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Uvod

Jak tikd nazev ¢lanku Svédské geografky Anniky Dahlberg , Kategorie jsou vSude kolem
nas“ (Dahlberg 2015). Jednim z Ukold krajinné ekologie je vyzkum sekundarni krajinné
struktury, kde zakladem je mapovani vyuZiti krajiny a krajinného pokryvu, vymezovani
krajinnych jednotek a jejich klasifikace (Vondruskovd 1994). To neni tak problematické
u poli, luk, pastvin - bez strom(. Tato prace ve trfech ptipadovych studiich uvadi
priklady toho, Ze jakmile se do poli, luk a pastvin misi dfeviny nebo se do lesd vmisi
pole, louky a pastviny, tedy jakmile mame co do ¢inéni s agrolesnictvim, vymezit pak
krajinné jednotky muze byt komplikované. Ve tfech studiich ukazuji, jaké mohou byt
pfistupy k mapovani agrolesnictvi a jak je agrolesnictvi prezentovano v mapovdanich

krajiny jak ve starsi a neddvné minulosti, tak v souc¢asnosti.

Prvni kapitola predstavuje stru¢né a z nékolika Uhll téma agrolesnictvi — prehled
agrolesnickych praktik s dirazem na Evropu, souhrn ekosystémovych sluzeb, jez
agrolesnictvi poskytuje, nastin historie agrolesnictvi, soucasné ohrozeni agrolesnickych
systémd, politické problémy agrolesnictvi a predevsim odhady rozlohy agrolesnictvi

v rliznych méfitcich.

Ve druhé kapitole je k nalezeni ¢lanek , Quantifying inconsistencies in old cadastral
maps and their impact on land-use reconstructions”, ktery predklada analyzu evidence
jednotlivych pozemk( ve ctyfech castech Frantiskovského katastru z poloviny 19.
stoleti. Ten je zajimavy mimo jiné tim, Ze na rozdil od dnesniho katastru nemovitosti
eviduje nékolik kultur vyuZiti pldy, které lze oznacit jako agrolesnické (Krémarova
2015). Pravé vevidenci nékterych ztéchto agrolesnickych kategorii jsou ¢asti

FrantiSkovského katastru podle nasi ptipadové studie nejednotné.

Ve treti kapitole (¢lanek ,Changes and continuity of wood-pastures in the lowland
landscape in Czechia”) je prezentovan vyzkum casoprostorové dynamiky pastvin s
dfevinami, zaloZeny opét na FrantiSkovském katastru. Prace zahrnovala i vlastni

vymezovani ploch této obtizné kategorie.

Ctvrtd kapitola, v niZ je €ldnek “The current status of orchard meadows in Central

Europe : Multi-source area estimation in Saxony ( Germany ) and the Czech Republic”
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se zabyva jinym typem tradi¢niho agrolesnictvi, lu¢nimi sady. Snazi se vymezit, kolik je
realné luénich sadl v Cesku a v Sasku. V piipadé Saska pouZivdme nékolik zdrojg,
prostorovych databazi, vymezujicich luéni sady. Tyto zdroje se ne vidy shoduji ve

vymezeni jednotlivych lu¢nich sada.

Zavérelna kapitola za¢ina nejprve samostatnymi komentari ke vztahu druhé az ctvrté
kapitoly k tématu dizertacni prace. V téchto komentafich se snazim zpétné reflektovat
tyto studie, zhodnotit, s ¢im novym pfisly a jaké jsou jejich nedostatky. Dale diskutuji
pfistupy k mapovani agrolesnictvi, jez byly pouZity ve studiich prezentovanych v této
praci i vjinych studiich, a pfinasim ndméty pro dalsi vyzkum agrolesnictvi v ¢eském

prostredi.



2. Agrolesnictvi — literarni reserse

2.1 Definice a kontexty

Pojem agrolesnictvi poprvé pouzil v poloviné 70. let 20. stoleti kanadsky lesnik John
Bene a pfivedl mezindrodni pozornost k vyznamu strom( v zemédélstvi. Nasledné bylo
v roce 1978 vytvoreno Mezindrodni centrum pro vyzkum v agrolesnictvi (International
Centre for Research in Agroforestry — ICRAF, nyni pouziva znacku World Agroforestry)
se sidlem v Nairobi. V 80. letech byla pfijata definice agrolesnictvi jako oznaceni pro
systémy vyuZiti pldy a technologie/praktiky, kde jsou dfeviny umysIiné pouzivany na
jedné jednotce pldy spolu se zemédélskou plodinou a/nebo se zviraty v urcité podobé
prostorového nebo casového usporadani. V agrolesnickych systémech probihaji
ekologické a ekonomické interakce mezi slozkami téchto systému. (Lundgren, Raintree

1982)". Tuto definici dodnes pouziva nap¥. FAO (2015).

Podle Naira (1993)° je zakladem agrolesnictvi UmysIné péstovani stromd a zemédélské
plodiny a/nebo zvifat ve vzdjemnych interakcich za Gcelem nasobeni uZitku z jedné

vyrobni jednotky.

Podle americké asociace pro agrolesnictvi mirného pasu (AFTA) je agrolesnictvi
intenzivni zplGsob wvyuziti pldy, ktery optimalizuje uzitek z biologickych interakci
vzniklych Umysinou kombinaci dfevin se zemédélskou plodinou a/nebo se zvifaty

(AFTA 2015)°.

! Agroforestry is a collective name for land-use systems and technologies where woody perennials
(trees, shrubs, palms, bamboos, etc.) are deliberately used on the same land management unit as
agricultural crops and/or animals, in some form of spatial arrangement or temporal sequence. In agro-
forestry systems there are both ecological and economic interactions between the different
components.

2 Agroforestry is purposeful growing or deliberate retention of trees with crops and/or animals in
interacting combinations for multiple products or benefits from the same management unit. This is the
essence of agroforestry.

3 Agroforestry is an intensive land management system that optimizes the benefits from the biological
interactions created when trees and/or shrubs are deliberately combined with crops and/or livestock.



Pfesnou definici agrolesnictvi se pokusil formulovat Somarriba (1992)*, podle néjz jde o

zpUsob péstovani, ktery kombinuje tfi zakladni podminky:

1. Jsou zde alespon dva biologické druhy, které mezi sebou maji biologickou
interakci.

2. Alespon jeden z téchto druh je dfevina.

3. Alespon jeden z téchto druh( je péstovan jako krmivo nebo jako zemédélska

plodina.

Podle Sinclaira (1999)° nejde jen o praktiky, ale také o interdisciplinarni pfistup, ktery
uvazuje zaroven dreviny, byliny a traviny, zvifata a lidi a jejich interakce navzajem
v zemédélskych a lesnickych systémech. Zahrnuje kromé jejich produktivity
ekosystémovy pfistup zaméreny na stabilitu, udrZitelnost a spravedlnost zplsobu

vyuziti pudy. Tento pfistup zahrnuje ekologické, ekonomické i socidlni aspekty.

Podle ICRAF je agrolesnictvi interakce zemédélstvi a stromU, véetné zemédélského
vyuziti stromQ. Zahrnuje stromy na farmach a vzemédélské krajiné, zemédélstvi
v lesich a podél lesnich okraji a produkci stromu. Interakce mezi stromy a ostatnimi
slozkami zemédélstvi mohou byt vyznamné v nékolika méfitcich: v méfitku pldnich
blok( (kde spolu rostou stromy a plodiny), v méfitku farmy (stromy mohou poskytovat
krmivo pro zvitata, palivo, jidlo, ukryt nebo ptijem ze stavebniho dfivi) a métitku krajin
(kde kombinace zemédélského a lesnického vyuzZiti pldy urcuje poskytované
ekosystémové sluzby). Agrolesnictvi je dynamicky ekologicky zpUsob fizeni ptirodnich

zdrojl, ktery skrze interakci stromU na zemédélské pldé diverzifikuje a zajistuje

* Form of multiple cropping which satisfies three basic conditions: 1. There are at least two species that
interact bilogically, 2. At least one of the species is a woody perennial, 3. At least one of the plant
species is managed for forage, annual or perennial crop production.

5 The approach is interdisciplinary and combines the consideration of woody perennials, herbaceous
plants, livestock and people, and their interactions with one another in farming and forest systems. It
embraces an ecosystem focus considering the stability, sustainability and equitability of land-use
systems, in addition to their productivity (see Conway, 1987; Marten, 1988). Consideration of social as
well as ecological and economic aspects is implied.



produkci za ucelem zvysSeni socidlniho, ekonomického a environmentdlniho uzitku

uZivatele ptidy na véech Grovnich (ICRAF 2020)°.

Podle Sinclaira (1999) mizZe byt pouZivani pojmu agrolesnicky systém matouci, nebot
agrolesnictvi je zfidka pouzivano v celém faremnim systému. VétSinou se agrolesnictvi
praktikuje pouze v nékolika sektorech (produkénich nikach) zemédélské ci lesnické
produkce urcité farmy. Hlavnim komunikaénim prostfedkem v oboru agrolesnictvi je
pritom Casopis Agroforestry systems. Hojné uzivana definice (Lundgren, Raintree 1982)
i jiné uvadi, Ze se jednd o kombinaci zemédélské plodiny a/nebo chovu zvifat
s dfevinami na jedné hospodarské jednotce. Vymezeni této jednotky samoziejmé
zalezi na méritku. Agrolesnictvi tak mlzZe byt zaleZitosti jednoho pozemku (napf. luéni
sady ve stfedni Evropé), jedné farmy (napt. celé farmy v Portugalsku, Spanélsku nebo
Recku jsou agrolesnické) nebo celé krajiny (den Herder et al. 2015). Specifikace
uvedend na webovych strankach Svétového agrolesnického centra [tedy Ze interakce
mezi stromy a ostatnimi slozkami zemédélstvi mohou byt dllezité v nékolika méfitcich:
v méfitku pudnich blokd (kde spolu rostou stromy a plodiny), v méfitku farmy (stromy
mohou poskytovat krmivo pro zvirata, palivo, jidlo, Ukryt nebo pfijem ze stavebniho
drivi) a méritku krajiny (kde kombinace zemédélského a lesnického vyuziti pady urcuje
poskytované ekosystémové sluzby)] je problematicka a zbytec¢né pojem agrolesnictvi
rozméliuje, protoZze kombinace lesnich, polnich a travnich krajinnych plosek je pro
krajinnou mozaiku bézna. Zde se pridrzime chapani agrolesnictvi jako prostorové nebo
¢asové kombinace péstovani plodin a/nebo chovu zvifat na jednom pozemku (padnim
bloku, hospodarské jednotce, biotopu, ekotopu) spolu sdfevinami za ucelem

prospéchu z ekologickych a ekonomickych interakci.

6 Agroforestry is the interaction of agriculture and trees, including the agricultural use of trees. This
comprises trees on farms and in agricultural landscapes, farming in forests and along forest margins and
tree-crop production, including cocoa, coffee, rubber and oil palm. Interactions between trees and other
components of agriculture may be important at a range of scales: in fields (where trees and crops are
grown together), on farms (where trees may provide fodder for livestock, fuel, food, shelter or income
from products including timber) and landscapes (where agricultural and forest land uses combine in
determining the provision of ecosystem services). Agroforestry is a dynamic, ecologically based natural
resources management system that, through the integration of trees in farmland and rangeland,
diversifies and sustains production for increased social, economic and environmental benefits for land
users at all levels
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O agrolesnictvi miZeme uvazovat v nékolika pfibuznych konceptualnich kontextech.
Dreviny v agrolesnickych systémech mohou byt pfiklady stromi rostoucich mimo les

nebo nelesni drevinné vegetace (trees outside forest, non-forest woody vegetation),

mezi néZ patfi solitérni stromy, aleje nebo remizky (Novotny, Skalos$, Plieninger 2017;
Plieninger et al. 2012; Plieninger 2012; Demkova, Lipsky 2015) nebo rozptylenych
stromU v krajiné (scattered trees), jejichi krajinotvorny vyznam je nepomérny
s vyznamem jednotlivych stromd v lesnich porostech (Manning, Fischer, Lindenmayer
2006; Manning, Gibbons, Lindenmayer 2009; Gibbons et al. 2008; Fischer, Stott, Law
2010). Ddle je agrolesnictvi jednim z pfiklad(i sdileni pudy pro rGzné funkce (land
sharing), vtomto pfipadé se jednd o lesnickou a zemédélskou produkci (Manning,
Fischer, Lindenmayer 2006; Mann et al. 2018; Torralba et al. 2018). Nékteré

agrolesnické systémy mohou byt zemédélskou krajinou s vysokou ptirodni hodnotou

(high nature value farmland), tedy krajinou s nizkou intenzitou antropogenniho
vyuzivani pfispivajiciho k velké biodiverzité. Mezi takové prvky zemédélské krajiny patfi
mj. dehesa, bocage, tradi¢ni vinice, olivové haje a extenzivné vyuZivané travni porosty
(Pantera et al. 2018; Kizos et al. 2012; Plieninger et al. 2015a; Moreno et al. 2018).

Agrolesnické systémy byvaji nékdy uvaZovany jako socidlné-ekologické systémy (nejen

ekologické systémy, ekosystémy), tedy systémy se silnou interakci mezi ekologickymi a
socialnimi fenomény (Torralba et al. 2018; Garrido et al. 2017; Hartel, Plieninger 2014).
Nékteré agrolesnické praktiky, zejména nékteré pastviny se stromy v Anglii nebo v

Rumunsku, jsou pfikladem vyuziti Uzemi se starymi stromy. Jinym takovym Uzemim

jsou obory (Moreno et al. 2018; Horak 2017; Moga et al. 2016; Kirby 2015; Gibbons et
al. 2008; Butler, Alexander, Green 2002).

2.2 Klasifikace agrolesnictvi

Spolu s rozvojem oboru agrolesnictvi v 80. letech 20. stoleti se vytvari razné klasifikace
agrolesnickych systému. Nair (1985) déli agrolesnictvi podle strukturnich prvkd na
agrisilvikulturni (agrisilvicultural systems; kombinace drevin a zemédélskych plodin),
silvopastoralni (silvopastoral systems; kombinace drevin a pastvy), agrosilvopastoralni
(agrosilvopastoral systems; kombinace drevin, zemédélskych plodin a pastvy) a ostatni

(napf. chov ryb a péstovani stromu) systémy. DalSim kritériem je pro néj prostorové a
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Casové usporadani strukturnich prvkd a jejich funkce. Sinclair (1999) uvadi, Ze
agrolesnictvi nemusi byt uzavieny systém jediné farmy, ale je spiSe ¢asti vyrobniho
zemédélského procesu. Agrolesnické praktiky ¢leni podobné jako Nair podle
strukturnich prvkd, dal ovsem agrolesnictvi rozliSuje podle hlavniho vyuZiti ptdy (napf.
pastva vlese/ stromy na pastviné) a typd drevinnych porostd podle prirozenosti

(pfirozeny les/ vysazeny les/ dfevinné porosty se zemédélskou produkci).

V této dobé se hlavni pozornost v souvislosti s agrolesnictvim upird na tropickou
oblast. Zvlasté v poslednich dvaceti letech se vSak uplatfiuji agrolesnické koncepty na
mirny pas Evropy a fada tradi¢nich praktik formujicich kulturni krajinu se zde
identifikuje jako agrolesnické (Zerbe 2019; Moreno et al. 2018). Mosquera-Losada et

al. (2008) tak rozlisuji v Evropé tyto hlavni agrolesnické praktiky:

. silvoorebni agrolesnictvi — stromy s velkym rozestupem, mezi nimiz je péstovana
zemédélskd plodina. Muze se jednat o rfady strom( na polich (alley cropping),

rozptylené stromy a pasy stromu kolem pozemkda (Zivé ploty, vétrolamy).

. lesni zemédélstvi — ziskavani plodin z lesa, napf. hub, lécivych rostlin, bobuli a
medu.
° bfehové porosty — pasy dfevin mezi zemédélskou plochou a vodnim tokem/vodni

plochou s funkci ochrany vody.

° zeleny Uhor s dfevinami (zuslechtovaci Ghor) — zejména s bobovitymi drevinnymi
rostlinami, dnes se pfi pouzivani umélych hnojiv v podstaté nepouziva. Priklad
Casové kombinace plodiny a dfeviny na jednom pozemku.

° viceucelové stromy — stromy s uZitkem ovoce, plodl (napt. Zaludl), palivového
dfeva, krmiva, stavebniho dFfivi, silice a pryskyfice péstované na zemédélském
pozemku.

° silvopastoralni agrolesnictvi — stromy na pastvinach, at uz v hustych (pastva
v lese) nebo v fidkych (pastviny s rozptylenymi stromy) porostech. Sem muze

patfit i chov zvére v obordch nebo chov sobu v borealni oblasti.

Je patrné, Ze agrolesnické praktiky se mohou prostorové prekryvat. Napfiiklad
viceucelové stromy mohou byt souédsti silvoorebniho a silvopastoralniho agrolesnictvi

i brehovych porost(. Silvoorebni a silvopastoralni agrolesnictvi mGze byt praktikovano
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na jednom pozemku v ¢asové posloupnosti (napf. pastva na Uhoru). Lesni zemédélstvi

je praktikovano mj. v silvopastordlnich plochach.

Z predchoziho vyctu je ziejmé, Ze takové pojeti agrolesnictvi je velmi Siroké. Podle
Gravese et al. (2008) si pfitom velkd ¢ast zemédélch v Evropé, ktefi slySeli pojem
agrolesnictvi, pod nim predstavi spojeni stroml( a zemédélské plodiny nebo zvirat.
Agrolesnictvi v uzsim pojeti jsou predevsim silvoorebni a nékteré silvopastoralni
praktiky, tedy zemédélské pozemky, kde je prostorové kombinované péstovani stromu

a hospodarskych plodin, pfipadné pastva hospodarskych zvirat.

Tradi¢nimi silvopastordlnimi krajinami ¢i krajinnymi prvky v Evropé jsou pastviny
s dfevinami (wood-pastures, Hutweide) (Hartel, Plieninger, Varga 2015), dubové
pastevni a orebni lesy v Mediteranu — napf. montado (Portugalsko) (Pinto-Correia,
Azeda 2017) a dehesa (Spanélsko) (Garrido et al. 2017). S rliznymi silvopastoralnimi
praktikami jsou spojeny tradiéni managementy jako komoleni (pollarding — pravidelné
ofezdvani vyhonu strom( ve vysce 1,5 m — 5 m) (Dreslerova, Sadlo 2000; Kirby 2015)
nebo panaz (pannage — pastva prasat na zaludech) (Szabd 2013). Tyto praktiky sahaji
az do pravéku. Tradi¢ni novovéké agrolesnictvi v Evropé predstavuji ovocné sady se
sekundarnim vyuzitim (Streuobst, pré-verger - hlavné od 18., 19. stoleti) (Herzog 1998),
at uz s ornou pudou (polni sady), loukou (lu¢ni sady) nebo pastvinou (pastevni sady).
Nové agrolesnické systémy se vyznacuji presnym usporadanim drevin do rad. MUze se
jednat o vymladkové plantaze rychle rostoucich drevin v kombinaci s péstovanim
zemédélskych plodin. Nebo muzZe jit o péstovani cennych drevin s velkou vyskou
kmene, které na rozdil od tradicniho agrolesnictvi s SirSimi korunami nezastinuji
pravodni zemédélskou plodinu (Nerlich, Graeff-Honninger, Claupein 2013; Eichhorn et

al. 2006).
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2.3 Vyznam agrolesnictvi v krajiné, poskytované ekosystémové

sluzby

Agrolesnictvi jsou zplsoby vyuZiti Uzemi, které poskytuji celou fadu ekosystémovych
sluzeb (Fagerholm et al. 2016). V porovnani se zemédélstvim bez stroml jsou
vyznamné zejména regulacni ekosystémové sluzby, jako snizovani eroze a zadrzovani
zZivin (Kay et al. 2018; Moreno et al. 2018). Agrolesnictvi sniZuje oproti obycejnému
lesnictvi riziko pozar(, protoze jsou zde vétsi mezery mezi stromy, a tak se nemlze
pozar tak snadno Sifit (Damianidis et al. 2020). Mitigace klimatické zmény je
podporena ukladanim uhliku ve stromech na zemédélské pldé (Hernandez-Morcillo et
al. 2018; Mosquera-Losada et al. 2018b). Adaptace na klimatickou zménu je posilena
stinénim plGdy korunami strom(0 a zadrzovanim vody kofeny stromd (Ghaley,
Vesterdal, Porter 2014). Obecné se ma za to, Ze agrolesnictvi ma velky vyznam pro
biodiverzitu v krajiné, ackoliv podle nového review to tak jednoznacné neni
(Mupepele, Keller, Dormann 2020). Nicméné napf. pastviny se stromy v Rumunsku
hosti vice druh( ptakl neZ oteviené pastviny nebo lesy (Hartel et al. 2014), jsou velmi
dllezitym stanovistém pavoukd (Gallé et al. 2017) a datlovitych (Dorresteijn et al.
2013). Tento vyznam je zpUsoben mimo jiné tim, Ze na taméjsich pastvinach jsou starsi
stromy nezZ v hospodarskych lesich (Hartel et al. 2013; 2018). Lu¢ni sady predstavuji
vyznamny biotop ptakl, motyll, saproxylického hmyzu a travnich spole¢enstev (Horak
2014; Horak et al. 2018; Kajtoch 2017; Zarnovican, Kollar, Skodova 2017). Koexistence
travniho porostu a stromd ¢i kefd podminuje vysokou strukturni diverzitu a
mimoradnou prostorovou proménlivost ekologickych faktord, napf. svétla, dostupnosti
zivin a vlhkosti pldy (Garbarino, Bergmeier 2014; Bergmeier, Petermann, Schréder
2010; Bergmeier, Roellig 2014). Dreviny na pastvindch zvysuji diverzitu cévnatych
rostlin (Vojta, Volafik, Kovar 2020) i na krajinné urovni (Jakobsson, Lindborg 2015).
Agrolesnické systémy jsou dUlezité pro svou estetickou (Pinto-Correia et al. 2011;
Surovd, Pinto-Correia, Marusak 2014) a rekreacni hodnotu (Ohnesorge et al. 2015),
mohou byt vyznamné pro komunitni soudrznost (Bieling, Konold 2014) a prenos

kulturnich zvyklosti (Sutcliffe, Ollerer, Roellig 2014).
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Stromy na zemédélské pudé jsou cenény zemédélci a dalSimi stakeholdery. Divodem,
ktery uvadéji, je napf. to, Ze stromy poskytuji stin pro pasouci se zvifata (Hartel, Réti,
Craioveanu 2017), bréani erozi (Blanco et al. 2020), zvysuji biodiverzitu a estetiku krajiny
(Garcia de Jalén et al. 2017), zvySuji diverzitu faremni produkce a jsou symbolem
tradice (Rois-Diaz et al. 2018; Roellig et al. 2015). Tyto pozitivni aspekty maji oviem své
trade-offs. Mezi negativy muizZe byt nizsi vynos zemédélské plodiny (Rois-Diaz et al.
2018; Kay et al. 2018) a vyssi ndroky na praci (Garcia de Jalén et al. 2017). Podle
modell produkce je agrolesnictvi celkové vynosnéjsi nez péstovani stroml a
zemédélskych plodin zvlast kvili komplexnéjsSimu vyuzivani zdrojli a vzajemnym
interakcim. Tento efekt lze vyjadfit pomoci tzv. land equivalent ratio (pomér mezi
plochou, kde by probihalo oddélené zemédélské a lesnické hospodareni, a

agrolesnickou plochou tak, aby bylo dosazeno stejného vynosu) (Graves et al. 2010)
2.4 Vyvoj agrolesnictvi a jeho ohrozeni

