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1 Introduction

Grasslands have played a major role in the history of the Alps. This publica-
tion differentiates between meadows and pastures such that the word mead-
ow is used only for regularly mowed grasslands; in addition to mowing, most
meadows in the Alps were also grazed (Section 6). Grasslands that were not
regularly mowed but grazed are designated as pastures, not as meadows, in this
volume.!

Until the mid-twentieth century, the great majority of grasslands were
seminatural. Various authors define a seminatural grassland in various ways.?
Seminatural ecosystems are “modified by human influence but retai[n] many
natural features”, “a wide range of ‘natural’ processes continue to operate”
there.? In this volume, a meadow or pasture is considered seminatural if it is
either non-fertilized or moderately fertilized, and it is mowed and/or grazed
by livestock. Seminatural grasslands have been species-rich and have harbored
dynamic “combinations of grasses, sedges, rushes, broad-leaved herbs,” a few
bryophytes, lichens, and fungi. Grassland plants in seminatural meadows (and
pastures) have rarely grown much more than one meter tall (Figure 1).* In ad-
dition, trees and shrubs have occurred in some seminatural meadows and pas-
tures.” Seminatural grasslands have also supported a high diversity of animals,
such as insects (e.g., butterflies, cicadas, bees and bumblebees, ground beetles,
grasshoppers, and ants), spiders, and birds.® Highly species-rich seminatural
grasslands are by far the most species-rich habitat types in Central Europe.”

! This is a usual manner of differentiating between meadows and pastures (e.g., Luick,
Jones, & Oppermann, 2012, especially p. 52); nonetheless, this explanation is needed.
The definition of a meadow in the Merriam-Webster dictionary differs from the one
used in this volume; namely, it defines a meadow as “land that is covered or mostly cov-
ered with grass” (Dictionary by Merriam-Webster), and so Orland, 2016, for instance,
also uses the word meadows for grasslands designated as pastures in this text.

? Peterken, 2013, 244, 358, 394.

* Luick, Jones, & Oppermann, 2012, 32.

* Wopfner, 1997; Keller, 2004; Kiister & Keenleyside, 2009, 12-14; Peterken, 2013, 21
(quote), but see also the rest of the volume, pp. 29-31, 62 in particular; Babai, Molnar,
& Molnar, 2014.

> Emanuelsson, 2009, 99, 155-158, 177, 179, 181-183, 187, 204-210, 293, 295, 330-332;
Peterken, 2013, 24, 101-104.

¢ Pils, 1994; Keller, 2004, 27-28, 33, 40-42; Kiister & Keenleyside, 2009, 14; Kaligari¢ et
al.,, 2019, 127.

7 Pils, 1994, 53.
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1 Introduction

Figure 1: A seminatural montane meadow at Zgornje Podjelje in Bohinj, eastern Julian
Alps (SIn. Julijske Alpe), 1,020 m a.s.., June 18th, 2017. Photo: Ziga Zwitter.

Moreover, regarding the spatial scale of several square meters, they belong to
the most plant-species-rich biotopes in the world.®

The previous paragraph mentioned the diversity of seminatural grassland
agroecosystems and the diversity of species in these habitats. The term bio-
diversity designates “the diversity of ecosystems, of species in these ecosystems|, ]
and of the genome within these species.” Seminatural grasslands have been eco-
logically and economically functionally tightly connected with other (adjacent)
habitat types in the cultural landscape, such as hedges, stone walls, forests, ar-
able land, and watercourses; thus, they have been (or were in landscapes heavi-
ly dominated by intensive agriculture or no longer farmed) integral parts of
complex agricultural landscapes where connections and interrelations between
ecosystems have significantly contributed to high levels of biodiversity."” Eco-

# Compare Heinz, Mayer, & Kuhn, 2012, 2.

° Leitgeb et al., 2023, 175.

10 See, e.g., Achilles, 1989; Krausmann, 2008; Emanuelsson, 2009; Ellenberg & Leusch-
ner, 2010; Oppermann & Hoffmann, 2012, 94-96; Peterken, 2013, 306-323, 326-329,
381-382; Poschlod, 2015, especially pp. 123-125; Machatschek, 2015, 42-67, 101-102;
Leibundgut & Vonderstrass, 2016a; Leibundgut & Vonderstrass, 2016b; Tscharntke et
al., 2021. Gratitude is expressed to the archaeologist Jana Horvat for reccommending the
cited Machatschek’s volume.
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1 Introduction

logical connectivity in functional terms “entails the extent to which a species or
population can move among landscape elements in a mosaic of habitat types.”"!

Seminatural meadows and pastures have provided “cultural ecosystem ser-
vices along with a healthy environment”"* From the anthropocentric perspec-
tive, seminatural grasslands have mainly yielded livestock fodder, pollen and
nectar for bees, human food ingredients, healing plants and other culturally
valued flowers, animal bedding, and some other raw materials (Sections 2 to
11). For instance, seminatural meadows not mowed before the pollination of
flowers have been crucial habitats for pollinating insects; pollination of about
80% of all wild and cultivated plant species depends on these animals.* Spe-
cies-rich grasslands have also harbored organisms that naturally control many
organisms perceived as pests in farming (biological control agents)."*

The concept of social metabolism appears in this volume. Social metabolism
is “a functional equivalent of biological metabolism.”> Social metabolism des-
ignates human-related material and energy flows: the transformation, distri-
bution, use, and rejection of matter produced or taken from nature, as well as
human-related energy conversion.'

The period dealt with in this volume encompasses the agrarian and the in-
dustrial sociometabolic regimes. The agrarian sociometabolic regime lasted
from the Neolithic revolution until the industrial revolution. It was charac-
terized by a high percentage of agricultural population (upward of 80%), and
biomass was the principal type of material used and people’s primary energy
source. The agrarian sociometabolic regime relied on a “controlled” (i.e., mod-
ified) solar energy system, with farming as the principal factor modifying the
natural production of biomass. The transition toward the industrial sociometa-
bolic regime in Central Europe in the nineteenth century and further develop-
ments within the industrial regime gradually raised average human wealth, and
resulted in increased population growth and general deagrarianization. The use
of non-renewable, exhaustible minerals and biomass, fossil fuel-based energy
conversion, and general environmental loading all increased by orders of mag-
nitude and posed unprecedented challenges for the future of humans and other
living beings. Two phases of the industrial sociometabolic regime are distin-
guished; the focus here is on farming. During the first phase of the industrial
sociometabolic regime, when major changes in social metabolism were largely
related to coal-based industrialization and increased trade flows, farming was

' Scheurer, 2016, 86.

12 Kaligari¢ et al., 2019, 127 (quote); Peterken, 2013, 381-382.

13 Crane, 1999, 472-477; Kiister & Keenleyside, 2009, 13; Mlaker-Sumenjak, 2011, 39-41,
69-71; Peterken, 2013, 380; Bevk, 2018; Johansen et al., 2019; see also Martin et al., 2019.

' Peterken, 2013, 380; Kaligari¢ et al., 2019, 127; Tscharntke et al., 2021; for details, see
Martin et al., 2019.

15 University of Natural Resources and Life Sciences, Vienna: Social Metabolism.

16 Padovan, Arrobbio, & Sciullo, 2022, 295.
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1 Introduction

still largely preindustrial.’” Sections 3 to 10.1.1 and Section 11 deal with grass-
lands in the Alps during the agrarian sociometabolic regime and the first phase
of the industrial regime. In the second phase of the industrial sociometabolic
regime, starting in the mid-twentieth century, the nature of material and energy
flows in farming thoroughly changed. In terms of energy conversion, the second
phase of the industrial sociometabolic regime has been dominated by petrole-
um, natural gas, and electric power. Mass production, mass consumption, and
global trade multiplied. Since then, farming has been increasingly intensified in
an industrialized manner, reducing the labor input per unit of production and
increasing yields, but also increasing farming’s reliance on external inputs of en-
ergy and materials, and, in general, increasing the environmental load through
farming'® (see Sections 1.2, 9, 10.1.2, 10.2, and 11).

1.1 State of the art

Long-term environmental history and the historical ecology" of grasslands
have received research attention in some parts of the world for many decades,
most notably in environmental historiography written in the United States or
by authors dealing with the steppes of the United States.”” An example of recent
scholarship from Europe and about Eurasia is David Moon’s research on the
Eurasian Steppe.” Indeed, among the various grassland ecosystems, steppes
have received the most research attention from environmental historians that
studied the topic from a long-term perspective.”? Andrew C. Isenberg’s recent
global review of environmental history research on grasslands, ambitiously en-
titled Seas of Grass: Grasslands in World Environmental History,” is limited to
steppe areas and completely omits grasslands in forest clearings such as those
covered in our volume.

17 Krausmann, 2016; Krausmann et al., 2016; Krausmann, Weisz, & Eisenmenger, 2016.

'8 Krausmann, 2016; Krausmann et al., 2016, 202-210; Krausmann, Weisz, & Eisen-

menger, 2016, especially pp. 80-88.

By using the terms environmental history and historical ecology, we wish to emphasize

that past events, structures, and processes of human-nature interactions as well as the

history of natural processes, structures, and events themselves have been dealt with

(see, e.g., Winiwarter & Knoll, 2007; McNeill, 2010; Szabé, 2010). We by no means

claim that this material does not belong to other disciplines as well (e.g., to anthropol-

ogy, botany, ethnology, or geography). We fully support the notion that this field of re-

search is interdisciplinary and that drawing any sharp boundaries between the domains

of disciplines is a disadvantage, leaving the boundary zones insufficiently researched;

for example, due to the lack of synergies between disciplines (compare Szabo, 2010).

2 McNeill, 2003, especially pp. 14-16, 21, 34; Isenberg, 2017; see also Moon, 2020, and
turther literature listed there.

I Moon, 2013.

2 McNeill, 2003, especially pp. 14-16, 21, 34; McNeill, 2010, 356, 371; Isenberg, 2017;
Moon, 2020.

» Isenberg, 2017.

19
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1.1 State of the art

Focusing on Europe, in some regions where specific grassland or wetland
environments played a highly significant role in economic and landscape his-
tory, long-term grassland or wetland environmental history research address-
ing a complex set of diverse research topics in the second millennium also has
a rich tradition, such as the history of wetlands in the Netherlands* and the
Po Valley.” Even as far as the Mediterranean is concerned, standard reference
works providing a broader synthesis deal only with a narrow selection of long-
term grassland environmental history topics.® In Central Europe, long-term
environmental history and the historical ecology of grasslands, meadows in
particular, have received much less attention than the environmental history
and historical ecology of forests.”

There are only a few long-term studies on the history of grasslands in the
Alps dealing with the last millennium and reaching back more than two cen-
turies, also due to a lack of interdisciplinary cooperation. Nonetheless, solid
starting points for this work were provided by Dirk Kauter’s long-term interdis-
ciplinary research into grassland history on the northwesternmost edge of the
Alps (a region characterized by a special course of agrarian history; see Section
3.1),”® Nikolaus Grass’s long-term legal and agricultural history of grassland
management practices with an emphasis on Tyrol,*” the interdisciplinary syn-
thesis of the long-term history of grassland irrigation in many parts of the Alps
by Christian Leibundgut and Ingeborg Vonderstrass,*® Nada Praprotnik’s long-
term investigation of herbarium collections kept by the Slovenian Museum of
Natural History,”" Georg Gentner’s long-term analysis of Alpine valerian (Va-
leriana celtica) gathering and trade,** Alois Kapfer’s synthesis of the long-term
history of grassland management in Central Europe,” Romana Erhati¢ SirniK’s

# See an overview in Winiwarter & Bork, 2019, 44-45, 184, and the publications cited
there; see also Bakker 1989.

2 See, for instance, the overview in McNeill, 2003, 20.

2 An in-depth ecological history of grasslands gets short shrift in McNeill, 2002 (see also
the review of the first edition: Butzer, 1996). Grove & Rackham (2003) present some
more grassland history, but trees receive incomparably more research attention in their
volume (see also the review: Butzer, 2003).

77 See, e.g., McNeill, 2003; Winiwarter & Knoll, 2007; McNeill, 2010, 353, 363, 373-374.
Péter Szabd's interdisciplinary team is currently working on the long-term environ-
mental history of grasslands in the Jesenik Mountains (Cz. Pohoti Jeseniky, Sudetes;
Szabd, 2023). For recent research on the history of plant knowledge in Central Europe,
which does not usually focus on species-rich grasslands, see Boscani Leoni & Stuber
(eds.), 2017. This edited volume also includes two overviews of earlier contributions to
plant knowledge by historians (Boscani Leoni & Stuber, 2017; Popplow, 2017). See also
Zwitter, 2020.

28 Kauter, 2002.

% Grass, 1948.

% Leibundgut & Vonderstrass, 2016a; Leibundgut & Vonderstrass, 2016b.

3! Praprotnik, 2015.

32 Gentner, 1932.

33 Kapfer, 2010.
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research on bird protection in Slovenian territory in the nineteenth and twen-
tieth centuries,** Gerhard Pils’ volume on Upper Austrian meadows briefly in-
cluding some historical aspects,” Christian Pfister’s standard reference work
on the impacts of climate change on Swiss agriculture from the sixteenth to the
nineteenth century,* Jon Mathieu’s studies of sixteenth- to nineteenth-century
agriculture in the Alps*” and his overview of the history of the Alps,* Barbara
Orland’s selected environmental history aspects of dairy farming in the Alps in
the second half of the second millennium,” Herman Wopfner’s history of the
Tyrolean rural economy,* Pier Paolo Viazzo’s social history of the Alps,*' Wer-
ner Bitzing’s (historical) geography of the Alps,*? Brien Adrien Meilleur’s eth-
nobotanical investigations of grassland management and gathering in the Al-
lues (Francoprovencal Alués) Valley (French Les Allues; in the northern French
Alps), with a strong emphasis on the first half of the twentieth century,* eth-
nobotanical investigation of Wallis (Francoprovengal Valés; French Valais) in
late eighteenth to twentieth century by Christian Abbet, Romain Mayor, Di-
dier Roguet, Rodolphe Spichiger, Matthias Hamburger, and Olivier Potterat,*
Richard Palmer’s research on northern Italian Renaissance medical botany,*
ethnobotanical investigations in East Tyrol by Brigitte Vogl-Lukasser, Chris-
tian R. Vogl, Martina Bizaj, Susanne Grasser, and Christian Bertsch,* Michael
Machatschek’s ethnobotanical studies,”” Erika Keller’s study of hay meadows
in montane, subalpine, and alpine vegetation belts in Carinthia linking histor-
ical ecology, ethnology, agrarian geography and biodiversity protection,* Inja
Smerdel’s ethnological publication on whetstones and haymaking in Slovenian
territory,* Fanci Sarf’s investigation of hay meadows and haymaking in the
eastern Julian Alps from the early nineteenth century to the 1970s,* and stud-
ies of daily life in the Alps from the nineteenth to the mid-twentieth century by

3 Erhati¢ Sirnik, 2011.

* Pils, 1994.

3 Pfister, 1985a.

*7 Especially Mathieu, 1996.

% Mathieu, 2019.

¥ Orland, 2016.

0 Wopfner, 1997; on this author, see Meixner & Siegl, 2004.

1 Viazzo, 1989.

2 Bitzing, 2015; see also Tappeiner, 2003.

# Meilleur, 1982; Meilleur, 1986.

* Abbet et al., 2014.

# Palmer, 1985.

“ Vogl-Lukasser et al., 2006.

7 Especially Machatschek 1997a; Machatschek 1997b; Machatschek, 2002; Machatschek,
2006; Machatschek, 2007.

8 Keller, 2004.

¥ Smerdel, 1994. Gratitude is expressed to the ethnologist Barbara Sosi¢ for recommend-
ing this publication.

% Sarf, 1974.
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1.2 Present-day relevance of the topic

Arnold Niederer,”! Erika Hubatschek,”> and Anka Novak.” The short synthesis
of the history of species-rich meadows in the territory of Slovenia since the late
nineteenth century by the botanists Joze Bavcon, Blanka Ravnjak, and Nada
Praprotnik,* published when our volume was already in a mature stage, was
also fully taken into account. Relevant context for the content of our volume
was provided by the long-term study of changes in plant species occurrence
and their most likely drivers at Piz Linard (a peak in southeastern Switzer-
land), now in the subnival belt above alpine grasslands, with the earliest (in
1835 CE) start of records on vascular plant occurrence among all high sum-
mits in the Alps, by Harald Pauli, Michael Gottfried, and Georg Grabherr.”

Parallels were drawn with studies from the Carpathians,” Great Britain,”
Scandinavia, and some other parts of Europe®® to improve the understanding
of the grassland history presented. The interdisciplinary, agricultural-ecolog-
ical volume on sustainable grassland management by Walter Dietl and Josef
Lehmann,* and the volume High Nature Value Farming in Europe® improved
our understanding of challenges that grasslands in the Alps have been facing
recently and contributed to the integrated perspective on grasslands in recent
centuries linking the views of animal husbandry and ecology.

Numerous publications dealing with more specific grassland history issues
and those providing relevant contexts for grassland history are referred to in
specific sections of this volume.

1.2 Present-day relevance of the topic

“[T]oday’s landscapes are the result of many layers of past natural process-
es and human interventions, [and thus] a historical perspective is needed.”!
The topic of this volume is particularly relevant in the context of the current
economic, environmental, and social conditions in the Alps and beyond. “In

*! Niederer, 1996a; Niederer, 1996b; Niederer, 1996¢; Niederer, 1996d.

°> Hubatschek, 1992; see also Batzing, 2007; Jenin, 2007; Waibl, 2007; Andreae, 2022.

3 Novak, 2024.

> Bavcon, Ravnjak, & Praprotnik, 2019.

% Pauli, Gottfried, & Grabherr, 2003.

> Brichacek & Beranova, 1993; Dahlstrém, Iuga, & Lennartsson, 2013; Babai & Molnar,
2014; Babai, Molnar, & Molnar, 2014; Babai & Molnar, 2016; Hartel, Craioveanu, &
Réti, 2016; Luczaj et al., 2015; Molndr et al., 2015; Tuga, 2016; Iuga, Iancu, & Stroe, 2016;
Ivagcu, Ollerer, & Rakosy, 2016; Sdukand & Pieroni, 2016; Pawera et al., 2017; Johansen
et al.,, 2019; JaniSova et al., 2023; Lenartsson et al., 2023.

*7 Thomas, 1987; Peterken, 2013.

% Mainly based on Henning, 1987, 1991, 1997, 2014; Austad & Hauge, 1989; Poschlod et
al., 2008; Emanuelsson, 2009; Luczaj et al., 2012; Hejcman et al., 2013; Peterken, 2013;
Luczaj et al., 2015; Poschlod, 2015; Fiol et al., 2016; Sucholas et al., 2022.

% Dietl & Lehmann, 2004.

% Oppermann, Beaufoy, & Jones (eds.), 2012.

¢! Biirgi, Hersperger, & Schneeberger, 2004, 857.
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many countries there are conflicting attitudes to H[igh]N[ature]V [alue] farm-
ing within the agricultural sector, while the public may not understand that the
familiar wildflower meadows and the birds and butterflies of farmland depend
on farming systems and structures that are threatened by economic and so-
cietal changes” Namely, “[o]ver the long history of integration of ... animal
husbandry with the natural environment, many ‘wild’ plants and animals have

come to depend upon the conditions in these semi-natural ecosystems.”

At the European level, seminatural grasslands, linking natural and cultural
heritage, are still well represented only in small parts of the continent and they
are still in serious decline. “Europe’s endangered farmland biota now includes
many species, and even whole species groups, that were formerly widespread”
and “extensive pastures and meadows have a worse conservation status than
other habitats of European conservation concern.”® In Western and Northern
Europe, “on all but the poorest land grass is normally managed as an intensive
crop, regularly ploughed up and replanted with just a few specially bred species
(such as Lolium perenne and clovers).”®® “In Sweden, 99.7% of the semi-natural
hay meadows were lost between 1870 and 2010” according to some estimates.®
Swedish and Norwegian researchers nowadays need to perform investigations
abroad, in the Eastern Carpathians for instance, where they fruitfully cooper-
ate with Romanian researchers, and combine these results with Scandinavian
historical records to improve their understanding of how a healthy cultural
landscape with a significant proportion of species-rich meadows used to func-
tion in Scandinavia.”” In England, 95% of species-rich meadows were lost only
from 1950 to 1990, or, taking into account not only meadows, but also pas-
tures, and focusing on lowlands: “By the mid-1980s, the English and Welsh

6 Keenleyside & Oppermann, 2009, 296.

% Luick, Jones, & Oppermann, 2012, 32.

& Pils, 1994; Fischer et al., 2008; Emanuelsson, 2009, especially pp. 99, 155-158, 172-183,
187,199, 204-211, 293-301, 303-315, 317-321, 323-333, 335-337, 340-343, 346-355;
Oppermann, Beaufoy, & Jones (eds.), 2012 (second quote is from Beaufoy, Keenleyside,
& Oppermann, 2012, 529); Peterken, 2013, 10-289, 302-405; Poschlod, 2015, 135-149,
154-155, 170-172, 176-177; Grass, Batary, and Tscharntke, 2021 (first quote from
p. 263); Tscharntke et al., 2021, 919; Leitgeb et al., 2023, 175.

Kiister & Keenleyside, 2009, 12.

Dahlstrém, Tuga, & Lennartsson, 2013, 194; see also Emanuelsson, 2009, 159; but note
that the Swedish definition of a seminatural grassland is stricter than in some other
European countries, and that, according to the estimates published by Emanuelsson
(2009, 173) and most likely mainly referring to the period from 1995 to 2000 (main au-
thor’s correspondence with Urban Emanuelsson in December 2021 and January 2022),
almost 20% of all agricultural land in Sweden was seminatural grassland, meaning not
only meadows (mentioned in the text above) but also pastures.

Examples: Dahlstrom, Iuga, & Lennartsson, 2013; Johansen et al., 2019.

Kauter, 2002, 1; Peterken, 2013, 11-12, 24, 189-190, 195, 203-204, 209-210, 215, 357-
377. The United Kingdom uses one of the broadest definitions of a seminatural grass-
land among all European countries (author’s correspondence with Urban Emanuelsson
in December 2021 and January 2022).

6

@

6

N

6

3

6

&%

20



1.2 Present-day relevance of the topic

lowlands had lost 97% of the semi-natural grasslands they had possessed in
the 1930s, and they have lost more ever since”® A list of European countries
where seminatural grasslands are considered to have constituted well below
10% of all agricultural land in what is most likely the period from 1995 to 2000
includes, for instance, Belgium, Bulgaria, Denmark, Estonia, Finland, France,
Germany, Latvia, Lithuania, Luxembourg, and the Netherlands, and the sit-
uation in many others has been worsening quickly.” In Germany, seminatu-
ral, species-rich grasslands cover around 5% of the used farmland or 14% of
all farmed grasslands.” Thus, in the German federal state of Thuringia, 75%
(359) of all endangered plant species (including flowering plants and ferns)
are bound to extensively managed landscapes, and 69% of these (thus nearly
half of all endangered species there) depend on extensively managed mead-
ows and pastures, as revealed by a detailed study published in 2004.” Even
in Baden-Wiirttemberg, the German federal state with the highest percentage
of seminatural farmland, 500 out of 870 plant species “listed on the red data
files” in the early twenty-first century characteristically occur in seminatural
grasslands.” Species from non-fertilized grasslands are most threatened,” but
species from moderately fertilized comparatively extensively used meadows
and pastures have also been disappearing from European landscapes.”

The following examples of well-known and easily recognizable meadow
flowers, abounding in many moderately fertilized grasslands and represent-
ative of a large number of plant and animal species occurring in such grass-
lands, should increase readers’ understanding of the statistics presented above.
The examples come from the United Kingdom and northern Germany—areas
where measures to preserve a significant percentage of seminatural meadows
in landscapes have not been taken in time. In the United Kingdom, meadow
clary (Salvia pratensis, still relatively frequent in some parts of the Alps:”® me-
dium-sized dark purple flowers in Figure 2 and Figure 166 in Section 10.2.2)
became “near threatened” It is specially protected there,”” although appro-

® Peterken, 2013, 24, 357.

* Emanuelsson, 2009, 173, 176-177; comparison there combines statistical data based
on different criteria of what a “seminatural” grassland is, and the data include estimates
and assumptions (author’s correspondence with the plant ecologist and biodiversity
specialist Urban Emanuelsson in December 2021 and January 2022).

' Oppermann, 2012, 230; Grass, Batary, and Tscharntke, 2021, 261.

72 Ellenberg & Leuschner, 2010, 77; on the spatial distribution of seminatural farmland in
Thuringia, see Oppermann, 2012, 231.

73 Luick, Jones, & Oppermann, 2012, 55; on the spatial distribution of seminatural farm-
land in Baden-Wiirttemberg, see Oppermann, 2012, 231.

7 Ellenberg & Leuschner, 2010, 77.

7> Pils, 1994; Jakseti¢ (interview with Kaligari¢), 2019; Results-based nature conservation
plan, [2019].

7 Aeschimann et al., 2004, vol. 2, 164 and authors’ observations.

77 Plantlife: Meadow clary; the quote also is taken from this website.
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priate site conditions (relatively dry, moderately fertilized to non-fertilized,
base-rich to neutral soils on carbonate or silicate bedrock)” widely existed in
several parts of England, for instance,” before the large-scale intensification of
grassland management presented above. The decrease in the occurrence and
abundance of meadow clary there started before 1950, and it is still going on.
Nowadays, meadow clary is threatened in the United Kingdom principally by
“habitat change, often caused by the ploughing, fertilising and re-seeding of
slopes for ‘improved’ grassland, as well as the continual loss of grazing.” This
means that “[i]t is an offence to pick, uproot or damage” meadow clary in the
United Kingdom, and that one can adopt a meadow clary specimen to support
seminatural grasslands.®** Another similar example from northern Germany is
ox-eye daisy (Leucanthemum vulgare, Figure 166 in Section 10.2.2), which also
tolerates nutrient-richer sites than meadow clary and is still widely present in
several regions of the Alps. It has become almost entirely absent from signifi-
cant areas of most intensive pastures in northern Germany.®

Fragmentation and isolation of species-rich grassland habitats make polli-
nation, seed dispersal, and cross-fertilization difficult there, leading to contin-
uous degeneration and extinction of insect and plant species; to make things
worse, some insects (e.g., specialized butterflies) have limited mobility. Area
losses and fragmentation are the results of two main types of processes: of
changed land-use category (e.g., abandonment of grasslands and consequent
forest regrowth, or conversion of grasslands into arable fields or built-up are-
as) and of widespread intensification of grassland management including, for
instance, intensive and often rather one-sided fertilization, mowing up to five
times annually in basins at the foot of the Alps to produce silage (first mowing
in May, before seeds ripen), large-scale drainage, occasional plowing, sowing of
grass monocultures, and the use of biocides in grasslands (Figure 2). This led to
much higher yields than in seminatural grasslands (nonetheless, seminatural
meadows have many merits in terms of hay quality, relevant for livestock and
people; see Section 10.1.2.2)—but at major environmental costs. Namely, these
processes have been causing large-scale homogenization of grassland species
compositions in contrast to the previous small-scale diversity: grassland spe-
cies compositions are becoming similar within the landscape and in different
landscapes because site conditions that caused historical small-scale habitat
heterogeneity have become outweighed by the impacts of intensive manage-
ment (Section 2). Consequently, these grasslands do not have high natural
value anymore; plant species diversity has decreased by up to 90% (data refer
to the period before first-crop hay is mowed; i.e., the time when most mead-

78 Aeschimann et al., 2004, vol. 2, 164.

7 Wehling, 2007, 22-23.

8 Plantlife: Meadow clary; quotes are also taken from this website.

81 Pils, 1994, 213-214; Aeschimann et al, 2004, vol. 2, 164-165, 504-505.

22



1.2 Present-day relevance of the topic

ow plant species are visible). Whereas botanists counted up to ninety-eight
plant species in 10 m? of an extremely species-rich traditionally managed dry
meadow in Transylvania, belonging to the most species-rich habitats in the
world, fewer than ten plant species live in 10 m” of highly intensively managed
grasslands. Today’s usual transition from meadows moderately fertilized with
farmyard manure to intensive meadows heavily fertilized with slurry, liquid
manure, and/or mineral fertilizers causes a decrease in plant species richness
by more than half, from about thirty-five to fifty flowering plant species in
50 m? in moderately manured meadows to fifteen to twenty-five or even fewer
than ten; at the same time, all rare species disappear from these meadows. As
a consequence of intensive management, the number of animal species living
in intensively managed meadows is also low. Instead of hundreds or even more
than a thousand animal species in some historical meadow complexes (see
Sections 6.3.1 and 10.1.2.2.4), only a few insects live in intensive meadows.
Many insect species feeding on the flowers of seminatural grasslands, such as
butterflies and bees, are deprived of food. Several insects lose shelter with more
frequent mowing and earlier first cutting. Insects’ evolutionary adaptations to
light conditions in seminatural grasslands do not allow them to tolerate chang-
es in grassland microclimates because the grassland becomes significantly
denser with management intensification. Moreover, insects are poisoned by
such heavy and frequent fertilizer application. The food chain causes further
impacts on higher trophic levels, furthermore, some birds of prey primarily
hunt in the sparse vegetation of non-fertilized grasslands. Thus, only a few
birds that live in open habitats occur and abound in landscapes with intensive
meadows. Mammals also experience a decline. Thus, many grassland species
and entire habitat types have been vanishing (Sections 10.1.2 and 10.2.1). The
European Farmland Bird Indicator shows that “populations of farmland bird
species in Europe have undergone a widespread and rapid decline by as much
as 57% since 1980. . .. Recent evidence attributes much of this biodiversity loss
to agricultural intensification” and farming abandonment (afforestation).®
Even more drastically, populations of farmland butterflies decreased by 70%
in two decades after 1990, as demonstrated by research on the environmental
impacts of the European Common Agricultural Policy, and “farmland biodi-

versity continues to decline across the European Union.”®

82 Grabherr, Kusstatscher, & Mair, 1985, 271-274, 276-285, 288-289; Pils, 1994; Diet]l &
Lehmann, 2004, 9-10, 13, 24-25, 37-38, 42-43, 53-56, 67, 69, 94, 99-100, 102-103,
105-113, 118, 121-125; Keller, 2004; Keenleyside & Oppermann, 2009, 303; Kiister &
Keenleyside, 2009, 12-14; Kapfer, 2010; Peterken, 2013, 170, 189-191, 195, 203-204,
209-210, 222, 234-239, 241, 243-247, 261, 269-270, 273, 285, 287, 305, 308-309,
311-326, 328-329, 347, 355, 357-365, 380-381, 392, 394, 399-400; Kremen, 2015, 60;
Gersi¢, Gabrovec, & Zwitter, 2018, 76; Bavcon, Ravnjak, & Praprotnik, 2019, 25, 43;
Jakseti¢ (interview with Kaligari¢), 2019, 20-21; Johansen et al., 2019; Grass, Batary,
and Tscharntke, 2021; Sumrada, Kmecl, & Erjavec, 2021 (quote from p. 1).

8 Favilli, 2016, 115.
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Figure 2: The sharp boundary in species compositions in one of the still numerous pre-
served species-rich moderately fertilized meadows in Bohinj* (lower part of the photo)
and an intensively managed excessively fertilized silage meadow (above) corresponds to
the boundary of cadastral parcels.® The area of the intensively fertilized and early-cut silage
meadows in the valley bottom has been increasing recently, whereas the area of moder-
ately manured, species-rich meadows has been shrinking (intensification; afforestation on
slopes and at higher elevations). Whereas the species-rich grasslands of some farmers are
under threat of excessive intensification, mainly motivated by higher quantities of livestock
products, other farmers are aware of the importance of species-rich grasslands for healthy
agroecosystems, for the best flavor and scent of milk, dairy products, and meat, for happy
and healthy livestock, and for the environment, which has so far not been supported by
adequately targeted and sustainable agri-environment payments, and sufficient interdisci-
plinary education on species-rich grasslands in this part of the Alps (see Section 10.1.2).
Not only plant but also animal species diversity in the upper meadow is low.* In the case of
similar recent management, the species composition in both parcels would not differ. May
30th, 2020. Photo: Ziga Zwitter.

Consequently, major efforts have recently been made in Western and
Northern Europe to restore some species-rich grasslands, which in extreme
cases of intensively farmed and urbanized landscapes costs up to several mil-

8 Compare Dakskobler et al., 2019,9,11-12, 15-16, 19, 21-23, 25-26, 28, 69, 72, 77, 80, 82.

% Environmental Atlas of Slovenia, Spatial units, Land Cadastre.

% See, e.g., Pils, 1994; Machatschek, 2015, 25, 28-30, 32-34, 36-41; Machatschek, 2017,
20, 23, 25, 71-73, 77, 82 (with a romanticized presentation of the economic history of
Damiils; compare Gross & Winiwarter, 2015, 492-498), 84, 86-95, 193-194. Gratitude
is expressed to the archaeologist Jana Horvat for recommending the cited Macha-
tschek’s publications.
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lion euros.’” Moreover, as studies of wet meadows have demonstrated, there
exists the threat of increased occurrence and dominance of some of ruderal
species (i.e., species that quickly colonize disturbed sites) that cause a signifi-
cant decrease in biodiversity and suppress target species of environmental pro-
tection in restored grasslands. Some of these “problematic” species are not as
abundant in preserved species-rich grasslands.*

Successful preservation of a dense network of seminatural grasslands in
landscapes where a significant percentage of species-rich grasslands has been
retained to date, such as in several parts of the Alps, in a manner that is equi-
table to farmers, is thus a high priority.

The Alps are inhabited by “more than 30,000 animal and 13,000 plant
species” altogether.® Cultural landscapes in the Alps belong to the most spe-
cies-rich ones in Europe.” The general state of grasslands in the Alps, meadows
in particular, is much better than on average in Western, Northern, and Central
Europe, but it has been worsening quickly (Figure 2).°" Habitat fragmentation
and isolation, and species extinctions are also a challenge in the Alps.”> Namely,
biodiversity in the Alps is highest “in middle and even low altitudes,”**> where
species-rich grasslands are biodiversity hotspots in this mountain range.”* Bio-
diversity in the Alps is not highest at high elevations, where nature protection
areas are concentrated. Moreover, it is exactly at middle and low elevations that
“all the conflicts of land use are at their highest potential” and biodiversity has
been decreasing swiftly.”> Thus, species-rich grasslands are one of the major
topics of sustainable development in the Alps (see also Sections 10 and 11).
For instance, during the twentieth century, eleven wild orchid species (i.e., al-
most 50% of all wild orchids) that had occurred in non-fertilized meadows in

87 Kapfer, 2010, 133; Peterken, 2013, especially pp. 393-403; Jakseti¢ (interview with Kali-
garic), 2019, 21.

8 Rasran & Jeromin, 2010, 120-121, 126-127; Axmanova et al., 2021, especially pp. 2,
10-12, 14; but see Jogan, Baci¢, & Strgulc Krajsek, 2012, 168, 173-174, 176, 178; and
Zelnik, 2012a, 26-36.

8% Alpine Convention: Biodiversity ¢ Nature Conservation.

% Favilli, 2016, 115.

%! Emanuelsson, 2009, 173, 181, 321, 347, and author’s correspondence with the plant
ecologist and biodiversity specialist Urban Emanuelsson in December 2021 and Jan-
uary 2022; Kauter, 2002, 1; Beaufoy, Oppermann, & Paracchini, 2012, 29-31; Jones &
Poux, 2012, 452-453; Luick, Jones, & Oppermann, 2012, 51, 56; Trisorio, Borlizzi, &
Povellato, 2012; Dahlstrém, Iuga, & Lennartsson, 2013, 194; Peterken, 2013, 11-12,
24, 189-190, 195, 203-204, 209-210, 215, 357-377; Batzing, 2015, 279-280, 289, 358;
Bavcon, Ravnjak, & Praprotnik, 2019, 25, 45, 85; Sumrada, Kmecl, & Erjavec, 2021,
2-3,6,10-12.

%2 Plassmann, 2016a, especially pp. 21-22.

% Plassmann, 2016b, 33.

% Favilli, 2016, 115.

% Plassmann, 2016a, 17-22; Plassmann, 2016b, 33 (quote); Poux & Ramain, 2012; Riedel,
Walter, & Herzog, 2012.
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Miihlviertel in the late nineteenth century became extinct in that region, which
is located in Austria close to the Alps. Similarly, at least nearly 60% of butterfly
species and about 70% of grasshopper species inhabiting farmed non-fertilized
meadows below the subalpine vegetation belt (not including wet meadows) be-
came extinct, threatened, or potentially threatened in Upper Austria by the late
twentieth century - highly intensively managed grasslands were exceptionally
rare in Upper Austria in the mid-1920s, but they are by far the most frequent
farmed grassland plant communities there today.*

Seminatural meadows and pastures are relatively well represented in the
upper montane, subalpine, and to a certain degree alpine vegetation belts Alps
wide as long as farming was not abandoned there. At high elevations below
the potential natural forest line (see Section 2) and at lower sites with signif-
icant natural constraints on farm mechanization, seminatural grasslands are
increasingly abandoned and overgrown by woody vegetation, as a continua-
tion of a long-term process that started in the first half of the twentieth cen-
tury or in the mid-twentieth century (Sections 2, 3.1, and 9). In flat land and
on gentle slopes in the colline and lower montane belts, where conditions for
industrialized farming are more favorable whereas biodiversity in seminatural
grasslands is very high as far as high nature value habitats are preserved at
such sites, the percentage of seminatural grasslands (hay meadows at least)
in the total agricultural area used is currently higher in several mesoregions
of the Eastern Alps than in most mesoregions of the Western Alps, but the
percentage of species-rich grasslands in cultural landscapes in such areas of
the Alps has been decreasing quickly due to the intensification of farming.*”

Consequently, the main emphasis of this volume is on the southeastern
Alps, an area in agricultural transition, “where traditional farming has re-
cently been collapsing [and also transforming, which frequently means inten-
sifying] on an areawide basis”*® According to late-twentieth- to early-twen-
ty-first-century estimates by Urban Emanuelsson and probably mainly refer-
ring to the period from 1995 to 2000, about 20% of all agricultural land in
Austria and about 50% (but no longer!) of all agricultural land in Slovenia
was seminatural grassland.”” “Since 2000, the intensification and restructur-

% Pils, 1994, 27, 42, 69-70, 185. Ground-hoppers from the genus Tetrix, crickets, and
mole crickets are not included in the grasshopper statistics above.

97 Cunder, 2012 (but see also Kaligari¢ et al., 2019, and Sumrada et al., 2024, 3, separate
pagination); Oppermann, 2012; Poux & Ramain, 2012; Riedel, Walter, & Herzog, 2012;
Suske, Gantner, & Gattermaier, 2012 (see also Leitgeb et al., 2023); Trisorio, Borliz-
zi, & Povellato, 2012; Hartmann et al., 2023; Machatschek, 2015, 25, 28-29, 32-33,
36-40; Traditional Hay Milk Farming . . ., [2023]. See also Emanuelsson, 2009, 347,
and Bitzing, 2015, especially pp. 159 (but compare Leibundgut & Vonderstrass, 2016b,
148-163), 162, 277-280, 289, 322, 338-340, 358.

% Bitzing, 2015, 280 (quote); see also Schmitzberger et al., 2005.

% Emanuelsson, 2009, 173; and author’s correspondence with Urban Emanuelsson in De-
cember 2021 and January 2022.
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1.2 Present-day relevance of the topic

ing of livestock production in Slovenia have sped up. A significant share of
farms has abandoned livestock breeding or has been abandoned altogether,
whereas some farms have further increased in size and intensity of produc-
tion”'® This is part of the broader Alpine and European trend, where the
number of small and economically often not viable “traditional farms has
been decreasing, as they are replaced by larger, more modern [but see Sec-
tion 11] and specialized farms”**' Even though large-scale biodiversity loss
is not the only option in such changes (Sections 10.1, 10.2, and 11), this is
what usually happens. In grasslands, these processes in many places includ-
ed management intensification, tilling permanent grassland parcels to grow
fodder crops, and continuation of grassland abandonment in areas with en-
vironmental constraints.'”® The quickly worsening situation in Slovenian

Figure 3: A moderately fertilized montane meadow abounding in ragged-robin (Silene
flos-cuculi, tall pink flowers). The Si meadow complex above Srednja Vas in Bohinj, 1,100 m.
The high abundance of ragged-robin is an indicator of humid conditions at this moderately
fertilized site.'*® Photo: Ziga Zwitter, mid-June 2020.

10 Sumrada, Kmecl, & Erjavec, 2021, 11.

101 Favilli, 2016, 115 (quote); see also Trisorio, Borlizzi, & Povellato, 2012, 263, 271; Tradi-
tional Hay Milk Farming . .., [2023], 128.

12 Sumrada, Kmecl, & Erjavec, 2021.

103 Pils 1994, Tafel 35, Photo 96; Aeschimann et al., 2004, vol. 1, 324-325.
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grasslands is alarming (Figure 2).""* From 2008 to 2018, populations of bird
species that are grassland specialists declined in Slovenia by 40.8% according
to the Slovenian farmland bird index, largely due to agricultural intensification
on the one hand, and farming abandonment leading to afforestation (Section
2) on the other.!” The area of moderately manured false oat-grass meadows,
which were commonplace at lower elevations (e.g., in the bottoms of Alpine
valleys and basins two decades ago), has recently been shrinking. Consequent-
ly, plants illusorily still perceived as common based on personal historical ex-
perience in the youth of the middle generation but occurring and abounding
in moderately manured meadows, such as ragged-robin (Silene flos-cuculi;
Figure 3), meadow clary (Salvia pratensis subsp. pratensis; Figure 166 in Sec-
tion 10.2.2), ox-eye daisy (Leucanthemum vulgare; Figure 166), field scabious
(Knautia arvensis; Figure 91 in Section 6.3.2.2), and goat’s-beard (Tragopogon
pratensis; Figure 91), have been disappearing from a significant part of the
landscape, as part of the “dramatic recent declines of both rare and common
species” from seminatural grasslands. Special efforts are necessary to make
the grassland management more sustainable.'” This means that contributions
of environmental history and historical ecology to reflections about what has
been occurring—and how to make the current transition more sustainable
than experienced in most of Europe, by taking into account local specifics and
including history-inspired innovations—are particularly welcome (Sections
10 and 11).

Building on years of interdisciplinary cooperation with natural scientists,
the historian Adam Izdebski from the Max Planck Institute for the Science
of Human History suggested in 2022 that, in the recent environmental crisis,
historians should engage in social criticism, address “the fears of our times,”
and “help our contemporaries by sharing stories about the past that contrib-
ute to understanding what is going on around us in this decade and what will
only become more powerful as time goes on.”'” This is one of the objectives of
this volume as regards its current relevance (for further goals, see Section 1.4).
However, focusing on this volume’s twenty-first-century relevance, it attempts
to do more than this. Namely, Jonatan Palmblad from the Rachel Carson
Center for Environment and Society argued in 2024 that environmental his-
tory can also contribute to “integrative approaches” to “the current socio-eco-
logical dilemmas” “that specialized research has rendered obsolete from its

104 Kaligaric et al., 2019, 133.

195 Sumrada, Kmecl, & Erjavec, 2021, 1-12.

1% Bavcon, Ravnjak, & Praprotnik, 2019, 23, 25, 43; Jakseti¢ (interview with Kaligaric),
2019, 20-22; Kaligari¢ et al., 2019; Sumrada et al., 2021; Sumrada, Kmecl, & Erjavec,
2021; Grass, Batary, and Tscharntke, 2021, especially p. 262 (quote); Sumrada et al,,
2022.

197 Tzdebski, 2022, especially pp. 9, 11 (quotes), 16-17; see also McNeill, 2003, 34; McNeill,
2010, 362.
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1.3 Study areas

own fragmented vantage point”'®® Thus, our volume also identifies a selec-
tion of long-term-evidence-based good practices of grassland management
and grassland plant uses aiming to bridge the divide between agronomy and
nature conservation (Sections 10.1.2.2, see also Section 10.2). Good practices
based on long-term-evidence is one of the core themes in applied historical
ecology.'” Namely, nowadays, efforts are being made to develop adequate and
equitable, usually optimally (at least largely) result-based agri-environment
payment schemes (Section 10.1.2.1) to preserve a significant percentage of
species-rich grasslands in the Alps (Figure 2).""* However, it has “not yet been
sufficiently researched what kind of management is necessary for keeping the
individual grassland types in favorable conservation status . . . . This knowl-
edge is valuable because the present state of grasslands is usually a product of
several centuries of traditional management and might exhibit long lag times
in responding to some management changes,” as recently emphasized by coop-
erating agronomists and biologists,""! and by ethnoecologists.''* This calls for
contributions of environmental history and historical ecology to reflect on not
only what has been going on, but also how to make the current transition more
sustainable—thus socially equitable, ecologically sound, and economically vi-
able—than experienced in most of Europe. This is a complex inter- and trans-
disciplinary endeavor. Environmental history and historical ecology are only
two of the many contributing disciplines. They emphasize the global setting,
and the regional and local specifics in a glocalized world that faces “simulta-
neous occurrence of both universalizing and particularizing tendencies™"* and
promote history-inspired innovations (Sections 10.1, 10.2, and 11).

1.3 Study areas

The Alps as the macroregion studied make this volume different from the
many works of long-term grassland history scholarship worldwide that focus
on steppes'* (see also Section 1.1). To illustrate the relevance of this differ-
ence, a few fundamental dissimilarities between grasslands in the Alps and
steppes are outlined first. Most grasslands dealt with in this volume receive
significantly more precipitation than steppes (with the exception of some dry
inner-Alpine valleys; on these, see Section 6.4).'"> To add the component of

198 Palmblad, 2024, quotes from pp. 674-675.

109 McClenachan et al., 2024; Santana-Cordero et al., 2024, 665-666, 668, 671, 673-675.

10 Herzon et al., 2018; Results-Based Nature Conservation Plan, [2019]; compare Sumrada
etal., 2021.

1 Sumrada et al., 2021, 9 (quote); Sumrada et al., 2022, 9-10.

112 Babai & Molnar, 2014.

3 Britannica Money: Glocalization.

114 Compare Isenberg, 2017.

115 Compare Bitzing, 2015, 37, and Isenberg, 2017, 134-135, 138-139, 146-147.
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climate variability (see Section 4), steppes “seem like better-watered deserts at
one time and like slightly subhumid versions of their humid climate neighbors
at another”"'® Although drought can also be a challenge for grassland farm-
ing in the Alps, in most cases it has never been comparably challenging as in
steppes. In contrast to steppes, excessive moisture has been another challenge
for grassland farming in the Alps in the long history of ever-changing climate,
as presented in Section 4. Grasslands in this volume grow on various soil types,
mostly different from steppes, and within the Alps they host highly diverse
plant communities (see Section 2), which in most cases also differ from steppe
vegetation. The abundance of forbs, for instance, especially broad-leaved forbs,
in grasslands of the Alps is one of the significant differences between steppe
vegetation and the study areas of this volume: whereas graminoids usually
dominate in grasslands in steppes and most of the Alps, the abundance of forbs
in the Alps can be high in many cases, in contrast to steppes,'” and it used to
be even higher in an average grassland in the Alps before the Green Revolution
starting in the mid-twentieth century (Sections 6.3.1, 6.3.2, and 10.1). More-
over, whereas “[t]rees are rare outside of river valleys” in steppes,''® they would
colonize most grasslands in the Alps (Section 2) unless regularly suppressed
by grassland management (especially Sections 6.1, 6.2, and 6.6): the final stage
of ecological succession in the case of abandonment would be (with only a few
exceptions) a woodland. Some fodder trees were a regular landscape element
in many grasslands in the Alps until the twentieth century (Section 8.2.2.1).
From the perspective of people and their economy, the site conditions and
species compositions of grassland agroecosystems in the Alps that differ from
those in steppes, together with dissimilar management practices and arrange-
ments, resulted in different fodder quality and quantity (Sections 2, 3.2.1, 4, 6,
9, and 10), and dissimilar gathering opportunities (Section 8). Together with
differences in human factors, this contributed to significantly dissimilar grass-
land histories in the Alps and in steppes.'”® Focusing on the second millenni-
um AD, one of the fundamental differences is the very much later introduction
of widespread grassland farming in the interior of steppes of the New World
in comparison to the Alps.’?* Another key difference is the strong emphasis in
the Alps not only on grazing but also on hay farming in seminatural grasslands
throughout the last millennium, until the mid-twentieth century, as our study
period.”?! Hay meadows are the main focus of this volume. In this regard, this
work is not pioneering (see Sections 1.1 and 11), but it provides novel insights
and complements existing mainstream grassland history, in many cases fo-
cused on steppes.

