692, ¢ =1.75701;
e Scots pine: P = 1.6541*10*, a = 0.56582, B =0.25924, ¢ =1.59689.

Volume of downed logs and pieces (V, m?):

V=13y+ s goi=12..k 2.3)
1 -length of logs or pieces, m;
I -the length of apical cone, m;
Y -j-th average intersection surface, m?;
k -numbers of sections (Liepa, 1996).

Vegetation data. The calculation of occurrence for each surveyed
species (EO, E1, E2 and E3 layer) have been calculated according to Raunkiaer
formula. The occurrence coefficient (R) represents the frequency of particular
species in sample plots.

R =100 % (2.4)
R -occurrence coefficient of species;
a -number of sample plot where species surveyed,
n -total number of sample plots (Magurran, 1988).

Species diversity was calculated as a number of all species and in terms
of Shannon-Wiener diversity index in all sample plots.

H = —Z; (%] tog, [2] 2.5)

H’ -Shannon-Wiener diversity index;

N -total number of individuals

n; -i-the number of individuals of the ith species;
S -total species richness (Magurran, 1988).

In all sample plots the magnitude of edge influence (MEI) and the
distance of edge influence (DEI) have been calculated on most common species,
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WKH indicator species and characteristic species, which determines positive,
negative or indifferent response (Chen et al., 1995; Harper et al., 2004).

_ (e=D)
MEI = orh) (2.6.)
_(e=D)
DEI = v (2.7.)
MEI  -magnitude of edge influence;
DEI -distance of edge influence;
e -value (for instance, species richness (N) or projective coverage (%)) or
parameter by edge;
i -value or parameter in interior forest.

The magnitude of edge influence (adjacent forest stand: 0-10 years,
20-40 years compare to >41 year) or distance of edge influence (distance from
edge: 0-10 m, 20-30 m compare to 40-50 m). This metric ranges
from -1.0 (negative edge influence (—)) to +1.0 (positive edge influence (+)) and
0 (indifferent edge influence (0) (Harper et al., 2004).

All species in herb layer were characterized by life history forms
(Raunkiaer, 1934; Melecis, 2011), plant strategy groups (C-S-R) (Grime, 1979),
dispersal types of plant seeds and spores, preferable habitat indicative groups
were obtained mostly from the following databases: BIOLFLOR (Klotz et al., 2002),
BIDS EcoFlora (Fitter, Peat, 1994) and “Flora for vascular plants in Central
Russia” (ba3za manubiX..., 2015). The plant trait groups were characterized using
numbers of species (N). Division was also made for CSR strategy groups using
projective coverage for each species.

Plant indicator values for abiotic conditions (light, moisture, soil
reaction (pH) and N for soil nitrogen) were estimated from Ellenberg indicator
scales (Ellenberg et al., 1992; Namniece, 2005). Division was also made for light
demanding species (indicator value >6). The indicator values were calculated
using projective coverage for each species.

The environmental factors of herb layer data adjacent to different stand
age (0-10 years, 20-40 years and >41 year) were assessed using Non Metric
Multidemensional Scaling (NMS) in software PC-ORD for Windows (Version No. 5).

Statistical methods. In this study descriptive methods was used for
data of forest stand structural elements, vegetation and epiphytic lichens
(mean, standard error with confidence interval 95%). Statistical distributions
was assessed graphically (histograms) and analytically (Shapiro-Wilk test of
normality). According to the results (symmetrical distribution of data)
parametrical methods were chosen. ANOVA test was used to estimate the
significant variations between gradation classes (adjacent forest stand,
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distance from forest stand edge) and Tukey’s HSD test. A risk level of
5% (p<0.05) was used to define statistical significance. Data statistical
calculation were made in R version 3.1.1. (R Development core team, 2013).

3. THE ANALYSIS OF RESULTS AND DISCUSSION

3.1. The analysis and assessment of stand structural elements

The assessment of living trees. In all sample plots black alder Alnus
glutinosa (L.) Gaertn., Picea abies (L.) H. Karst., Betula pubescens Ehrh. and
Betula pendula Roth dominates the tree level. Total trunk volume was similar in
all sample plots — for instance it was 277.4-329.5 m*ha'! for black alder. Larger total
trunk volume was found in sample plots adjacent to stands with age of 20-40 years
(further — medium edges) and >41 years (further — old edges), but the smallest — for
plots adjacent to stands younger than 10 years (further — young edges) (p=0.04).

Higher stand density was found in studied sites in medium edges
however the total trunk volume is not the largest in this group. Furthermore, in
these above mentioned plots smaller dimension black alder trees are more
common (average tree density — 160 trees per ha™!) and birch tree density also is
higher (average tree density - 56 trees per ha™!) (Fig. 3.1.).

In black alder forests in Zemgale medium dimension (in terms of
diameter class) black alder trees dominate (Fig. 3.1.). Most large-dimension
black alder trees occur in studied sites in old edges (on average 41 trees on ha™'),
but large dimension birch and Picea abies trees are rare (on average 6 and 5 trees
on ha’l, respectively). Average basal area of black alder trees at the tree level
I was 22.5 m*>ha'! in forests in young edges and 26.9 m*>ha™! for forests adjacent
to old edges. However in stand level II average black alder basal are for black
alders was 0.8 m?ha!, but in studied sites in medium and old edges — 1.7 m* ha™'.
Significantly higher basal area for black alder at stand levels I and II was
found in black alder forests in medium edges compared to young
edges (p=0.04 and p=0.03 respectively).

