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Abstrakt

LuZni lesy predstavuji jeden z druhové nejpestiejSich a soucasné nejproduktivnéjsich
ekosystémii v Ceské republice. Avsak kvili své poloze jsou po staleti vystaveny
antropogenetickému tlaku. Pfechod nizkého lesa na les vysoky, upusténi od tradi¢niho
hospodareni, zména hladiny podzemni vody, eutrofizace a homogenizace pati'i mezi hrozby,

které narusuji spolecenstvo luZniho lesa, sniZuji jeho heterogenitu a ochuzuji diverzitu.

Tato diplomova prace sleduje dlouhodobé vegetacni zmény luZnich lesit CHKO
Litovelské Pomoravi. K zodpovézeni cili byla pouzZita metodika opakovaného
fytocenologického snimkovani. Prvni data byla sebrana vroce 1961, dalsi snimkovani
probéhlo v roce 2020. Vysledky prokazaly signifikantni zménu tykajici se ochuzeni druhové
diverzity disledkem zastinéni podrostu, eutrofizaci a sukcesnim starnutim porosti. Zavérem
jsou diskutovany environmentalni faktory, které maji dopad na sledovany pokles rostlinné

diverzity zejména bylinného patra.

Klicova slova: luzni lesy, ztrata druhové diverzity, starnuti a tmavnuti porostu, dlouhodoby

monitoring

Abstract

Floodplain forests represent plant communities with high conservation value. However,
lowland deciduous forests have been influenced by humans for centuries. The dramatic
impact was a transition from coppice-with-standard to a high forest system influenced by
modern silvicultural management. The driving forces of vegetation community change are the
abandonment of traditional management, drought, eutrophication, and forest

homogenisation.

Diploma thesis analyses long-term changes in vegetation composition of floodplain
forests in the PLA Litovel Morava Basin. The resampling method of vegetation relevés was
used. In 2020 we resampled plots established in 1961. Results showed a significant change in
mean species richness and vegetation composition, especially in the herb layer. The loss of
species diversity is attributed to several factors such as canopy closure, eutrophication, and

forest stand ageing.

Keywords: floodplain forest, loss of diversity, composition change, canopy-closure, long-term

monitoring
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Uvod

Piiroda je proménliva a zmény v biodiverzité jsou v priibéhu ¢asu zcela ptirozené jak na
urovni spolecenstev, tak v celych ekosystémech. Lidskd Cinnost ale miliZe promény
v prirodé urychlit ¢i zménit jejich smér. Nejvice ovlivnéné je terestrické prostredi, které
se kvili antropogenni ¢innosti ¢lovéka v poslednich dekadach rychle méni (Bernhardt-
Romermann et al., 2015). Jednd se piedevSim o zplsob vyuZiti krajiny, destrukci a
destabilizaci ptrirodnich biotopii. OhroZeni spolecenstev souvisi se sniZenim pocetnosti
lokalnich populaci na zakladé zmény, ktera je ovliviiovana souhrou vzajemné plisobicich
ekologicky faktorli prostfedi nebo Spatné zvolenym lesnickym ¢i ochranarskym

managementem (Konvicka etal.,, 2004).

Recentni vyzkumy luznich lest poukazuji na pokles rostlinné druhové diverzity po celé
Evropé (Douda et al., 2017; Chudomelova et al.,, 2017; Strubelt et al., 2019). V&deckeé studie
se zabyvaji predevsim faktory, které nejvice ptispivaji ke zmeéné spolecCenstev, napt. poklesem
podpovrchovych vod, sukcesnim starnutim porostu, nedostatkem svétla v podrostu a také

lesnim hospodarenim (Hédl et al., 2010, Strubelt et al., 2019).

CHKO Litovelské Pomoravi je unikatni pro svou vnitrozemskou deltu na fece Moravg,
na kterou jsou vazany rozlehlé komplexy rozmanitého luzniho lesa. Uvnitf CHKO se malo
regulovana feka rozléva do mnoha bocnich ramen a syti mekky i1 tvrdy luh. Pravé lesni
hospodareni zde mélo na formovani luzniho lesa, tak jak jej zndme dnes, zdsadni vyznam. Luzni
lesy byly clovékem ovliviiovany od Neolitu, nicméné s vyvojem spole¢nosti vzrostl tlak na
jejich vyuziti. Prechod z bézného vymladkového lesniho hospodareni v luznim lese na les
vysokokmenny negativné pusobi zvlasté na stav rostlinné diverzity. Pro pochopeni soucasné
situace je nutné patrat v minulosti (Konvicka et al. 2004), kam sahad pestra historie
obhospodarovani lest, a nasledné vyuzit znalosti potieb dotéenych ubyvajicich druhti v ramci
tzv. ,evidence-base conservation®. Zvlasté dilezité je hledat synergii mezi nazory védcu,

ochranart a lesnikll k zachovani nebo zvyseni druhové biodiverzity v luznich lesich.



Cile

Diplomova prace pojednava o dlouhodobych zménach ve zvlasté chranéném uzemi CHKO
Litovelské Pomoravi. Prace je rozdélena na dvé casti, prvni zahrnuje kratkou literarni
reSerSi a druha obsahuje manuskript védeckého ¢lanku. Priizkum porovnava
fytocenologické snimky vegetace v luznim lese zejména jeho bylinné patro z roku 1961

a 2020.
Literarni reSerSe bliZe rozvadi problematiku hospodareni v CHKO Litovelské Pomoravi.

1. Obecné pojeti luzniho lesa se zamérenim na tvrdé luhy
2. Popsaniznamych faktort, které v soucasnosti nejvice ovliviiuji sloZeni luZnich lesi

3. Porovnani historického a soutasného lesnického managementu
Cilem prace je najit odpovéd na tyto otazky:

1. Jak se zménila druhova diverzita luzniho lesa v CHKO Litovelském Pomoravi
béhem poslednich Sedesati let?
2. Jaké environmentalni faktory prostredi ovliviiuji sledovany pokles rostlinné
diverzity?
a. Jaky konkrétni dopad maji zmény prostiedi na druhovou diverzitu?
b. Ovliviiuje vyznamné rozdily ve druhovém sloZeni vegetace starnuti lesti

a eutrofizace?



1 Luzni lesy jako objekt vyzkumu

DnesSni podobu ceské krajiny formovaly pochody, které probihaly v nejmladSim
geologickém obdobi ¢tvrtohorniho kvartéru (LoZek 2011) a jejich vliv poznamenal i vznik
luZnich lesti v Fi¢nich nivach. LuZni lesy reprezentuji Sirokou a specifickou §kalu lesniho
ekosystému, jehoZ biodiverzita je uzce zavisla na ekotopu, Ficnim aluviu, zménach hladiny
podzemni vody a zaplavovém reZimu (Vasicek 1985; Deiller etal.,, 2001; Neuhéslova etal,,

2001).

LuZni lesy se c¢leni na jednotlivé biotopy podle toho, v jaké vySkové fazi toku se
nachazi tzn. v hornim, stftednim nebo dolnim toku potoki a fek. Jednotlivé vyskové faze
se vyznacuji rozdilnymi podminkami dané prevazné dynamikou reZimu toku: horni tok je
primy a probihaji zde kratkodobé a opakované zaplavy. Stredni tok zacina zpravidla na
upati hor, kde se tvofi terasy z rtizného materialu. Koryto dolniho toku se vyléva ze biehi,
modeluje udoli, feka meandruje, tvofi se slepa ramena a bo¢ni tiné. Zpomaleni rychlosti
proudéni vody, zvySuje nanosovou CcCinnost, jenZ méni charakter sedimentli od
Stérkopiskovych k hlinitym. Zaplavy se v dolnim toku vyskytuji v delSich intervalech,
zpravidla jednou za rok (Douda 2009).

1.1 Zaplavy a hladina podzemni vody

Tolerance k zaplaveni, jeho Cetnosti, délce a rozsahu, je klicovym faktorem, ktery urcuje
sloZeni vegetace daného stanovisté (Hale et al., 2008). Zaplavy jsou zdrojem opakované
disturbance neboli mechanické destrukce a stresu jako nedostatku kysliku nebo prebytku
Zivin. Kli¢ovou roli hraji ekologické faktory jako jsou klima, piidni acidita, sorp¢ni
komplex, vlhkostni reZim piid a obsah organického uhliku. Vykyvy kompenzuji vyjimecné
uzivné podminky prostiedi usazenin, které jsou obohaceny o dusi¢nany a fosfor (Vasicek
1985). Navic nejcastéjsi jarni zaplavy zvedaji hladinu podzemni vody a dopliiuji ji o Ziviny
sukcese, od inicidlniho po klimaxové stddium, coZ zvySuje obrat druhli v ramci jednoho

stanovisté (Madéra etal, 2012).

V ri¢ni nivé se nejcastéji vyskytuje hygrofilni az mezohygrofilni vegetace, ktera je
adaptovana na zaplavy v periodickém nebo epizodickém rytmu (Neuhdaslova et al., 2001).

Prirodni luhy disponuji specifickou mikrotopografii jako jsou hraze a slepa ramena apod.