Agrolesnictvi je vlastné nové slovo pro staré praktiky (Nerlich, Graeff-Honninger,
Claupein 2013). Pastva v lese probihala prakticky od pocatku zemédélstvi a kontrasty
mezi jednotlivymi krajinnymi segmenty (louka, pastvina, les) byly malé (Vera 2000;
Dreslerova, Sadlo 2000). Od 18. stoleti dochdzi k racionalizaci vyuZziti Uzemi a
prostorové se oddéluje péstovani lesa od zemédélstvi (Sadlo et al. 2005; Jgrgensen,
Quelch 2014) a pastva v lese je zakazovana (Bergmeier, Petermann, Schréder 2010). U
nas k tomu definitivné dochazi lesnim zdkonem z roku 1960 (NSCSSR 1960). Vitézi
takovy pristup k managementu krajiny, kdy jednotlivé krajinné segmenty maji prisné
uréené funkce (Manning, Fischer, Lindenmayer 2006). V ¢eském kontextu na tento
proces poukdzala Krémarova (2015; Krémarova and Jelecek 2017). Nicméné napfr.
vrchol luénich a polnich sadl Ize ve stfedni Evropé doloZit aZz v poloviné 20. stoleti
(Herzog 1998). Zapominani starych agrolesnickych praktik je vlastné projevem ubytku
tradi¢nich kulturnich krajin (Antrop 2005).V nové dobé se znovu objevuji vyhody

kombinace zemédélstvi a lesnictvi (Nerlich, Graeff-Honninger, Claupein 2013).

Rozloha tradi¢niho agrolesnictvi se zmensuje po celé Evropé a je zdokumentovdna na
krajinach typu dehesa a montado ve Spanélsku, resp. Portugalsku (Regato-Pajares et al.

2005; Costa et al. 2011; 2014), na ruznych typech nelesni dfevinné vegetace ve
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vychodnim Némecku (Plieninger et al. 2012) a v Cesku (Novotny, Skalo$, Plieninger
2017), na pastvinach s dfevinami v Cesku (Pereponova, Skalo$ 2019; Forejt et al. 2017),
na Slovensku (Wiezik et al. 2018), v Rumunsku (Dragan, Muresan, Benedek 2019) a
v Madarsku (Varga et al. 2015) a na lu¢nich sadech v Némecku (Plieninger et al. 2015b;
Herzog 1998).

Ubytky tradi¢nich agrolesnickych systém( v poslednich desetiletich zpQsobuje
extenzifikace vyuzivani zemédélské krajiny na jedné strané a jeho intenzifikace na
strané druhé (Bicik et al. 2010). Extenzifikace se projevuje opousténim agrolesnickych
pozemk( a jejich zarlstanim v sekunddrni lesy, zavadénim typQ vyuZziti Uzemi s nizsim
vkladem prace (napf. lesy). Intenzifikace miZe znamenat bud pfreménu v typy vyuZziti
plady s vétsim antropogennim zatizenim (ornd plda bez strom(, zastavéna plocha)
nebo vétsi pastevni tlak a tim omezend regenerace dievin (pastvina bez stromu;

Bergmeier et al. 2010).

Velmi diskutovanym tématem je reprezentace agrolesnickych systémi ve spolecné
zemédélské politice EU. AZ usilim odborniki a zemédélch napfi¢c EU (Beaufoy et al.
2015) se podafilo do spolecné zemédélské politiky zarfadit nebo upravit nékteré prvky
tak, aby agrolesnictvi dostdvalo patficnou podporu. Napf. v soucasnosti je soucasti
programu rozvoje venkova (Rural Development Programme) opatieni 8.2 — podpora
pro zakladani a udrzbu agrolesnickych systému. Problematické je, Ze ne kazda zemé
implementuje tato opatfeni do své politiky (Mosquera-Losada et al. 2018a).
V minulosti vSak byla takova praxe, kdy kvli splnéni limitd v hustoté porostu byly
kaceny stromy na pastvinach, ¢imZz dochazelo k nesmysiné ekologické Skodé

(Jakobsson, Lindborg 2015; Sandberg, Jakobsson 2018).
2.5 Mapovani agrolesnictvi, odhady rozloh agrolesnictvi

Existuji pokusy monitorovat nebo alespon odhadovat rozlohu agrolesnictvi v riznych
méfitcich. DaleZité je to z divodu sledovani jejich vyvoje v kontextu zmén krajiny nebo
kvlli evidenci jejich vyznamu — jaké je mnoiZstvi poskytovanych ekosystémovych
sluzeb, napf. ukladani uhliku (Nair, Kumar, Nair 2009). V planetarnim métitku se o to
pokusili Zomer et al. (2009) nebo Nair et al. (2009). Prvni jmenovani prolnuli globalni
data o rozsahu zemédélského vyuziti pudy s globalnimi daty o pokryvu stromua v rastru
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o velikosti 1 km. Z toho vychazi kontinuum vyskytu stromd v rliznych zemédélskych
krajinach, pficemz 46 % zemédélské pudy na svété ma alespon 10% pokryv strom.
Druzi prosté odhadli, Ze agrolesnictvi se tyka asi 20 % globdalné vyuzivané orné puady, 15
% pastvin a 5 % lesU. Jak ovSem poznamenavaji Nair et al. (2009), odhadnout rozlohu
agrolesnictvi je slozité, protoZe neexistuji postupy, jak vymezit oblast ovlivnénou
stromy. To je zvlasté problematické v systémech bez pravidelného rastru strom(, u
vétrolaml nebo dfevin na hranicich pozemk(. ZaleZi také na chapani pojmu
agrolesnictvi, protoze vzali-li bychom Siroké pojeti, pak vétSina Evropy je agrolesnicka.
V evropskych lesich se totiz bézné sbiraji bobule a houby (forest farming) a prakticky
celd severni Skandindvie je spdsana polodomestikovanymi soby v jednotlivych

ohradéch o rozloze desitek km?.

V evropském projektu CORINE Land Cover (EEA 1994) je tfida 2.4.4 Agrolesnictvi, ktera
vsak zahrnuje predevsim agrolesnictvi mediteranni oblasti se zapojem korun 10 % - 30
% (Copernicus 2020). Tfida byla zaznamenana na 3,3 milionech ha pouze ve Spanélsku,
Portugalsku, Italii, Francii a Rakousku (den Herder et al. 2015). Podle Rois-Diaz,
Mosquera-Losada, Rigueiro-Rodriguez (2006) vsak silvopastordini agrolesnictvi
(nemluvé o jinych typech agrolesnictvi) mize byt obsazeno v 10 tfidach klasifikace
CORINE. Nevhodnost pouZiti CORINE Land Cover pro mapovani agrolesnictvi vyplyva
také z toho, Ze minimalni mapovaci jednotka zde ma 25 ha, coz se hodi nanejvys pro
agrolesnické krajiny Stfredomofi nebo pastevni krajinu ve Skandinavii, nikoliv pro

jednotlivé plosky lu€nich sadi apod.

Podle literarni reSerSe (den Herder et al. 2015) se v Evropé provozuje agrolesnictvi na
asi 10,6 milionech ha (kromé krajin s pastvou sobll ve Skandindvii), nejvice ve
Spanélsku, Recku, Portugalsku a v Itélii. Vtomto reder$nim odhadu jsou pro Cesko

zahrnuty pouze agrolesnické sady podle Herzoga (1998).

V Evropské unii odhadli rozlohu agrolesnictvi den Herder et al. (2017) pomoci projektu
LUCAS (Land Use/Cover Area frame Survey), za nimZ stoji Eurostat. Projekt LUCAS
sestava z vice nez 270 000 bodd v 28 statech EU a zaznamenava desitky atributll o
krajinném pokryvu a vyuziti pldy v jednotlivych bodech. Pomoci kombinace atributu o

zemédélském vyuziti pady a atributu o drevinném krajinném pokryvu lze urdit, zda se
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v daném bodé praktikuje agrolesnictvi. Uvedena studie dochazi k zavéru, ze v EU je asi
15,4 milionu ha agrolesnictvi (8,8 % zemédélské pldy), z toho 15,1 milionu ha
silvopastoralni plochy. Nejvice je agrolesnictvi zastoupeno v mediterdnni oblasti —
Spanélsko, Portugalsko, Italie, Recko, Bulharsko. Databaze LUCAS byla pouZita i u jinych
uloh pro odhady raznych typua agrolesnictvi, napf. pastvin s dfevinami (Plieninger et al.
2015a), domdacich zahrad, silvoorebniho agrolesnictvi, bfehovych porostl a Zivych
plotd (Mosquera-Losada et al. 2018b), solitérnich strom( (Santiago-Freijanes et al.
2018) nebo luénich sadl (Forejt, Syrbe 2019). Kromé databaze LUCAS se pro odhady
rozlohy agrolesnickych systéma vyuzivaji lokalni statistiky. Napf. Herzog (1998)
z ndrodnich statistik odhadoval, e se vEvropé nachazi 10000 km?® ploch
s rozptylenymi ovocnymi stromy. Eichhorn et al. (2006) na zakladé oficidlnich statistik a
osobnich kontaktd odhadl rozlohu orebnich agrolesnickych systéma v sedmi
evropskych zemich. Podle Sinclaira (1999) je vSak pro to, aby byla néjaka praktika
popsana jako agrolesnictvi, nutné, aby byl néjaky vztah mezi stromy a lidmi (,, The key
integration in agroforestry is, in fact, amongst people and trees, in as much as it is how
people use trees that ultimately determines whether an activity is usefully described as
agroforestry”, s. 167). Z toho vyplyva, Zze ne kazdy strom na zemédélském pozemku je
uzite€né oznacovat jako agrolesnicky prvek. Dfevina by tam méla byt za néjakym
Uucelem, méla by tam byt néjaka interakce mezi zemédélskou cinnosti a dievinami.
Z toho dlvodu je pouziti databdze LUCAS za ucelem odhadu rozlohy agrolesnictvi
problematické, protoze ne kazda plocha s vyskytem strom0( a zaroven znaky pastvy je

silvopastoralni agrolesnictvi.

Existuje celd fada pfipadovych studii na mensich Gzemich, v nichZ jsou vymezovany
agrolesnické plochy na zdkladé leteckych nebo satelitnich snimk( jako polygony
pomoci on-screen digitalizace. Tento pfistup byl pouzit u krajin, které jsou znamé
velkym zastoupenim agrolesnictvi, at uz se jedna o portugalské montados (Costa et al.
2011), Spanélské dehesas (Plieninger 2006) nebo fecké spasané doubravy (Schaich et
al. 2015). Pro identifikaci téchto krajinnych segmentd byla nejcastéji pouzita metoda
hustoty porostu (>5 strom(/ha, Plieninger 2006 maximalné 80 strom(/ha). Garbarino
et al. (2011) aplikovali pro priklad modfinovych pastvin v italskych Alpach také on-

screen manualni segmentaci leteckych snimku. Tyto segmenty pak klasifikovali pomoci
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objektové orientované klasifikace podle zapoje korun, kde pastviny s dfevinami mély
interval 10% - 30% zapoj korun. Plieninger et al. (2015b) v krajing& Svébské Alby
s velkym zastoupenim lucnich sad( tyto agrolesnické prvky identifikovali vizualné na
leteckych snimcich jako travni porosty s 20 — 100 stromy/ha. V hlavnim mésté Ceska,
Praze, byly lu¢ni sady identifikovany na leteckych snimcich podle pravidelné
vzdalenosti mezi stromy, pravidelné velikosti korun strom(0 a snadno rozeznatelné
vnéjsi hranici krajinného segmentu (Janecek et al. 2019). DalSim pfistupem je vizualni
detekce jednotlivych prvkd nelesni dfevinné vegetace jako jsou aleje, skupiny stromu,
Zivé ploty, remizky nebo solitérni stromy (Plieninger et al. 2012; Demkova, Lipsky 2015;
Novotny, Skalo$, Plieninger 2017), tedy body, plochy a linie v souladu s konceptem
ploSka — koridor — matrice (Forman, Godron 1986). Ty mohou byt soucasti

agrolesnickych systéma.

K identifikaci agrolesnictvi v historickych krajindch ¢asto slouzi i staré mapy. Mezi hojné
vyuzivané zdroje patfi staré katastralni mapy, které byly pouzity pro identifikaci
raznych zplsobl zemédélského vyuZiti lesa (Szabd, Hédl 2013), rliznych agrolesnickych
praktik (Krémarova 2015; 2016; Agnoletti 2007), pastvin s dfevinami (Vojta, Drhovska
2012; Pereponova, Skalo$ 2019), nebo obecné nelesni dievinné vegetace (Skalos,
Engstovd 2010; Skalos et al. 2015). Mapy stfedniho méritka byly pouZity pro
identifikaci pastvin s dfevinami a nelesni dfevinné vegetace (Plieninger 2012; Varga et

al. 2015).
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land-use reconstructions. This study presents identification of inconsis- Accepted 27 April 2020

tencies in the nineteenth century Franziscean cadastre, one of the largest KEYWORDS

sets of old cadastral maps worldwide, by comparing three versions of the Land use reconstruction;
maps and written documents created in the same period. We identified all cadastral map; Central
parcels and their land-use in the four sub-sources in six study areas. The Europe; Franziscean cadastre
overall share of inconsistencies among 5 771 identified parcels is 7.4%,

with the biggest share of inconsistency in agroforestry and forestry

classes. The most frequent inconsistencies are of ‘Not differentiable land

use’ (n = 212) and ‘Different land-use’ categories across the sub-sources

(n = 113). We conclude that the frequency of uncertainties in old cadastral

maps may limit the validity of historical land-use reconstructions, affecting

the eventual restoration and management efforts based on such data. We

provide a summary for the use of Franziscean cadastre.

1. Introduction

Human activity significantly alters natural systems. In recent decades the extent of such alternations
was increasingly manifested by urbanisation and agricultural expansion (Science for Environment
Policy, 2016; Song et al., 2018). Such interventions proved to have a significant impact, among
others, on the loss of biodiversity, changes in energy fluxes, or soil degradation (Arneth et al,, 2017;
Foley, 2005). While current land-cover dynamics are mostly analysed by remote sensing methods
(Gerard et al., 2010), understanding the long-term trajectory and nature of these changes must rely
on accurate data about historical land-use. Such information is fundamental for applications ranging
from landscape restoration to habitat conservation and is derivable from methods used in historical
ecology (e.g., pollen records or tree-ring analysis; Ropke et al., 2011), archaeological evidence (e.g.,
historical demography; Klein Goldewijk & Verburg, 2013) or by use of archive data, mainly old
cartographic sources, carrying information on land-use (Fuchs et al., 2015).

Old maps represent a vital source of information for land-use reconstruction, because of their
spatial resolution to the level of individual plots or patches with difference in land-use. Historical
spatial data is used widely to trace the impact of human activity on long-term land-use development
changes across regions (Fuchs et al., 2015) and for land management applications, to identify
valuable features for landscape planning (Skalos & Kasparova, 2012), study habitat continuity
important for conservation (Vojta & Drhovskd, 2012), analyse forest extent and structure (Kaim
etal., 2016; Millerova et al., 2014), monitor loss of trees outside the forest (Plieninger, 2012), evaluate
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morphological and vegetational variations of land for landscape planning interventions (Tortora
et al, 2015) or to study land-use conversion and its driving forces as to understand either the
negative processes of land abandonment (Kanianska et al, 2014) or landscape fragmentation
(Dewan et al., 2012).

Along with cartographic sources, additional information about attributes (land tenure, taxation)
of a parcel is essential as it allows for a deeper insight into the societal relation to landscape. As for its
sustainability analysis, they also allow us to explore past modes of agriculture (Krausmann, 2004) or
parcel fragmentation (Sklenicka et al., 2017). Such additional information is provided by the old
cadastral apparatus, which includes numerical data for tax purposes, ownership and additional
information made during the mapping campaign. Most studies have utilized only maps, while
leaving the additional information behind, until now.

The use of old cadastral sources, while increasing among scholars from various disciplines, raises
the question of the sources’ limitations. Uncertainties resulting from these limitations are often
admitted but less frequently addressed during the data analysis. Also, these uncertainties are
documented insufficiently by empirical research. The sources of uncertainty (Forejt et al., 2018;
Leyk et al, 2005; Yang et al, 2014) originated in (i) temporal limitation also known as lack of
diachronic depth - sources are referring to a single time point in the past, which contrasts the
dynamically evolving landscape; (ii) deliberate distortion of information/localization, e.g., for military
purposes; (i) technical errors during the original survey (e.g., by technological limits or misunder-
standing of mapping criteria by individual surveyors), or the consecutive digitalization and transfor-
mation/reprojection; (iv) semantic constraints—different meaning of land-use classes in different
cartographic works; and (v) parcel boundary distortion by combining the information about land
tenure and a specific land-use class. These uncertainties may fundamentally infringe upon the
measures and interventions designed with the use of historical land-use reconstructions. Deriving
a more accurate idea on the possible extent of these uncertainties has faced the lack of cross-
comparative data.

In this respect, the Franziscean (also referred to as Stable) Cadastre is a representative example of
the information-rich old cadastral apparatus that stands as a source of major importance for land-use
change research in Central Europe. The cadastre was produced in the 19" century and intended to
cover the whole former Austrian Empire (Feucht, 2008). Due to its indisputably wide spatial extent
and variety of spatial and non-spatial information, this particular data source attracts increasing
attention for a variety of purposes ranging from the research of land-use change on landscape-level
through the reconstruction of river channels or slope movements and loss or persistency of
particular land-use classes to localization of abandoned settlements and mining sites (Dolejs &
Forejt, 2019).

To contribute the current understanding to the nature of uncertainties in old cadastral maps and
extend the empirical base for uncertainties assessments, in this paper, we focus our attention on the
possible limitations of the land-use attribute as recorded in four different sub-sources of the
Franziscean Cadastre and its cadastral maps. For the first time, we scrutinize a larger sample of all
four major cadastral sub-sources looking for the possible inconsistencies in content (land-use) and
geometry (spatial boundaries) of parcels. Results are used to discuss the extent and possible effects
of these inconsistencies on land-use reconstructions.

2. Materials and methods
2.1. Study area

The research was conducted on six cadastral areas in Northern and Central Czechia spanning
35.1 km?, ranging from 1.9 to 11.8 km? each (Figure 1). The areas were selected to represent different
topography (hilly and lowland landscapes), soils and agricultural economic structure. While the final
case study may hardly cover the environmental and economic diversity of the historical landscape, it
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Figure 1. Location of the six studied cadastral districts in Czechia.

is finally a compromise between the representativeness of the research and feasibility of the
empirical survey as the whole area of Czechia covered more than 13 000 cadastral areas (Bicik,
Jele¢ek & Stépanek, 2001). The simple characteristic of each area is in Table 1.