In all study plots Picea abies constituted considerable admixture at
different basal areas. In black alder forests in medium and old edges small
dimension Picea abies trees (diameter classes” <10 cm and 10.0-19.9 ¢cm) constitute
large amount of stands. Picea abies is vulnerable to wind damage and this risk increases
with the growth on trees — larger diameter and height (Valinger, Fridman, 2011). The
average density of Picea abies trees in natural mature black alder swamp forests
in Estonia 165 trees on ha' (Lohmus, Kraut, 2010). This study found similar
density in black alder stands in Zemgale.

Birch species (Betula pubescens and Betula pendula) are found as
admixture in black alder forests in Zemgale. The proportion of birch is low and
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average standing volume at stand level I is 55.4 m® ha! in young edges, and even
lower for forest stands in medium and old edges (39.2 and 38.0 m*ha™! respectively).

Study found that the age of adjacent stand influences Shannon diversity
index for living trees regarding tree species, diameter classes and number of
trees. Shannon index is significantly higher in stands in young edges compared
to medium and old edges (p=0.003). In the remaining plots Shannon index is
similar without significant differences. This relation is explained by tree
regeneration on edges with recent disturbances. Statistically significant influence
from adjacent stand on Shannon index was found for Picea abies — index was
higher in forest stands in young edges stands compared to stands in old edges
(p=0.02). After harvesting in a stand adjacent to black alder swamps previously
shaded Picea abies starts to grow faster.

General assessment of dead wood. The largest amount of dead wood
was found in black alder forests adjacent to young edges (on average 55.6 m® ha™)
compared to forests with medium and old edges (on average 46.1 m3 ha!). There
are no significant differences between total volume of dead wood and age
group of adjacent forest stand.

Average volume of dead wood in studied forests in Zemgale is
49.2 m?® ha'! which is sufficient for the maintenance of habitat quality. The
largest volume of stems and snags was found in black alder stands in old edges but
the lowest in plots adjacent to young (on average 140.0 and 73.3 m? ha'! respectively).

Average number of stems and snags in black alder forests is 67 trees per
ha (adjacent to young edges) and 153.8 trees per ha in black alder forests in old
edges (Table 3.1.). All studied forest stands were dominated by small-dimension
dead wood (Table 3.1.). Results showed that there is no statistically significant
differences between the age of adjacent stand and the total number, volume,
diameter class distribution and Shannon index values for stems and snags in
black alder forests in Zemgale. Also results showed that there is no statistically
significant differences between the age of adjacent stand and total number of
stems and snags and their volume by decay classes.

The diversity of stems and snags in black alder forests was assessed by
the factor of the age of adjacent stand. In studied black alder forests in young and
medium edges the number of small-dimension stems and snags is increasing and
this also increase the total volume of dead wood in various classes of decay. The
number of stems and snags in black alder forests in Zemgale increases with time.
Other studies report similar results (Chen et al., 1992; Young, Mitchell, 1994).
This tendency is explained by change in microclimate which was caused by
disturbance in adjacent stand, resulting in the death of individual trees thus
increasing the structural diversity in the stand. Black alder forests in Zemgale
are dominated by small and medium dimension stems and snags and their
number is similar to Estonian data, where small (<20 cm DBH) and medium
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(<30 cm DBH) dimension dead wood dominates (on average 57 and
23 pieces on ha!) (Lohmus, Kraut, 2010).

The natural regeneration of trees after disturbance is one attribute
natural continuity of a forest stand (Stokland, 2001). For instance, studied black
alder stands are dominated by small-dimension Picea abies stems. It is known
that the proportion of Picea abies increases in forest stands in young and medium
edges, but with time they dies due to shading. WKH management guidelines
prescribe the removal of level II Picea abies to decrease soil acidification from
decomposing needle detritus in swamp forests (Johansson, 2005) and thus this
management action is necessary to carry out in edges with recent harvests.

In black alder forests the largest portion of dead wood is made up by
downed logs and pieces at II, I and III decay stages (45%, 26% and
21% respectively) but lower portion — by downed logs and pieces at IV and
V decay stages (7% and 1% respectively). In forest stands in young edges
(169.0 pieces per 1 ha) the largest number of dead wood pieces belonged to
II decay stage. The majority of dead wood volume at II decay stage was found in forest
stands in young and old edges (on average 17.2 and 16.4 m® ha™! respectively). Minor
portion is made up by dead wood in III, IV and V decay stages (Table 3.2.).
Shannon diversity index for dead wood diameter classes and decay classes is
similar in all black alder forests adjacent to different age of edges (Table 3.2.).
Results show no significant differences in the age of adjacent stand, number and
volume of dead wood and Shannon index between black alder stands. The
diversity of dead wood volume by decay stages characterizes the continuity of
natural forest stand and increase the quality and forest habitat thus providing a
substrate to species requiring continuous colonization of substrate (Fritz et al., 2009).

In general the majority of dead wood volume in black alder forests is
made up by downed logs and pieces (on average 62.9%) but stems and
snags on average — 37.1% .

3.2. Vegetation assessment in black alder forests adjacent to stands with
different age

The species number of moss, herb, shrub and tree layers was analyzed in all
study plots. In total the largest number of species was found in herb layer — 146;
for mosses — 41 species, for shrubs — 15 and for trees — five.

3.2.1. Swamp forest characteristic species
In all studied sites swamp forest characteristic species (Larmanis et al, 2000;

Aunins, 2013) were analyzed by projected coverage in moss an herb layers. The
magnitude of edge influence was assessed using the method by Harper et al. (2004).
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Results showed that 27 swamp forest characteristic species was found
in black alder forests — nine at the moss layer and 18 at herb layer. From these
species Rhytidiadelphus triquetrus and Plagiomnium ellipticum has the largest
coverage (on average 5.8% and 5.5% respectively) but in herb layer — Athyrium
filix--femina and Scirpus sylvaticus (on average 8.5% and 6.3%). In black alder
forests adjacent to young and medium edges 57% of species from moss layer
showed positive response and 43% - negative to the magnitude of edge influence.
In forests stands adjacent to young edges at herb layer 61% of species showed
positive response, 33% — negative and 6% — indifferent but in forest stands in
medium edges response was 56% positive, 39% negative and 6% indifferent. In
general the conclusion is that more that 50% of swamp forest characteristic
species at moss and herb layers show positive response to edge influence, more
that 40% at moss layer show negative response and 6% of species are indifferent
to edge influence (Fig. 3.2.).