(Hale etal., 2008). Zaplavy diileZité i z dlivodu Sifeni semen stejné tak jako kolobéhu Zivin,
ukladani sedimentu a udrZovani biodiverzity. Pouze druhy adaptované na zaplavovani se
mohou po disturbanci regenerovat. Naopak absence téchto podminek umoZziiuje Sifeni
ptivodné nealuvidlnim invaznim rostlinnym druhim na vysychajici lokality (Deiller et al.,
2001; Glaeser et al., 2009). Disturbance plisobené zaplavami jsou velice uZite¢né, protoze
umoZznuji vyskyt maximalniho poc¢tu druhti a stabilizuji biodiverzitu luZniho lesa (Tilman

1999).

1.2 SloZeni vegetace luzniho lesa

Spolecenstva se vyvijeji kontinualné v zavislosti na priibéhu fluvidlnich procesti v nivé,
a kromé nadmoftské vysky se vymezuji dle rozdilti hladiny podzemni vody, periodicity
adélky trvani zaplav na mékky luh a tvrdy luh. Dominanty nejvlhCich spoletenstev
mékkého luhu jsou prevazné vrby, topoly a olSe. Naopak ve vyrazné sus$im tvrdém luhu
prevladaji duby, jasany a jilmy (Douda 2009; Chytry et al, 2010; Douda et al.,, 2013).
Rozsiteni luZnich lesi Sirokych niv saha od niZin do pahorkatin (Douda 2009). Z toho

nejvyse poloZené tvrdé luhy jsou zastoupeny v Treboriské panvi okolo 500 m n. m.

Mezi rozlohou nejrozsitrenéjsi patti tvrdé luhy nizinnych rek, razené fytocenologicky
do svazu Alnion incanae (Pawtowski et al., 1928), podsvazu Ulmenion. Podsvaz zahrnuje
mezofilni tvrdé a hygrofilni prechodové luhy, které jsou ovliviiovany prevazné
periodickymi zaplavami a vyrazné kolisajici hladinou podzemni vody. Vyskytuji se kolem
Sesti nejvétSich rek v CR, vuvalech Labe, Odry, Vltavy, Ohre, Dyje, Moravy, a také
maloplodné v jihoceskych panvich (Chytry etal., 2010).

Charakteristicka jsou zapojena lesni spoleCenstva tzv. doubravy a jaseniny
s dominantnim dubem letnim (Quercus robur), jasanem ztepilym (Fraxinus excelsior), na
jizni Moravé i jasanem uzkolistym podunajskym (F. angustifolia subsp. danubialis).
Vjejich podurovni se vyskytuji jilmy (Ulmus minor, U. laevis) a javor babyka (Acer
campestre). Kerové patro je tvoreno zejména zmlazujicimi jedinci stromovych dominant
dale stremchou obecnou pravou (Prunus padus subsp. padus) a bezem ¢ernym (Sambucus
nigra). Bylinné patro je druhové bohaté s vyraznym jarnim aspektem. Diky pravidelnému
prisunu Zivin prevladaji hydrofilni a mezofilni lesni nitrofilni druhy jako napf.
Aegopodium podagraria, Galium aparine, Geum urbanum, Urtica dioica. Jarni bylinny

aspekt nastupuje brzy zjara pred olisténim stromii a nastupem konkurencné silné
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travinné vegetace (Brachypodium sylvaticum, Dactylis polygama). Typickymi zastupci
jarniho aspektu jsou zejména dymnivky (Corydalis cava, C. intermedia, C. solida), dale pak
druhy Anemone nemorosa, A. ranunculoides, Ficaria verna, Gagea lutea, Allium ursinum aj.

Mechové patro je rozvinuto zejména na vlhcich sedimentech (Douda et al,, 2013).

1.3 Historie

P¥itomnost luZnich les na tzemi Ceské republiky, tvofenych vrbinami a ol$emi lze
datovat od konce doby ledové. Dalsi vice teplomilné dfeviny jako jsou duby, javory, jasany,
lipy se nejspiSe rozsirily aZ v Borealu a Atlantiku. Lesy byly ovliviiovany lidskou ¢innosti
v zavislosti s nadmotskou vySkou. NiZinné lesy, tedy i luZni lesy, byly historicky
vypadaji dnes (Rybni¢ek & Rybnickova 1974). Na zdkladé paleobotanickych nalezii
makrozbytkli, vypovidajicich o historickém vyskytu dievin v tvrdych luzich, miZeme
sledovat jejich existenci v priibéhu stiredovéku (Slavikova 1976). Kviili své poloze byly
a stale jsou pod lidskym tlakem (Suchomel et al.,, 2014) a Ize tedy konstatovat, Ze se ve

stredoevropském prostoru prirozené segmenty lesii nezachovaly (Madéra et al.,, 2012).

Franz Vera (2000) popisuje ve své knize hypotézu o mozaikovitosti lesa a bezlesi,
které bylo tvoreno a udrzovano velkymi herbivory napf. zubrem, praturem a divokym
koném, v prvni poloviné Holocénu. Idea této teorie pojednava o schopnosti velkych
herbivorli udrZovat otevirenou parkovou Kkrajinu praveé jejich pfitomnosti jako pohybem
a pastvou, coz zabrarovalo vysoké vymladnosti mezi semenacky a podporilo tak
svétlomilné dreviny zejména Quercus robur, které zmlazovaly pod ochranou trnitych
keil. Nasledné v obdobi neolitické revoluce zacalo krajinu vyrazné ovliviiovat
zemédeélstvi a pocatky chovu dobytka. Lidé pronikali do niZinnych lesii, kde v ramci
lesnického hospodareni odlestiovali a obdélavali péidu, vytvareli louky, pastviny
a zeleninova policka. S prichodem stfedovéku se v luZnich lesich na nivnich urodnych
ptidach provadél management, ktery zahrnoval lesni pastvu, pastvu vepii, polateni,
travareni, hrabani steliva, ziskavani letniny a palivového drivi. Tento typ managementu
meél po dlouhou dobu pozitivni dopad na biodiverzitu lesniho ekosystému (Gimmi et al.,

2008; Douda etal,, 2017).

Les mél tvar bud’ nizky neboli pareziny, v pfipadé tvrdého luhu tvar lesa stfedniho

(Douda 2009; Konvicka etal., 2010; VrSka etal,, 2012; Douda etal,, 2017; Hédl et al,, 2010;
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Chudomelova et al,, 2017).V lese dominoval Quercus robur, jehoZ kmeny byly ponechany
jako vystavky napft. jako zdroj Zaludli pro pastvu prasat nebo kdceny a nasledné pouZity
na stavebni diivi. Osekané vétve tzv. letnina z vystavki se pouZivala jako krmivo pro
dobytek. Ostatni piimés se mytila v kratSich, pravidelnych intervalech 7-35 let a jeji
vyuziti bylo riiznorodé. Tento management vytvarel specifické podminky prostiedi pro
urcité druhy organismt. Prispival k vétSimu otevirani korunového zapoje a podporoval
tak svétlomilné druhy vegetace stromového i bylinného patra, zejména graminoidi
(Douda 2009; Konvicka et al.,, 2010; Douda et al., 2017). Na podzim odebirali hospodari
z lesii listy stromi, kterymi prikrmovali ptres zimu dobytek. Tlejici listy také smichavali
s chlévskou mrvou a nasledné smés pouzivali jako hnojivo nebo sbirali mech na vyplné
matraci (Douda et al., 2017). Svétly les poskytoval vétSi mnoZstvi trav a bylin, jejichz
biomasa se béhem letnich mésicl posekala, ususila se na seno a pouZila opét jako ptrikrm

pro dobytek v zimnim obdobi (Kirby & Watkins 1998).

1.4 Soucasnost

Béhem konce 19.a 20. stoleti byly nivy ponechany spontanni sukcesi (Douda 2009; Chytry
et al, 2010). Nasledny prevod téchto lesli na vysokokmenny tvar vedl k vyraznym
zménam v druhovém sloZeni spolecenstev. Opusténi tradi¢nich zplisobli hospodareni pro
zvySeni hospodaiskych vynosti dieva a prechod kbezzasahovosti, vyslednému
»Zakonzervovani“, prispél k homogenizaci stromového patra. Dfive dominantni Quercus
robur nahrazuje jasan, javor, habr a lipa, které snaz zmlazuji v zapojeném porostu,

zastinuji podrost a dlisledkem toho bylinné patro vykazuje velké ubytky na biodiverzité.

LuZni lesy se radi mezi nejproduktivnéjsi ekosystémy, avSak jejich rozloha se
zmenSuje vlivem c¢lovéka kviili zménam v ekosystémech napt. kolobéhu a rozloZeni
dtlezitych prvki (uhlik, fosfor, dusik) v ¢ase a prostoru. Pritom luhy maji nenahraditelny
vyznam pro ekologickou stabilitu krajiny celé nivy i SirStho povodi (Machar 2007).
Identifikace pric¢in zmén v luZnich lesich je kviili sloZitosti a komplexnosti ekosystému
téZko odhalitelna. OvSem mnoho studii zabyvajici se zménou biodiverzity se priklani
k nadzoru, Ze nejvétsi pricinou je hospodareni, jeZ vede k homogenizaci prostiredi a dalsi

spoluptisobici faktory spojené s tim.