16 Compare Isenberg, 2017, 138.

17 Compare Isenberg, 2017, 138.

118 Isenberg, 2017, 138.

1% Compare this volume with Isenberg, 2017.
120 Tsenberg, 2017, 133, 139-145, 148.

121 Compare Isenberg, 2017, 146.
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1.3 Study areas

The broader context of the Alps (Section 1.2) reveals that the southeast of
this mountain range currently experiencing a strong grassland history transi-
tion is a particularly relevant study area. Moreover, the Eastern Alps have so
far received relatively little historical ecology attention.'** Favorable availability
of archival documents (Section 1.5),'* spatial allocation of research funds'**
(Section 1.6), and established contacts with local population led to the fact that
Bohinj, located in the Julian Alps in Slovenia, was selected for the main study
area. Data from many other parts of the Eastern Alps—partly as a result of
primary investigations and partly summarized from the literature—were also
widely used in this volume. Figure 4 makes it clear that the data are embedded
in the context of the Western Alps as well.

An online map can be viewed by scanning this QR code: &9 Ly
(https://doi.org/10.1553/978OEAW87189-figd) =%

Figure 4: Most of the settlements, mountains, and rivers or their valleys mentioned in this
volume. In the text, toponyms designating small settlements, mountains, and microregions
and some mesoregions are accompanied by a brief note designating the broader region the
place belongs to or a larger settlement nearby to facilitate orientation for readers familiar
with the region. Such additional geographical names that are only support for readers are
not mapped. The locations mentioned in Sections 6.4.5 and 7.2, and in the introduction to
Section 6.1.2.5, are shown on separate maps (Figures 59, 103, and 116), and so these loca-
tions are not mapped again here. Place names appearing only in archival signatures or in
cited titles are not mapped. Figure 4 shows the locations mentioned in our text.

The cultural richness of the Alps includes their linguistic diversity. During the long period
dealt with in our volume, the language or languages usually spoken by local inhabitants
have not been constant in all regions of the Alps. Uniformly, though sometimes ahistori-
cally, the use of toponyms in the languages of the Alps in this volume follows the Alpine
Conventions early twenty-first century linguistic map of the Alps,'*® wherever a place-
name appears in a book (sub)section for the first time. A partial exception is the Slovenian
territory that appears in the volume most frequently; Figure 4 follows the same linguistic
principles in the territory of today’s Slovenia as in other regions, but in the text historical
circumstances were taken into account in the sense that German toponyms were added
next to Slovenian ones in the case of urban settlements and centers of seigneuries which
produced sources studied in this volume, i.e. places where German was frequently spoken
next to Slovenian by some highly relevant actors for a long time. This way, a certain degree
of linguistic diversity and variability over time is vaguely alluded to without any degree
of comprehensiveness; historically better-justified toponym language uses would take us
too far from the topic of the volume."? In case of further mentions of a toponym within
the same book (sub)section, only the place-name in (one of) the main language(s) of the
country that covers that location nowadays is used, to save the space.

12 Santana-Cordero et al.,, 2024, 665-668, 670, 672, 674.

123 See also Zwitter, 2020, 52-53.

124 See the explanation in Zwitter, 2020, 51-52.

125 Ravazzoli & Laner, 2018, 39; thanks to the ethnologist Spela Ledinek Lozej for recom-
mending this map.

126 See, for instance, Slovenski zgodovinski atlas, 2011, 110-111, 134, 136, 143-144, 149.
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1.4 Goals of this volume

In the volume Grasslands in Europe of high nature value, published in 2009,
Hansjorg Kiister and Clunie Keenleyside claimed: “The description of the his-
tory of grasslands in agricultural systems in Europe is complicated by the lack
of clear evidence about this subject. Written, paleo-ecological or archaeologi-
cal sources do not provide much information.”'” We decided to challenge this
opinion and to provide a combination of analyses and syntheses of the long-
term environmental history and historical ecology of seminatural grasslands
in the Alps, including understanding; thus, not limited to descriptions. By fo-
cusing on archival records since the Late Middle Ages, historical publications,
pictures, maps, oral history interviews, historical artifacts, and fieldwork,
presented in an interdisciplinary and transdisciplinary context, this volume
demonstrates that studies of sufficient quantities of diverse types of sources
make it possible to draw interesting conclusions and novel interpretations of
grassland history. Examples of long-term legacies of historical processes, struc-
tures, and events in present landscapes are given as well. The volume mainly
deals with five centuries, from about 1500 to about 1960, but some older and
more recent data are also included. This means that for most meadows in the
Alps the period is covered (1) from almost the beginning of the existence of
a species-rich grassland to its end (in the case of remote meadows in medie-
val forest clearings, abandoned in the mid-twentieth century) or (2) until the
widespread gradual intensification of grassland management and progressive
abandonment of remote meadows in the second half of the twentieth century
(see also Sections 3, 9, 10.1, 10.2, and 11).'%8

In line with the topic and the standards of modern environmental history,'*
the main actors of this volume are people, largely farmers, livestock, and wild
organisms, mainly grassland plants. Namely, the focus was primarily placed on
floristic and vegetation topics, and less so on wild fauna.

This volume is a contribution to long-term socio-ecological research link-
ing long-term process-oriented ecosystem research, biodiversity and conser-
vation research, and socio-ecological research.'* It aims to improve the under-
standing of historical grasslands in the Alps by creating fresh interdisciplinary
historical-ecological links. This had an influence on the content of the volume
because sections were omitted that would only be compilations of previous
literature. Because the book focuses on human-nature interactions in the

127 Kiister & Keenleyside, 2009, 9.

128 Regarding the 1950s and 1960s as a rupture in the agricultural history of the Alps, see
Viazzo, 1989, especially pp. 35-36, 100-106, 112, 117-120; Jones & Poux, 2012, 451;
Batzing, 2015, especially pp. 314, 322; Orland, 2016, 46; Krausmann, 2016; Krausmann
et al., 2016; Krausmann, Weisz, & Eisenmenger, 2016, especially p. 83.

129 Tzdebski, 2022, 11.

130 Mirtl et al., 2015.
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long-term perspective, it aims to improve the understanding of the history of
grasslands in the Alps by educated farmers, agronomists, anthropologists and
ethnologists, botanists, ecologists and other biologists, geographers, historians
(not only agrarian and environmental, but also cultural, intellectual, military,
and political), and landscape architects, for instance. Long-term insights, em-
phasizing examples from the pre-industrial period, aim to illustrate the fact
that grassland history includes both dynamic and (relatively) constant compo-
nents. This is highly relevant because expressions such as traditional, earlier,
or historical grassland management are often uncritically used in a generalized
way in ecological literature to refer to practices characteristic for the time from
approximately 1900 to 1960, thereby ignoring important previous historical
developments of grassland management."

The volume also discusses the current relevance of the history of seminatu-
ral grasslands in terms of learning from the past for the benefit of present-day
society and the environment (Sections 1.2, 10, and 11). In this way, it aims to
contribute to “better informed management and policy decisions.”'*

1.5 Methods

From the methodological perspective, the volume combines historical results
with ecological interpretations. Long-term grassland history analyzes and syn-
thesizes data from different types of sources, and it must be interdisciplinary.
Due to the long-term perspective, more time was invested in scarcer, older
data collection to attain a more balanced representation of older and more
recent data in the volume. Information from many sources referring to the
nineteenth and twentieth centuries was also analyzed and integrated in the
synthesis. The main types of sources useful for long-term grassland history
investigations and studied in this volume include the following.

1) Archival records and historical publications:

— A variety of administrative records, produced mainly for economic and
legal purposes. If sufficient quantities of these types of sources have been pre-
served and are studied, the analysis is likely to find data on a wide variety of
grassland history topics, especially since the sixteenth or seventeenth centu-
ries. The following were used:

e A selection of medieval and early modern rent-rolls'** (Germ. Urbare)
dealing with parts of the southeastern Alps. These rent-rolls are lists of

131 Kapfer, 2010, 133, 139.

132 Compare Szabo, 2010, 380.

133 AT StLA, Archiv der Innerdsterreichischen Hofkammer, Sachabteilung, box 69, fold-
er 8: Des ambts Capl bereiittung vnd beschreibung 1567; ST NSAL 100, Kapiteljski ar-
hiv Ljubljana (Archives of the Ljubljana Cathedral Chapter), fasc. 98, unit 3: Rent-roll
(Urbar) of the seigneury of Bleiburg (SIn. Pliberk) 1570; SI AS 173, Imenjska knjiga
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holdings belonging to a certain seigneury, including, for instance, family
farms, parcels of demesne land, lists of dues as sources of landlord’s income
resulting from the seigneury, data on corvée, and records documenting cer-
tain rights to use natural resources.'** The 1567 rent-roll from the seigneury
(specifically, Amt in this case) of (Eisen)Kappel (Sln. (Zelezna) Kapla)'> is
an exceptional early source providing data on first- and second-crop hay
quantities in the Central Karawanks (Germ. Karawanken, Sln. Karavanke)
at a holding (farm) level (Section 6.1.2.3), highly relevant for approximate
calculations of the ratio of non-fertilized to moderately fertilized meadows
at that time (Section 6.3).

Another type of analyzed rent-rolls are registers of beehive tithes,”** in
our case collected directly from farmers in the Kamnik-Savinja Alps (Sln.
Kamnisko-Savinjske Alpe) by the seigneury of Gornji Grad (Germ. Ober-
burg) as the tithe lord;'*” a selection of summary beehive tithe data from
account lists of the same seigneury'*® was also used (Section 4.1.1.1.1). This
study area was relevant because the current state of historical climatology
research in the area provided the needed context, and thus it was possi-
ble to identify some impacts of historical weather variability on pollen and
nectar resources. In this case, the tithe was collected directly by the tithe
lord; the annual tithe quantity was not fixed because it depended on actu-
al yields in apiculture.”” The tithe was either collected in kind or, when a

za Kranjsko (Giiltbuch for Carniola): Rent-roll of the seigneury of Radovljica (Germ.
Radmannsdorf) 1579. Mlinar (ed.), 2018a and Mlinar (ed.), 2018b published the rent-
rolls of the seigneury of Fusine (Friul. Fusinis, Germ. Weiflenfels, Sln. Bela Pe¢) from
1498 and about 1636, and these editions were studied. In addition, Mlinar noted that
an unpublished section of this 1636 rent-roll is a source for the history of mountain
grasslands on the Golica (Germ. Kahlkogel) Ridge (Mlinar, 2018a, 27; Mlinar (ed.),
2018b, 163), and he kindly made available his copies of archival records (see Section
3.1). Another unpublished section of the same rent-roll (AT KLA 112, Allgemeine
Handschriftenreihe, Ms. 2732) was relevant for the history of spring grazing in mead-
ows (Section 6.2.1.2).

13 On rent-rolls as sources of grassland history, see Zwitter, 2013a and Zwitter, 2020; see
also general considerations in Erni, 1999, 16; Schoggl-Ernst, 2004, 516-522; Umek,
1982; and Zwitter, 2016.

133 AT StLA, Archiv der Innerésterreichischen Hofkammer-Sachabteilung, box 69, folder
8: Des ambts Capl bereiittung vnd beschreibung 1567.

1% For some general mentions of tithes in beehives or honey in European history, see
Crane, 1999, 228, 243, 245, 490.

137 SI NSAL 20, Gornji Grad Avstrija (Gornji Grad Austria), box 26: Beehive tithe ...,
1643, 1646, 1648: Zechend peinstockh in Tirossegg pergkh, 1646; ST NSAL 20, box 40,
seigneury’s account by Georg Lorger, April 29th, 1686 — April 28th, 1687: Specifica-
tion der gethallenen(!] zehendt peiinstokh de anno 1686, die herren schaffer Gedrgen
Lorger bezalth[!] vind guet gemaht[!] seindt worden.

138 See the late-seventeenth-century accounts of the seigneury of Gornji Grad referred to
in the next paragraph.

13 Based on comparison of the preserved detailed 1686 tithe register with summary bee-
hive tithe data in the accounts of the seigneury of Gornji Grad from 1681 and 1682 (SI
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pecuniary due was paid instead of beehives in kind, it was clearly recorded
how many beehives would have been provided if the tithe had been collect-
ed in kind. This means that these tithe registers are relevant environmental
history sources.'* It is highly likely that farmers hid some beehives in order
not to be expected to deliver the tithe,'*! but the percentage of hidden hives
was probably similar from year to year, and so this does not have an impor-
tant influence on relative comparisons of tithe quantities, except for rare
situations.'** It is important that contemporary guidelines for collection of
tithes in beehives were studied, and so we can understand rather well what
the tithe data—which are often unclear—tell us in this case.'*®

Account lists and account books documenting revenues and expendi-
tures;'** in this case, we use the accounts of the seigneury of Eberndorf
(Sln. Dobrla Vas) in the Jaun Valley (Germ. Jauntal, SIn. Podjuna), covering
significant areas in the southeastern inner-Alpine Klagenfurt Basin (Germ.
Klagenfurter Becken; Sln. Celovska kotlina) and some of its hilly and moun-
tainous hinterland in the Karawanks, from 1684 AD,' and of the seigneu-
ry of Gornji Grad, including large territories in the Kamnik-Savinja Alps
and a minor area in the Eastern Karawanks, from 1553, 1681/82, 1682/83,
and 1686/87."*¢ Namely, large sections of archives of these ecclesiastical

14
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NSAL 20, Gornji Grad Avstrija (Gornji Grad Austria), box 39, seigneury’s accounts
by Michael Gervason, with supplements, 1681-1686: account April 1st, 1681 — March
31st, 1682, tables: Peinstokh & account April 1st, 1682 — April 25th, 1683, tables: Pein-
stokh; ST NSAL 20, box 40, seigneury’s account by Georg Lorger, April 29th, 1686 —
April 28th, 1687: Specification der gethallenen|[!] zehendt peiinstokh de anno 1686, die
herren schaffer Georgen Lorger bezalth[!] vnd guet gemaht[!] seindt worden).

See the general methodological remarks on tithe registers in Landsteiner, 2004, espe-
cially pp. 543, 545, 551, 557; Zwitter, 2016, 130-135; beehive tithes are not dealt with in
these works.

SI NSAL 20, Gornji Grad Avstrija (Gornji Grad Austria), box 68, Bee tithe, 1690-1778:
Lob[liches] kay[serlich] konig[liches] crejfi-amt, autumn 1778 (archival register:
NSAL 20: Gornji Grad Avstrija [archival register]); Miheli¢, 1970, 407.

Landsteiner, 2004, 549-551, 557.

Compare the general remarks on historical tithe data in Landsteiner, 2004, 545, 547.
For a general introduction, see Bizjak, 2014; see also Hoffmann & Winiwarter, 2010,
353, 371; on the use of account books in grassland history, see Zwitter, 2020.

SINSAL 100, Kapiteljski arhiv Ljubljana (Archives of the Ljubljana Cathedral Chapter),
fasc. 103, folder 2: account of the seigneury of Eberndorf, 1684 (archival register: NSAL
100: Kapiteljski arhiv Ljubljana [archival register]; the provenance of this source was
corrected in the archival register based on previous investigations by this volume’s main
author: Zwitter, 2014a, 225); on the territorial range of the seigneury of Eberndorf see,
for instance, Zwitter, 2014a and Zwitter, 2014e.

SI NSAL 20, Gornji Grad Avstrija (Gornji Grad Austria), box 24, seigneury’s account
by Marx Textor, 1553; ST NSAL 20, box 39, seigneury’s accounts by Michael Gervason,
with supplements, 1681-1686: account April 1st, 1681 — March 31st, 1682, tables and
account April 1st, 1682 — April 25th, 1683, tables; SI NSAL 20, box 40, seigneury’s ac-
count by Georg Lorger, April 29th, 1686 — April 28th, 1687 (archival register: NSAL 20:
Gornji Grad Avstrija [archival register]).
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seigneuries are well preserved, and several other sources of these seigneu-
ries were also studied in this and other authors’ research,'’ strengthening
the likelihood that combining data would lead to a more complex under-
standing of the historical situation.

e Descriptions of agricultural land parcels belonging to farms produced be-
fore the state-initiated (partial) cadasters. Such hand-written descriptions
were not produced as generally as rent-rolls, but officials of some seigneu-
ries created them. Such a description was either a separate source, or it
was integrated into a rent-roll."*® In this volume, we refer to the 1664/65
description of holdings belonging to the seigneury of Eberndorf,'* which
had already been identified as a promising environmental history source by
the author’s previous research.'*

e Records on natural hazards and disasters affecting agricultural land, pro-
duced as part of petitions for tax relief and/or reduced dues to the seigneu-
ry. The record on the devastation by locusts in Carniola in the early 1540s
from the archive of the estates of that province,””! and the record on the
1660 mudflow devastation from the archive of the estates of the province of
Carinthia were studied. In the latter case, a combination of the handwrit-
ing’? and a preserved sketch of this same mudflow’s devastation'® make
possible quite a good understanding of the event. In this way, it was pos-
sible to solve an important terminological challenge in the archival record
and improve our understanding of the environmental change this event
brought about (Section 4.2). Several other data from records on natural
hazards and disasters, produced in the context of petitions for reduced eco-
nomic burdens were synthesized from the literature.'*

e Some court minutes include valuable pieces of information on grassland
history. In general, investigations of court proceedings are time-consum-
ing, but they have the potential to cover a wide spectrum of grassland
history, including the related traditional ecological knowledge of illiterate
peasants in earlier centuries.' In this volume, a selection of court minutes

17 Zwitter, 2014a; Zwitter, 2014e; Zwitter, 2015d; Zwitter, 2016.

8 E.g., Zwitter, 2020, 53, 77-79.

149 AT StiAStP, Grundherrschaft Eberndorf (Handschriften), vol. 4, Grundbeschreibung
1664/65.

150 Zwitter, 2014e; Zwitter, 2015d.

151 SI AS 2, Dezelni stanovi za Kranjsko (The Estates of the Province of Carniola), First
Registry, box 322, fasc. 216, year 1542: September 4th, 1542.

152 AT KLA 207, Stiandisches Archiv I, box 197, folder 3; see also Zwitter, 2018.

153 Fresacher, 1965.

134 Especially Rohr, 2007a; Rohr, 2007b; Zwitter, 2015b.

195 See the presentation of the use of this type of source in the environmental history of
grasslands in Zwitter, 2020, 50-55, 58-73, 81.
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from around 1500 and from the sixteenth, seventeenth, eighteenth, and
nineteenth centuries were studied.

Most of them were recorded at the courts at Bled (Germ. Veldes),"” cov-
ering a large part of Upper Carniola (SIn. Gorenjska; Germ. Oberkrain) in
what is now northwestern Slovenia, and at the patrimonial court of the
seigneury of Eberndorf in the Jaun Valley."** Villages consisting of farms
with spatially dispersed patterns of parcel division (in contrast to compact
holdings of isolated farms) strongly prevail in the study areas approached
through court records. The higher the number of holdings to which neigh-
boring land parcels belonged, the higher was the general potential for
litigation over land and over the use of natural resources. Consequently,
there is usually more relevant information about grassland history in court
records in areas of spatially dispersed patterns of parcel division than in
regions of isolated farms, and so the seigneuries of Bled and Eberndorf are
highly suitable study areas.'*

The author’s previous research using patrimonial court records of the sei-
gneury of Eberndorf from the first two-thirds of the seventeenth century
revealed complex water uses in that seigneury. It demonstrated that the
court records of this seigneury include valuable information on water
meadows (irrigated meadows) and mowed wetlands.'® Study of literature
during the course of work on this grassland history synthesis identified a
research deficit in environmental history research in wetland agroecosys-
tems in the Alps.'*" Consequently, the author’s research using patrimonial
court records of the seigneury of Eberndorf, previously covering the time
until 1665, was expanded to also cover the rest of the seventeenth century
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Kaspret (ed.), 1889a; Kaspret (ed.), 1889b.

No detailed archival inventory of handwritten volumes of patrimonial court acts from
Bled exists, and so the entire first three volumes and parts of the fourth and eleventh
volumes of patrimonial court records from the late sixteenth to early seventeenth cen-
tury and from the mid-seventeenth century were studied. Relevant new results were
found in the second, third, fourth, and eleventh volumes (SI AS 721, Gospostvo Bled
[The Seigneury of Bled, Germ. Veldes], Iustitialia, volumes 11, 12, 13, 14, and 21).
Moreover, results from selected unbound territorial court acts are included (ST AS 721,
Tustitialia, fascicles 25, 32, 33, and 34). The archival inventory (Verbi¢, 1960) provides
only a brief general overview of topics dealt with in studied unbound court records.
On the question of which court minutes within the fonds of the Seigneury of Bled were
produced by which court, see Kos, 2016, 132-134.

AT StiAStP, Grundherrschaft Eberndorf (Handschriften): volumes 179, 181, 183, 186,
187, 188, 189, 190, 191, 192, and 193. Relevant cases in these volumes of court minutes
were selected based on an early modern archival register (AT StiAStP, Grundherrschaft
Eberndorf (Handschriften): volume 196a).

Zwitter, 2014e; Zwitter, 2020, 53.

Zwitter, 2014e, 342-348.

For a highly relevant ethnobotanical study dealing with traditional ecological knowl-
edge about lowland wetlands in Eastern Europe in the twentieth century, see Sucholas
etal, 2022.
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1 Introduction

and the eighteenth century, providing new results and increasing the un-
derstanding of the environmental history of wet meadows.'¢?

Moreover, a relevant eighteenth-century court record from the seigneury
of Idrija (Germ. Idria) and an important sixteenth-century court record
from the seigneury of Gornji Grad dealing with the Kamnik-Savinja Alps
in Lower Styria (SIn. Spodnja Stajerska, Germ. Untersteiermark) were tak-
en into account;'® the latter deals with a territory of isolated farms with
relatively poor general potential for grassland environmental history ana-
lyses based on court records, as determined by the author’s preliminary
research.'®*

In addition, court records from the archive of the (agrarian) community
of Koroska Bela in the Western Karawanks including long litigations over
grasslands were studied.'®®

Information from the few nineteenth-century court records dealing with
grasslands and kept in the archives of the district administrative authority
(Germ. Bezirkshauptmannschaft) of Radovljica (Germ. Radmannsdorf)'*
was also analyzed and integrated into this synthesis. The district adminis-
trative authority of Radovljica covered the main study area and its broader
surroundings in the Julian Alps, in the Western Karawanks, and at the foot
of the Alps.'?’

Village bylaws, another valuable type of grassland history legal source, have
received much attention in the literature, in Tyrol in particular,'® and so
results of previous research are taken into account in this synthesis. In con-
trast to many regions of the Habsburg Alps north and west of today’s Slo-
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Sources selected based on the early modern archival register (AT StiAStP, Grund-
herrschaft Eberndorf (Handschriften): vol. 196a) focused mainly on entries related to
Lake Gosselsdorf (Germ. Gdsselsdorfer See, Sln. Goslinsko jezero), Lake Klopein (Germ.
Klopeiner See, Sn. Klopinjsko jezero), and nearby wetlands and meadows, on large wet-
lands on the Riickersdorf Plateau (Germ. Riickersdorfer Hochfliche, Sln. Na Vrhih), and
on the keyword Sacher.

Idrija: SI AS 736, The seigneury of Idrija, box 1, unit 1: Gerichts prothocoll buch de
anno 1754 bif} 1759, 444-448; Gornji Grad: SI NSAL 20, Gornji Grad Avstrija (Gornji
Grad Austria), box 97, Various cases concerning the subjects of the seigneury of Gornji
Grad (Germ. Oberburg), sixteenth—-nineteenth century: 1588, Am S: Andreas tag . ..
Zwitter, 2014a; Zwitter, 2014e; Zwitter, 2015d.

Results relevant for the content of this volume were identified in SI AS 170, Soseska
Koroska Bela (The Agrarian Community of Koroska Bela), box 2.

SI AS 137, Okrajno glavarstvo Radovljica (District Administrative Authority (Germ.
Bezirkshauptmannschaft) of Radovljica, Germ. Radmannsdorf), boxes 39 and 121; se-
lection based on the archival inventory: Pivk, 2006.

Slovenski zgodovinski atlas, 2011, 148.

Mainly Grass, 1948; on village bylaws, see also Jaritz & Winiwarter, 1997; Birr, 2004;
and Teuscher, 2014; thanks to the environmental historian Verena Winiwarter for
recommending Teuscher’s article. Elsewhere in Europe, grassland history has been
studied based on village bylaws by Molnar et al., 2015, and De Keyzer, 2016, for in-
stance.
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1.5 Methods

venia, written documentation of village bylaws was very rare in Slovenian
territory,'® where the main study sites of this volume are located.

Land cadaster record volumes: we studied cadaster records of the histori-
cal land cadaster that includes the most grassland history data in the main
study area; namely, the Franciscan land cadaster. Its volumes created around
1830 for taxation purposes include extensive data on local farming and on
some basic grassland plant characteristics, and so they are valuable grass-
land history sources.'”® These volumes were mainly studied for all cadastral
municipalities in Bohinj as the main study area, for the surroundings of
Bled, largely motivated by results from older court records from Bled, and
for cadastral municipalities of the Western Karawanks above Jesenice due
to the research interest in the history of montane meadows abounding in
daffodils characteristic for the area (Section 6.2.2.3). Comparison of Fran-
ciscan cadastral record volumes dealing with cadastral municipalities in the
upper Vellach (Sln. Bela) and Kokra catchments with the abovementioned
1567 rent-roll from the seigneury (Amt) of (Eisen)Kappel that dealt with
the same territory two and a half centuries earlier contributed significant-
ly to the calculations of the ratio of non-fertilized to moderately fertilized
meadows (introduction to Section 6.3. and Section 6.3.0.1). In the case of
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Vilfan, 1996, 89-90, 217-220.

See the general presentation of this cadaster in Bauer, 2017, and further literature given
there; Drobesch, 2009; Granda, 1994; Krausmann, 2008; Kaci¢nik Gabric, 2014; Gersic,
Gabrovec, & Zwitter, 2018.

Final versions of cadaster record volumes, and preliminary questionnaires on agricul-
ture were studied for the following cadastral municipalities in their entirety because
they refer to the main study area: SI AS 176, Franciscejski kataster za Kranjsko (Fran-
ciscan Land Cadaster for Carniola), L30 (cadastral municipality of Nemski Rovt), L56
(cadastral municipality of Bohinjska Bistrica), L72 (cadastral municipality of Gorjuse),
L107 (cadastral municipality of Cesnjica v Bohinju [i.e., Bohinjska Cesnjica]), L157
(cadastral municipality of Srednja Vas v Bohinju), L172 (cadastral municipality of No-
menj), L242 (cadastral municipality of Savica), and 1284 (cadastral municipality of
Studor), and largely or partly also L3 (cadastral municipality of Planina pod Golico),
L10 (cadastral municipality of Jesenice), L16 (cadastral municipality of Hrusica), L22
(cadastral municipality of Podhom), L35 (cadastral municipality of Blejska Dobrava),
L80 (cadastral municipality of Hrase pri Radovljici), L90 (cadastral municipality of
Javornik), L102 (cadastral municipality of Koroska Bela), L139 (cadastral municipality
of Dovje), L169 (cadastral municipality of Nova Vas), L179 (cadastral municipality of
Zgornje Gorje), L210 (cadastral municipality of Poljsica), L227 (cadastral municipality
of Recica), L287 (cadastral municipality of Zupanje Njive), L310 (cadastral munici-
pality of Spodnje Gorje), L322 (cadastral municipality of Vielnica), L335 (cadastral
municipality of Bohinjska Bela), L343 (cadastral municipality of Selo pri Bledu); SI AS
178, Franciscejski kataster za Korosko (Franciscan Land Cadaster for Carinthia), K312
(cadastral municipality of Zgornje Jezersko), K470 (cadastral municipality of Spodnje
Jezersko); AT KLA 75, Franziszeischer Kataster, cadastral municipalities nos. 76203
(Bad Vellach, Sln. Bela), 76205 (Ebriach, Sln. Obirsko), 76211 (Koprein Petzen, Sln.
Koprivna), 76213 (Leppen, Sln. Lepena), 76214 (Lobnig, Sln. Lobnik), and 76218 (Rem-
schenig, SIn. Remsenik).
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missing older data, nineteenth-century information can in some cases be
cautiously applied deeper into history based on rich comparative justifi-
cation (but not in every case).””" This cadaster was also a relevant source
to identify some long-term environmental impacts of previous historical
grassland management on early nineteenth-century grassland ecosystems
(Section 6.3.1).

In systematic and extensive cadasters, such as the early nineteenth-century
Franciscan cadaster, data on grasslands of the time are on the one hand pre-
sented quite systematically and can be collected much more quickly than
environmental grassland history information from court proceedings or
rent-rolls. However, grassland history information in cadasters is less di-
verse (e.g., the Franciscan cadaster hardly includes any direct information
on traditional ecological knowledge about grasslands and it documents
only a selection of grassland plant uses), and consequently it covers a nar-
rower scope of grassland history than court minutes potentially do.

e Archives of commissions for abolition, redemption, and regulation of fur-
ther existing profits-a-prendre offer detailed insights into some grassland
management practices,'’” such as grazing and irrigation, and exceptionally
some others, such as meadow spring cleaning. We studied spring grazing
in meadows, meadow irrigation, and spring-cleaning in the mid-nine-
teenth century based on two fascicles of materials from the archives of the
Commission for Redemption and Regulation of Profits-a-Prendre in the
Province of Carniola (Sln. Kranjska, Germ. Krain), significantly improving
our case studies.””” Concerning the main study area, many data resulting
from abolition, redemption, and regulation of profits-a-prendre had already
been collected in previous literature cited in this synthesis."”* Consequently,
our selection of study areas for analysis of this type of source followed two
main objectives. The first goal was to answer research questions concerning
historical management of daffodil meadows that had not been answered
by the volumes of the Franciscan land cadaster, and so our investigation
focused on a detailed investigation of extensive quantities of preserved
materials dealing with the study area above Jesenice. Selection of the sec-
ond study area was mainly motivated by the existence of clearly localized
sixteenth-century data on meadow irrigation, and so the main aim was to
check whether the same meadows were still irrigated in the nineteenth cen-
tury and which additional data on irrigation are available in those sources.

171 For various aspects of such comparative rich additional justification, see, e.g., Blaznik,
1975; Hohensinner et al., 2013; Zwitter, 2020.

172 See, e.g., examples in Grass, 1948.

172 ST AS 48, Dezelna komisija za odkup in uravnavo zemljiskih bremen za Kranjsko (Pro-
vincial Commission for Redemption and Regulation of Profits @ Prendre in Carniola),
fasc. 56 (= original fasc. 9-1-5 and 9-2 were studied) and fasc. 163 (original fasc. 17-19).

174 Novak, 1955.
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1.5 Methods

e A volume documenting the irrigation sequence in the complex irrigation

system at Lasa (Germ. Laas) in the Venosta Valley (Germ. Vinschgau) in
1949 and in the early 1950s,'”* rooted in a long historical tradition.

Since the eighteenth and especially nineteenth century, fodder recommen-
dations were sometimes spread by political authorities among the general
public in the Alps of the Habsburgs Monarchy.'” In our case, sources pro-
duced in times of scarcity during the First World War, kept in archives of
the district administrative authority of Radovljica (regarding its territory,
see the paragraph on court records) are taken into account.”” A district
administrative authority used to link the level of the province with the level
of municipalities. Concerning the spread of expert knowledge, see also the
paragraphs dealing with newspapers and with works by historical experts.

Records from the archives of military commands are relevant, for instance,
to understand the context of some alien grassland plant species introduc-
tions. In this volume, selected archives of the First World War military
commands'”® and their correspondence with civil authorities'”® were stud-
ied because the numbers of livestock strongly relying on a grassland diet
involved in military use reached a marked peak during that war (Section
7.2).

Sources produced by institutions in charge of trade in livestock, other prod-
ucts of animal husbandry, and medicinal herbs, or in charge of trade taxes;
we used a selection of mid-twentieth-century records dealing with trade
in gathered medicinal herbs,®® and a contract for long-distance trade in
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Lechthaler family archive, Lasa (Germ. Laas), notebook Aufschrebung [!] fiir den Al-
litzbach im Jahre 1949.

Novak, 1970, 363-364, 383, 393; Valenci¢, 1970b.

SI AS 137, Okrajno glavarstvo Radovljica (District Administrative Authority [Germ.
Bezirkshauptmannschaft] of Radovljica), boxes 591 (November 10th, 1915, no. 30866,
November 17th, 1915, no. 31141, and December 21st, 1915, no. 35377) and 592 (Au-
gust 28th, 1915, no. 22751). Source selection is based on the archival inventory Vol¢jak
(ed.), 2017, 60-62, providing a brief general overview of First World War topics dealt
with in these archival boxes.

AT OeStA/KA FA NFA HHK AK/AGKdo, 5. Armee (HGK Boroevi¢), box 1108; AT
OeStA/KA FA NFA HHK HFK/HGK Kdo Stidwestfront II, boxes 586, 587, and 621.
SI AS 137, Okrajno glavarstvo Radovljica (District Administrative Authority [Germ.
Bezirkshauptmannschaft] of Radovljica), box 591, September 17th, 1915, no. 567; Sep-
tember 19th, 1915, no. 25220; September 21st, 1915, Feldpostamt no. 325; September
27th, 1915, no. 2569; and September 28th, 1915, no. 1071. Sources selection is based on
the archival inventory Vol¢jak (ed.), 2017, 60-62.

SI AS 241, Ministrstvo za izvoz in uvod Ljudske republike Slovenije, 1945-1951 (Min-
istry of Export and Import of the People’s Republic of Slovenia, 1945-1951), box 1, unit
16; SI AS 1126, Drzavni sekretariat za blagovni promet Ljudske republike Slovenije,
1958-1965 (State Secretariat for Trade of the People’s Republic of Slovenia, 1958-1965),
box 32, unit 2294; SI AS 1131, Republiski sekretariat za trgovino Socialisti¢ne repub-
like Slovenije, 1962-1965 (Secretariat for Trade of the Socialist Republic of Slovenia,
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spikenard valerian from 1547 was also studied.'®! The literature cited deals
with trade in grassland-related items since the Late Middle Ages.'®*

Livestock censuses; we used those from the second half of the twentieth
century to improve the understanding of reforestation in the main study
area (Section 9).

Several other types of administrative records were also studied and yielded
relevant information for the content of this volume, even though these are
not main grassland history sources.

0 One example is manorial minutes, a source type with heterogeneous
manor-specific and time-specific content. They were one of the coexist-
ing types of sources produced by the administration of a manor, also in-
cluding its court. Their structure is usually chronological.’®® In our case,
a volume of seventeenth-century manorial minutes from the seigneury
of Gornji Grad was used.'®

o Another example is the entire volume of the tax cadaster (Germ. Giilt-
buch, not to be confused with a land cadaster),'® listing holdings be-
longing to freeholders (Germ. Freisasse) in mid-seventeenth- to mid-
eighteenth-century Carniola.'® Freisasse were usually “peasants with
manorial rights to a certain source of agrarian income; that is, those
exempt from obligations to the seigneury because they had bought their
personal freedom as well as the freedom of their holdings” or of part
of their holdings.'"” Some meadow toponyms and meadow sites men-
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1962-1965), box 15, unit 623; SI AS 2164, Zadruznistvo na Slovenskem, 1922-1962
(Cooperatives in Slovenian Territory, 1922-1962), box 2, unit 287, and box 3, units 445
and 451. Selection of sources was based on the archival inventories: Malbasi¢, 1998;
Malbasgi¢, 2005a; Malbasi¢, 2005b; Strumbl, 2017.

AT StLA, Stadt Murau, box 85, folder 2201, Speikhandel 1547. This manuscript was
found by the doctoral student Tadej Pavkovi¢ during his livestock history research, and
he kindly provided the main author with a scan.

These data are summarized in Sections 3.1, 5, 7.1, and 8.1. Ferdo Gestrin, for instance,
studied late-medieval and sixteenth-century commercial flows between towns on the
northeastern Adriatic coast and their broader hinterlands, including the Eastern Alps,
partly based on this group of sources (Gestrin, 1965); Helfried Valentinitsch dealt with
early modern trade in spikenard valerian (Valeriana celtica subsp. norica) based on this
source type (Valentinitsch, 1989).

See the general remarks on volumes of manorial minutes in Just, 2004.

ST NSAL 20, Gornji Grad Avstrija (Gornji Grad Austria), box 17, Manorial minutes
(journal) 1613[-1630]. See also Zwitter, 2013b, for a historical climatology analysis of
this particular volume of manorial minutes.

On Giiltbiicher, see Polec, 1936, 16-33; Fresacher, 1974, especially pp. 85, 88-93; Golec,
2015, 21; Zwitter, 2019.

SI AS 173, Imenjska knjiga za Kranjsko (Gtiltbuch for Carniola): Giiltbuch No. 7 (1662—
1757).

87 Quote from Zwitter, 2018, 166, based on Vilfan, 1980. See also Zwitter, 2019.
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1.5 Methods

tioned in this source include relevant environmental history informa-
tion.

— A selection of works by historical experts, including historical research
publications (especially agronomic, botanical, ethnological and medical-phar-
maceutical ones), publications produced or edited by agricultural societies, and
notes of ethnological fieldwork in rural areas. Some works by experts of the time
also deal with usual local grassland management practices and grassland uses,
with ordinary farmers’ knowledge, and with historical interactions between tra-
ditional ecological knowledge and experts’ knowledge; nonetheless, vernacular
knowledge was often poorly explicitly represented in works by agricultural ex-
perts.'"® A nineteenth-century ethnographic volume by Ludwig von Hérmann
contributed insights into gathering plants and ants, and in the attitude to wild
birds.” A mid-twentieth-century volume of Slovenian ethnologists’ field notes
provided valuable insights into the daily life in rural areas and its changes over
time'”° (Sections 4.1.1.4 and 10.1.1). Richard Palmer’s analysis of botanical works
to present the genesis of botanical knowledge in sixteenth-century northern It-
aly””! and Dirk Kauter’s grassland history based on this type of source deserve
special attention.””” Our study improved the knowledge of a short section of
Olivier de Serres’ agricultural handbook published in 1600 (we used the 1603
edition),'” one of the most extensive European agricultural handbooks of the
time,'” which had already been partly evaluated from the grassland perspective
by Kauter.'”” An eighteenth-century treatise by the botanist, veterinarian, and
physician Balthasar Hacquet,'*® published by the agricultural society of the prov-
ince of Carniola,'” a mid-nineteenth-century botanical publication by the bota-
nist Valentin Plemel", data on Golica in the western Karawanks in the botanical
monograph by Erwin Aichinger from 1930s" were also studied. The results of

1% See, e.g., Kauter, 2002; Stuber & Lienhard, 2007; Hoffmann & Winiwarter, 2010; Ab-

bet et al., 2014; Praprotnik, 2015; Dornheim, 2016; Kirchinger, 2016; Baumgartner,

2017; Knittel, 2017; Rippmann Tauber, 2017; on grassland history in a precise seven-

teenth-century general topography, see, e.g., Zwitter, 2014d, 613-614, 623-626.

von Hérmann, 1877; gratitude is expressed to the Innsbruck historian Roland Kéchl for

recommending this work.

1% Slovenian Ethnographic Museum, Documentation, Fieldwork campaign 21, Skocjan
(1964), notebook no. 3. Many more such volumes kept by the Slovenian Ethnographic
Museum include promising information for future environmental history research.

1 Palmer, 1985.

192 Kauter, 2002.

19 de Serres, 1603, 242; history of sixteenth- and seventeenth-century editions of this
work from Beutler, 1973, 1299-1300.

194 Beutler, 1973, 1282-1283, 1293.

195 Kauter, 2002, 127.

19 Hacquet, 1779.

%7 Valenci¢, 1970b, 550.

198 Plemel, 1862.

199 Aichinger, 1933.

189
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analyses of historical herbarium collections and historical botanical studies were
summarized especially from publications by the botanists Helmut Melzer,**
Nada Praprotnik,*' and Tone Wraber.?” Janez Zalokar’s mid-nineteenth-centu-
ry agricultural publication contributed to understanding the history of farmers’
attitudes to ants (Section 10.1.1).2* Moreover, a mid-twentieth-century text on
grassland management for agronomy students by the university professor Vinko
Sadar was helpful.*** Namely, Sadar commented on several grassland manage-
ment practices in the mid-twentieth-century countryside. Agronomy was al-
ready quite well developed, and so Sadar understood the impacts of many such
practices. Some of the practices he was referring to have had a long historical
tradition.

- Historical topographies and narrative topographic data collections. This
volume includes data from the published parts of responses to topographic
questionnaires about Lower Styria collected in the first half of the nineteenth
century at the initiative of Archduke John of Austria and his secretary Georg
Goth.>®

— Personal notes (e.g., of landlords, also including quotes from learned
literature,?* traces of readers,?” and farmers’ and merchants’ notes). For this
volume, the twentieth-century personal notes of the herder Anica Kav¢ic¢ from
her cottage in the Laz complex of mountain pastures in Bohinj was studied.*®
Quoted literature includes several other types of personal notes.””

— Newspapers were used (1) to better understand some historical practices
of grassland and hay management, and (2) to prove the significant age of some
specific hay management practices and sayings relevant for the environmental
history of grasslands;*'’ (3) to demonstrate the high likelihood of familiarity of
literate farmers with advice from political authorities during the First World
War;*! (4) to improve the understanding of the history of gathering wildflow-

200 Melzer, 1965.

2! Praprotnik, 1993a; Praprotnik, 1993b; Praprotnik, 2012; Praprotnik, 2015.

202 Wraber, 1960; Wraber, 1964; Wraber, 1969; Wraber, 1974; Wraber, 1977-1978; Wraber
et al., 1989-1990; Wraber, 1993; Wraber, 2005.

203 Zalokar, 1854.

204 Sadar, 1956.

205 Incomplete but quite extensive sources editions by Kuret (ed.), 1985, Kuret (ed.), 1987,
and Kuret (ed.), 1989, were used; see the general remarks on the content in Kuret,
1985a, and Kuret, 1985b.

26 See Zwitter, 2020, and the literature cited there.

27 Winiwarter, 2009; Hoffmann & Winiwarter, 2010, 357-358.

% Bundrov stan Summer Cottage in the Laz Alp in the Julian Alps: notebook starting with
“Plansarska staja v Lazu.”

" E.g., Tremel, 1947; Zwitter, 2020, 55-57, 73-76, 82.

210 See Sections 4.1.1.3,6.1.2.1,6.1.2.2,6.1.2.3, and 6.1.2.5.1.2.

211 See Section 8.2.2.
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1.5 Methods
ers for decoration;** and (5) to cite a quantitative assessment of gathering wild
herbs and fungi in the 1960s.>*

— Belles-lettres are important sources for cultural grassland history and for
increasing the level of understanding of mutual interrelations between cul-
tural and material grassland history.”* This publication provides a more com-
plex environmental-history contextualization of a typical nineteenth-century
poem that was widely accepted and helped impact changes in the average hu-
man attitude toward songbirds (Section 10.1.1).

The complexity of grassland history allows much creativity in identifying
promising archival records and historical publications. Thus, the works cited
in this volume also include analyses of several other types of archival records
and historical publications, and future research will explore further sources
and source types relevant in grassland history.

2) Oral history/ethnology interviews.”"* At least ten oral history interviews
are considered recommendable when studying an environmental-history topic
like grassland history to detect a local pattern.*'® Twenty-four long semi-struc-
tured oral history interviews (lasting from about one hour to more than two
hours; conversations during visits to the interviewees after the long interview
are not counted separately, unless each visit lasted at least one hour) and twen-
ty-one short semi-structured oral history interviews were carried out. Twen-
ty-two long and sixteen short oral history interviews took place in the main
study area, in the northern Bohinj in 2015, 2017, 2018, 2019, 2020, 2021, 2022,
and 2023, in the villages of Stara Fuzina, Studor, Srednja Vas, Bohinjska Ces-
njica, Jereka, and Podjelje, and in the alps of Laz and Zajamniki in the eastern
Julian Alps. Another long interview took place in the Jaun Valley, near the
wetlands of Lake Gosselsdorf, in 2021, and the twenty-fourth long oral history
interview took place in the Kamnik-Savinja Alps in 2012. Five more short oral
history interviews in the Pohorje Hills, the Kamnik-Savinja Alps, the Upper
Soca catchment, and the Western Karawanks helped in better understanding
the grassland history of those locations.*”

12 See Section 8.1.3.1.

13 See Section 8.1.2.

214 Especially Scheidegger, 2008; Erhati¢ Sirnik, 2011.

215 Highly relevant transcisciplinary interviews with farmers relating to today’s grassland
farming are not counted here. Just like interviews with experts, they are cited in foot-
notes but absent from the final list.

*16 Biirgi et al., 2017, 2100.

217 Long oral history interviews in Bohinj with A. Boltar, 2018; T. Ceklin, 2020; G. Gartner,
2017; J. Gadperin, 2017; A. Grm, 2017; A. Kav¢i¢, 2017; K. Kranjc, 2018 and 2020; M.
Kunavec, 2017, 2018, 2019, 2021 and 2023 (three long interviews); I. Mencinger, 2017,
2018, and 2020; C. Mlakar, 2015, 2017, 2018, 2019, and 2020; F. Mlakar, 2017 and 2018;
L. and M. Odar, 2017; M. Setina, 2018; J. Skantar, 2017; J. Smukavec, 2017; Milena
Sodja, 2017; Minka Sodja, 2017; A. Sokli¢, 2017 and 2018; A. and M. Taler, 2017; Urh,
2017 and 2022. Long interview in the Jaun Valley with Plesnik, 2021, long interview
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It is important for the quality of the results that all the interviewees were highly
interested in grassland history and that the topics of these historical interviews
were not traumatic.”’® The great majority of the interviewees were born be-
tween 1915 and the mid-1930s. They grew up as family members of farmers
or smallholders, and they spent at least part of their life farming. They expe-
rienced times of economic crisis on the countryside, which lasted from 1930
to the early 1950s in the main study area, and/or they practiced traditional
grassland management later that was gradually modernizing. The mentioned
economic crisis contributed to the longer existence of some historical labor-in-
tensive grassland management practices and uses of grassland resources. Due
to the complex contemporaneity of grassland uses originating from various
periods, a cautious analysis of some results of oral history interviews can even
help in understanding previous centuries.*"”

3) Historical drawings, photographs, and maps. A ninth-century calen-
dar drawing improved the knowledge of scythe evolution (Section 6.1.1.1).
Fourteenth- to sixteenth-century Sunday Christ church murals contributed
relevant data to understand historical haymaking dates, historical vulnera-
bility of grassland farming to rainy weather during hay harvesting (Sections
4.1.1.4 and 6.1.2.1.2), and the knowledge about historical pruning implements
for harvesting leaf fodder from trees (Section 8.2.2.1). An early to mid-twen-
tieth-century painted decorative plate from Tyrol and an early twenty-first
century wall painting of high-elevation flowers by the folk artist Angela Hod-
nik from the main study area were relevant contributions to cultural grassland
history (Section 8.1.3.1).

Photos of grasslands and of practices and arrangements related to meadows
and pastures are also highly useful. In our case, an early twentieth-century
photograph of a blooming montane grassland from the study area of daffodil
meadows was used;** its comparison with historical botanical data answered

in the Kamnik-Savinja Alps with A. and M. Prepotnik, 2012. Short oral history in-
terviews in Bohinj with J. Cvetek, 2021; L. Frelih, 2021; L. Gartner, 2018 and 2022;
A. Hodnik, 2019; L. Hodnik, 2018; M. Hodnik, 2018 and 2021; T. Hodnik, 2017; A.
Hribar, 2017; M. Hribar, 2022; M. Markes, 2020; I. Mlakar, 2020 and 2021; M. Rozman,
2020; M. Smukavec, 2021; V. Smukavec, 2017; R. Sodja, 2022; and M. Stergar, 2018.
Short oral history interviews elsewhere with an anonymous farmer in Cinzat, 2015;
with an anonymous farmer in Planina north of Ljubno ob Savinji, 2011; with E. Lamot
in Rakovec (Pohorje), 2019; with L. Janez, 2017, in Cadrg; and with J. Kav¢ic, 2021, in
Dolina above Trzi¢. We thank the locals Martina Marke$, Marjana and Joza Hribar,
and Marjeta Hodnik for helping identify the most promising interviewees in Bohinj:
ordinary people that grew up on farms in the region and that were old but not forgetful.
The snowball principle was followed after this.