3.2.2. Change in projective coverage of vegetation

Fig. 3.3 shows changes in projective coverage of vegetation in black alder
forests adjacent to young, medium and old stands.

Results showed that age group of adjacent edges does not affect
projective cover at moss layer in black alder forests in Zemgale. It is concluded
that age group of adjacent stand is a significant factor, affecting the projective
coverage of herb, shrub and tree layers. At herb layer projective coverage is
significantly higher in young edges than in medium (p=0.001) and in old edges
(p=0.02). Positive factors that increase projective cover at herb layer is
temperature at the edges (Harper, Macdonald, 2002; Harper et al., 2004). In black
alder stands, adjacent to young edges, projective cover in herb layer significantly
increases, and pioneer species of successional stage dominates (e.g. Urtica
dioica, Rubus idaeus, Mercurial perennis), which can inhibit the regeneration of
black alder. Results show that greater shrub projective cover is in black alder
stands in young edges, but significantly less in stands in old edges (p=0.02). At
the tree layer significantly higher projective cover is found in forests, adjacent to
old edges, but less — for stands adjacent to young edges (p=0.02). Projective
cover at shrub layer is greater in black alder forests in young edges and gradually
decreases with increasing age in adjacent stands. Shrub layer coverage increase
is related to environmental conditions (mainly lighting) changes next to clear-cuts,
and bird species diversity at forest edges also increases (Gates, Gysel, 1978). In
black alder forests in Zemgale it is found that the tree layer projective cover is
smaller in young edges.
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3.2.3. The distribution of plant ecological groups

In studied black alder forests herbaceous species composition was
analyzed by affiliation to indicative groups (Korner, 1994), species of strategic
groups (Grime, 1979; Ellenberg et al., 1992), seed and spore propagation types
(Howe Smallwood, 1982), and life forms distribution (Raunkiaer, 1934), and
environmental variables were described abiotic conditions using the plant
standard scales (Ellenberg et al., 1992).

In studied black alder stands the largest proportion of species is consisted
by nitrophilous species, boreal, swamp and nemoral indicative groups. All forest
stands are dominated by nitrophilous species, but significantly higher number of
these species are found in stands in young edges, while less — in stands adjacent to
medium (p=0.0002) and old edges (p=0.03). The most common nitrophilous
species in black alder forests in Zemgale are Lysimachia vulgaris, Lycopus
europaeus, Filipendula ulmaria, Urtica dioica and Alnus glutinosa. Results show
that significantly higher number of nemoral species is found in forest stands
adjacent to young edges, compared to plots with adjacent stands to medium
(p=0.03) and old edges (p=0.04). More swamp forest characteristic species found
in the forest stands in young edges, but less — medium and old edges (p=0.02 and
p=0.001 respectively). The most common typical swamp forest species in studied
sites are Caltha palustris, Scutellaria galericulata, Galium palustre and
Peucedanum palustre. Pine forest species are also found in black alder forests, and
results show that significantly more of these species occur in stands in young edges,
and less — adjacent to stands in medium edges (p=0.03). Greater number of
adventive species was found in study plots adjacent to young and medium edges,
but less — in stands adjacent to old edges (p=0.003 and p=0.009). It is evident that
the disturbance in adjacent stand facilitates the increase of the number of adventive
species because these species are able to colonize space and compete even 40 years
after the disturbance.

The effect of age group of adjacent stand on the distribution of plant
species life strategies (Grime, 1979) was analyzed separately. It was found that in
black alder forests in Zemgale largest proportion of species is made up by plants
from the CS, CSR and C strategy groups. Significantly more species belonging to
C (p=0.02), CR (p=0.02) and CSR (p=0.0009) strategy groups are found in forest
stands adjacent to young edges, but a smaller number of species was found in old
edges. More species from CSR strategy groups are present in forest stands in young
edges, while fewer — adjacent to medium edges. The larger projective coverage of
C and CSR species was found in forest stands in young edges, compared to medium
and old edges (p=0.03 and p=0.03 respectively).

Results show that increasing species richness after the disturbance in
adjacent stand, species diversity of strategic groups increases significantly, which
declines during the 40 years. Other studies have concluded that harvesting in adjacent

50



forests contributes to the overall increase in the number of species, as well as entering
of vascular plants — competitors into the studied stands (Braithwaite, Mallika, 2012).

Age group of the adjacent stand was analyzed separately in relation to
forms of species distribution by seeds and spores. Overall, in all studied black
alder forests anemohorous, ornitohorous and autohorous plants make up the
largest portion (on average 27.5%, 20.1% and 17.2% respectively). Study found
that plants whose seed or spore dispersal is related to wind is significantly more
common in forests in young edges compared to stands adjacent to medium edges
(p=0.02). More ornitohorous plants was found in forests adjacent to young edges,
but significantly less species was found in plots adjacent to old edges (p=0.0009).
Altered microclimate at stand edges creates an opportunity for such species to
develop which are not typical of black alder forest plant communities.