1.4.1 Hospodareni a eutrofizace

V soucasnosti jsou luzni lesy v zapadni a stiredni Evropé nejvice ohroZeny intenzifikaci
zemédélstvi, upusSténim od tradi¢niho hospodareni, ruderalizaci a sukcesnim starnutim
porostii a globalnim oteplovanim nevyjimaje (Konvicka et al., 2010; Szabé & Hédl 2011;
Cervellini et al.,, 2017; Chudomelova et al. 2017; Douda et al,, 2017). Z pohledu ekologie
obnovy je esencialni zamérit se na historickou podobu a jeji management, které formovaly

stfedoevropskou krajinu.

V minulosti byla nabidka pestrych biotopti zajiStovana rozmanitym managementem
nejcastéji péstovanim nizkych a stiednich lesti, se¢i a lesni pastvou. Tradi¢ni formou
hospodarfeni se odstrafiovala zlesa rostlinna biomasa. Dochazelo tak k odebirani
mineralnich Zivin a ochuzovani pldy. Data z experimentédlnich pokusli a pozorovani
managementu, ktery se stale provadi ve vychodni ¢asti Evropy, vykazuji, Ze odebirani
mineralnich Zivin z plidy prispiva ke zvySeni rostlinné diverzity (Konvicka et al., 2004;

Miillerova et al,, 2014; Douda etal., 2017).

JiZ zmitiovany prevod casti luZzniho lesa na zemédélskou nebo urbanickou piidu
vygradoval v 19. stoleti. Nasledna intenzifikace zemédélstvi narusila ekologické funkce
hned nékolika sméry. Za prvé pri odvodiiovani zamokiené plidy, za druhé chemizaci.
Masivni aplikace priimyslovych hnojiv zvysila béhem 20. stoleti vynosy, avsak silnou
meérou prispéla k eutrofizaci a acidifikaci plid a povrchovych vod. Splachy z poli narusuji
rovnovahu Zivin, zejména dusiku a fosforu, v ptidé. Tyto dva makronutrienty ovliviiuji
rostliny vriistu (Keith et al, 2009). Jejich zvySena koncentrace prispiva k eutrofizaci
prostredi a vytvari tak kritickou zatéz prekracujici miru akceptovatelnosti ekosystému

bez zmény své funkce a struktury (Thimonier et al., 1994).

Eutrofizace zvySuje obsah Zivin v ekosystému a ty se tak stavaji produktivnéjsi, coz
v luznich lesich prispiva ke sniZeni jejich celkové biodiverzity nebo preskupeni
druhového sloZeni. Dominuji zpravidla nitrofilni druhy (Verheyen et al., 2012), v pripadé
luZnich lesii se zvySuje biomasa Urtica dioica a Calamagrostis epigejos. To vSe se promita
na biodiverzité, ktera se stava vice homogenni (Chudomelova et al., 2017). Tento trend,
presyceni pldy dusikem a nasledné zmény v ekosystémech, je béZné pozorovany

celosvétové (Bobbink et al,, 2010; Verheyen et al., 2012).



Postupné prirozené i umélé nahrazovani Quercus robur drevinami jako jsou habr,
lipa, javor a jasan prispiva k navySovani Zivin v ptidé diky kvalitnéjsimu listovému opadu.
Rychly rozklad opadu téchto Sirokolistych drevin, zvySuje koncentraci dostupnych Zivin
v plidé prospésné pro zastupce bylinného patra. Toho vyuZiji kompeticné silnéjsi
rostlinné druhy, které expanduji a potlacuji tak ostatni vegetaci napt. Impatiens parviflora.
Quercus robur je klicovy druh luZnich lesti, na ktery je vdzana vysoka diverzita jak rostlin,
tak Zivocichi. Jeho ochrana neni v soucasném managementu prioritou, a to vede

k obohaceni stanovis$té o ziviny a poklesu diverzity rostlin.

1.4.2 Regulace vodnich toki

Distribuce druhli a jejich prostorové rozsifeni je zavislé na geomorfologickych
a hydrologickych procesech, které probihaji vcelém povodi toku. Jednim
z nejvyraznéjSich antropickych vlivli zasahujici jak mékky, tak tvrdy luh, je zména
hydrologického rezimu vodnich tokii zapri¢inénd technickymi regulacemi (Deiller et al,,

2001; Machar 2007).

V 10. a 11. stoleti se po odlesnéni podhorskych poloh zaplavovaly dolni ¢asti nivy.
Ve 13. az 17. stoleti se odlestiovaly horské oblasti a zaroven probihala zména klimatu
(Grygar et al., 2008). PriznivéjSi podminky prispély k rozsiteni luZnich lesti. OvSem to
vyvolavalo ¢etnéjSi zaplavy a prispélo tak v 19. stoleti nepfimo k regulaci a zahlubovani
tokli, meliora¢nim zasahim a ve 20. stoleti k vystavbé mnoha pfehrad. To narusilo
zaplavy tvrdého luhu, které probihaly ve dvou aZ sedmiletém intervalu vZdy pfi jarnim
tani snéhu v breznu a dubnu (Douda 2008). Kvili narovnavani tokii a odvodiiovani ptdy
zacCala v nékterych c¢astech luZnich lesi poklesat hladina podzemni vody. Naprtiklad
ubytek jarnich zaplav ma primy vliv na hladinu podzemni vody, ktera postupné klesa
a disledkem jsou predcasné odumirajici a chradnouci stromy. 1 kdyZz vykyvy
v ekosystému luZnich lestli jsou prirozené, je z pohledu zachovani ekologie luZzniho lesa

nutné, aby nedochazelo k trvalé zméné hladiny podzemni vody (Strubelt et al., 2017).

Soucasna protipovodniova opatfeni prispivaji ktrvalym zménam plidnich
vlhkostnich podminek, a to vSe tzce souvisi s proménou luznich lesti. Tyto regula¢ni
opatreni jsou provadény bez ohledu na prirozené vztahy v nivni krajiné, navic opeviiovani
tokli prispivd ke sniZovani samocisticich schopnosti a narusSuje charakteristickou
dynamiku vyvoje jak ficniho toku, tak jeho okoli. Zména hydrickych podminek ma zasadni

vliv na vegetaci a vyvoj tvrdého luhu (Glaeser et al.,, 2009; Boublik et al,, 2013). Mizi



hydrochorni a hygrofilni druhy rostlin a za¢inaji dominovat hajové druhy. Dochazi ke
ztraté rozmanitosti a resilience v luzich, nebot postupné spéji k nejsussimu typu tedy

habro-jilmovym jaseninam (Garssen etal., 2014).

1.4.3 Homogenizace lesa

Rostouci homogenizace luznich lesi byva nejcastéji zapri¢inéna zménou abiotickych
a biotickych podminek prostredi napf. nejCastéji eutrofizaci a zménou hospodareni,
invazi nebo expanzi konkuren¢niho druhu a selektivnim tlakem zvére. (McKinney
& Lockwood 1999). Dochazi ke zvySeni podobnosti mezi fytocenologickymi snimky, cozZ
indikuje celkové ochuzeni tizemi a biodiverzity na lokalni ¢i regionalni arovni. Postupem
¢asu nartlista taxonomicka a geneticka podobnost nebo podobnost funk¢nich vlastnosti
rostlin (Olden & Rooney 2006; Keith et al.,, 2009). Tradi¢ni management, jak jiZ bylo vySe
zminéno, podporuje v luzich heterogenitu (Douda etal,, 2017; Strubeltetal.,, 2017).S jeho
ustupem a regulaci vodnich tokd, jejiZ dynamika je pro luzni lesy klicov4, je zaznamenan
prechod k pokrocilejSimu sukcesnimu stadiu (Hédl et al., 2010; Amatangelo et al,, 2011;
Hanberry etal,, 2014; Miillerova etal., 2014).

Dnes tvoii komplexy luZnich lesti ve stiedni Evropé fragmenty, tzv. ,zelené ostrovy*,
uprostred intenzivné obhospodarované krajiny. SloZeni porostu se méni na zakladé stari
lesti a prostupnosti svétla do podrostu ze svétlomilnych na kompeti¢né silnéjsi stinomilné
druhy (Strubelt et al,, 2017). Ve stromovém patre je zaznamenany ubytek Quercus robur,
jehoZ semenacky nedokazi v zastinéném lese zmlazovat. Tento trend je pozorovan napric¢
Evropou, kde jsou svétlomilné dreviny nahrazovany stinomilnymi jako jsou Acer

campestre a Carpinus betulus (Boublik et al., 2013).

Intenzivni lesnické prace maji na biodiverzitu luzniho lesa také negativni efekt.
Konkrétné se jednd o holose¢né hospodareni, mechanické naruseni piidy kyptrenim
vCetné vytrhani parezii, aplikovani herbicidli a vysadby invaznich druh@i (Robinia
pseudoacacia, Quercus rubra) (KoSuli¢ et al.,, 2020). Mechanické zasahy narusuji nékolik
desitek centimetrii svrchni plidy, také rostliny v podrostu vcetné jejich oddenk a koteni.
Takto pripraveny holy povrch pidy mohou kolonizovat expanzivni a mnohdy i invazni
druhy jako jsou napt. Impatiens parviflora nebo I glandulifera. V takto
obhospodarovanych lesich neni misto pro mrtvé drevo, které je esencialni pro stabilizaci
biodiverzity nejen vegetace, ale i malych savcii nebo saproxylickych organismi (Della

Rocca etal,, 2016).
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Abstract

Floodplain forests represent plant communities with high conservation value. However,
lowland deciduous forests have been influenced by humans for centuries. The dramatic
impact was a transition from coppice-with-standard to a high forest system influenced by
modern silvicultural management. The driving forces of vegetation community change
are abandonment of traditional management, drought, eutrophication, and forest

homogenisation.