18 See more in Zwitter, 2020.

219 Zwitter, 2020; see, for instance, the examples in this volume’s Sections 6.1, 6.3, 6.6, and
8.

20 AT KLA 129, Ansichtskartensammlung, E-Kahlkogel, 6.
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the question of the representativeness of the photo content (Section 6.2.2.3).2*!
Moreover, all photos taken and technical drawings plotted during the field-
work campaigns organized by the Slovenian Ethnographic Museum in the
southeastern Alps in the mid-twentieth century and now available in the mu-
seums online database, the photos taken in the early 1950s by the ethnolo-
gist Jernej Sustersi¢ and held by the Slovenian Ethnographic Museum, and a
few other photos kept by the same museum?®* were studied, and a selection
was integrated into this volume or cited (Sections 3.1, 4.1.1.3, 4.1.1.4, 6.1.1.1,
6.1.2.5.1.2,6.3.1.2, 6.6.2, and 8.2.2.1). In addition, we used aerial photographs
from the mid-twentieth century onward to illustrate reforestation in the main
study area (Section 9).

Franciscan land cadaster maps—that is, the first precise land-use maps at
the parcel level, commissioned by the Habsburg Monarchy in the early or
mid-nineteenth century, depending on the location in the Eastern Alps**—
solved many open questions of localization and helped understand the envi-
ronmental conditions in several grasslands in the Eastern Alps.?**

4) Historical artefacts; for example, archaeological or ethnological finds in
terms of relevant (parts of) grassland management implements and arrange-
ments. The most important artefacts studied are early medieval scythes from
the southeastern Alps held by the National Museum of Slovenia, improving our
understanding of ecological impacts of historical mowing (Section 6.1.1.1).>*
Another highly relevant artefact is a hayfork identified during fieldwork in a
mountain barn in the Julian Alps; the hayfork type is the same as in an early
fifteenth-century Sunday Christ church mural, and relevant in the context of
historical vulnerability of grassland farming to rainy weather during hay har-
vesting (Section 4.1.1.4).

5) Results from “natural archives,” in this case of pollen and tree-ring ana-
lyses, taken from the literature, are compared with data from historical records
to provide added value by means of interdisciplinarity (Sections 3.2.2, 4.1.1.2,

221 See some critical remarks on the use of old photographs in environmental history in
Rohr, 2012, 552-556, 559, 565-569.

2 E.g., using the filter “ko$nja” (haymaking) in the Slovenian Ethnographic Museum’s
online photo database (Slovenski etnografski muzej, Zbirke, Digitalne zbirke, Zbirke
fotografij: Ko$nja).

223 See Drobesch, 2009, 169, 172-174.

4 See numerous references to Arcanum Maps, Cadastral Maps, Habsburg Empire — Ca-
dastral Maps (XIX. [sic] Century); KAGIS Maps, Basiskarten, Franziszeischer Kataster;
Kirnten Atlas, Darstellung, Kartenhintergrund, Franziszeischer Kataster. Especially in
the case of cadastral municipalities not yet scanned, georeferenced, and uploaded to
Arcanum Maps, scanned archival sources from the cadastral municipalities in footnote
170 are cited; in addition, Archivio di Stato di Trieste, Catasto franceschino, Mappe del
Catasto franceschino, Distretto di Tolmino, Comune di Goriano di Circhina [Sln. Gor-
je] ... (1822 - sec. XIX primo quarto).

22 NMS: Inv. nos. S 2591 and S 2592.
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4.1.3.1, and 8.1.2.1). This approach raised knowledge about the historical im-
pacts of weather and climate variations on grassland species composition,
about the changing size of grassland area, and about the history of cockchafer
(Melolontha hippocastani, Melolontha melolontha) abundance.

6) Modern fieldwork, recently collected environmental data,” and a

few discussions with farmers on grassland management in the Julian Alps
and Western Karawanks at present.””” Transdisciplinary work with farm-
ers aimed at mutual learning is crucial to improve researchers’ and farm-
ers’ understanding of grasslands in the Alps in early twenty-first century,
and of related sustainability issues linking economy and ecology. In addi-
tion, grassland observations and recent environmental data allowed a better
understanding of historical data and identification of historical legacies in
today’s landscapes. When environmental history fieldwork aims to under-
stand a historical landscape better, researchers must pay attention to possible
significant human- and/or nature-induced environmental changes between
the time referred to in the historical data and the present. In some cases,
interventions in environmental conditions in recent decades as far-reaching
as major underground grassland drainage systems, leveling of hummocky
meadows, removal of landscape legacies of historical grassland irrigation,
or large-scale removal of rocks or trees from grasslands®*® are not evident
in the landscape and must be identified based on more than only grassland
observations.

7) To better understand today’s marketing situation for history-inspired
high-nature-value farming, (1) the recent document on certification of Tra-
ditional Speciality Guaranteed hay milk and hay meat in Slovenia®” and (2) a
recent handbook on quality hay production for Slovenian hay farmers™’ were
analyzed from the perspective of history-inspired grassland biodiversity and
its functional role.

226 In this case, e.g., ARSO, Archives of Phenological Data: Koprivnik in Bohinj; a precise
soil map and lidar-based elevation model in Environmental Atlas of Slovenia, Land and
Soil, Soil Map (1:25,000) and Environmental Atlas of Slovenia, Backgrounds, Lidar hill-
shade.

27 Interviews with T. Sokli¢ 2021, in Spodnje Podjelje, on spring sheep grazing in mead-
ows; with anonymized interviewees, farmers and tourism workers with excellent in-
sights into farming in Bohinj, 2022; and an anonymous farmer from Javorniski Rovt,
2018.

228 Odar, 1993; Keller, 2004, 55-56, 58, 90, 99; Bitzing, 2015, 159, 161, 261; Leibundgut &
Vonderstrass, 2016a, 92; Leibundgut & Vonderstrass, 2016b, 158; Gersi¢, Gabrovec, &
Zwitter, 2018; fieldwork at Cinzat in the Pohorje Hills in the Eastern Central Alps, May
30th, 2015, and the author’s interview conducted then with a farmer whose identity will
be kept confidential.

22 Kolar, [2019 or 2020]; see Section 10.2.1.

20 Verbi¢ & Verbic, 2014-2020; see Section 10.2.1.
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Figure 5: Cephalaria
leucantha, photo Leonid
Rasran.

Every type of historical source has its pros and cons.”! Critically stud-
ied court records, for instance, provide particularly relevant insights into the
traditional ecological knowledge of illiterate people. However, the evidence
of trials is often fairly reliable only if the plaintiff and the defendant agreed
upon something (and torture was not applied), or that noted information was
recorded in passing, although it was not a matter of the dispute.”> Another
example deserving special critical attention are comments on popular ecolog-
ical knowledge in many eighteenth-, nineteenth-, and some twentieth-centu-
ry works by experts in agriculture: they often (but not always) looked down
on the traditional ecological knowledge of farmers and presented it in an
overly pessimistic way.*** Oral history interviews are also not neutral, they
are “cultural artefacts influenced by the experiences, history, and culture of
the interviewee, by his or her selective memory, under the influence of the

1 See the general remarks in Winiwarter, 2016, and the critical presentation of sources for
the history of sixteenth- and seventeenth-century non-expert knowledge about grass-
lands in Zwitter, 2020.

2 Zwitter, 2020; see also the general remarks on court proceedings in Fuchs & Schul-
ze, 2002, 9-10, 13-37, 40; Scheutz, 2004, 561-563, 567-569; Skrubej, 2012, 204-208,
212-224.

23 Kauter, 2002, 12; Hoffmann & Winiwarter, 2010, 353-355; Dornheim, 2016; Kirchinger,
2016.
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present reality and of the questions;”* which did not suggest the answers
during the data collection for this volume. Nonetheless, in grassland history
investigations dealing with non-traumatic topics, it can usually be assumed
“that people, when they tell their stories, do attempt to get the facts of their
lives and communities as correct as they can”*** Even photographs and statis-
tics have to be used cautiously to obtain valid results.*** Every investigation of
archival records and published texts, oral history interviews, drawings, maps,
photographs, and artefacts thus has to follow the principles of the historical
criticism; that is, it must fully take into account the contexts of production
and historical use of analyzed data in order to understand as well as possible
how reliable they are and how partial or complete the evidence is.**” The data
analysis in this volume respected the historical criticism. If there exist impor-
tant uncertainties, they are noted. Following the principles of the historical
criticism, botanists have, for instance, long been able to correct mistakes in
works of earlier botanists, such as the identification of the famous herb Scabi-
osa trenta, which was observed, collected, and drawn by the natural scientist
Balthasar Hacquet at a small number of sites in the Julian Alps, at least on
the slopes above the Trenta Valley (which appears in Hacquet’s Latin species
name; it is part of the the Upper Soca Valley) in the late 1770s. His description
and drawing of the plant were published in Vienna in 1782. Later, many bot-
anists unsuccessfully tried to find this species in the Julian Alps. Fortunate-
ly, Hacquet’s herbarium specimen has been preserved. In the late nineteenth
century, this allowed the botanist Anton Kerner to determine that Scabiosa
trenta was actually not a new species, but a specimen of the sub-Mediterrane-
an Cephalaria leucantha (Figure 5) found in the eighteenth century deep in
the Julian Alps, where it is not known to occur anymore.***

1.6 Acknowledgements
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Ecological Knowledge of Grassland Management to Promote Alpine Sustain-
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24 Zwitter, 2020.

5 Grele, 2007, 66.

26 Rohr, 2012, 552-556, 559, 565-569; Winiwarter, 2016.

7 See, for instance, the short but thorough introduction to the historical criticism in
Winiwarter, 2016; application of the historical criticism in the study of historical grass-
land experts’ works by Kauter, 2002; the introduction to old paintings as sources for
the history of material culture in Horvat, 1995; and critical remarks on early modern
topographical portraits as sources for environmental history analyses in Zwitter, 2014d,
675-686.

28 Praprotnik, 2015, 60-62, 71-73; Wraber, 1993, 37, 41-42. These studies also explain
that the northernmost known habitats of Cephalaria leucantha in the region are located
far to the south, much closer to the Adriatic, on the Karst (Sln. Kras, Ital. Carso) Plateau
and on the southern slopes of the Trnovski Gozd Plateau.
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2 Brief phytosociological overview

Seminatural meadows and pastures (see Section 1), the topic of this volume,
are one of the three main categories of grasslands in Central Europe, all of
which are also present in the Alps. The second category is natural (primary,
non-farmed) grasslands, which develop where severe abiotic conditions limit
the growth of woody species (e.g., in the alpine zone above the potential natu-
ral forest line, and elsewhere on some very dry, wet, sandy, or saline soils). The
third category of Central European grasslands is meadows and pastures used
intensively according to the recent standards of high land-use intensity.*

The vast majority of seminatural grasslands in the Alps have occurred at
localities that are suitable for woods: potentially deciduous and alluvial in
lowlands, deciduous in the colline vegetation belt, deciduous or mixed in the
montane zone, and mainly coniferous or mixed forests (also including scrub,
such as dwarf mountain pine, Pinus mugo) in the subalpine vegetation belt.*!
Thus, questions of deforestation, grassland “cleaning,” and afforestation in
various phases of human activity remain important in the background of the
study (see Sections 3, 6.6, and 9). The remainder of seminatural grasslands
were located in former natural grassland sites (originally the second category
in the previous paragraph), where human activities, largely farming, converted
natural grasslands into seminatural ones (thus into the first category). Grass-
lands in former forest clearings, ranging from valley bottoms to the subalpine
vegetation belt, strongly prevailed within the total area of seminatural grass-
lands in the Alps, but farming and gathering at former natural grassland sites
were also relevant (see, for instance, Sections 3, 4, 5,6, 7.1, 7.2, 8, and 9). In the
last millennium, the total area of farmed grasslands in the Alps that evolved
from grassland categories one or two strongly varied over time, mainly due
to anthropogenic impacts (Sections 3 and 9). Areas of farmed alpine grass-
lands above the potential natural forest line in the Central Alps, on igneous
and metamorphic bedrock, must have generally been more extensive than in
the mountain karst of the Southern or Northern Limestone Alps. However,
human factors were also highly relevant in deciding whether to use a grassland
as a pasture or a hay meadow.

20 See Hejcman et al., 2013.
241 Zukrigl, 1973.
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Grassland communities of seminatural meadows and pastures are second-
ary formations. The current typical species compositions of plants, animals,
fungi, lichens, and microorganisms of seminatural grasslands developed “over
hundreds and sometimes thousands of years in a co-evolution of agriculture
and nature” (Sections 3, 4, 5, 6, 7, 8, and 10.1).>*? The plant species in farmed
grasslands originate mostly:***

e From forests (specialized to natural open-canopy forests), natural grazing
areas of wild animals, and corridors of migrating large grazing mammals;

e From patches within regularly forested landscapes that are naturally with-
out tree cover, such as banks of rivers and other water bodies, bogs, marsh-
es, dunes, rocks, scree sites, and avalanche corridors; and

e From adjacent areas not covered by trees and bushes due to climatic con-
ditions (alpine grasslands above the potential natural dwarf mountain pine
(Pinus mugo) habitats, tundra, steppes, and Mediterranean grasslands).

The primary habitats of a low percentage of the plant species (about 10%,
including some dominant species) occurring in seminatural grasslands, are
not known for certain,?** and it can be assumed that some of these species
arrived in Central Europe as a consequence of historical human land use: they
are archaeophytes or neophytes. In some cases, especially for species that ar-
rived relatively recently, such plant movements and primary habitats are clear-
ly documented, and so Section 7 deals with selected examples. Even false oat
grass (Arrhenatherum elatius), eponymous for the entire vegetation class, is
considered an archaeophyte in northwestern Europe (the British Isles and
Scandinavia),” but presumably native in the Alps (see Section 6.3.2).2%

The landscapes of the Alps are “characterized by strong natural gradients
and large spatial . . . heterogeneity,” such as the diversity of climate, lithology,
land forms, and soils. Together with the diversity of human management prac-
tices (see a selection in Sections 6 and 8), this gave rise “to a great diversity of
habitats and species”® Although seminatural grasslands differ significantly
in their species composition and belong to several separate plant-sociologi-
cal units (as presented below in this section), some important similarities can
be mentioned concerning the structure of these communities. In nearly all
cases, one or two dominant poaceous species (i.e., grasses) with the highest

#2 Ellenberg & Leuschner, 2010; Oppermann & Paracchini, 2012, 17-18 (quote from p.
18).

3 According to Ellenberg, 1952; Mucina, Grabherr, & Ellmauer, 1993, vol. 2; Ellenberg &
Leuschner, 2010.

4 Ellenberg, 1952.

5 Pfitzenmeyer, 1962; Roehrs, Klooss, & Kirleis, 2013.

46 Akeret & Geith-Chauviere, 2011.

27 Schmitzberger et al., 2005, 274-275; Fischer et al., 2008, quotes from p. 148.

56



2 Brief phytosociological overview

cover and/or abundance build(s) the matrix of the community and provide(s)
the most biomass (yield). The following paragraphs reveal that such dominant
grasses are often false oat grass (Arrhenatherum elatius, Figure 90 in Section
6.3.2.2), yellow oat grass (Trisetum flavescens), purple moor-grass (Molinia
caerulea), erect brome (Bromus erectus), tor-grass (Brachypodium pinnatum,
Figure 10), or matgrass (Nardus stricta, Figure 30 in Section 4.1.2 and Figure
42 in Section 6.1.1.2). However, there is still enough room for a variety of sub-
ordinated species, both mono- and dicotyledonous, which utilize gaps in the
community structure for their recruitment and are able to coexist with dom-
inant species due to the moderate disturbance level provided by historical or
recent extensive or rather extensive agricultural land uses.

According to the commonly used and generally accepted phytosociological
classification, the majority of meadows and pastures dealt with in this volume
belong to the class of Molinio-Arrhenatheretea R.Tx. 1937.%® This vegetation
formation is characterized by dominance of grasses (Poaceae) but assembles
a significant amount of subordinated herbaceous plants. It can only exist con-
tinuously as long as it is regularly farmed (grazed and/or mowed). The mod-
erate levels of disturbance and biomass removal involved in such management
are prerequisites for persistence of these plant communities over a significant
time span. In the case of abandonment, ongoing secondary succession (Sec-
tion 3.2) results in different types of reed, tall herb, grass, or sedge communi-
ties significantly differing from the seminatural grasslands still in use (Figure
119 in Section 7.2). In nearly all cases, the final stage of succession is forests
(Section 9).

The following paragraphs mention the most important subdivisions of
Molinio-Arrhenatheretea, differing from each other mainly due to the abiotic
conditions of the sites:**’

The order Arrhenateretalia R.Tx. 1931 (Figures 1, 2, 6, 7, 8, Figure 54 in
Section 6.1.2.2, and Figure 91 in Section 6.3.2.2) includes comparatively nutri-
ent-rich meadows and pastures, including meadows used twice or three times
per year and fertilized with organic manure (see Section 6.3.2), but also more
heavily used agricultural grasslands. More intensive management within the
order Arrhenateretalia leads to different species occurrence and abundance
than in the case of moderate management as mirrored in the loss of yellow
blossoms (goats-beard, Tragopogon pratensis, Figure 91 in Section 6.3.2.2)
and/or purple blossoms (field scabious, Knautia arvensis, Figure 91; on drier
sites meadow clary, Salvia pratensis, Figure 166 in Section 10.2.2), which are
frequent in moderately fertilized meadows in May and June. Most economical-
ly relevant for the present study are the meadows and pastures with moderate

8 See, e.g., Schubert, Hilbig, & Klotz, 2001; Mucina, Grabherr, & Ellmauer, 1993, vol. 1.
* Schubert, Hilbig, & Klotz, 2001; Mucina, Grabherr, & Ellmauer, 1993, vol. 1.
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Figure 6: Mountain false oat grass meadow in the eastern Central Alps (Nock Mountains,
Germ. Nockberge), mowed once a year in late summer. This site is particularly rich in this-
tles (melancholy thistle, Cirsium heterophyllum: purple blossoms; cabbage thistle, Cirsium
oleraceum: green tall herb with pale yellow blossoms at lower left), which can be seen as a
sign of low land-use intensity in recent years. Photo: Leonid Rasran.

nutrient and moisture levels on soils with a nearly neutral pH, mainly located
in colline and montane zones (Figures 6 and 91). With increasing elevation,
the dominant grass—false oat grass (Arrhenatherum elatius, Figure 90, Section
6.3.2.2)—is gradually replaced by yellow oat grass (Trisetum flavescens). This is
a similar species, closely related to the former, but less productive (nonetheless,
providing higher hay quality; Sections 6.3.2 and 10.1.2.2.3) and better adapted
to the environmental conditions at higher elevations within the montane zone
and above it, and at lower elevations within the subalpine zone. Plant commu-
nities dominated by yellow oat grass are commonly grouped into the order of
Poo alpinae-Trisetetalia Ellmauer et Mucina 1993: mountain yellow oatgrass
meadows (Figure 7). In the case of abandonment, false oatgrass and yellow
oatgrass meadows become overgrown by forest, usually depending on the seed
rain from the surroundings (also including possible trees and/or scrub that
occurred within the grassland before) and on vegetative propagation of woody
species occurring in the immediate vicinity (Section 3.2).

The order Molinijetalia Koch 1926 represents grassland communities of wet
and moist sites (both acidic and base-rich). It includes the comparatively nu-
trient-poor societies of litter meadows (Molinion, Figure 9), normally mowed
once a year in late summer or autumn. The hay of these sites has low fodder
quality and was most suitably used as animal bedding in barns, even though it
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Figure 7: Mountain yellow oatgrass meadow in the Eastern Alps (Hochschwab). Note the
European yellow-rattle (Rhinanthus alectorolophus, light green and yellow herbs in the
foreground), a hemiparasitic species reducing the productivity of the meadow from the
farmers’ perspective (Section 4.1.1.1). Photo: Leonid Rasran.

*

Figure 8: Alpine pasture (Poion alpinae Oberd.) in the Eastern Alps (Hochschwab). This
is a subdivision of Arrhenateretalia occurring above the tree line and dominated by alpine
meadow-grass (Poa alpina) and several rosulate herbs (e.g., golden hawk’s beard, Crepis
aurea, with orange blossoms in this photo). Photo: Leonid Rasran.
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was also widely used as fodder in the past (see Section 6.1.2.5 and the text on
wild Illyrian gladiolus, Gladiolus illyricus, in Section 7.1). Dominant tussock
grasses are purple moor-grass (Molinia caerulea) and tufted hairgrass (De-
schampsia cespitosa), which are unattractive for grazing livestock where better
fodder is available. Plant communities of the nutrient-rich flank of the order
Molinietalia belong to the group of marsh marigold meadows (Calthion).
These meadows are more attractive from the farmers” perspective regarding
hay quality and productivity, which permitted one more annual use than Mo-
linion (Section 6.1.2.5.1). The amount of dicotyledonous plants in their cover
is significant, and it can additionally increase in the case of declining land use.
The most characteristic plants of the nutrient-rich flank of Molinion include,
among others, marsh marigold (Caltha palustris), marsh hawk’s-beard (Crepis
paludosa), and some thistle species such as cabbage thistle (Cirsium oleraceums;
Figure 119 in Section 7.2). The last one used to be widely gathered (Section
8.2.2). An early abandonment stage of marsh marigold meadows is tall herb
communities dominated by meadowsweet (Filipendula ulmaria, Figure 119)
and also herbs sensitive to grazing and cutting. In general, Molinietalia turn
into reed communities, tall sedge communities, and finally alluvial forests like
alder (Alnus spp.) carrs when farming is abandoned (Section 3.2). The majori-
ty of characteristic species of wet meadows have their primary habitats within
alluvial forests, carrs, and fens.

The order Potentilio-Polygonetalia R.Tx.1947, sometimes listed as a sep-
arate class within Agrostietea stoloniferae Oberd., corresponds to compara-
tively species-poor swards on moist, waterlogged, or periodically flooded sites
with compacted soils. They are dominated by stress-tolerant specialists able
to deal with low oxygen content and sometimes high salt concentration in the
soil. In spite of comparatively high nitrogen availability, the biomass output
and the fodder quality in such sites are low. This grassland form is often a
consequence of overgrazing, trampling, and other careless land-use practices.
Abandonment (Section 3.2) commonly leads to the development of reed com-
munities dominated by canary grass (Phalaris arundinacea). Similarly, vege-
tation of the next order, Plantagini-Prunelletalia Ellmauer et Mucina 1993, is
species-poor and contains specialists for moist, compacted soils. It mainly oc-
curs in the montane zone and in comparatively small patches along the shaded
forest margins and pathways, also within settlements. It was only of marginal
importance for historical land-use practices.

Highly relevant was the opposite type: the driest and warmest (thermophil-
ic) part of seminatural non-fertilized grasslands on calcareous soils belonging
to the class of Eurasian steppe vegetation (Festuco-Brometea Br.-Bl. et R. Tx.
1949; Figure 10; see Section 6.3.1). Dominant grasses are erect brome (Bromus
erectus) and tor-grass (Brachypodium pinnatum, Figure 10), but the species
diversity can be very high (Sections 1.2, 6.3.1, 10.1.2.2.2, and 10.1.2.2.4) and
various subordinate species (both dicot and monocot) are present. Significant
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Figure 9: A litter meadow (Section 6.1.2.5) in Alpine foothills (the Vienna Woods, Germ.
Wienerwald), with flowering Siberian iris (Iris sibirica). This comparatively nutrient-poor
site is mowed once a year in late summer or autumn, now only for environmental conser-
vation purposes. The litter is no longer used and is discarded. Photo: Leonid Rasran.

cover and abundance are commonly attained by sedges (spring-sedge, Carex
caryophyllea, see Figure 14 in Section 3.2; glaucous sedge, Carex flacca) and
herbs (e.g., greater knapweed, Centaurea scabiosa; cowslip, Primula veris; and
salad burnet, Sanguisorba minor). Fabaceae such as mountain clover (Trifo-
lium montanum) and kidney vetch (Anthyllis vulneraria, Figure 10) are also
present in high quantities and play an important role in raising hay quality.
The most species came from treeless continental and Mediterranean vegeta-
tion, but their distribution was largely extended by farming (see, e.g., Section
7.1). Nowadays these semi-dry grassland sites are only kept open by grazing
and haymaking, and they would turn into thermophilic deciduous forest and
shrubland if they were abandoned (Section 3.2).>°

The former class Nardo-Callunetea (Priesing 1949) is named after matgrass
(Nardus stricta) and heather (Calluna vulgaris). Today, this community class
is mainly classified as heathlands (the class Calluno-Ulicetea Br.-Bl. et R. Tx.
ex Klika et Hadac¢ 1944) rather than agricultural grasslands, but they have a
long history of agricultural use; see Sections 6.3.1 and 6.6.2.1. A specific or-

#% Schubert, Hilbig, & Klotz, 2001; Mucina, Grabherr, & Ellmauer, 1993, vol. 1.
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Figure 10: Three sections of the same non-fertilized montane meadow at the Si meadow
complex above Srednja Vas, Bohinj. Note kidney vetch (Anthyllis vulneraria; i.e., low herbs
with tricolor yellow, brown, and white blossoms in the center), orchids (fragrant orchid,
Gymnadenia conopsea, with purple blossoms in the center and lesser butterfly orchid, Pla-
tanthera bifolia, the white flower in the right lower figure section), columbine (Aquilegia
sp., the tall herb with a large blue flower on the left), tor-grass (Brachypodium pinnatum;
i.e., the grass in front of the bush in the upper right), and an ash tree (Fraxinus sp.) pruned
a year before in late summer (Section 8.2.2.1) in the top right. Photo: Ziga Zwitter, mid-
June 2020.

der (subdivision) of this class found in nutrient-poor and acidic, moderately
moist meadows and pastures in the montane and subalpine zone are matgrass
swards in the narrower sense: Nardetalia Oberd. ex Preising 1949 (see Figure
42 in Section 6.1.1.2). Similar to most grassland types dealt with in this book,
they are products of clearing and regular haymaking at (primarily forested)
sites on silicate bedrocks and moraine deposits, also in the Limestone Alps.
Although they provide low-quality fodder, in many places they were attrac-
tive to people due to the occurrence of characteristic dicotyledonous plants of
acidic sites—for example, arnica (Arnica montana), spikenard valerian (Vale-
riana celtica subspec. norica), cowberry (Vaccinium vitis-idaea), and bilberry
(Vaccinium myrtillus)—which were gathered on a large scale, although with
significant changes in the quantities gathered over the course of history (see
Sections 6.6.2, 8.1.1, 8.1.2, 8.1.3.2, 8.2.1.1, 8.2.1.2, and 8.2.1.3). Bilberry be-
longs to characteristic species of matgrass swards, like some other semi-shrubs
and dwarf shrubs, such as heather (Calluna vulgaris) and pennate greenweed
(Genista sagittalis). Reduction in land-use intensity leads first to an increase in
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the cover of dwarf shrubs and later to afforestation, mainly with conifers, as far
as the nutrient status of the area allows it.>!

Another order from the class Calluno-Ulicetea—namely, the mountain
heathlands of Vaccinio-Genistetalia Schub. 1960—was used as subalpine or
alpine pasture that required specific management in some regions of the Alps
and historical periods (see Section 6.6.2.1). In this order, the dominant grasses
are wavy hair-grass (Avenella flexuosa), bents (Agrostis spp.), and fescues (Fes-
tuca spp.), in contrast to Nardetalia Oberd. ex Preising 1949, which is domi-
nated by matgrass (Nardus stricta).

A further class including dwarf shrub heathlands is Loiseleurio-Vaccinie-
tea Eggl. 1952 ex Schub. 1960. Within this class, the order Rhododendro-Vac-
cinietalia Br.-Bl. et Jenny 1926 is relevant for this volume. Alpenrose (Rho-
dodendron ferrugineum), juniper (Juniperus communis subsp. alpina), heather
(Calluna vulgaris), bilberry (Vaccinium myrtillus), and cowberry (Vaccinium
vitis-ideae) belong to characteristic species of this order. In these plant com-
munities of the open subalpine and alpine zone, the amount of plant materi-
al consumable by grazing livestock is very low, and woody dwarf shrubs and
lichens provide the main cover. These sites were only rarely used as pastures,
unless burned (Section 6.6.2.1), but they could play a role as sites for gathering
bilberries or cowberries (see Sections 6.6.2.1 and 8.2.1.1).22

The orders of plant communities presented above are mainly based on re-
cent grassland studies. The oldest sufficiently complete grassland descriptions
were usually only created in the nineteenth century, when a significant grass-
land history transition was in progress (see especially Sections 3.1, 6.1.2.1,
6.1.2.2,6.1.2.3,6.1.2.5,6.2, and 6.3). Available evidence for eventual changes in
widely present plant communities or even orders of plant communities before
the nineteenth century is poor. There are some indirect pieces of information
about earlier centuries, such as localized historical botanical, archaeobotan-
ical, and less clearly localized palynological data on occurrence of a limited
number of species at a selection of locations. In addition, there are some data
on site conditions where these species occurred at that time, and fewer data
on selected species’ abundance in the same grasslands before the nineteenth
century. Moreover, knowledge about earlier historical grassland management
practices as well as plant information in agricultural works is relevant in this
context; nonetheless, historical agricultural publications focus on agricultur-
ally specifically relevant plants and not on entire species compositions. Com-
binations of different types of these data with in-depth present grassland-ecol-
ogy knowledge clearly point to historical plant communities before the nine-

»1 Schubert, Hilbig, & Klotz, 2001; Mucina, Grabherr, & Ellmauer, 1993, vol. 1.

2 Both paragraphs are based on Schubert, Hilbig, & Klotz, 2001; Mucina, Grabherr, &
Ellmauer, 1993, vol. 1; on alpenrose as fodder, see also Machatschek, 2002, 112-113,
331-332, 394.

63



2 Brief phytosociological overview

teenth century (indeed, such indirect conclusions about earlier historical plant
communities are close to historical reality in many cases), but they cannot
prove eventual changes in plant community structure (exceeding the issues of
long-distance migrations of species) in history. In some cases, we can expand
the categories of modern plant sociology units into earlier centuries of the last
millennium under the assumption that the characteristics of species and their
responses to biotic and abiotic conditions influencing them have remained
similar. However, there may have also been some changes in the plant com-
munity structure within this observed period.*>?

This volume deals with agroecosystems, and so grasslands in the alpine
vegetation belt are only dealt with if they were farmed (i.e., seminatural) and
data on them fulfill the criteria given in Section 1.4, including novelty of inter-
pretation. Primary dry grasslands and salt marshes restricted to very special
locations and usually occurring in very small patches within the area dealt
with in this book are hardly mentioned in the text, but they are important
primary habitats and sources of species, contributing to species diversity in
secondary grasslands.**

Intensive agricultural grasslands in the narrower sense (the third grassland
category in the first paragraph of this section) appeared first within the last
century and spread extensively in the landscape only due to broad access to
mineral fertilizers, unprecedented availability of (liquid) organic manure, and
commercially produced seed mixtures. Their large-scale spread in landscapes
of the Alps exceeds the chronological scope of this volume. With increasing
intensity of land use, human activities became a predominant factor determin-
ing species composition and grassland community structure. Thus, agricultur-
al grassland sites of high land-use intensity turned into uniform, species-poor
plant communities dominated by a few high-yield grasses and legumes (Figure
2; Sections 1.2, 10.1.2, and 11). In contrast, moderate and low levels of land-
use intensity, strongly prevalent in the times dealt with in this book, provide
comparable multilateral interactions with various abiotic factors such as mois-
ture, temperature regime (elevation), and soil pH. The high variety of ecolog-
ical niches resulting from these interactions is an important prerequisite for
high biodiversity on all spatial scales, and it also brings grasslands managed in
a manner inspired by history into the focus of sustainable grassland manage-
ment (Section 10.1) and environmental conservation.?*

3 Compare Kauter, 2002, especially pp. 161-171, 174-176; Kapfer, 2010; Peterken, 2013.
>4 See, e.g., Wagner, 1989; Ellenberg & Leuschner, 2010.
> E.g., Eriksson, Cousins, & Bruun, 2002; Sitzia & Trentanovi, 2011.
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3 Fluctuations in grassland area in the Alps
over the last millennium

3.1 Long-term prevalent increase in grassland area until the
nineteenth century

Grasslands in the Alps were historically frequently located where site character-
istics would not allow the creation of quality (arable) fields—for example, be-
cause the sites were at least occasionally too wet or too dry (due to a combination
of climatic, geological, and soil conditions), or where the soil was too shallow
or too stony, the slopes were too steep, the site was too shady, the temperatures
too low and the growing season too short, or the flood hazard too serious. How-
ever, the distribution of grasslands in the landscape was influenced not only by
the environment but also by social factors and processes, such as the area and
distribution of agricultural land at the farm level, the orientation of agricultural
production, field rotation systems, farming methods, and broader economic and
demographic history.**® Focusing on meadows, in past centuries most of the hay
in the Alps was used by the farmers that harvested it, and a lot of hay produced
on demesne land was also used by the seigneury whose demesne it was. How-
ever, “some hay was also bought and sold, both to alleviate temporary shortages
and as a planned source of income”” As this section demonstrates, hay pur-
chases influenced the area of grasslands. The variety of complexly interrelated
environmental and human factors affecting the spatial distribution of grasslands
in the Alps importantly contributed to the great diversity of grassland site condi-
tions and species compositions (Sections 2, 3, 4, 5, 6,7, 8,9, and 10.1).

By the end of the first millennium as the beginning of the study period in
this book, the landscapes of the Alps were patchworks of grasslands, fields, and
extensive areas of sparser and denser forests, with a much higher percentage of
grasslands than without human influence.”® The bottoms of larger valleys and

26 Adapted from Sadar, 1956, 3, 5-10, 12-13, Orland, 2016, 26-27, 43, Kapfer, 2010, 136,
Peterken, 2013, 151-152, 153-155, 172, 249, and Winiwarter et al., 2013, 114.

#7 Peterken, 2013, 144 (quote), 145.

8 Mathieu, 2019, 37, 49; van der Knaap et al., 2000, 107-108, 118-119; Hejcman et
al., 2013, 351-352, 357; these publications present archaeobotanical and palynolog-
ical results. Information from various types of early archival records is presented in
Kleindinst, 1999, 22, 24, 26 and Stih, 2014b; see also Emanuelsson, 2009, 45-51, 59,
89-91, 98, 163-164; Bitzing, 2015, 58-59; Poschlod, 2015, 31-32, 64-67. Studies of the
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basins were populated, and the lower parts of some side valleys were also set-
tled, but many other side valleys had not been reached by settlements yet, in the
Eastern Alps in particular. “The centers of settlement and land use were located
in the midst of forested and little-used areas” Many complexes of distant sum-
mer pastures already existed,”” especially above the forest line and in the sparse
forest just below it.*** Later in the Middle Ages, the population in the Alps grew,
especially in the twelfth and thirteenth centuries. This corresponded to broader
European demographic developments. Nonetheless, in the context of moun-
tains, the rate of population growth in the Alps was atypically high at that time,
and so from the Late Middle Ages onward “the Alps were heavily settled moun-
tains ... [iJn comparison to many European and non-European mountain re-
gions” The size of villages increased, and some new settlements and patches of
agricultural land were established in the valleys and basins; many settlements
were established at higher elevations. This partly corresponded to the pre-
dominately relatively mild but variable climate of the High Medieval Climate
Anomaly, often called the Medieval Warm Period (c. 800/1000-1250/1300).
Nonetheless, the creation of new permanent settlements in remote areas some-
times lasted longer, in many places until the fourteenth century, although the
beginning of a less favorable climate phase around 1300 is attested. Namely, that
was the onset of one of the three major phases of advance of several glaciers in
the Alps ever since. Around 1300, the Little Ice Age (or the period of transition
toward the Little Ice Age, until the mid-sixteenth century) started, lasting until
the mid-nineteenth century. Nonetheless, the Little Ice Age also included sub-
periods when the climate was favorable for agriculture, but the creation of new
permanent settlements was not limited to them. In some areas, new remote
permanent settlements largely based on agriculture were established until the
mid-seventeenth century, for instance.*"

shells of grassland mollusks also have the potential to reveal at a small-scale resolution
whether forest-free patches (grasslands) ever existed in an area where there has been
forest since the earliest preserved archival records. Such shells are well preserved espe-
cially in alkaline soils (Hejcman et al., 2013, 347-349). Similarly, dated representative
samples of the skeletal remains of some mammals, especially some small rodents—field
mice (Apodemus) and voles (Microtus arvalis and M. agrestis)—that require grasslands
can reveal whether there were already grasslands in a certain landscape in the Alps at a
certain time within the last millennium. The mobility of such small rodents is limited,
as is their adaptability to habitat conditions (Toskan, 2016b, 221-222, 224-225).
Viazzo, 1989, 124; Rosener, 1991, 1644; Stih, 1998, 135-137; Kleindinst, 1999, 22, 24,
27; Mathieu, 2019, 43-44, 49 (quote).

For example, Jordan, 1945, 63-65; Melik, 1950, 50-53; Zwitter, 2013a, 91.

For example, Grass, 1948, 164-165, 183-187, 191-192, 196; Blaznik, 1970c, 88-89;
Schneiter, 1970, 61; Pickl, 1982, 27-28; Pfister, 1985a, 86, 127-128; Viazzo, 1989,
124-125, 127-128; Rosener, 1991, 1644-1645; Wopfner, 1997, 273, 402, 424; Stih,
1998, 136-137, 141; Wunderli, 2010, 25; Nicolussi, 2013, 71, 87, 90-91; Zwitter, 2013a,
85-88, 96; White, 2014; Moinuddin et al., 2013 and Corrigendum, 2015; Bdtzing, 2015,
59-62, 68-70; Scharr, 2001, 147-154; Poschlod, 2015, 67-70; Rohr, 2017, 76; Mlinar,
2018d, 20; Pfister et al., 2018, 268-269; Rohr, Camenisch, & Pribyl, 2018, 248, 254-255;
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3.1 Long-term prevalent increase in grassland area until the nineteenth century

Starting in the fifteenth century, fewer new settlements were established, but
many recently founded and older ones grew; an important mechanism of older
settlements’ growth was the increased numbers of smallholders that gradually
lived there.**> Namely, the human population of the Alps, as nowadays delimited
by the Alpine Convention, increased from an estimated 3.1 million people in
1500 to about 5.8 million in 1800 (this increase was largely a consequence of
population growth in the sixteenth century and the second half of the eighteenth
century) and 8.4 million in 1900. In 1870, more than two-thirds of the economi-
cally active population was farmers; thus, despite deagrarianization, the number
of farmers in the Alps has probably never been as high as around 1870. In gener-
al, there existed major differences in the demographic history of the nineteenth
century as the century of strongest general population growth. Human popula-
tion increase was, for instance, much more intensive in the Swiss Alps than in
the Austrian Alps, with pronounced diversity within both regions.*** More farms
often led to a locally and regionally increased livestock feed demand, and the
weather and climate have also been changing, with years and clusters of years
more and less favorable for livestock farming. Focusing on the spatial distribu-
tion of grasslands, these processes had the following main consequences:

First, there was the creation of new meadows and pastures on former forest
sites. This large-scale high medieval to late medieval expansion of grasslands is
proven by archival records and pollen diagrams. It included the creation of en-
tire complexes of distant meadows in forest clearings between the settlements
and the upper forest line, and several grasslands at other locations were also
created. Manuscripts make it clear that in some areas, such as in the Captain-
cy of Tolmin (Germ. Tolmein; in the southern Julian Alps [SIn. Julijske Alpe,
Ital. Alpi Giulie, Friul. Alps Juliis] and the pre-Alps), not only smallholders but
even some large farms, and not only new farms but also old ones, created new
permanent grasslands in forest clearings in later centuries as well. In many
parts of the Alps, written records only provide the first mentions of distant
grasslands in forest clearings, and in some others the chronology of grassland
extension is better documented. For instance, it was recorded that some mead-
ows at Ukanc and Zagradec, in the Voje Valley, and at Uskovnica (all in the
Julian Alps close to Lake Bohinj, Sln. Bohinjsko jezero) were just being created
anew in the 1490s, or that they were made (or recreated; see Section 3.2.2) only
slightly earlier than when the record was produced in 1498.

Mathieu, 2019, 49 (first quote), 152, 154-155 (second quote from p. 154). On the con-
cept of the Little Ice Age, see Collet et al., 2025.

22 Grass, 1948, 184; Gestrin, 1962, 684-685; Blaznik, 1970a, 167-169; Blaznik, 1970b,
154-156; Viazzo, 1989, 127-135, 264; Wopfner, 1997, 314-315, 395; Zwitter, 2013a,
87-88.

*%3 Viazzo, 1989, 129, 132-135, 185-189, 191-196, 262-263, 270-275, 291; Bitzing, 2015,
71, and map of the area dealt with by the Alpine Convention on the frontispiece;
Mathieu, 2019, 49, 124-125, 155; map of the Alps as delimited by the Alpine Conven-
tion: Bétzing, 2015, frontispiece.
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Area of pastures also increased, mainly through the descent of the upper
forest line or through new forest clearings at lower elevations. Within the last
millennium, the upper forest line varied considerably in many places, and con-
sequently grasslands located above the actual forest line expanded by up to a
couple of hundred meters (e.g., 200 to 400 m) down the slopes. Exceptionally,
the highest permanent settlements (such as Damiils in Vorarlberg and settle-
ments in the uppermost Tyrolian Inn Valley, Germ. Inntal) were even located
above the upper forest line. In general, the descent of the upper forest line
was the result of three often interrelated main driving forces: grazing in sparse
forests, forest clearing, and climate change. Not only temperature, but also pre-
cipitation and wind significantly affected the upper forest line in the Alps in
terms of climate change. There have been time lags between climate change
and (rather small-scale) variations of the potential climate-determined upper
forest line. However, in many places the real upper forest line had already pre-
viously been so much lower than a potentially climate-determined one that
climate change did not have significant impacts on the upper forest line during
the Medieval Warm Period and the following Little Ice Age there.

The second consequence was that some former pastures were transformed
into meadows.

A third consequence was that some former grasslands were converted into
arable fields; for instance, where villages, hamlets, or isolated farms at high
elevations developed from former temporary settlements.**

The increase in economic and demographic pressures also led to larger are-
as where wild hay was mowed in the montane, subalpine, and, at some places,
alpine belt. This means that wild hay mowing in the Alps took place below and
above the actual forest line, and in some places above the potential natural for-
est line, including sites characterized by very low productivity (but see Section
6.3.1.2 for very diverse hay qualities, also including high-quality fodder from
such meadows). Within the agricultural system, hay was important not only
for animal husbandry; a higher number of wintered livestock, partly made

24 Grass, 1948, 164-165, 183-187, 196; Blaznik, 1970b, 153, 155; Blaznik, 1970a, 167-169,
172; Blaznik, 1975, 84-85; Viazzo, 1989, 124-129; Lovrencak, 1984; Pfister, 1985a, 86,
98-99, 127-128; Meilleur, 1986, 2, 22, 25, 27, 31, 41, 369, 374; Hubatschek, 1992, 28,
43; Lang, 1993; Wopfner, 1997, 230-231, 395-399, 402-404, 428-429 and photograph
54 between pp. 388 and 389; Stih, 1998, 137; van der Knaap et al., 2000, 86, 107-108,
118-119, 134, 137; Scharr, 2001, especially pp. 120-121, 123; Korner, 2003, 88; Tinner
& Theurillat, 2003; Nicolussi et al., 2005; Jager, 2006, 29-31, 36-37, 41-44, 55, 66, 78;
Vogl-Lukasser et al., 2006, 31; Jager, 2007b, especially pp. 104-106, 108; Rohr, 2007a,
417; Schreg, 2008, 135-136; Andri¢ et al., 2010, 1027-1029, 1033-1034; Loffler et al.,
2011, 195-196; Zwitter, 2013a, 85-86, 91-94; Bitzing, 2015, 70, 77, 89-90; Begus, 2015,
112-113; Panjek, 2015a, 97, 100, 113; Oitzl, 2021, 300-310; see the presentation of the
forest clearance technique in Babai, Molndr, & Molnar, 2014, 24, 27-30. This footnote
also refers to previous paragraphs without separate footnotes.
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3.1 Long-term prevalent increase in grassland area until the nineteenth century

Figure 11: Mowed remote steep and high meadows on the western slopes of Vorderes
Weifleneck,” southeast of the province of Salzburg, in 1939. Photo: Erika Hubatschek.
Hubatschek, 1992, 172, © Irmtraud Hubatschek. A historical perspective reveals that in
the century or centuries before this photo was taken, mowing also took place significantly
higher in this area than in 1939, as documented on a precise cadastral map from 1830. The
red line in Figure 11 designates the approximate previous historical upper boundary of a
meadow complex at the center of this figure, as mapped in 1830: the highest meadow there
reached an elevation of 2,325 m.*® A century later, in 1939, only the highest mowed mead-

265 Thanks to Jure Ti¢ar for convincingly confirming our preliminary localization of the
mountain in this photo. His comparison of the photo with Google Earth demonstrated
that Vorderes Weifleneck’s western slopes appear in this figure.

%6 Arcanum Maps, Cadastral Maps, Habsburg Empire — Cadastral Maps (XIX. [sic] Centu-
ry), cadastral municipality of Lamm, 1830 and present-day cadaster showing the same
cadastral parcels and topography in SAGISonline, Basiskarten, Alle Themen, Digitale
Katastralmappe, DKM Grundstiicke & Hoheninformation, Héhenlinien 1 m; Google
Earth was used to localize Figure 11, and combined with SAGISonline, Basiskarten,
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3 Fluctuations in grassland area in the Alps over the last millennium

ow section in the center of the photo exceptionally reached nearly 2,200 m.**” In addition,
the 1830 cadaster makes it clear that meadows had covered the entire west-facing slopes
of the lower ridge that reaches the right end of the red line in Figure 11 and is the main
feature at center right in this photo; in 1939, only relatively few meadows were seen on that
slope, and they ended roughly half way to the top of the ridge.*®* Mowing might not have
been fully completed by the time this photo was taken; nonetheless, Figure 11 proves that
ecological succession in terms of woody overgrowth had already progressed significantly
in some grassland sections by 1939. In addition, vegetation demonstrates that pastures had
spread on some former meadows before 1939.% These facts prove that mowing had been
abandoned in significant meadow sections at high elevations. Abandonment of meadows
at high elevations or conversion of meadows into pastures was characteristic of the broader
region at that time: Vorderes Weifeneck is located in the western part of the Lower Tauern
(Germ. Niedere Tauern), and research in the nearby High Tauern and some other places in
the Eastern Alps such as the Otz Valley (Germ. Otztal) identified widespread abandonment
of meadows at extreme sites and those most difficult to access, at elevations of more than
1,900 m for instance, as early as between the two world wars?°—thus, when this photo was
taken. Abandonment of many mountain meadows at less extreme sites or their conversion
into pastures followed from the 1950s onward (Section 9).7"!

possible by hay from remote places, also provided more manure for arable
fields. In western Tyrol, for instance, increased demographic pressures led to a
significant extension of wild hay meadows starting in the sixteenth century. In
several places, the highest mowed meadows in the Alps reached an elevation of
about 2,000 m or more (see Figure 11; Section 6.3.1; and Figure 93 in Section
6.4), and exceptionally even 2,600 or 2,700 m (such as at Vent in the Otz Valley,
Germ. Otztal). In the Wipp Valley (Germ. Wipptal, Ttal. Val Isarco), for in-
stance, meadows at elevations of 1,800 to 2,100 m and in the Villgraten Valley
(Germ. Villgratental) mowing at elevations of 1,900 to 2,200 m used to be fre-
quent. The highest haymeadows above the Zadnjica Valley, in the uppermost
Soca River catchment in the Julian Alps, exceeded 2,000 m.?”* At exceptional

Alle Themen, Orthofotos, Orthofotos 2021. Note that meadows reaching similarly high
elevations were also located to the left, i.e. north, of the red line in Figure 11 as mapped
in 1830. However, contrary to the meadow complex reaching the red line, meadows
located further north did not range from the valley bottom in the center of the photo to
such high elevations, there was only a narrow meadow belt north of the red line, so its
location is not presented in Figure 11.

%7 Figure 11; Google Earth; SAGISonline, Basiskarten, Alle Themen, Hoheninformation,
Hohenlinien 1 m & Orthofotos, Orthofotos 2021.