2.2. Data sources

We excerpted data for the analysis from the Franziscean cadastre. The Franziscean cadastre (named
after the Austrian Emperor Francis 1) is a land register produced for the former Austrian Empire
between the year 1817 and the 1880 s (Feucht, 2008; Timar & Biszak, 2010) and covers at least partly
current area of Czechia, Slovakia, Austria, Poland, Slovenia, Hungary, Ukraine, Croatia, Romania,
Bosnia, and Serbia. The creation of the new cadastre was commenced in 1817 by an edict (ONB
2018) of Emperor Franz I. The cadastre was created from scratch, although there existed the previous
land taxation system valid in the Austrian Empire, which was based on Josephian mapping (the
1780 s; Frajer, 2019) and represented the first measured cadastre in Austrian history. In the 1810 s it
was easier to persuade the government to start new mapping because, at the same time, so-called

Table 1. General characteristics of the studied cadastral areas.

Cadastral area Area [km?] Environmental setting

Babétin 19 200-500 m a.s.l., deep narrow valley in basaltic and sedimentary bedrock
Bore¢ 39 250-450 m a.s.l., gentle slopes under solitary volcanic hills

Konéprusy 44 250-450 m a.s.l,, plateaus and gentle slopes in karstic area

Kninice 44 300-600 m a.s.l,, plateaus and steep slopes on basalts

MileSov 8.8 300-800 m a.s.l., wide valley in between volcanic hills

Milovice 11.8 200-250 m a.s.l.,, flat lowland
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2nd military mapping (middle-scaled topographical maps) has started to be mapped in the Empire
and the two projects used partly common triangulation (Bumba, 2007; Ebel, 2004).

The methodology for the cadastre mapping was first described in 1818 and was further adjusted
in 1824 and 1865, while the work was still in progress. Thus the methodology, including the map
legend, was not unified for the whole Empire (Kr¢émarova, 2015). The mapping was done mostly at
the scale of 1:2880 (one Vienna square inch on the map was equal to one Lower Austrian acre in the
field) and, in some areas in 1:720, 1:1440, or 1:5760. The minimal mapping unit was 25 square
fathoms, which is equal to approximately 90 m? (Ebel, 2004). The cadastre uses up to 40 land-use
classes, including 10 agroforestry land-use classes (Kr¢marova & Jele¢ek, 2017).

We analysed four elemental sub-sources of the Franziscean cadastre: Indication sketches, Original
maps, Compulsory imperial imprints and Written registry (See Figure 2 for the first three).

Indication sketches are a basic cartographic tool, used to record a piece of information directly in
the field. It is created in colour on cardboard. Land-use, name of the owner, class of the owner, parcel
number, and house number are all indicated in this document. Indication sketches were then used to
mark changes in the real state in the cadastral area (Ebel, 2004). They were made during the summer
season and used for making Original maps, Compulsory imperial imprints and the Written registry
during the winter season.

Indication sketch Original map Compulsory imperial imprint

Arable land with
fruit trees

Arable land shifting
with pasture

Meadow with use of
wood

Pasture with fruit
trees

Low forest

Figure 2. Comparison of identical parcels in three cartographic sub-sources of the Franziscean cadastre. The fourth analysed sub-
source (Written registry) is an alphanumerical protocol. Note: (i) letter ‘T" in the Indication sketches indicates the difference
between arable land and arable land shifting with pasture, (i) Original maps containing changes drawn with red colour, (iii) low
forest differentiable only in Indication sketches.
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Original maps are a product of office work. Made in colour on soft paper, changes from the
original work were marked into Original maps in red. Original maps depict only land-use and parcel
numbers, not the owner’s name.

Compulsory imperial imprints are coloured lithographic copies of Original maps of the same size.
The imprints were sent to the central office in Vienna to be archived, later not used for depicting
additional information, therefore they are easy to read and thus widely used (Dolej$ & Forejt, 2019).
Compulsory imperial imprints also do not contain information about the parcel’s owner.

Written registry of the Franziscean Cadastre consists of many documents for each cadastral area.
We used the land parcel protocol (Grundparzellenprotocoll) because it includes clear evidence of
owners as well as land-use classes and is listed according to the parcel numbers. Each row represents
here a parcel and each parcel had a registered number, name of its owner, place of his residence, his
ownership status, land-use of the parcel and its area. Attribute data of parcels were written down in
the Written registry protocols.

2.3. Data processing

The data processing workflow is to be seen in Figure 3. As reference geometry, we used Compulsory
imperial imprints of the Franziscean cadastre as they provide the source with the best readability. At
first, we georeferenced scanned images of all map sources in the S-JTSK coordination system with
Krovak projection. Using geodatabase in ArcGIS 10.6.1 (ESRI, 2018), we digitized all areal objects on
the map of Compulsory imperial imprints, even if it did not have a parcel number (thus not registered
in the Written registry as a parcel), which rarely occurred. The exception was groups of buildings
registered under one parcel number. After object topology was checked to prevent gaps and
overlaps, parcel numbers were assigned to all the parcels and their sequence was checked again.
The list of land-uses in the document was used as a land-use classification. The list called Ausweis
liber die Benutzung des Bodens is available for every cadastral area and contains cells for 40 land-uses.
There were 27 land-use classes mapped within the six studied cadastral areas (Table 2). Unlike the
Franziscean cadastre, we did not differentiate between burnable (usually wooden) and not burnable
(usually brick or stone) houses in our analysis, because one parcel number often contains more than
one building which is spatially indistinguishable in the Written registry. For each object in the
created geodatabase attributes of land-uses as depicted in Compulsory imperial imprints, Original
maps, Indication sketches and the Written registry were assigned. We determined the land-use only
if explicitly marked with a symbol on the map. Object’s land-use is thus not presumed according to

Land-use classification -
Object topology check final report for cadastral area Check for
(no gaps, no averlap of (Ausweis Uber die interpretation

boundaries) Benitzung des Bodens) mistakes

v v !

Seanned Geo- Digitization Fill in attribute| |Fill in attribute Objects that Cantant
; of all object parcel land-use do not pass 7 ; <
maps W referencing I Soandnee o FriaE (Il WR 4 sendifan: B inconsistencies
(CII, IS, OM) | | (ClI, IS, OM) i) e IS:OM}I (CII=WR=IS=.OM} classification
T "lllegible record"

List of land-uses
(ClI, WR, IS,0M)

[ general step ] Parcel number
sequence check

"Not registared”

o )

"Not differentiable”

Incensistency types

[ supplementary / check ] "Different spatial delimitation” "Different
"Two in one” land-use™

Figure 3. Data procession workflow.
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Table 2. Land-use categories applied in the Franziscean cadastre.

Original English translation
Acker Arable land

Acker mit Obstbdaume Arable land with fruit trees
Trischfeld Ar. land shifting with pasture
Wiese Meadow

Wiese mit Obstbdume
Wiese mit Holznutz

Meadow with fruit trees
Meadow with use of wood

Gemiisegarten Vegetable horticulture
Obstgarten Fruit horticulture
Ziergarten Ornamental garden
Hopfengarten Hop garden
Weingarten Vineyard

Weide Pasture

Weide mit Obstbdaume
Weide mit Holznut

Pasture with fruit trees
Pasture with use of wood

Teich Pond

Nadelhochwald High coniferous forest
Laubhochwald High deciduous forest
GemischtHochwald High mixed forest
Niederwald Low forest

Gestrippe Scrub

Steinbruch Stone quarry

Lehm-, Sand-, Schotter- Gruben Clay, sand, and gravel quarry
Oedung Bare land

Flussoder Bach Water stream

Weg Road

Vorhof Courtyard

Haus House

surrounding objects. If the object had signs of two or more land-uses, all possible land-use classes
were registered. We further visually detected the differences in objects’ spatial delimitation in the
three cartographic sources.

We applied database conditions to find all objects that do not have the same registered land-use
in all the four sub-sources. All objects that fulfill this condition were manually checked for inter-
pretation mistakes to find real inconsistencies in the sub-sources. Upon the ex-ante analysis, the
following types of content inconsistencies have been identified and further analysed in the whole
dataset: ‘Not registered’, ‘Not differentiable’, ‘Different land-use’, and ‘lllegible record’. The incon-
sistencies in spatial delimitation in the three cartographic sub-sources ‘Two objects in one’, ‘Different
spatial delimitation’ — were analysed visually. The Written registry was considered as a reference
source for land-use as it was the basis for tax collection.

We calculated frequency, area and mean area of the inconsistencies. We explored the incon-
sistencies according to land-use classes and cadastral area. We analysed land-use shifts in some
objects among the four data sources via alluvial plots; (Brunson, 2019) to show the relationship
between the sources and the limitation of their use. All graphs were created in R (R Core Team,
2018)

3. Results

The six studied cadastral areas contained 5 771 objects, most of which were parcels with numbers.
The average size of an object was 0.6 ha, with the exception in the Milovice area, in which the object
size averaged 1.4 ha (Table 3).

In four out of six areas arable land had the biggest share (ranging from 31.3% to 66.9% among all
cadastral areas), whereas forests (ranging 11.3% to 55.3% among all cadastral areas) covered over
50% of two areas — Babétin and MileSov. Meadows covered a 13.2% share of the Milovice area, and
pastures in Konéprusy and Bore¢ covered 16.3% and 11.7%, respectively.
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Table 3. General characteristics of the six studied areas and their land-use structure.

permanent built-up
Cadastral Y of Mean object Area arable  meadows pastures cultures forests  area  other
area objects size [ha] [km?  land [%] [%] [%] [%] [%] [%] [%]
Babétin 475 04 19 31,3 4,2 7,7 35 504 2,0 1,0
Borec 822 0,5 39 66,9 2,2 1,7 3,0 12,2 3,7 04
Kninice 1622 03 4,4 52,6 7,6 5.9 1,7 28,2 35 0,5
Konéprusy 761 0,6 4,4 65,8 1.5 16,3 1,6 1,3 29 0,6
Milesov 1255 0,7 88 32,8 4,4 3,1 14 55,3 2,4 0,7
Milovice 836 1,4 11,8 65,2 13,2 3,1 0,5 14,6 3,1 04
Total 5771 0,6 35,1 53,9 71 6,3 14 27,8 29 0,5

Six types of inconsistencies in content and spatial delineation of parcels in the Franziscean
cadastre are shown in Table 4. There are 429 objects (in all cases parcels) with a detected incon-
sistency, out of which 16 objects have two inconsistencies. Meaning around 7.4% of all objects have
an inconsistency which comprise 0.3% of the area. The average size of an object with inconsistency is
0.03 ha. Unsurprisingly, objects, which are ‘Not registered’, have a lesser area than objects with other
types of inconsistency (Figure 4), as they are too small to be registered in every data source.

There are several problematic land-uses which often include some inconsistency (high mixed
forest, high coniferous forest, pasture with use of wood, vegetable horticulture, a meadow with fruit
trees) or in all cases across the study area (e.g., high deciduous forest, scrub, arable land shifting with
pasture, scrub and low forest) (Figure 5). Land-uses containing inconsistencies in all cases indicate
a systemic error. Also, certain types of inconsistencies are associated with a particular land-use, e.g.,
‘Different land-use’ is typical for all sorts of pastures, while ‘Not differentiable’ are often by forest
land-uses.

Inconsistencies are not equally distributed among the cadastral areas (Figure 6). While in Milovice
there are only a few objects with any inconsistency, they occur in about 10% parcels in three other
areas (Babétin, Kninice, and Konéprusy). There are typical inconsistencies for some cadastral areas.
Three-fourths of incorrectly registered parcels in Konéprusy are noted as ‘Not differentiable’. About
40% of wrongly assigned parcels in Kninice fall into the ‘Different land-use’ category.

We further focus on three types of inconsistencies that cover most of the area: ‘Different land-use’,
‘Not differentiable’ and ‘Not registered’, and explore the differences in land-use of as registered
across the four data sources.

3.1. Inconsistency type “different land-use’

Several land-use classes tend to have ‘Different land-use’ in at least one data source (Figure 7).
Objects drawn as pastures in Compulsory imperial imprints are often evidenced as pastures with fruit
trees or pastures with the use of wood in other sources, but there are no inconsistencies at all
between the latter two. Agroforestry land-uses, e.g., pastures with any sort of wood (wood-pastures)
and arable land with fruit trees are underrepresented in Compulsory imperial imprints. Pastures with

Table 4. Inconsistency types in the Franziscean cadastre.

Inconsistency Description Cases ¥

‘Not registered’ one object occurring in one source of the cadastre (e.g., Compulsory imperial 79
imprints) is not registered in at least one other source (e.g., Written registry)

‘Not differentiable’ land-use from one source is not differentiable in other one, i.e. the symbol can 212
mean more than one land-use category

‘Different land-use’ land-use of the object is not the same in all sources 113

‘lllegible record’ land-use of the record in at least one source is not readable 1

‘Two objects in one’ object in one source contains two object from other source 2

‘Different spatial delimitation’ object in one source has significantly different boundaries in other source 28
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Different
spatial — — L]
delimitation
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Figure 4. Inconsistency types according to object area.
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Figure 5. Share of inconsistencies on all parcels of a particular land-use (referential data source: Written registry).

the use of wood in the Written registry and Indication sketches are often registered only as pastures
in Original maps.
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Milovice{ @)

b)

Milesov q

BorecH

Babetin

Koneprusy 4
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25 50 75 b E‘JO 125 150
Mot Different Two objects
registered land-use in one
. Not . lllegible Differant spatial
differentiable record delimitation

Figure 6. Share of inconsistencies on all parcels in cadastral area expressed in (a) percentage and (b) count with proportion of
inconsistency types (one parcel can include one or more inconsistency (parcels with more than one inconsistency = 16).

80-
60-

Meadow ==
40-

Pasture

20~

cli WR IS oM
Arable land High mixed forest||Meadow with fruit trees ] Vegetable
Arable land with fruit trees |l Hopgarden Pasture horticulture
Fruit horticulture Low forest Pasture with fruit trees
High coniferous forest Meadow Pasture with use of wood

Figure 7. Shifts of land-use in inconsistency type ‘Different land-use’ among four sub-sources of the Franziscean cadastre. Cll —
Compulsory imperial imprints, WR — Written registry, IS — Indication sketches, OM - Original maps.

The inconsistency type ‘Different land-use’ indicates the similarity of the four data sources (Figure
8). The most dissimilar are Compulsory imperial imprints with 86 objects with land-use registered
differently from any other data set. Original maps have only 34 objects with uniquely registered land-
use. In general, the Written registry and Indication sketches are the most similar data sets differing
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Figure 8. Content dissimilarity in the four data sources. Number in the circle represents number of parcels with a specific
similarity of the data sources. Note that no parcel in this case is in all four data sources because the figure is focused on the
‘Different land-use’ inconsistency.Cll — Compulsory imperial imprints, WR — Written registry, IS — Indication sketches, OM -
Original maps. Visualised using nVennR package (Quesada, 2018).

only in 20 cases. Original maps stand in the content similarity between Compulsory imperial imprints
on one side and the Written registry with Indication sketches on the other.

3.2. Inconsistency type ‘not differentiable’

The inconsistency type ‘Not differentiable’ is mostly a systemic distortion within the data sets of the
Franziscean cadastre and is related to two land-use classes, arable land and all types of forests. The
arable land shifting with pasture is detectable in Indication sketches (mostly) and the Written registry
(always) but is not differentiable from the common arable land in Compulsory imperial imprints and
Original maps (Figure 9). The scrub is drawn as a pasture with the use of wood in Compulsory
imperial imprints unlike Indication sketches, the Written registry and Original maps. Differentiating
forests in the Franziscean cadastre is a problematic task in more sub-sources. The low forests are
indistinguishable in Compulsory imperial imprints. Original maps and Indication sketches often do
not use enough symbols to differentiate between the forest types (e.g., abbreviation NW can stand
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200-
150-
100~
50-
0_
cil WR IS om
Arable land Ar. land shifting with pasture[Z] Coniferous forest / Low forest
Coniferous forest Low forest Deciduous forest / Coniferous forest / Mixed forest
Deciduous forest Mixed forest Deciduous forest / Low forest
Pasture with use of wood|_|Scrub Forest

Figure 9. Shifts in land-use within inconsistency type ‘Not differentiable’ among four sub-sources of the Franziscean cadastre.
Cll - Compulsory imperial imprints, WR — Written registry, IS — Indication sketches, OM — Original maps.

both for Nadelwald (coniferous forest) and Niederwald (low forest); a sign of deciduous trees and
bushes can mean both low forest and high deciduous forest).

Inconsistency type ‘not registered’

Some objects are not registered in certain sub-source (Figure 10). Mostly the data are not registered
in the Written registry and in some cases also in Indication sketches. This occurred mostly in the case
of small vegetable gardens, pastures and houses. Objects in most cases smaller than 90 m?, with no
parcel number on the map and not registered as a land or construction parcel in the Written registry.

80-
60-
40- NIA
20-
D_
WR IS cll oM
IArabIe IandHCourtyard House [IN/A Pasture with fruit trees
Bare land Fruit horticulture Bl Meadow [ Pasture [l Vegetable horticulture

Figure 10. Shifts in land-use within inconsistency type ‘Not registered’ among four sub-sources of the Franziscean cadastre. WR -
Written registry, IS — Indication sketches, Cll - Compulsory imperial imprints, OM - Original maps.
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4. Discussion
4.1. Extent of inconsistencies

We found four types of content and two types of object spatial delimitation inconsistencies in the
Franziscean Cadastre on an example of six cadastral areas. All of the inconsistencies fall into the
production-oriented inconsistencies (Leyk et al., 2005), or inconsistencies inherent to historical data,
not connected with their digital transformation or use. The inconsistencies concern about 7.4% of all
objects and 0.3% of the studied area. Krémarova (2015), who focused on agroforestry in the middle
of the 19" century using the Franziscean Cadastre, compared content of the Written registry with
Compulsory imperial imprints in one cadastral area. She found a 99.2% match among the agrofor-
estry land-uses. We found 60 inconsistencies within 678 agroforestry objects in our data set (58
objects with ‘Different land-use’ inconsistency) which amounts to only 91.2% match. It is probably by
the problematic determination of land-use with scattered trees present (Forejt et al., 2018) or the
information about the presence of trees was of marginal importance to the surveyors. The presence
of trees on a parcel can be a reason for authorities to award the land manager with financial support
(Sandberg & Jakobsson, 2018). Another group of land-uses with plenty of inconsistencies is forest
(only 168 consistently assigned objects out of 347 with forest land-use, i.e. 48.4%). Specifically, forest
types are very often indistinguishable in particular sub-sources. This is a case for low forests in
Compulsory imperial imprints. On Original maps or Indication sketches, the drawings and labels give
two or more choices for interpretation of the data (vagueness according to Leyk et al. (2005)) which is
a cartographic deficit rather than wrongly recorded content.

Additionally, the inconsistencies do not seem to be spatially equally distributed. The survey,
drawing and registering was processed in a perfect congruence in some cadastral areas (Milovice
and Milesov), while other cadastral areas are very problematic (Kninice, Babétin). This may be caused
by each surveyor's precision because the survey was processed in all the cadastral areas by
a different worker. Another reason could be the various levels of complexity of ownership and land-
use structure or geomorphologic heterogeneity.

4.2. Pros and cons of the sub-sources for land-use reconstructions

In the following paragraphs, we summarize and discuss our main findings to provide an instructive
evaluation of the sub-sources’ potential for land-use reconstructions. The summary is shown in
Table 5.

First, our analysis brings to the users of Compulsory imperial imprints of Franziscean cadastre an
important message. While these maps are among the most widely used data sources in landscape
structure studies (Dolejs & Forejt, 2019) for their easy readability and accessibility, the information
about three land-use types (namely arable land shifting with pastures, low forests, and scrub
vegetation) is lost in the data source. Moreover, compared with reference data (Written registry),
Compulsory imperial imprints display the highest differences of assigned land-use in comparison to
the other map sources. This is especially obvious in the case of the agroforestry land-uses, which are

Table 5. Pros and cons of the sub-sources of the Franziscean cadastre for land-use reconstruction.

Data source Pros Cons

Indication Closest land-use to the Written registry (reference) Hard to read (much information, change markings),
sketches low quality of the image (long used)

Original maps  Easily readable spatial delimitation and land-use Some land-uses often not differentiable

Compulsory Easily readable spatial delimitation and land-use Furthest land-use from Written registry (reference),
imperial some land-uses are systemically not differentiated
imprints

Written registry  Reliability (taxes were measured according to Time demanding, need to have a skill for reading old

Written registry), all parcels with explicit land-use ~ documents
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massively underrepresented in Compulsory imperial imprints, although they have been used for
studying agroforestry (Forejt et al., 2017; Vojta & Drhovska, 2012).

In contrast, the similarity of the Written registry and Indication sketches is high, as they were
probably used to set the data into the Written registry, which was further applied for tax purposes
(Ebel, 2004). On the other hand, the map sheets of Indication sketches must be read and interpreted
carefully, as they contain markings of new objects, changes in parcels delineation, and land-use
changes made after publication of the cadastre. Such informational abundance may complicate
reading and result in an incorrect detection of land-uses.