Diploma thesis analyses long-term changes in vegetation composition of floodplain
forests in the PLA Litovel Morava Basin. The resampling method of vegetation relevés was
used. In 2020 we resampled plots established in 1961. Results showed a significant
change in mean species richness and vegetation composition, especially in the herb layer.
The loss of species diversity is attributed to several factors such as canopy closure,

eutrophication, and forest stand ageing.

Keywords: floodplain forest, loss of diversity, composition change, shading, long-term

monitoring
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1 Introduction

Temperate floodplain forests are composed of many habitats that play an essential role in
biodiversity conservation. Moreover, natural floodplains are among the most productive
and species-rich ecosystems (Najman & Decamps 1997). Nonetheless, they have been on
the decline for a century all over Europe. Over the past decades, the increasing
anthropogenetic impact has been one of the main drivers of ecosystem change
(Chudomelova etal,, 2017; Strubeltetal., 2017). Abioticand biotic environmental changes
drive temporal and spatial vegetation changes; weather changes, succession and ageing
or human influence by forestry management are the most important ones (Hédl 2004;

McGill et al,, 2015; Chudomelova et al., 2017).

Floodplain areas are characterised by rather high underground water levels,
periodical floods, and varied microtopography. Flood tolerance and difference in altitude
are the main factors determining the vegetation composition (Hale et al., 2008). These
conditions allow a wide range of species coexistence in a small area (Douda et al., 2012).
However, floodplain forest dynamic and water management, e.g, straightening,
regulation, and lowering the groundwater table, have a significant impact on ongoing
changes in vegetation composition (Hale et al., 2008; Strubelt et al, 2017). Lack of
groundwater contributes to trees' wasting or premature death, then loos of resilience and
change in species composition to the driest Ulmi-Fraxineteum association (Garssen et al.,

2014; EMP authors collective 2019).

Humans have transformed nearly all lowland forests since the Neolithic period.
Floodplain forests have been regularly managed by routine practises, e.g., coppicing, litter
ranking, haymaking, wood pasture (Gimmi et al., 2008; Hédl et al., 2010; Douda et al,,
2017). These activities created a mosaic of different habitats, a vital factor for biodiversity
(Ellenberg & Leuschner 2010; Strubeltetal., 2017; Chudomelova etal., 2017). The canopy
was open, thus allowing the coexistence of light-demanding and shaded-tolerant species
in the shrub and herb layer. Coppicing or coppicing-with-standards were essential
silvicultural practices from traditional management in lowlands forests. These forest
managements were used from the 13t to the beginning of the 20th. Commonly Quercus
robur and Carpinus betulus were planted due to their specific qualities, such as feed for

livestock (acorns) and logging (Strubelt et al., 2017).
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When traditional management practices were abandoned, these low forests were
converted to a high forest system. The transformation started at the beginning 20t
century (Hédl et al,, 2010; Miillerova et al., 2015; Strubelt et al., 2017), and since then,
lowland forests have been experiencing substantial changes linked to shifts in community
structure and composition (Grimm et al, 2013; Bernhardt-Romermann et al., 2015).
Open-canopy converted to closed-canopy, and light-demanding species declined or
disappeared (Strubelt et al,, 2017; Chudomelova et al,, 2017). Humans disturbed forest
floors by litter ranking and grass cutting in the past. These practices secured lower
nutrient content which supports oligotrophic species. Nowadays, this traditional
management is not performed, which causes biomass accumulation (Douda et al.,, 2017).
Expanding mesophilous tree species have better quality leaf litter, and it increases
nutrientinputby anthropogenic activities, especially nitrogen (Chudomelova etal., 2017).
Therefore, oligotrophic species decline and are replaced by the expansion of nitrophilous
species. Furthermore, change in silvicultural practice shifted age heterogeneity of tree
layer towards old-aged (Miillerova et al, 2015). Therefore, biotic and functional

homogenisation belongs to the threats of the future lowland forests communities.

Accordingly, it is essential to understand the ongoing alteration caused by
anthropogenic activities. Disturbances, especially silvicultural management, dramatically
influences the composition of biodiversity (Strubelt etal., 2017). Thus, we aim to describe

how the forest is resilient and resistant to the aforementioned factors.

This research is part of INER-COST project, which analyses species diversity in
floodplain forests in the Czech Republic. Collected data and detailed analysis will help

develop a sustainable management model for mitigation or against biodiversity loss.
This study aims to answer the following question:

(1) How has species richness changed over the 60 years in the Protected Landscape
Area Litovel Morava Basin?
(2) What are the main environmental drives of a decrease in vegetation diversity?
a. How does potential drivers affect species richness?
b. Are some significant changes in species composition caused by ageing in a

tree layer and eutrophication?
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2 Material and methods

2.1 Study area

The study site is located in the Protected Landscape Area (PLA) Litovel Morava Basin
(49.7214° N, 17.0138° E) in the northeastern part of the Czech Republic. The land area
covers 96 km2; from that place is 56 % forestry land and 27 % arable land. The altitude
ranking is between 210 and 345 m a. s. l. The local climate is warm and dry during
summer, warm in spring and autumn, and short dry winter with minimal snow coverage.
The mean annual temperature is 7-9,5 °C and the average annual precipitation is 570-650

mm (Quitt 1975).
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Fig 2: Study site with 81 vegetation plots in the PLA Litovel Morava Basin. The map was created in ArcMap 10.8 (ESRI

2001) by using an orthophoto map reproduced in (geoportal.cuzk.cz) and metadata from (data.nature.cz).

The PLA Litovel Morava Basin covers a catchment area of a primarily unregulated
stream in the Morava River. The natural meandering river splits into numerous wide as
well as small channels creating a dense network like the delta at the seashore.
Geomorphological research has shown a particular type of river net called anastomosis.
This phenomenon has not been described anywhere else in the Czech Republic (Macka
2016). The main feature of anastomosis is meandering stability. This pattern of channels
is divided in the direction of smaller channels filled with water only during the flooding.
The channels are flooded periodically during spring flood; this period usually last for 15
- 30 days (Machar 2008), and in the early summer, channels gradually dry. Primarily
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natural floodplain forests surround the catchment area. The groundwater level is filled to
the rhizosphere with capillary rise. It altered dynamically and determined the

composition of the forest (Macka 2016).

The entire area of an alluvial floodplain consists of recent Holocene fluvisols, i.e.,
sandy and clay loam sediments on fluvial gravels (Safaf et al.,, 2003). The alluvial soil is
rich in nutrients, especially in minerals, and thanks to that support steady or higher

production of biomass (Douda 2009).

The Litovel Morava Basin's floodplain forest fits the phytogeographic area
Pannonian Thermophyticum. The predominant species is Quercus robur growing in the
Ficario-Ulmetum association. The association comprises a significant species richness. In
contrast to other alluvial regions of the Czech Republic the Litovel floodplain forest
contains mountain species, for example, Aconitum variegatum, Silene dioica, Thalicrum
aquilegiifolium, Polygonatum verticillatum, Veratrum album and others (Chytry et al,

2010).

The Litovel Morava Basin has been a Protected Landscape Area since 1990 following
an order set up by the Minister of Environment Regulation No 114/1992 Coll. It is also
included in national conservation programmes including the Ramsar Convention on
Wetlands (1993), European Ecological Network, EECONET (1995) and belongs to large
Natura2000 sites as Special Protection Areas (2005) and Sites of Community Importance

(2007).

2.2 Historical development

The floodplain forest of the Morava River was already disordered at the time of the arrival
of Neolithic agriculturists. Archaeological research indicates a comprehensive settlement
of the floodplain at the end of the Bronze age (Lusatian culture) (Polacek 1999). Massive
deforestation in subalpine and alpine areas disturbed the forest during the early Middle
Ages. Nevertheless, macro-remnants found in the old dead channels helped reconstruct
the vegetation of that time. Quercus robur, Carpinus betulus and Ulmus species
predominated in the hardwood forest. Due to the fluctuation of the river flow, the former

floodplain was not heavily flooded. Therefore, these forests were burdened by
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anthropogenic pressure that time. It contained extensive livestock grazing (especially

pigs) and browsing, acorn collection, source of wood and other biomass.

The Olomouc town owned the forests, and the family of Liechtenstein gained the
land around Litovel in the 16t century and owned it until the state confiscation in 1945.
By then, the forests provided a hunting territory that contributed positively to
maintaining the floodplain area. The former forest management plan was composed on
the model of coppice with a rotation period of ca 40 years with seed trees of Quercus
supplemented with Ulmus, Fraxinus, Carpinus and Fagus. All along, the wood from Qurecus
was harvested for yield on its excellent quality and boost amount of artificial planting in
the management plan. In addition, some extensive grazed meadows were turned into
forests. The management plan changed in the early 19t century and defined new seed
trees and the rotation period to 200 years (HoSek 1987). The deer game was set up at
some part of the floodplain and was abolished in 1850.