8 Arcanum Maps, Cadastral Maps, Habsburg Empire — Cadastral Maps (XIX. [sic] Cen-

tury), cadastral municipality of Lamm, 1830; SAGISonline, Basiskarten, Alle Themen,

Digitale Katastralmappe, DKM Grundstiicke & Orthofotos, Orthofotos 2021; Google

Earth.

Figure 11 and Arcanum Maps, Cadastral Maps, Habsburg Empire - Cadastral Maps

(XIX. [sic] Century), cadastral municipality of Lamm, 1830.

7% General trends in Keller, 2004, 22, and Hessenberger, 2022, 170.

271 General trends in Keller, 2004, 22.

772 Grass, 1948, 146-147, 163, 182-183, 206-209; Hubatschek, 1992, 5, 17, 34, 48, 51,
120-123, 172-179; Pils, 1994, 193-194; Patzelt, 1996, 65-66; Wopfner, 1997, 310, 312,
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3.1 Long-term prevalent increase in grassland area until the nineteenth century

places, like at Vals in Graubiinden (Ital. Grigioni; Romansh Grishun), Switzer-
land, mowing in the Alps still takes place at elevations up to around 2,100 m
nowadays, 850 meters above the village.”? In Carinthia, meadows at elevations
of 1,800 to 2,300 m are still mowed in the Lesach Valley (Germ. Lesachtal), at
Heiligenblut (in the High Tauern, Germ. Hohe Tauern), and above Rennweg
(at Katschberg), for instance; this is not the historical maximal elevation - the
highest meadows in Carinthia were still located at 2,400 m after the Second
World War.?”* These data make it clear that the highest hay meadows in many
parts of the Alps were located incomparably higher than in the Carpathians of
what is now Romania, for instance.?”

It is important to be aware of the fact that some grasslands that are very
difficult to access or mow also used to be mowed, usually on sunny sites (see
Section 6.3.1).”° Concerning the issue of access, mowing several meadows
inaccessible to grazing livestock made agricultural use of these grasslands
possible.””” Hay had to be transported on one shoulder only (compare Fig-
ure 87 in Section 6.3.1.2, but a hay burden had to be smaller if borne on one
shoulder only) to pass through some narrow path sections in extreme cases; in
such conditions some smallholders that lacked hay mowed places between the
temporary mountain settlement of Vodi¢ni Vrh (1,475 m) and Mount Prsivec
(1,760 m) in the eastern Julian Alps according to information from the first
half of the twentieth century.?”® Where small grasslands on ledges on extremely
steep slopes were mowed, people descended from or to several small hardly
accessible meadows fastened to a rope®” or they climbed there using ladders
and threw hay, sometimes bound to tree branches, to lower, more accessible
places. This happened not only in the mountains but also in several hilly areas,
such as above the village of Cadrg in the Upper Soca catchment, Julian Alps.>*
Similarly, hay bundles from Macesnovec (just north of Dolina in Figure 4, in
the Karawanks [SIn. Karavanke, Germ. Karawanken]), at about 1,250 m, were
thrown over a short steep slope section;*®' the lowest steep section of these
meadows has by now turned into scree slopes.?®? The aim of these micro-histo-

314-315; Hinterwaldner, 2002, 103-104; Keller, 2004, 13, 27-28, 67; Bétzing, 2015, 156;
Kravanja & Komac, 2023, 18.

273 yon Glasenapp & Thornton, 2011, 773.

774 Keller, 2004, 13, 27, 32.

27> Thanks to the Romanian ethnologist Anamaria Iuga for this explanation.

26 Novak, 1970, 373; Wopfner, 1997, 310, 317, 330-333, 368-369; Keller, 2004, 15-16, 20,
65-67, 137; Batzing, 2015, 99, 244.

77 Wopfner, 1997, 317, 332.

78 Author’s interview with Kranjc, 2018, in Stara FuZina.

2% Wopfner, 1997, 331; Batzing, 2015, 99.

20 Author’s interview with Janez, 2017, in Cadrg.

281 Author’s interview with J. Kav¢ic, 2021, in Dolina.

2 Arcanum Maps, Cadastral Maps, Habsburg Empire — Cadastral Maps (XIX. [sic] Cen-
tury), cadastral municipality of Sv. Katarina (Germ. St. Katarina), 1826 and digital or-
thophoto (Environmental Atlas of Slovenia, Backgrounds, Dof 2019). In order to deter-
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3 Fluctuations in grassland area in the Alps over the last millennium

ry examples representative of many similar cases in the Alps is to demonstrate
their reliability; these are no abstract data, they are reliable and linked to pre-
cise locations. Storing small amounts of hay this way was no exception in the
broader context of the Alps.?®* Our aim is not to over-emphasize the role of hay
harvested at such remote places, but to state that even many such places have
a (long) history of human use (see also the fourth paragraph of Section 6.2).%

Concerning meadow sites difficult to mow due to landforms, slope steep-
ness is discussed here (but see also Sections 3.2 and 4.1.2 for another kind of
challenging landform). In quantitative terms, the hay harvest on steep slopes
was usually lower than it would be on gentler slopes.” It was usual that some
grasslands that were too steep for grazing were mowed in order to allow agri-
cultural use of them.”® At Stara Fuzina and Srednja Vas v Bohinju, for instance,
haymaking with the aim of winter fodder production was allowed in those
sections of summer mountain grassland commons that were hazardous and
unsuitable for grazing, as reported in the period of high agricultural density
in the first half of the twentieth century and the middle of the century. Conse-
quently, the inhabitants of Srednja Vas v Bohinju, especially those lacking oth-
er meadows, mowed remote and possibly steep grasslands at Avsje southeast
of Mount Visevnik (mapped in Figure 4) in the Eastern Julian Alps, reportedly
at an elevation of 1,600 m,” where the slope inclination is often more than
30°.2%8 The hay was transported to the valley, to farms located at about 600
m.”*” Another example of mowing very steep meadows high in the mountains,
which was usual in many places in the Alps, was mowing the steepest meadow
sections on the ridge linking Mt. Vorderes Weifieneck and Mt. Wurmkogel in
the province of Salzburg, where the steepest meadow sections reached an in-
clination of (close to) 50°.>*° Similarly to hardly accessible meadows, extremely

mine the locations, this early-nineteenth-century cadastral map was compared with
the georeferenced present cadaster (Environmental Atlas of Slovenia, Backgrounds,
Topographic maps & Spatial units, Land cadaster).

3 E.g., a short selection of examples from Tyrol in Wopfner, 1997, 331-332, and from
Carinthia in Keller, 2004, 16, 66-67.

24 Compare Patzelt, 1996, 65-66.

5 Brugger & Wohlfarter, 1983, 180.

26 Wopfner, 1997, 310, 330-333; Keller, 2004, 20.

7 Novak, 2024, 96.

288 This calculation is based on a detailed topographic map with a 10-meter contour inter-

val in Environmental Atlas of Slovenia, Backgrounds, Overview Maps.
Novak’s figure of 1,600 metres above sea level (Novak, 2024, 96) serves as a starting
point for this calculation. If instead we consider the area where the toponym Avsje is
recorded on the detailed topographic map (Osnovna drZavna karta, 1972), it is remote
grassland on moderate slopes (about 15° to 25°) at about 1,750 to 1,800 m.

29 Novak, 2024, 96.

0 Significantly long (e.g., 40 or 50 m) and relatively wide areas of the steepest meadow
sections there reached an inclination of (approximately) 50°, as documented in 1830.
Note that an area of a relatively similar size to the one on an extremely steep mead-
ow slope forms a separate parcel mapped as infertile land on the slope of Vorderes
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3.1 Long-term prevalent increase in grassland area until the nineteenth century

steep meadow sites were also characteristic not only for mountains (Figure 11)
but were located on some hills as well. An example is the complex of very steep
meadows at the uppermost part of the slope of the Hudi Konec Ridge (highest
peak c. 1,150 m) above the village of Zupanje Njive north of Kamnik (Germ.
Stein). These meadows ranged from about 1,000 or 1,100 m to the top. Our
measurements of slope inclinations in the western part of Hudi Konec showed
that the slopes of many of the steepest sections in the meadow plots reach in-
clinations of 35 to 40°, and locally even more.”! One of the earliest proofs of
mowing at Hudi Konec is a record from 1686.%

Historical haymaking in extremely steep grasslands was hazardous and only
people that had become accustomed to working on such steep meadows in their
youth usually dared do it. Sometimes, haymaking at extreme sites led to fatal
accidents. As far as possible, many haymakers mowing very steep meadows in
the Alps were fastened to trees, rocks, or the rope linked several haymakers, as
a general strategy of increasing their security. Another even more usual way
of coping with slope steepness was wearing climbing irons or crampons to de-
crease the likelihood of dangerous falls on steep slopes (Figure 12). Crampons
worn by haymakers are attested since the first half of the sixteenth century at
least and they must have also been worn earlier. They were particularly crucial
when grassland plants were wet (a usual phenomenon early in the morning,
the optimal mowing time, see Sections 6.1.1.2, and 6.3.1.2) or the soil was very
dry because the slipping hazard was highest in these cases. Mowing such steep
meadows also had cultural history consequences in terms of female clothing;
long puffy skirts (note the clothing of the old woman behind in the Figure 87,
Section 6.3.1.2) were too hazardous as one could step on a skirt, and a fall on
the steep slope could be lethal. So, early on it became usual for women, in

Weifleneck in the same cadastral municipality, and so (large sections) of the approx-
imately 50° slope belonging to a larger meadow parcel were in fact mowed, at least in
some years; it was not just an unmowed area surrounded by mowed meadow and not
excluded from the meadow parcel. However, it is possible that some minor sections
within this approximately 50° slope were not mowed if the slope was locally too steep
and/or if there existed smaller sections where grassland vegetation was not contigu-
ous. Arcanum Maps, Cadastral Maps, Habsburg Empire — Cadastral Maps (XIX. [sic]
Century), cadastral municipality of Lamm, 1830, and present-day cadaster showing
the same cadastral parcels and topography in SAGISonline, Basiskarten, Alle Themen,
Digitale Katastralmappe, DKM Grundstiicke & Hoheninformation, Hohenlinien 1 m
& Hangneigung, Hangneigung 1 m & Werkzeuge: Héhenprofil.

Measurements were carried out in steep plots designated as meadows in the west of
Hudi Konec on the cadastral map from 1826 (SI AS 176, Franciscejski kataster za Kranj-
sko (Franciscan Land Cadaster for Carniola), L287, cadastral municipality of Zupanje
Njive, map sheet A08). In order to determine the locations, this map was compared
with the georeferenced present cadaster (Environmental Atlas of Slovenia, Backgrounds,
Topographic maps & Spatial units, Land cadaster) and with the digital orthophoto (En-
vironmental Atlas of Slovenia, Backgrounds, Dof 2019).

SI AS 173, Imenjska knjiga za Kranjsko (Giiltbuch for Carniola): Giiltbuch No. 7 (1662
1757), sheets 306-307.
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2
£ 214

CesH

M. Cevkno t¢sy

Figure 12: Crampons worn for mowing and raking the hay on steep slopes in the haymak-
ing season (Sections 6.1.2.1 and 6.1.2.2) and also on icy roads in winter (the design of the
crampon at lower left is inspired by industrial products; it is younger than the shape of
the others), Bukovo near Cerkno, pre-Alpine hills south of the Julian Alps. Very similar
crampons were worn elsewhere in the (Eastern) Alps.*”> Drawn by Ivan Romih. Slovenian
Ethnographic Museum, Documentation, Fieldwork campaign 11, Cerkno Region (1954):
drawing 11/31 & Slovenski etnografski muzej . . . Cerkljansko / 100 R0000011/31. © Slove-
nian Ethnographic Museum.

several places at least, to wear knee-length skirts for raking or mowing hay on
extremely steep meadows. The example of Fundres in the present-day region
of Trentino-Alto Adige (Germ. Pfunders in South Tyrol) demonstrates that a

3 See, e.g., Wopftner, 1997, 331; the shape of the crampon from Tyrol is the same as the
one in the upper right part of Figure 12.
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3.1 Long-term prevalent increase in grassland area until the nineteenth century

reckless prohibition of such shorter skirts by eighteenth-century authorities
took its toll in deaths, and knee-long skirts were soon allowed again. At least
since the nineteenth century some women wore trousers for haymaking on
such steep meadows—for instance, in inner Switzerland.?* In cultural history
terms, haymaking in extremely steep meadows was also a source of inspiration
for exaggerated stories at some places in the Alps, such as one about men from
a farm in the Padaun Valley (Germ. Padauntal) north of the Brenner (Ital.
Brennero) Pass who allegedly only found mowing intriguing if the meadow
was so steep that they could not turn around without touching the slope with
the whetstone holder fastened to the belt on the haymaker’s back.*”

Animal husbandry in the Alps has served more than local and regional de-
mands, especially since the Late Middle Ages and the sixteenth century. Live-
stock and other products of animal husbandry—such as cheese, clarified but-
ter and salted butter, wool, and hides—were sold in significant quantities to the
urban population all around the Alps, in cities in northern Italy in particular.
Not only human factors, such as the aforementioned urban demand, promot-
ed marked-oriented farming; it was often an interplay of human and environ-
mental factors. Thus, villages, hamlets, and isolated farms at high elevations,
for instance, which in many places were permanently settled only during the
Late Medieval increase in trade flows, were often similarly or more involved in
medium- or long-distance trade than lower settlements in the Alps. Namely,
opportunities for self-sufficient diversified farming involving not only animal
husbandry, but also more than moderate cereal cultivation and some other
branches of farming, were more limited at higher elevations. Moreover, in
some places, and not only exceptional ones, pastures made it possible to keep
more livestock in the warm half of the year than farmers could overwinter with
their hay, and so a significant percentage of the livestock were sold in the fall.
Particular qualities of some animal husbandry products in the mountains also
favored medium- and long-distance trade and thus co-influenced the orienta-
tion of the farm economy in the Alps. As early as the sixteenth century, the hu-
manist Hippolytus Guarinonius, born in the town of Trento in the Alps of the
present-day region of Trentino-Alto Adige (Germ. South Tyrol) and active as
a physician and botanist, wrote that “[t]he products of the lowlands could not
match the quality of Alpine products,” and “until the nineteenth century it was
a widely accepted belief that the best dairy products derived from the moun-
tains”*° Indeed, investigations from a testing station at 2,000 m in the Upper

24 Mathieu, 1996, 145; Wopfner, 1997, 317, 330-333; Keller, 2004, 15, 65-66, 137; Torkar
Tahir, 2012, 133; Bavcon, Ravnjak, & Praprotnik, 2019, 151; Hessenberger, 2022, 168.

295 Wopfner, 1997, 332, and Deutsches Worterbuch von Jacob Grimm und Wilhelm Grimm:
Kumpf.

¢ Novak, 1955, 311; Gestrin, 1965, especially pp. 23, 36-37, 42-43, 86-87, 107, 117, 148,
171-176, 193, 197, 211-212, 233, 236; Dinklage, 1966b; Dinklage, 1966¢; Pfister, 1985a,
29,57,63,96-97,123-125; Riedmann, 1985, 496; Blanchard, 1986; Meilleur, 1986, 45-46;

75



3 Fluctuations in grassland area in the Alps over the last millennium

Inn Valley proved that milk from the summer pastures has a richer aroma and
more active substances, and is significantly richer in dry matter (see Sections
6.3.1.2, 10.1.2.2.2, 10.1.2.2.4, and 10.1.2.2.7); the color of cheese and butter is
more intense than in the valley, but the quantity of milk is lower.””

Significant areas where environmental conditions made animal husbandry
possible but not arable farming, high dairy-product quality in many places,
and additional human factors (e.g., demand for animal husbandry products
promoting a stronger orientation toward or even specialization in livestock
farming in several regions in the Alps where environmental conditions would
allow more diversified farming) led to the fact that the grassland area in the
Alps and intensity of its use were influenced by broader external and internal
economic factors. The nexus between local and external economic conditions
had an influence on the history of all types of farmed grasslands in the Alps,
on the orientation of the farm economy, and on its changes through histo-
ry. In the northernmost Alps, from Savoy (French Savoie, Francoprovengal
Savoue) across Switzerland and Vorarlberg to Allgidu (now in southern Ger-
many), the transition from subsistence farming to specialized livestock farm-
ing was particularly early and particularly strong. In the Late Middle Ages, a
combination of cereal cultivation with livestock rearing was still typical for
those regions. However, starting in the Late Middle Ages, many arable fields
were converted to grasslands due to increased sheep herds. Gradually, sheep
were replaced with cattle. Extension of grasslands in the fifteenth to sixteenth
centuries and another strong grassland expansion in the nineteenth century is
also reflected in the pollen diagrams for Schopfenwaldmoor and Trogenmoos
in the northern Swiss Pre-Alps (north and northeast of Interlaken in Figure 4).
In some places, this transition was completed earlier, such as in Appenzell In-
nerrhoden, where an increase in animal husbandry replaced the former cereal
fields by 1700, so that the arable area was very limited. Another example is the
surroundings of Bern: in the mid-eighteenth century, it was observed there
that many previous fields had already been converted into grasslands. By 1900
almost all historical arable fields in the extensive area of the northwesternmost
Alps had become grasslands.?*®

Zontar, 1987, 63; Viazzo, 1989, especially pp. 36-38, 142-143, 264; Mathieu, 1996, 156;
Wopftner, 1997, 9-12, 17-19, 189-190, 217-222, 227-236, 473-474, 478-479; Fliickiger
& Radeft, 2000, 5, 8-11, 13-14, 33-35; Kauter, 2002, 117-120; Orland, 2016, 24, 27-28,
31, 34-39, 44, 48-49, 51 (quotes from pp. 28 & 34); Bitzing, 2015, 60, 69, 71-76, 80;
Begus, 2015, 106, 158; Bizjak, 2018, 127, 133-134, 137-138, 141-148; Mathieu, 2019,
55-56, 63, 66-67; Pavkovi¢, 2021, 114; Novak, 2024, especially pp. 180-190, 196-211;
for Hippolytus Guarinoniuss biography, see Grass, 1966. See also Sections 6.6.2.2 and
8.2.2 in this volume.

27 Pils, 1994, 221; compare Orland, 2016, 27.

8 Viazzo, 1989, 272-273, 282; Mathieu, 1996, 154-157; Wopfner, 1997, 301; van der
Knaap et al., 2000, 86, 107-108, 118-120, 134, 137; Kauter, 2002, 118-119; Orland,
2016, 38-39; Mathieu, 2019, 54; Hanhart & Sonderegger, 1998, 41-42, 46-47, 58-59.
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Elsewhere in the Alps, examples of early conversion of arable fields to grass-
lands due to social and/or harsher environmental conditions were more of an
exception than a rule; only in some regions was this a relatively significant and
more than temporary local phenomenon. In the court district of Villandro
(Germ. Villanders) west of the Isarco River in the present-day region of Tren-
tino-Alto Adige (Germ. Eisack in South Tyrol), for instance, about twenty for-
mer farms were allegedly transformed into temporary settlements, as recorded
in 1523. Many of their former fields were converted into meadows.*” This pro-
cess had some long-term impacts, although the question of (dis)continuity re-
mains open. Namely, it was still characteristic for the community of Villandro
in the nineteenth century that several farmers owned not only a main farm at
lower elevations, but also an additional grassland farm at elevations of 1,300 to
1,500 m.** However, according to data from about 1900, not only cattle hus-
bandry, but also arable farming played major roles in this region. The role of
grasslands in the farm economy in the territory of Villandro was significantly
less than in the northernmost Alps, from Savoy to Allgau.** Looking at the
Alps as a whole, the large-scale transformation of numerous parcels that had
for centuries been used as fields under marginal environmental conditions or
at distant locations into permanent meadows took place between the second
half of the nineteenth century and the mid-twentieth-century or in the follow-
ing decades (Figure 13). Such grasslands also became species-rich, if (rath-
er) extensively managed (no more than moderately fertilized; Section 6.3.2),
which was often the case. At least in some cases they also “contain rare and/
or endangered species,” although these grasslands only have a relatively short
history.* A study of ancient grasslands (at least 180 years old as suggested
by land-use maps from about 1830, the early 1950s, and 2002) and relative-
ly recent (field crops were grown in those parcels around 1830 and/or in the
early 1950s, but not in 2002 anymore) calcareous grasslands in the Swabian
Jura (Germ. Schwibische Alb) determined that “[t]here was no difference in
the species richness of ancient and [relatively] recent [seminatural] grasslands,
however, their species compositions differed. This difference could be assigned
to both habitat properties and history™® (see Sections 2, 3.2, and 6).

2% Hinterwaldner, 2002, 21, 30-31, 48; Blaznik, 1970a, 167; Wopfner, 1997, 10-11, 402—
404, 446; Scharr, 2001, 73; Jager, 2006, 9-10, 55-58, 60, 62, 69, and Figures 17 and 18
between pp. 64 and 65; Zwitter, 2015d, especially pp. 144-165, 167-177 and the map on
p- 142; see also Camenisch & Rohr, 2018. Jager, 2006, 12 also deals with sixteenth-cen-
tury conversion of vineyards at Merano (Germ. Meran) into meadows.

3% Wopfner, 1997, 230-231; the chronological definition of the time of Wopfner’s writing
follows Meixner & Siegl, 2004, 232-233, 235.

1 Conclusions based on Emmanuel de Martonne’s map of farming types in the Alps,
reproduced in Mathieu, 1996, 142-143.

02 Pils, 1994, 165; Partel, Mandla, & Zobel, 1999, 194; Dietl & Lehmann, 2004, 20, 25,
124-125; Poschlod et al., 2008, 133-136, 138-140 (including the quote); Karlik & Po-
schlod, 2009, 322-323.

303 Karlik & Poschlod, 2009 (quote from p. 333).
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Roughly at the same time as conversion of many fields under marginal en-
vironmental conditions or at distant locations into permanent meadows, be-
tween the second half of the nineteenth century and the mid-twentieth centu-
ry, although with huge differences in chronology within the Alps, the process
of land-use changes from fields to meadows also became characteristic for
valley bottoms. Nonetheless, meadows created in valleys or close to farms at
that time were in many cases more intensive than at more remote locations at
higher elevations. The establishment of medium-intensive (by present stand-
ards) meadows became a significant phenomenon in the Alps starting in the
nineteenth century, in the main areas of dairy production in particular. Out of
the core areas of the emerging dairy industry in the Alps, conversion of for-
mer fields into meadows often created moderately fertilized meadows by the
mid-twentieth century (Section 6.3.2). The process of agricultural specializa-
tion into animal husbandry in the valleys was stimulated by broader European
economic developments. It was rooted in agricultural reforms of the eigh-
teenth and nineteenth century (e.g., the introduction of fodder crops, signifi-
cantly prolonged keeping of livestock in stalls in several valleys, more intensive
grassland fertilization related to this, and later also the introduction of mineral
fertilizers), which gradually gained importance, especially at lower elevations
and at more easily accessible sites. The process discussed was significantly in-
fluenced by further economic and demographic transformations. For instance,
the establishment of the railway network, making possible the import of cheap
cereals, and export of fresh milk and butter over longer distances in the second
half of the nineteenth century belonged to important early factors contributing
to the large-scale conversion of fields into meadows, especially at more accessi-
ble places. Moreover, starting in the 1870s, the introduction of intensive dairy
farming and the emerging dairy industry were also characteristic for many
regions in Europe where dairy farming had previously been much less impor-
tant than in the Alps, including the plains. In the Alps, dairy farming based on
more intensive grassland management in the valleys could succeed more easily
than more extensive highland farming in quantitative terms when faced with
the new type of market competition from elsewhere in Europe in times of in-
creased international commerce. At the same time, the demand for fresh milk
rose significantly due to the changed human diet. Nonetheless, more intensive
grassland management at more accessible sites, which was gradually leaving
the sphere of moderately fertilized meadows in some parts of the Alps, also led
to a decline in the quality of dairy products.**

304 Pfister, 1985a, 123-125; Niederer, 1996c¢, 50; Niederer, 1996d, 158, 175; Wopfner, 1997,
184, 190, 222-223, 259, 315, 320; Briickmiiller & Stekl, 1998, 67; Dietl & Lehmann,
2004, 20, 25, 124-125; Orland, 2016, 25-27, 39-46, 50, 52; Vogl-Lukasser et al., 2006,
233; Kapfer, 2010, 138-139; Vojvoda, 1965, 22-25, 59, 116, 133; Karlik & Poschlod,
2009, 322-323; Bitzing, 2015, 158-159; Ledinek Lozej, 2021, 158, 162.
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3.1 Long-term prevalent increase in grassland area until the nineteenth century

Figure 13: A species-rich grassland in a former montane arable field at 1,040 m, between the
Javornica and Ceteze complexes of montane meadows, 450 m above the farm in the valley
that used to cultivate it.*® The field was converted into a permanent grassland in the first
half or middle of the twentieth century. The grassland is no longer used. Note the yellow
blooms of the tall herb perforate St. John's wort (Hypericum perforatum) in the center of the

photo, indicating the transition from a grassland to an abandoned tall forb community.*®

Perforate St. John’s wort is a perennial ruderal rather than a meadow species, except for very
late-mowed meadows. It is especially sensitive to regular mowing (regeneration of stems
after cutting is limited) and occurs more often on forest margins or in abandoned pastures
together with other tall herbs (the grassland class Epilobietea angustifolii).*” It is less sensi-
tive to grazing pressure than to mowing due to a high concentration of ethereal oils and
hypericin; the fodder value of St. John’s wort (Hypericum sp.) is very low, and most grazers
avoid eating it. Nevertheless, it appears to be a weak light competitor due to its moderate
height growth and limited capacity to form dense stands.”®® Photo: Ziga Zwitter, 2018.

Another process closely related to historical transformations discussed
in the previous paragraph and leading to increases in meadow area were di-
visions of some common pastures in the Alps, mainly in the eighteenth and
nineteenth centuries. Following these divisions, some sections of former pas-

305 SI AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carniola),
L157, cadastral municipality of Srednja Vas v Bohinju, map sheet A15; SIAS 176, L157,
cadastral municipality of Srednja Vas v Bohinju, Protocoll der Grund-Parcellen, parcel
nos. 943, 952.

30 Pils, 1994, 182; Peterken, 2013, 64-72.

37 Schubert, Hilbig, & Klotz, 2001.

3% Grime, Hodgson, & Hunt, 1988.
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3 Fluctuations in grassland area in the Alps over the last millennium

tures were converted into meadows; nonetheless, the process of division of
commons was a spatially much more limited phenomenon in the Alps than in
their surrounding lowlands. In Appenzell, belonging to the northwestern edge
of the Alps with a specific course of agricultural history as presented above,
the conversion of pastures into meadows took place in the eighteenth century;
when farming there specialized into increasingly intensive animal husband-
ry, meadow management also became more intensive, and fertilized meadows
became common there. The example of the Slovenian Alps, representative of
many parts of the Alps not as strongly specialized in animal farming as the
north of the mountain chain from Savoy to Allgdu, demonstrates that division
of commons first took place in some more accessible pre-Alpine valleys, where
this process was also more intensive than in settlements at higher elevations.*

Further local economic factors importantly contributed to the creation of
new meadows on former common pastures. In the Bohinj Basin in the Julian
Alps, for instance, the division of several commons in the 1880s corresponded
to the general crisis of the rural economy in the broader region, and also with
the crisis and end of the operation of ironworks, which had been a significant
economic factor there for several centuries. Emigration only partly mitigated
the challenges of increasing agricultural density, and the railway connection,
which made it possible to commute to industrial centers, was only built in
the valley in the early twentieth century. Consequently, agricultural density
in late-nineteenth-century Bohinj was high when many to a significant de-
gree overgrown common pastures had just been divided. In this situation, new
meadows were locally created from former pastures, but the total area affected
through this process was spatially very limited.*'° This is a typical example in the
sense that it was usual for many settlements in the Alps heavily dependent on
mining and/or metallurgy to increase agricultural production during econom-
ic depressions in non-agricultural activities. The population of the settlement
of Riva D’Agordo (now Rivamonte Agordino) in the Dolomites, for instance,
increased from fewer than 150 inhabitants in 1584 to 1,130 in 1766, largely due
to mining. “[I]n 1766 no less than 315 out of 347 adult men were listed as mine
workers, and just eleven as agricultural workers” However, a major crisis of
mining followed there, and so in the 1770s “[i]t would seem that ... the whole
community of Riva ‘is moving into the agropastoral sector to exploit fields,
meadows and animals as fully as possible, this sector functioning as a sort of
lung in times of economic crisis.” Increased agricultural activities were joined
by emigration, in this case temporary, in times of hardship.’'' These examples

% Blaznik, 1970a, 173-174, 176; Blaznik, 1970b, 156-158; Grafenauer, 1970c, 243; Meil-
leur, 1986, 313, 315; Pfister, 1985a, 85, 115; Wopfner, 1997, 234, 260, 280-288, 300, 395;
Kauter, 2002, 119; Bdtzing, 2015, 135; Leibundgut & Vonderstrass, 2016a, 76-77.

310 Melik, 1950, 78, 85; Vojvoda, 1965, 14, 26, 28, 48; Blaznik, 1970b, 158; Grafenauer,
1970a, 631-639; Petek, 2005, 51, 77, 81, 90, 167, 178; Zwitter, 2008, 3-7, 10-13, 26-27.

! Viazzo, 1989, 158-159, 171, 173 (quotes), 177.
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demonstrate that the crisis in the non-agrarian economy, which increased the
importance of the agrarian sector, also led to increased pressures on grassland
ecosystems and the formation of new meadows in certain cases.’'

In addition, the nexus between the non-agrarian economy and agriculture
has impacted the spatial distribution of grasslands in the Alps in several other
ways. These include influences of broader external and internal economic fac-
tors related to mining and metallurgy, much exceeding the phases of decline
in these activities discussed in the previous paragraph. Long-term impacts of
historical metal extraction and forging in the Eastern Alps, demanding huge
quantities of wood, illustrate this. There were major centers of mining and met-
allurgy in Tyrol, Salzburg, Styria (Germ. Steiermark), and Carinthia (Germ.
Kirnten, Sln. Koroska), and in the Alps of the Republic of Venice, mainly in the
valleys above Brescia and Bergamo. At least a quarter of the inhabitants of Ty-
rol lived on mining in the early sixteenth century according to some estimates,
at the time of a mining boom when Tyrolian silver and copper mines were
among the most important in Europe (1470-1535). Silver mining in the Alps
declined quickly after the mid-sixteenth century.*"* Focusing on iron, several
mining and ore-processing sites made the Eastern Alps one of the key regions
of iron extraction in Europe in the Late Middle Ages and a significant part of
the modern period. The area of Erzberg (including Vordernberg and Inner-
berg—now Eisenerz) in Styria (see Eisenerz and Vordernberg in Figure 4) was
the largest iron-smelting and processing territory in the Eastern Alps and one
of the largest in Europe at that time. In general, iron extraction and forging
centers in Carniola (SIn. Kranjska, Germ. Krain; it covered large parts of to-
day’s Slovenia and a small but relevant area of today’s northeasternmost Italy)
were far behind. Nonetheless, iron-forging facilities located in the seigneury of
Fusine (Friul. Fusinis, Germ. WeifSenfels, SIn. Bela Pec) in the very northwest of
Carniola probably made that territory one of the second-order regions of iron
extraction and forging in the Eastern Alps around 1500. Within the seigneury
of Fusine, seven iron smelteries on the western slopes of the Karawanks above
Jesenice were the main center of iron ore smelting in the territory of what
is now Slovenia, as suggested by late-fifteenth-century data, with a roughly
estimated annual iron extraction of about 350 metric tons.”"* A marked six-
teenth-century peak of iron extraction in Carniola followed. It corresponded
to the important sixteenth-century peak of metal ore smelting in the Eastern
Alps in general. In 1569, about 2,000 metric tons of local iron is said to have
been extracted in Carniola, and an additional approximately 2,000 metric tons
of Carinthian iron was reportedly forged in Carniola, mainly in its Alps. Such
quantities seem high and may have been achieved in some very good years, or

12 Compare Panjek, 2015a, 117.

31 Viazzo, 1989, especially pp. 157-159; Mathieu, 2019, 61-62; Oitzl, 2021, 26, 46, 175,
304-305.

314 Mathieu, 2019, 62; Oitzl, 2021, 101, 169, 292, 304-305, 401-402, 404-408, 424, 426.
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perhaps the figures are somewhat exaggerated. In any case, a marked decline in
iron extraction and forging followed in the second half of the sixteenth century
in both the Alps and Carniola. Consequently, in 1581, up to 1,700 metric tons
of iron and iron products are estimated to have been extracted and/or fabricat-
ed in the provinces of Carniola and Gorizia (Sln. Goriska, Germ. Gorz) from
local and imported iron, with merchandise from Carniola strongly prevailing
over that from Gorizia within this figure. Most iron and iron products from
Carniola were exported to Italian markets. Intermediate iron products from
Jesenice and its surroundings, for instance, were largely sold to the region of
Marche on the western Adriatic coast in the Papal States and also elsewhere
on the Apennine Peninsula.’”® During the High to Late Middle Ages and the
sixteenth century there was an increase in trade flows, increased demand for
metals, and progress in smelting and metal-processing techniques; as this
gradually spread across the Eastern Alps, mining, ore smelting, and fabrica-
tion of metal objects resulted in the establishment of some settlements and the
growth of several older ones. The following lines illustrate this based on data
from Carniola. Like many other places in the Alps, the fourteenth century saw
the beginning and further development of several settlements in this province
due to activities related to mining and metallurgy, and these processes contin-
ued in the fifteenth and sixteenth centuries.*'® Apart from the increase in pop-
ulation density, corresponding to higher food demand that was partly covered
locally, the number of horses in the area involved in transport also increased
during times of rising production in mining and/or metallurgy. Thus, in gen-
eral, increased food and feed demand went hand in hand with wood-felling
for metalworks, and so grasslands were created and retained on some new
forest clearings.’"” This is the main type of long-term impact of metalworks,
which sold their intermediate or final products far beyond the region, on the
local cultural landscape in terms of grasslands’ spatial distribution. In the four-
teenth century, iron smelting in Carniola was already known to have led to the
creation of several new grasslands.”® In 1636 (the rent-roll reflects conditions
in a certain year between 1617 and 1636), it was documented that some for-
mer iron smelteries on the slopes of the Karawanks above Jesenice (mentioned

315 Gestrin, 1962, 671-672, 689-690 (and the historian Gasper Oitzl, personal communica-
tion); Gestrin, 1965, 179-188; Viazzo, 1989, 159; Rohr, 2007a, 368; Mathieu, 2019, 61-62;
Oitzl, 2021, 399-408, 413-414, 424-426, 428, 430-432; see also Schneiter, 1970, 61.

316 Qitzl, 2021, 34-36, 38, 40-51, 304-310, 405-408.

317 Schneiter, 1970, 61-64; Viazzo, 1989, 156, 168-169; Wopfner, 1997, 9-11, 190; Oitzl,
2021, 300-310, 348-353; the question of grazing rights for horses involved in transport
for ironworks in the Sava Dolinka Valley (Sln. Zgornjesavska dolina) in the seventeenth
century is dealt with in AT KLA 112, Allgemeine Handschriftenreihe, Ms. 2435, Rent-
roll (Urbar) of the seigneury of Fusine 1636, 148, and AT KLA 112, Ms. 2732, Rent-roll
(Urbar) of the seigneury of Fusine 1636, 471, for instance. For relations between these
rent-rolls and the questions of datation, see Mlinar, 2018a, 27-28 and Mlinar, 2018c,
30-32.

318 Stih, 1998, 137-138.
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above as a particularly relevant iron-smelting site in the late fifteenth century)
had been abandoned, but about fifteen (or seven, at least)*" farms (many or all
of them smallholdings) were reportedly using meadows and other types of ag-
ricultural land that had been created close to these smelteries when the forest
had been cleared to produce charcoal for iron ore smelting. Moreover, some
additional grasslands were most likely created there when wood was felled in
that microregion to supply ironworks with charcoal, but they were not men-
tioned in this notice, which refers only to abandoned smelteries, and not to
five smelteries existing in the microregion at that time.’” In the late fifteenth
century, a smeltery or a couple of them in the Karawanks above Jesenice were
probably located very close to the central section of the settlement of Plani-
na pod Golico, with mining and iron smelting possibly belonging to the very
motives for earliest Late Medieval inhabitants to settle there,*! and so in many
cases the introduction of agricultural land use in the microregion was related
to (mining and) ore-processing. This case study of new grassland creation is
typical for many places in the Eastern Alps*** in times of increased fodder and

31 Information comes from an entry following the list of subjects of the seigneury of
Fusine on the slopes of the Karawanks above Jesenice, and these data refer only to
“Dise[!] obverstandnen undtersassen” (Mlinar (ed.), 2018b, 162)—i.e., Untersasse listed
above—but it is not clear where on the list of holdings Untersasse start in this case.
Namely, there is some inconsistency in the use of the term Untersasse in this rent-
roll. Usually, this source makes a distinction between Hubleiith and Undtersasse (Mli-
nar, 2018b, 44-45; the spelling follows Mlinar (ed.), 2018b, 113, 118). Nonetheless, it
also uses the term Untersasse in a broader sense, for subjects in general (see Deutsches
Worterbuch von Jacob Grimm und Wilhelm Grimm: Untersasse), and so huebsassig[e]
undersass[e] also appear in this rent-roll (Mlinar (ed.), 2018b, 113). Counting only the
holdings delivering very low dues, typical for lists of Untersasse in this rent-roll (Mli-
nar (ed.), 2018b, 93-95,109-111, 118-119, 125-128, 138-140, 148-156, 170-171), and
excluding the holdings reportedly consisting only of a cottage, without any agricultural
land, the notice in question refers to seven holdings (Mlinar (ed.), 2018b, 161-162).
Nonetheless, some holdings delivering higher dues also stand on lists of Untersasse
in some other settlements in the same rent-roll (see pages cited above). Adding such
holdings on the slopes of Karawanks above Jesenice (none of them is titled a hueben)
makes the number fifteen. The notice cited above clearly refers to land parcels cleared
of forest to produce charcoal for iron-ore smelteries that had already been abandoned
by 1636. For this reason, three units documented in this rent-roll and delivering very
high dues were excluded from these calculations because these entries still include a
link to smelteries that existed at the time. The chronological orientation of data from
this rent-roll is based on Mlinar, 2018a, 27-28.

Mlinar (ed.), 2018b, 162; for terminological issues regarding iron ore smelteries, see
Oitzl, 2021, 51-54. Abandoned smelteries were in this case largely a result of the in-
troduction of more efficient smelting technology and the related partial displacement
of smelting to the bottom of the main valley during the sixteenth century (Oitzl, 2021,
46, 49, 102-103, 170-171, 405); the number of smelteries there in the early seventeenth
century: Oitzl, 2021, 102.

21 Qitzl, 2021, 101, 305, 307.

322 See, for instance, a parallel from Central Europe north of the Alps in Poschlod et al.,

2008, 133.

32
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food demand in mining and metal-processing centers, where and when wood
supplies and other interest in forests allowed for new forest clearings. In the
modern period, large-scale iron mining and smelting was more constant and
the extracted quantities were higher than extraction of most other metals at
several locations in the Alps, and so its environmental impacts (in addition to
the environmental legacies of past processes and events) were significant not
only in the sixteenth century. After the crisis of the ironworks in the second
half of the sixteenth century, the pre-crisis production level was again reached
in the mid-eighteenth century, when “Styria alone seems to have outstripped
even England** Dependence of ironworks on charcoal, also partly relevant
for the history of grasslands, decreased during the following century of iron
production growth, mainly in the Alps of Styria and Carinthia, when coal was
gradually introduced as an energy source.”**

Another important non-agrarian economic factor was traffic, with a major
influence on mowed grassland areas close to important trade routes, where
particularly large quantities of wild hay were sold. The example of the route
crossing the Gotthard Pass (Germ. Gotthardpass; Ital. Passo del San Gottardo)
as one of the main trans-Alpine traffic connections linking northern Italian
cities and Central Europe demonstrates this. The Gotthard route has been im-
portant since the Late Middle Ages, and there was a general trend of growth
in traffic there from the sixteenth to the late eighteenth centuries, with fluctu-
ations due to broader economic and political reasons. The traffic led to signif-
icant expansion of meadows in the surroundings. Wild hay was bought there
mainly to feed packhorses crossing the Alps in both directions, and to feed
extensive herds of livestock crossing the Alps from the Late Middle Ages on-
ward on their way to Italian markets. Among other trade items, packhorses
carried great quantities of textiles, wine, and cereals to the north (cereal trans-
port was especially active after harvest failures decreased the supply on the
markets in Lucerne (Germ. Luzern) and Ziirich), and they transported dairy
products, such as cheese, and textiles to the south. Moreover, as mentioned,
herds of livestock were also driven there. At the peak of the transport vol-
ume around 1790, approximately 31,000 packhorses crossed the Gotthard Pass
yearly. Apart from packhorses, official statistics record that on average 3,221
head of cattle, 631 horses, and 1,290 sheep and goats crossed the Gotthard
Pass yearly between 1790 and 1797 to be sold on Italian markets. These were
not the highest early modern numbers of livestock driven across the Gotthard
Pass to Italian markets, and the herds driven across this pass even became
much larger in the first half of the nineteenth century. In addition, based on a
1796 estimate, about 15,000 to 16,000 people crossed the pass yearly—some of
them on horseback, representing another kind of fodder demand. Traffic of-

323 Mathieu, 2019, 61-62, 115 (quote from p. 62).
324 Schneiter, 1970, 61, 63-64; Mathieu, 2019, 62, 115.
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fered an important source of income in the integrated peasant economy of the
local farmers, especially in settlements with inns. These included engagement
in transport, and also sales of wild hay as well as standing grassland fodder in
pastures.’”” The enormous historical demand for wild hay can be considered
one of the factors due to which the high Ursern Valley just below the Gotthard
Pass was exceptionally free of forest in the broader context of the Alps, as ob-
served, for example, in 1811. Consequently, even dwarf shrubs from mountain
pastures, such as alpenrose (Rhododendron ferrugineum), heather (Calluna
vulgaris), and bilberry (Vaccinium myrtillus), were used as firewood for cheese
production in the mountain huts there. Such use of dwarf shrubs again had
ecological impacts because dwarf shrubs were regularly removed from grass-
lands (see also Section 6.6.2).>” Human impacts in remote grasslands close to
important traffic connections in the Alps were thus particularly strongly relat-
ed to broader economic conditions. The growth of urban settlements in both
northern Italy and Switzerland, general population growth in Uri, and higher
numbers of livestock in the countryside all contributed to greater demand for
livestock fodder along the Gotthard route, which led to an increase in the area
where wild hay was mowed from the mid-seventeenth century onward. The
demand for wild hay there generally remained high until the nineteenth cen-
tury, followed by a significant decrease in mowed remote grasslands.

The main reasons for this long-term change in grassland management along
the Gotthard route were the following, and, with some differences in timing,
they can be considered representative of several important traffic routes cross-
ing the Alps.

First, packhorses started being replaced by draft horses in the 1830s be-
cause (following the examples of passes such as Simplon, Spliigen (Germ.
Spliigenpass, Ital. Passo dello Spluga), and San Bernardino (Germ. Bernhardin-
pass, Ital. Passo del San Bernardino) a road was built over the Gotthard Pass
between 1820 and 1836. This replaced the former bridleway and made trans-
port with wagons possible. Consequently, the number of horses per unit of
cargo was significantly reduced, and so, despite the initial growth in traffic

3 Stadler-Planzer, Stadler, & Aschwanden, 2015, 52-53, 106-107, 109, 123, 271; Stad-
ler-Planzer, Stadler, & Degler-Spengler, 2015, 20, 22, 81, 97, 99-103, 122-126, 131-
135; Wopfner, 1997, 9-11, 19. On the concept of the integrated peasant economy, see
Panjek, 2017.

326 Compare Wunderli, 2010, especially pp. 20-23, 25. Use of alpenrose as firewood for
cheesemaking in high summer pastures has parallels elsewhere in the Alps, not limited
to exceptional sites like the ones along the Gotthard route. Where alpenrose abounded
in pastures, removal of this species (which is unattractive to cattle) from pastures could
provide firewood. This was most likely the case in the Allues (Francoprovencal Alués)
Valley (French Les Allues) in what is now the northern French Alps, for instance (Meil-
leur, 1986, 354). In some parts of the Alps, dry livestock feces were also used as fuel
(Niederer 1996d, 165, 200).
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flows, there were fewer horses on the Gotthard road. This means that less hay
was needed than in the era of pack horses, although the demand for local wild
hay remained relatively high until the railway connection started operating.
Second, with the opening of the railway connection in 1882, the great majority
of cargo was no longer transported by horses. Livestock also no longer walked
over the Gotthard Pass on the way to Italian markets, and trains replaced the
former role of carriages in passenger transport (on average, 80,000 passengers
a year crossed the Gotthard, Furka, and Oberalp Passes (Germ. Oberalppass,
Romansh Alpsu) in postal carriages in the 1870s and 1880s and, in addition,
there were several thousand in private carriages). Third, there was a strong de-
crease in numbers of goats, important wild-hay consumers, from around 1870
onward, and so less wild hay was needed (see Section 6.3.1). Fourth, intensi-
fication of agriculture on private land led to a decrease in the demand for hay
from remote commons. Fifth, deagrarianization took place because especial-
ly the railway connection helped industry develop, which offered many more
non-agricultural jobs and led to a decrease in the workforce available for farm-
ing. Finally, intensified emigration took place. In all of Switzerland, this was
the strongest precisely in rural areas of Uri in the last quarter of the nineteenth
century, especially after the railway connections in the area were established.*”’

The Gotthard route had an impact on the hay trade that affected meadow area.
In general, hay as a relatively cheap commodity needed in significant quantities
was usually economically feasibly transported overland only over a few kilo-
meters before railway connections (but see also the next paragraph); some inland
waterways made trade in hay possible over longer distances.””® Hay, sold locally,
and in the case of specific demand over longer distances (next paragraph), has
long been a source of income for some farmers and institutions,’* and this also
had an influence on areas of agriculturally used grasslands in the Alps. Core
areas of dairy farming in Switzerland stand out for the early specialization of
several farms in terms of “the production of fodder that was sold to cattle breed-
ers, cattle traders and dairymen”; that is, those farmers’ sons “who did not in-
herit enough land to live on,” for instance. These buyers “tried to maintain their
herds through the winter;” and the hay they bought played a prominent role
in fodder for their livestock. This type of farming specialization was identified

327 Stadler-Planzer, Stadler, & Aschwanden, 2015, 76-77, 92-93, 100, 102, 106, 109, 121,
123-128, 130-131, 135-136, 265, 267-268, 270-271; Stadler-Planzer, Stadler, & De-
gler-Spengler, 2015, 15, 22-23, 99-103.

28 Krausmann, Weisz, & Eisenmenger, 2016, 73, 77; Lane, 1973, 305.

¥ QOrland, 2016, 29, 37; Peterken, 2013, 144-145, 158-159; for instance, second-crop
hay from demesne meadows in the Dreta Valley (at least close to Bo¢na) was a minor
source of income for the seigneury of Gornji Grad (Germ. Oberburg) in 1686 (SINSAL
20, Gornji Grad Avstrija (Gornji Grad Austria), box 40, seigneury’s account by Georg
Lorger, April 29th, 1686 — April 28th, 1687: Gelt[!] empfang an unterschidlichen[!]
gefollen(!]).
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there “[a]s early as the late Middle Ages,” and it became more frequent between
the sixteenth and eighteenth centuries. These dairymen bought not only hay
but also stall space from farmers in the valleys.”* In terms of grassland history,
this means that the system had some common characteristics with some oth-
er places in the Alps where meadow areas in the mountains were insufficient
for regular late-autumn to early-spring hay supplies for local livestock, and the
solution was having livestock wintered elsewhere. For instance, “[i]n the high-
est communes of the Tarentaise [Francoprovengal Tarentésa] and the neighbor-
ing Upper Maurienne [Fr. Haute Maurienne, Francoprovencal Hiéta Moériénal,
large numbers of animals were commonly wintered outside the communes of
their owners, in lower elevation communes with more plentiful hay supplies. In
Termignon [Francoprovengal Térmegnon] (Haute Maurienne), over 90% of the
sheep and milk-cows were over-wintered outside the commune, sometimes at
considerable distances,” as determined by Meilleur’s investigation focused on
the late nineteenth and early twentieth centuries. In the nearby Allues Valley,
wintering the livestock at lower elevations was probably only practiced in the
case of (consecutive) hay harvest failures.”!