Since the owners paid the taxes according to what was in the written documents and not maps,
the Written registry of the Franziscean cadastre may be considered closest to the reality or at least to
its representation as negotiated among stakeholders (owners, surveyors, mayors). Despite this fact,
the Written registry has been scarcely used in landscape research (with exceptional studies by Szab6
(2010) and Kr¢marova and Jelecek (2017)). Work with old written sources on landscape available in
archives is demanding on time and skills. If the researcher argues it not worthwhile, he must be
aware of the sources’ limits.

4.3. Limits to the empirical evidence

We included in our research the inconsistencies ‘Two objects in one’ (object in one source contains
two objects from the other source) and ‘Different spatial delimitation’ (object in one source has
significantly different boundaries in the other source) describing mistakes in objects spatial char-
acteristics. This was done only using visual evaluation of similarity to Compulsory imperial imprints.
A more precise method would be to digitize other map sources, i.e. Original maps and Indication
sketches. This task would demand specific adjustments in georeferencing for each map source and
development of a computational method for assessing the rate when the delimitated parcel
boundaries already significantly differ and when an object already includes two objects from the
other source.

Finally, it must be reiterated that our findings are based only on six cadastral areas localized in one
country of the former Austrian Empire (only in Czechia, there were more than 13 000 cadastral areas;
Bicik et al., 2001). A different spatial setting may display other land-uses and various rates of
inconsistencies. Moreover, the interpretation of the results and comparisons across the land-use
categories must be made carefully as some land-use categories are only scarcely represented within
the dataset. Although the sample cannot be regarded as statistically significant and the case study
does not reflect the variability of natural conditions of all the regions covered by this old cadastral
apparatus, the findings provide new insight in the apparatus complexity and informational quality. In
particular, the found inconsistencies and their quantitative evaluation provide the empirical base for
other studies exploring the possible effects of the use of old cadastral maps on the accuracy and
suitability of land management interventions (e.g., land-use structure or habitat connectivity designs
for restored landscapes).

5. Conclusion

The presented study analysed inconsistencies in the old cadastral sources using the example of the
Franziscean cadastre from the 19" century, which covers the major part of Central Europe and is
among the most frequent sources for historical land-use reconstructions. The study is based on
spatial and content comparison of four sub-sources of the cadastral apparatus. According to our
research, the six identified inconsistencies comprise about 7.4% of all parcels with agroforestry and
forestry land-use categories being especially prone to these inconsistencies. Based on these findings
we provide an instructive summary of the potential and limits of the individual sub-sources of the
Franziscean cadastre for historical land-use reconstructions. While most studies in geography, land-
scape ecology and history generally admit uncertainties in archival sources, the present empirical
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evidence provides an idea of the specific uncertainties emerging from data inconsistency and their
extent. To fully understand the uncertainties in land-use reconstructions resulting from data incon-
sistency, we call for further evidence obtained from other old cadastral sources located in other
regional settings.
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The term wood-pastures is usually applied to areas with trees or other woody vegetation, scattered
through a mainly grazed grassland area, and reflects one of the oldest land use types in Europe, which
plays important ecological, agricultural and socio-cultural roles. However, a rapid decline in their area
due to changes in land use and a lack of tree regeneration has recently been observed all over Europe,
which has led to the necessity of a deeper understanding of their behaviour in relation to different factors
via a detailed analysis of the history of the changes in their distribution over space and time. Despite the
recent increase in the number of related studies, information on historic patterns of wood-pastures in
many European locations, such as Czechia, remains incomplete. The goal of this study is to assess the
habitat continuity of current wood-pastures and to analyse the land-use/land-cover changes of historical
and current wood-pastures in lowlands and warm landscapes of hills and basins of Czechia. To achieve
this, nine sites covering a total area of 98.6 km? were studied in Czechia. The situation on three time
horizons (1820—1840s, the early 1950s and today) was analysed. The results have shown that almost all
wood-pastures from the 1st half of the 19th century have now been lost and most of the currently
existing ones were formed from the 1950s till today. Most wood-pastures, which were lost by the 1950s,
were turned into open habitats, such as arable lands, and the ones lost from 1950 were turned into forest.
New wood-pastures are mostly formed from open habitats, often in former military areas.

© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction

Wood-pastures, grazed grasslands with scattered trees or
shrubs, are threatened landscape features all over Europe. This is
perceived as a negative tendency because wood-pastures are
increasingly being recognized for their great ecological, cultural
and agricultural importance (Hartel & Plieninger, 2014). The
ecological value expressed is given by great structural diversity
(Garbarino & Bergmeier, 2014; Jakobsson & Lindborg, 2015),
extensive but multiple land use (Opperman, 2014), and the pres-
ence of trees serving as keystone structures (Manning, Fischer, &
Lindenmayer, 2006). Specifically, old trees are typical for wood-
pastures in Britain (Butler, 2014; Read, 2000) and in Romania
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0143-6228/© 2017 Elsevier Ltd. All rights reserved.

(Hartel et al., 2013; Moga et al., 2016). Economic use of wood-
pastures can be varied. In Europe, trees and grassland in wood-
pastures have traditionally served as a source of fodder for graz-
ing animals, the trees also for timber or fuelwood and their crop for
pannage (Szabd & Hédl, 2013; Szabo, 2013). Traditional manage-
ment methods include hay making, berry and fruit picking, which is
typical for Germany (Bergmeier, Petermann, & Schroder, 2010;
Hartel, Plieninger, & Varga, 2015). Nowadays, the aim is to build
new links between wood-pastures and people (Hartel & Plieninger,
2014). Cultural value is explained mainly as the tradition that
wood-pastures represent, which is perceived by farmers in Estonia
(Roellig et al., 2015) and in Romania (Sutcliffe, Ollerer, & Roellig,
2014). The potential of wood-pasture landscapes for regional
development was understood in whole communities in the Black
Forest in Germany (Bieling & Konold, 2014). As an example of the
value of wood-pastures from the point of view of aesthetical
perception, farmers and common inhabitants in the Alentejo region
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in Portugal appreciate complex landscapes, such as the Portuguese
type of wood-pasture, montado, for their visual qualiies. (Surova,
Pinto-Correia, & Marusak, 2014).

We can state that people start to be somewhat aware of the
importance of landscapes as soon as they start to be threatened
(Antrop, 2005). Bergmeier and Roellig (2014) name as some of the
most important threats to wood-pastures the decline of old trees,
lack of trees regeneration (Kirby, 2015), overgrowing by woody
vegetation, and land-use intensification by transforming a wood-
pasture into either a pasture without trees or into different land
use. Conversely, Roellig et al. (2015) refer to wood-pastures resto-
ration in Estonia. Van Uytvanck, Maes, Vandenhaute, and Hoffmann
(2008) talk about wood-pastures formation on former arable land
and grassland in Belgium. Our study deals with land-use and land-
cover change (LUCC), describing the processes of persistence,
extensification and intensification in the case of past wood-
pastures on the one hand, and the formation of new ones on the
other.

In recent decades, the number of studies monitoring changes in
the landscape have increased, especially accelerated by the emer-
gence of geographic information system (GIS) (Cousins, 2001;
Echeverria, Newton, Nahuelhual, Coomes, & Rey-Benayas, 2012;
Ihse, 1995; Kienast, 1993; Pino et al., 2010; Munteanu et al., 2014;
Plieninger, 2012). The ability to more easily monitor the land use/
cover changes (further referred to as LULC) has played a key role
(Turner, Lambin, & Reenberg, 2007). There are also many relevant
studies focusing on the analysis of spatial changes in the landscape
(Khromykh & Khromykh, 2014; Boltiziar, 2001; Hresko & BoltiZiar,
2001; Hresko, Boltiziar, & Bugar, 2003; Olah, Boltiziar, & Petrovic,
2006; Seabrook, McAlpine, & Fensham, 2007; Spano & Pellegrino,
2013). It is especially important is to study landscape persistence
(Biirgi, Hersperger, & Schneeberger, 2004).

In relation to pastures, Patru-Stupariu, Tudor, Stupariu, Buttler,
and Peringer (2016) used old maps to study the persistence of
pastures, forests and built-up areas in Romania's Carpathians in the
periods between 1912, 1980 and 2009. From the studied temporal
horizons, the highest proportion of pastures existed in 1980. Pas-
tures showed higher persistence than forests and built-up areas. In
reflect of the situation in Czechia, Bicik, Jelecek, and Stépanek
(2001) analysed cadastral evidence from 1845 to 2000. Of all the
analysed classes of land use, the sharpest decline between 1845 and
1948 was seen in grasslands. On the other hand, an increase in the
share of the same class between 1990 and 1999 was again sharpest
in grasslands in comparison to other categories.

Change trajectories of non-forest woody vegetation, which is
another topic closely linked to wood-pastures, was analysed by
Plieninger, Schleyer, Mantel, and Hostert (2012), who described the
spatial-temporal dynamics of trees outside forest in Eastern Ger-
many in the period 1964—2008, which showed a positive net
change during the socialist and post-socialist period. Scattered fruit
trees were the only declining type of non-forest woody vegetation.
Demkovd and Lipsky (2015) described a decline in non-forest
woody vegetation in Eastern Czechia during the socialist period
and its expansion during the post-socialist period.

It is important to study LUCC and the persistency of wood-
pastures to learn about the threats influencing wood-pastures
and the drivers underlying the ancient ones. So far, LUCC in silvo-
pastoral landscapes has been studied intensively, especially in
Iberian Peninsula. The results showed a decline in montado and
dehesa area in the 2nd half of the 20th century (reviewed by Costa,
Madeira, Santos, & Plieninger, 2014). If we take into consideration
land persistence, in a case study of two areas in south-western
Spain, 78% and 89% of the initial wood-pasture area remained
persistent between 1956 and 1998. Here, shrub encroachment was
the most common cause of losses. The gains occurred in most cases

on former grasslands and shrublands (Plieninger, 2006). In south-
ern Portugal, 41%, 42% and 81% of the wood-pasture area respec-
tively in three different areas proved to be persistent between 1958
and 2007 (Costa, Madeira, Lima Santos, & Oliveira, 2011). In
Northern Lesvos in Greece, 90% and 55% of wood-pastures in two
areas respectively were persistent between 1960 and 2010
(Schaich, Kizos, Schneider, & Plieninger, 2015). In southern Ger-
many, 78% of orchard meadows (regardless of whether grazed or
not) between 1968 and 2009 were persistent (Plieninger et al.,
2015b). A totally different situation was observed in the case of
the Italian Alps, where between 1961 and 2003 there was only 16%
and 5% persistence in wood-pasture area in two study areas,
respectively, which were defined here by 10—30% tree canopy
cover. The wood-pastures were typically transformed into forests
(Garbarino, Lingua, Subira, & Motta, 2011). Varga, Odor, Molndr, and
Boloni (2015) give evidence about wood-pasture formation in the
19th century in Hungary and their extinction in the post-socialist
era. This is the only study focusing explicitly on wood-pasture
landscape dynamics in East-Central and Eastern Europe which we
found.

As for Czechia, we know that wood-pastures covered about 1.6%
of the whole area of the country in the 1st half of the 19th century
(Kr¢marova & Jelecek, 2016) when the general trend of separation
of forest and agricultural use on one piece of land was occurring
(Jergensen & Quelch, 2014). According to the point database LUCAS,
1.1% of Czechia in 2012 was covered by wood-pastures (Plieninger
et al., 2015a), although it was believed that silvopastoral systems
virtually did not exist there (Hartel et al., 2015). Little is known
about the history of these habitats or whether there are some
potentially ancient wood-pastures. In the current study, which is
focused on wood-pastures in lower parts of Czechia, we try to
answer the following questions:

1. How long is the continuity of wood-pastures?
2. What are the sinks of wood-pastures from the past?
3. What are the sources of current wood-pastures?

We will answer the questions by analysing change trajectories in
GIS using land use maps from the 1st half of the 19th century,
orthophotos from the 1950s and 2013/4 complemented by field
mapping.

2. Methods
2.1. Study area

The geographical framework of the study is represented by the
regionalisation of Romportl, Chuman, and Lipsky (2013). The
regionalisation combines climatic and geomorphologic character-
istics, namely average annual temperature, slope and elevation, and
constructs six regions, called “general types of natural landscapes”.
We chose the two mildest of them — warm lowland landscapes and
moderately warm landscapes of hills and basins. These two types
cover 46.6% of Czechia and are generally characterized by a high
population density (71% of inhabitants of Czechia) (CSU, 2011), a
low cover of forests (20.4%, while 33.3% in all Czechia) and a high
cover of agricultural land (67.7%, while 57% in all Czechia) in
comparison to the whole country (CENIA., 2014).

Within these two climatic-geomorphic regions we analysed
nine historical cadastral districts (Fig. 1). We took the historical
cadastral district as the sampling unit because of the consistency
and accessibility of data on historical land use. The boundaries of
current cadastral districts might differ from the historical ones. To
include a district in the analysis, we set a threshold that at least 0.5%
of the district's current land cover must be occupied by wood-
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pasture land use. We applied this condition and did not use any
kind of random sampling as it is generally believed that wood-
pastures virtually do not exist in Czechia today (Hartel et al.,
2015) and for the aims of our study, it would be useless to
consider districts with no wood-pasture. For this reason we used
orthophotos (CUZK, 2016) to identify suitable areas in various parts
of warm and moderately warm landscapes of Czechia where there
are patches with scattered trees. Only nine districts were included
in the presented analysis, even though we actually verified more
districts. The area of separate districts ranges from 3.8 to 28.6 km?>.
In total, they cover 98.6 km?, which represents 0.3% of warm low-
land landscapes and moderately warm landscapes of hills and ba-
sins in Czechia (Table 1). The studied districts are covered by arable
land (45.8 + 20% = mean =+ SE), forests (23.3 + 16.7%), heteroge-
neous agricultural areas (12 + 7.8%) and grasslands (6.7 + 11%)
according to the CORINE land cover database from the year 2012
(CENIA,, 2014).

2.2. Data sources

We analysed three temporal horizons using different types of
data sources, including old maps, aerial images and orthoimages:

2.2.1. 1st half of the 19th century

The period we are focused on starts with the 1st half of the 19th
century because it is the first temporal horizon available with
relatively exact map evidence on the extent of wood-pastures in
Czechia. We base our analysis on a series of Stable Cadastre maps,
covering the whole former Habsburg monarchy; these are widely
used to study Land Use Land Cover in Czechia (e.g., Bicik et al.,
2001; Lipsky, 1995; Raska, Zabransky, Brazdil, & Lamkova, 2016).
Different parts of Czechia were mapped from 1824 till 1843 and the
studied cadastral districts cover different map sheets which were
mapped throughout this long period. Due to this we use the dating
“1st half of the 19th century” in this paper. Besides ordinary land-
use classes, the Stable Cadastre also records those which might
be considered agroforestry (Krémdrova & Jelecek, 2016), including
pastures, meadows and arable land with various types of trees. We
used the so-called Imperial imprints of the Stable Cadastre, which
are large scale maps (1:2880). We obtained the Imperial imprints as
scanned images from the Czech Office of Surveying Mapping and
Cadastre (CUZK, 2015) and georeferenced each map sheet in ArcGIS
software (ESRI, 2015) to control points identified on the current
cadastral map to distinct corners of parcel boundaries or parcel
intersections that we considered not to have changed their shape.
The total number of map sheets was 71. For 62 of them, 1st order
polynomial transformation was used, where the root mean square
error (RMSE) was on average 1.4 per map sheet. The rest of the map
sheets were transformed by 2nd order polynomial transformation,
where RMSE was on average 1.6 per map sheet. The transformation
method was chosen to best fit the current cadastral map.

2.2.2. 1953/54

The temporal horizon of the 1950s was chosen as it represents
one of the most important breakpoints in Czech cultural landscape
history. After this period, huge and systematic changes in the
landscape were accomplished, when consolidation of land parcels
took place as a means of agricultural intensification. One of the
outputs was the abandonment of distant and less productive land.
(Lipsky, 1995). To capture the landscape composition of this period,
historic black-and-white orthophotos from 1953/1954 were used
(CENIA., 2012). From these orthophotos we were able to distinguish
only land cover as no reliable data source on land use from this

period in Czechia is available. For this reason, we did not distin-
guish the land use class “wood-pasture”, only semi-open habitats.
Some studies use historical aerial images to distinguish wood-
pastures, but it is suitable only in areas where wood-pastures are
common and traditional land management is present (Costa et al.,
2014; Plieninger, 2006; Schaich et al., 2015). The 1953/1954 period
serves us as an indicator of the dynamics and age of woody vege-
tation, but not of the land use.

2.2.3. 2015/2016

To determine current LULC, we used complementary data
sources. The orthophoto was taken as the basis and was supple-
mented by LPIS (Land Parcel Identification System) to distinguish
agricultural land (MZeCR, 2016). As another source a layer of land,
treated as a forest, was used (UHUL, 2000). The areas where we
expected wood-pastures to be found were verified directly in the
field in July and August 2015 and then reviewed in October and
November 2016.

Because of the variability of types of data sources, we used five
categories of LULC based mainly on tree density and tree canopy
cover, which was interpreted visually as follows:

e Open habitats with less than 7 trees/ha. For the 1st half of the
19th century, only those parcels depicted as agricultural with no
woody vegetation.

Semi-open habitats with at least 7 trees/ha and maximally 80%
tree canopy cover. The threshold was inspired by other studies
on sparse woody vegetation development (Garbarino et al.,
2011; Grossmann & Mladenoff, 2007). For the 1st half of the
19th century, all parcels with agricultural land use with woody
vegetation as subordinate land use.

Wood-pastures as a subtype of semi-open habitats where
grazing is the dominant management of semi-open grassland.
These could be identified for the 1st half of the 19th century as
pastures with trees and for 2015/2016, but not for the 1950s (for
the reasons, see above).

Closed habitats with at least 80% tree canopy cover. In this class
we also include all land evidenced as forest by UHUL (2000),
although these may be temporarily open but we cannot expect
any pastoral management because grazing by domestic animals
has been prohibited since 1960 (NSCSSR, 1960) and not prac-
tised now. We include in this class all forest parcels of the Stable
Cadastre although we cannot know what the actual tree canopy
cover on the parcels was.

Other areas including urban and industrial areas and water
streams and bodies.

2.3. Data processing and analysis

On the basis of previously mentioned data sources, we vector-
ised all wood-pastures in the 1st half of the 19th century and in
2015/2016 in the ArcGIS 10.4 environment (ESRI., 2015). The min-
imal mapping unit was set to 0.3 ha. We interpreted LULC of current
wood-pastures in 1953/1954 and in the 1st half of the 19th century.
At the same time, we interpreted LULC of wood-pastures from the
1st half of the 19th century in 1953/54 and in 2015/2016. We did
not vectorise all study areas, only areas where wood-pastures exist
or existed, similarly to studies on non-forest woody vegetation
(Demkova & Lipsky, 2015; Plieninger et al., 2012).

We performed an overlay analysis using the Intersect and Union
tools. The final layer was transformed into raster using the Feature
to raster tool to eliminate sliver polygons (Grossmann & Mladenoff,
2007). The raster cell size was set to 5 m and the value was
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controlled by the value of the largest area in the cell. All wood-
pastures were then classified according to their continuity into
the following groups: continuous, lost by 1950s, lost by 2015/2016,
gained by 1950s, and gained by 2015/2016. We also analysed sinks
of lost wood-pastures and sources of current ones.

3. Results
3.1. Overall changes

The total area of wood-pastures in the study area was 163.7 hain
2015/2016, which makes up 1.7% of the studied districts, as against
78.1 ha in the 1st half of the 19th century, meaning 0.8% of the
studied area (Table 1). This is more than twice as much. On the
other hand, there are big differences between the districts, e.g., the

Milovice district (ID 6 in the Fig. 1) has a large wood pasture now,
while there was no large one in the 1st half of the 19th century. On
the other hand, in the Bohdalice district (ID 1) there was a decline in
wood-pastures of 77%.