At the beginning of the 19t century, coal alternated a wood and shifted the economic
strategy. Due to that, the forest management plan switches from low or middle concept to
high forest concept. Suddenly it became oriented to the timber production (HoSek 1987).
Even though Quercus robur is the main floodplain forest species, some non-native species
were planted into the local floodplain forest, i.e.,, Larix decidua, Quercus rubra, Juglans
nigra, Populus X canadensis. After 1945, the rotation period decreased from 200 to 100-
120 years. A significant problem occurred when huge pheasantry in Streii-Brezova wood
was established. Due to a large-scale breeding of pheasants, introduced species and
conifers in the management plan. The pheasantry was abandoned after the whole area of
the Litovel Morava Basin was pronounced as a Protected Landscape Area in 1990 (EMP

authors collective 2019).

2.3 Current development and nature conservation

From 1990 till today, the study site has been mainly managed intensively (EMP authors
collective 2019). The Environmental Management Plan (EMP) has driven the protection
of ecosystems since the declaration of the PLA. [tis renovated every ten years, and general
goals are to mitigate impacts on biodiversity, protect environmental sources, enhance the

value of environmental components where possible (EMP authors collective 2019).

19



The PLA Litovel Morava Basin is
divided into four zones reflecting
the natural values of its parts:
Zone 1 (the core zone) includes
25 small-scale protected areas as
natural forests and grasslands
(4,7%); Zone 2 covers well-
preserved semi-natural forests
along Morava basin, and quite
species-rich grasslands (ca 60%);
Zones 3 and 4 are buffer and
transition zones with arable land
and built-up area (35,3%) (EMP
authors collective 2019).

Forests occupy 57% of the
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PLA predominantly preserved in
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2216 ha is the hardwood forest,
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Fig 3: Zonation of the PLA, adapted from EMP. Red colour
association Querco-Ulmetum). The  represents Zone 1, green colour Zone 2 blue colour Zone 3
] ] ] and yellow colour Zone 4 (adapted from EMP 2019-2028).
primary aim of Zone 2 is the
production of timber while respecting the principles of environmentally sustainable
silvicultural management. Due to the nature protection, the management should be with
a particular assignment - shelterwood cutting (to support the natural regeneration) and
selective (individual or group selection when reducing invasive tree species). Regardless,
Quercus robur should be planted as a dominant and key species for hardwood floodplain

with Fraxinus excelsior and understorey with, e.g., Acer campestre, A. platanoides, Tilia

cordata, Carpinus betulus (EMP authors collective 2019).

The main negative factors in the PLA are contemporary silvicultural management
focused on timber production and the high density of ungulates. The transition from low
to high forest was caused by economic reasons. At the same time, the density of wild

board increased rapidly (Chudomelova et al, 2017; Repka 2009). Also, it negatively
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influenced the age structure of a tree layer even though the absence of the older trees is
significantly essential for biodiversity. Recent studies have shown dramatic decline of the
biodiversity of floodplains in the understorey, especially in the herbal layer. The main
triggers are the light in the understory, eutrophication, and homogenization (Hale et al,,
2008; Hédl et al, 2010; Kopecky et al., 2013; Bernhardt-Romermann et al.,, 2015;
Chudomelova et al,, 2017; Strubelt et al., 2017).

2.4 Sampling analyses

2.4.1 Field sampling and environmental variables

The resampling method of vegetation relevés was used to collect data about vegetation
changes. The first sampling was performed in the summer of 1961 by vegetation ecologist
Vratislav Bednar. The original dataset consisted of about 30 vegetation plots spread out
at the PLA in a hardwood floodplain forest. Plots were documented in standardised field
forms. The precise location of plots was marked in historical forestry maps (scale 1:10
000) and subsequently digitised and transformed into ArcGIS (ESRI 2001). Tree layer
species composition was considered because all plots were not permanently marked. If a
forest stand on the original location has been cut and replanted since the first sampling,
another age-appropriate forest stand was established in a radius of 100 m. The original

plot was removed from the data set when the current or control plot was not found.

According to the old dataset, this study was empowered to resurvey the site about
60 years after the first survey. Fifty-four 200 m2 circular plots were sampled during the
summer season of 2020 (4% - 9th August) using the same methodology and taxonomy
applied in the original research of Bednar (1961). Control plots of young forest under 40
years were established in the same radius as the original forest stands. These control plots
detect the effect of the succession on a forest or different environmental factors affecting
ecological change in vegetation composition. A GPS device was used using coordinates
copied from the original forestry maps. Plots parameters were 8 m radius and 200 m?
area. A centre tree standing in the middle was chosen for every plot, and it was marked
by red colour around the perimeter. Finally, vegetation relevé was made using the
standard Braun-Blanquet method. Coverage of vegetation was visually estimated in
percentage due to the method. Vascular plant species composition the total cover of the

tree, shrub, herb, and moos layers, as well as the cover-abundance of each species in each
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layer were listed according to cover-abundance scale (r = 1 individual, + = > 1 < 5%
individuals, 1 = < 5 % cover, 2m = 5 % cover, 2a = 6-15 % cover, 2b = 16-25 % cover, 3 =
26-50 % cover, 4 = 51-75 % cover, 5 = 76-100 % cover; Braun-Blanquet 1964). A field
guide determined current species to the flora of the Czech Republic (Kubat et al,, 2002).
In total, 222 vegetation records were used in the analyses. The list of species is presented

in the Appendix 2 below.

Environmental variables included only soil measurement. Soil samples were taken
individually with a scoop. The upper organic soil below the litter layer was collected 15
cm high from 5 different positions in each plot. All samples were analysed for pH,
phosphorus (P), carbon (C), nitrogen (N), potassium (K) in the Analytic laboratory of the
Institute of Botany of the Czech Academy of Sciences. The results of environmental

variables are not presented in this diploma thesis.

2.5.Data analyses
The dataset includes 81 samples of relevés divided into three groups: 27 of historical,
current and control. All the historical names of species were linked to current ones using

the list of synonyms associated with each species (Danihelka et al.,, 2012).

Statistical analyses were conducted in the R program, version 4.1.2. (R Core Team
2016). The vegan package 4.0.5 (Oksanen et al. 2013) was used for multivariate analyses.
The synoptic table was performed with fidelity value in JUICE 7.1 (Tichy 2002).

2.5.1 Species richness
To compare the current vegetation to that of 1961 Generalized Linear Model (GLMs) with
Poisson distribution was performed. Significance in the test was assessed using the F-test.

To visualise the data, ggplot2 was used (Software R, package Vegan).

The boxplot illustrates corresponding data: the boxes range from the first to the
third quartile and cover 50 % of the data. A horizontal line inside the box represents the
median, and it shows how much data fall above or below. The whiskers outside the box
go from the lower quartile to minimum and then from the upper quartile to the maximum.

Outliers are represented as black dots below and above both whiskers.

2.5.2 Composition change -non-metric multidimensional scaling (NMDS)
A non-parametric multidimensional scaling (NMDS) was performed (software R, package

Vegan). NMDS plot visualizes how the composition changes from one community to the
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next. It relies on Euclidean distances and arranges points to maximize rank-order
correlation between a real-world distance and ordination space distance. It repeats a
series of steps until it finds the best solution. Shepard diagram represents the goodness

of fit by stress. It is calculated from residuals around the regression line.

2.5.3 Synoptic table analyses

In order to understand the vegetation cover change, a synoptic table with fidelity number
was performed software JUICE (version 7.1.). All 81 plots from the study site were
classified into three groups, i.e., historical, current, control. The characterisation of the
synoptic table is based on frequency and fidelity. Frequency represents each species,
presence or absence in the plots belonging to a specific group. Fidelity determines a

diagnostic relationship of the species to a particular group of plots.

Species with frequency above thirty (occurred together in more than one plot) and
fidelity above thirty were determined as characteristic species. Phi coefficient was used

to calculate the fidelity number (Chytry et al. 2002).

2.5.4 Map analysis

The age difference was plotted using ArcGIS (software ArcMap 10.8). The first old maps
from 1960 were collected in the regional archive in Olomouc town. The digitalised maps
were georeferenced into the ArcMap software. They were subsequently edited as proper
layers to record a piece of information to the attribute table. Secondly, current maps were

collected from involved forestry companies and analysed in the same way.

The area of each recorded stand was generated in an attribute table, divided
according to the stand's age categories and summarised by the excel function.
Subsequently, two bar plots were created in Excel (Microsoft 365) to present the maps

dataset comprehensively.
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3 Results

Results of the analysis pointed out the significant change in species richness. In addition,

it indicated that floodplain forest has changed in the past sixty years (Fig 4).

Shapiro-Wilks Normality test detected non-normal distribution (P < 0.05). The
GLMs with Poisson distribution was performed, which detected a significant effect on
control, current, and historical groups (P < 0.001) (Software R, package Multcomp). Then,
General Linear Hypotheses (glht) compared means by Tukey post hoc test. This diagram
highlights significant (P < 0.001) vegetation change (Tab 1).