It was found that the factor of the age group of adjacent affected the
number of species by plant life forms. In black alder forests the largest proportion
of species is made up by hemicryptophytes, chamaephytes and helophytes.
Greater number of hemicryptophytes was detected in forests adjacent to forest
stands in young edges but less species were present in the other stands (stands
adjacent to medium edges, p=0.0006 and old edges, p=0.009). More
phanerophytes were present in stands in young and medium edges, but less in
stands adjacent to old edges (p=0.03 and p=0.02 respectively). The majority of
these are generalist species adapted to disturbances and change environmental
conditions (e.g. Lysimacia vulgaris, Iris pseudacorus, Lycopus europaeus and
Carex spp.). Also, the majority of hemicryptophytes dominating black alder
forests are generalist species such as Urtica dioica, Mycelis muralis and Geum spp.
A number of shrub and trees (phanerophytes) species are able to recover after a
disturbance in adjacent stand and can successfully regenerate on edges of forest stands.

3.2.4. Environmental variables

Indicator value scales created by environmental characteristics of light,
moisture, soil reaction and concentration of nitrogen in the soil, assessed using plant
records from studied sites at herb layer (Ellenberg et al., 1992). It was found that all
studied black alder forests are characterized by the medium shade conditions
(average indicator value 4.5), moist soil (average indicator value 6.5), slightly
acidic soil reaction (average indicator value 4.9) and the average amount of
nitrogen rich (average indicator value 5.2).

Results show that the factor of the age of adjacent stand significantly
influences soil pH in study plots (p=0.009). More alkaline soil pH is in black
alder forests in young edges, but more acidic in forests in medium edges
(p=0.008). Increased soil acidification in black alder forests in Zemgale can be
explained by the increase in the number of Picea abies in forests
adjacent stands to medium edges.
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3.3. The occurrence of rare epiphytic lichen species

The study identified four WKH IS epiphytic lichen species. Three of the
lichen species are included in the list of specially protected species — Arthonia
leucopellea (Ach.) Almq (Arth leuc), Arthonia spadicea Leight. (Arth spad) and
Arthonia vinosa Leight (Arth vino). (Noteikumi par pasi aizsargajamo..., 2000). It
is estimated that the total occurrence of rare epiphytic lichens is significantly
influenced by the age group of adjacent stand (p=0.0002). Significantly lower
number of species was found in black alder forests in young edges, but larger in
forests in medium and old edges (p=0.0006 and p=0.002 respectively). In
general, the occurrence rare epiphytic lichen species in black alder forests in
Zemgale is negatively influenced by changes in environment occurring after the
disturbance in adjacent stand. Some species have adapted to changing
environmental conditions (e.g. Arthonia spadicea and Graphis scripta) and can
colonize black alder trunks, as well as exist at the edges, thereby indicating
a positive response to the edge influence. Overall, the study found a negative
response of rare epiphytic lichens to harvesting in adjacent stands
(Liepa, Straupe, 2015). However, with time the edge effect decreases, and at the
edges of the black alder forests the occurrence of rare WKH IS increases. After
harvesting in adjacent stands, in studied sites as a result of edge effects number
of windthrows increase thus substantially reducing substrate availability for
epiphytic lichen species and their occurrence (Harper et al., 2004).

3.4. Vegetation assessment by the age of adjacent stand (summary)

The influences of age group of adjacent stand on black alder forests in
Zemgale are shown in Fig. 3.11.

The influence of edge persistence on living trees. After comparing the
volume of trees in studied sites adjacent to stands with different ages (young, medium
and old), it is concluded that standing volume in forests adjacent to young edges is
significantly lower than in forests in medium and old edges. Also, the total basal areca
is less for black alder stands in young edges, but the relationship is no longer observed
in studied forests in medium and old edges. Shannon diversity index for living trees
(tree species and diameter classes) indicates a greater diversity of black alder forests
in young edges, but decreases over time after the disturbance and there has not been
observed more than 41 year after the disturbance.

The influence of edge persistence on the dynamics of the dead wood.
The total dead wood volume and diversity in black alder forests in Zemgale is
not affected by the disturbance in adjacent stand. Due to abiotic factors in studied
sites that are adjacent to young edges, will substantially reduce the amount of
snags, but this is not true up from 20 years after the disturbance in adjacent stand.
It is pronounced that in black alder forests in young edges Shannon diversity
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index for Picea abies stems and snags is significantly higher, but it will reduce
from 20 years after the disturbance in adjacent stand.

Edge influence
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Fig. 3.11. Vegetation assessment by the age of adjacent stand (summary)

The influence of edge persistence on moss layer. Moss species are little
affected by edge effect, and this is not explained only by the disturbance in
adjacent stand. Results showed that significantly less moss species are found in
black alder forests in young and old edges, but more species occur in forests
which are adjacent to medium edges. By contrast, the most common moss species
react positively in forests in young edges, but the effect is reduced from medium
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edges. Also swamp forest characteristic species show positive response up to
40 years after the disturbance in adjacent stand.

The influence of edge persistence on herb layer. In black alder forests
the species richness and projective coverage at herb layer increases substantially,
but softens in study plots starting from 20 years after the disturbance in adjacent
stand. The most common species and swamp forest characteristic species react
positively impact up to 40 years after the disturbance in adjacent stand. Also, a
recent disturbance in adjacent stand (up to 10 years ago) have an impact, and
studied forests have significantly more nemoral, nitrophilous, pine forest, swamp
forest and adventive species, which decrease during 20 years. Along with other
plant species entering black alder forests in young edges, the number of C and
the CSR species and their projective cover increases significantly, but such
effects are reduced forests in medium and old edges. In studied sites in young
edges, significantly more anemochores and ornitochores was found, but
anemochores species decreases in forest stands in medium edges, but
ornitochores — in stands in old edges, and even this group of black alder forests
found significantly higher number of zoochores plants. Study found that in forest
stands in young edges, more hemicryptophytes are found, but these species
decreases in studied sites where disturbance in adjacent stand was more than
20 years ago. More phanerophytes (larger occurrence of Quercus robur) found
forest stands adjacent to young edges, but decrease just 40 years after the
disturbance in adjacent stand.