3.2. Habitat continuity

Looking at wood-pastures evidenced in the 1st half of the 19th
century, one can see that already by the beginning of the socialist
era more than half of their area had been lost. 44.1% of wood-
pastures area was lost during the second period (Fig. 2). Only 1.9%
of those wood-pastures that existed in the 19th century were
present on all three horizons. There are two larger patches of
continuous wood-pastures, namely in the Rovné and Msec districts
(ID 8 and 7, respectively). When we consider the current situation,

Studied cadastral district (ID
according to the Table 1)

General types of natural landscapes in
Czechia (Romportl et al. 2013)

.~ Warm lowland landscapes

- Moderately warm landscapes of hills
and basins

Moderately cool landscapes of hills
and highlands

Cool landscapes of highlands

Moderately cold landscapes of
mountains

Cold landscape of mountains

Fig. 1. Localisation of the 9 studied cadastral districts with the context of the general types of natural landscapes in Czechia (Romportl et al., 2013). The number of a district refers to

the Table 1.
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Table 1

Overall changes of wood-pastures cover in the studied areas between the 1st half of the19th century and 2015/2016.
ID District Area (km?) Wood-pastures 1824—1843 Wood-pastures 2015 Net change

ha % of district area ha % of district area ha % of initial area

1 Bohdalice 5,0 12,8 2,6 2,9 0,6 -9,8 -77,0
2 Cista 28,6 14,4 0,5 30,5 1,1 16,1 111,9
3 Havraniky 11,3 232 2,0 28,7 2,5 5,5 239
4 Konéprusy 4,4 1,8 0,4 194 4,4 17,6 980,9
5 Lobendava 11,4 49 0,4 18,3 1,6 13,4 2717
6 Milovice 11,8 1,8 0,2 37,5 3,2 35,6 1932,2
7 Msec 13,8 15,8 1,1 74 0,5 -84 —53,2
8 Rovné 3,8 1,8 0,5 4,3 1,1 2,5 136,3
9 Semanin 8,6 1,7 0,2 14,8 1,7 131 792,7
Total 98,6 78,1 0,8 163,7 1,7 85,6 109,6

more than four-fifths of the wood-pastures in 2015/2016 emerged
at a certain time during the last 60 years.

3.3. Sinks of wood-pastures from the past

When we have a look at sinks for wood-pastures lost by 1953/
1954 (for an example of such trajectory see the Fig. 5B), most of
their area was transformed into land uses with no trees, meaning
arable land or grasslands (Fig. 3). Some of these overgrew back in
the second period with trees to become semi-open or closed. There
are some cases where they were open in 1953/1954 and became
wood-pastures again by 2015/2016. Characteristically almost all
semi-open areas from 1953/1954 which could have still been
wood-pastures at that time had become forests by 2015/2016.
Surprisingly, only a small portion of former wood-pastures were
transformed into other categories, such as urban areas.

3.4. Sources of current wood-pastures

Concerning wood-pastures present in 2015/2016, the vast ma-
jority of them are formed on areas which had been overgrown by
woody vegetation during the last 60 years (Figs. 4 and 5A). We can
expect the trees there to be very young. An example of such change
trajectory is the case of the former military training area in the
Milovice and Semanin districts (ID 6 and 9, respectively), where
valuable grasslands which are being conserved by grazing have
evolved. In fact, 58% of the wood-pasture area is grazed as a man-
agement tool of grasslands with high biodiversity, either in state
nature reserves or private nature reserves. Almost none of the
current wood-pastures have formed in places which were occupied
by forests in the 19th century, and in those where wood-pastures
do exist, the forest was converted before 1953/1954. If we
consider semi-open habitat continuity, only 3.8% (6.3 ha) of the
current wood-pasture area has performed such continuity during
the last 170 years. An example of such development is a wood-
pasture in the Rovné district (ID 8) formed on a historical parcel
of arable land with fruit trees.

4. Discussion
4.1. Discussion on results

The increase in the area of wood-pastures is related to the fact
that we did not locate case study sites randomly in lowland and
warm landscapes of hills and basins in Czechia, but situated them
purposely in sites where wood-pastures are present so that we can
record the change trait of wood-pastures in time. However, that
does not mean that since the 1st half of the 19th century the overall
area of wood-pastures in lowlands in Czechia increased by more

than 100% as in our case study (Kré¢marova & Jelecek, 2016;
Plieninger et al, 2015a). On the other hand, most of the case
studies that analysed historical changes and causes in wood-
pastures in Europe generally documented a decrease in the
extent of wood-pastures, respecting different natural and cultural
conditions (Costa et al., 2011; Garbarino et al., 2011; Plieninger,
2006; Schaich et al., 2015; Varga et al., 2015).

Although we report a positive net change in the overall area
covering silvopastoral patches, almost none of the current wood-
pastures have had habitat continuity throughout the whole
period and only a small portion have had continuity for the last 60
years. This contrast with the studies from Spain (Plieninger, 2006),
Portugal (Costa et al., 2011), Germany in case of orchard meadows
(Plieninger et al., 2015b) and Lesvos (Schaich et al., 2015), although
all of those papers describe much shorter time periods. Only in the
Italian Alps was the persistence of wood-pastures similarly low
(Garbarino et al., 2011).

We can only speculate about the consequences of wood-pasture
dynamics for biodiversity. Ancient wood-pastures are generally
considered important biodiversity hot-spots (Falk, 2014; Paltto,
Nordberg, Nordén, & Snall, 2011). Therefore, the losses of wood-
pastures with potentially old trees that were documented in our
study could be responsible for significant diversity losses in the past
at both the local and regional level. However, precise quantification
of the losses might be difficult if not impossible. We should
consider the possibility that many species could have found alter-
native habitats in the grasslands and forests which replaced the
original wood-pastures. At the same time, newly established wood-
pastures would probably mean diversity gains in the landscape.
Open grazed shrublands are often richer in species than other
habitats, as seen in some examples from Romania (Vojta, Kovar, &
Volarik, 2014), regardless of the presence of old trees. Shrubs on a
pasture are important for specific bird species (Hartel et al., 2014). A
case study from the East Vattern scarp landscape in Sweden shows
that y- and B-diversity in wood-pastures increases along the
gradient of tree density on a pasture (Jakobsson & Lindborg, 2015).

Concerning the fate of wood-pastures depicted in the Stable
Cadastre from the 1st half of the 19th century, slightly fewer than
half of them persisted until at least the 1950s. The former semi-
open wood-pastures have turned more into open habitats (be
they arable land, meadow or pasture without trees) than into
closed canopy habitats, which indicates intensification of agricul-
ture in the period. This could have happened already at the end of
the 19th century when a large loss of pasture area and gains in
arable land occurred in Czechia (Bicik et al., 2001). The period
1840s—1950s was characterized by a blossoming of private peasant
agriculture with a high share of people and working animals.
Moreover, new technical equipment and new plants allowed the
use of less productive land for more intensive agriculture (Greslova
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Kuskovda, 2013; Jepsen et al., 2015; Santruckova, Dostalek, &
Demkovd, 2015). Our case study reflects a process different from
one site in the Bakony hills in Hungary, where a wood-pasture was
formed between 1818 and 1880 on the site of a former forest (Varga
etal,, 2015). On one site in the Romanian Carpathians, large gains in
forests in the period 1790—1867 took place at the expense of pas-
tures, which also shows a development different from that reported
in the current paper (Patru-Stupariu, Angelstam, Elbakidze, Huzui,
& Andersson, 2013).

Almost all of the wood-pastures from the 1st half of the 19th
century in the area of the current study, which remained semi-open
until the 1950s, changed into forest land in the second period. This
indicates that after the 1950s these areas were subject to more
extensive land use. Agriculture after the 1950s was characterized by
collectivization, large open fields, and heavy mechanization. On the
other hand, less accessible and arable lands were abandoned or
reforested (Greslova Kuskova, 2013; Jepsen et al., 2015). The au-
thors studying wood-pasture dynamics in the 2nd half of the 20th
century referred to broadly agree in identifying the driving forces
which had a major impact towards the decline or to a lesser extent,
the emergence of recent wood-pastures. Both suggest a process of
intensification and especially intensive grazing (Plieninger, 2006;
Schaich et al., 2015; Varga et al., 2015) resulting in the loss of
wood-pastures. They also document opposed processes of farming
extensification and abandonment, both resulting in tree and shrub
encroachment (Plieninger, 2006) which together with the depop-
ulation as well as the abandoning of traditional management
techniques play a great role behind the decline in wood-pastures.

Current wood-pastures in lowlands and hilly landscapes in
Czechia are have nearly all recently formed on former open habi-
tats. This phenomenon is consistent with the process of abandon-
ing less accessible land in the communist era in Czechia described
above (Bicik et al.,, 2001) and agricultural extensification in the
1990s (Feranec, Jaffrain, Soukup, & Hazeu, 2010). On the other
hand, there is a potential to restore wood-pastures (Roellig et al.,
2015) from overgrown ones which were converted into closed
canopy habitats in case these patches are not registered as forest
land in the Czech cadastre. On former agroforestry patches old trees
can still be found today (Krcmarova, 2016).

Talking of spatial-temporal changes of wood-pastures in the
study sites, they represent rather dynamic landscapes in compari-
son to the more persistent wood-pasture landscapes of Spain,
Portugal and Lesvos. Moreover, in the lowlands and hills in Czechia
wood-pastures are not a traditional land use (Kr¢marova & Jelecek,
2016). Ironically, land use of wood-pastures, which has a long
tradition in Europe (Jorgensen & Quelch, 2014), might be consid-
ered allochthonous here. In other words, even though these land-
scapes did not exist in the past here (Antrop, 2005), we can

celebrate them as sustainable landscapes of the future and as an
example of integrated landscape management (Manning et al.,
2006). However, their sustainability should be further studied
especially by means of a land-users’ motivation analysis.

4.2. Discussion on the methodology

This study was conducted as a case study, as it was based on 9
specific cadastral districts (sample plots) in warm lowlands and
moderately warm landscapes of hills and basins in Czechia
(Romportl et al., 2013). The studied area covers 98.6 km?, which is
about 0.3% of all the lower located parts of the country. We selected
such districts where wood-pastures cover at least 0.5% of the dis-
trict's area. Thus, the results are not generalizable in terms of
changes in the extent of wood-pastures today and in past but they
report about the continuity of current wood-pastures.

In contrast to the current study, most of the other related studies
have applied a shorter time perspective, using historical aerial
photographs. Thus, Garbarino et al. (2011) documented the loss of
wood-pastures in the central part of the Italian Alps in one time
period between 1961 and 2003, Schaich et al. (2015) looked at a
similar period in Greece on Lesvos island (1961-2010), and
Plieninger (2006) made a multitemporal analysis of the develop-
ment of wood-pastures with three temporal horizons (1956 -
1984—1998) at locations on the Iberian Peninsula. A much longer
period was analysed by Varga et al. (2015) in hilly areas in Hungary
(1818—2005) in four periods, and in addition to aerial photographs
old maps were used.

It is essential to note the specific limits and assets of the
different data sources that were used for the studied time horizons
(Table 2). The method proposed here may be applied to the entire
area which was involved in the Stable Cadastre mapping, which
includes most of the former Habsburg Empire. The obstacles in
georeferencing and digitising old maps were eliminated by trans-
forming the vector layer into a raster with a 5-m cell size. Old maps
of the Stable Cadastre are a solid data source but have their limits as
we cannot judge the land cover from them. The threshold defining
wood-pastures according to their tree density in the presented
study is thus only to a certain limit comparable with the patches
defined as pastures with trees or shrubs in the Stable Cadastre.

Aerial photographs, as another data source we used, usually give
more precise and detailed information (Herold, Goldstein, & Clarke,
2003) but they do not reflect land use, and sometimes land cover,
especially for the 1950s, due to their lower quality. Thus, we are
limited in information upon land use for the 1950s time horizon,
while for 2015 we are able to get enough related information from
additional sources. In historic aerial photos from the 1950s, only the
category covering all semi-open habitats could be used. Grasslands
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Fig. 2. Continuity of wood-pastures present in 1824—1843 (A) and in 2015 (B).
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Fig. 5. Examples of typical change trajectories of wood-pastures present in 2016 (A) and wood-pasture present in the 1st half of the 19th century (B).

consists in its great time demands and sensitivity to the individual

manner of work of each particular researcher, which may result in

problems in distinguishing between different LULC categories.
Old maps and aerial photographs together with statistical data

with shrubs could sometimes be classified as open habitats as the
shrubs are not clearly displayed in the orthophoto. This can be
confirmed in further studies using archival sources. The major
disadvantage of the method of visual interpretation of aerial images

Table 2

Limits and assets of the different graphical data sources used for description and analysis of LULC at different temporal horizons.
1824—-1842: Imperial imprints of the ~ 1950s: archival orthophoto 2015/2016: orthophoto, field mapping, LPIS, thematic
Stable Cadastre layers
Advantage Large scale mapping; existing Detectible land cover Diversity and availability of sources guaranteeing access

to any information

classification of landscape segments
Time demanding, need of classifying the landscape

Disadvantage Lack of information upon land cover Need of classifying the landscape segments; lack of
(abundance and location of trees and  information upon land-use (grazed/not grazed); low  segments
shrubs at the plot) resolution of orthophoto, leading to uncertainty in

locating shrubs
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about land use are the sole solid data on land use/cover changes,
but they should be interpreted carefully. First, the data gained from
the sources are related to mapping time horizons, but multiple or
repetitive changes between the mapping horizons remain un-
known. It is impossible to depict all changes in the model areas, and
the interpretation stresses the trends. Secondly, the earliest accu-
rate sources come from the beginning of the 19th century. Infor-
mation about previous land use changes is scattered and often
omitted but the centuries before the 19th century could not be
assumed to be unchanging. Finally, the depiction of semi-open
habitats on data sources from three temporal horizons does not
necessarily imply the existence of wood-pastures with ancient
trees in the current landscape. The maps only serve to identify
potential habitat continuity and consequent high conservation
value (Patru-Stupariu et al., 2013).

5. Conclusion

The results of the research allow the questions posed in this
study to be answered. Firstly, it can be concluded that most wood
pastures have not been continuously present in the three studied
temporal horizons (1st half of the 19th century, 1953/1954, 2015/
2016). Moreover, the wood-pastures present in 2015/2016 were
formed mostly in the last 60 years. The source of wood-pastures
present now are most often open-habitats, which means that we
cannot expect old trees on them.

On the other hand, a little less than half of wood-pastures from
the 1st half of the 19th century remained semi-open habitats until
the 1950s, which indicates a relatively stable landscape in the first
period. However, the process of agricultural intensification was
stronger at that time, as more wood-pastures areas were converted
into open-habitats than into forests. In the second studied period,
rapid transitions of semi-open habitats into forest took place.
Indeed, the socialist and post-socialist era was characterized by the
abandonment of remnants of wood-pasture land use. Now, wood-
pastures are emerging again, although they are valued rather as
species rich grasslands which started to be overgrown by woody
vegetation and thus need grazing as a conservation management
tool.

The overall changes which are presented in the current study,
where we described the huge increase in the area of wood-
pastures, cannot be generalized for all warm lowlands and
moderately warm landscapes of hills and basins. We wanted to
study the habitat continuity and change trajectories especially with
consequences for current wood-pastures so we chose only those
cadastral districts where wood-pastures cover at least 0.5% of the
district's area.
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Abstract

Orchard meadows are appreciated as an integrated land use of high cultural and biological value. While such
meadows are typical habitats for temperate Europe, they experienced a decline in their total area during the
second half of the 20" century, both in Western and Eastern Europe. In this contribution, we compare their
current area and status in terms of semantics, law, public support in general, and the efficiency of public
support in both Saxony and the Czech Republic. We estimated the area in Saxony on the basis of three public
mapping projects. In the Czech Republic, where no recent mapping included orchard meadows as a specific
land-use type, we carried out our own mapping. Hence, we mapped 124 randomly selected plots of 1 km?. To
cross-reference results from both countries, we used the pan-EU project LUCAS (Land Use/Cover Area frame
Survey). According to various different sources, the orchard meadows cover 0.09-0.55% of Saxony and 0.01-
0.72% of the Czech Republic. Interestingly, the results of the three mapping projects conducted in Saxony
vary from each other. Although orchard meadows are supported by financial incentives of the respective
governments in both countries, the Saxon approach concentrating more on individual activities (sanitation
of old trees, planting, grassland management), seems more focused than the single measure practised in the
Czech Republic. One key to a greater public awareness of the orchard meadow problematic can lie in the
promotion of a simple expression referring to this specific landscape feature in Czech, similar to the phrase
common in the German language: ‘Streuobstwiese’. Our suggestion for the Czech language is: ‘luéni sad’.

Keywords: Orchard meadow; Streuobst; LUCAS; agricultural policy; Germany; Czech Republic
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1. Introduction

Orchard meadows are a phenomenon authentic to
cultural landscapes in temperate Europe, spreading
from the Atlantic coast (pré-verger in French) to Central
Europe (Streuobstwiese in German) (Herzog, 1998). They
are characterised by fruit trees with high stems, sparsely
distributed on either mowed or grazed grassland. The fruit
trees are ordinarily of many types and varieties and of
various ages.

Orchard meadows have high ecological value as biotopes
(Horak et al.,, 2013; Thiem and Bastian, 2014; Zillich-
Olleck and Bauschmann, 1991). The fruit trees serve as a
substitute habitat for birds (Kajtoch, 2017) and saproxylic
beetles (Horak, 2014), while species-rich grasslands often
grow underneath them (Zarnovitan et al., 2017). Due to
the fact that orchard meadows generate a multitude of

ecosystem services and maintain biodiversity, they are
valuable elements of green infrastructure in both urban and
rural areas. Orchard meadows are connected to traditional
ecological knowledge (Zarnovi¢an, 2012), cultural ecosystem
services such as recreation and education (Ohnesorge
et al., 2015), and the preservation of gene banks for many
local fruit tree varieties (Fischer, 2007). For regulating
ecosystem services, orchard meadows provide pollination,
climate regulation, flood mitigation, erosion control and
water purification (Herzog, 1998). Orchard meadows both
grace traditional rural landscapes (Thiem and Bastian, 2014)
and can construct the green infrastructure of modern cities
(T6th and Timpe, 2017).

In contrast to the above-mentioned ecosystem service
values, the decrease in the economic importance of orchard
meadows is attributed to transformations in fruit supply
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chains. Specifically, there is an overall move to intensively
managed orchards and the separation of integrated land
uses into singular ones - fruit production in one place and
arable land or grassland in another (Herzog, 1998). The
fruit production of orchard meadows is perceived as one
of the most vulnerable and important ecosystem services
in the cultural landscape of the Swabian Alb (Plieninger
et al., 2013).

This form of traditional agroforestry has been recently
surpassed by modern agroforestry systems (Nerlich
et al., 2013). Orchard meadows are mentioned as a
threatened feature of traditional landscapes (Antrop, 2005).
After the expansion of fruit trees during the 18" and 19
centuries and the peak of orchard meadows in the middle
of the 20™ century, numbers have declined throughout
the second half of the 20™ century in both democratic
and socialist parts of Europe (Herzog, 1998). The decline
of the total orchard meadow area was reported in eastern
Germany as 37% in the period 1968-2008, which was the
largest decrease among the studied types of ‘trees outside
forests’ (other types discussed were hedgerows, isolated
trees or woodlots: Plieninger et al, 2012). The decline was
stronger in north-western Germany, with a 74% decrease
from 1979 to 2009 (Umweltbundesamt, 2010, p. 89). A
milder decrease (22%) was recorded in south-western
Germany during a similar period (Plieninger et al., 2015b),
and in some locations there was even an increase during
the last century (Plieninger, 2012). Radical decline of the
orchard meadows area was reported from central Slovakia
between 1950 and 2010 (Hanusin and Lacika, 2018). The
area of non-forest woody vegetation, including fruit trees
and a number of individual features, declined in the second
half of the 20™ century in the hilly region of eastern Czech
Republic (Demkova and Lipsky, 2015).

At present, orchard meadows are further threatened
by agricultural intensification, urbanisation (Plieninger
et al., 2015b), and the abandonment of undergrowth
and tree management (Milton et al., 1997; Demkova and
Lipsky, 2015). As described for the case of Slovakia, many
orchard meadows are managed by the elderly, and thus
the land maintenance in rural regions is threatened by the
loss of traditional approaches and emigration of younger
generations to urban regions (Spulerové et al., 2015;
Zarnoviéan, 2012).

Despite a certain level of public support for the managers of
orchard meadows, it is not enough to guarantee a sustainable
maintenance of current plots, and woefully insufficient for
the establishment of new plots, as was shown in Lower
Austria (Schonhart et al., 2011) and the Dresden area
(Ewert, 2018). There have been measures proposed directly
for improving orchard meadow policies, such as adding
orchard meadows to the habitat list of Annex 1 (92/43/CEE
Directive) (Kajtoch, 2017), or increasing premiums within
the framework of the Agri-Environmental Policy (Schonhart
et al., 2011). Some authors have suggested new management
practices: for example, increasing harvest efficiency by
shared mechanisation; providing an added value to the
fruit by processing it (Schonhart et al., 2011); introducing
the cultivation of energy crops in the understorey; and
intensifying the processing of fruit into juices (Plieninger
et al., 2013).

One problem with such measures is that many orchard
meadow managers regard farming as a hobby, and they can
be an inefficient target for agricultural subsidies since they
often do not qualify for the minimum requirements of said

subsidies (Ohnesorge et al., 2015). One general ambition,
then, is to raise public awareness and connections to some
regional identity, resulting in higher local fruit consumption
and the successive creation of new orchard meadows
(Rost, 2011).