Tab 1: Summary of General Linear Hypotheses (glht), Tukey post hoc test.

Tukey Contrasts P-value
current - control 0.209
historical - control <le-04 ***
historical - current <le-04 ***

The mean value of historical relevés to current and control relevés is significant compared

to the current mean and control mean.
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Fig 4: Boxplots detached groups differences in indicate values (P < 0.001, GLMs F-test). Explanation to

boxplot - see above in data analysis.
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NMDS plot

Bray-Curtis distance was used for computation. Convergence was reached after 999
permutations, and the stress was 0.2897. Data was exported to qqplot2 for
comprehensive representation. The closer the points are together in the ordination space
(NMDS1, NMDS2), the more similar are communities. In this study, these clusters are

called treats (Fig 5).

Plot interprets divergence in vegetation composition. Crossing points indicates the
similarity of the species composition. The pattern is visible by currently resampled plots
(red) and control plots (yellow). In contrast, historical plots (blue) are isolated in the
upper part of the NMDS plot. This pattern shows different species composition on
historical plots than on current and control plots. Former vegetation varied not only in
species richness but also in species composition. The plant community has not changed

completely; the changes are shown rather on occurrence of specific species (see below).
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Fig 5: Long-term species composition change between historical (1961) and current, control (2020).

Sampling is visualized by NMDS diagram. Explanation to NMDS - see above in data analysis.
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Synoptic table

A synoptic table (Tab 2 and extended Appendix 2 bellow) was created to determine
differences in specie composition between concrete types: historical, current, control. All
relevés from the database were measured by the frequency - fidelity index which
organize species composition, the presence of diagnostic species and measure the
similarity of relevés (Douda 2008). Phi coefficient was used to calculate the fidelity value.
Only the species with fidelity threshold between 30 and 50 were defined as characteristic
species. Fisher’s exact test (P < 0,001) eliminated the fidelity value for occurrence of non-
significant species (Chytry et al. 2002). All species were sorted by decreasing fidelity
value. Furthermore, species listed below in the Tab 2 and Appendix 2 are the most affected

by ecological changes.

Tab 2: Species with pronounced changes in frequency and abundancy
(decreasing or increasing) when comparing historical (1961) and
current (2020) data.

Decreased Increased

Herb layer
Lamium maculatum Impatiens parviflora
Campanula trachelium Galium aparine
Veronica chamaedris Cardamine impatiens
Fragaria moschata
Paris qudrifolia
Ajuga reptans
Anthriscus sylvestris

Ranunculus lanuginosus
Primula elatior
Lysimachia nummularia
Anemone nemorosa

Oxalis acetosella
Deschampsia cespitosa
Neottia nidus-avis
Convallaria majalis

Iris pseudacorus
Ranunculus auricomus agg.

Shrub layer
Daphne mezereum
Tree layer
Ulmus minor Quercus rubra
Tilia platyphyllos
Betula Pendula
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Map comparation

Bar plots and maps illustrate age distribution in the PLA in 1960 and current. Young
stands dominated former forests (Fig 6) corresponded the old stands. In contrast, ageing
of stands is visible based on the current distribution in bar plot (Fig 7) and map (Fig 9).
In the current stands, the tree age seems to be more equally distributed, except the

youngest (yellow, 1 - 20) stands with the largest affluence.
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Fig 6: The bar plot represents former forest stands from 1960 - colours illustrate different age distribution.
Legend in the right corner explains the meaning of colours. X-axes characterise age groups, and Y-axes

express the area of the forest stand in a square metre.
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Fig 7: The bar plot represents current forest stands - colours illustrate different age distributions. Legend
in the right corner explains the meaning of colours. X-axes characterise age groups, and Y-axes express

forest area in square metres.
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Fig 8: The map demonstrates forest stands of former (1960) age distribution. Legend in the left corner

explains the meaning of colours dissimilarity.
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Fig 9: The map demonstrates forest stands of current age distribution. Legend in the left corner explains

the meaning of colours dissimilarity.
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4 Discussion

The research in floodplain forests in the PLA reveals systematic local species diversity
changes. The most notable trend is the decrease in species richness and significant
changes in vegetation composition. This trend was observed in many studies on
repeatedly-sampled plots (Hale et al., 2008; Keith et al., 2009; Hédl et al. 2010; Kopecky
etal, 2013; Chudomelova et al. 2017; Boublik & Vojik 2018). However, other results have
showed an increase in species richness (Strubelt et al, 2017) or a statement of no
vegetation diversity change (Vellend et al., 2017). Our research confirms the loss of
vegetation diversity related to land-use changes. Most of the disappearing species are
oligotrophic light-demanding herbs, e.g, (Veronica chamaedris, Fragaria moschata,
Campanula persicifolia). In contrast, some nutrient-demanding contain eutrophic species,
and nitrophytes became frequent, e.g., Urtica dioica, Impatiens parviflora, Galium aparine

(Hédl et al,, 2010; Bernhardt-Rémermann et al., 2015).

The original historical dataset was processed by a single author, Vratislav Bednar
(1964), from Palacky University Olomouc (Appendix 1). He was a botanist focused on
vegetation ecology and conservationist. He did many surveys in the Olomouc region, and
he was one of the founders who established the PLA Litovel Morava Basin. Although
V. Bednar was an experienced botanist, historical incompatibility in taxonomic concepts
and variance in the knowledge level in species determination can be assumed. Data are
uniform in the determination concept (Braun-Blanquet scale) and thus should reduce
potential errors. Different environmental conditions may easily bias the survey and
resurvey results during the observation period. However, those biases, e.g., the dry year,

did not affect this resurvey.

4.1 Species and vegetation change

Light availability, succession, soil nutrient content, and depth of the groundwater table
are the essential variables impacting species richness and composition. Shading and
ageing became severe threats to local vegetation diversity (Hale et al., 2008; Konvicka et
al, 2008; Douda 2009; Keith et al, 2009; Hédl et al, 2010; Kopecky et al., 2013;
Chudomelova et al., 2017; Boublik & Vojik 2018). These environmental changes result in
a long-term decrease in light-demanding species, especially in the herb layer (Douda

2009). Where light availability was reduced, shaded tolerant species displayed high
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survival (Bernhardt-Romermann et al, 2015). Further, expanding mesophilic trees
increases nutrient input with better leaf litter quality. In addition, increasing biomass
slows down the mineralisation of organic matter (Hédl et al,, 2010). Subsequently, herb

layer transform humus quality (Bernhardt-Romermann et al,, 2015).

The results were very similar when the current and control plots were compared in
the first species richness analysis. The younger succession phase of forest stand on control
plots is diverse in vegetation as the older phase on current plots. The non-significant
difference is caused not just by forest stands ageing but also by differences in
environmental variables. Enhanced nitrogen availability increased eutrophic conditions
and led to the expansion of mesic forest species across all layers. Unfortunately,
environmental variables such as soil samples data were not analysed yet because it was
not a priority for this master thesis. Also, no data is available on past deposition in the

PLA.

Nevertheless, various studies focused on floodplain forests measured the
productivity directly and displayed a significantly positive effect on the abundance of
nitrophytes and neophytes with soil or airborne nitrogen increase. In addition, research
in the same locality, oakwood forest Dubrava reported that soil phosphorus content has
an essential role in the abundance of vegetation. Human activities have modified
phosphorus and, with the nitrogen interaction, positively boost primary productivity if
nitrogen is not the limiting element (Strubelt et al., 2017). When nitrogen in the soil is
low, species richness might increase with increasing phosphorus availability.
Chudomelova et al. (2017) suggest that the interaction of increased phosphorus and
nitrogen in soil triggers the vegetation community change. Another research by Strubelt
et al. (2017) observed a negative correlation between soil phosphorus content and

species richness in an alluvial hardwood forest in Germany.

The second analysis validated the loss of diversity and confirmed the change in
vegetation composition between historical relevés and current relevés. The decreasing
species were closely described based on the Ellenberg indicator values (EIV). The
anticipated decreased oligotrophic and light-demanding species are Fragaria moschata,
Veronica chamaedrys, Lysimachia nummularia, Ajuga reptans, Primula elatior,
Deschampsia cespitosa, Crataegus monogyna and C. laevigata, Betula pendula.

Furthermore, a decreasing trend appeared among shade-tolerant species grown on better
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nutrient supply soil, e.g, such as Lamium maculatum, Campanula trachelium, Paris

quadrifolia, Ranunculus lanuginosus, Tilia platyphyllos.

Other decreasing species like Anthriscus sylvestris thrive on nutrient-rich soil but
they are also strongly light-demanding. Oxalis acetosella and Daphne mezereum prefer
shaded conditions, the average amount of nutrients in the soil and an oligotrophic
environment. Few species were not found in any current or control plot, concretely
Fragaria moschata, Crataegus monogyna, and endangered orchid Neottia nidus-avis.
Compared to other described species Neottia nidus-avis is oligotrophic and prioritise
shaded solid conditions. The increase of invasive Qurecus rubra was detected on

succession younger control plots.