These examples from Switzerland and Savoy demonstrate that there existed
areas, predominately lowland areas in the Alps or at the foot of the Alps, “able
to share in the profitability of Alpine farming through leasing, renting out land
or selling hay” until the agricultural reforms and changed market conditions
of the late eighteenth or the nineteenth century.’” These data suggest that the
existence of microregions in the Alps dependent on regular purchases of a
significant percentage of hay elsewhere, namely in fairly near lowlands with-
in or at the foot of the Alps, must have been more widely present, at least
at a smaller scale. This thesis finds confirmation in sources dealing with the
Slovenian Alps. In the settlement of Gmajna west of Slovenj Gradec (Germ.
Windischgraz), a lack of hay in isolated low mountain farms was documented
as a general phenomenon in the 1840s, and so farmers purchased hay in the
plain in the nearby valley bottom.** As early as 1570 it was reported that the
isolated Pop farm above Lese in the Meza (Germ. Mief$) Valley, relatively close
to Gmajna, had to buy all its hay.**

Not only hay from valleys and basins, but also hay from high elevations
was sold in some microregions and time intervals, as already demonstrated

330 Orland, 2016, 29, 37-38 (quotes from pp. 29 and 37).

31 Meilleur, 1986, 277-282, 307 (quote). See also wintering cows elsewhere and transhu-
mant sheep pastures in Section 7.1, which all had an influence on grassland uses in the
mountains and lowlands.

332 Orland, 2016, 37-46 (quote from p. 39).

333 Kuret (ed.), 1989, 250.

3% ST NSAL 100, Kapiteljski arhiv Ljubljana (Archives of the Ljubljana Cathedral Chapter),
fasc. 98, unit 3: Rent-roll (Urbar) of the seigneury of Bleiburg (Sln. Pliberk) 1570, fol.
176v; Zwitter, 2016, 125; another example: Mlinar (ed.), 2018b, 132. The distance be-
tween the Pop farm and Gmajna is about 11 kilometers in a straight line.
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3 Fluctuations in grassland area in the Alps over the last millennium

by meadows along the Gotthard Pass route. The aforementioned hay busi-
ness in Switzerland with a long historical tradition also involved hay from
meadows at higher elevations; selling hay from high elevations there became
more frequent with the decrease in dairy farming at high elevations, a process
that affected the Bernese Highlands (Germ. Berner Oberland) in the 1860s.>*
Again, more limited parallels of hay from remote meadows as a trade item can
be identified in other regions of the Alps. In the Western Karawanks, wild hay
from the grassland complex of Jekelj (Germ. Eckele) at approximately 1,500
m and higher, west of the peak of Mount Velika Golica (Germ. Kahlkogel),
was partly mowed to become a trade item. Namely, according to informa-
tion from 1616, it was already a practice to sell any wild hay from Jekelj that
was not needed by people from Hrusica (680 m) at the southern foot of the
mountain chain, who had mowing rights there, or which people from Hrusi-
ca considered too complicated to transport to their farms (5 km in a straight
line, with an elevation difference of 800 m or more). At least some of this hay
was sold to Carinthians; that is, to buyers from the opposite, northern side of
the Karawanks;*** namely, the quality of the hay from this area was very high
(see Section 6.3.1.2). Data from Tyrol also demonstrate that so much wild
hay was stored in some high valleys, such as the Valles (Germ. Vals) Valley, a
side valley of the western Puster Valley (Ital. Val Pusteria, Germ. Pustertal),
that surplus hay was sold to the main valley, according to nineteenth or early
twentieth-century information.*”’

Leaving the sphere of local and short-distance hay purchases, medium-dis-
tance overland hay transport was carried out in the case of specific demand
and adequate road connections in times predating railway connections, and
this also had an impact on meadow sites and area. This is demonstrated by the

% QOrland, 2016, 37, 41, 52.

36 AT KLA 112, Allgemeine Handschriftenreihe, Ms. 2435, Rent-roll (Urbar) of the sei-
gneury of Fusine 1636, 152; AT KLA 112, Ms. 2732, Rent-roll (Urbar) of the seigneury
of Fusine 1636, 476-477; for relations between these rent-rolls and questions of data-
tion, see Mlinar, 2018a, 27-28, and Mlinar, 2018c¢, 30-32. For localization of Eggele,
see Wutte, 1924, 99, whose localization is in line with the name Jekel on the 1826 map
(SI AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carnio-
la), L16, cadastral municipality of Hrusica, map sheet A01); the German name for the
col at the westernmost edge of this grassland complex is still Eckelesattel (Sln. Jekljevo
sedlo; Atlas Slovenije, 2005, map 50). Even though the early nineteenth-century cadas-
ter mapped the grasslands at Jekel as a pasture and no hay meadows, mowing there is
recorded not only in the cited seventeenth-century record but also later, when it was
carried out either sporadically or more frequently. The right of mowing and grazing at
Jekel was documented in 1868 (SI AS 48, Dezelna komisija za odkup in uravnavo zem-
ljiskih bremen za Kranjsko (Provincial Commission for Redemption and Regulation
of Profits a Prendre in Carniola), fasc. 56, 9-2: no. 691/1I de 1876, Beilage A: Protokoll,
December 31st, 1868), and it is clear that part of the grassland at Jekel was mowed in
1942 (Smolej, 2008, 15).

37 Wopfner, 1997, 313.
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3.1 Long-term prevalent increase in grassland area until the nineteenth century

following parallels from the Dinaric Karst south of the Alps and from the Car-
pathians. In the last quarter of the sixteenth century, a large princely stud farm
was founded at Lipica (Ital. Lipizza) on the Karst (Sln. Kras, Ital. Carso) Plateau
in the northwestern Dinaric Karst. It became an enterprise with significant
local and regional economic and environmental impacts.”® In 1728, this stud
farm bought the estate of Prestranek (Germ. Pristranegg) in the Pivka Valley,
about 40 km road distance from Lipica. Prestranek, together with its branch
estates, where environmental conditions for (most) meadows were more suit-
able than usual on the Karst Plateau, provided significant quantities of qual-
ity hay to Lipica at the onset of rapid eighteenth-century development of the
Habsburg port of Trieste, which sharply increased the regional hay demand in
the broader surroundings of Lipica.”** Both estate centers involved in this ex-
ample of hay transport, Prestranek and Lipica, were located in the immediate
vicinity of the main commercial roads linking the Habsburg ports of Trieste
(Germ. Triest, Sln. Trst) and Rijeka (Ital. Fiume, Germ. St. Veit am Pflaum)
with Ljubljana (Germ. Laibach), the provincial capital, and Vienna (Germ.
Wien), the capital of the Habsburg Monarchy, and so the road infrastructure
linking Prestranek and Lipica was exceptionally good,** which was favorable
for road transport of hay over such long distances. One can assume similar
medium-distance land-based hay transport in the case of large towns in the
Alps and their near surroundings in periods of flourishing trade and a solid
state of road connections.’*" A twentieth-century parallel from the Carpathi-
ans demonstrates that in exceptional situations, to alleviate shortages, ordinary
people also transported hay on roads over similar, relatively long distances be-
fore railway construction or in areas distant from railway connections. Tradi-
tional farmers in Ghimes (Hung. Gyimes) in the Eastern Carpathians traveled
by horse-drawn wagon to buy hay in the Ciuc basin, an area 45 to 50 km from
their farms, when the hay harvest in Ghimes failed and the hay harvest in the
Ciuc basin produced hay surpluses.’*

Moving further in time, since the second half of the nineteenth and early
twentieth century, railway connections have made hay transport possible from
areas relatively close to railway stations over unprecedented distances, which

338 Zwitter, 2015a.

% Das k.k. Hofgestiit zu Lippiza 1580-1880, 1880, 30-31, 33-34, 90-96; Klemenci¢, 1959,
136-137; on environmental conditions at Prestranek and its branch estates, see also
Klemencic, 1959, 40 & 45, 116-117, and Arcanum Maps, Cadastral Maps, Habsburg
Empire - Cadastral Maps (XIX. [sic] Century), cadastral municipalities of Matenja Vas
(Germ. Mautersdorf), 1823, Trnje (Germ. Dorn), 1823, and Velika Brda (Germ. Gross-
berdu), 1822; Environmental Atlas of Slovenia, Land and Soil, Soil Map (1:25,000).

30 Zwitter, 2014c, 146-149, 205-206; Arcanum Maps, Maps of Europe, Europe in the
XVIIL [sic!] Century, Inner Austria 1784-1785 - First Military Survey.

1 Compare Peterken, 2013, 145.

2 Carpathians: the ethnoecologist Daniel Babai, personal communication; general con-
siderations from Peterken, 2013, 144-145.

89
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locally again affected mowed areas in the Alps.*** Some hay from montane
meadows on the southern slopes of pre-Alpine Mount Porezen, south of the
Julian Alps, was sold at least since Italian rule in the interwar period in the first
half of the twentieth century. After the Second World War, when the Porezen
area as a whole belonged to Yugoslavia and railway traffic connections already
had a tradition of easy long-distance inland cargo transport, highly fragrant
hay from Mount Porezen or its surroundings is recalled to have been trans-
ported by train as far as Macedonia (over 750 km in a straight line) to feed
military horses due to a severe drought there. The organizational environment
also mattered: this long-distance hay trade was supported by a broader system
in the state of Yugoslavia that ranged from Slovenia to Macedonia, involving
the local agricultural cooperative.’**

Improved traffic connections, increased traffic flows, developments in ag-
riculture, and demographic history all had an influence on the hay trade in
the Alps. “Between 1870 and the beginning of the First World War, cow’s milk
became a mass consumer good which was increasingly being sold as fresh
produce .... The farmers based in the immediate vicinity of large consumer
centers were understandably the first to react to the observation that the price
of fresh milk was rising faster than that of other agricultural products. Many
of them sold their farmland as construction sites, often involuntarily, and only
practiced pure dairy farming on their remaining property. In extreme cases,
these farms had no independent agriculture anymore but instead purchased
nearly all the necessary fodder on the fodder markets, which were growing fast
due to imports”*

Exceptional processes and events involving a large number of livestock,
such as some major wars, created extremely high but short-term hay demand
in many areas that was covered by hay from valleys and mountains in the Alps
and, at least in the case of favorable traffic connections, also by hay from be-
yond this mountain chain. In such cases, huge amounts of hay from elsewhere
left long-term environmental legacies in grasslands at several places in the
Alps (see Sections 7.2 and 10.3).*

3 Krausmann, Weisz, & Eisenmenger, 2016, 82, 86. A map showing the history of railroad
connection development in Austria-Hungary until 1914 is available in Bruckmiiller &
Stekl, 1998, 67, but the location of the railroad route linking the Julian Alps and the
Adriatic (which is relevant for the next sentence of this text) is presented erroneously;
thus, see also the map in Cerne, 2001.

34 Stucin, 2011, 70; Bavcon, Ravnjak, & Praprotnik, 2019, 171; see also Geografski atlas
i statisticko-geografski pregled svijeta, 1953, 42-43 (Yugoslav traffic statistics in 1951),
and map sheets 9, 10, 11, & 12, showing the railroad network in Yugoslavia.

* QOrland, 2016, 43-45.

*6 Bavcon, Ravnjak, & Praprotnik, 2019, 171.
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3.2 Grasslands “have come and gone™*’

Many grasslands in the Alps have not existed continuously due to the char-
acteristics of historical crop rotation systems and other socioeconomic and
environmental factors. This section focuses on discontinuously existing grass-
lands, which is briefly addressed in Section 3.1 based on historical fluctuations
in mowed grassland areas along the Gotthard Pass route. The discontinuous
existence of grasslands dealt with in Section 3.2 was triggered by farming or its
absence. Discontinuities in grassland history caused or stimulated by environ-
mental processes are dealt with in Section 4.

The British ecologist George Peterken argued that “[i]t would be valuable to
be able to establish how many years an existing meadow has been meadow, or at
least how long the grassland has been permanent. Further, it would be helpful
to identify any ancient meadows, which ... would be late-Medieval meadows
that have remained meadow ever since.” It “helps us to understand the ecology
and biology of those that remain.”**® In general, the question of grassland (dis)-
continuity is best approached interdisciplinarily. Although historical land-use
records can provide more reliable long-term data than biotic indicators, long
uninterrupted series of historical data at the level of land parcels usually do
not exist. Some ecological analyses showed that species compositions of sixty-
year-old grasslands, for instance, can significantly differ from those at least two
hundred years old, or that there can be significant differences in species com-
position between grasslands 1) thirty to forty years old, 2) eighty years old, and
3) one hundred to 130 years old. Spring-sedge (Carex caryophyllea; Figure 14)
is an example of a species identified as an indicator of grasslands more than a
century old by at least three studies, although it is not an exclusive indicator of
ancient grasslands, and viper’s grass (Scorzonera humilis) is “rare and attached
to old meadows in much of Europe”** Statistical analysis of dry calcareous
grasslands near Kallmiinz, Bavaria, comparing grasslands at least 175 years
old, defined as ancient, and about sixty years old, defined as recent, came to the
conclusion “that history (occurrence on ancient or recent grassland) was obvi-
ously the most important factor affecting the actual vegetation pattern.” None-
theless, based on adequate management, no more than limited plant nutrient
availability at the site as a legacy of historical management of the land parcel,
and the availability of seeds from old grasslands made available by means of
natural dispersal processes and/or farming (see Section 7.1), some relatively
recent grasslands can also “contain rare and/or endangered species.**

347 Peterken, 2013, 166.

38 Peterken, 2013, 166, see also pp. 162-165.

39 Poschlod et al. 2008, 139-140; Karlik & Poschlod, 2009; Peterken, 2013, 239-241, 285,
287 (quote), 399.

330 Poschlod et al. 2008, 136-140 (quotes from p. 140); Karlik & Poschlod, 2009 (the sec-
ond quoted passage also appears here, on p. 335); see also Peterken, 2013, 239-241, 396.
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3 Fluctuations in grassland area in the Alps over the last millennium

Figure 14: Blooming spring-sedge (Carex caryophyllea)®" in an old, extensively managed
meadow (on rendzina on moraine or on eutric cambisol on moraine) on a northwest-fac-
ing slope at Zavaze, south of Stara FuZina in Bohinj.**> A meadow was already mapped here

in the early nineteenth century,** and it is highly likely several centuries old, possibly of

medieval origin. Photo: Ziga Zwitter, April 2020.

Determining whether a certain meadow has ever been used as an arable
field or not is an easier task in the Northern or Southern Limestone Alps than
in the United Kingdom, the main area of George Peterken’s research empha-
sizing the relevance of knowledge about (dis)continuities in grassland history.
Apart from precise early-nineteenth-century land cadaster, created in times of
high agricultural density, thus often showing (close to) the maximal historical
extent of arable land (see also Section 3.1), landforms are particularly help-
ful in the Southern and Northern Limestone Alps. Namely, some hummocky
meadows (Figure 15, see also Section 4.1.2) have been preserved there.”*

1 In this case, species identification in the photo is almost certain.

2 Environmental Atlas of Slovenia, Land and Soil, Soil Map (1:25,000).

3 Arcanum Maps, Cadastral Maps, Habsburg Empire — Cadastral Maps (XIX. [sic] Cen-
tury), cadastral municipality of Studor (Germ. Studorf), 1826, parcel no. 1563.

4 Cvetek, 1971, 67-68; Odar, 1993, 3, 48; Embleton-Hamann, 2004, 176-177; Koblar,
2013, 1-2. The conversion of hummocky meadows into arable fields was practiced to a
certain degree in history because an unconsolidated moraine was not difficult to level,
but this left clear geomorphic legacies because there are no longer any hummocks or
pits, or they are at least lower than in the surrounding parcels if uneven relief formed
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3.2 Grasslands “have come and gone”

Figure 15: Hummocky meadow on the Uskovnica Plateau above the Bohinj Basin. The cre-
ation of meadows there probably started in the fifteenth century (Zwitter, 2013a, 92). Note
the slightly curved traces of the scythe running parallel and ascending from the bottom left
of the photo. Preservation of agroecosystems requiring such labor-intensive management
is often a challenge in Central Europe.’* Inadequate agri-environmental payment is one of
the reasons for the virtual disappearance of hummocky meadows as Slovenian biodiversity
hotspots of global relevance, hosting many specialist plant and animal species. Further rea-
sons for their abandonment or leveling include widespread deagrarianization, farm mech-
anization, the changed socioeconomic structure of farm households, and a changed farm-
ing style at existing farms (see also Section 10.1.2.1). The area where farmers applied for
agri-environmental payments aimed at highly labor-intensive haymaking in hummocky

again. However, in the mid-twentieth century hummocky morphology was still char-
acteristic for distant montane meadows, revealing that those meadows have never been
plowed. Mowing in hummocky meadows has always been much more time-consum-
ing than mowing in flat meadows, and drying hay has also been more labor-intensive
because mowed plants were (or have been) raked to the tops of hummocks to promote
drying in the humid climate of the region. Severe limits posed by these landforms on
mechanical mowing have exacerbated farming challenges in hummocky meadows.
Consequently, many hummocky meadows have been levelled or abandoned more re-
cently (Cvetek, 1971, 69-70, 76; Odar, 1993; Koblar, 2013, 16-21, 27-28, 30). Maps of
the distribution of hummocky meadows in contemporary history (e.g., Koblar, 2013,
17; Odar, 1993, maps between pp. 12 and 13, between pp. 52 and 53, and in the ap-
pendix) reveal the young age of grasslands in several areas of previously hummocky
meadows, which have been leveled in recent decades. In some cases, the aim of leveling
was to create intensive meadows; in some others, the goal was to solve urgent issues
of the social and economic pillar of sustainability in extensive meadow management.
%5 Compare, for instance, Suske, Gantner, & Gattermaier, 2012, 125.
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3 Fluctuations in grassland area in the Alps over the last millennium

meadows in Triglav National Park, in the eastern Julian Alps, declined from 22 ha to 9 ha
between 2011 and 2017, which reflects real changes in the landscape***—a continuation of
a large-scale process resulting in abandonment or leveling of former hummocky meadows
that started by the mid-twentieth century®” (see also Section 9). Photo: Ziga Zwitter, July
2017.

Hummocky meadows exist in flatland and on slopes with gradients that are
not too steep (e.g., up to 20°). The density of hummocks is often between 500
and 2,000 per hectare. Lower hummocks are 0.3 m high in many places; the
highest are up to 1.5 meters high and usually one to four meters wide. The
dimensions of nearby hummocks and pits differ significantly, and the size of
average and median hummocks and pits in nearby meadows often varies.**®
These landforms prove by their morphology that the grassland parcel has nev-
er been used as an arable field in recent centuries, and so hummocky meadows
could become suitable study sites for identification of some further species
characteristic of old meadows.

3.2.1 Grasslands in field rotation systems

Historical field rotation systems included short-term pastures or meadows in
fallow fields. A single fallow interval often did not last longer than one annual
vegetation period within one rotation cycle; the entire rotation cycle very fre-
quently covered three years. Nonetheless, in a significant percentage of all fields
in the Alps, grassland fallows lasted longer. This was especially frequent at iso-
lated farms in the eastern part of the Eastern Alps and in the northern part of
the Alps, where fallows lasted, for example, three to fifteen years after a year or
two, or more, of cereal cultivation; in some cases, both types of land use lasted
more or less equally long, alternating every three to eight years, for instance.
Factors leading to long grassland fallows differed, ranging from environmen-
tal (soils less fertile for field crops required longer fallows) to socioeconomic.
These included, for instance, agricultural density that varied significantly over

%6 Bertoncelj & Travnikar, 2024, 78-80, 82.

7 See, e.g., the maps of hummocky meadows in Bohinj in the early 1990s in Odar, 1993.

% Cvetek, 1971, 67, 69; Odar, 1993; Embleton-Hamann, 2004; Koblar, 2013, 6-7, 20-21,
25-27, 30; Prezelj, 2012, 30, supplements C4 and C5. Various types of hummocky
meadows are the result of an interplay of various factors that are not yet totally under-
stood. There are two important processes leading to the most spatially extensive areas
of persistent hummocks and depressions. The first is corrosion affecting unconsolidat-
ed carbonate moraines (where there was a larger amount of fine particles, such as fine
sand, a pit formed), and in some places even unconsolidated old fluvial deposits that
have been out of reach of floods at least in recent centuries. The second process is wind-
throws on unconsolidated carbonate sediments, so that unconsolidated material was
removed with roots, forming depressions. This material was later deposited, forming
hummocks, and later corrosion acted there as well (Cvetek, 1971, 67-69, 71-76; Odar,
1993; Embleton-Hamann, 2004; Koblar, 2013, 1, 3, 7-8, 23-24, 27-28, 30).
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time. In general, long fallows were more feasible for many mid-sized and large
farms in the Eastern Alps in some periods than for the typically small farms in
the Central and Western Alps. Another human factor promoting long fallows
was the interest of animal husbandry in fallow grasslands.** Namely, high nu-
trient availability in fallow grasslands as a legacy from the stage of manured
field-crop cultivation on the same land parcel and livestock excrement from
periods of grazing in the fallow resulted in high grazing resource availability
and/or high hay yields for the standards of the time (Section 6.3.2). The expe-
riences of traditional Csang6 farmers in the Eastern Carpathians demonstrate
that even about a decade after the last manure application to the same (arable)
parcel, yields in fallow grasslands remain (relatively) high** (under appropri-
ate site conditions). Hay from fallow fields or the grazing resources there were
usually rich in proteins, in the first years of the grassland phase in particular.**'
From the perspective of arable farming, grazing livestock left their excrement
there, which was rich in nutrients in forms available to plants. Moreover, grass-
land fallows produced much more humus than cereal fields on the same par-
cel. The grassland stage positively impacted the soil structure because grass
roots (in certain soil types) tended to break up big compact soil aggregates,
but they helped bind smaller soil aggregates. Positive grassland impacts on soil
structure were maintained during the next couple of years of arable farming.
A longer grassland fallow successfully suppressed several soilborne diseases in
arable land as well as several species considered weeds and pests in farmers’
eyes that require a certain cultivar or that were unable to compete in a dense
grassland or tolerate grazing.’®> Seeds of a couple of frequent cereal “weeds”
were toxic to people, and their weight was similar to that of cereal grains, and
so until roughly a century ago their seeds were often not successfully separated
from grain seeds; nonetheless, the abundance of these species was reduced by
means of cereal-field weeding in May or June, and/or with a grassland fallow.**
Nonetheless, grazing could also foster some field weeds avoided by livestock,
such as thistles (Section 6.6.2).%%

9 Meze, 1965, 215; Grafenauer, 1970¢; Pickl, 1982, 38; Pfister, 1985a, 50, 99, 106-107;
Meilleur, 1986, 100-102, 105, 107-109, 145, 267; Mathieu, 1996, 147-148, 156, 159;
Wopftner, 1997, 293-294; Keller, 2004, 13, 27; Emanuelsson, 2009, 124, 128, 130; Po-
schlod, 2015, 71; Kauter, 2002, 131-132, 143-145; Kaci¢nik Gabri¢, 2008, 298-299,
301; Peterken, 2013, 165, 170-172; Bitzing, 2015, 58, 62, 66-67, 77; Mathieu, 2019, 51,
66-67. Note also the relatively intensive agriculture documented in a 1584 rent-roll
at some farms in eastern Carinthia, which, nonetheless, does not reveal what a usual
fallow duration was (Dinklage, 1966b, 106-107 and Arcanum Maps, Cadastral Maps,
Habsburg Empire — Cadastral Maps (XIX. [sic] Century), cadastral municipality of
GrofSenegg, 1827).

360 Babai, Molndar, & Molnar, 2014, 74.

! Ellenberg & Leuschner, 2010, 46-47.

%62 Dietl & Lehmann, 2004, 77-79; Grafenauer, 1970c, 243, 245.

363 Macek, 1979, 304-305; Makarovic, 1982, 137, 143; Hubatschek, 1992, 34, 150-151.

34 Poschlod, 2015, 71.
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Throughout history, repeated creation of species-rich grasslands in fallow
fields was easy. At the beginning of the grassland stage, the fallow nutrient
availability inherited from the arable stage was considerable. Some perenni-
al plants survived there from the arable stage, and there was a seed pool in
the soil, which had arrived there by means of wind transport, stubble grazing
(Section 7.1), and application of barn manure to that parcel during the phase
of arable use, for instance. Moreover, local barn-sweepings were sown there to
foster a transition from arable land to grassland, if available in sufficient quan-
tities (see Section 6.5). During the grassland phase, “seed could enter easily
from nearby [grasslands], aided by the regular movements of [livestock]”**
(see Section 7.1) and by other processes.

Data from the humid areas of northeastern Tyrol and from many Tyrolian
valleys at high elevations, where enduring grassland fallows were a character-
istic component of the rotation cycle in the long run, demonstrate that many
such meadows were distinctly blue and yellow when wild pansy (Viola tricolor)
blossomed in the first year of a grassland stage. Viola tricolor used to be a fre-
quent “weed” in arable land, and so it also abounded in the early grassland
stage.”®® Wild pansy occurs in all regions of the Alps at moderately fertilized
mesic sites, with soil pH close to neutral, and it abounds at some places in
the montane vegetation belt*” that used to be characterized by significant ar-
eas of arable land,*® and so the relevance of this data is not limited to Tyrol.
Thistles (Cirsium spp.) thriving at relatively nutrient-rich sites also abounded
in some fallow grasslands.*® Similarly to wild pansy, some thistles, especially
creeping thistle (Cirsum arvense), a perennial species with strong vegetative
propagation by means of sprouting shoots from belowground fragments,*”°
also survived in a grassland fallow from the arable stage; ploughing was shal-
low, and so this is one of the species that lived in the parcel continuously, in
the arable and grassland stages.””* Creeping thistle, widely present in the Alps
and abounding in nutrient-rich, mesic soils with a pH close to alkaline in col-
line and montane vegetation belts,”* was a frequent species in arable land, of-
ten removed from cereal fields by weeding but nonetheless occurring or even
abounding there. Weeding could not remove its roots, which can easily reach a
depth and breadth of a couple of meters or more, and hundreds or thousands

%> Wopfner, 1997, 294; Karlik & Poschlod, 2009, 334; Peterken, 2013, 140, 165, 171, 395
(quote); sowing barn sweepings on fallows in Tyrol: Wopfner, 1997, 294, in the Al-
lues Valley: Meilluer, 1986, 282; similarly in Ghimes in the Eastern Carpathians: Babali,
Molnar, & Molnar, 2014, 92-94.

3% Wopfner, 1997, 293.

7 Aeschimann et al., 2004, vol. 1, 450-451

%8 E.g., Pfister, 1985a; Mathieu, 1996; Zwitter, 2015d.

% Babai, Molnar, & Molnar, 2014, 74; Aeschimann et al., 2004, vol. 2, 582-591.

70 Aeschimann et al., 2004, vol. 2, 590-591; Weed of the Month: Canada Thistle, 2019.

! Compare Lenartsson et al., 2023.

72 Aeschimann et al., 2004, vol. 2, 590-591.
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of stems can emerge from such a root system. At one of the isolated farms
at Jazbina on the slopes of Urslja Gora in the Eastern Karawanks, one of the
arable fields was called Oscava njiva (literally, ‘creeping thistle field’) due to the
high abundance of creeping thistle (osc) there,’” surely also occurring in the
historical fallow grassland there and at many other places. Further historical
“weeds” from arable land occurring in fallow grasslands included field bind-
weed (Convolvulus arvensis), field mouse-ear (Cerastium arvense), and two
hemiparasitic species, European yellow-rattle (Rhinanthus alectorolophus) and
field cow-wheat (Melampyrum arvense), for instance.””*

Dandelion (Taraxacum officinale) was one of the first grassland plants that
appeared visibly after a field was left fallow’” and nutrient availability was still
relatively high. Its importance in the human diet in early spring was significant
(see Section 8.2.1.1), and slightly later, when its juicy stems grew, it was an
excellent fodder plant in fallow pastures.’”® Coltsfoot (Tussilago farfara) also
belongs to early plants appearing in several grassland fallows. Still in the early
grassland stage, nitrophilous docks (Rumex spp.) colonized some fallows.?””
Common couch (Elymus repens) and other grasses of moderately fertilized
sites, field scabious (Knautia arvensis, Figure 91 in Section 6.3.2.2), goat’s beard
(Tragopogon pratensis, Figure 91), creeping bellflower (Campanula rapunculoi-
des), oxeye daisy (Leucanthemum vulgare, Figure 166 in Section 10.2.2), corn
marigold (Glebionis segetum), ground-elder (Aegopodium podagraria),”’® and
hogweed (Heracleum sphondylium, see Sections 6.2.2.2, 6.6.1.1, 8.2.1.1, 8.2.2,
including Figure 142, and 8.2.3), for instance, were likely to occur in several
grasslands in fallows if enough nutrients were still available from the last ma-
nuring (see also Section 6.3.2 on moderately fertilized meadows).””” Many of
the plants abounding in several fallow grasslands either have a high dispersal
potential (e.g., coltsfoot, dandelion, and goat’s beard) or are highly likely to
persist in the soil either as a germinable seed bank or as vegetative propagules
(docks, ground-elder, and common couch). Occasional ploughing contributed
to suppression of mosses (unwanted from the perspective of livestock farming)
and some other plant species in fallow grasslands.*®* Biodiversity in grassland

373 Interview by Marija Makarovi¢, with M. Plesnik, in Jazbina (Makarovi¢, 2016); the spe-
cies was collected by M. Makarovi¢ and so the folk taxon osc was deciphered by the
botanist Martina Bacic. See also Weed of the Month: Canada Thistle, 2019.

374 Karlik & Poschlod, 2009, 334.

375 Kauter, 2002, 143-144; Babai & Molnar, 2013, 10; Babai, Molnér, & Molnar, 2014, 74.

376 Pils, 1994, 173; Dietl & Lehmann, 2004, 43.

377 Kauter, 2002, 143-144; Babai, Molnar, & Molndér, 2014, 74, 77; Aeschimann et al., 2004,
vol. 1, 380-391.

378 Machatschek, 2015, 34-35; identification of Acker-Quecke, Giersch, and Saatwucher-
blume is based on Langenscheidt Dictionary: Acker-Quecke, Giersch & Saatwucher-
blume.

37 Meilleur, 1986, 297; Kauter, 2002, 143-144.

30 Emanuelsson, 2009, 206-207; Peterken, 2013, 140, 165, 171.
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3 Fluctuations in grassland area in the Alps over the last millennium

fallows was lower than in non-ploughed grasslands at similar site conditions.
There were several plant species belonging to habitat generalists and few if any
specialists in fallow grasslands.*!

Mainly in the eighteenth and early nineteenth century, sowing clover and/
or grass seed mixtures in fallows at the beginning of their grassland stage grad-
ually spread in the Alps. Fodder legumes, or “clovers” (actually not limited to
the clover genus, Trifolium), are rich in proteins. Moreover, symbiotic bacteria
in legumes’ root nodules enrich the soil with airborne nitrogen.*®* Growing
“clovers” (such as red clover, Trifolium pratense subsp. pratense, a native species
in Central Europe, and introduced alfalfa, Medicago sativa, or bastard alfalfa,
Medicago x varia) as quality fodder plants was not an unprecedented novelty
in medieval and early modern Europe as a whole. Nonetheless, the number of
legume species and varieties involved increased, and the array of ecological
niches in the colline and montane vegetation belts they were able to inhabit
diversified. From the Middle Ages to the mid-twentieth century, “clover” sow-
ing spread significantly around Central Europe, to areas where it had not been
practiced before, except for wild legume seeds in barn sweepings (Section 6.5).
At the local level, first “clover” fallows usually appeared in the Eastern Alps
in early modern times. (Bastard) alfalfa, for instance, has been continuously
grown in the Eastern Alps since early modern times.*® The example of the
Stubai Valley (Germ. Stubaital) in Tyrol demonstrates that seeding clover in
fallows was introduced by the early nineteenth century. Nonetheless, a cen-
tury later, in the late 1920s, 240 km? (or the equivalent of three-fourths of
the total fallow area in Tyrol) was not sown with anything but barn sweep-
ings.”® Even if sown with clover and/or grass mixtures in the first year of their
grassland stage, extensively managed long-lasting fallows gradually become
relatively species-rich due to the seed pool in the soil and seeds entering the
parcel from the surroundings,® unless a thorough weeding (recorded in (me-
dium-)intensive meadows close to farmsteads in the Villgraten Valley in the
first half of the twentieth century and probably introduced only with more
intensive meadow management)** significantly decreased the species diver-
sity. The parallel of traditional twentieth-century Csangé farmers in Ghimes
in the Eastern Carpathians demonstrates that non-weeded fallow fields sown

81 Peterken, 2013, 285, 395-396, 398-399.

32 Britovsek, 1958, 141; Hayot Carbonero et al., 2011, 73-74; Poschlod, 2015, 120.

% Britovsek, 1958, 141-143, 145-146, 149; Kauter, 2002, 93-95; Hayot Carbonero et al.,
2011, 72-73; Poschlod, 2015, 85-86, 119-123; Aeschimann et al., 2004, vol. 1, especial-
ly pp. 906-907, 926-929, 948-949, 954-955.

% Dinklage, 1966b, 131-132, 134, 139-140; Valenci¢, 1970a, 260, 262; Viazzo, 1989, 191;
Pfister, 1985a, 109-111; Mathieu, 1996, 152; Wopfner, 1997, 293-294.

3% Bavcon, Ravnjak, & Praprotnik, 2019, 41, 205.

6 Wopftner, 1997, 294; the ethnologist Maria Lang-Reitstitter, cited by Wopfner, per-
formed fieldwork in the Villgraten Valley in the 1930s (Miihlburger, 2020).
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3.2 Grasslands “have come and gone”

with clover turn into a significantly species-richer grassland in about three
years.*?

In general, the duration of grassland fallows was reduced and fallows were
gradually excluded from the rotation cycle during the modern period, in par-
ticular at lower elevations. In most places in the Alps, these processes became
significant by the late nineteenth century, but there exist earlier and later ex-
amples. An early example is numerous fields in Engadin (Romansh Engiadina)
with arable use every year at least since the sixteenth century, despite the high
elevations. A late example is the French Southern Alps, characterized by low
population density, where fallows persisted beyond the end of the nineteenth
century.”®® Similarly, grassland fallows existed in several areas of isolated farms
in the Eastern Alps until the mid-twentieth century.**

Occasional examples of field crops grown in some parcels, which were
usually used as meadows, were not necessarily phases of more or less regu-
lar rotation cycles. Agricultural handbooks from Classical Antiquity, the six-
teenth century, and later recommended exceptional temporary conversion of
low-quality meadows into (fertilized) fields for a couple of years to improve
soil fertility, but it is not clear how common this practice was.*” It certainly was
not practiced in many meadows in the Alps where environmental conditions
were unsuitable for fields and human factors also importantly influenced the
decision on whether to plough up (or hoe) a certain grassland or not. This
practice increased soil nutrient availability through the short-term introduc-
tion of more intensive management; some extensive land-use types were also
an option to attain a similar goal (see Sections 3.2.2 and 6.1.2.6).

Another type of regularly recreated but discontinuous grassland was pas-
tures as parts of the swidden cultivation cycle. After forest was cleared, bushes,
tree branches, and thinner trunks were burned, a couple of years (or a year
at least) of hoe-farming field-crop cultivation followed in a typical swidden,
and then the parcel served as pasture. This pastoral stage usually lasted for
several years (three to twelve, fifteen years or even longer). The pasture was
increasingly overgrown by woody species. Later, the area was left ungrazed
for some years (e.g., from two to roughly ten or more, up to a few decades) to
allow further growth of trees and bushes, until the cycle was repeated. In many
cases, pasture was included in such a typical cycle in the long run, as proven
for instance by a description from Carniola in 1577, early-nineteenth-century
descriptions from the Karawanks in Carinthia, and later observations. Focus-

37 Babai, Molnar, & Molnar, 2014, 74.

8 Grafenauer, 1970c; Pfister, 1985a, 106-116; Meilleur, 1986, 100-102, 105, 107-109, 145,
267; Mathieu, 1996, 147-148, 156; Wopfner, 1997, 293-294; Bitzing, 2015, 77.

% E.g., Meze, 1963, 254-255; Meze, 1965, 215-216 (see early-nineteenth-century data in
a comparable territory in Kaci¢nik Gabri¢, 2008, 298-299, 301); Keller, 2004, 13.

3% Kauter, 2002, 105-106, 131; Emanuelsson, 2009, 207.
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3 Fluctuations in grassland area in the Alps over the last millennium

ing on the modern period, areas of temporary swidden pastures expanded in
the sixteenth and seventeenth centuries, and they were still important in some
parts of the Styrian Alps until the nineteenth or even mid-twentieth century.
In Styria (Germ. Steiermark, Sln. Stajerska) and neighboring parts of the East-
ern Alps in particular, an enormous total area of such temporary pastures was
characteristic over the long run. There, in many (but not all) cases of isolated
farms, pastures in a swidden cycle were the only summer pastures. An exam-
ple is the Karawanks in the Vellach (SIn. Bela) catchment in Carinthia, where
most pastures were part of the swidden cycle, as reported in the first half of the
nineteenth century. Temporary swidden pastures were also relevant for a long
time in the western Vercors Massif, for example; in many other parts of the
Alps, they disappeared sooner. In the upper Emme Valley (Germ. Emmental),
for instance, they were still relevant in the nineteenth century and they had a
longer historical tradition.*

Site conditions and species compositions in such temporary pastures var-
ied due to differences in local environments, local practices of swidden cul-
tivation, and their environmental impacts. Consequently, the quality of sub-
sequent pastures differed significantly. Couch grass (Elymus spp., attractive
for livestock when young and providing good fodder) was usually one of the
genera abounding in swidden pastures in Styria, and common sorrel (Rumex
acetosa) was also frequent. Some highly esteemed grass species occurred there
as well.** The fodder value of common sorrel in pastures is (relatively) low,**
and so, if its abundance was high, such pastures were not attractive for live-
stock and livestock’s performance was limited. Thus, data from Upper Styria
in the first half of the twentieth century reveal that most farmers sowed cere-
als and barn sweepings (see Section 6.5) on the same parcel (grain grassland
plants mix) in the last year of a cereal field within a swidden cycle. The goal
of this practice was to make the grassland species composition in the swidden

¥ AT KLA 75, Franziszeischer Kataster, cadastral municipality no. 76203, Bad Vellach
(Sln. Bela), cadastral appraisal protocols: Commissions Protocoll, August 21st, 1837;
AT KLA 75, cadastral municipality no. 76205, Ebriach (Sln. Obirsko), cadastral apprais-
al protocols: s.n., 47/4, 84-85 and Protocoll, July 12th, 1836; AT KLA 75, cadastral
municipality no. 76213, Leppen (SIn. Lepena), cadastral appraisal protocols: Protocoll,
June 9th, 1836; AT KLA 75, cadastral municipality no. 76214, Lobnig (SIn. Lobnik),
cadastral appraisal protocols: s.n., 246/4, 84-85 and Protocoll, July 4th, 1836; AT KLA
75, cadastral municipality no. 76218, Remschenig (Sln. Remsenik), cadastral appraisal
protocols: s.n., 371/4, 84-85 and Protocoll, July 11th, 1836; Predan, 1956b; Vrsnik, 1962
(for a biography of this author, see Kumer, 2005); Schneiter, 1970; Pickl, 1982, 27-36,
38-40, 43, 45-55; Mathieu, 1996, 146; Wopfner, 1997, 263; Zwitter, 2013a, 95; Zwitter,
2014a, 221-223; Panjek, 2015a, 99; Zwitter, 2015d, 142, 176.

32 Vr$nik, 1962; Schneiter, 1970, 32-39, 80-81, 86-87, 90; Makarovic, 1982, 55 (informa-
tion from Strojna in northern Slovenia); Kerschbaumer, 2007; Poschlod, 2015, 75-76;
Lauk & Erb, 2016; see also Krausmann, Weisz, & Eisenmenger, 2016, 74-75.

3% Brugger & Wohlfahrter, 1983, 23, 26; Dietl & Lehmann, 2004, 42-43; on docks see also
Section 8.2.2.

100



3.2 Grasslands “have come and gone”

pasture that followed cereal harvest more favorable for livestock. At certain
sites, high-quality pastures lasting for a couple of years are recorded; they ap-
peared, for instance, on dystric cambisols, especially if cereal cultivation in
swiddens only lasted one year, and thus not as many plant nutrients were taken
from the soil by field crops and leached as in the case of two years of cereal
cultivation. Under certain environmental conditions and swidden practices,
two years of cereal cultivation were still followed by a phase of high-quali-
ty pasture.” In Bohinj in Carniola, in 1694 the opinion was recorded that
higher-quality pastures would develop above the southeastern shore of Lake
Bohinj due to temporary clearings (probably swidden fields)** in the common
land there.*® Similarly, a century and a quarter later (in the early nineteenth
century), pasture was recorded as the economically most important phase of
the swidden cycle in the nearby cadastral municipality of Bohinjska Ce3njica
in the northern Bohinj Basin.*” Later data, referring to the first half of the
twentieth century, reveal that this was no exception where swidden cultivation
was still practiced: in Upper Styria, for instance, swidden pasture (a land-use
type that lasted longer within a swidden cycle than a hoe-farmed field) was in
general economically more relevant for the farmer than swidden fields. This
was particularly the case where (unlike Bohinj) no other non-forested summer
grazing grounds at higher elevations were available.*®® Nonetheless, the add-
ed value of seventeenth- and early-nineteenth-century data presented from
Bohinj lies in their potential to explain that swidden grazing had already been
the main motivation for swidden cultivation at some places in the Alps before
railway connections made long-distance cheap cereal imports possible.

3 Vr$nik, 1962; Schneiter, 1970, 32-39, 80-81, 86, 90; Makarovic, 1982, 55 (information
from Strojna in northern Slovenia); Makarovi¢, 2005, 105-106; soils in Strojna: Envi-
ronmental Atlas of Slovenia, Land and Soil, Soil Map (1:25,000).

The description of farming in the cadastral municipality this area belonged to, from
the 1830s, still documented swidden cultivation there. At that time, swidden cultiva-
tion was practiced at some locations in seven out of eight cadastral municipalities in
the Bohinj Basin (with the exception of Bohinjska Bistrica) (SI AS 176, Franciscejski
kataster za Kranjsko (Franciscan Land Cadaster for Carniola), L30, cadastral munici-
pality of Nemski Rovt, cadastral appraisal protocols: s.n., 30/4, 85; SI AS 176, L72, ca-
dastral municipality of Gorjuse, cadastral appraisal protocols: s.n., 72/4, 85; SI AS 176,
L1107, cadastral municipality of Cesnjica v Bohinju, cadastral appraisal protocols: s.n.,
107/4, 85; SI AS 176, L157, cadastral municipality of Srednja Vas v Bohinju, cadastral
appraisal protocols: s.n., 157/4, 85; SI AS 176, L172, cadastral municipality of Nomenj,
cadastral appraisal protocols: s.n., 172/4, 85; SI AS 176, L242, cadastral municipality of
Savica, cadastral appraisal protocols: s.n., 242/4, 85; SI AS 176, 1284, cadastral munici-
pality of Studor, cadastral appraisal protocols: s.n., 284/4, 85).

SI AS 721, Gospostvo Bled (The seigneury of Bled, Germ. Veldes), Iustitialia, fasc. 33,
September 6th, 1694.

SI AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carniola),
L107, cadastral municipality of Ce$njica v Bohinju, cadastral appraisal protocols: s.n.,
107/4, 85.

3% Schneiter, 1970, 41, 86.

39,

a

39

x

39

S|

101



3 Fluctuations in grassland area in the Alps over the last millennium

In general, the quality of swidden pastures decreased so markedly over
time that the number of livestock grazing in the same land parcel within the
same swidden cycle was usually higher in the first years than in the last years of
the pastoral phase. Increased swidden-pasture overgrowth with ferns, bramble
(Rubus spp., avoided by most livestock), and, most importantly, woody species
played a prominent role in this context. Swidden cultivation included hoeing,
usually no plowing, and so tree roots and stumps were not removed during the
phase of field crop cultivation. Consequently, birch (Betula pendula) and al-
der (Alnus spp.) roots, for instance, usually survived swidden burning, and so
these woody species, abundant in many swiddens, resprouted. Alder and birch
were exactly the woody species dominating in many overgrown swiddens in
the Vellach catchment in the Karawanks, as reported in the first half of the
nineteenth century. Alders were particularly relevant due to the nitrogen-fix-
ing bacteria in their root nodules. In limited quantities, alders also provided
relevant leaf fodder (see Sections 6.1.2.6 and 8.2.2.1). Although the average
quality of swidden pastures was relatively high in several cases (according to
the standards of the time) and swidden cultivation there was sustainable in
the long-run, at some other places, plant-nutrient availability in swidden af-
ter the phase of cereal cultivation was so low that only sparse pastures could
develop there. In such grasslands, hard matgrass (Nardus stricta) and bilberry
(Vaccinium myrtillus) became dominant. In certain cases, this was a result of
unsustainable swidden management causing degradation of a swidden pasture
as a consequence of too short a phase of forest regrowth or of improper swid-
den techniques. A few years sufficed for such a swidden pasture to become a
nutrient-poor Vaccinieto-Callunetum community (named after the genus Vac-
cinium, including bilberry (Vaccinium myrtillus) and cowberry (Vaccinium vi-
tis idaea), and after Calluna vulgaris, i.e., heather), providing very low-quality
fodder (Section 6.3.1.2).3

3.2.2 Temporarily abandoned grasslands

Another reason for fluctuations in grassland area was temporary or permanent
abandonment of permanent grasslands, which can be traced in the history of the
Alps before the large-scale abandonment of grasslands that started in the nine-
teenth century (Section 9). In former times, grassland abandonment was often
a consequence of a nexus of environmental and human factors. For instance,
some parts of the Alps were severely affected by the mid-fourteenth-century
Black Death, but there existed significant regional diversity in the Black Death’s

% Predan, 1956b (and Slovar slovenskega knjiznega jezika: ostrogovina); Schneiter, 1970,
32-43, 80-81, 86; Kerschbaumer, 2007; Poschlod, 2015, 75-76; Lauk & Erb, 2016; nine-
teenth-century data from the Vellach catchment: AT KLA 75, Franziszeischer Kataster,
cadastral municipality no. 76203, Bad Vellach (Sln. Bela), cadastral appraisal protocols:
Commissions Protocoll, August 21st, 1837.
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3.2 Grasslands “have come and gone”

impacts within the mountain range. In severely affected areas, several meadows
and fields were converted into pastures, and in many other grasslands ecological
succession took place, and many of them became (partly) reforested. Apart from
several waves of plague and other human epidemics,** animal diseases, especial-
ly epizootics,*" and wars were also likely to lead to temporarily abandoned grass-
lands at a micro- to mesoregional level,** as were, locally, exceptional personal
or family situations.*”® At the isolated Retko farm in the settlement of Planina in
the Kamnik-Savinja Alps (Sln. Kamnisko-Savinjske Alpe) in Lower Styria, on a
south-facing slope at 1,000 m, the seigneury determined in 1613 that the farmer
that had become the head of that farm fifteen years earlier had not even gath-
ered in the hay.* In some cases, seigneuries forced their subjects to offer an
overgrown grassland for free to another farmer so that the meadow would again
be used and the seigneury would not lose its income (the dues) related to that
parcel. This was the case of an overgrown distant montane meadow at Javorski
Vrh, west of the village of Podjelje in Bohinj, in 1621.%"

Relatively short-term abandonment of grasslands could have various eco-
logical impacts. At an early abandonment stage, up to four years since the last
mowing, plant and animal diversity increased. Such short-term abandonment
resulted in higher yields in times of restored use. Namely, nutrients released
from decaying grassland plants increased plant nutrient availability in soils in
comparison with regularly mowed meadows, and mowing did not disturb the
development cycles of some grassland animals (Section 6.1.2.6).*¢ However,

40 Fornasin, 2017, 64-67; Izdebski et al., 2022 (focusing on mesoregional diversity of
the Black Death’s demographic impacts in Europe); Dinklage, 1966a, 80-81; Dink-
lage, 1966b, 125-126; Koropec, 1972, 89, 93-95, 97, 99, 101-102 (Koropec’s results
suggest significant microregional diversity of the Black Death’s demographic impacts
in the southeastern Central Alps of the Pohorje Hills and Kozjak); Viazzo, 1989, 129,
210-211; Scharr, 2001, 88-89, 93; Emanuelsson, 2009, 40, 225, 227-229; Hejcman et
al.,, 2013, 355; Peterken, 2013, 152; Bitzing, 2015, 69-70; Poschlod, 2015, 84, 87, 97;
Mathieu, 2019, 57. These works on the one hand make it clear that the fourteenth-cen-
tury Black Death affected at least some parts of the Alps as strongly as lowlands (but not
all parts of the Alps were strongly affected); on the other hand, later demographic crises
were less frequent in the Alps than in lowlands. Plague again severely struck some parts
of the Alps about 1630.