To create good policy and strategies, it is necessary to
know how important is the role that orchard meadows play
in the landscape, beginning with how much area they cover.
One estimate is that 10,500 km? of the European Union is
occupied by grazed or intercropped areas with fruit, olive,
and nut trees (den Herder et al., 2017). Another estimate,
based on different sources from the end of the 20*" century,
comes to similar results, namely that 10,000 km? of Europe
is covered by scattered fruit trees (Herzog, 1998). Den
Herder et al. (2017) estimate there are 358 km? of grazed
areas with fruit trees in Germany (0.1% of the total area),
while Herzog (1998) states that there are 2,250-5,000 km? of
orchard meadows in Germany, which amounts to 0.6-1.4%
of the country’s total area (note the difference between the
objects under review). Germany’s eastern neighbour, the
Czech Republic, is said to have 72 km? of grazed orchards
(0.09%: den Herder et al., 2017) or 93 km? of orchard
meadows (0.12%: Herzog, 1998). Rapid declines are also
evident here: in the first half of the 19" century, 0.64% of
Bohemia (the historical territory: 2/3 of the present-day
Czech Republic) was covered by agroforestry land with fruit
trees (Krémarova and Jelecek, 2017).

Several themes emerge as relevant for this paper. To
accomplish better conservation and restoration of orchard
meadows and to raise the appreciation of biodiversity and
ecosystem services, a common terminology is required.
Secondly, comparisons beyond European borders should
give insights as to how this type of an ecosystem can be
protected at an international scale, where subsidies already
exist and what (EU) policy can do to maintain it. Finally,
knowledge is needed about the precision of geo-data for this
ecosystem type, about the available data to measure them
and about their validity.

Therefore, the paper first clarifies the semantics of
German and Czech terms, compares them and gives
suggestions on how exactly to nominate this specific type
of orchards in national debates. Second, the legal status
and system of agricultural subsidies in both neighbouring
countries are outlined. Third, we try to increase the
precision of the estimated area of orchard meadows and
their spatial distribution in the Czech Republic and
Saxony, one federal state of Germany. The reason for
choosing only one federal state in Germany is that Saxony
has specific legal conditions in nature conservation, as well
as completed unique land-use and vegetation mapping
projects depicting orchard meadows. A similar approach is
used for the Czech Republic and allows us to make a one-
to-one comparison.

Previous studies had severe insufficiencies, namely den
Herder et al. (2017), which took into account only those
areas with fruit trees that are grazed, and Herzog (1998),
which estimated the area based on non-explicit sources, for
example relying on data from the Czech State Statistical
Office despite orchard meadows not being explicitly
recorded there. The present study is based on the multiple
geodata approach. But first, we will discuss the current
linguistic and legal status of orchard meadows in Saxony
and the Czech Republic, and then we will continue to
scrutinise orchard meadow support measures and estimate
their efficiency.
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2. Current status

2.1 Semantics

The English term ‘orchard meadow’ started to be used by
researchers from German-speaking areas who were trying to
find an equivalent for the word Streuobstwiese' (Ohnesorge
et al., 2015; Schonhart et al., 2011; Steffan-Dewenter
and Leschke, 2003). Another term we can encounter in
English-language-based scientific literature is a ‘traditional
orchard’, used in studies from Poland, Slovakia or the
Czech Republic (Horak, 2014; Kajtoch, 2017; Spulerova et
al., 2015; Zarnovi¢an et al., 2017). The most precise, but
much longer, translation of Streuobstwiese is ‘scattered fruit
tree meadow’ (Thiel et al., 2012).

Concerning the Czech language, there is the common
word sad, which is equivalent to the English ‘orchard’. It
includes both intensively and extensively managed stands
of fruit trees, which may also be ploughed. Expressions
referring to extensively managed orchards are extenzivni
sad and vysokokmenny sad’. In comparison to the
German Streuobstwiese, these Czech expressions feel
very professional, and they are used mostly by experts in
conservation. There are also terms dividing orchards by
the secondary use of the understorey, i.e. poini sad (when
intercropped), lu¢ni sad (when mowed), or pastevni sad
(when grazed). In Slovak, very similar to Czech, the term
sadovd lika® is sometimes used (Zarnovi¢an, 2012) to refer
to the orchard meadow concept in general.

2.2 Legal status - conservation

Orchard meadows are not listed as a protected habitat
in Annex I of the Habitats Directive of the Council of
the European Communities (Council of the European
Communities, 1992), nor in Article 30 of the Federal Nature
Conservation Act (BNatSchG, 2019), which is valid for
Germany as a whole. Some German federal states, however,
do list orchard meadows as nature conservation objects.
The Saxon Nature Conservation Act (SichsNatSchG, 2018)
mentions orchard meadows (Streuobstwiese) in the list of
protected biotopes (§21 Art 1 No. 4), which means that any
action that can lead to the destruction or damage of the
biotope is forbidden (cf. BNatSchG, Art 30 No. 2). According
to one commentary to the Saxon Nature Conservation Act
(Gottlicher, 999), an orchard meadow must cover an area
of 500 m? and must grow 10 trees at a minimum to qualify
as a Streuobstwiese. The Czech Nature and Landscape
Conservation Act (ZOPK, 2017) generally obliges all owners
of trees to care for them. There is also an instance of
‘remarkable tree’, which ensures stricter protection, though
this is used only in exceptional cases.

2.3 Public support

In both the Czech Republic and Saxony, specific measures
supporting orchard meadows maintenance have been
implemented. The Czech measure supported by the second
pillar of the Common Agricultural Policy (CAP) for organic
farming is called Krajinotvorny sad (‘landscaping orchard’).
Conditions to get this subsidy contain: growing high- or
middle-stemmed trees to a minimum density of 50 trees per
hectare (with a density greater than 100 trees/ha, a different

program is more suitable). The trees must grow on once-
a-year mowed or grazed grassland. Furthermore, farmers
have to commit to work under the specified conditions for at
least five consecutive years, and the trees have to be clipped
at least once in the first four years after planting (Ministry
of Agriculture of the Czech Republic, 2016). Together
with basic and greening payments, each farmer, who is
registered as an agricultural entrepreneur by the ministry
of agriculture, can get approximately EUR 365/ha/year for
managing the land in this way. There were 771 field blocks
thusly supported, accounting for 1,009 ha (0.013% of the
Czech Republic) in total, according to government statistics
from January 2018 (Ministry of Agriculture of the Czech
Republic, 2018).

Orchard meadows in Saxony are eligible for support from
the program Richtlinie Natiirliches Erbe (‘Guidelines for
Natural Heritage’). This program concerns, among other
topics, the sanitation of old fruit trees and planting of new
fruit trees. The first goal is supported by EUR 41 (easy
conditions) or EUR 75 (hard conditions) per tree, with
a minimum support for one project of EUR 500 (thus, a
minimum of 7 trees per project in hard conditions). Following
this, one newly planted tree is supported by EUR 68 with
the same minimum sum per project (resulting in at least
8 new planted trees per project). Since 2014 when the
program was established, 3,907 existing trees in 68 projects
have been subsidised, an average of 58 trees per project
(as of Spring, 2018). During the same period, 3,866 new
trees were planted in 57 projects, an average of 68 trees per
project. More than twenty (22) supported projects covered
both planting and restoration, although it is unclear how
much they contribute to the numbers mentioned above.
Thus, we can roughly estimate that at least 100 plots in
Saxony have been supported by the National Heritage
program. The management of grasslands can be supported
by a similar measure (Richtlinie Agrarumwelt- und
KlimamafBnahmen).

Both in the Czech Republic and Saxony it is possible to
request direct payment for grassland management within
the first pillar of CAP. There are also other publicly- and
privately-funded programs aimed at the planting of new
fruit trees.

3. Methods

To estimate the total area of orchard meadows in Saxony
and the Czech Republic, we used several existing datasets
(their basic properties are shown in Tab. 1), one adjusted
pan-EU data source, and researcher-mapped randomly
selected plots. Other comparable data sources do not
differentiate orchard meadows well enough: for example,
the Corine Land Cover uses the class 2.2.2 (Fruit tree and
berry plantations), which matches orchard meadows with
the intensive type of plantations. Moreover, Corine Land
Cover uses a minimum mapping unit of 25 ha, which is
inappropriate to estimate the area of orchard meadows, with
their typical small scale. Because each country has different
types and the extent of data sources available, our approach
differs for the different states, though it is cross-referenced
with the use of the LUCAS (Land Use/Cover Area frame
Survey) grid data.

1 Streuen = scatter, Obst = fruit, Wiese = meadow. Sometimes the word Streuobst is also used (Herzog, 1998; Tojnko et al., 2011),
which includes intercropped orchards and such landscape elements as fruit alleys, etc.

2 Direct translation to English: ‘orchard with high-stemmed fruit trees’

3 Direct translation to English: ‘orchard meadow’
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Country Dataset Years of origin Min. registry unit (ha)
Saxony SBK2 1996-2002 0.05
Saxony BTLNK 2005 0.05
Saxony ATKIS 2013-2016 1.00
Czech Republic LPIS 2018 0.50
EU LUCAS 2015 0.05

Tab. 1: Analysed data sets on orchard meadows

Sources: Selektive Biotopkartierung 2. Durchgang (SBKZ2) = Selective habitat mapping; Biotoptypen- und
Landnutzungkartierung (BTLNK) = Mapping of biotope types and land wuse; Amtliches Topographisch-
Kartographisches Informationsystem (ATKIS) = German digital topographic information system; LPIS - Land
Parcel Identification System; LUCAS = Land Use | Cover Area frame Survey

3.1 Saxony

There were three independent projects conducted in
Saxony, which mapped orchard meadows as spatially
delimited patches.

Selective  biotope  mapping  ‘SBK’  (Selektive
Biotopkartierung = Mapping  of  selected  biotopes;
LfULG, 2002) in Saxony is thought to record all biotope
types that are protected by federal and state nature
conservation laws (BNatSchG, 2019; SachsNatSchG, 2018).
SBK was used as bases for the administrative work of the
nature conservation agency. The mapping was carried out
on-site by experts, basing it on the already-existing BTLNK
(see below). After completion of the first pass in 1994, a
second pass ‘SBK2’ was carried out between 1996 and 2002.
Since this second set was only partially revised by the
third pass in 2006-2008, SBK2 provides the last available
complete dataset. Since 2009 no revision has been carried
out, so while the SBK data are very precise they are also
potentially out of date. Because every biotope type was
mapped and described in great detail to make a sophisticated
data set, some smaller areas were described only as biotope
complexes, such that an exact calculation of the real biotope
area is rather difficult (Syrbe et al., 2018).

A complete aerial-covering biotope mapping ‘BTLNK’
(Biotoptypen- und Landnutzungkartierung = Mapping of
biotope types and land use) based on colour-infrared aerial
views was carried out in Saxony in the years 1992, 1993
and 2005. The recent data set is available from the Saxon
Nature Conservation Agency (LfULG, 2005). The resulting
digital biotope maps can be more precisely spatially analysed,
but since they use remote sensing data, their precision is
limited; in other words, shortcomings and confusion with
other similar biotopes are an ever-present possibility.

The landscape model of the German digital topographic
information  system (ATKIS-Basis-DLM = Amtliches
Topographisch- Kartographisches Informationsystem -
Basis Digitales Landschaftsmodel; SGVSG, 2016) is updated
separately by each federal state in Germany. The stage of
project development varies among the German states.
The classification system contains 190 object types. The
minimum mapping unit for this system is 1 ha and therefore
coarser than SBK2 and BTLNK (Tab. 1), and updates are
carried out using aerial photography and more thematic
details. Since then, the topographic data have been updated
using high-resolution remote sensing data (SGVSG, 2016).

Based on these three projects, which spatially differ
between each other, we constructed an intersection diagram
expressing the probability for orchard meadow occurrence in
Saxony. We assume that the probability of identifying orchard

meadows is higher the higher the number of available data
sources, particularly considering that newer sources tend to
be more credible than the older ones.

3.2 Czech Republic

There is only one data source that spatially delimits
orchard meadows in the Czech Republic, the Land Parcel
Identification System (hereinafter LPIS). LPIS registers
the land for which the discussed agricultural subsidies are
provided. We took the field blocks with land use registered as
‘landscaping orchard’ as patches with a certain occurrence
of orchard meadows. The minimum area of one field block
is set to 0.5 ha.

Because these field blocks with ‘landscaping orchard’
land use refer only to orchard meadows registered for their
organic management and receiving subsidies, we further
estimated their area on the basis of our own mapping in
randomly sampled squares of 1 km? We performed the
whole analysis in ArcGIS 10.5.1 (ESRI). To assure that the
squares would be equally spread across the country, we used
the Create Fishnet tool to create squares of 25 km per side
(an area of 625 km?). Polygons smaller than 625 km? were
created around the country border. In each polygon larger
than 300 km? (i.e. approximately half of 625 km?) we placed
one sampling square. We used the Random points tool
to randomly place points and the Graphic Buffer tool to
build squares around the points. Using this procedure, we
prepared 124 squares of 1 km? to be mapped. The sampling
method was arbitrarily set up to give a coarse overview of
the spatial distribution of orchard meadows throughout the
Czech Republic.

We mapped the orchard meadows in the delimited squares
on the basis of orthophoto maps provided as a web map
service by the Czech Office for Surveying, Mapping and
Cadastre (2016, 2017). We further used the Basic map of
the Czech Republic to check for gardens and orchards for
identifying patches with present fruit trees. We also used
the tool Panorama at mapy.cz (the Czech equivalent to
Google StreetView) to check the height of the trees and their
undergrowth. Single field visits in three squares showed us
that this approach is suitable (see photos on Fig. 1). The
method used is comparable to one of the BTLNK and ATKIS
sources which did not do on-site mapping, though we used
additional sources to remote sensing. The definition used
to identify orchard meadows comes from the Saxon Nature
Conservation Act. We considered orchard meadows only
of at least 500 m? in area size and with 10 or more high-
stemmed trees scattered (approximately 20-200 trees/ha)
across grassland undergrowth. A certain level of successive
overgrowth was accepted.
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Fig. 1: The appearance of visited orchard meadows in northern Czech Republic: Moderately managed orchard
meadow situated between home gardens and a forest in the recreational settlement of Bukovec (top left); Overgrown
orchard meadow situated not far from the village Krusovice near Rakovnik (top right); Intensively managed orchard
meadow near the centre of Zichovec village (bottom left); Orchard meadow with old apple trees threatened by the
construction of a bypass route, Krusovice village (bottom right). Photos: M. Forejt

3.3 Central European context

We further used the LUCAS grid database to compare
and cross-reference the results obtained from the defined
datasets from Saxony and the Czech Republic. The LUCAS
database, purchased in 2015, is comprised of 273,153 field-
surveyed and 66,604 photo-interpreted geo-referenced points
(Eurostat, 2015). For each surveyed or photo-interpreted
point, land use, land cover, and other data were recorded.
It covers only the 28 member states of the EU, thus
Switzerland and Lichtenstein, both of which are normally
considered Central European countries, were not included.
Previously, the database was used to estimate the extent of
wood pastures (Plieninger et al., 2015a) and other various
types of agroforestry (den Herder et al., 2017).

Both studies, when considering land with fruit trees,
took into the account only land with grazing management,
although orchard meadows (no matter if grazed or not)
are generally considered a type of agroforestry (Nerlich et
al., 2013). Here, we only selected points with fruit trees as
primary land cover [LC1 (primary land cover) = B71-B75
(apple trees, pear trees, cherry trees, nuts trees and other
fruit trees and berries)], and we further used orthophoto and
LUCAS PhotoViewer to adjust photos from each site and
to verify each point for fruit tree density, stem height, and
grassland undergrowth.

We applied the same definition of orchard meadows as
before, including the minimum area (500 m?) and minimum
number of trees (10). We performed this procedure for all
Central European countries that are EU member states
(Germany, Austria, Poland, Czech Republic, Slovakia, and
Hungary). The share in area of one geographic unit was
estimated by dividing the number of points matching the
criteria by the number of all points for each state in the
Central Europe region (den Herder et al., 2017).

4, Results

Table 2 presents geographical coverage of orchard
meadows in the Czech Republic, Saxony, and other parts
of Central Europe. Regarding to the LUCAS database, not
all the fruit trees points are registered, but only those have
been manually selected that doubtless represent orchard
meadows with high-stem scattered trees. Relatively low
values (compared to marginal distributions of orchard
meadows and total acreage) are found in Hungary and
Poland, while the relatively highest values are those from
the Czech Republic and Slovakia. Detailed findings are
presented in subsequent sections.

4.1 Saxony

According to the individual mapping projects, there
are 44.1 km? (0.24% of Saxony’s total area; SBK2), 61.5
km? (0.33%; BTLNK), or 15.8 km? (0.09%; ATKIS) of
orchard meadows in Saxony (see Fig. 2). The minimum
overlap between all projects is 6.1 km? (0.03% of Saxony).
Areas where at least two of these mapping projects agree
on the occurrence of orchard meadows amounts to 26 km?
(0.14% of Saxony), while areas where at least one project
shows the occurrence of an orchard meadow is 86.3 km?
(the potential maximum area of orchard meadows without
considering different mapping criteria; 0.47% of Saxony).
The interpreted LUCAS database suggests even more,
namely that 0.54% of all points in Saxony are orchard
meadows. The mean patch size of one orchard meadow is
highest according to ATKIS (1.8 ha), and more than three
times smaller according to both BTLNK (0.54 ha) and
SBK2 (0.46 ha).

Orchard meadows are concentrated in central Saxony
(the districts of Leipzig, Mittelsachsen, Meilien, Séachsische
Schweiz-Osterzgebirge, and Dresden) in a wide strip
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Geographic unit Dataset km? %
Saxony SBK2 441 0.24
BTLNK 61.5 0.33
ATKIS 15.8 0.09
SBK2+BTLNK+ATKIS 6.1-86.3 0.03-0.47
LUCAS 99.7 0.54
Czech Republic LPIS 10.1 0.01
Random squares 4317.0 0.55
LUCAS 566.0 0.72
Austria LUCAS 360.6 0.43
Germany 1924.1 0.54
Hungary 180.0 0.19
Poland 623.2 0.20
Slovakia 356.0 0.73
Central Europe 4009.9 0.41

Tab. 2: Orchard meadow areas in Central Europe according to multiple sources.
Sources: Ministry of Agriculture of the Czech Republic (2018), Eurostat (2015), BKG (2016), LfULG (2002), and

LfULG (2005); authors’ survey

starting south of Dresden, spreading northwest to the
town of Meilen and west between the cities of Leipzig and
Chemnitz. Concerning landscape units, orchard meadows
are concentrated in Mittelsdchsisches Losshiigelland
(‘Central Saxon loess landscape’) and Ostliches

Erzgebirgsvorland (‘Eastern Ore Mountains foothills’)
(Mannsfeld and Syrbe, 2008). There is a significant
difference between the spatial coverage of orchard meadows
in the three mapping projects. In the southwestern part of
Saxony, there is a relatively high share of mapped orchard

22,6 km?

SBK2
44,1 km?

Fig. 2: Concordance in mapped orchard meadows in
mapping projects in Saxony. Sources: BKG (2016),
LfULG (2002), and LfULG (2005); authors’ elaboration

meadows in the BTLNK dataset, while SBK2 reports large
areas of mapped orchard meadows in the east and in the
Meillen district (see Fig. 3).

4.2 Czech Republic

The LPIS system for registering land that receives
agricultural subsidies, records 1,009 ha of orchard meadows
(0.013% of the Czech Republic total area) in 771 field blocks
in the Republic. They are mostly present in south-eastern,
eastern and northern areas of the Czech Republic, where
registered orchard meadows may reach up to 0.05% of the
respective region’s total area (see Fig. 4A). Concerning
landscapes rather than administrative units, orchard
meadow hot spots seem to occur in the Bilé Karpaty (‘White
Carpathians’), Zdénicky les (‘Zdanice Forest), Cesky r4j
(‘Bohemian Paradise’), and Ceské stiedohoti (‘Central
Bohemian uplands’) landscapes.

According to our digital mapping (Fig. 4B), 46 of
the 124 mapped squares contained at least one patch of
orchard meadow. Altogether we identified 68.7 ha of orchard
meadows. The maximum orchard meadow share in one square
was 12.8% (near the town of Kyjov), and the minimum share
was 0%, which was true for 78 squares. 12 squares contained
at least 1% of orchard meadows. Taking all the mapped
squares together, we can calculate the average occurrence
of orchard meadows in the Czech Republic as a 0.55%
share of the country’s total area. Again, there are apparent
orchard meadows hot spots, especially eastern and partly
in northern Czech Republic, and the south-western half of
the Czech Republic does not show a high concentration of
orchard meadows. One square, near the town of Rakovnik, is
a notable exception to this rule. Using the LUCAS database,
we can estimate that 0.72% of the Czech Republic is occupied
by orchard meadows.

4.3. Central Europe

In the context of Central Europe, the LUCAS database
reveals that orchard meadows have the highest shares of
land use in Slovakia (0.73%) and the Czech Republic (0.72%).
The lowest shares, meanwhile, occur in Hungary (0.19%) and
Poland (0.2%). Orchard meadows in Germany and Austria have
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average values (0.54% and 0.43%, respectively), which is due to
very large areas with a very low density of points identified as
orchard meadows (the Alps and North-German lowland).

Concerning the spatial distribution in Central Europe
specifically (see Fig. 5), high concentrations of orchard
meadows are found, not surprisingly, in Baden Wiirttemberg,
northern Bavaria, the Rhineland, eastern Saxony (all
in Germany), in Steyerland (Austria), and the western

Carpathians (western Slovakia, southern Poland, eastern
Czech Republic), mostly between 100 m and 500 m above sea
level (maximum at 1,135 m in the Alps in Austria).