The results indicate absence of Anemone nemorosa and decrease of Convallaria
majalis var. majalis in current and control plots. This research analysed just spring data
because the former dataset did not contain a spring survey. Our study group decided to
survey spring geophytes in April 2021. Dataset contains high abundance of Anemone
nemorosa and Convallaria majalis var. majalis. We hypothesise that this pattern outcome
is due to shortened vernal flowering season, elevated temperatures, and lack of
precipitation. Vernal herbs risk spring frost by starting early flowering season because
the open canopy (light) is essential to growing. They must manage it before the canopy
closure. Therefore, spring geophytes are exposed to phenological shifts by climate change

(Bo Eun Nam & Jae Geun Kim 2020).

At the beginning of the 20t% century, Ulmus species almost vanished among
floodplain forests because of Dutch elm disease caused by the pathogen called Ophiostoma
novo-ulmi. Dutch elm disease resulted in large-scale adult Ulmus species mortality.
Nowadays, pathogens retreated, resulting in juvenile trees getting abundant again.
Further, Fraxinus excelsior has suffered from a pathogen called Hymenoscyphus
pseudoalbidus. Fraxinus stands tend to have a monocultural character and thus impact the
whole forest dynamic, especially the herb layer. Shrub layers, e.g., Sambucus nigra, Cornus
sanguinea, Prunus padus are growing in the gaps after stand decay. As a result, a seedling
of Fraxinus excelsior and Quercus robur is a light-demanding species that cannot survive.
However, there is a lack of information about the regeneration of floodplain forests after

stand decay (EMP authors collective 2019).
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In a summary, nutrient content and heterogeneity of light availability is significantly
relates to species richness and vegetation composition. This pattern pointed out a
significant decrease of EIV as light, nutrients, and moister associated with vegetation
variability within the association Alnion incanea. Moisture is positively correlated with
light, which affects the variability of species in this association (Douda 2008). Also,

moister is and variable which connects all the decreasing species.

4.2 Water regime

Moravian forests have become drier at the turn of the millennium, and spring flood
happends tobe rare since 2015 (EMP authors collective 2019). The floods rate is declining
due to the long-term drought. A decline in groundwater table threatens moister-
preferring species, e.g., Iris pseudacorus, Lysimachia nummularia, Deschsmpsia cespitosa.
Those species lower their abundance or vanishes. Floodplain forest changes ecological

character to more closed understorey with drier soils (EMP authors collective 2019).

Morava river is used as a source of drinking water for Olomouc agglomeration. A
long-term hydrological survey proves a decline of about 1 m of groundwater table over
ten years. No limits on water abstraction are set, and it occurs in the PLA locality. The
negative impact is culminating and affects the entire floodplain ecosystem's groundwater
table. Paradoxically, the character of the floodplain is the main subject of protection of the
PLA. Under the Ramsar Convention, the Montreux Record is a register of wetland sites on
the List of Wetlands of International Importance (Ramsar Sites), needing priority
conservation attention. There are just three other ecosystems like Litovel Morava Basin -
Libicky luh (Elbe River), Soutok and Chropyrisky luh (Morava River) in Czech Republic.
These floodplain ecosystems used to be flooded during springs. Nowadays, spring floods

disappeared or declined due to river straightening or climate change.

Nature Conservation Agency of the Czech Republic (AOPK) redeemed valuable land
from Olomouc or Litovel town located in Zone 1 (core zone) due to a planned
revitalisation of the Morava River in the middle of the PLA. The initial plan is to restore
the stream to keep the surface water and groundwater in the landscape and support
natural flooding to wide and small channels within the whole area. This protection could

mitigate the river flow's ongoing climate change and sustainability. Unfortunately, AOPK
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does not have support from stakeholders for this future project (EMP authors collective

2019).

4.3 Temporal dynamic

The dataset represents evidence of the decreasing vegetation composition of floodplain
forests and the transition from hydrophilic association to more mesophilic association.
However, the declining flood regime and groundwater table are not the only factors

driving the observed changes.

Forestry management leads to canopy closure and lower light availability for the
understory (Bernhardt-Romermann et al,, 2015; Chudomelova et al., 2017). However, the
primary reason for the observed vegetation change is the transformation from coppice-
with-standard system to the high forest (Hédl et al, 2010; Miillerova et al., 2015;
Chudomelova et al,, 2017; Strubelt et al., 2017). The abandonment of traditional forest
management practices disrupted the equilibrium of the floodplain ecosystem. The decline
corresponded with decreasing frequency of anthropogenic disturbances (Hédl et al,

2010; Strubelt et al,, 2019).

The historical database AV CR exemplifies that former forestry management in the
PLA was coppicing with rotation period thirty to fifty years or left as tree stumps and
accompanied by wood pasture (HoSek 1987; EMP authors collective 2019). After the 16t
century, the forestry model became more divergent. It included coppice-with-standards,
litter ranking, haymaking, grass cutting. Modern silviculture management was applicated
in the 19t century. Intensification started during the 20t century (HoSek 1987). Some
invasive species, e.g., Quercus rubra and Pinus sylvestris, were artificially planted. Direct
intervention could change the microclimate, and water regime, shift the species

community and prepare space for invasive or ruderal species (Chudomelova etal., 2017).

Forest lighting was primarily dependent on human interventions (Kunes$ et al,
2015; Douda et al, 2017). An important aspect is the intensity of the silviculture
management during logging and forest regeneration, establishment, improvement of
seedlings, and reforestation. Clear-cutting is an intensive management practice in a
floodplain forest. The intensive management practice is represented by mechanical soil

preparation using forestry millers to remove stumps, eradicate woody and herbs, and
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herbicide application (KoSuli€ et al,, 2021). In research about silviculture, Kosulic¢ et al.
(2021) observed that intensive management practice lower multi-trophic diversity and
affect the multi-functionality of the established forest stands. Also, change the equilibrium

of primary productivity.

Floodplain forests in the PLA are maintained by more than one subject. State subject
Lesy CR mange 78 %, Olomouc and Litovel town 17 % and the rest hold private subjects.
Production forest area (79 %) is the most dominant and the rest extensively manage.
Forest stands are very diverse because of various soil conditions (EMP authors collective
2019). Results from research showed that the youngest forest stands dominate. It is
because of the comprehensive restoration mostly of old forest stands. However, the age
difference and structure vary among localities. The upper part of the PLA is mostly
oakwood, and the lower part of the PLA is floodplain forest. Maps analysis illustrated
tripling of forest stands around 130 years old, and the structural representation of tree
layer is not equal because of different environmental conditions (moist — upper forest,
drier - lower forest). The most abundant is Quercus robur; luckily, the abundance from
the historical dataset compared to the current dataset did not change over the years, and
Fraxinus excelsior, Tilia, and Acer species. The abundance of deciduous trees is increasing,
contributing to the shading trend. Nowadays, silviculture management practice is mostly
intensive except in Zone 1 (core zone). The forestry plan allows a clear-cut area of 1
hectare with reserved trees, mostly Quercus robur or natural regeneration. Shelterwood
cutting is used for forest stands with a presumption for natural regeneration (EMP

authors collective 2019).

The PLA does not have a gene bank for a seedling. Thus, every planting seedling is
an allochthone. Seedlings are exposed to damage caused by ungulates. There are several
hunting territories, but they did not keep the prescribed quantity of animals as fallow-
deer, mouflon, and wild boar abundance. They caused dramatic damage to the
regeneration of seedlings. Even though AOPK tried to negotiate solutions with
stakeholders but did not find any synergy because stakeholders refused to collaborate.
Another negative factor is airborne pollution, which threatens the vitality of vegetation. It

leads to canopy drying and defoliation (EMP authors collective 2019).

Among the alternative method is extensive silviculture management practice. This

method is environmentally acceptable for soil treatment, and it increases or stabilises
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taxonomic and functional diversity. In addition, selective harvesting protects tree
regeneration and is an advantaged understory (Strubelt et al., 2017; KoSuli¢ et al,, 2021).
Recently published research from KoSuli¢ et al. (2021) observed strong homogenisation
after intensive silviculture management, contributing to the loss of taxonomic and
functional diversity of all species. Furthermore, according to this research, extensive
management should be economically more realisable than large-scaled intensive

management.

4.4 Homogenisation and eutrophication

First, the transition from open-canopy forest to closed-canopy high forest impacts
vegetation (Hédl et al, 2010; Douda et al, 2017). Next, overpopulated wild boards
disturbs the forest understory by rooting in search of insects, edible roots, and acorns.
Boars enhanced the expansion of several nitrophilous herbs. These disruptions
dramatically impact the local understory layer if they are permanent (Repka 2009;
Chudomelova et al., 2017). However, in general, ungulated has a positive impact on
suspending the expansion of tree species by browsing, slowing down the succession,
preventing vegetation homogenisation (Vera 2000). On the other hand, ungulates cause

the spread of alien species (Hédl et al., 2010).