The influence of edge persistence on shrub layer. Study found that
significantly higher shrub layer projective coverage is in black alder forests in
young edges, while in forests in medium and old edges, this relationship has not
been established. Also, the most common species of shrubs in the ground floor
of the disturbance effects stands next to react positively, and it lasts up to
40 years after the disturbance in adjacent stand.

The influence of edge persistence on tree layer. Harvesting in adjacent
stand influences the species richness at tree layer: results show that a smaller
number of species occur in black alder forests in young edges, but it increases
over time, and 20 years after the disturbance there is no difference. The
occurrence of black alder is significantly lower in forests adjacent to young
edges, but this effect decreases over time and is not present beyond 41 years after
the disturbance in adjacent stand. The number of most common species has
negative response in sites adjacent to young edges, but positive response to edges
was observed in stands in medium and old edges.

The influence of edge persistence on rare epiphytic lichen species. It is
known that epiphytic lichen species react negatively to change in abiotic factors
caused by harvesting in adjacent stands. This is true also in black alder forests
where results showed in that plots adjacent to recently disturbed stands (up to
10 years) significantly less rare and WKH IS epiphytic lichen species occur, but
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this occurrence increases over time and is no longer present, ranging from
20 years after disturbance. The higher occurrence of rare species was found in
black alder forests in old edges.

3.5. The influence of distance to edge on vegetation in black alder
forests in Zemgale
3.5.1. The assessment of swamp forest characteristic species

The influences of distance to edge on projective cover changes of
swamp forest characteristic species was assessed using methodology by Harper
et al. (2004) (Harper et al., 2004). In all studied sites in the 1% zone, the majority
of species at moss and herb layers react positively on edge influence (78% and
50% respectively), less species — negatively (22% and 39% respectively) or are
indifferent (none and 11% respectively). In the studied sites in 2™ zones the
majority of species at moss layer responds positively (67%) (Fig. 3.5.). However,
the majority of herb species in this distance zone reacts negatively (56%) but
less — positive (39%) or neutral (6%) to edge influence (Fig. 3.5.). The overall
conclusion is that the majority swamp forest characteristic species at moss layer
responds positively on edge distance factor, but fewer species show negative and
indifferent responses. Positive impact on moss species occurrence is explained
by the fact that there is constant moisture conditions in black alder forests, which
provides a high relative humidity also at the edges, what is important for moss
species existence. However WKH IS Leucobryum glauca with the highest
average projective coverage was found at 3" zone, and it negatively react on
1*t and 2" zone. By contrast, the majority of herbaceous species react negatively
and indifferently on edge distance effects, but fewer species react positively. For
example, negative response on distance to edge was found for Athyrium
filix-femina, Filipendula ulmaria, Iris pseudacorus, Lysimachia vulgaris and
Solanum dulcamara. In turn, positive response to distance to edge was found for
these swamp forest characteristic species: Lycopus europaeus, Galium palustre and
Caltha palustris. For these species projective cover decreases away from the edge.

3.5.2. Vegetation projective coverage by layers

In studied black alder forests all distances from stand edge to interior of
the highest average projective coverage was at herb and tree layers, but the
lowest — at shrub layer (Fig. 3.6.). Study found that projective coverage in black
alder forests at herb (p=0.009) and tree layers (p=0.006) is significantly
influenced by the distance factor. It is estimated that higher projective coverage
at herb layer is in the 1% zone, but lower — at 2" zone (p=0.02) and 3™ zone
(p=0.005). Significantly lower projective coverage at tree layer was found at the
1t zone of the stand while the higher — at 2™ (p=0.05) and 3™ (p=0.03) zone. It
is estimated that distance factor does not affect the projective coverage at moss
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and shrub layers. The increase of projective coverage at herb layer and species
richness is due to the increase in lighting and temperature rise at the edges
adjacent to clear-cuts and young stands.

3.5.3. The distribution of plant ecological groups

Study found that the distance factor affects the distribution of total
species richness in herb layer by indicative groups. Higher number of nemoral
species occurs in 1% zone, while the lower — at 2™ zone (p=0.02). Species richness
for the rest of indicative groups is similar and do not differ significantly, but there
is a tendency that at the edges there is more nitrophilous, boreal, swamp, meadow,
pine forests and adventive species (e.g. Solidago canadensis, Impatiens parviflora,
Grossularia reclinata), as well as other species uncharacteristic to swamp forests
(e.g. Taraxacum officionale, Chamaenerion angustifolium and Solidago virgaurea).

The influence of distance factor on the distribution of herb layer
species strategic groups. Results show that the distance factor influences the
distribution of species number by strategic groups. However, the
significantly higher number of competitor species is present in the black alder
forests in the 1% zone, but lower — at the 2° and 3™ zone (p=0.03 and
p=0.0006 respectively). The most common competitor species of herb layer
are Rubus idaeus, Urtica dioica, Sorbus aucuparia, Frangula alnus and
Picea abies. It is known that herbaceous species Rubus idaeus and Urtica
dioica proliferate rapidly after disturbance and have a negative influence on,
for instance, plants stress tolerators. However, these species are common and
characteristic to black alder forest plant communities in Latvia
(Prieditis, 1999). In black alder forests the most common stress tolerators are
Maianthenum bifolium, Trientalis europaea and Viola palustris, which are
characteristic to boreo-nemoral zone coniferous and deciduous forest species
(Priedttis, 1999; Ikauniece et al., 2013), which do not significantly affect the
occurrence of the distance from the edge.