“1 Emanuelsson, 2009, 146, 227, 229; Hinterwaldner, 2002, 158, 200.

42 Wopfner, 1997, 222; Zwitter, 2013a, 87-88; Emanuelsson, 2009, 40, 42, 227, 229, 231-
233; Hejcman et al., 2013, 355; Poschlod, 2015, 98-99, 101-102. Impacts of wars on
livestock numbers were complex and diverse; wars often decreased livestock numbers
in many territories, but the First World War led to an increase in sheep keeping in
North and East Tyrol (thus in the hinterland), for instance, because of limited wool
import (Wopfner, 1997, 235-236; Leisering, 1998, 74).

43 Emanuelsson, 2009, 227, 229; Zwitter, 2014e, 319-320.

404 ST NSAL 20, Gornji Grad Avstrija (Gornji Grad Austria), box 17, Manorial minutes
(journal) 1613[-1630], 11 (February 22nd, 1613).

405 SI AS 721, Gospostvo Bled (The Seigneury of Bled, Germ. Veldes), lustitialia, vol. 12,
July 26th, 1621.

106 Keller, 2004, 19, 33, 40-42, 86, 110.
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3 Fluctuations in grassland area in the Alps over the last millennium

mowing (Section 6.1) and spring cleaning (Section 6.6) no longer suppressed
woody plants and some others that were unwanted from the livestock’s per-
spective, and so species composition and abundance changed quickly. If the
grassland was abandoned for a longer period, biodiversity decreased; some
species, including several esteemed fodder plants, disappeared.*’” For instance,
in many regions of the Alps, relatively productive non-fertilized species-rich
meadows abounding in upright brome (Bromus erectus, see Sections 2 and
6.3.1) and growing at sites characterized by a high percentage of fine-grained
soils were likely to turn into meadows abounding in tor-grass (Brachypodium
pinnatum) as the first stage of ecological succession after the abandonment of
mowing. Tor-grass had already occurred in these meadows earlier, but mow-
ing had decreased its abundance. Tor-grass is a hard-leaved plant that livestock
does not like unless it is young (but see Section 9). Similarly unfavorable from
the farmers’ perspective was the further stage of ecological succession in these
relatively dry meadows characterized by a (relatively) high abundance of tall
moor-grass (Molinia arundiacea) or purple moor-grass (Molinia caerulea), a
species more suitable for animal bedding than for fodder (Sections 6.1.2.5.1.2
and 6.1.2.5.2). Another example of changing the species composition in aban-
doned meadows for worse from the perspective of reintroduced farming was
extremely nutrient-poor matgrass swards providing low-quality livestock fod-
der (Section 6.3.1.2). There, the abundance of dwarf shrubs (such as heath-
er, Calluna vulgaris; bilberry, Vaccinium myrtillus; and cowberry, Vaccinium
vitis-idaea), making the fodder quality extremely low, increased significantly
very soon after mowing was abandoned because these shrubs had already oc-
curred there earlier but they had been kept short by the scythe.*®

Another human challenge for restoration of several mowed grasslands after
a moderate phase of abandoned mowing was the anthills of some grassland ant
species (such as the yellow meadow ant, Lasius flavus, and to a lesser degree
the pavement ant, Tetramorium caespitum). Unless removed during spring
cleaning (Section 6.6.1), these anthills became tough structures, reinforced by
grassland vegetation roots, and in abandoned grasslands the ants built hills
that were larger than those in meadows mowed every year.**”

Roughly similarly to meadows, the species compositions in abandoned or
less frequently used pastures changed as well. In addition, an abundance of
grazing resources in times of reduced grazing pressures allowed more selec-
tive livestock grazing behavior (consumption more limited to more palatable
plant species); several species less attractive for livestock profited from such a

47 Pils, 1994; Orland, 2016, 32.

08 Pils, 1994, 223-224, 227, 230-232, 234-235, 240-241; all these species occur through-
out the Alps or in the great majority of the Alps: Aeschimann et al., 2004, vol. 1, 618,
624, 626; Aeschimann et al., 2004, vol. 2, 916, 926, 994, 996; Global Biodiversity Infor-
mation Facility: Brachypodium pinnatum (L.) PBeauv.

49 Compare Pils, 1994, 223, 229-230, 253, Tafel 74: Photo 179.
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3.2 Grasslands “have come and gone”

grazing regime. At the same time, an abundance of grassland resources must
in some cases have coincided with less motivation among farmers and land-
owners to remove species that were unwanted from the viewpoint of animal
husbandry (Section 6.6). Consequently, species composition changed quickly
and biodiversity decreased.*’

When grassland use was restored after ecological succession had signifi-
cantly changed the species composition, even before afforestation, the farmers’
aim was to reestablish meadows or pastures providing higher quality livestock
fodder than the existing grassland, reed, tall-herb, or dwarf-shrub community.
Usually, this also meant that changed grassland habitats again became richer in
plant and animal species than in times when that parcel was not farmed. From
the farmers’ perspective, such recreation of a productive grassland was already
a labor-intensive process before the succession reached the stage of bushes or
young forest. Knowledge about methods historically applied to recreate a more
productive farmed grassland is poor. Practices such as mowing, burning, and
other manners of (spring-)cleaning much more labor-intensive than usual
(Section 6.6) must have been applied. Grazing must have also played a role in
this process. The time needed for approximate restoration of previous historical
grassland fodder quality differed significantly among the various communities
and stages of plant succession. The following example of purple moor-grass
(Molinia caerulea) illustrates that, after a short phase of abandonment, intro-
duction of the same management type could have diverse ecological impacts
in different habitats; this might have been a serious challenge for management
based on traditional ecological knowledge. Reintroduction of summer mow-
ing, for instance, significantly decreased the abundance of purple moor-grass
in nutrient-poor moist meadows. However, the abundance of purple moor-
grass in abandoned moist meadows with higher nutrient availability increased
in several sites in the case of summer mowing; namely, purple-moor grass is
better adapted to summer mowing at such sites than tall herbs. Several tall
herbs that spread in abandoned grasslands were suppressed relatively quick-
ly by restored grassland management, such as summer mowing.*"! Focusing
on a different example, false-hellebore (Veratrum spp., Figure 16) was more
persistent. Veratrum, occurring Alps-wide in various colline, montane, sub-
alpine, and alpine (calcareous) meadows and pastures that were neither dry
nor extremely nutrient-poor, spread rapidly in calcareous grasslands if seeds
were allowed to ripen in (late) summer.** False-hellebores are poisonous to

410 Ellenberg & Leuschner, 2010, 33-34.

411 Compare Austad & Hauge, 1989 (thanks to the environmental historian Verena Wini-
warter for recommending this article); Pils, 1994.

412 Results-based nature conservation plan, [2019], 12; author’s interview with Kunavec,
2018, in Stara FuZina, and personal observations in the montane meadows of Zajam-
niki and Si in Bohinj. The same is proven in the Eastern Carpathians: Babai, Molndr, &
Molnar, 2014, 97-98. On site conditions and occurrence in the Alps, see Aeschimann
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3 Fluctuations in grassland area in the Alps over the last millennium

Figure 16: False-hellebore (Veratrum sp.) has spread massively in a continuously used pas-
ture in the eastern Julian Alps (1,570 m) since it has no longer been removed by mainte-
nance mowing on an annual basis due to the limited available workforce. Note the selective
grazing behavior of cattle (almost only false-hellebore remained ungrazed). The pasture
has been becoming increasingly unproductive. Photo: Ziga Zwitter, July 29th, 2022.

livestock and their stalks became very hard and difficult to mow by histori-
cal mowing times (Sections 6.1.2.1 and 6.1.2.2). Thus, from the farmers’ per-
spective, abandoned meadows and pastures became increasingly unproduc-
tive with the spread of Veratrum (Section 6.6). False hellebores are perennial
tall herbs*" storing energy in rhizomes. Thus, after a relatively short phase of
absence of grassland farming (or at least absence of maintenance mowing in
grazed pastures and late-mowed meadows), spring cleaning in terms of main-
tenance mowing (see Section 6.6) had to be significantly more labor intensive

etal., 2004, vol. 2, 1024-1027; Global Biodiversity Information Facility: Veratrum album
L., Veratrum lobelianum Bernh., and Veratrum nigrum L.

413 Aeschimann et al., 2004, vol. 2, 1024-1027. According to information from the second
half of the eighteenth century, white false-hellebore (Veratrum album) blossomed in
July in the pre-Alps and at moderate elevations of the mountains of Carniola (relevant
for this volume are the Alps and Pre-Alps in what is now western, northern, and central
Slovenia), and its seeds ripened there in September (Hacquet, 1779, 40; species identi-
fication by Praprotnik, 2015, 80). This, however, does not guarantee that cutting earlier
than September prevented ripe seed dispersal because seeds can usually mature during
hay drying, unless the meadow was cut too early.
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3.2 Grasslands “have come and gone”

if the abundance of Veratrum had increased significantly. In this case, higher
intensity of maintenance mowing once annually had to persist for years.

Afforestation of abandoned grasslands was thus not the only type of eco-
logical succession challenge that farmers faced when agricultural grassland use
was restored. In some grassland plant communities, afforestation progressed
extremely slowly (but see a different case in Section 9). An example is very
dry and nutrient-poor sites, not located at forest edges and without trees or
bushes in the grassland when it had been used. Significantly more than half
a century since the end of agricultural use was needed for shrubs and trees
to colonize such a parcel, but the grassland species compositions thoroughly
changed much more quickly after the abandonment of farming than afforesta-
tion progressed there.*!*

Scrub and forest overgrew the great majority of abandoned meadows and
pastures below the potential natural forest and tree line (see also Sections 2
and 9) unless grassland farming was reintroduced on time to prevent this pro-
cess.”® Numerous examples of ecological succession temporarily reaching this
stage, especially in a limited grassland area, can be found in archival sources,*'¢
and natural archives provide highly relevant data: big-data paleoecology has
recently made a great contribution to the knowledge of Black Death-related
succession in Europe.*”” The following examples approach this question inter-
disciplinarily, linking written records, palynological analyses, and ecological
interpretations at the micro-history level. Pollen analysis of Lake Bohinj by
Maja Andri¢ et al. proved two late-medieval demographic crises leading to
significant afforestation of grasslands (a decrease in the pollen of grasses, Po-
aceae, and sedges, Cyperaceae) and spread of forest, especially beech (Fagus
sylvatica) and partly spruce (Picea abies) forest. Beech is not a pioneer plant
and beech succession is a slow process, so that the beech pollen increase could
only be a consequence of a longer abandonment of a significant percentage
of grasslands. These stages of ecological succession, the second one dating to
the fifteenth century, were followed by repeated phases of significant forest
clearing. Palynological data suggest that the population of the nearby villages,
such as Stara FuZina and Studor, recuperated after each of these serious phases

414 Pils, 1994, 223-245; Bitzing, 2015, 265-268.

415 Pils, 1994; Pickl, 1982, 28; Zwitter, 2013a, 87-88.

416 Some examples of recorded overgrowth with bushes in mountain pastures include low-
er sections of the complex of pastures in the territory of Renon in the present-day
region of Trentino-Alto Adige (Germ. Ritten in South Tyrol) in the mid-seventeenth
century. In sections of the Renon Alp (Ital. Altopiano del Renon, Germ. Rittener Alm),
overgrowth with dwarf mountain pine (Pinus mugo) again strongly advanced before
1793. Reforestation of sections of the nearby Villandro Alp (Ital. Alpe di Villandro,
Germ. Villanderer Alm) was also recorded in the mid-seventeenth century (Hinter-
waldner, 2002, 49, 210-211).

417 Tzdebski et al., 2022.
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3 Fluctuations in grassland area in the Alps over the last millennium

of depopulation.*® An interdisciplinary approach reveals complementary pro-
cesses at higher elevations. Palynological analysis of Lake Ledvica (Sln. Jezero
v Ledvicah) in the Triglav Lakes Valley (SIn. Dolina Triglavskih jezer) by Nina
Caf et al. revealed a tremendous increase in pollen from grassland indicator
species roughly at the end of the first millennium. This suggests large-scale
forest and/or scrub clearing to create pastures. Archaeological finds from the
Triglav Lakes Valley include charcoal from roughly the same time. For a short
period after this clearing, the extent of grasslands in the area was most proba-
bly the largest in the last six millennia. Palynological analysis of Lake Ledvica
also demonstrated that the percentage of non-arboreal pollen declined again
after this large-scale grassland expansion. Nonetheless, pastures in the Triglav
Lakes Valley in general remained significantly larger after this clearing than
prior to it. This was the case until the ecological succession that followed the
twentieth-century grazing abandonment in the Triglav Lakes Valley.*"* Despite
these general trends, archival records make it clear that grazing pressures in
summer pastures at higher elevations decreased, in a part of the Triglav Lakes
Valley and east of it at least, during the late-medieval afforestation at lower ele-
vations discussed above in this paragraph based on palynological results from
Lake Bohinj. As revealed by written evidence, parts of this extensive grazing
complex became overgrown with trees and/or with dwarf mountain pine (Pi-
nus mugo).*** The short-term late-medieval significant increase in total arbore-
al pollen in Lake Ledvica (e.g., pine, Pinus sp., and spruce, Picea abies)**' prob-
ably corresponds to this phase of pasture abandonment.*** This overgrowth

418 Andri¢ et al., 2020, especially pp. 2, 8, 12-14; see also Izdebski et al., 2022. In this way,
the paleoecological approach improves the understanding of the history of the villages
of Stara Fuzina and Studor. Information in preserved written records only allows the
conclusions that Studor was first mentioned in preserved archival records in the late
fifteenth century even though this village was probably founded significantly earlier,
and that the likely foundation or significant growth of Stara FuZina dates back to the fif-
teenth or early sixteenth century. Gasper Oitzl has recently emphasized a lack of known
records useful for these settlements’ older history (Oitzl, 2021, 309-310), and so pal-
ynological results have significantly improved the state of knowledge. Plague is one of
the highly likely reasons for the aforementioned phases of late medieval depopulation
(Andric¢ et al., 2020, especially pp. 8, 12; Izdebski et al., 2022; Koropec, 1972, 89, 93-95,
97,99, 101-102). If a large undated rockfall in fact buried much of the village of Studor
(hypothetically, for instance, during the 1348 earthquake: see Rohr, 2007a, 131-158,
and Merchel et al., 2014), as folklore has it (Komac & Zorn, 2007, 71-72), this natural
disaster is yet another likely reason for one of the late-medieval grassland afforestation
phases.

Caf et al., 2025.

Kaspret (ed.), 1889b, 116; Zwitter, 2013a, 91-92.

Caf et al., 2025.

Differences in chronological trends of beech pollen percentages in Lake Bohinj and
Lake Ledvica (the beech pollen percentage was decreasing in the latter during this late
medieval phase of forest and shrub regrowth) are most likely a consequence of several
factors. One of them might have been the local occurrence of beech on the slopes above
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3.2 Grasslands “have come and gone”

was later cleared again: in (much of) the western part of the area in the second
half of the fifteenth century, and in the east by the mid-sixteenth century.*

At that time, extensive clearing at high elevations of the Triglav Lakes Val-
ley mainly resulted in a larger grazing area,** but to a certain degree also in
a long-term increase in bare rocks, which are characteristic for parts of the
sensitive mountain karst environment in the lower and upper part of the Tri-
glav Lakes Valley, although this was neither the first (mountain pastures had
existed there before) nor the last clearing of forest there. Almost complete
clear-cutting followed in 1883.*** The botanist Tone Wraber hypothesized that
more dwarf mountain pine had probably grown in the upper part of the Tri-
glav Lakes Valley, in the vicinity of Lake Ledvica, and that it seems that it was
cleared there for grazing. Consequently, one finds rocky karst features instead
of soil there. Wraber also stated that this environment was evidently severely
devastated by people.*?® Namely, the depth of soil on limestone changes over
very short distances in many cases, and so historical clearings on patchworks
of shallow and deep soil could easily lead to long-term ecological side-effects
in terms of creation of bare rock where dwarf mountain pine had grown. This
species grows on both shallow and deep soils on limestone. Whereas areas of
dwarf mountain pine on deep soil sections can be converted into pastures,
the ecosystem functions of shrubs on shallow, stony soils, such as soil fixation
through roots, are crucial. The bushes’ shade also plays an important role in
lessening heat extremes and mitigating shallow-soil drying. Today it can still

Lake Bohinj and the probable absence of beech forests in (higher parts of) the Triglav
Lakes Valley; consequently, in times of forest regrowth in the Triglav Lakes Valley, the
pollen percentage of local woody genera and species, such as pine and Norway spruce
(Picea abies), increased. A likely stronger influx of beech pollen from the Soca River
catchment (where beech forest reaches the upper forest line) into the Triglav Lakes
Valley than into Lake Bohinj might also have been relevant. Comparison of two pollen
diagrams both based on samples from the Triglav Lakes Valley—a recent one by Caf
et al. (2025: Lake Ledvica) and Alojz Sercelf’s pollen diagram (1961: a moor close to
the alpine lodge in the Triglav Lakes Valley)—seems to suggest significant differences
in beech pollen sediments even within the Triglav Lakes Valley. Serceljs results on his
early pollen diagram from 1960s are not dated, his speculative dating attempt of those
palynological results has never been confirmed; the recent summary of Sercelj’s find-
ings by Zorn et al., 2015, 77, is equally uncertain. Similar trends in pine and Norway
spruce pollen in the diagram by Sercelj (1961) and Caf et al. (2025) seem to challenge
Sercelj’s dating. They suggest that Sercelj’s (1961) diagram starts between the twentieth
and thirtieth centimeter of the diagram by Caf et al. (2025). If this tentative assumption
is correct, the beech pollen on Sercelj’s diagram remained constant during the late me-
dieval phase of afforestation discussed above, and so changes in beech pollen percent-
age trends in different sections of the Triglav Lakes Valley (and not only between Lake
Bohinj and the Triglav Lakes Valley) differed at that time.

423 Kaspret (ed.), 1889a, 128-129; Kaspret (ed.), 1889b, 116; Zwitter, 2013a, 92.

44 Caf et al., 2025; Zorn et al., 2015, 77-78, 84, 89-92.

4 Zorn et al., 2015, 78, 89, 93-94.

426 Wraber, 1974, 407.
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3 Fluctuations in grassland area in the Alps over the last millennium

be a challenge to decide which areas can be cleared of Pinus mugo to restore
pastures. Information on successful historical land use currently provides an
important background for making the right decisions about where it makes
sense to clear dwarf mountain pine to extend productive pastures.*”” Conse-
quently, overly extensive clearing of dwarf mountain pine at several locations
in the history of the Alps can easily be understood, especially due to the fact
that it took time before ecological succession at high elevations had proceeded
far enough for the mountain pasture to be overgrown by dwarf mountain pine,
and so it was difficult for people to recall exactly where pastures had previously
been located. Moreover, it is likely that the clearing in the Triglav Lakes Valley
in the fifteenth century was carried out by people that had no experience in
former land use there because they came from the Upper Soca catchment (the
territory of Tolmin in the Republic of Venice), and not from the nearby Bohinj
Basin.*”® Consequently, that clearing of dwarf mountain pine in a sensitive
karst environment was likely excessive.

Another historical example of the relatively widespread process of dwarf
mountain pine clearance at inappropriate sites on carbonate rocks, leading to
soil erosion, deals with the Bel§¢ica grazing complex in the Karawanks. Soil
erosion and talus formation triggered by nineteenth-century dwarf mountain
pine clearance (burning, at least) was clearly recorded on shallow soils on steep
slopes of limestone and dolomite in some parts of Bel$¢ica, in times of ex-
tremely high agricultural density in the second half of the nineteenth century
(Section 3.1).*° As soon as shortly after the First World War, similar pasture
expansion would already be unimaginable in this case; the number of sheep
there decreased from over five hundred before that war to around two hundred
soon after the war, and by the 1940s grazing in most of this large mountain
pasture complex was fully abandoned (see Section 6.3.1.1 on reasons to aban-
don sheep rearing).**

#27 Wopfner, 1997, 401; Machatschek & Kurz, 2006, 163-164, 176-181.

428 Kaspret (ed.), 1889a, 128-129; Kaspret (ed.), 1889b, 116.

429 ST AS 48, Dezelna komisija za odkup in uravnavo zemljiskih bremen za Kranjsko (Pro-
vincial Commission for Redemption and Regulation of Profits a Prendre in Carniola),
fasc. 56, 9-5: Tagebuch iiber den Verhandlungsact in Sachen der von der Gemeinde
Bach angemeldeten Ablosung oder Reguli[!]rung des Weiderechtes an der Alpe Beusca
der Berechtigten von Hrasach, Studenci¢, Rann, Velben et Hlebic: Erhebungs- respec-
tive Vermarkungs-Protokoll, June 18th, 1881, 3 & Schlussverhandlungsprotokoll, July
5th, 1886 & An die lobliche k.k. Bezirkshauptmannschaft als Grundlasten- Ablosungs-
und Regulierungs Local-Commission in Radmannsdorf, April 27th, 1887 & Protokoll,
September 2nd, 1887; and the map kept in this archival bundle; Environmental Atlas of
Slovenia: Spatial Units, Land Cadaster and Land and Soil, Soil Map (1:25,000).
Twentieth-century data: Jordan, 1945, 52, 78, 92, 96, 102. On twenty-first-century
sheep grazing in at least part of Bel$¢ica, involving sheep from the village of Javorniski
Rovt, located much closer to Bel$¢ica than the villages with grazing rights there before
the mid-twentieth century, see Klinar, 2012, 109, 111.
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3.2 Grasslands “have come and gone”

When agricultural density was moderate, temporary pasture abandonment
was an optional strategy to increase the soil nutrient availability, where green
alder (Alnus alnobetula) overgrowth was highly likely. Namely, a longer phase
of green alder overgrowth followed by grassland pasture restoration had par-
ticularly favorable impacts on overused, degraded grassland sites where only
low-quality plant species, from the viewpoint of animal husbandry, could
abound, such as matgrass (Nardus stricta), tufted hair-grass (Deschampsia
cespitosa), and/or dwarf shrubs. In the case of green alder succession, not only
plant nutrients from decomposed biomass accumulated in the soil, as in usual
ecological succession patterns, but symbiotic bacteria in alder root nodules
also bound air-borne nitrogen, one of the primary plant macronutrients, and
made it plant-available in the soil. The practice of improving degraded pas-
tures this way is proven in the Eastern Alps in the twentieth century, at least,
but it is likely older. Namely, the soil-fertility-raising impact of alders might
have been known to local inhabitants in earlier centuries because alders were
favored in some agroecosystems in various parts of preindustrial Europe.*’!
Green alder (Alnus alnobetula) overgrowth was thus not necessarily an indi-
cator of decreased interest in use of a permanent grassland. This was not the
only way of increasing soil nutrient availability through an extensive grassland
land-use type. A widespread practice was less frequent mowing intervals in
meadows (see Section 6.1.2.6).

41 Machatschek, 2002, 436-437; Machatschek & Kurz, 2006, 166-175, 184-190; Schneiter,
1970, 33-39; Emanuelsson, 2009, 119, 189, 192, 206.
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4 Natural and nature-induced environmental
changes in grasslands

Species compositions in seminatural grasslands have not been constant over
time—natural developments, changes in management, and their multiple in-
teractions and coincidence have all contributed to these dynamics.*> “[T]he
multiplicity of ever-changing factors that influence outcomes, producing sys-
tems that are unpredictably complex,” which makes changes impossible to
anticipate in detail, is called “chaos” in ecological theory. However, in ecol-
ogy, “chaos is not to be confused with randomness”; there are “certain rules
and order” in the dynamics of ecosystems, “context influences the direction of
change.”** For instance, there exists a dormant seed bank in grassland soils; it
depends largely on coincidence, which of the species from the seedbank will be
“the first to sprout and get established at that site, for the following vegetation
period or until the next disturbance at least”*** Still, there are some rules and
order—this will be a species (rather) adapted to the site, favored by the weather
of that spring, and able to interact (compete with, and possibly also synergis-
tically benefit from) the others present. The quantity and longevity of seeds in
the seedbank also differ significantly between species and (micro-)sites. Thus,
species-rich grassland ecosystems have always been highly dynamic over a
short (e.g., annual) timescale. Moreover, they have seen certain dynamics over
longer periods.*** In some cases, changes in grassland environments have sig-
nificantly altered possible grassland uses (see also Sections 1.2, 2, 3.2, 6, 7, 8,
9, and 10).

This section focuses on natural and nature-induced changes in grassland
ecosystems. A selection of manmade and human-induced changes in grass-
land environments in terms of grassland management is given in Sections 1.2,
2,6,7,8,and 10.

Section 4 deals with the historical impacts of weather and climate fluctua-
tions, changing landforms in grassland environments, and a selection of eco-
nomically relevant ecological disturbances in grassland agroecosystems posed
by insects, rodents, and fungi. Some further factors, such as interactions be-

#2 Kapfer, 2010; Peterken, 2013.

43 Isenberg, 2017, quotes from pp. 136 and 137.

434 Pils, 1994, 56.

45 Adapted from Peterken, 2013, 221-247, and Stampfli, 1995.
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tween organisms in the local environment, and feedback loops linking various
factors have also co-influenced the temporal dynamics of species abundance
and occurrence in grasslands, apart from coincidence. From a long-term per-
spective, environmental dynamics have raised grassland species diversity in
general, especially if processes in the landscape allowed easy transport of ger-
minable diaspores of species that can become naturalized there (e.g., Sections
6.5 and 7). Namely, a range of environmental conditions in the same grassland
has favored different species in different years, which has decreased the likeli-
hood of full competitive exclusion of a species in the long run.**

4.1 Continuously existing grasslands in naturally dynamic
environmental conditions

4.1.1 Impacts of weather and climate variations in grasslands

4.1.1.1 Impacts of short-term weather variability

Weather dynamics have had important impacts on plant development, influ-
encing species competition, and consequently they have co-shaped the spe-
cies composition in terms of occurrence and abundance, and yield quantities.
Species richness partly mitigates the negative impact of temperatures and soil
moisture unfavorable for some economically highly relevant meadow plants
on hay quantity because such conditions are not equally unfavorable for all of
the species covering a significant percentage of the meadow. This decreases the
variations in yield quantities in comparison with recent intensively managed
meadows. Nonetheless, some basic weather situations positively or negatively
affect the great majority of grassland plants in species-rich meadows in certain
parts of the year, such as dry weather leading to an agricultural drought in May
as the month when grassland plant growth is usually quickest.*” Agricultural
drought in a sensitive phenophase (in May, for instance) significantly reduces
hay quantities as the growing plants become thinner and shorter. Partly similar
are the predominant impacts of an agricultural drought in summer, during
second-crop hay growth (Section 6.1.2.3).#® A dry summer results in signif-
icantly less second-crop hay (less than one-third of the amount of first-crop
hay from the same meadow), even in the wettest parts of the Alps,** and no
second-crop hay at drier sites.**’ The impacts of an agricultural drought are rel-

#36 Peterken, 2013, 221-247; Stampfli, 1995.

7 Pfister, 1985a, 39-40, 47, 51, 62; Stampfli, 1995; Ellenberg & Leuscher, 2010, 916-927,
1011-1012, 1014, 1016-1017; Peterken, 2013, 223-247; Verbi¢ & Verbi¢, 2014-2020,
19.

438 Stampfli, 1995; Ellenberg & Leuscher, 2010, 923-925; Babai, Molndr, & Molndr, 2014,
109; Zwitter, 2015a, 470.

9 Author’s interview with Kunavec, 2023, in Stara Fuzina.

“0 Compare Iuga, 2016, 72.
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evant in all vegetation belts—even though morning dew is more abundant at
higher elevations, in some cases summer drought also significantly decreases
grazing resources in summer mountain pastures and hay yields in high mead-
ows.*! In such cases, farmers would make more tree-leaf fodder than usual to
partly compensate for the little grassland hay available; in addition to leaves
from usual fodder trees, lower-quality tree-leaf fodder was also used (Section
8.2.2.1).** Apart from such basic general facts, the impacts of weather depend
on site conditions, on individual species, on interactions between organisms,
and also on plants’ development stage.**®

Agricultural drought in spring significantly suppresses the growth of sever-
al productive grasses, which are good fodder plants and prefer mesic sites (Sec-
tion 6.3.2). This is not a general rule, however; false oat-grass (Arrhenatherum
elatius), a highly relevant fodder grass in moderately manured meadows, is re-
markably drought-resistant: due to its long roots, which can reach up to 2.8 m
deep, it suffers no visible damage even when the foliage of several small herbs
dries out in some meadow sections. In contrast to the majority of productive
grasses, the abundance of xerophytes, plants able to recover soon after they
have been harmed by drought, and grass and forb species taking advantage
of gaps in meadow vegetation created by a drought or dry freeze (Sections
6.3.1.1 and 6.5) increases as a consequence of drought events. Several relatively
drought-tolerant grassland plants are in fact affected by agricultural droughts
during the vegetation period such that parts of their fine roots die; however,
their root systems regenerate soon after the drought ends, and so these species
regenerate quickly and their abundance increases.***

Two conspicuous examples of species occurring Alps-wide and increasing
their abundance in grassland ecosystems during drought events are meadow
clary (Salvia pratensis, Sections 2, 6.3.2, and 10.1.2.2.3) and yarrow (Achillea
millefolium). Spring drought followed by a usually damp late spring (or summer)
leads to an increased percentage of meadow clary in hay from moderately ma-
nured meadows at sites that are relatively dry under normal conditions, on neu-
tral to alkaline soils in colline and montane vegetation belts. Namely, relatively
dry conditions are optimal for this herb, and it also tolerates dry sites. Drought
does significantly negatively affect meadow clary, but it recuperates soon when
soil moisture increases. Decreased yields of productive grasses are nonetheless
not largely compensated by the increased abundance of meadow clary, and so
hay yields remain lower as a consequence of drought. In addition, the nutritive

“1 Fajgelj, 1953, 130.

442 Machatschek, 2002, 18, 34, 48-49, 59, 73-75, 112, 252, 370, 411; Hartel, Craioveanu, &
Réti, 2016, 58-59, 61-62.

3 Pfister, 1985a, 34; Ellenberg & Leuscher, 2010, 916-927, 1011-1012, 1014, 1016-1017.

44 Pils, 1994, 167, 179; Stampfli, 1995, 122, 124-129; Ellenberg & Leuschner, 2010, 927;
Peterken, 2013, 223; Babai, Molndar, & Molndr, 2014, 38, 40; Aeschimann et al., 2004,
vol. 2, 950-951, 956-957.
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value of meadow clary is low, but this herb is relevant for the health of livestock
(Section 10.1.2.2.3). When an agricultural drought in spring continues too
long (well into the summer, for instance), a significantly increased abundance
of meadow clary the next year is likely. Drought in moderately manured grass-
lands on relatively dry sites at all meadow elevations has often also led to an
increased abundance of yarrow, especially in meadows manured more heavily
than suitable for meadow clary. Namely, yarrow is able to quickly spread veg-
etatively under dry conditions, with its robust shoots.***> Similarly to meadow
clary, yarrow is sensitive to agricultural drought in spring, and it recuperates
soon after the drought. This also means that a long agricultural drought in
spring and summer leads to a delayed increased abundance of yarrow the next
year.**® Yarrow can be excellently stored as hay, its nutritive value is relatively
good (only slightly worse than yellow oat-grass, Trisetum flavescens, for in-
stance), and yarrow yield quantities are also similar to productive grasses of
moderately manured meadows,*” and so this type of drought-posed change is
not a serious challenge to the farm economy.

Winter cold without snow cover can also kill some grassland plants; many
others can resist it well, and the abundance of some species increases signif-
icantly after such events. The abundance of tufted hair-grass (Deschampsia
cespitosa) in moist meadows at relatively nutrient-rich sites, for instance, is
likely to decrease; the abundance of foxtail (Alopecurus), creeping buttercup
(Ranunculus repens), and some other species is likely to increase as a conse-
quence of cold winters without snow cover.***

Yellow rattle (Rhinanthus sp., Figure 17), a plant genus that can abound in
moderately fertilized or non-fertilized meadows on base-rich to acidic, mesic
sites Alps-wide,*” is one of the species profiting from gaps that come into ex-
istence in exceptionally cold springs.*® It used to be a common meadow spe-
cies (Section 6.1.1.3). Namely, it is an annual plant that lacks dormant seeds,
but its recent seeds can become established in gaps in a meadow. Yellow rattle
is a hemiparasite that “parasitises grasses and some broadleaved herbs strongly
enough to suppress their growth by about half;” thus strongly reducing their
competitive abilities. Nonetheless, a model covering five hundred years showed

5 Stampfli, 1995, 122-126; Dietl & Lehmann, 2004, 38, 42-43; Ellenberg & Leuschner,
2010, 920; Heinz, Mayer, & Kuhn, 2012, 19; Peterken, 2013, 225; Babai, Molnar, & Mol-
nar, 2014, 38, 40, 42; Aeschimann et al., 2004, vol. 2, 164-165, 490-491.

“o Stampfli, 1995, 122, 124-126.

47 Dietl & Lehmann, 2004, 39, 42-43.

“8 Ellenberg & Leuschner, 2010, 1017; Aeschimann et al., 2004, vol. 1, 160-161; Aeschi-
mann et al., 2004, vol. 2, 922-923, 958-959, 976-983. See also the following text on
yellow rattle.

9 Aeschimann et al., 2004, vol. 2, 272-279; Pils 1994, 46; see, e.g., the photo of a grassland
rich in yellow rattle in Bavcon, Ravnjak, & Praprotnik, 2019, 102-103.

0 Meilleur, 1986, 304.
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that “meadows with yellow-rattle would oscillate between grass-rich and forb-
rich phases. Within a single meadow, different patches would be at different
points in the oscillation . . . . Actual experience with greater yellow-rattle [Rhi-
nanthus alectorolophus] over three decades showed wild fluctuations, owing
mainly to the plant’s vulnerability to spring drought” Under favorable condi-
tions, such as following exceptional cold in springs that created gaps in mead-
ows, “yellow-rattle can expand very quickly after just a few seeds are scattered
in a meadow; but populations crash just as quickly” if seeds cannot form or
ripen in a single year.*! A successful historical strategy of decreasing its abun-
dance was grazing in meadows in May (Section 6.2.2.2). Farmers noted the
connection between the abundance of yellow rattle and weather: according to
traditional ecological knowledge proven in the Allues Valley (Francoprovengal
Alués, French Les Allues) in the northern French Alps in the first half of the
twentieth century, the abundance of greater yellow rattle (Rhinanthus alectorol-
ophus) was the highest in years beginning with an exceptionally cold spring,**
and traditional ecological knowledge about yellow rattle (Rhinanthus sp.) in
Bohinj includes the same well-founded observation.** The huge distance and
cultural diversity of Bohinj and the Allues Valley, where such knowledge must
have evolved independently, makes it clear that this type of knowledge was
widely present in the Alps, and farmers most likely learned this connection
long ago. A parallel from the Eastern Carpathians suggests that gaps created
through a serious drought at the right time (not in spring; see above) could
equally lead to an increased abundance of yellow rattle (Rhinanthus minor),
as traditional ecological knowledge by traditional Csangé farmers has it.** A
sudden significant increase in the abundance of yellow rattle (Rhinanthus sp.)
in meadows triggered by the impacts of weather dynamics was a great mis-
fortune for farmers because the quantity and quality of hay including much
yellow rattle are low.*>> Due to its hemiparasitic life strategy, yellow rattle sig-
nificantly lowers the yields of grasses and some other herbs in the meadows it
dominates.** Yellow rattle itself produces little biomass,*” and its small leaves
fall off and decompose very quickly, so that much of the plant is already lost or
falls away when hay is mowed, shaken out, turned, and stored.** In most cas-
es, the empty seed capsules are the only remnants of yellow rattle in the hay.
These pieces of information are reflected in an old German proverb from the
Eastern Alps: “Either the yellow rattle or the farmer goes away”; that is, either
the abundance of yellow rattle will be reduced, or a farm family will lose its

#1 Peterken, 2013, 226-227 (quote); Enoletnice — Index seminum 2018.

452 Meilleur, 1986, 304.

453 Author’s interview with Kunavec, 2021, in Stara FuZina.

454 Babai, Molnar, & Molndr, 2014, 46.

455 Meilleur, 1986, 304; Babai, Molnar, & Molnar, 2014, 46; Machatschek, 2017, 19.
456 Peterken, 2013, 226; Enoletnice — Index seminum 2018.

47 Aeschimann et al., 2004, vol. 2, 272-279.

458 Author’s interview with Kunavec, 2021, in Stara Fuzina.
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4 Natural and nature-induced environmental changes in grasslands

Figure 17: Yellow rattle (Rhinanthus sp., the low plant with two-color inflorescence; dis-
cernible are yellow blossoms and pale green leaves within the inflorescence) abounding in
a moderately fertilized meadow in Bohinj, at the western foot of Rudnica Hill. Photo: Ziga
Zwitter, May 30th, 2022.

subsistence possibilities®® (but see a viable suppression strategy in Section
10.1.2.2.3). According to traditional ecological knowledge from East Tyrol,
a high abundance of yellow rattle in hay is believed to cause health problems
for cattle;** this is correct, but it is not an issue in the hay**' because hardly
any yellow rattle is left in the hay. Farmers could exert a certain degree of
influence on the species colonizing gaps created by dry freezes, for example,
if they sowed barn sweepings there (see also Section 6.5). This way, species
abounding in the meadows of the farm were likely to also become established
in meadow gaps if site conditions were appropriate.*®> Nonetheless, quantities
of barn sweepings only allowed for their application to a limited meadow area
(see also Section 6.5), and the hemiparasitism of yellow rattle also signifi-
cantly influenced the species composition in many species-rich meadows at
appropriate site conditions.

49 Machatschek, 2017, 19, 370.

0 Vogl-Lukasser et al., 2006, 70-72, 91.

41 Notranjski regijski park: Mali $krobotec.

62 Peterken, 2013, 232; Babai, Molndar, & Molnar, 2014, 92-94.
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4.1 Continuously existing grasslands in naturally dynamic environmental conditions

Not only dry freezes and drought, but heavily increased precipitation dur-
ing the vegetation period also impact plant development in a manner that is
relevant for livestock farming. In the relatively wet climate of the Sol¢ava re-
gion in what is now northern Slovenia (about 1,600 to 2,000 mm mean annual
precipitation from 1971 to 2000),** there is the folk saying: “In rainy years,
when forage is abundant, livestock farming is not something to look forward
to. Long grass . . . is leached, and so it is consumed in large quantities because
it is not as calorific as short fodder in dry years*** In grassland farming in
general, wet weather causes the most damage at the time hay is harvested (Sec-
tion 4.1.1.3). Moreover, a rainy and cool May (and early June) leads to lower
hay protein content,**® which is likely also reflected in the folk saying above.
However, although the saying correctly mentions generally high hay quanti-
ties in wet springs, this was not the case in all meadow agroecosystems. In
sites prone to becoming waterlogged, hay quantity declines in such weather.
Namely, focusing on grasses, many of them tolerate a high groundwater lev-
el without noticeable damage. Some agriculturally relevant grasses, however,
are highly sensitive to waterlogged conditions in the soil. The lack of oxygen
causes damage to the fine roots. Yields of grasses such as red fescue (Festuca
rubra) in non-fertilized or very moderately fertilized meadows, false oat-grass
(Arrhenatherum elatius) in moderately fertilized meadows, and cocks-foot
(Dactylis glomerata) in medium-intensive or moderately fertilized meadows
decline significantly when the groundwater level lies less than half a meter
below the surface.*®® Another type of impact of weather on grassland agroeco-
systems is the connection between wet weather in the cold part of the year and
pathogenic fungi; see Section 4.1.3.3.

At avalanche-prone sites, avalanches have importantly contributed to the
pronounced dynamics of many grasslands in the Alps. The frequency of ava-
lanches has fluctuated considerably across space and time,*” and so their im-
pacts on grasslands over time have been changing accordingly. In many cas-
es, the affected areas, the dimensions of (avalanche) events, and changes in
grassland ecosystems triggered by avalanches have been strongly influenced
by past and contemporaneous human economic activities in the landscape; for
example, by the clearing of dense forest on slopes.*® In general, the avalanche
hazard used to be lower in grazed or mowed grasslands than it is in many
abandoned grasslands on slopes, which are now susceptible to avalanches.

63 Environmental Atlas of Slovenia, Climate, Precipitation, Mean annual corrected precip-
itation 1971-2000.

44 Vri$nik, 2005, 170-171.

65 Pfister, 1985a, 62.

¢ Ellenberg & Leuschner, 2010, 1014; Aeschimann et al., 2004, vol. 2, 854-855, 892-893,
950-951; Dietl & Lehmann, 2004, 20, 25, 124-125.

47 Pavsek, 2002; Rohr, 2007a, 417; Komposch, Frief3, & Kreiner, 2013; Zwitter, 2024.

468 Pavsek, 2002.
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Namely, the decomposing leaf remains of grassland monocots lie flat in the au-
tumn and their surface is often frozen, forming a slippery and fragile substrate
for a snow blanket on slopes. In contrast, mowed or grazed grassland plants
do not lie flat; they fix the lowest part of the snow blanket,*® which requires
a more favorable complex set of other factors with an influence on avalanche
hazard for an avalanche to happen. To give just one of the many examples of
former highly avalanche-prone meadows, in 1605 the community of Haggen
in the Sellrain Valley (Germ. Sellraintal), Tyrol, east of the Otz Valley (Germ.
Otztal), received the right to mow (sections of) avalanche tracks in the forest
at the Zirmbach Alp (Zirmbachalm). The territory of this complex of summer
pastures and meadows crosses the upper forest line, and so several large av-
alanches must have started at higher elevations. The document was valid at
least until the first half of the eighteenth century.*’® The role of avalanches in
the history of grasslands in the Alps has been diverse (see also Section 4.2).
In certain places, the fact that avalanches keep land open has locally retained
narrow patches of open grasslands hundreds of meters below the climatic for-
est line.*”! Avalanches have influenced soil properties, have transported prop-
agules from higher elevations down the slope, and have provided regular or
occasional habitat disturbance.*”? In lower parts of avalanche tracks, nutrients
from higher parts of the track are deposited,*”* which has been favorable for
fodder quantities in lower avalanche track sections, especially in non-fertilized
grasslands (Sections 6.3.1 and 6.3.2). In addition to nutrient availability, late
melt of avalanche-deposited snow makes such nutrient-rich sites damp, and so
in early and high summer they often abound in high-quality fodder.*’”* Farmers
have noted significantly higher hay quantities (and at some sites also higher
fodder quality) in the lower parts of avalanche tracks.*”> However, the same site
conditions (high moisture and nutrient supply) at the end of avalanche tracks
are also suitable for various poisonous plants, which reduce the fodder quanti-
ty or require agricultural grassland cleaning (Section 6.6). Moreover, not only
soil but also coarser material is deposited there by avalanches, which called
for labor-intensive spring cleaning in such grasslands (Section 6.6). Unique
vegetation, characterized by a high diversity of plant species that otherwise
belong to different elevation zones and vegetation types, develops in lower sec-

49 Pils, 1994, 246; Pavsek, 2002, especially 76, but also 75-76, 78, 81, 110, 144, 171-172,
178, 185, 188-189; Keller, 2004, 47; Grof3, 2015, 192.

470 Grass, 1948, 87; Arcanum Maps, Cadastral Maps, Habsburg Empire — Cadastral Maps
(XIX. [sic] Century), cadastral municipality of Stams, 1856, and Google Maps, Layers,
Satellite.

1 Pavsek, 2002, 73, 77, 81, 89, 91, 117, 186; Bohner, 2008, 83, 86; Bohner et al., 2010, 53.

72 Bohner, 2008, 83, 86; Bohner et al., 2010, 55-56; Komposch, Frief3, & Kreiner, 2013,
389, 391, 395-395.

47 For example, Hejcman et al., 2013, 351.

47¢ Wopfner, 1997, 263, 387-388.

75 Keller, 2004, 66.
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tions of long avalanche tracks.”¢ Namely, some plant species from grasslands
above the forest line can grow at lower elevations, but they are almost unable
to reproduce there, and so a frequent influx of germinable diaspores through
avalanches is needed to maintain or recreate such unique grasslands. A few
other species from the alpine and subalpine vegetation belt can reproduce well
at lower sites but cannot compete with other species in those ecosystems with-
out the disturbance caused by avalanches. In contrast, several species from the
alpine belt cannot grow below the forest line, not even in avalanche tracks.*”

4.1.1.1.1 Tithe in beehives as an indicator of impacts of annual weather
variations on insect-pollinated herbs and bees

The annual impacts of weather fluctuations on several insect-pollinated herbs
and grassland-pollinating insects are partly reflected in registers of tithes in
beehives, which partly reflects the dynamic history of insect-pollinated grass-
land flowers. Namely, “[g]rasses and sedges are mainly wind pollinated and of
little importance for pollinating insects,® and so they are not represented in
the data on beehives.

Beekeeping used to be a relevant economic activity for several farms in
many parts of the Alps at least since the Middle Ages, and most probably since
much earlier.*” In the first half of the second millennium, the area of grass-
land offering bee forage in the Alps expanded significantly (Section 3.1), which
must have positively influenced apiculture; moreover, it might have increased
the role of grassland pollen and nectar in the diet of farmed bee populations in
this mountain chain. Later, numbers of beehives increased significantly during
the modern period, as demonstrated by data from the Slovenian Alps,* but
there were ups and downs in apiculture over time.**!

Before presenting contextualized fluctuations in tithe in beehives, it is im-
portant to emphasize that grasslands used to be a more continuous source of
pollen and nectar than they are now, when first mowing in the majority of
meadows takes place sooner, it is completed more quickly, and many mead-
ows are mowed more frequently than they used to be. Namely, mowing that
was late but characterized by considerably different mowing dates in various
meadows or in various meadow complexes belonging to the same settlement,
between June and August/September (see Section 6.1.2), contributed to the

476 Bohner, 2008, 83-84, 86; Bohner et al., 2010, 55-56; Komposch, Frief3, & Kreiner, 2013,
389-395.

7 Ellenberg & Leuschner, 2010, 672-673.

478 Johansen et al., 2019, 4.

79 For an overview of history of beekeeping, see Crane, 1999; Miheli¢, 1970, 400, 403, 407;
Niederer, 1996d, 188.

480 Miheli¢, 1970, 400-401, 403, 407.

1 Crane, 1999.
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structural heterogeneity of habitats. Such mowing timing resulted in differ-
ent blooming dates as a consequence of differences in species compositions
at different meadow sites and of plant adaptations to the usual mowing time
(Section 6.1.2). Investigations of grasslands in the village of Botiza in the Ro-
manian Carpathians with mowing dates of first-crop hay similarly late (rang-
ing from late June to later than mid-August) as historical mowing in the Alps
(Section 6.1.2) and preceded by early spring sheep grazing (which used to be
characteristic for the Alps as well; see Section 6.2) help us understand this
aspect of grassland history in the Alps. The results from Botiza explain that
mowing later than mid-August “is important for providing flower resources
in June and July;” “whereas meadows mowed [in late June] have considerably
more flower resources [in second-crop hay plants] from around 1 August on-
wards”; see Section 6.1.2.3. Namely, “[b]y early August, meadows that were
mowed around 25 June had three times as many flowers per area unit as the
meadows that were not yet mowed.” “By 1st of August about 87% of the re-
productive units [of meadow flowers; grasses and sedges were not analyzed]
were in flower or bud stage in . . . meadows [mowed in late June], compared
to ca. 18% in late-mowed meadows [characterized by “the highest proportion
of [flower] species in the fruit stage” in early August], indicating a vigorous
re-flowering after . . . mowing [that took place in late June]” Consequently,
late but significantly diverse mowing dates “enhance[d] flowering throughout
the summer, thus providing more continuous flower resources for pollinators,”
such as bees and butterflies.**

Bees are extremely sensitive to weather fluctuations with an influence on
(grassland flowers’ and other) pollen and nectar resources. Consequently,
weather is one of the main reasons for strong annual variations in numbers of
hives, as well as in honey and wax yields.*** Impacts of weather in spring and
early summer on quantities of honey produced are indirect: at that time “rath-
er little nectar may be converted into honey, because most of it is consumed by
the many young non-foraging bees in the colony, and by the whole colony dur-
ing spells of inclement weather when nectar cannot be collected.” The impacts
of weather on honey production become direct from early summer or mid-
summer onward, when “the rate of brood rearing and the number of young
bees decrease, and nectar collected that is surplus to the colony’s immediate
requirements is made into honey and stored . . . . The supply of nectar is not
constant even during the summer. It is available in large quantities only during
a ‘honey flow; when a great number of individual nectar-yielding flowers are
open at the same time. In the course of a summer any one area may have one,
two or three major honey flows; each lasts for a few days or up to a few weeks,

42 Johansen et al., 2019, 2-9 (quotes from pp. 7 and 8).
43 Miheli¢, 1970, 396, 403; Crane, 1999, 22-23, 69, 252-253; Mlaker-Sumenjak, 2011, 27,
36, 38-41, 45-46, 49-50, 68.
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during which most of a colony’s honey is made and stored”*** As explained in
the previous paragraph, there were most likely more honey flows relevant for
beekeeping as long as landscapes were full of species-rich meadows mowed
relatively late and very late, with significant differences in mowing timing. To
make these differently timed honey flows accessible to bees, farmers had to
transport them to optimal foraging grounds;** namely, bees only fly about two
or three kilometers or somewhat further.*® According to seventeenth-centu-
ry information from the Southeastern Alps, farmers usually kept beehives in-
doors (in the attic) during the winter. This practice strongly reduced the nega-
tive impact of cold winters and fluctuating winter temperatures on farmed bee
populations,* thus strengthening the connection between pollen and nectar
resources and numbers of beehives.