Only very rare occurrences are found north of 52° latitude
or in the whole of Hungary. Concerning our focal countries,
low densities of orchard meadows are recorded in south-
western Saxony and north-western and north-eastern Czech
Republic (Fig. 5).
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Table 3 shows the share of points with interpreted
orchard meadows in all mapping projects against the total
point number of fruit trees. The highest values occur in
Austria, Germany, and Slovakia, where orchard meadows
make up about half of the fruit tree points. Lesser values
are exhibited in the Czech Republic and very low shares are
recorded in Poland and Hungary.

5. Discussion

Orchard meadows are a landscape feature typical for
temperate Europe (Herzog, 1998). We used multiple geodata
sources to estimate the area of orchard meadows and their
spatial distribution in the Czech Republic and Saxony.
Orchard meadows occupy a smaller share of the total area
in Saxony than orchard meadows in the Czech Republic.
This was confirmed by an additional source we used to cross-
reference the results, the LUCAS grid database. In Saxony
it is the central part of the territory that has the highest
density of orchard meadows. South-eastern and northern
Czech Republic are also characterised by high concentrations
of orchard meadow plots. We do not consider the mapping

of 124 random squares sized 1 km? each, however, to
be a detailed orchard meadow distribution survey for
Czech regions, rather we consider it to be an approximate
localisation of large orchard meadow hot-spots.

Our study revises the previous area estimation of the
total orchard meadow area in the Czech Republic. We
estimate that the area is almost five times larger than the
previous, often cited, estimate (Herzog, 1998). The present
estimation suggests only a 15% decline since the mid- 19"
century in Bohemia, which accounts for two thirds of
the current area of the Czech Republic (Kréméarova and
Jelecek, 2017).

According to LUCAS, the share of orchard meadows in
Saxony is higher than what other data (SBK2, BTLNK,
ATKIS, random squares own mapping) would leave us to
believe. It is apparent that this widely-used source (den
Herder et al., 2017; Plieninger et al., 2015a) overestimates
the area of orchard meadows. Since only accessible points
located lower than 1,200 m above sea level are included
in the LUCAS dataset, the reason for the overestimation
could be that orchard meadows are usually located in

Country LC1 = fruit trees Orchard meadows Share OM/Fruit trees (%)
Austria 73 38 52.1
Czech Republic 121 41 33.9
Germany 273 144 52.7
Hungary 64 10 15.6
Poland 364 46 12.6
Slovakia 42 20 47.6

Tab. 3: Share of orchard meadows on all plots with fruit trees in Central Europe according to LUCAS and own visual

evaluation of photos (Note: this is not share of orchard meadows to total area [cf. Tab. 2])
Source: Eurostat (2015); authors’ elaboration
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close proximity to villages and in rather hilly areas
(Herzog, 1998). The area of land-uses with a similar spatial
distribution (e.g. built-up area, gardens), is probably also
overestimated, while land-uses typical for remote areas
are underestimated in LUCAS. This important hypothesis
should be tested in the future.

The LUCAS database, however, does give an overview and
the possibility for comparison between several states and
countries. When we compare different sources, especially
in the cases of Saxon mapping projects, they agree only to a
very small degree in the delimitation of orchard meadows.
Such disagreement can be partly explained by the temporal
extent of the mapping throughout the 20-year period
(from 1996 to 2016). Another reason can be due to different
mapping methods, as only SBK2 used on-site mapping,
while ATKIS and BTLNK are based on remote sensing.
Finally, orchard meadows are a transitional land use and
the boundaries between them and the phenomena of
gardens, intensive orchards, low-stemmed orchards, high-
density fruit tree stands or young fruit tree stands, are very
unclear. It presents a good example of the often difficult
effort involved in putting landscape features into a single
category (Dahlberg, 2015) or even of classifying landscapes
(Wolski, 2016).

Regarding the share of orchard meadows among all fruit
tree land cover in the LUCAS database, we can conclude
that the largest proportions of orchard meadows per
total fruit tree growing area are in Austria and Germany.
We can also assume a high self-supply of fruit in these
countries corresponding to the fact that orchard meadows
in the Swabian Alb are often managed by hobby farmers
(Ohnesorge et al., 2015). On the other hand, Poland, an
important apple producer, has a low share of orchard
meadows for the large amount of fruit trees growing in the
country.

Considering public support in the two case study areas,
one can apply a complex measure for the specific land
use (Czech Republic) or separate measures for planting
new trees, sanitation of old trees, and management of
grasslands (Saxony). In the case of the Czech Republic,
only 2% of orchard meadow areas (derived from the
estimation based on our mapping of the 124 random
squares — an average of 0.55%) receive subsidies designed
for this land use in the ‘landscaping orchard’ program
(10.1 km? in the country). Paradoxically, in the cases of
orchard meadows which were mapped by us, not a single
plot was subsidised by any means. The Saxon approach is
not based on spatial delimitation, thus we cannot precisely
estimate the share of supported orchard meadow areas.
We can approximately estimate from data of the number
of projects and trees that about 100 plots received support
for the planting of young trees and/or the sanitation of old
trees. If we take the data from BTLNK, namely the mean
orchard meadow size of 0.54 ha and the total area of the
orchard meadows of 61.5 km?, we come to 54 supported
hectares, which means that about 0.9% of orchard meadow
areas are supported from the two programs. From the
above-mentioned, it is apparent that the efficiency of
public support towards orchard meadows is low in both
Saxony and the Czech Republic.

Orchard meadows are land uses only partly covered by
measures of CAP, even though they provide important
ecosystem services. A similar case is the wood-pastures in
Europe (Beaufoy, 2014; Jakobsson and Lindborg, 2015).
This issue is discrepant with respect to the proclaimed

intention of CAP to enhance the ecological functions of
landscape. The presence of scattered trees on grassland
(agroforestry) is considered to be an important climate
change adaptation measure, yet as mentioned before,
many orchard managers are hobby farmers (Ohnesorge
et al., 2015), whose homesteads are not large enough to
get public support. Since the orchard meadows are often
managed by elderly people (Spulerova et al., 2015), there
is a threat that traditional ecological knowledge connected
with the care of fruit trees and fruit processing will fade
away. Public awareness must be enhanced in both countries
to attract younger people to adopt skills from people who
still use them. If used, a more effective fruit production or
new management practices such as cultivation of energy
crops in the understorey, can lead to sustainability and the
expansion of orchard meadows. (Schonhart et al., 2011;
Plieninger et al., 2013).

One of the first steps to raise awareness of orchard
meadows in the Czech Republic is to start using a specific
term for the orchard meadows. Among landscape scientists,
the term extenzivni sad (‘extensive orchard’) is used to
describe orchard meadows as described above. If the same
term were to be used by the general public, it could feel too
professional and thus inappropriate. A better option could be
luéni sad (‘meadowed orchard’ or ‘meadow orchard’, where
the meadow takes on a descriptive role). It seems important
to use the word sad as a noun, rather than, for instance,
the term sadova luka (‘orchard meadow’, where sad is an
adjective) as used in Slovakian research. The word lu¢ni
(meadow-ish as a descriptor) specifies the type of orchard,
sad being the only word used for an area of fruit production
in an otherwise open landscape. The method of undergrowth
management (whether pasture or mowing) could be deemed
comparatively unimportant. Finally, the expression lu¢ni sad
could be used as a label for products of orchard meadows,
similar to the ways in which the word Streuobstwiese is used
in relation to juices, jams, etc., in Germany.

6. Conclusion

Orchard meadows represent a landscape feature that
is typical for temperate Europe: they provide a multitude
of valuable ecosystem services. Based on the research
presented in this study, both the Czech Republic and
Saxony have high concentrations of orchard meadows
in comparison with Central Europe in general. Orchard
meadows cover more area in the Czech Republic than
in Saxony, although they are protected by law only in
Saxony, while the Czech language does not commonly use
a distinctive term for orchard meadows let alone for them
to be distinctly protected by the law. The information from
recently available data sources differ too widely to set up
a reliable monitoring program. In particular, data sources
about orchard meadow coverage can differ. One estimation
method differs from the other by almost 500% in Saxony
(ATKIS - LUCAS) and by 7,200% in the Czech Republic
(LPIS-LUCAS). The main problem with extracting orchard
meadows from thematic maps or statistical data sets lies in
the fact that they are a transitional landscape type, without
consistent recognition. The highest densities of orchard
meadows are located in parts of the Czech Republic and
Saxony where biodiversity hotspots are also present. The
orchard meadow is a type of traditional agroforestry with
not only high historic heritage and recreational values, but
also an ecosystem with potentially high resilience towards
climate change due to their species and genetic diversity.
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Some areas may even be called orchard meadow deserts,
however — such as southwestern Czech Republic and the
Ore Mountains - as these rather peripheral areas are
regarded more for their touristic attractiveness, but they
could benefit from a higher orchard meadow density.

The status of nature conservation differs essentially
between the study areas. Whereas protection is directed
to trees by the Czech legislation, in Saxony it is focused on
the orchard meadow as a whole, which is not necessarily
the case in the rest of Germany. Even though the latter
approach of conservation seems to be more reasonable,
regarding the share of orchard meadows on the whole
area does not guarantee a higher quantity of this habitat
type. Orchard meadows are subsidised from public budgets
in both in Saxony and the Czech Republic, although with
respect to the percentage of orchard meadows receiving
such funds, the support cannot be really called efficient in
either of them.

The high awareness of orchard meadows in Germany
is generally highlighted by the well-known term
(Streuobstwiese), which is frequently and successfully used,
e.g. as a sales argument for fruits and juices produced in
this sustainable manner. In Czech, a similar awareness
could be raised by using the rather new expression lu¢ni
sad, which feels ordinary and pleasant enough to get public
appreciation. Since orchard meadows are often owned and
maintained by elderly people, the threat of losing them in
a long run must be countered by higher public attention
and support. Policy agencies must find better solutions to
protect these orchards in several areas, namely by improving
the obvious small efficiencies of targetted subsidies and by
enhancing overall data quality, so setting target values and
their monitoring would be possible in future. We believe that
the conservation and development of traditional knowledge
connected with the orchard meadows can be raised by
general interest, which is already partly being expressed
by the activities of young and experienced farmers, NGOs,
hobby clubs and public authorities.
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6. Diskuse

6.1 Komentar ke kapitole ¢. 3: Quantifying inconsistencies in old

cadastral maps and their impact on land-use reconstructions.

Tento ¢lanek pouziva, stejné jako mnoho dalSich studii v krajinné ekologii, tzv.
FrantiSkovsky katastr (DolejS, Forejt 2019). Zde vsak analyzujeme samotnou
dokumentaci. Porovnavdme mezi sebou tfi mapové zdznamy (indikacni skici, originalni
mapy, cisarské otisky) a jeden pisemny (protokol pozemkd — Grund Parzellen Protcoll).
V pfipadé Sesti studovanych Uzemi se tyto zdroje neshoduji az u 7,4 % pozemkul. Kdyz
se podivame na prostorové rozmisténi téchto neshod, zjistime, Ze v nékterych
katastralnich Uzemich se témér nevyskytuji, zatimco vjinych se tykaji az 10 %
pozemkl. To muiZe byt zplsobeno individudlnimi chybami mapovatelli nebo
heterogenitou krajiny (Clenity nebo jednoduchy reliéf, sloZitd nebo jednoducha
mozaika vyuziti uzemi). Nejvice neshod mezi ¢tyfmi zdroji bylo 1) vtom, Ze urcitd
kultura vyuziti neni rozlisitelnd ve vSech zdrojich (212 pozemkd), 2) jeden nebo dva
zdroje zaznamendvaji jinou kulturu vyuZiti Gzemi (113 pozemkl) — zde je zajimavé, ze
nejméné neshod tohoto typu je mezi pisemnym operdtem a indika¢nimi skicami - a 3)
pozemek neni zaznamenan ve vsech zdrojich (79 pozemku). U prvniho typu neshod se
jednd zvelké ¢asti o nejednotné oznacovani druhl lesi nebo specifické pripady
(nékteré zdroje nerozliSuji ornou pudu stfidajici se s pastvinou, cisarské otisky
nerozlisuji kfoviny). Ve tretim pripadé se jedna nejvice o malé pozemky, které byly
nakresleny do mapy, ale pozdéji se patrné zjistilo, Ze nesplfiuji kritérium o rozloze
pozemku (v pfepottu alespori 90 m?) a jiz se neobjevuji v pisemném operatu. Jedna se

tedy ¢asto o zeleninové zahrady, malé pastviny a domy.

Zde nds ovsem zajimaji ty neshody mezi zdroji, kdy je v uréitém zdroji zaznamenana
jind kultura vyuZziti pidy neZz v ostatnich zdrojich. Je to z velké ¢asti pripad pastvin
s uzitkovym dfivim nebo s ovocnymi dievinami (pastevni sady). Druhy nejcastéjsi
pfipad jsou pole sovocnymi stromy. Oba tyto pfipady jsou vlastné agrolesnické
zpUsoby vyuziti pady (pouze 91,2 % agrolesnickych pozemkl se shodovalo v evidenci

ve Ctyfech sledovanych zdrojich). Tento typ neshod muizZe byt u agrolesnictvi tak casty
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proto, Ze 1) vyskyt strom( nebyl pro zpracovatele katastru dllezity, 2) je urceni
agrolesnické plochy kontroverzni — pro nékoho, kdo se podilel na urcovani kultur, se jiz
jednalo o plochu se stromy, zatimco pro jiného byly stromy zanedbatelné.
Agrolesnictvi zahrnuje kontinuum krajinného pokryvu mezi péstovanim plodin, stromu
a chovem dobytka (den Herder et al. 2015). Ukazalo se, Ze nejvérohodné;jsim mapovym
zdrojem Frantiskovského katastru pro studium vyuZiti Uzemi jsou indikaéni skici,
naopak nejméné vérohodné jsou cisarské otisky. To plati zvlasté pro agrolesnické
kategorie, protozZe tyto jsou v cisarskych otiscich podhodnoceny, ackoli jsou pro jejich
studium ¢asto pouzivany (Forejt et al. 2017; Vojta, Drhovska 2012; Pereponova, Skalo$
2019). V jednom pfipadé je to jinak — zatimco ostatni zdroje oznacuji urcité pozemky
kulturou kfoviny (Gestrippe), na cisarskych otiscich je pouZit symbol pro pastviny

s uzitkovym dfivim.

Nase vysledky nelze jednoduse zobecnit na celé Uzemi tehdejsiho Rakouska. Jedna se o
pfipadovou studii na $esti katastralnich Uzemich. Jen v Cesku bylo v dobé tvorby
Franti$kovského katastru vice nez 13 000 katastralnich tzemi (Bi¢ik, Jelecek, Stépanek

2001).

6.2 Komentar ke kapitole €. 4: Changes and continuity of wood-

pastures in the lowland landscape in Czechia

Tato studie je typickou multitemporalni analyzou vyvoje krajiny. Sledujeme osud
pastvin s dfevinami (wood pastures) v krajiné nizin a pahorkatin Ceska na pfikladu 10
katastralnich uUzemi. Ty, které jsou v poloviné 19. stoleti zaznamendny na
FrantiSkovském katastru, byly vétSinou v dlouhodobém hledisku pfeménény v les nebo
zarostly sekundarnim lesem. Naopak soucasné pastviny s dievinami vznikly zarGstanim
otevienych, bezlesych ploch. Midzeme na nich tedy o¢ekdvat spiSe mladsi dieviny. Oba
tyto jevy lze oznalit za extenzifikaci vyuzivani krajiny. Kontinualné existujici, tedy
perzistentni pastviny se starymi stromy, se v nizsich polohach Ceska vyskytuji velmi
malo. Zajimavé je, Ze ve srovnani rozloh pastvin s dfevinami v poloviné 19. stoleti a let
2015/16 vychazi rozloha tohoto biotopu v nové dobé vice neZ dvakrat vétsi nez v
minulosti. Rozhodné to tedy neni tak, e by se v Cesku nenachéazely pastviny s
dfevinami (Hartel, Plieninger, Varga 2015).
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Tato studie trpi podobnym nedostatkem jako jiné multitemporalni analyzy -
oznacujeme-li dnes néco jako pastvinu s dfevinami, mluvime zcela jisté o né¢em trochu
jiném neZ je “pastvina s uzitkovym dfivim” ve FrantiSkovském katastru, protoze
soucasné socialni, kulturni a ekonomické podminky jsou odliSné od minulosti. Navic,
jisté i mnohé plochy, oznadované v poloviné 19. stoleti za lesy, byly spdsany, zvlasté
tzv. nizké lesy mély urcité z velké casti silvopastoralni (agrolesnické) vyuziti (Szabd
2010). Takto by se rozsifily i rozlohy agrolesnictvi podle Krémarové (2015). DalSim
vyraznym nedostatkem této prace je, Ze nebyl pouzit ndhodny vybér studovanych
katastrdlnich Uzemi, tim padem neni mozné vysledky pfiliS zobecriovat. Lze je brat
pouze jako pfipadovou studii. V pfipadé, kdy nebyl pouzit ndhodny vybér, by bylo
vhodné se dikladné zaméfit na nékolik Uzemi polozenych blizko sebe a ty rozebrat i s

dlrazem na mistni pfirodni a socioekonomické podminky.

Pastviny s difevinami jsme v soucasnosti vymezovali jako spdsané plochy, s alespori 7
stromy/ha a maximalné 80% zapojem korun. Plosné takto charakterizovanou krajinnou
jednotku neni jednoduché vymezit (Nair, Kumar, Nair 2009). Hustota porostu preci jen
neni homogenni po celé pastviné. Na pastviné se mohou vyskytovat dfevinné porosty
bez travniho podrostu. Jsou wood pastures holé pastviny (opusténd pole) s pruhy
spasanych remizk(, co? je celkem obvykld situace v Cesku? TéZko lze také vymezit jako
pastvinu s difevinami drfevinné porosty bez travniho podrostu i bez znakd okusu
stromG. Naopak husté drevinné porosty s vice nez 80% zapojem mohou mit spasany

travni podrost (Obr. 1).
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Semanin Rovné

Obr. 1: Pfiklady vymezeni pastvin s dfevinami v praci Forejt et al. (2017).
Havraniky: Vymezeni pastviny na Havranickém viesovisti pfevzaté od NP Podyji.
Bohdalice: Dfevinny porost na jedné ¢asti vétsi pastviny.

Lobendava: Spasand byvala pole ohranicenda mezemi porostlymi dfevinami. Do
pastviny s difevinami zahrnuta i plocha mezi radami stromd.

Konéprusy: Mezi pastviny s dfevinami neni zahrnuta plocha mezi dvéma plochami s
dievinami.

Semanin: Husty porost, ac se znaky pobytu dobytka, nezarazen do pastviny s
drevinami, protoze ma zfetelné vice nez 80% zapoj korun.

Rovné: Pastevni sad vymezeny na SV podle oploceni, ackoli stromy zde takrka nejsou.
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6.3 Komentar ke kapitole €. 5: The current status of orchard
meadows in Central Europe: Multi-source area estimation in

Saxony (Germany) and the Czech Republic

V této studii jsme se pokusili odhadnout rozlohu luénich sadd v Cesku a Sasku. Pouzili
jsme k tomu celou Fadu geodat. V Cesku jsme vyuZili data o pGdnich blocich dota¢niho
titulu ,krajinotvorny sad” a vlastni mapovani v ndhodnych ctvercich. V Sasku jsme
pouzili vysledky hned tfi mapovani krajiny, kterda vymezuji kategorii lu¢ni sad
(Streuobstwiese) — BTLNK (mapovani typl biotopu a vyuziti plidy v Sasku), SBK2 (druhy
béh mapovani vybranych biotopll) a ATKIS (némecky digitdlni topograficky model).
Jako referenci jsme v Cesku, Némecku, Polsku, Slovensku, Madarsku a Rakousku pouZili
databazi LUCAS (Eurostat 2015) a dale jsme pomoci fotografii obsazenych v této
databazi interpretovali rozlohy lu¢nich sad( v kontextu stfedni Evropy. Podle vysledk(
jsou v Cesku (0,55 % - 0,72 % rozlohy tUzemi) luéni sady o néco vice zastoupeny nei
v Sasku (0,09 % - 0,54 % rozlohy uzemi). V kontextu stfedni Evropy jsou lucni sady

nejhojnéjsi na Slovensku a v jihozdpadnim Némecku.

Tento Cesko-sasky vyzkum ma nékolik dllezitych pfinosl. Jednak predstavuje revizi
odhad( rozlohy luénich sad( ve stfedni Evropé (Herzog 1998). Dale jsme zjistili, Ze luéni
sady v obou zemich nejsou pokryty dotacnimi systémy. V neposledni radé je zajimavé,
Ze vsoucasné dobé casto pouzivand databaze LUCAS (den Herder et al. 2017;
Plieninger et al. 2015a) patrné nadhodnocuje takové zplsoby vyuZiti pldy, které jsou

lokalizovany v blizkosti sidel.