Separate analyzes the distance factor impact on plant species
distribution by seed and spore forms of distribution. The largest proportion
in the 1 and 2"¢ zone is anemochores, hydrochores and ornitochores plants.
In turn, in the 3™ zones the largest proportion is hydrochores, ornitochores
and anemochores plants (an average of 22%, 21% and 18%). The distance
factor affects the distribution of species by seed and spore forms of dispersal. It
is estimated that more ornitochores (p=0.01) and anemochores (p=0.002) species
occur in the studied sites in the 1 zone, but significantly less species occur at the
3 zone. It was found that the distance factor does not affect seed and spore forms
of dispersal for other species. Increased occurrence of anemochores species was
found closer to the edges of black alder forests, because many of species are
generalists, which is able to colonize new territories in a relatively short period
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of time and appear after disturbances. The most common species are Mycelis
muralis, Betula pubescens and Equisetum spp. It is known that in a fragmented
forest landscape wind provides the spread of forest seeds and spores closer to
edges. However, it should be stressed that higher species diversity at forest edges
does not always justify high quality habitat values.

The influence of distance to edge on the number of species by plant life
forms was analyzed separately. It was found that the distance factor significantly
influences the number of species by plant life forms. Results showed that
significantly more hemicryptophytes species occur at the 1% zones, but less — at
the 3™ zones (p=0.02). More phaneropohytes species occur at the 1° zones, but
less — at the 2™ zone (p=0.02) and 3™ zone (p=0.003). In turn, in the black alder
forests the distance factor does not significantly affect the number of
chamaephytes, geophytes, therophytes species. Studies on edge distance effects
on the composition of ground vegetation species explained that increase of
phanerophytes is caused by wind effect on the edge (Chen et al., 1995). In the
studied black alder forests this effect was found up to 3™ zone. In turn,
significantly higher hemicryptophytes richness was found in the 1 zone, which
is attributed to the effects of wind near the edge.

3.6. The occurrence of rare epiphytic lichen species

In general, less rare epiphytic lichen species were found at the 1*! zones, but
more — at the 2™ and the 3 zone (p=0.02, p=0.02 respectively).

Similarly, other studies also confirmed that lichen and moss species
diversity decreases with increasing distance from the edge (Murcia, 1995).
Results shown that the greatest occurrence of the rare epiphytic lichen species in
studied black alder forests was found at the 3™ zone.

3.7. Distance to edge influence on black alder forests in Zemgale (summary)

Significant relationships on distance to edge influence on black alder
forests in Zemgale is shown in Fig. 3.12.

The influence of distance to edge on the moss layer. This study found
that the distance from the edge of the stand does not significantly influence the
total number of moss species and their projective coverage, but have found that
in studied sites closer to edges (up to 10 meters from the edge of the stands), the
most common species have positive response to 30 m (2™ zone) from the edge
of the stand. Also, swamp forest characteristic moss species indicate a positive
response near the edges (in the 1%t and 2" zones).
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Fig. 3.12. The distance of edge influence on black alder forests in Zemgale (summary)

The influence of distance to edge on the herb layer. The overall
conclusion is that the herb layer indicates the influence of distance to edge in
black alder forests in Zemgale. It is estimated that the total number of species
and the projective coverage is significantly higher near the edge (up to 10 m from
the stand edge), but decreases with increasing distance from the edge, and the
impact on species projective coverage ranges from the 2" zone, while the number
of species decreases in the 3™ zones. The most common species show positive
response on the influence of the distance to edge - up to 3" zone, while swamp
forest characteristic species have negative response near the edge (up to the
2™ zone). Also, analysis of plant functional traits of species composition study
concluded that in the black alder forests closer to the edge (1% zone) the number
of nemoral species, competitor species and their projective cover; surveyed
richness of anemochores and ornitochores, as well as hemicryptophytes increases
substantially, besides the species richness in above-mentioned group remains for
up to the 3™ zone. Near the edge (in the 1% zone) species richness of
phanerophytes increases, as well as the occurrence of Quercus robur, but they
will reduce at the 2™ zone, while the Quercus robur occurrence was observed
also in the 3™ zone. It is estimated that close to the edge (in the 1% zone) the
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number of medium light and light-demanding species is significantly increasing,
which decreases with increasing distance from the edge.

The influence of distance to edge on the shrub layer. With regard to the
total number of shrub species and changes in their projective coverage black
alder forests in Zemgale does not indicate changes. By contrast, it was found that
the most common species show positive response at the distance until 3" zone. Also
higher occurrence of Quercus robur at the shrub layer was found in the 1 zone.

The influence of distance to edge on the tree layer. Study found that the
total projective coverage at tree layer is significantly lower in studied sites closer
to the edge (in the 1% zone), but increases with increasing distance from the edge
of the stand. By contrast, the most common species and significantly higher
occurrence of Quercus robur was found up to 2" zone.

The influence of distance to edge on occurrence of rare epiphytic lichen
species. In general, study found that epiphytic lichens react negatively closer to
the edge of the stand (in the 1% zone), but starting from the 2™ zone, but the
species incidence is increasing and the total highest species richness was
found in the 3™ zone.

3.8. The influence of distance to edge on vegetation adjacent to stands
with different age
3.8.1. Species projective coverage by vegetation layer

Overall, from the analysis of projective coverage by vegetation layers
in black alder forests adjacent to stands of different age groups (young, medium
and old) and different distances from the edge (1%, 2" and 3™ zones), it was
concluded that herb and tree layers indicate statistically significant changes.
Higher projective coverage was found in herb layer in black alder forests in at
the 1% zone, but lower — at the 2™ zone (p=0.04) and 3™ zone (p=0.003). By
contrast, in studied sites in young edges, the distance factor does not affect the
projective coverage of shrub and tree layer. It was concluded that in black alder
forests adjacent to young edges, projective cover at herb layer increases
significantly, and is dominated by the first stage of successional species, thus
these species represent a significant competition, which may adversely affect the
regeneration of black alder. For example, in studied sites adjacent to young
edges, the largest projective cover — 95% was found at the 1% zone, as well as the
average projective coverage in all distance zones are on average 87%, which
indicate a significant dominance in understory.