The impacts of the dynamic history of weather and climate on apiculture
have been studied in southern Sweden. In the late sixteenth century, a partly
similar crisis in apiculture in several parts of the Alps can be assumed as found
there: “In the late 1500s—and especially after 1570—the climate deteriorated,
and there were fewer swarms in summer [meaning fewer new beehives] and
greater winter losses of colonies in both hives and natural nests’*** Here, a
few data are presented on the impacts of weather and climate on apiculture in
the Alps just before the next major peak of the Little Ice Age in the late seven-
teenth century.*® They refer to the Alps of the Upper Savinja Valley in Lower
Styria (Germ. Untersteiermark; Sln. Spodnja Stajerska)**—more precisely, to
the administrative units (Germ. Amt) of Ljubenska Gora (most of the slopes
north and south of Ljubno ob Savinji between Smrekovec and Arnic¢ev Vrh
in Figure 4), Luce (the slopes northeast and southwest of the village of Luce
between the Volovljek Pass and Mt. Raduha in Figure 4), and Tirosek (most
of the pre-Alpine Dreta River catchment in Figure 4),*" all in the episcopal

484 Crane, 1999, 22 (both quotes), 23, 239.

8 History of movements of beehives: Miheli¢, 1970, 401, 408, and page 50 of illustrations:
images 2 and 3; Niederer, 1996d, 188; Wopfner, 1997, 375; Crane, 1999, 244, 347-352;
Mlaker-gumenjak, 2011, 43.

4 Crane, 1999, 313; Mlaker-Sumenjak, 2011, 39.

87 Zupan, 1934, 96; Miheli¢, 1970, 401; on general statements on negative impacts of se-
vere winters on bees in European history and an apicultural strategy for coping with
severe winters in Northern Europe, see Crane, 1999, 24, 227, 235-236, and Zupan,
1934, 96.

48 Crane, 1999, 69-70, 235 (quote), 239.

%9 See the climate history chronology in Pfister et al., 2018, 273-274, 289-290.

0 For general climate history trends in the last five hundred years, see Dobrovolny et al.,

2010; local data on seventeenth-century weather and climate in the Alpine area of the

Upper Savinja Valley are presented in Zwitter, 2015d.

In the administrative units of Luc¢e and Ljubenska Gora, farms reach higher elevations

than in Tirosek. Keeping of many beehives also reached higher elevations in the admin-

istrative units of Luce and Ljubenska Gora—in both of them, the average elevation of
farms keeping more than ten beehives in 1686 was about 700 m, and the highest farms

491
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seigneury of Gornji Grad (Germ. Oberburg) in the Kamnik-Savinja Alps. Ac-
cording to historical information from 1677 sent to the district office (Kreis-
amt) in Celje a century later, in 1778, a beehive tithe had to be delivered in
the seigneury of Gornji Grad only by those farmers that kept more than ten
hives.**

Figure 18 shows that in 1681, 1682, and 1686 those farmers in the admin-
istrative units of Luce, Ljubenska Gora, and Tirosek that kept more than ten
beehives had a total of more than three hundred (in 1681), more than 180 (in
1682), and more than 240 (in 1686) beehives altogether. These are the num-
bers of all hives delivered as a tithe multiplied by ten (see figure caption). The
graph suggests that the weather in 1681 was (relatively) favorable for bees (and
many grassland flowers) in the entire Upper Savinja Valley. Indeed, the weath-
er in August 1681 in Central Europe, including the Alps, was known for its
extreme warmth and in many places also dryness, under the influence of the
Azores anticyclone; September 1681 also was warm and dry in many places.*?

in both these administrative units providing a beehive tithe in 1686 were located at an
elevation of about 950 m (SI NSAL 20, Gornji Grad Avstrija (Gornji Grad Austria), box
40, seigneury’s account by Georg Lorger, April 29th, 1686 — April 28th, 1687: Specifi-
cation der gethallenen[!] zehendt petinstokh de anno 1686, die herren schaffer Geor-
gen Lorger bezalth[!] vnd guet gemaht[!] seindt worden. Data on elevations of farms
were taken from Meze, 1965, 186, and Meze, 1969, 11-13; elevations of farms missing
there: Arcanum Maps, Cadastral Maps, Habsburg Empire — Cadastral Maps (XIX. [sic]
Century) in combination with Environmental Atlas of Slovenia, Spatial Units, Land Ca-
dastre & Backgrounds, DEM). It is highly likely that beehives were moved to pastures
located much higher than the farms in late spring or summer (Miheli¢, 1970, 401, 408,
and page 50 of illustrations: images 2 and 3; Niederer, 1996d, 188; Wopfner, 1997, 375;
Crane, 1999, 244, 347-352). In the administrative unit of Tirosek, the average elevation
of farms keeping more than ten beehives in 1686 was about 600 m (SI NSAL 20, box 40,
seigneury’s account by Georg Lorger, April 29th, 1686 — April 28th, 1687: Specification
der gefhallenen([!] zehendt peiinstokh de anno 1686, die herren schaffer Gedrgen Lorg-
er bezalth[!] vnd guet gemaht[!] seindt worden); nonetheless, another tithe register
from 1646 referring only to Tirosek reveals that the average elevation of farms deliver-
ing a beehive tithe in that year was about 680 m (SINSAL 20, box 26, Beehive tithe . . .,
1643, 1646, 1648: Zechend peinstockh in Tirossegg pergkh, 1646).

See the map of these administrative units of the seigneury of Gornji Grad in Zwitter,
2010, 10.

SI NSAL 20, Gornji Grad Avstrija (Gornji Grad Austria), box 68, Bee tithe, 1690-1778:
Copia einer untern[!] 6> November 1778 an die stift oberburg[er] unterthanen als bie-
nen zehends holden erlassenen verordung. Numbers of beehives in the Upper Savinja
Valley fluctuated significantly, but detailed data at a farm level from 1686 make clear
that only a very limited percentage of all farms were known to keep more than ten bee-
hives, and so they are presented in Figure 18 (SI NSAL 20, box 40, seigneury’s account
by Georg Lorger, April 29th, 1686 — April 28th, 1687: Specification der gethallenen(!]
zehendt petinstokh de anno 1686, die herren schaffer Georgen Lorger bezalth[!] vnd
guet gemaht([!] seindt worden. Surnames suggest that data refer to isolated farms, but it
is possible that some of these farmers were in fact cottagers in the village of Luce).

93 Pfister, 1999, 139-140, 166.

49.
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Figure 18: Tithe in beehives in the seigneury of Gornji Grad’s Alpine administrative units
of Ljubenska Gora, Luce, and Tirosek in 1681, 1682, and 1686 in the Southeastern Alps.
Note that the number of beehives is always an integer; pairs of overlapping values in 1682
(Ljubenska Gora and Luce: five hives) and 1686 (Luce and Tirosek: nine hives) are slightly
shifted on the graph so that all values are clearly presented. Because farmers delivered 10%
of beehives as a tithe in this area and only those keeping more than ten hives were expected
to provide a tithe, the total numbers of hives were more than ten times the values on this
graph. In 1681 and 1682, the seigneury as the tithe lord collected the beehive tithe in kind.
In 1686, pecuniary dues were handed over to the seigneury instead of the tithe in beehives
in kind; nonetheless, it was clearly recorded how many beehives would otherwise have to
be collected in kind. Data sources: STNSAL 20, Gornji Grad Avstrija (Gornji Grad Austria),
box 39, seigneury’s accounts by Michael Gervason, with supplements, 1681-1686: account
April 1st, 1681 — March 31st, 1682, tables: Peinstokh & account April 1st, 1682 — April 25th,
1683, tables: Peinstokh; SI NSAL 20, box 40, seigneury’s account by Georg Lorger, April
29th, 1686 — April 28th, 1687: Gelt empfang von denen zehent- vndt heimischen pein-
stokhen & Specification der gethallenen([!] zehendt peiinstokh de anno 1686, die herren
schaffer Gedrgen Lorger bezalth[!] vnd guet gemaht[!] seindt worden; ST NSAL 20, box 40,
seigneury’s account by Georg Lorger, April 29th, 1686 — April 28th, 1687, tables: Peinstokh.
Author of the graph: Ziga Zwitter.

Readers are familiar with the high importance of mild weather in late summer
and early autumn for honey production (and blossoming of second-crop hay
flowers), and so it is easy to understand the high number of hives in the graph
in 1681. In contrast, the next year (1682), when unfavorable weather is locally
indicated by a likely cereal harvest failure, at least of oats,** was worse for bees
in the entire Upper Savinja Valley than any other study year. The relatively low
number of beehives that had to be paid for as a tithe in 1686 in the administra-

¥4 Zwitter, 2015d, 151, 155, 168, 171-172.

125



4 Natural and nature-induced environmental changes in grasslands

tive units of Luce and Ljubenska Gora was probably at least partly influenced
by the late frost on June 22nd, 1685, by low temperatures that preceding sum-
mer, and by early frosts from September 9th to September 13th, 1685. They
adversely influenced bees, and cold spells in the summer had similar impacts
on (several grassland) flowers. Spring frosts in early May 1686** were likely
too early to cause considerable damage to bees and grassland flowers at these
Alpine farms; nonetheless, their adverse impact on bees cannot be excluded.
Namely, it is known that seventeenth-century farmers in the broader region
(in milder climate at the foot of the Alps at least) usually moved their hives that
overwintered in the attics outdoors on Palm Sunday** (in 1686: April 7th).*”

As is characteristic of proxy data in historical climatology (i.e., indirect in-
formation about past weather and climates), “other climatic and non-climatic
factors” influenced the results of an individual proxy to a certain degree.**®
This also applies to the tithe in beehives. Although the weather in the years in
question and the availability of grassland pollen and nectar during the honey
flows certainly played an important role, it is clear that further factors also
had an impact on the results in Figure 18. For instance, according to the late
seventeenth-century stage of beekeeping, when apiculturists did not use sugar,
young hives were kept alive and only any surplus honey that they produced
was taken. In contrast, bees from two- to three-year-old hives and most prob-
ably also from hives that produced too little honey for the approaching winter
(e.g., due to unfavorable weather, and so such hives would likely perish) were
killed in the autumn and all their honey was taken.*” This, for instance, means
that the weather in preceding years also had an influence on numbers of bee-
hives.>® In addition, further factors, such as non-grassland bee forage resour-
ces, bee diseases, pests, predators, and bees’ behavior impacted the numbers of
beehives in history.”"!

195 Zwitter, 2014d, 665-666.

#¢ End date of keeping bees in attics: Zupan, 1934, 96.

#7 Grotefend & Ulrich, 1971, 190-191.

4% Bronnimann, Pfister, & White, 2018, quote from page 34. Many proxy data used in
historical climate reconstructions “have correlation coeflicients of around 0.5-0.6 with
the climate variable they are trying to reconstruct” (Bronnimann, Pfister, & White,
2018, 34). The impacts of unwanted factors on results can be strongly reduced through
comparisons of several independent data series from different kinds of proxies and/
or pre-instrumental or early instrumental direct weather observations (Bronnimann,
Pfister, & White, 2018; Camuffo, 2018; Pfister, 2018a; Pfister, 2018b; Pfister, Camenisch,
& Dobrovolny, 2018; Pfister & White, 2018).

9 Valvasor, 1689, vol. 1, book 3, 455; Zupan, 1934, 96 (erroneously stating that according
to Valvasor bees from three- to four-year-old hives were killed); Miheli¢, 1970, 396-
397, 401; Crane, 1999, 21, 66-67, 227, 235, 239-240, 243, 253, 493-494.

% Crane, 1999, 236.

01 Crane, 1999, 20, 22-28, 30-31, 132-133, 232, 235, 239, 244, 253, 573-575; Mlaker-Su-
menjak, 2011, 38-42, 55-61.
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4.1.1.2 Impacts of climate variability

The changed time perspective from short-term variations (including weather)
to long-term (including climate change) demonstrates that, on the one hand,
“[s]easonal and year-to-year changes may simply be fluctuations round a long-
term, stable mean, i.e. they may have no long-term impact. On the other hand,
and for a variety of reasons, [grasslands] often change more fundamentally over
the years”” In several grasslands in the Alps, historical climate dynamics, to-
gether with grassland management and other factors, co-influenced the changes
in species composition. The impacts of climate change exceeded the migration
of species up and down the slope, largely because there are winners and losers
among species, and climate is only one of the factors determining the suitability
of a site for plant species.”” Climate change mattered (most) when and where
the climate parameter(s) that changed had already previously been marginally
suitable for a species or some species occurring or even abounding there. For
instance, where most species “are far below their altitudinal limits,” such as al-
pine plants at several places relatively close to the potential natural upper forest
line, “local vegetation appears well buffered against climate coolings.”***

The impacts of historical climate change on grassland plant species com-
position were studied; for example, in the Lake Hagelseeli in the northern
Swiss Pre-Alps (palynological sampling of lake sediments at 2,339 m). A pol-
len diagram covering the period from 1410 to 1990 suggests that snow-bed
indicators—milfoil (Achillea spp.), lady’s-mantle (Alchemilla spp.), moonwort
(Botrychium spp.), the Cichorioideae subfamily, cudweed (Gnaphalium spp.),
and alpine spicknel (Ligusticum mutellina)—were most abundant from the last
quarter of the sixteenth century to about 1730. Palynologists consider this pol-
len to have mainly been of local origin. The higher abundance of snow-bed in-
dicators suggests that the annual duration of snow cover in the last six hundred
years was most likely the longest between the late sixteenth century and about
1730, which also includes two peaks of the Little Ice Age in Central Europe
and the Alps: first, the one in the last third of the sixteenth century and early
seventeenth century, and, second, during the Maunder Solar Minimum, which
was particularly strong in the late seventeenth and early eighteenth century.”
Christian Pfister’s analysis of reliable observations of snowmelt on Mount Pila-
tus close to Lucerne (Germ. Luzern), only about 30 km from Hagelseeli, nicely
matches with the palynological data presented above. Namely, Pfister found

%02 Peterken, 2013, 224.

°% Pauli, Gottfried, & Grabherr, 2003; Nagy et al., 2003, 459-460; Jager, 2006, 65; Nicklas,
2018.

% Tinner & Theurillat, 2003, 166.

°% van der Knaap et al., 2000, 86-87, 108-109, 121, 138.

*06 Mathieu, 1996, 144; Rohr, 2007a, 409, 450; Jager, 2006; Jager, 2007b, 91-98; Dobrovolny
etal,, 2010; Pfister et al., 2018, 276-281; for an overview of historical climatology in the
Alps in early modern times, see Rohr, 2017, and also Camenisch & Rohr, 2018.
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that “around 1600, the snow cover above 1,800-2,000 m [usually] melted [in
July; i.e.,] more than 35 days later than it has done during the climatic opti-
mum of the twentieth century” (this research was published in 1985, and so
the “climatic optimum” refers to the period from 1930 to 1941, when observa-
tions for Mt. Pilatus are available).”” Similarly, in the late seventeenth century,
spring and autumn temperatures dropped simultaneously, leading to the cold
autumns of 1688-1700 (on average about 1.1 °C colder in Central Europe than
in 1961-1990) and consistently cold springs from 1687 to 1701 (in 1687-1700
on average about 1.4 °C colder in Central Europe than in 1961-1990), mak-
ing the long duration of the snow cover understandable.”®® Although the long
duration of snow cover caused serious problems to the farm economy (most
relevant aspects for grassland farming are presented lower in this section, and
in Sections 4.1.1.3 and 6.2), in some cases long-lasting snow positively affected
the fodder quality in high pastures (while at the same time probably reduc-
ing the quantity of grazing resources): lady’s-mantle (Alchemilla spp.) and al-
pine spicknel (Ligusticum mutellina) growing in the pollen catchment area of
Hagelseeli between the late sixteenth and early eighteenth century more abun-
dantly than earlier or later belong to most esteemed fodder plants of high sum-
mer pastures according to traditional ecological knowledge in East Tyrol.”*
Similarly, folk tales from the Otz Valley and the Swiss canton of St. Gallen
relate the “milk-richness” of some complexes of mountain pastures with lady’s
mantle, alpine spicknel, and a couple of other organisms.”® Lady’s-mantle is
also considered a particularly good fodder plant by traditional Csangé farmers
in Ghimes (Hung. Gyimes) in the Eastern Carpathians; Csang6s know that
cows and sheep produce more milk if fodder contains much lady’s mantle."!
Historical herders spending whole days in grasslands with livestock had time
to observe the eating habits of the animals they were keeping, and these pieces
of traditional ecological knowledge from distant regions correspond with each
other in this case. Indeed, these observations are well founded: according to
the standards of current agronomy, an integrated quality indicator (linking nu-
tritive value, palatability, and livestock health impacts) of common lady’s man-
tle (Alchemilla vulgaris) is high, comparable to false oat-grass (Arrhenatherum
elatius) and yellow oat-grass (Trisetum flavescens) from moderately manured
meadows (see Section 6.3.2);'> common lady’s mantle is one of the few species

07 Pfister, 1985b, 154, 157-158, 161, 164-165, 167-172 (quote from p. 164). Concerning
the designation of the “climatic optimum,” Mt. Séntis in eastern Switzerland (2,500 m)
became free of snow about a month earlier in 1920-1953 than in 1886-1919 and 1954-
1980 (Pfister, 1985b, 161).

%8 Pfister et al., 2018, 276-281.

9 Vogl-Lukasser et al., 2006, 91, 183.

*19 Machatschek, 1997b, 112.

> Babai, Molnar, & Molnar, 2014, 26, 36, 43, 49, 110.

*12 Dietl & Lehmann, 2004, 39, 42-43 (identification of the species “gewchnlicher Frauen-
mantel” is based on Poppendieck et al., 2010, and Montana Field Guides: Common Lady’s
Mantle); Brugger & Wohlfarter, 1983, 26, 31; Machatschek, 2006, 134.
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that remains highly attractive to livestock even if it abounds in fodder from a
species-rich grassland.”” Similarly, agronomy confirms that the fodder value
of alpine spicknel (Ligusticum mutellina) is particularly high, comparable to
the best clovers and even higher than that of common lady’s mantle.>'*

During the Little Ice Age, at its peaks in particular, low temperatures in the
warm part of the year were more frequent than earlier or later. Unusually, low
temperatures, in some cases related to advancing glaciers (see also Section 4.2),
slowed down the growth of grassland plants. Cold summer weather not only
posed the problem of a lack of fodder and made the use of snowy paths hazard-
ous; it also had further negative impacts on livestock health. Cattle were likely to
fall ill in such situations, and all this negatively affected livestock’s performance.
As late as in 1864, one of the last cool Little Ice Age summers, deep snow in the
mountain pastures in early July, where farmers from the Sava Dolinka Valley had
grazing rights, caused hundreds of sheep and cattle, and many horses, to per-
ish.’"® In addition, temperature stress was one of the factors leading to lower milk
quantities; lactation stopped in a cow suffering from temperatures that were too
low, and it did not resume when the weather warmed up again.’"°

One type of adaptation to scarcer grazing resources and other impacts of
significantly lower temperatures was shorter grazing periods, such as in the
inner Pitze Valley (Germ. Pitztal, west of the Otz Valley) below the Mittelberg
Glacier (Germ. Mittelbergferner) in the uppermost Pitze Valley section, where
the 1689 grazing season (during the harsh climate of the Late Maunder Min-
imum) in mountain pastures started with a delay of three weeks, on July 2nd,
and after the next two weeks there was hardly any fodder available for grazing
livestock. Another type of human response to a harsher climate was reduc-
tions of grazing rights as an adaptation to the lowered carrying capacity of
pastures. An example is the Outer Stein Alp (Germ. Aufere Steiner Alm) near
the Gradotz Glacier (Germ. Gradoétzkees or Gradetzkees) in east Tyrol, where
grazing rights were reduced in 1609 during the late phase of a serious Little
Ice Age-peak lasting from the late 1560s. More precisely, this happened after
the sixteen cold summers of 1585-1589 and 1591-1601, most of them snowy
in high summer pastures in Central Europe, were followed by another cold
summer in 1608.>"” A third type of human response to harsher climate was
the conversion of some former dairy cattle grazing complexes into pastures
for young and other non-dairy cattle; several other former cattle pasture com-
plexes were used only as sheep grazing grounds as a similar adaptation. The

°13 Pils, 1994, 173-174.

14 Brugger & Wohlfarter, 1983, 25-26, 188-189.

°15 Studen, 2024; Zwitter, 2015d, 151; compare Fajgelj, 1953, 129.

*16 Pfister, 1985a, 38-39, 57, 62-63, 92.

*17 Pfister, 1985a, 62-63, 92; Jager, 2006, 16, 20, 24-27, 30, 36-37, 45-50, 68-71, 76, 78-79,
and Figure 7 between pp. 16 and 17; Jager, 2007b, 92, 95-96, 99, 106-107, 110; Pfister,
Camenisch, & Dobrovolny, 2018, 126; Pfister et al., 2018, 277-280.
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upper Agls Alp (Germ. Aglsalm, about 2,110 m) by the Malevalle Glacier (Ital.
Ghiacciaio di Malevalle, Germ. Ubeltalferner) in the Ridanna Valley (Ital. Val
Ridanna, Germ. Ridnauntal), now in Trentino-Alto Adige (South Tyrol), for
instance, was a mountain pasture complex for cattle and sheep in the second
half of the eighteenth century. Starting in 1817, following several wet and/or
cold summers, including 1816 (i.e., the “year without a summer”), it became a
pasture complex for a few sheep only.>'® Due to the shift from cattle to sheep,
plants were grazed much closer to the sod,”"” adding to climate-related stress.
In comparison to cattle, sheep are generally much more selective in their feed-
ing, and they also prefer grazing at raised structures in the landscape—the tops
of hills and hummocks, for instance—and thus additionally increase the grass-
land heterogeneity.”* Thus, the climate-change-induced transition from cattle
to sheep grazing caused changes in grassland agroecosystems, which were the
result of interrelated impacts of natural dynamics and altered grassland man-
agement. A fourth type of farmers’ response to significantly harsher environ-
mental conditions was the partial abandonment of a grazing complex due to
the hazards posed by the climate change, even though the grazing rights were
not formally reduced, as presented in the next paragraph.

The impacts of climate cooling on the grazing regime and species composi-
tion at higher elevations also affected regions of the Alps far from glaciers. From
1568 to 1579, for instance, very snowy winters, cold spells in the spring, and low
temperatures and abundant precipitation in the summer were typical.' A no-
tice from 1579 reflects these conditions, documenting that snow often covered
the Bel$¢ica mountain pasture complex (Figure 19) in the Karawanks (SIn. Kara-
vanke, Germ. Karawanken) west of Mount Stol (Germ. Hochstuhl) at an eleva-
tion of approximately 1,900 to 2,100 m throughout the summer. When covered
with snow, the area also became dangerous due to the steep slopes below the
pastures. Consequently, many animals perished and only a few farmers with
grazing rights still kept their livestock there.””> The coldest sixteenth-century
summers were yet to come: the average Central European summer temperature
in 1585-1598 was 1.2 °C below the 1961-1990 average; with the exception of
1590, all these summers were cold or very cold, and summer snow covered Al-
pine pastures in most of them.”” Another example of a grazing complex located
far from glaciers—in this case characterized by a (generally speaking) relatively

18 Tager, 2006, 9-10, 36, 44-50, 52, 61, 68, 70-71, 78-79; Jager, 2007b, 91, 99-100, 103,
105-111; Nicolussi, 2013, 78-79, 90-91.

*1% Ellenberg & Leuschner, 2010, 1007.

520 Agten, 2010: for instance, sheep avoid some highly productive grasses such as tor-grass
(Brachypodium pinnatum) and upright brome (Bromus erectus), which can also abound
in the subalpine vegetation belt (Aeschimann et al., 2004, vol. 2, 916-917, 926-927).

521 Pfister, Holzhauser, & Zumbiihl, 1994, 65; Jiger, 2006, 13, and Figure 5 between pp. 16
and 17.

522 Zwitter, 2020, 79.

523 Pfister et al., 2018, 277-279.
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4.1 Continuously existing grasslands in naturally dynamic environmental conditions

Figure 19: The Bel$¢ica mountain pasture complex (at the top of the long ridge, about 1,900
to 2,100 m) covered with snow during a cold spell in late summer. Photo: Ziga Zwitter,
August 26th, 2018.

mild climate, but nonetheless seriously affected by the peaks of the Little Ice
Age—is the pasture at the top of Mount Blegos (1,562 m), a pre-Alpine hill.
In the summer of 1628 (or 1630), livestock could graze there for four weeks
or even less in the entire year due to severe frost and snow.”** According to
information from Switzerland, 1628 was one of the three years with the coldest
warm half year during the last five hundred years.”” An extremely cold summer
was also reported in Tyrol,”** and in part of Slovenian territory the grapes were
not harvested until the beginning of November, even though they were still
unripe—similar to reports from Switzerland.”” Snow in mountain pastures in
late July forcing the retreat of livestock in Tyrol was reported again in 1630.7
This means that low carrying capacity of mountain summer pastures was an
Alps-wide phenomenon in many cold summers during the peaks of the Little
Ice Age, and it was not limited to the highest sections of the mountain chain.

In many places in most of the Alps, the challenges posed by untimely sum-
mer snow in grazing complexes were partly mitigated by the right for herders to

> Zwitter, 2020, 79-80; compare Jager, 2006, 16.
°2 Pfister, 1999, 158, 196.

2 Jager, 2007b, 92.

527 Zwitter, 2013b, 342, 345, 362, 384-385.

328 Jager, 2006, 16.
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escape with their livestock to an area with milder climatic conditions. In many
cases they would otherwise not have grazing rights there, at least during that
part of the year. Such escape rights were a frequent, although not ubiquitous,
component of Alpine “cultures of risk management.” Although such rights were
highly relevant in the context of short-term weather variability, they mattered
even more in longer phases of a cool or cold climate in the warm part of the year.
An escape ground from a summer mountain pasture was usually a lower open
pasture, a lower forest grazing ground, or a montane meadow complex, provid-
ed that the hay had already been stored (see Section 6.1.2.1). Hay from montane
meadows that played the role of escape grazing grounds in case of summer
snow often belonged to other farmers than those whose livestock had the right
to escape there from high summer pastures. Rights to retreat in case of untimely
snow were not limited to high or relatively high summer grazing complexes: for
instance, according to a source compiled or copied in the eighteenth century,
herders from Recica Alp (SIn. Reciska planina, 1,270 m) or Grad Alp (SIn. Graj-
ska planina, 1,200 m) in the eastern Julian Alps (SIn. Julijske Alpe) had the right
to escape with livestock to the R¢itno meadow complex (900 m) if forced by
weather after haymaking at R¢itno had been completed. Even some permanent
settlements had the right to keep their livestock in lower pastures in the colder
part of the year if snow rendered grazing on their usual grazing grounds impos-
sible (see Sections 6.1.2.5.1.1 and 6.2). Grazing communities entitled to escape
to a lower grazing ground often did not have any grazing rights there under
normal weather conditions. Usually, the right to escape from snowy pastures
was not free of charge or without mutual favor agreements. Temporary escape
rights in case of summer snow are clearly proven to have existed for centuries,
in many cases since the Middle Ages or since the early modern period at least.
In some cases, only some livestock types, such as cattle, were allowed to leave
the snowy pastures. In many cases, the permitted duration of such a retreat was
shorter than an optimal adaptation to severe weather would have required (e.g.,
livestock were only allowed to be kept at such a lower retreat for half a day, one
day, a day and a half, or three days, or in some cases longer; at many places,
livestock were only allowed to reach the escape ground, for example, eighteen,
twenty-four, or forty-eight hours after the snowfall). In some other cases, live-
stock were allowed to stay at the temporary retreat ground until grazing at the
higher grazing complex could resume. Not only the frequently limited dura-
tion of allowed grazing in an escape ground was sometimes challenging—the
descent of hungry cattle on a snowy path was tricky, and sheep were inclined
to become stuck in rocks in snowy weather unless gathered in time, which was
impossible in the case of snowfall during the night. A summer snow blanket
that lasted too long or a lack of retreat rights forced an earlier return from sum-
mer pastures to more distant places; for example, to the valley.”* In July 1948,

5 Data from several places in the Alps: Grass, 1948, 100-124, 136, 189; Novak, 1955, 297,
304-305; Pfister, 1985a, 39; Wopfner, 1997, 437-439; Jager, 2006, 13-14, 27; Kaci¢nik
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for instance, cattle from the high summer pasture complex of Velo Polje (1,680
m) and the lower, early summer grazing complex of Vodi¢ni Vrh (1,486 m)
returned to the valley when a thick snow blanket formed (about 0.5 m at Velo
Polje and about 0.25 m at Vodi¢ni Vrh, as far as recalled). Cattle from the near-
by Krstenica Alp (1,655 m) stayed in a montane forest, and some fodder was
brought to them from the valley (see below); a farmer’s son that brought the
fodder to their cow recalled that the cows were bellowing in distress.”* The risk
of challenges posed by untimely snow was decreased where enough hay was
mowed at nutrient-rich sites around alpine cottages and/or enough hay surro-
gates were gathered (Section 6.6.2.2) to be used as emergency fodder. In gen-
eral, limited mowed areas close to alpine cottages expanded somewhat in the
nineteenth and early twentieth century, even though such mowing sites were
not an entirely new phenomenon at that time (Section 6.1.2.4). Making enough
hay and, optionally, other emergency fodder made it possible to stay in the alp
with livestock in the case of snow, provided that there were shelters for the live-
stock or that domestic animals could be driven to a place in a forest without
snow cover. This was the case only in some high summer grazing complexes.**!

Apart from the rights of retreat and locally made hay to increase the re-
silience of the mountain pasture complex in the case of summer snow, some
fodder was also brought from villages in the valley to high summer mountain
pastures in case of summer snow. This is recalled about July 1948 for Krstenica
(1,655 m) and for the remote summer grazing complex of Govnjac (1,474 m);
the livestock were from the village of Bohinjska Cesnjica (elevation 600 m),
Govnjac is 14 km away as the crow flies.>*

Important from the perspective of environmental dynamics in terms of
weather and climate were also watering rights for cattle and horses in case
of drought in neighboring grazing complexes with (more) abundant water
resources. For instance, herders from the karst Ovcarija summer pasture com-

Gabri¢, 2014, 114, 221; Zwitter, 2015d, 148; Zwitter, 2020, 71; Zwitter, 2024. A “culture
of risk management” (Rohr, 2013, 135) “designates a bundle of well-rehearsed practices
of risk minimization and ways of coping with extraordinary situations that people have
integrated into their daily lives so as not to be taken by surprise” (Pfister, 2011, 4-5).
5% Author’s interviews with E. Mlakar, 2017, in Bohinjska Cesnjica; with L. and M. Odar,
2017, and with A. and M. Taler, 2017, both in Studor; see also data on usual grazing
periods in these pasture complexes in Novak, 1955, 290-292.
Grass, 1948, 100, 102, 115, 120, 123, 208-213; Novak, 1955, 304; Wopfner, 1997,
439-441; Novak, 2024, 249; see also Jager, 2006, 13. At some other summer mountain
pasture complexes, only small quantities of hay were made for ill livestock, for calves,
and as human bedding (see also Section 8.2.3), and so this did not suffice if there was
untimely snow (author’s interviews with C. Mlakar, 2015, in the Krstenica Alp in the
Julian Alps; with Kunavec, 2017, with Mencinger, 2017, and with Gasperin, 2017, all in
Stara FuZina).
2 Author’s interview with E Mlakar, 2017, in Bohinjska Ce$njica. The interviewee re-
called how angry his fellow villager was when he had to bring some fodder to his ox at
the distant Govnja¢ Alp in 1948.

53
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plex in Bohinj in the Southern Limestone Alps, where cattle strongly depend-
ed on waterholes, had the right to water their livestock in a lake of the neigh-
boring mountain pasture complex at the Triglav Lakes if required by drought.
This was recorded in the 1870s and was regarded as a relevant custom at that
time, rooted in older tradition.* Old farmers with grazing rights at Ovcarija
still recall watering their livestock at the Triglav Lakes (about 1.5 km away in
straight line) in cases of drought.”** In serious drought, livestock from the Na
Kraju Alp on the Komna Plateau in western Bohinj were watered at Crno Lake
(SIn. Crno jezero, about 3 km away in a straight line), meaning a walk of an
hour and a half with livestock.”®® In some grazing complexes in the limestone
Alps, herders not only maintained waterholes but also stored and kept snow
covered with litter to reduce its melting in karst depressions, which were acces-
sible with a ladder; they used it in the summer as a water source.”*® Alternative-
ly, they used the snow that accumulated naturally in karst depressions, often a
quarter of an hour’s walk from the temporary settlement, and up to an hour’s
walk in some places after the accessible snow in closer depressions had been
used. They cut the snow in depressions with an axe, carried it to the temporary
settlement, and let it melt in a bucket in a sunny place. In this manner, they
obtained drinking water and water for cooking, and in some cases also drink-
ing water for livestock. This was a frequent practice at several summer alps in
the Southern Limestone Alps without local water springs before reservoirs or
water supply systems were built in the twentieth century.””

Where not enough water (and accessible snow in depressions) was avail-
able within a fairly long distance, severe droughts forced an earlier return from
summer pastures, reducing the grazing period there. In the first half of the
twentieth century, for instance, cattle sometimes had to leave the large grazing
complex of the Velika Alp (Sln. Velika planina, more than 5.5 km?) in the Kam-
nik-Savinja Alps due to drought before the usual end of the grazing season.
Nearby, horses, the only livestock type kept at Jezerca Alp close to Podvezak
on the Dleskovec Plateau (Sln. Dleskovska planota), had to leave this grazing
complex earlier due to the 1952 drought. As early as mid-summer, drought led
to migration of horses several times from Bela Pe¢ below Mt. Raduha because
priority was given to non-milk cattle also kept in the same mountain pasture
and they could stay there longer.*® All these examples are at least largely locat-
ed in karst areas.””

53 Novak, 1955, 297-298, 303, see also Grass, 1948, 134-136.

534 Author’s interview with Kunavec, 2021, in Stara FuZina.

5% Novak, 2024, 99.

53¢ Fajgelj, 1953, 125, 128, 154, 156; Novak, 1970, 358; Novak, 2024, 100; compare Cviji¢,
1925, 3-4, and photo 14.

%37 Novak, 2024, 98-103, 244.

5% Jordan, 1945, 55; Cercek, 19481949, 50, 52; Fajgelj, 1953, 126, 128, 154, and the map
between pp. 128 and 129.

339 Environmental Atlas of Slovenia, Land and Soil, Soil Map (1:25,000).
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4.1.1.3 Evolution of material strategies for coping with wet weather
after mowing

Rainy summers, especially cold or cool ones, were a significant challenge to
drying mowed hay.*** Precipitation after mowing significantly decreased hay’s
nutritive value, worsened its aroma and taste, allowed the spread of patho-
genic mold, and caused much additional work. Namely, the labor-intensive
actions to protect the hay from getting wet dealt with in this section had to
be taken, and, if hay nonetheless repeatedly became wet, additional turning
was needed several times. More turning and spreading also increased the
loss of dry matter in hay, meaning that less of the protein-rich herbs such as
clovers were gathered in because they are more fragile than grasses (Section
6.3.1.1).>* Significantly diverse mowing dates in meadows in different grass-
land complexes located in different microenvironments but belonging to the
same farm decreased the likelihood of a harvest failure of a high percentage of
the total hay at the farm level; for example, due to a rainy period after mow-
ing. Thus, diversity of mowing dates and a limited meadow area mowed on
the same day** strengthened the resilience of the farm economy (see Sections
6.1.2.1 and 6.1.2.2). Still, according to traditional ecological knowledge from
Bohinj—which belongs to the wettest parts of the Alps, with about 2,000 to
2,600 mm of annual precipitation in the valleys and many montane meadows,
and slightly more than 2,600 mm in the wettest montane meadows (in the pe-
riod of 1971-2000)>**—on average wet weather resulted in twice the amount of
economic damage in meadows caused by drought.>**

Nutrient leaching from hay by rain is still moderate in times of mowing
carried out when seeds just ripen.** Consequently, depending on the agro-
ecosystem, it sometimes happens that “[i]f hay is [slightly] rained on [imme-
diately after mowing] and then you dry it well . . . the cows would eat it better;’
as suggested by a parallel from the Carpathians.**® This surprising observation
from the times of mowing by scythe®*” might be related to the specific aroma
of the hay from that very site because cows pay much attention to the scent;

40 Pfister, 1985a, 119-120; Makarovi¢, 2007, 216, 219, 226-228; Slavin, 2018; and synthe-
sis of European historical climatology in Rohr, Camenisch, & Pribyl, 2018; Pfister et al.,
2018; and Bronnimann, White, & Slonosky, 2018.

1 Makarovic, 1982, 151; Pfister, 1985a, 41-43, 47, 57, 62-63, 86, 91, 103, 120; Keller, 2004,

15, 60, 93; Peterken, 2013, 125, 141; Bavcon, Ravnjak, & Praprotnik, 2019, 137; Verbi¢

& Verbi¢, 2014-2020, 20-22, 24.

Compare Iuga, 2016, 74.

>3 Environmental Atlas of Slovenia, Climate, Precipitation, Mean annual corrected precip-
itation 1971-2000; for a basic comparison, see the map of mean annual precipitation in
the Alps in 1971-1990 in Bitzing, 2015, 37.

> Author’s interview with L. and M. Odar, 2017, in Studor.

>4 Pfister, 1985a, 41-42; Bavcon, Ravnjak, & Praprotnik, 2019, 149.

5 Tuga, 2016, 74.

7 Thanks to the Romanian ethnologist Anamaria Iuga for this explanation.
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Figure 20: Manually turning hay was not just placing it on the ground upside down; it was
done in such a manner that the hay was deposited in airy, slightly elevated structures when
it fell from the rake to promote drying, as seen in this photo. As the text explains, this was
usually done in a direction so that the sun dried such slightly elevated forms more quick-
ly.>*8 This photo was taken near Spodnji Doli¢ in the foothills of Pohorje in the first half
of July 1963. Slovenian Ethnographic Museum, Documentation, Fieldwork campaign 20,
Vitanje (1963): photo 20/918 (by Pavla Strukelj). Slovenski etnografski muzej . . . Vitanje /
18 F0000020/918. © Slovenian Ethnographic Museum.

where cattle like the aroma of the hay and the hay is clean (as it usually was in
times of mowing by scythe—in contrast to motorized mowers, resulting in much
more soil dust in the hay),”® no rain at that time is optimal, as a general rule.”

To promote quicker drying, (1) hay from shady sites was regularly carried
to sunny sections within the same meadow immediately after mowing;*' in
wooded meadows, such as larch meadows (Section 6.6.1), this meant a lot of
work;*? (2) it was turned toward the sun, as reported in Switzerland and Slo-
venia, and so this practice was widespread®” (see Figure 20); and (3) in the

8 Participant observation of manual hay turning with the Hodnik family in a montane
meadow at Vogar, July 2018.

¥ Babai, Molnar, & Molndr, 2014, 105-106; Iuga, 2016, 73-74.

%0 Pfister, 1985a, 41-43, 47.

531 Sarf, 1974, 139; Makarovi¢, 2005, 127.

2 Norz, 2014, 22-23.

%53 Switzerland: von Glasenapp & Thornton, 2011, 775; Bohinj: author’s interview with M.
Hodnik, 2018, in the Vogar complex of montane meadows, recalling how they made
hay with her great-aunt, born in the early twentieth century.
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case of hummocky meadows (see Sections 3.2 and 4.1.2), hay was raked to the
tops of the hummocks and ridges immediately after mowing; it was not left
in the moister and shadier depressions.”* All these practices are documented
through ethnological data, which certainly reach back to the late nineteenth or
early twentieth century, but it is clear that many of them are much older.

In sunny summer weather without rain, hay is dry on the ground the next
day in non-fertilized sunny meadows.” In moderately fertilized meadows,
grassland plants grow taller and denser (Section 6.3.2), and so such hay dries
on the ground at least one day longer than hay from non-fertilized grasslands.>*
Hay on shady, northern slopes dries significantly longer than on sunny slopes.>”’
The drier the hay is, the more it is prone to nutrient leaching in case of rain, and
so a decrease in quality was particularly strong if the hay was already half dry or
dry when it was raining.”® A short heavy rain event was less problematic than
several rainy days, even if it did not rain comparably heavily. Wetted half dry
or dry hay became significantly less nutritive and less attractive. Too many days
with precipitation during hay drying on the ground (drying lasting for a week)
caused rotting of exposed grassland plants.”® An example from the broader
cool climate anomaly of 1880s and 1890s** demonstrates this: in the extremely
rainy summer of 1882, the chronicle of the parish of Ljubno ob Savinji in the
Alps of Lower Styria, where drying hay in a roofed hayrack (see below) has nev-
er become dominant, recorded that a lot of hay rotted at high isolated farms in
that area.”' “In many cases, putrefying hay encouraged the activity of parasitic
fungi, bacteria, worms and gastropods”—snails in wet habitats were relevant
not only as consumers of leaves; more relevant for livestock farming is that es-
pecially the snail Galba truncatula can host the liver fluke (Fasciola hepatica), a
serious parasite for livestock (Sections 6.1.2.5.1.1, 6.1.2.5.1.2, and 6.4.1).>%

During the High Medieval Climate Anomaly (or Medieval Warm Period),
lasting roughly from the beginning of the second millennium to the thirteenth

% Odar, 1993, 6.

55 Sarf, 1974, 139-140, 144.

%3¢ Compare Verbi¢ & Verbi¢, 2014-2020, 26.

7 Wopfner, 1997, 334.

*8 Pfister, 1985a, 41-43, 47.

59 Makarovi¢, 1982, 151; Pfister, 1985a, 42, 98, 120; Slavin, 2018, 499; author’s interview
with A. & M. Prepotnik, 2012, at Haudej farm in the Sol¢ava region; these data from
Haudej farm and from Strojna in Carinthia come from areas where a roofed hayrack
has never become usual (Melik, 1931, 33-34, 36-37, 48-49, and the map Répartition
du kozolec en Slovénie).

%0 On this anomaly: Bronnimann, White, & Slonosky, 2018, 312; Ogrin, 2005, 63.

61 Zwitter, 2015¢, 179, 181; compare Melik, 1931, 33-34, 36-37, 48-49, and the map
Répartition du kozolec en Slovénie; Bas, 1984, 335-336; Zwitter, 2010, 53.

%62 Slavin, 2018, 499-500, 504-505; on liver flukes and snails, see also Novobilsky et al.,
2014 (gratitude is expressed to the agronomists Martin Skrlep and Joze Verbi¢ for rec-
ommending this article) and Ballweber, 2024.
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century, there were occasionally cold wet summers, but the frequency of such
summers was low at that time.”® Later, peaks of the Little Ice Age brought
about clusters of wet and cold or cool summers, especially in the 1310s, in the
late fifteenth century, in the last third of the sixteenth century (a series of such
summers: 1569-1571, 1585-1589, 1591-1601), in the late seventeenth century,
and in 1816, belonging to the broader interval of cold summers from 1812 to
1817. For instance, there were seventy-seven rainy days in June, July, and Au-
gust of 1588 at Lucerne and seventy-five in 1596. In June and July of 1816, be-
longing to one of the coldest summers of the last millennium, there were “eight
successive weeks of rain” in Switzerland; it snowed there “down to 800 metres
elevation in every summer month” and the average summer temperature there
was 3 °C lower than the average of preceding twenty years.>**

In general, a significant decrease in hay quality and useable hay quantity led
to much lower milk quantities, even up to entire cessation of cows’ lactation
in the winter. In the past, cows usually delivered much less milk than today
(Section 5), and this led to a more significant decline in milk production in
the case of low-quality fodder than for more recent cows normally producing
more milk>® By the end of the seventeenth century—and, less frequently, by
the early nineteenth century—summers when a major part of hay rotted and/
or clusters of years when the summer allowed only production of small quanti-
ties of low-quality hay were followed by a very long winter (such as 1569-1574,
1689-1694, and some others), occasionally corresponded to general subsis-
tence crises. The connection between hay harvest failures and subsistence crises
was particularly relevant among the poorer population, in less accessible areas
strongly dependent on agriculture (i.e., by no means in all less accessible areas
in the Alps), unless human factors prevented the crisis. In such cases of general
scarcity, many farmers also used partly rotted hay. Consumption of hay that
had partly rotted, was mold-infested, or had simply grown in much wetter
conditions than normal, which allowed expansion of the liver fluke habitat,
easily led to livestock infections with diseases that were either lethal or at least
weakened the livestock to a degree to cause severe suffering among the animals
and serious economic impacts. This was particularly relevant if the immunity
of the livestock that consumed such fodder was weakened due to starvation
and unusually cold and wet weather, which was possibly the case during the
great subsistence crisis of the 1310s.7%¢

563 Rohr, Camenisch, & Pribyl, 2018, 254; White, Brooke, & Pfister, 2018, 333; on 1257-
1258, see Duh, 2023, 62-79, 98-99.

¢ Bronnimann, White, & Slonosky, 2018, 312-315; Pfister et al., 2018, 268-269, 274, 276—
281; Pfister & White, 2018, 552 (quotes), 553; Rohr, Camenisch, & Pribyl, 2018, 255;
Slavin, 2018; White, Brooke, & Pfister, 2018, 333, 338-340, 342; Pfister, 1985a, 63, 121.

%65 Pfister, 1985a, 38, 42-45, 47, 62-63, 84, 90-92, 103, 118-119; Jager, 2006, 12-13.

566 Pfister, 1985a, 47, 53—-54, 60-64, 83-84, 86, 90-96, 102-104, 107-116, 124-129; Viazzo,
1989; Zwitter, 2015d; Slavin, 2018, 495, 499, 500, 503-508; White, Brooke, & Pfister,
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There existed several varyingly efficient historical strategies for materially
coping with the hazard of rain during mowing time. In the case of imminent
rain or in the evening, before the dew, hay was usually arranged in heaps called
haycocks (Figure 21). In many places, their surface was neatly combed down
with a rake to promote water runoff, thus increasing the likelihood that part-
ly dry hay inside the cock would not become wet. Attention was also paid
to haycocks’ form: the lowest part of a haycock was slightly narrower than
its section slightly above the ground in order to decrease as much as possi-
ble the quantity of hay in contact with rain and with potentially wet ground.
However, cautious haycock building was not a general rule: a comment from
1778 explains that haycocks in the parish of Laupen (west of Bern) were built
carelessly. Consequently, longer rainy episodes caused more damage to hay
there than in Highlands (Germ. Oberland), where farmers paid more atten-
tion to haycock forms. When the weather turned better again or the next
morning, the haycocks were spread out, as a general rule. The practice was
labor intensive but effective if the rain did not last long.”” Haycocks have a
long history. Haycocks with a narrower bottom, thus perfected in shape, are
presented in the vicinity of Paris in an early fifteenth-century calendar by the
Limborg brothers. A June landscape with haycocks was drawn around 1500 in
the workshop of the French Renaissance illustrator Jean Poyer, who lived in
Tours. Pieter Bruegel the Elder drew haycocks in an Italian landscape in his
painting Haymaking (1565). Haycocks stand in a drawing showing the sur-
roundings of Laxton, northeastern England, in 1635.>® Archival records prove
that they were made in Bohinj, as recorded in the early eighteenth century,*®
to name just a few early preserved proofs making it clear that haycocks had
already been usual in different and distant parts of Europe well before the de-
velopments in agriculture in the second half of the eighteenth century and in
the nineteenth century. The wide territorial distribution*® and conventionality
of haycocks suggest that the practice of stacking hay in cocks is in fact much
older.”™

2018, 331-334, 339-342, 346; on common liver fluke, see also Novobilsky et al., 2014;
Ballweber, 2024; and Veterina Novo mesto: Fasciola hepatica - veliki metljaj.