An omnipresent invader Impatiens parviflora populated almost each resurvey plot.
Impatiens parviflora success is probably due to soil nutrient increase and radicalisation of
area. EIV can tolerate shadier conditions and quickly colonise canopy gaps (Chudomelova
et al, 2017; Cuda et al.,, 2015). Impatiens parviflora is the most widespread species in
central Europe. The invasion supports higher soil nitrogen concentration caused by
intensive silvicultural management, truism, or wild board rooting (Chmura & Sierka
2006). These supportive impacts for invasion and expansion are detached in the study
site of the PLA. There are contradictory opinions on the impact of Impatiens parviflora.
Tokarska-Guzik et al. (2008) showed a negative impact on the diversity of former
vegetation; by contrast, Chmura & Sierka (2006) pointed insignificant impact. The
presence of Impatiens parviflora confirm eutrophication by invading studied plots, and it

contributes to forest homogenisation.
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5 Conclusion

The forest ecosystem is naturally in dynamic equilibrium. Forest stands are changing in
small or large areas, and they significantly change the structure of the dominant forest
stands in different time scales and periods. Setting certain silviculture management or
letting the forest to develop spontaneously, which is often the stated goal of management
in protected areas, may lead to a loss of the forest ecosystems character for which their
protection was declared. Therefore, in the case of floodplain forests, the light and soil

conditions play a crucial role in species distribution.

There is no doubt that anthropogenic factors have influenced the vegetation
composition of the floodplain forest ecosystem in the PLA. Analysis declared a significant
decrease in species richness caused by many simultaneously ongoing factors. Forest is
due to current ecological conditions getting more shadier, more nutrient-rich. Shifts in
communities associated with the altered hydrologic regime. Combined with other

described disturbances, forests change the vegetation composition structure.

Our results reject the intensively managed high forest as a proper management for
floodplain forests. However, it is impossible to restore traditional management with the
current legislative framework fully. Therefore, we strongly recommend that the intensive
silvicultural practice as clear-cutting and logging should be more limited. Also, we

propose extensive silviculture practices related to traditional management practices
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Zaveér

Vyzkum zabyvajici se dlouhodobymi vegetatnimi zménami luZniho lesa v CHKO
Litovelské Pomoravi potvrdil signifikantni pokles rostlinné diverzity. Dfive pocetné
dominujici oligotrofni svétlomilné druhy vystiidaly druhy stinnych stanovist vazané na
bohatsi plidy dobie zasobené dusikem. Vysledky ilustruji sniZeni diverzity pievazné
bylinného patra disledkem zastinéni podrostu, eutrofizaci a sukcesnim starnutim
porostil. Neni pochyb o naruseni vegetace luZniho lesa antropogenni ¢innosti. Mnoho
ekologickych i environmentalnich faktorli vzajemné plsobicich prispiva ke ztraté

resilience a diverzity lesnich porostd.

Vysledky této prace reflektuji sou¢asné lesnické hospodarenia naznacuji, Ze zvoleny
zplisob ochrany unikatniho luZniho lesa v Litovelském Pomoravi neni zcela u¢inny, nebot

v

luZni les ztraci sviij charakter, pro ktery byl vyhlasen. Obecné CHKO spadé pod vyssi
stupenl ochrany. Podléha tak vyrazné vyssimu poctu smérnic, vyhlasek, natrizeni a zdkoni
neZz lesy v jinych oblastech. DiileZité je transparentni a v€asné jednani mezi vSemi
dottenymi subjekty - AOPK, Lesy CR, vodohospoda¥iské spole¢nosti, myslivecké spolky,

soukromi vlastnici apod, jeZ ¢asto nenachazi ve spolupraci synergii.

Z hlediska zajmu ochrany prirody je nutné omezit intenzivni lesnicky management,
ktery je dle platného planu péce na lokalitach provadén. Ackoliv je v dnesni dobé
legislativné nemoZzné provozovat tradi¢ni hospodareni, je nutné snizit holosetné kaceni
na minimum. Substituci za intenzivni management je extenzivni management s prvky
tradi¢niho hospodareni, které je ekologicky udrzitelnéjsi, Setrné ke krajiné a v porovnani

s intenzivnim managementem ekonomicky dobfe realizovatelny.

40



Appendix

Appendix 1: Doc. RNDr. Vratislav Bednat, CSc., As a native man from Litovel, his dream came true because,

for many years of his life, he thrived on protecting the floodplain forest around Litovel and Olomouc town.

Appendix 2: Combined synoptic table with percentage frequency and modified fidelity index
(phi coefficient). Only species with fidelity threshold (more than 30), frequency threshold
(more than 20) and cover threshold (more than 30) are considered as diagnostic and marked

by green colour. Explanation to the synoptic tale - see above in data analysis.

Group type historical  current control
No. of relevés 27 27 27
Lamium maculatum 15 15
Campanula trachelium 7 4
Veronica chamaedrys 7 11
Fragaria moschata

Ulmus minor 11
Paris quadrifolia 7 7
Ajuga reptans 4 11

Anthriscus sylvestris
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Ranunculus lanuginosus
Primula elatior
Lysimachia nummularia
Anemone nemorosa
Crataegus monogyna
Oxalis acetosella
Deschampsia cespitosa
Neottia nidus-avis
Daphne mezereum
Betula pendula

Tilia platyphyllos
Crataegus laevigata
Convallaria majalis var. majalis
Impatiens parviflora
Pulmonaria officinalis
Galeobdolon montanum
Tilia cordata

Milium effusum

Geum urbanum
Fraxinus excelsior

Carex brizoides

Quercus robur

Acer campestre

Dactylis polygama

Acer pseudoplatanus
Aegopodium podagraria
Glechoma hederacea
Stellaria holostea
Carpinus betulus

Stachys sylvatica

42



Rubus caesius

Galium aparine

Urtica dioica
Brachypodium sylvaticum
Viola reichenbachiana
Circaea lutetiana
Polygonatum multiflorum
Alnus glutinosa

Acer platanoides
Festuca gigantea
Euonymus europaeus
Prunus padus

Galium odoratum
Lathyrus vernus
Euphorbia dulcis
Impatiens noli-tangere
Mercurialis perennis
Silene dioica
Scrophularia nodosa
Carex sylvatica
Maianthemum bifolium
Sambucus nigra
Alliaria petiolata
Cardamine impatiens
Hypericum hirsutum
Crataegus species

Poa nemoralis

Cornus sanguinea

Filipendula ulmaria

Corylus avellana
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Quercus rubra
Phalaris arundinacea
Iris pseudacorus
Ulmus laevis

Carex riparia

Athyrium filix-femina

Ranunculus auricomus agg.

Rumex sanguineus
Carduus crispus
Melica nutans

Hedera helix

Dryopteris carthusiana agg.

Mpyosotis sylvatica
Galeopsis bifida

Poa trivialis
Lysimachia vulgaris
Carex remota

Galium sylvaticum
Plagiochila species
Frangula alnus

Carex pilosa

Arum cylindraceum
Ulmus species

Vicia dumetorum
Hepatica nobilis
Euphorbia amygdaloides
Myosotis palustris agg.
Ranunculus repens
Mentha aquatica

Persicaria hydropiper
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Ficaria verna
Geranium phaeum
Lapsana communis
Geranium robertianum
Cirsium oleraceum
Ulmus glabra

Humulus lupulus
Chaerophyllum temulum
Galeopsis species
Impatiens glandulifera
Scutellaria galericulata
Galium palustre agg.
Calamagrostis epigejos
Hieracium murorum
Hypnum cupressiforme
Hypericum perforatum
Quercus cerris
Isopyrum thalictroides
Veratrum album
Caltha palustris

Ribes rubrum

Rubus idaeus

Lycopus europaeus
Marrubium vulgare
Cruciata laevipes
Rorippa palustris
Viburnum opulus
Veronica montana
Populus species

Salix alba
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Equisetum sylvaticum
Juncus tenuis

Melica uniflora
Parthenocissus inserta
Larix decidua
Symphytum officinale
Sanicula europaea
Solanum dulcamara
Callitriche palustris
Elymus caninus
Arctium lappa

Rumex obtusifolius
Vicia cracca

Poa palustris

Populus alba
Astragalus glycyphyllos

Bromus ramosus agg.

Melampyrum nemorosum

Rosa species

Plagiomnium cuspidatum

Moehringia trinervia
Listera ovata
Prunella vulgaris
Epipactis helleborine
Galium mollugo agg.
Arctium species

Vicia sepium
Epilobium montanum
Myosoton aquaticum

Pleurozium schreberi
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Galeopsis tetrahit
Crepis biennis

Astrantia major
Heracleum sphondylium
Tussilago farfara
Agrostis capillaris
Campanula patula
Agrostis canina

Acer negundo

Anemone ranunculoides
Epipactis atrorubens
Stellaria nemorum
Colchicum autumnale
Allium ursinum
Sanguisorba officinalis
Phyteuma spicatum
Plagiothecium species
Populus nigra

Arum maculatum agg.
Stachys palustris
Agrostis gigantea
Juncus conglomeratus
Aesculus hippocastanum
Ribes uva-crispa

Carex elongata

Quercus petraea
Viburnum species
Eurhynchium species
Hieracium sabaudum

Platanthera species
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Fagus sylvatica

Populus tremula

Juncus effusus

Carex pallescens

Malus species
Polygonatum odoratum
Lilium martagon
Galeopsis pubescens
Galium intermedium
Calamagrostis arundinacea
Galeopsis speciosa
Hypericum maculatum
Fallopia dumetorum
Eurhynchium praelongum
Rhamnus cathartica
Malus sylvestris agg.
Agrostis stolonifera agg.
Carex vulpina

Torilis japonica

Rubus fruticosus agg.

Juglans regia
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