Results show that in black alder forests in medium edges higher
projective coverage at tree layer was found at the 1% zone but less — at the
3™ zone (p=0.02). In studied sites adjacent to old edges, significantly higher tree
layer projective coverage is found at the 1% zone, compared to the 2" (p=0.04)
and 3" zone (p=0.03). The results are different, compared to other studies where
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the primary influence of edge distance results in significant decline in the number
of trees and the projective coverage (Harper et al., 2004; Harper et al., 2015).
Since studied black alder forests reached the over mature stage by age, natural
disturbances are observed there, such as gap dynamics as a result of the collapse
of individual trees, openings emerge, and naturally reduce the projective
coverage. In addition, such openings are comparable to the edge.

3.8.2. The distribution of plant ecological groups

In all study plots nitrophilous, boreal, nemoral and swamp forest plant
species dominate at herb layer. Results show the influence of distance factor on
the distribution of number of species by indicative groups in studied sites
adjacent to young edges. More adventive, nemoral and meadow species were
found at 1% zone, but lower number of species was found at the 3™ zone
(p=0.02, p=0.01 and p=0.01 respectively). It is estimated that at the 1% zone more
meadow species indicate that at edges in black alder forests are capable of
harboring species which are not typical of these forest communities. Nemoral
species increase can be attributed to an increase in temperature and light, which
positively contributes to this species increased occurrence (meadow species:
Agrostis stolonifera, Taraxacum officinale, Fragaria vesca and Galeopsis
tetrahit, nemoral species Paris quadrifolia, Mycelis muralis). By contrast, in the
studied sites adjacent to medium and old edges, the distance factor influence on the
richness of species distribution by indicative groups was not statistically significant.

The distribution of strategic groups of herbaceous species was analyzed
separately by richness of species and projective coverage. In studied sites
adjacent to young edges, the distance factor is significant for the distribution of
strategic groups. In studied sites in the 1% zone number of C species and
projective coverage is significantly higher than in the 3" zone (p=0.03 and
p =0.03 respectively). Results show that in the studied sites adjacent to medium
and old edges, the distance factor does not affect the distribution of strategic
groups. Obtained results show that black alder forests are the most vulnerable to
the influence of distance to edge in studied sites adjacent to young edges and in
the 1% zone. As expected, in these black alder forests, the distance factor has a
significant impact on the number of C species and their projective cover and in
studied sites adjacent to medium and old edges, this influence was not found.
Species with mixed strategies (for example, the CS or CSR) are able to change
to a different type of strategy with the change in environmental conditions
(Grime, 1979). For example, Impatiens parviflora is a ruderal species with
CSR-type strategy, which functions as stress tolerators in mature forest, but after the
disturbance becomes a competitor, rapidly colonizing anthropogenically affected sites.

The influence of the factor of distance to stand edge on the number of
species by seeds and spore dispersal types was analyzed separately. Results show
that in black alder forests in young edges significantly more ornitochores and
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anemochores occur at the 1% zone, compared to the 3™ zone (p=0.03 and
p=0.02 respectively). However, in studied sites adjacent to medium and old
edges, the distance factor does not affect the richness of species over a variety of
seeds and spores dispersal types. The most common ornitochores is Rubus spp.,
Sorbus aucuparia, Vaccinium spp. and Picea abies. Fruits and seeds of these
species are a source of food for birds. Such dominance of ornitochores species in black
alder forests demonstrate that these habitats function as edge habitats in the landscape.

The influence of the factor of distance to stand edge on plant life form
distribution was analyzed separately for plots adjacent to young, medium and old
edges. In studied sites adjacent to young edges, the distance factor and the impact
on the number of species by plant life forms was statistically significant. In these
study plots significantly more hemicryptophytes occur at the 1% zone, compared
to 2™ (p=0.03) and 3™ zone (p=0.006). Most of dominant hemicryptophytes in
black alder forests are generalist species such as Urtica dioica, Mycelis muralis
and Geum spp. By contrast, the studied sites adjacent to medium and old edges,
the distance factor does not significantly affect the number of species distribution
by plant life forms. For most phanerophytes species occurring in swamp forests
fruits and seeds are large and heavy, and this contributes to the spread of seeds
birds or small rodents.

3.9. The comparison of environmental variables

Species richness at herb layer, which depends on medium light and light
conditions was analyzed separately (indicator values >6) (Fig. 3.8.).

It was found that in black alder forests adjacent to young edges, the
factor of distance to edge influences the number of medium light and light-
demanding species at herbaceous layer. More medium light and light-demanding
species occur in the 1% zone (on average 22.1 species) but less in the 3™ zone (on
average 15.1 species) (p=0.02) (Fig. 3.8.). The distance factor does not affect the
number of medium light and light-demanding species at herb layer of studied
sites adjacent to medium and old stands. After the harvest in adjacent stand, the
number of medium light and light-demanding species in black alder forests
significantly increases at the 1** zone. This effect tends to decrease over time, and
after 20 years of such influence is no longer detectable.