Nas vyzkum ddle ukazal, Ze metoda den Herdera et al. (2017) nezahrnuje vSechny
agrolesnické sady, protoZe napt. pro Cesko odhaduji 0,1 % rozlohy pastevnich a polnich
kultur s ovocnymi a jinymi stromy s vysokou hodnotou (vée v Cesku maji byt pastevni
sady). Pokud ovsem prekontrolujeme fotografie vSech bod({ sovocnymi stromy
v Cesku v databazi LUCAS, zjistime, Ze na 0,72 % ze viech bodd v Cesku je agrolesnickd
kultura s ovocnymi stromy a travnim porostem. Pfitom jako sekundarni krajinny pokryv

nemusi byt v databdzi LUCAS travni porost vyplnén. Na druhou stranu ne vSechny body
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s ovocnymi stromy a zaroven travnim porostem jsou lucnimi sady (muZe jit napf. o

jediny strom na louce, intenzivni nizkokmenné sady).

Ze srovnani tfech mapovani krajiny v Sasku plyne, Ze jen 7 % zmapovanych luénich
sadll se objevuje ve vSech tfech mapovanich zaroven. U BTLNK a SBK2 tvofi vice nez
polovinu rozlohy luénich sadli ty, které jsou unikatni (neobjevuji se v ostatnich dvou
mapovanich). Zatimco u SBK2 jsou lu¢ni sady vice reprezentovany ve vychodnim Sasku,
BTLNK si jich vS§ima vic ve stfednim a zapadnim Sasku. To mUiZe byt ¢aste¢né vysvétleno
Casovym rozpétim vyhotoveni téchto tfi mapovani, ¢astecné odliSnou metodou (BTLNK
a ATKIS pouzivaji pouze letecké snimky, zatimco SBK2 i terénni mapovani). Hlavnim
dlvodem vsak mlze byt prechodny charakter lu¢nich sadd, jejichz defini¢ni hranice
vzhledem k zahraddm, intenzivnim saddm, nizkokmennym sad{im, sadim s vysokou
hustotou porostu, porostlim s ovocnymi i neovocnymi stromy atd. je diskutabilni (viz
Fig 2 v kap. €. 5, Obr. 2). Pfesto jsou v Sasku lu¢ni sady (Streuobstwiesen) chranénymi

biotopy podle zdkona o ochrané pfirody (Gottlicher 1999).
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SBK2

BTLNK

ATKIS

Obr. 2: Vymezeni luénich sad( (Streuobstwiese) na dvou pripadech v Sasku podle tfech
mapovani krajiny (SBK2, BTLNK, ATKIS). Realnych zmén v krajiné je malo (nanejvys
fidnou porosty), ale vymezeni se lisi. Zdroje: LFULG (2005; 2002); GeoSN (2016)

6.4 Souhrnna diskuze

Ve vsech tfech ¢lancich, z nichz se sklada tato prdace, je k agrolesnictvi pfistupovano
jako k prvku reprezentovanému v mapach nebo v prostorovych databazich plochami.
Na FrantiSkovském katastru jsou vSechny typy agrolesnictvi oznaceny jako plosné
ohrani¢ené parcely (Forejt et al. 2017; 2020; Krémarova 2016; 2015). Jako plosné
krajinné segmenty jsme vymezovali v mapovani soucasné krajiny pastviny s dfevinami
(Forejt et al. 2017) i lu¢ni sady (Forejt, Syrbe 2019). Lu¢ni sady jsou vymezeny jako
plosné biotopy ve tfech mapovanich vyuziti pady a biotopu v Sasku (v pripadé SBK2 i
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jako mozaiky biotopll) (Forejt, Syrbe 2019). Lucni sady (Streuobstwiesen) jsou pfimo
definovéany jako plosné biotopy o rozloze minimalné 500 m? v komentafi k saskému

zdkonu o ochrané pfirody, jimz jsou luc¢ni sady v Sasku chranény (Gottlicher 1999).

Pfistupy v této praci jsou podobné pripadovym studiim, které vymezuji agrolesnictvi
v krajiné jako plochy na zakladé hustoty porostu (A. pastviny sdrevinami ve
Stredomofi obvykle jako krajinné segmenty <5 strom(/ha, nékdy maximdalné 80
stroml/ha - Plieninger 2006; Costa et al. 2011; Schaich et al. 2015; B. pastviny
s difevinami v italskych Alpach podle zapoje korun 10 % - 30 % - Garbarino et al. 2011;
C. luéni sady v Némecku jako travni porosty s 20 — 100 stromy/ha - Plieninger et al.
2015b, D. nase studie jako porosty s hustotou alespon 7 strom(/ha, nanejvys 80%
zapoj korun Forejt et al. 2017). Podobné jako v nasi studii bylo agrolesnictvi plosné
vymezovano na podkladu starych map velkého meéfitka v jinych studiich (Agnoletti
2007; Krémarova 2015; 2016; Vojta, Drhovska 2012; Pereponova, Skalos 2019; Szabd,
Hédl 2013). VSechny tyto pfistupy vymezuji agrolesnické plosky, tedy v souladu
s konceptem ploska — koridor — matrice (Forman, Godron 1986). Jiny pfistup je
identifikace jednotlivych prvkd nelesni dfevinné vegetace, at uz na zdkladé leteckych
snimkd (Novotny, Skalo$, Plieninger 2017; Demkova, Lipsky 2015; Plieninger et al.
2012) nebo starych map (Skalos, Engstovad 2010; Skalo$ et al. 2015; Plieninger 2012;
Varga et al. 2015). Tyto drevinné prvky (napf. solitérni stromy, aleje, remizky) mohou,
ale nemusi byt soucasti agrolesnickych systému. V nékterych oblastech, napt. ve
Schwarzwaldu v jihozdpadnim Némecku (Bieling, Konold 2014), se da tézko rozlisit

hranice mezi lesem a pastvinou, protoze se jednotliva vyuziti Gzemi prolinaji.

Nékteré referencni vyzkumy, v nichZ bylo mapovano agrolesnictvi, vibec nezahrnuji
terénni mapovani. Plati to zejména pro mapovani dubovych pastvin dehesa a montado
na jihozapadé Iberského poloostrova (Costa et al. 2011; Plieninger 2006) a lu¢nich sadu
v jihozapadnim Némecku (Plieninger et al. 2015b). To jsou oblasti, pro které jsou
dubové pastviny, resp. luéni sady, typické. Tyto prvky maji typickou texturu na
leteckém nebo druzicovém snimku (Forejt, Syrbe 2019; den Herder et al. 2017), takze
neni nezbytné verifikovat v terénu, zda je prvek spravné urcen. Bunce, Pérez-Soba,
Smith (2008) nicméné povazuji za nutné provadét pfi mapovani agrolesnickych ploch i

terénni prazkumy. V p¥ipadé dubovych pastvin v Recku (Schaich et al. 2015) nebo
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modfinovych pastvin v Alpach (Garbarino et al. 2011) byla interpretace z leteckych
snimk{ alespon vzorkové ovérovdna vterénu. Nas vyzkum pastvin s dfevinami byl
podporen terénnim mapovanim, vlastni mapovani lué¢nich sadli vsak bylo vedeno
prevainé digitalizaci leteckych snimkd. Vhodnéjsi by bylo luéni sady v Cesku vzorkové
verifikovat v terénu. U pastvin s dfevinami by navic v ¢eském kontextu stalo za to vzit
v Uvahu nejen aktualni situaci — tedy, Ze se na pozemku pase — ale i dlouhodobégjsi
aspekt. Tézko napr. povazovat za pastvinu pozemek, kde se pase jeden rok (Mladek et

al. 2006). To lze ovérovat podle vegetace nebo rozhovory s uzivateli pozemku.

Jak ukazuji dvé zde uvedené studie, v mapovani agrolesnictvi se objevuji nesourodosti.
Na prikladu procesu tvorby FrantiSkovského katastru jsme ukdazali, Ze v rGznych
zdrojich neni zaznamendan vyskyt stromd na zemédélské piadé, nebo naopak jsou
stromy do mapy zaneseny, ackoli podle pisemnych podkladd se tam nevyskytuji (Forejt
et al. 2020). V novodobych mapovych dilech v Sasku nepanuje shoda, zda a jak
agrolesnickou plochu — zde lu¢ni sad — vymezit (Forejt, Syrbe 2019). Urcit prostorovou
hranici agrolesnické plochy je ovSsem sloZité, protoze, jak poznamendavaji Nair et al.
(2009), neexistuji postupy, jak vymezit oblast ovlivnénou stromy. DalSi mozZnosti nez
jako plochu ovlivnénou stromy by bylo vést hranici agrolesnictvi po okraji korun
pozemku. Jako doplnéni k ploSnému vymezeni agrolesnictvi se jevi charakterizovat
strukturu vegetace zaznamem jednotlivych stromd nebo zapoje korun (le Polain de
Waroux, Lambin 2012; Plieninger, Schaar 2008; Schaich et al. 2015). Tento jev je
mozné sledovat i v ¢ase. Zde se ovsem objevuje problemati¢nost kombinovani riznych
typl zdroju - starych map a leteckych snimkd, jako naptiklad ve studii Forejta et al.
(2017). Mapy neumoznuji identifikovat jednotlivé dfeviny, natoZz jejich koruny nebo

prostorovou distribuci.

Jiny pfistup pro odhad rozlohy agrolesnictvi je pouzivan v posledni dobé, a to odhad
pomoci bodové databaze LUCAS (Eurostat 2015). V tomto projektu je zaznamendvano
pro jednotlivé body v kvazi-pravidelném gridu vice nez 40 atributt o krajinném pokryvu
a vyuziti ptidy v okoli 20 m kolem bodu. Pomoci kombinace atributll o zemédélskych
zpUsobech vyuziti pady a difevinném krajinném pokryvu je mozno odhadnout rozlohy

agrolesnictvi v Evropé. Ukazuje se vsak, Ze automatickou kombinaci atributli o vyuziti
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pady a krajinném pokryvu (napf. den Herder et al. 2017) neziskdme vSechny
agrolesnické plochy (Forejt, Syrbe 2019). Pomoci tohoto pfistupu nejsme schopni
ziskat prostorové vymezeni agrolesnickych ploch. Z téchto dat je vS8ak moiné ziskat
indikatory pro vyuZiti plidy v Evropské unii. Nas pfistup pro odhad rozlohy lu¢nich sadu
ve stfedni Evropé vsSak kombinoval bodovy pfistup s ploSnym, protoze jsme brali
v Uvahu minimalni rozlohu travnich porostl s ovocnymi stromy podle komentare
k saskému zékonu o ochrané p¥irody — 500 m? (Géttlicher 1999). Jinym pFistupem ke
kvantifikaci vyznamu agrolesnictvi by mohla byt vzdalenost k nejblizSi dreviné od
nahodné umisténych bodld nebo pocet a velikost dfevin ve vzdalenosti od nahodné
umisténého bodu. LUCAS (Eurostat 2015) udavd, Ze bud je, nebo neni pfitomna
drevina. Nami navrieny pfistup by pfistupoval k agrolesnictvi jako ke kontinuu

(Manning, Lindenmayer, Nix 2004; den Herder et al. 2015).

Vétsina uvedenych praci mapujici agrolesnictvi k nému pfistupuji v uzsim pojeti.
Neberou v Uvahu napt. lesy, v nichz se sbiraji lesni plody a houby, pastvu sob( v tundre
ani oborni chov zvére, coz patti také mezi agrolesnické praktiky. Navic, vlastné témér
viem témto pristupdm lIze vytknout, Ze k agrolesnictvi pfistupuji jako k pouhé
kombinaci zemédélstvi a strom(. V agrolesnictvi jsou vsak dlleZité interakce mezi

zemédélskou Cinnosti, stromy a lidmi (Sinclair 1999).

Pres limity pfistupl, jeZz jsme poufZili v uvedenych ¢lancich, miZeme konstatovat, Ze
agrolesnictvi bylo i je vyznamnym vyuzitim krajiny Ceska. Vyznam agrolesnictvi
v poloviné 19. stoleti velice dobfe zdokumentovala Krémarovd (2015; Krémarova &
Jele¢ek 2017). Srovname-li jeji vysledky s naSimi, zjistime, Ze vyznam agrolesnictvi
vyjadreny rozlohou se v Cesku od poloviny 19. stoleti patrné vyznamné nesnizil. Podle
jejich studii bylo primérné zastoupeni agrolesnictvi v katastralnich obcich Cech 2,4 %
rozlohy, z toho pastviny s uZitkem dreva 1,4 %, pastviny s ovocnymi stromy 0,18 % a
louky s ovocnymi stromy 0,14 % (dohromady tedy 0,32 % travnich porostl s ovocnymi
stromy — lucnich sadd). Podle nasich studii zaujimaly pastviny s dfevinami v deviti
katastralnich Uzemich v nizinach Ceska v soucasnosti 1,7 % rozlohy (Forejt et al. 2017) a
luéni sady 0,55 % a? 0,72 % rozlohy Ceska (Forejt, Syrbe 2019). V jiné studii bylo
zmapovano 30 katastralnich tzemi Ceska, v nichZ maji pastviny s dfevinami zastoupeni

dokonce 4,7 % rozlohy (Pereponova, Skalos 2019).
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Takova rozloha agrolesnictvi Cesku zajistuje celou Fadu ekosystémovych sluZeb,
napftiklad retenci vody (Ghaley, Vesterdal, Porter 2014), sniZovani eroze (Palma et al.
2007), ukladani uhliku (Hernandez-Morcillo et al. 2018; Mosquera-Losada et al.
2018b), branéni pronikdni dusiku do podzemnich vod, zvySovani biodiverzity
zemédélské krajiny (Hordk 2014; Hartel et al. 2014; Gallé et al. 2017; Dorresteijn et al.
2013; Kajtoch 2017), pozitivni plisobeni na estetickou hodnotu krajiny (Pinto-Correia et
al. 2011; Surova, Pinto-Correia, Marusak 2014), zvySovani rekreacniho potencidlu
zemédélské krajiny (Ohnesorge et al. 2015). Z nékterych téchto dlvodd stromy
pozitivné hodnoti na svych pozemcich i zemédélci (Hartel, Réti, Craioveanu 2017;
Blanco et al. 2020; Rois-Diaz et al. 2018; Garcia de Jalén et al. 2017). Proto je
s podivem, Ze agrolesnictvi nedostdvd dostatecnou podporu vramci spolecné
zemédélské politiky EU, ba dokonce spole¢na zemédélskd politika donedavna kladla
agrolesnictvi prekazky (Beaufoy 2014; Beaufoy et al. 2015; Mosquera-Losada et al.
2018a), takze néktefi zemédélci kvlli tomu stromy na svych pozemcich kaceli

(Jakobsson, Lindborg 2015; Sandberg, Jakobsson 2018).
6.5 Témata pro budouci vyzkum agrolesnictvi v Cesku

Jak bylo zminéno vyse, ne kazdy strom na zemédélské plidé je vhodné oznacovat jako
agrolesnictvi (Sinclair 1999). Jaké jsou praktiky vyuzivani stromd zemédélci, pripadné
jaky je vztah dalSich stakeholderld ke dievindm na zemédélské plQdé, jsou dilezité
otazky pro dali vyzkum agrolesnictvi v Cesku. Tyto otazky je dlleZité zodpovédét pro
rzné typy agrolesnictvi i pro rGzné regiony. Lu¢ni nebo polni sady poskytuji ovoce,
které ovSem casto z(stdva leZet pod stromy, takZe tato ekosystémova sluzba je
nevyuZita. Néktefri zemédélci jisté vyuzivaji pastviny, respektive louky s dfevinami pro
ziskavani palivového dfivi. Cenény je stin jako uUkryt pfed sluncem pro pasouci se
dobytek. Mensi ¢ast hospodarl si drevin patrné ceni jako biotopu Zivocich(, pfipadné
je na svych pozemcich ponechdvaji, protoze to tak délali jejich predci. Dllezita je
historie pozemku z pohledu zemédélcu, ktera by pravdépodobné vysvétlila motivace
pro péstovani dfevin na pozemku. U dfevin na silvoorebnich systémech s cennym
dievem (napt. tfedni ptaci), které se v Cesku témér nevyskytuji, se pravdépodobné

pocita se zhodnocenim v dlouhodobém horizontu. Rychle rostouci dieviny s dobou
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obmyti nékolika let, jsou v Cesku pfevainé zastoupeny jako uniformni kultury, zfidka
jako agrolesnicka praktika, napt. pfi chovu dribeZe (Kotrba 2014). MozZnd i u nas nékdo
tajné pase v lese jako v Madarsku (Varga et al. 2016), kde to bylo donedavna zakazané

stejné jako v Cesku (Varga et al. 2020). Toto vie je vhodné ovéfit i u nas.

V pfipadé agrolesnickych praktik je dale nutné charakterizovat vegetacni strukturu
drevinnych porostl, podobné jako byly charakterizovany pastviny s dfevinami v Evropé
(Roellig et al. 2018; Bergmeier, Petermann, Schroder 2010). Jaké vegetacni typy jsou
v Ceském agrolesnictvi zastoupeny? Predbézné tusSime, Ze v horskych pastvinach jsou
hlavné kleny, smrky a jeraby, v nizSich polohach jsou typické duby, bfizy a borovice
(Pereponova, Skalos 2019). Jak se lisi dievinna vegetace v lesich a na zemédélskych
plochach? Jaka je prostorova distribuce dfevin na pozemcich? Pravidelna, v pasech,
podél vodnich tokl nebo ve shlucich? Jaka je druhova diverzita drevin v luénich sadech
v riznych regionech? Dochdazi v ¢eském agrolesnictvi k zardstani (Plieninger 2006),
umeélé obnové nebo k poSkozovani dfevin (Lépez-Sanchez et al. 2020)? Jsou v ¢eském
agrolesnictvi problémem invazni rostliny a jak se s nimi zemédélci vyrovnavaji? Jsou
na agrolesnickych plochach staré stromy a mrtvé drevo jako na pastvinach s difevinami
v Rumunsku nebo v Britanii (Falk 2014; Butler, Alexander, Green 2002; Hartel et al.
2013)? Jaka je adaptabilita dfevinnych porosti na zemédélskych plochach na zménu

klimatu v porovnani s ¢eskymi lesy?

Kromé toho je dlilezité pomoci instituciondlni analyzy identifikovat prekazky pro vétsi
zavedeni agrolesnictvi. Je to neochota zemédélc(? Jedna se o kraceni dotaci kvdali
vyskytu stromu, které jsou znakem nezpUsobilosti pro Statni zemédélsky intervencni
fond (Sandberg, Jakobsson 2018)? Jakd je uloha pfistupu jednotlivych ufednik(
Statniho zemédélského intervenéniho fondu? Netvofi zbytecné prekazky Statni
pozemkovy fond pfi vysadbach strom(? Jedna se o prekdzky primo v legislativé? Jak
velka, prehledna a administrativné narocna je podpora vysadby strom( na zemédélské

pGdé? Jak efektivni jsou podporené vysadby a jaka je jejich udrzitelnost?

Jako dobry prostfedek predstaveni ekosystémovych sluzeb by mohly slouzit
demonstracni agrolesnické farmy (nékolik jich jiz existuje), protoze zemédélci a

Urednici musi vidét, Ze se agrolesnictvi vyplati z environmentalnich i ekonomickych

70



dlvod(. Takové farmy provozované jak vyzkumnymi institucemi a univerzitami, tak

neziskovkovymi organizacemi a soukromymi zemédélci, by mohly byt umistény ve

véech krajich Ceska, aby byly pro kaidého zajemce dostupné.

6.6 Shrnuti poznatki disertacni prace v bodech
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Agrolesnictvi se v Cesku vyskytuje. Lu¢nich sadd je 0,55 % - 0,72 % rozlohy Ceska
(vyrazné zastoupeni v kontextu stredni Evropy). Také se zde vyskytuji pastviny
s dfevinami, odhad jejich rozlohy u nds vSak nemame.

Rozloha agrolesnictvi je v soucasnosti srovnatelna s jeho rozlohou v 19. stoleti.
V minulosti to mohlo byt 2 % - 3 % rozlohy Cech. Pfesnou evidenci ze sou¢asnosti
nemame.

Vymezit agrolesnickou plochu, a tedy i urcit rozlohu agrolesnictvi, je
problematické, protoze nema jasné hranice.

Mechanické pouziti databdze LUCAS pro odhad rozlohy agrolesnictvi neni zcela
spolehlivé.

Lucni sady jsou nejednotné mapovany. Mize to byt diskutabilni defini¢ni hranici
vzhledem kzahraddm, intenzivnim sadlm, nizkokmennym sadim, sadim
s vysokou hustotou porostu, porostlim s ovocnymi i neovocnymi stromy.
Evidence agrolesnictvi na starych katastralnich mapdach je nespolehliva, protoze
jednotlivé zdroje pozemky eviduji ¢asto rozdilné. Je nutné pouzivanym zdrojiim
rozumét. Pro agrolesnictvi v poloviné 19. stoleti jsou vhodné indikacni skici
Frantiskovského katastru.

Pastviny s dfevinami u nas maji vétSinou novy plvod, vznikly z bezlesych ploch.

NemUzeme tedy na nich o¢ekavat staré stromy.
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