3.10. The occurrence of rare epiphytic lichen species

It is estimated that with the lowest occurrence of rare epiphytic lichen
are in studied sites in young edges in the 1* zone (Fig. 3.9.). In black alder forests
adjacent to young, medium edges, occurrence of rare epiphytic lichen species is
low and the distance factor does not affect the occurrence of the species, but in
studied sites in old edges, the distance factor is significant. Results show that
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significantly lower number of species occur in the 1% zone, compared to the
2" and 3™ zone (p=0.02 p=0.02).
To reduce the impact of distance to edge on rare epiphytic lichen species
and IS occurrence, it is recommended to establish buffer zones along the S or
SW edges that minimize the persistence of disturbance influence and ensure the
availability of available substrate for epiphyte species.

The distance of edge influence

3.11. The influence of edge distance on black alder forests adjacent to
stands with different age (Summary)

Significant relationships on the influence of distance to stand edge on black
alder forests adjacent to stands with different age is given in Fig. 3.13.
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Fig. 3.13. The influence of edge distance on black alder forests adjacent to
stands with different age (summary)

The influence of edge persistence on moss layer. Analyzing the impact
of the distance to edge in black alder forests adjacent to young, medium and old
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edges, results show that significantly higher projective cover at moss layer was
found in forests adjacent to young edges and closer to the edge (in the 1% zone),
which in turn decreases with increasing distance from the edge. It is concluded
that swamp forest characteristic species, as well as the most common species
indicate positive response closer to the edge (in the 1% zone) even for more than
41 year after the disturbance in adjacent stand.

The influence of edge persistence and distance to edge on the herb
layer. Results show that projective coverage at herb layer is increasing in black
alder forests where adjacent stand was recently (young edges) disturbed, and the
influence of distance from stand edge on projective coverage is higher in the
1* zone, while a higher number of species of this zones persists also in medium
edges and positive influence of edge distance on species projective cover was
observed for more than 41 years (old edges) after the disturbance in adjacent
stand, which in turn extends up to 2™ zone. It is concluded that the long-term
positive edge influence on the most common species and swamp forest
characteristic species persist for more than 41 years (old edges) after the
disturbance in adjacent stand and reaches up to 30 m distance (2™ zone) from the
edge of the stand. It is important, that in studied sites in young edges, the near
the stand edge (1% zone) species composition changes, for instance increasing
number of nemoral and adventive species, number of competitor species and
their projective cover, as well as number of medium light and light-demanding
species, and significantly increase in number of anemochores and zoochores
species. Such changes were observed in studied sites in young edges and
in the 1* zone (Fig. 3.13.).

The influence of edge persistence on shrub layer. In general, it is
concluded that the positive response to increase of shrub layer species projective
coverage persists for more than 41 years after the disturbance in adjacent stand
closer to the stand edge (up to 10 m), but for most common species — 20-40 years
after the disturbance up to 30 m from the stand edge (Fig. 3.13.).

The influence of edge persistence on tree layer. Results show that tree
layer species, as well as the most common species and their projective coverage
react positively to the influence of distance to stand edge. Positive response was
also observed 20-40 years after the disturbance in adjacent stand and reaches up
to 30 m from the edge of the stand (Fig. 3.13.).

The influence of edge persistence on the abundance of rare epiphytic lichen
species and IS. In the case of occurrence of rare epiphytic lichen species and IS,
there is a negative trend: disturbance in adjacent stand affects these species, and
they have a low occurrence (e.g. Arthonia vinosa and Arthonia leucopella). In
addition, the influence of distance to edge is significant even after more than 41 years
(old edges) since the disturbance in adjacent stand, and in the 1% zone lower number
of species occurs, which increases with increasing distance from the edge (Fig. 3.13.).

63



CONCLUSIONS

1. Edge influence on stand structural elements persist for up to 10 years after
disturbance — standing volume, basal area, projective coverage and number of snags
decreases, which shows a negative influence of abiotic factors.

2. Edge influence affects changes in moss layer even 20-40 years after disturbance in
adjacent forest stands. Overall, results found a positive response, which is explained
by abiotic factors, such as soil desiccation cause substrate availability, and the amount
of light is enhancing the process of photosynthesis, which favorably affect the moss
species. However, the edge effect demonstrates the species richness and projective
coverage for mosses increases.

3. In black alder forests adjacent to young edges, herb layer had the fastest response
to edge influence, and this influence persisted for more than 41 years after the
disturbance in adjacent stand and reaches up to 20-30 m from the edge of the stand.
The results show that species composition in black alder swamp forests is changing
and increasing the occurrence of uncommon herbaceous species, for instance
adventive (Grossularia reclinata, Impatiens parviflora, Solidago canadensis) and
meadow species (Agrostis stolonifera, Taraxacum officinale, Fragaria vesca and
Galeopsis tetrahit) richness.

4. Under the influence of edge effects shrub species richness and projective coverage
increases significantly up to 10 years after the disturbance, and remains up to 10 m
for more than 41 years after the disturbance in the adjacent stand. The development
of shrub layer on edges can reduce the impact of abiotic factors, thereby reducing
edge influence on the swamp forests in general.

5. The occurrence of rare epiphytic lichen species and WKH IS is affected by
management actions in adjacent stands for at least 20 years after the disturbance, and
significantly fewer of these species occurs 0-10 m from the edge. In addition, edge
influence on the occurrence of species can be observed up to 41 years after the
disturbance in the adjacent stands. Rare occurrences of epiphytic lichen species at the
edges are explained by the unavailability of substrate determined by increased tree
dieback closer to the edges, and the interaction of abiotic and other factors.

6. The influence of edge effects on vegetation in black alder forests in Zemgale persist
for more than 40 years after the disturbance, and it is best indicated by species
dynamics at herb layer.

7. The relatively small areas of black alder stands in production forests provide
habitat quality values of protected habitats, although these areas are influenced by
edge effects caused by management activities in adjacent stands. To alleviate the
impact of management activities on EU protected habitats and provide the
conservation of typical vegetation in long-term, further studies are needed at both
stand and landscape levels.
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