57 Melik, 1931, 50; Sarf, 1974, 139-140; Pfister, 1985a, 42, 120; Peterken, 2013, 125-127,
130-131, 134-135, 336, 338-339; Bavcon, Ravnjak, & Praprotnik, 2019, 134, 137, 146-
147; compare Wopfner, 1997, 329.

68 Peterken, 2013, 118-119, 123, 142, 333-336; on Poyer’s biography: The Morgan Library
and Museum: Jean Poyer: Artist to the Court of Renaissance France Opens January 25,
2000; The British Museum: Jean Poyer.

9 SI AS 721, Gospostvo Bled (The seigneury of Bled, Germ. Veldes), lustitialia, fasc. 33,
Lawsuit between the communities of Studor and Savica concerning grazing rights in
Ukanc, 1697-1717: Die nahberschaft zu Sauiz allegiert . . ., no date.

*70 Apart from examples given above, there is more recent evidence from the Carpathians;
e.g., in Babai, Molndr, & Molnar, 2014, 106, 108, and in Zwitter, 2015a, 470.

7! Compare Makarovi¢, 2007, 214.

139



4 Natural and nature-induced environmental changes in grasslands

Figure 21: Due to the imminent rain, hay was cocked. Stara Fuzina, Bohinj. Nowadays, the
great majority of farmers do not make haycocks anymore and farmers’ time is limited, and
so the form of the lower parts of haycocks is not as perfect anymore as the ones that the
farmers belonging to the middle generation that made the cocks in the photo recall from
their youth. Photo: Ziga Zwitter, June 10th, 2017.

Partly dry second-crop hay started rotting much sooner than partly dry first-
crop hay (see also Section 6.1.2.3). Consequently, cocks made of second-crop hay
could not remain untouched on the next day even if there was continuous rainy
weather: decomposition was so intense that cocks of partly dry second-crop hay
warmed up so much that they started smoking, causing a strong decrease in fod-
der quality; the color of wet second-crop hay in a cock also changed, it became
red, and the interior of the cock turned white. Usually, farmers would do their
best to move second-crop hay to any kind of roofed place in the case of immi-
nent rain in the following days, such as small roofed spaces in front of a remote
livestock barn; they would put it in the remote livestock barn if the livestock
were kept elsewhere at that time. Some would even spread the second-crop hay
about 0.3 meter deep inside their cottage (a human habitation next to a barn in
a remote meadow complex) to save this valuable fodder, or they transported it
home as early as drying time and put it on a hayrack.””

72 Author’s interview with Kranjc, 2018, and with Kunavec, 2023 (with personal experi-
ence of saving second-crop hay by drying it in the cottage in the Voje Valley), both in
Stara Fuzina.
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Another way of protecting partially mowed hay against rain, most likely
relevant in several regions of the Alps during much of last millennium, was
stacks for drying hay that were built around a pole. The simpler and proba-
bly older form is the top of a coniferous tree, often two to three meters tall, at
most six meters, with the bark peeled off and the branches cut off, or with short
stumps of branches (Figure 22). The form of the frame in stacks for drying hay
underwent some evolution over time. The plain type presented here still pre-
vailed in some regions of the Alps in the mid-twentieth century, such as parts
of Carinthia (Germ. Kdrnten, Sln. Koroska) and Styria (Germ. Steiermark, Sln.
Stajerska). Stacks for drying hay with a pole with holes drilled into it, into which
sticks were inserted replacing the natural stumps of branches, were frequent in
some other regions at that time, such as Vorarlberg and Tyrol. Such haystacks
were broader and lower (about 1.5 to 2.5 m) than the type in Figure 22. In any
case, the hay had to be partly dried on the ground before stacks were made
from it. Where usual, stacks for drying hay were built in moderately fertilized
meadows (Section 6.3.2), where the denser grassland and longer plants than in
non-fertilized meadows prolonged the process of drying hay on the ground, es-
pecially where the soil was often moist due to rain. In addition, the long-fibered
hay from fertilized meadows facilitated the construction of stacks. Limiting the
use of the stacks for drying hay to moderately fertilized sites was a general rule,
as confirmed by data from the Slovenian and Swiss Alps, for instance.””

In comparison with haycocks, stacks greatly reduced the percentage of hay
in contact with potentially moist ground during the drying process. In addi-
tion, stacks made better use of wind than drying on the ground. Hay dried in
the stacks, whereas the hay in cocks dried spread on the ground.”* Hay dry-
ing in a stack was significantly better protected against moderate precipitation
than spread on the ground because the shape of the stack fostered quick runoft
along the outer layer of hay;*” for the same reason, drying hay in a stack also
protected better against moderate rain than drying hay in cocks because the
area covered by a stack per given volume of hay is much smaller than in a cock.
Stacks required longer drying than in the case of hay spread on dry ground, but
no additional turning and cocking was needed, except for very rainy weather.
Consequently, drying hay in stacks reduced the losses of fragile but nutritious,
protein-rich herbs. If a two-meter-tall stack built around a pole with natural
branch stumps was well made and the weather not challenging, the hay was
dry in a week—these data refer to the moist climate at Jelje and Konjska Dolina
(about 1,300 m) in the Eastern Julian Alps.””® A stack for drying hay is not to be

73 Melik, 1931, 36-37, 52, 92-93, 95, and Figure 44; Escher, 1958, 402, 405; Kretschmer
& Nestroy, 1974, 9, 11-12; Cevc & Cop, 1993, 28, 59; Makarovi¢, 2007, 214-216; Tuga,
2016, 71-72; Klinar, 2020, 56; Kravanja & Komac, 2023, 19.

574 Melik, 1931, 36-37; Pfister, 1985a, 119; Cevc & Cop, 1993, 28.

375 Pfister, 1985a, 119.

376 Author’s interview with A. Sokli¢, 2017, in Zgornje Podjelje.
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Figure 22: Hay drying in stacks at Ljubnica, at the foot of the Pohorje Hills, first half of July
1963. There is a haypole (Sln. ostrv, Germ. Hiefel) in every stack. Slovenian Ethnographic
Museum, Documentation, Fieldwork campaign 20, Vitanje (1963): photo 20/140 (by Boris
Kuhar). Slovenski etnografski muzej . . . Vitanje / 63 F0000020/140. © Slovenian Ethno-
graphic Museum.

confused with a different, densely pressed, larger haystack of a different shape
intended to store hay in a meadow (Figure 65 in Section 6.1.2.5.1.2).5”

It is not clear when stacks for drying hay became usual in the first regions
in the Alps. The sophisticated hayrack, a much more complex construction,
is clearly proven in the Southeastern Alps since the middle of the second mil-
lennium (see below), and so simple hay stacks such as the ones in Figure 22
were likely not invented later. It is clear, however, that they were only intro-
duced in the eighteenth to twentieth centuries to some regions of the Alps,””®
which roughly corresponded with a significant increase in moderately ferti-

577 Such confusion occurs, e.g., in Bavcon, Ravnjak, & Praprotnik, 2019, 159, presenting
only the haystack for storing hay in the text, but the photo on the right side of page 159
shows a different stack for drying hay. Compare the text above and Melik, 1931, 92-93,
95; Tuga, 2016, 71-72, 75-76, 85; JaniSova et al., 2023, 11. Thanks to the agronomist
Janko Verbic¢ for explaining the impact of hay stacks on losses of protein-rich herbs.

78 Compare Melik, 1931, 95, and a late medieval proof of stacks for drying cereals in
Makarovi¢, 2007, 212-216, 220, 227 (see also Klinar, 2020, 43-45). On stacks for drying
hay since the eighteenth century, see Escher, 1958, 402-405.
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lized meadows (see the introduction to Section 6.3 and Section 6.3.2), where
stacks for hay drying were used. For instance, from Montafon, they reached
St. Antonien in Prittigau (in eastern Switzerland) around 1740 and were used
there until the twentieth century. Préttigau belonged to the core area of stacks
for hay drying in mid-twentieth-century Switzerland: at that time, a farm at St.
Antonien would keep three hundred to seven hundred poles for such stacks;
similarly, a farm at Davos had several hundred. Stacks for drying hay were
not constantly used for a long time in every region—in some cases, the use
of stacks for drying hay was abandoned after some time.””” In Montafon and
Tyrol, they seem to have a longer continuous tradition than in Prattigau.*®

Until the twentieth century, stacks remained important for drying hay in
some regions of the Alps where the hayrack never became usual, and also lo-
cally in regions with hayracks—in (moderately fertilized) meadows without
a free hayrack in the vicinity that could be used by the same farmer.*® Major
parts of the Slovenian Alps belong to the area of hayrack dominance; none-
theless, mid-twentieth-century farmers still made stacks for hay drying in the
Upper Soca catchment area, the uppermost Savinja Valley, the Meza Valley, the
Pohorje Hills (Figure 22), and some complexes of remote montane meadows
in regions where hayracks dominated in the valley, such as the hay stacks used
in montane meadows at Jelje and Konjska Dolina in Bohinj.*®

In very rainy, cold, or cool summers, which sometimes occurred in suc-
cessive years, neither cocks nor stacks for hay drying efficiently saved the hay,
and, because drying cereals also failed, some core pillars of the farm economy
were challenged. Such conditions, but also much shorter rainy periods during
mowing time, promoted the spread of hayracks in many parts of the Alps.**
A sophisticated hayrack “is a freestanding, roofed, permanent building with a
load-bearing column-construction (or two such [parallel] load-bearing con-
structions), into which horizontal poles are set at intervals equal to the thick-
ness of a grain sheave [or two sheaves], and whose purpose is to dry . . . various
crops and fodder™** (Figure 36 in Section 5). First-crop hay and second-crop
hay (which is shorter than first-crop hay; nonetheless, it can be loaded on the

°79 Escher, 1958, 402-405.

>80 Escher, 1958, 402.

51 Melik, 1931, 36-37; Cevc & Cop, 1993, 59.

5% Melik, 1931, 37, 45; Cevc & Cop, 1993, 23, 28; Bavcon, Ravnjak, & Praprotnik, 2019,
159; Kravanja & Komac, 2023, 19; author’s interview with A. Sokli¢, 2017, in Zgornje
Podjelje.

’83 Adapted from Pfister, 1985a, 119-120, and Makarovi¢, 2007, 216, 219, 226-228 (ne-

glecting the year-to-year weather variability).

Makarovi¢, 2007, especially page 211 (the definition of a sophisticated hayrack is taken

from this section of the Slovenian text, and the quote partly follows the same definition

in the English abstract on page 247; the section in square brackets was added from

Melik, 1931, 7).

584
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horizontal poles of a hayrack) from meadows still dry in some hayracks in the
Southeastern Alps®® (Figures 23 and 24), and drying both hay harvests in a
hayrack has a long history. For instance, drying both hay harvests in hayracks
was recorded at Spodnje Gorje, in the eastern Julian Alps, around 1830.%¢ A
single hayrack (Figure 23) is a single construction, and a double hayrack con-
sists of two such joined parallel constructions, usually covered by a shared
roof together with the space in between providing additional storage capacity
(Figures 24 and 25).°*” Roofed hayracks (with sufficiently long roofs to protect
the hay as usual in the Southeastern Alps) solved the challenge of precipitation
(not only rain, but also morning dew) and soil moisture during the hay-drying
period; neither haycocks nor hay-drying stacks protected the hay in the case
of longer rainy periods.”® Even if rainy weather lasted for several weeks, when
hay was drying in a hayrack, fodder retained its nutritive value and flavor; only
the quality of its thin outer layer declined.’® When a hayrack is filled, a farmer
rakes the outer part of the hay in the hayrack from top to bottom to make sure
that any rain reaching the hay despite the roof will drain optimally along the
outermost hay layer and also to check that no hay will fall from the hayrack
in case of windy weather.”® Gradual drying at air temperatures in a (roofed)
hayrack ensures preservation of high hay quality. Drying in a roofed hayrack is
safe and it is based on sun and wind, without non-renewable energy input, but
the practice is labor-intensive (however, less labor intensive than repeatedly
cocking and spreading the hay or building haystacks for drying), and hayrack
maintenance requires investment.”®' Hay is usually already partly dry when
placed in a hayrack. If hay, second-crop hay in particular, is too moist to dry
well when placed into a hayrack (very fresh or rain-wetted), it is taken out after
a while and filled into the hayrack again in a different order to make sure that
the entire hay harvest dries well and does not become moldy.**> Some farmers
always shake the stored hay that is only partly dry before they place it in a hay-
rack and let it dry completely there as a preventive measure against a potential

% E.g., Klinar, 2012, 107.

%86 SI AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carnio-
la), L310, cadastral municipality of Spodnje Gorje, cadastral appraisal protocols: s.n.,
310/4, 53, 97. Erroneously, Franjo Bas stated that second-crop hay has never been dried
in hayracks (Bas, 1984, 336).

57 Makarovi¢, 2007, 225-226, 228; Ceve & Cop, 1993.

88 Melik, 1931, 53; Pfister, 1985a, 119; Juvanec, 2020, 15; author’s interview with A. and M.
Prepotnik, 2012, at Haudej farm in the Sol¢ava region.

5% Pfister, 1985a, 120.

% Author’s observations in Bohinj in 2022, and explanation by the farmer M. Hribar,
2022, in Bohinjska Ce$njica.

#1 Melik, 1931, 58-59; Pfister, 1985a, 42, 119; Juvanec, 2007, 36, 60, 91-93; Peterken, 2013,
251; Juvanec, 2020, 14-16.

%2 Pfister, 1985a, 120; Bavcon, Ravnjak, & Praprotnik, 2019, 146, 149, 168-169; Klinar,
2020, 56; author’s interviews with Urh, 2017, in Stara Fuzina, and with I. Mlakar, 2021,
in the Zajamniki Alp.
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Figure 23: Hayracks have existed in some remote montane meadows—for instance, in the
Julian Alps (here a roofed single hayrack in the Javornica montane meadow complex in
Bohinj, 1,160 m) and in Tyrol—but they have never been characteristic of remote montane
meadows in any part of the Alps. Consequently, drying hay in remote montane meadows
has often remained more sensitive to rainy weather than drying hay close to permanent
settlements.* Photo: Ziga Zwitter, July 2021.

mold infestation in a hayrack.* Hayracks are not Alps-specific: they have also
been (or were) used in some other parts of Central, Eastern, and Northern
Europe, especially if unroofed constructions are also taken into account.>”

In the (second half of the) last millennium, hayracks gradually spread to
many places in the Eastern Alps and to much more limited areas in the West-
ern Alps (mainly to southeastern and southwestern Switzerland). Within the
Alps, the use of a hayrack has become most usual in the southeast.”*® Hayrack
forms also developed over time.* Highly likely early evidence of hayracks in
northwestern Tyrol dates back to the fifteenth century.®® In the Alps of Carin-
thia and Upper Carniola (Germ. Oberkrain, Sln. Gorenjska; now northwest
Slovenia), roofed hayracks were introduced roughly in the sixteenth centu-
ry, when archival evidence makes it clear that they already existed (thus, they
must have played a crucial role during the cold and wet late sixteenth-century
summers), and they became usual there by the mid-seventeenth century at the

3 Melik, 1931, 9, 24-27; Cevc & Cop, 1993, 40, 48-49, 90, 136-137, 139-140; Juvanec,
2007, 87; Novak, 2024, 39, 105-106, 126, 131, 133.

% Author’s interview with Kunavec, 2021, in Stara Fuzina.

%% Melik, 1931; Dahlstrom, Tuga, & Lennartsson, 2013, 196, 198; Peterken, 2013, 251.

6 Melik, 1931, 79, 89, 99; Cevc & Cop, 1993, especially pp. 7, 13-14, 22.

57 Makarovi¢, 2007, especially pp. 226, 228-230, 232; Melik, 1931; Cevc & Cop, 1993.

*% Melik, 1931, 60; Rhamm, 1908, 355; compare Makarovi¢, 2007, 217.
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latest. Roofed hayracks gradually spread to further territories, and their den-
sity increased and reached its peak in the late nineteenth century.”” In 1879,
in the golden age of hayracks, there were seventy-six double and sixty-four
single hayracks in the villages of Savica, Brod, Polje, Kamnje, Rib¢ev Laz, Laski
Rovt, and Zlan in Bohinj (there were 106 houses in these villages in 1880)
or in the immediate vicinity of these villages. At the same time, the number
of hayracks per farm in the nearby villages of Cesnjica, Jereka, Podjelje, and
Koprivnik (there were 193 houses in these villages in 1880) was considerably
higher: 217 double and 198 single hayracks belonged to farmers from these
villages (on average more than one double plus one single hayrack per farm),
including sixty-six double and thirty-one single hayracks located further away
from villages.® The late nineteenth-century density of freestanding hayracks
in parts of the Slovenian Alps was much higher than even the density of tem-
porary hayrack-like constructions in late nineteenth-century Tyrol, whereas
similar smaller structures attached to outbuildings were frequent in Tyrol.*' In
the Alps of southeastern Switzerland, the introduction of the hayrack was late
in comparison with Tyrol, Carinthia, or the Alps of what is now northwest-
ern Slovenia; it did not happen before the eighteenth or nineteenth century,
and the hayrack was certainly only introduced to some Swiss microregions in
the nineteenth (and possibly early twentieth) century.®*> The roofed hayrack

39 Makarovic, 2007, 212-223, 226-242; Bas, 1984, 336-338; Juvanec, 2007, 86-88; Zwit-

ter, 2014d, 685; for further evidence of permanent hayrack constructions from the six-

teenth and seventeenth centuries, see SI AS 721, Gospostvo Bled (The Seigneury of

Bled, Germ. Veldes), lustitialia, vol. 11, May 27th, 1597, November 17th, 1598, and

January 21, 1603; SI AS 721, lustitialia, vol. 12, May 1st, 1606, and May 25th, 1621; SI

AS 721, lustitialia, vol. 13, June 12th, 1606; Mlinar (ed.), 2018b, 92; and recent findings

in Pe¢nik, 2024, 39, 72.

Novak, 1955, 300, and numbers of houses from the 1880 census in Special-Orts-Reper-

torium von Krain, 1884, 102, 104.

601 Makarovic, 2007, 228.

52 See the map in Cevc & Cop, 1993, 14. Concerning the chronology of hayrack introduc-
tion to southeastern Switzerland, compare Escher, 1958, 402-405, and Pfister, 1985a,
119-120, and note that the word Heinze can designate any type of wooden object out-
side where hay, cereals, or some other crops are loaded to dry there. A Heinze can be
a haystack, a hayrack, or some other, less frequently used object types. The tentative
general chronology of introduction and spread of Heinzen in southeastern Switzer-
land in the 1810s and 1820s as presented by Pfister 1985a, 119-120, is partly erroneous
because it is too uniform; Heinzen were introduced earlier than that to some places of
southeastern Switzerland and later than that to some others, as found by Escher in the
mid-twentieth century (see the paragraph above on the chronology of introduction of
stacks for drying hay). Pfister (1985a) referred only to Angst’s research published back
in 1930 in this respect. Consequently, Pfister’s link between the spread of Heinzen and
the 1816/1817 weather-related crisis is somewhat exaggerated; the connection was not
so strong in general. However, it is likely that the phase of cool climate from the 1810s
to the 1830s that culminated in the cold summers of 1812-1817, most prominently
in 1816, the “year without a summer” (on climate and weather at that time, see also
Bronnimann, White, & Slonosky, 2018, 312-315; Pfister & White, 2018; see also the
introduction to Section 4.1.1.3) in fact fostered the spread of Heinzen to some places
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Figure 24: A typical representative of the many double hayracks in Gorenjska, northwest-
ern Slovenia. The primary function of the parallel pair of vertical column-constructions
with horizontal poles on the longer sides of the building is drying hay, cereals, beans, clo-
ver, and some other crops.® The attics were usually used for hay storage; the same applies
to the central part of the upper floor in the case of appropriate construction (the upper
floor longitudinally partitioned off twice, so that rain did not reach the central part).** The
closed central part of the upper-floor front of the large double hayrack in the rear part of
this picture reveals the existence of such a (hay) storage facility there. In the front of the
picture: drying second-crop hay, Studor in Bohinj, August 19th, 2021. Photo: Ziga Zwitter.

was not limited to Central Europe; it also spread in Sweden in the early mod-
ern period. In the nineteenth century, roofed hayracks were more widespread
than in the mid-twentieth century and later; in the Alps, they (freestanding
or attached to outbuildings) were generally used in most of the Alps and Pre-
Alps of what is now northwestern, central, and partly eastern Slovenia (Figures
23-25), rather generally in many parts of Carinthia, at several places in East
Tyrol, in parts of Carnia (Friul. Cjargne), and further west in Cadore (Ladin:
Ciadore), Alto Adige (South Tyrol), and some places in southern Switzerland,
for instance.®® These areas include, but are not limited to several (not all) of the
wettest sections of the Alps.®®

or stimulated the introduction of a more sophisticated Heinzen type, like a hayrack, to
some parts of southeastern Switzerland.

603 Melik, 1931; Makarovi¢, 2007.

04 Melik, 1931, 13-14, and Figures 15 and 16; Juvanec, 2020, 16.

605 Melik, 1931; Kretschmer & Nestroy, 1974, 14; Cevc & Cop, 1993; Juvanec, 2007.

€6 Compare the map of precipitation in the Alps in 1971-1990 in Bétzing, 2015, 37.
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1t

Figure 25: Scheme of air circulation in a double hayrack full of drying hay between the
horizontal poles on both parallel sides on a sunny day.®” Drawing by Borut Juvanec.
© Borut Juvanec.

" N —

Double hayracks are a more recent invention than single ones. Air circu-
lation in a double hayrack (Figure 25) additionally stimulates hay drying, es-
pecially if a hayrack is built in a west—east or northwest-southeast direction,
the latter making best use of sun in the afternoon as the warmest part of the
day; not all hayracks are orientated this way due to human and environmental
factors. The Sun’s rays warm the double hayrack’ steep roof, and consequent-
ly warm air exits the highest part of the hayrack below the roof, and these
air movements cause air to rise from lower parts of the hayrack, resulting in
air circulation around drying hay even during calm weather.*® In contrast to
single hayracks, double hayracks (Figures 24 and 25) were most likely still a
rarity in Slovenian Alps in the seventeenth century. In the second half of the
eighteenth century and in the nineteenth century in particular, thousands of
double hayracks were built in the Southeastern Alps (but they remained ab-
sent from the rest of the Alps), hence double hayracks became characteristic of
some places in the southeasternmost Alps as the territory where hayrack con-
struction was most developed, such as Bohinj and the Gail (SIn. Zilja) Valley
in southern Carinthia.®” According to a general comment, the double hayrack
was recorded to have already been in use in the provinces of Carniola (Germ.
Krain, Sln. Kranjska; it included the major part of the Alps of present north-
western Slovenia) and Carinthia around 1820.5"° This can be confirmed by the

07 Juvanec, 2007, 56.

8 JTuvanec, 2007, 56, 92; Juvanec, 2020, 15; Klinar, 2020, 57.

809 Makarovi¢, 2007, 219, 221-222, 228-230, 232-242; Melik, 1931, 14, 27-28, 46, 57, 60,
Figures 11-12 and the map Répartition du kozolec en Slovénie; Juvanec, 2007, 30; Cevc
& Cop, 1993, 7 (the English translation is inaccurate: the original Slovenian text says
that examples of double hayracks can be found as far to the west as the source of the
Drau/Drava River and also in Styria), 14, 79; Klinar & Roskar, 2020, 103.

10 Juvanec, 2007, 26, 28.
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example of the village of Bohinjska Bela, nowadays belonging to the territory
of double hayracks;*"' they must have already existed there by around 1830
because hay storage (not only drying, thus requiring a double hayrack) in hay-
racks was recorded there at that time.®* Similarly, the oldest still existing and
dated double hayrack in the village of Studor in Bohinj, well known for a group
of double hayracks below the settlement, was erected in 1825.5*

Although drying hay in hayracks is environmentally friendly, it is highly
labor intensive,** and so it has experienced a marked decline that started early
in the twentieth century in areas where hayracks were less sophisticated, such
as southern Switzerland, and this reached the territories of the most advanced
hayracks in the southeastern Alps by the last third of the twentieth century,
often related to a marked decline in milk flavor and meadow species richness
(the transition from hay to silage) or additional energy input to the hay-drying
process.®"> Some small and rare middling farms in the region still use them.

In addition to the constructions presented for drying hay and the hayrack
without a roof, there existed a few other unroofed construction types for dry-
ing hay outdoors, most of them without a long historical tradition of being
widely used in the Alps.5'¢

Material strategies of coping with damp weather after mowing also include
salting hay that was almost dry, but not entirely dry, when it was put in hay
sheds in remote montane meadows (where hayracks were usually lacking).
This practice decreased the likelihood of mold developing. In addition, salt
increased the attractiveness of such fodder for livestock; namely, such hay had
often previously been exposed to rain, and so nutrients were partly leached
and its aroma and taste became less pleasant.®’” Through salted hay, livestock
also received the salt ration that would otherwise have been provided sepa-
rately."® In the haymaking season of the rainy and cold Little Ice Age summer
of 1864,°" an article on haymaking, with advice on how to reduce damage in
case of rainy weather during haymaking season, was published in the news-

1! Map of the present distribution of the main hayrack types in Gorenjska: Klinar &
Roskar, 2020, 103.

612 SI AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carnio-
la), L335, cadastral municipality of Bohinjska Bela, cadastral appraisal protocols: s.n.,
335/4, 59.

1% Ceve & Cop, 1993, 91; Juvanec, 2007, 32.

14 Pfister, 1985a, 43.

15 Juvanec, 2007; Makarovié, 2007, 228; Juvanec, 2020.

616 Escher, 1958, 404-405; Kretschmer & Nestroy, 1974, 12-14; Cevc & Cop, 1993, 24, 36,
38.

7 Bavcon, Ravnjak, & Praprotnik, 2019, 137; author’s interviews with F. Mlakar, 2017,
in Bohinjska Cesnjica, and with Gasperin, 2017, in Stara Fuzina; the latter mentioned
application of c. 10 kg of salt to the hay when filling a small hay barn.

o8 Pavkovic, 2021, 101-104; see also Section 8.2.2.1.

619 Zwitter, 2015d, 151; Studen, 2024.
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paper Novice.””® Novice was the leading Slovenian newspaper of the time; it was
founded by the Carniolan Agricultural Society and thus also aimed at farmers,
although many of them were still illiterate (see Section 8.2.2) and farmers were
few among the subscribers to this newspaper (but many priests spread the con-
tent of the newspaper among farmers).®”! That article reccommended salting
not entirely dry hay before storing it; more precisely, the application of 0.12
to 0.14 kilograms of salt to a quintal (56 kg) of hay was recommended, with a
reference to Wochenblatt fiir Land-, Forst- und Hauswirthschaft.®** It is an open
question whether the practice of salting not fully dry hay was indeed new for
Slovenian farmers at that time.®”* Data from Bohinj also reveal another prac-
tice that might have been older or was at least cheaper but also less efficient:
farmers placed dry limestone rocks in hay sheds in montane meadows, so that
the limestone would absorb some moisture from hay that was almost com-
pletely dry, although not entirely dry.®** All in all, such practices mitigated the
hazard of mold infestation, but they were not always sufficient,*” depending
on the weather at hay drying times, microclimate of the meadow, plant species
composition (see Sections 6.3.1 and 9), and hay storage facilities. A bit of hay
stored almost, but not completely, dry was more easily accommodated in a
manner that prevented mold infestation, where an at least medium-size barn
was available, which was the case in permanent or temporary settlements—
such a barn was usually not entirely packed with hay, so that air flows below
the roof allowed final drying of limited hay quantities on top of the stored
hay.*® The hazard of mold infestation in almost dry hay was higher in many
montane, subalpine, or alpine meadows, where a lot of hay had to be crammed
into a small shed in the case of a good hay harvest®’ (such sheds have been
documented for centuries®?®) or haystacks intended to store hay were erect-
ed that had to be particularly firmly pressed to withstand periods of windy
and wet weather. Nonetheless, there were reasons why farmers kept much hay
in distant sheds, such as increasing resilience in case of a fire at home when

620 Studen, 2024.

62 On Novice, see Rozman, 1970; Amon, 1991; Stih, Simoniti, & Vodopivec, 2008, 275,
280, 282, 284, 285, 288, 290, 292-293, 298-299, 308; and Seli$nik & Verginella, 2021,
156, 159-161, 163-164, 168.

22 “Kosnja,” 1864, 199. Conversion of a Lot to kilograms follows Vilfan, 1954, 68.

3 A similar practice was currently documented in the Romanian Carpathians: when hay-
stacks intended to store hay are built, salt is added “to better preserve the hay” (Iuga,
2016, 75-76, quote from p. 76).

¢4 Author’s interviews with Gasperin, 2017, in Stara Fuzina; with A. Sokli¢, 2017, in
Zgornje Podjelje; and with Frelih, 2021, in the Zajamniki montane meadow complex,
where the author helped him put the hay in a hay barn.

625 Author’s interview with Gasperin, 2017, in Stara Fuzina.

26 Author’s interview with Mencinger, 2018, in Stara Fuzina.

67 Author’s interview with E. Mlakar, 2017, in Bohinjska Cesnjica.

628 E.g., SI AS 721, Gospostvo Bled (The Seigneury of Bled, Germ. Veldes), Iustitialia, vol.
12, April 6th, 1609, December 8th, 1610, April 18th, 1611, and July 2nd, 1620; SI AS
721, lustitialia, vol. 13, October 1st, 1609.
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roofs were made from combustible materials.®”” Remote hay sheds were small
because this sufficed in usual years, and maintenance of many structures in a
good state was a burden to the farmer®* that would have increased in case of
larger remote barns.

4.1.1.4 The cultural-history calendar impact on haymaking resilience
to weather events problematic for haymaking

Whereas Section 4.1.1.3 focused on material strategies increasing the resil-
ience of haymaking to rainy weather, this section looks at the work-free days
in the calendar from the perspective of the resilience of haymaking when the
weather turned rainy. Namely, other weather events during haymaking rarely
damaged the hay severely compared to the processes frequently triggered by
rain. Only at some particularly jeopardized sites and/or in exceptional years
was there a significant risk during haymaking of adverse weather events other
than rain or of weather-induced events that caused serious damage to hay.
Examples are strong wind that blew the mowed hay away from some exposed
sites in the mountains—thus, in the worst case, the hay was lost;**! floods that
carried away mowed hay; and severe hail storms that tore off grassland plants
not mowed yet and washed the biomass away.®*> Where such hazards jeop-
ardized haymaking, many work-free days in the calendar also decreased the
resilience of haymaking to all such events, although only the frequently rele-
vant connection between haymaking, rain, and holy days is mentioned in the
continuation of this section.

Christianity spread relatively quickly around the Roman Empire and be-
came the predominant religion there, especially in the fourth and fifth cen-
turies.®*® In the majority of the easternmost Alps, Christianity faced a discon-
tinuity, with a break mainly in the sixth century,** followed by re-Christian-
ization especially in the second half of the eighth century and in the ninth
century. A shift in religion entailed changes in cultural values and daily life—a
process that took generations.®> For a millennium and a half, the Christian
calendar (later Roman Catholic, as prevalent in the Alps) required a signifi-
cant percentage of farm-work-free days, with the exception of the unavoidable
daily routine. This differed from the Christian rules in antiquity and from the

% Author’s interviews with Gasperin, 2017, and with Kranjc, 2018, both in Stara Fuzina.

00 E.g., Ledinek, 1999, especially the section Kuharjev Joza; Novak, 2024, 23.

&1 This was, for instance, a relevant hazard in the subalpine meadows at the very top of
the Golica mountain ridge (Smolej, 2008, 15); on these meadows, see also Sections 3.1,
6.2.2.3,and 6.3.1.2.

62 Compare Sifrer, 1962, 148, 150, 154, 170-171.

3 Trombley, 2006; Bratoz, 2000, 16, 25.

63 Stih, 2010, 90-91, 93-96; Bitzing, 2015, 58.

635 Stih, 2014a, 53-54, 58-59; Stih, 2018; Makarovi¢, 1995, 27-30, 41-42, 46, 48, 50, 52-54,
101; see also Stih, Simoniti, & Vodopivec, 2008, 95-101, 150-153.
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official Roman Catholic norms since the second half of the twentieth century,
as explained in this section. In practice, the impacts of largely work-free holy
days on the lives of the rural population and on the farm economy were di-
verse, ranging from positive in terms of physical and mental (through religion
and socializing) relaxation and recovery, and information exchange among the
gathered people, to negative, such as (1) widespread excessive alcohol con-
sumption, frequent enough to risk addiction (see also Section 8.1.2), (2) gen-
eral economic impacts of an unnecessarily high number of largely work-free
days, and (3) adverse weather impacts on harvest when sensitive crops, such as
mowed hay, were not stored in time.**

In the fourth century, weather-dependent farming tasks outside were still
exempt from work prohibited by Christianity on Sundays.*” After the oppos-
ing decisions by the Council of Orléans (AD 538) prohibiting much farmwork
on Sundays, and the Council of Rouen (AD 650) returning to the older clause
exempting farming,*® this changed in the following centuries. In several parts
of the Eastern Alps, the prohibition on farmwork on Sundays and holidays
roughly corresponded with general re-Christianization. For instance, the Syn-
od of Cividale (in Friuli, Patriarchate of Aquileia; Friul. Cividat) in AD 796
emphasized that Christians were not allowed to carry out farmwork on Sun-
days (except for the unavoidable daily routine); it is clear that the Church made
sure at that time already that synods” conclusions reached many believers.***
Roughly contemporaneously, disobedience of the prescribed Sunday behav-
ior was listed in the catalog of sins in a confession prayer, originating in the
mid-ninth century at the latest, and written down and partly reworked as the
First Freising Manuscript around AD 1000, most likely in what is now (upper)
Carinthia.**

In addition to Sundays, the number of largely work-free holy days increased
significantly in the Middle Ages.®"' Carrying out most work on those days was
considered a deadly sin, except for the unavoidable daily routine.®** As early as
the transition from the eighth to ninth century, there were thirty-six holy days

63 See the continuation of this chapter and Pribyl, 1998; Makarovi¢, 1982, 254, 258, 412—
415; Spehr, 2010; Ambrozi¢, 2018, 227; see also von Hormann, 1877, 149-150, 152-
153; Usenicnik, 1945, 164 (thanks to the church historian Lilijana Znidarsi¢ Golec for
recommending this work); Grass, 1950, 159, 169-170; Netting, 1974, 69; Makarovic,
1995, 20-21, 101, 225, 227, 238-240, 254, 256-257, and caption to Figure 20; Stih, Si-
moniti, & Vodopivec, 2008, 152; Seli$nik & Verginella, 2021, 159; Meja za malo tvegano
pitje alkohola and the physician Luka Zwitter, personal communication.

7 Wildhaber, 1956, 27; Pribyl, 1998, 100-101; Persi¢, 2022, 62-63.

% Pribyl, 1998, 102.

63 Stih, 2014a, 54-56; see also Makarovi¢, 1995, 240, and Pribyl, 1998, 117.

64 Stih, 2018, 347, 350; compare Pribyl, 1998, 103.

641 Usenic¢nik, 1945, 164; Dohrn-van Rossum, 2006, 869; Spehr, 2010, 209-210; Stih, 2014a,
55.

2 Kranemann, 1995, 2050; see also Makarovic¢, 1995, 240, and Pribyl, 1998, 117.
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annually in addition to Sundays, as recorded in the Archbishopric of Salzburg,
which covered the great majority of the Eastern Alps north of the Drau (Sln.
Drava) River.*? The number of holidays kept rising in the following centuries.
On average, this made approximately five workdays per week in the Late Mid-
dle Ages; however, holidays were not evenly distributed throughout the year.*
In the sixteenth century, as many as around 120 days annually were festal:*** in
the parish of Radovljica (Germ. Radmannsdorf), for instance (now in north-
west Slovenia), there were 122 holy days when most work was prohibited,
meaning seventy in addition to Sundays (as recorded in 1468), and around 110
holy days (including Sundays) in the parish of Kranj (Germ. Krainburg) in the
late fifteenth century.*¢ In addition, several regions in the Eastern Alps knew
work-free afternoons on Saturdays and days preceding other holy days (see the
paragraph on Sabbatism below). Moreover, the farm workload on rainy days
was often reduced significantly, allowing additional relaxation and recovery,*’
and the amount of farmwork in winter was in general much lower than in
other seasons.*** However, working days during the summer peak of agricul-
tural work coinciding with long daylight hours were often long and lasted, for
instance, from 4 am until 9 pm, with relatively short breaks in between.** In
general, such long working days were more frequent with the increased farm
workload beginning in the second half of the eighteenth century and the nine-
teenth century.®° Nonetheless, several factors must have also stimulated long
working days in the haymaking season in earlier centuries, among more ambi-
tious farmers in particular. These included long daylight time; a desire to make
use of nice weather with highly positive impacts on hay quality; imminent rain
events; a possible high number of rainy days in the summer resulting in less
time suitable for haymaking and cereal harvest and in a heavier workload in
terms of additional cocking, spreading, and turning wetted hay (see Section
4.1.1.3); and a higher number of holidays in the same week.®

Although the activities of the Church itself belonged to the most important
ways of enforcing the prohibition on farmwork on Sundays and other holy

4 Stih, 2014a, 55. For the spatial coverage of that archbishopric, see Slovenski zgodovinski
atlas, 2011, 56; see also Stih, 2018, 339.

¢4 Dohrn-van Rossum, 2006, 869.

5 Hiller, 2020, 82; see also Makarovic, 1995, 46, 52.

646 Makarovi¢, 1995, 101, and the text in front of Figure 16 in the unpaginated final section
of the book; Stih, Simoniti, & Vodopivec, 2008, 237-238.

7 Seventeenth century: SI AS 721, Gospostvo Bled (The Seigneury of Bled, Germ. Veldes),
Tustitialia, vol. 13, October 1st, 1609; early twentieth century: Sarf, 1974, 143 and Slove-
nian Ethnographic Museum, Documentation, Fieldwork campaign 21, Skocjan (1964):
notebook no. 3, 132.

% Makarovi¢, 1995, 87, 240, 256, and the text in front of Figure 16 in the unpaginated final
section of the book.

9 Makarovi¢, 1995, 88; examples: Sarf, 1974, 139-140; Hessenberger, 2022, 166-167.

60 Makarovi¢, 1995, 87-88, 125-126, 227-228, 240, 244.

1 Compare Makarovic, 1995, 88, 225-228.
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days, except for the unavoidable daily routine, religion and ecclesiastical rules
also impacted some legal norms prescribed by the state and local communi-
ties that were steeped with faith.®> An example is the prohibition on Sunday
work in Lex Baiuvariorum,** originating in the seventh or eighth century at
the latest. Focusing on meadows, Lex Baiuvariorum prohibited the use of ox-
drawn carts, mowing hay, and gathering hay on Sundays.®* Similarly, Char-
lemagne’s law from 789 prohibited mowing hay on Sundays.®>> Although the
territory where these rules were in force within the Eastern Alps was initially
more limited, Franco-Bavarian legal rules were gradually introduced in the
great majority of the Eastern Alps from the second quarter of the ninth cen-
tury onward. Nonetheless, it took time for the new legal order to actually be
selectively respected.®>*

In the first centuries of the second millennium, there was diversity in ob-
servance of feast days across time and space within the Alps. (1) The behavior
of part of the population differed from their belief and words because some
Christian rules posed serious challenges to daily life,*” such as rigorous lim-
itations on work during the summer peak of the farm workload in times of
haymaking.%*® Thus, in the bishopric of Bressanone (Germ. Brixen; the diocese
roughly covered Tyrol), the synod of 1438 took seriously the distress posed
by occasional frowning upon the behavior of those that could not take time
for many work-free holy days during the summer peak of (farm)work,*® and
so, at least occasionally, not everyone respected the prohibition on work. (2)
In addition, there was a “lack of uniformity in the medieval church regarding
festal day observance[.]”*! In the Eastern Alps, the bishopric of Bressanone
stood out for tolerance toward work on feast days in the summer, at least in
part of the fifteenth century. Namely, in 1438, the Bressanone synod converted
some summer holy days (not all of them and no Sundays) to “half holy days,”
and so the population was obliged to attend mass on those days but they were
allowed to work after the service.®? (3) Moreover, the list of work considered

632 Stih, 2014a; Stih, 2018; see also Grass, 1950, 155-169; Makarovi¢, 1995, 240; and Pribyl,
1998, 117.

63 Schmidt-Wiegand, 1991.

¢4 Wildhaber, 1956, 27-28; Schmidt-Wiegand, 1991; Pribyl, 1998, 103-104.

> Wildhaber, 1956, 28.

6% Stih, 2014a, 45-47; Spehr, 2010, 210; compare Elias, 1994, 181.

57 Wildhaber, 1956, 30; Makarovi¢, 1982, 438-439, 516; Pribyl, 1998, 105-106; Stih, 2014a,
58; Kos, 2015, 286-287, 346; see also Section 8.2.1.3.1 in this volume.

% Compare Makarovic, 1995, 87, 225, 227, and Iuga, 2016, 79-82.

%9 Die Grenzen der Bistiimer des Alten Reiches um 1500. Thanks to the historian Matjaz
Bizjak for recommending this map.

60 Grass, 1950, 167.

! Hiller, 2020, 80 (quote).

662 Grass, 1950, 167. Thanks to the classical philologist Matej Petri¢ and the church his-
torian Lilijana Znidarsi¢ Golec for their confirmation that Grass’s interpretation of the
formulation “unde sub avisamento opportunum nobis videretur, fore statuendum” is
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forbidden on Sundays and other holy days may have varied to some extent
from one area to another.5

In the thirteenth and fourteenth centuries, there were “important devel-
opments in popular religious practices,” including “an increased emphasis on
individual and private devotion among the laity” and “[t]he growth of affective
piety” in times of “an upsurge in blood piety and devotion to Christ’s wounds.”
The religious position of Christ became exceptionally central in the fourteenth
century; the cult of Mary faded. Roughly by that time, the density of church
buildings where service was held relatively frequently became dense enough
to make possible (relatively) regular mass attendance in most microregions
throughout the Eastern Alps. In such a spiritual atmosphere and ecclesiastical
history context, Sunday Christ wall paintings were introduced in Europe in
the fourteenth century and were painted until mid-sixteenth century.®* They
depict the central figure of a standing Christ surrounded by either farming
implements and artisanal tools (Figure 26) or by paintings of work procedures
and other activities considered immoral on Sundays and other holy days; the
scenes are sometimes joined by devils.® The tools on Sunday Christ paintings
were believed to cause Christ to suffer (i.e., bleed) anew if believers worked
on Sundays and other holy days.*® Thus “[a]lmost all of the agricultural im-
plements depicted . . . involve cutting, chopping, slicing, . . . [and] have blades
of some type,”*’ or pointed ends.®® “In some instances|,] the tools penetrate
Christ’s near-naked body and blood spurts from the wounds”; the implements
are sometimes “linked to his limbs and chest with arrow-like lines” (Figure
52 in Section 6.1.2.1.2).°® On some Sunday Christ paintings, there are drops
of Christ’s blood on the tools, or the tools are presented on a red background
of Christ’s blood.””® “Further examples simply depict the implements around
his body[,] and their connection with Christ’s suffering is more nuanced.”*”!
Sunday Christ was a monitory motif, a perpetual didactic and andragogical
reminder “or pictorial sermon against participating in work-day activities on a

correct: this is one of the conclusions of that synod, not its recommendation for the
future.

3 Moser, 1990, 334; Pribyl, 1998, 103-104.

¢4 Wildhaber, 1956, especially pp. 1, 32-34; Kos, 2015, 346; Makarovic, 1995, 29, 41, 101
(compare Makarovi¢, 2005, 242, 245-246, 252-253, 260-264; Stih, Simoniti, & Vodo-
pivec, 2008, 253; and Ambrozi¢, 2018, 223, 225-227); Kretzenbacher, 1997, especially
pp- 158, 178; Hiller, 2020, 80, 86, 97, 107 (quotes). See the inscription from St. Roch’s
Church in Tesero, Trentino (South Tyrol) in Moser, 1990, 339.

5 Wildhaber, 1956; Hiller, 2020.

6 Wildhaber, 1956, especially pp. 8, 19-21, 24-25; Hiller, 2020, 79, 82-85, 96-100, 103,
106, 111.

7 Hiller, 2020, 98.

% Wildhaber, 1956, 24.

%9 Wildhaber, 1956, especially p. 24; Kretzenbacher, 1997, 172; Hiller, 2020, 82 (quote).

7 Hiller, 2020, 98.

71 Hiller, 2020, 82.
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Sunday” or another holy day, not to risk the afterlife recklessly.*”> Church wall
paintings were highly relevant media to reach illiterate believers, as the great
majority of farmers were at that time. There is every reason to assume that
priests explicitly referred to Sunday Christ paintings in their sermons.®”

Sunday Christ paintings did have an impact on community behavior.®”*
Frequently located on a prominent part of an external church wall, at the top of
the hill, and often using strong color contrasts, Sunday Christ paintings were
discernible from some distance. To increase their visibility from a distance,
they were often painted high on the church wall.”* In addition, the painting
of St. Christopher, the saint believed to prevent a sudden death if looked at in
the morning—thus regularly and purposefully looked at by many—was of-
ten placed nearby on the external church wall. Thus, in many cases, Sunday
Christ was glanced at simultaneously with St. Christopher.®’¢ More than sev-
enty Sunday Christ wall paintings are nowadays known to be kept in Europe in
situ or were documented but deteriorated later; “many of the paintings cluster
around the [A]lpine regions, in particular the Trentino-Alto Adige” (South
Tyrol). Many more Sunday Christ paintings existed, and some are still covered
by later plaster.”” The gravity zone of some churches with a Sunday Christ
painting was rather broad, especially in the case of pilgrim churches, such as
Maria Rojach in the Lavant Valley, Carinthia,*”® or Crngrob (Germ. Ehrengru-
ben), now in west-central Slovenia,”” and so the motif was observed not only
by the locals. Sunday Christ, a non-dogmatic motif, became unpopular in the
context of Catholic renewal, with the implementation of the relevant decree of
the Council of Trent (Ital. Trento, Germ. Trient; the decree from early Decem-
ber 1563) in particular. Namely, there are many profane tools and/or quotidian
scenes on Sunday Christ paintings, and this motif is not directly rooted in the
Bible. Consequently, Sunday Christ could be perceived as “an insult to the holy
figure of Christ,” and so most paintings of this type were later plastered over or
destroyed, often in the seventeenth century.®®

72 Wildhaber, 1956; Hiller, 2020 (quote from p. 82).

7 Compare the general discussion in Makarovi¢, 1995, 46, 52, 94-95, 240, not focused
specifically on the Sunday Christ motif.

74 Wildhaber, 1956, especially, p. 34; Hiller, 2020, 82, 85, 106, 111.

5 Hiller, 2020, 82, 85, 103-106, 111.

¢ Wildhaber, 1956, 23, 33-34; Hofler, 2001, 155-156.

7 Wildhaber, 1956, especially pp. 1, 22-23; Moser, 1990, 336, 340-341, 343; Kretzenbach-
er, 1997, 159, 170, 181; Hofler, 2001, 155-156; Kos, 2015, 346; Hiller, 2020, 80-81, 86
(quote from p. 80).

78 Compare Kretzenbacher, 1997, 176.

79 Hotler, 1996, 86, 91-92.

0 Wildhaber, 1956, 1, 9, 16, 19, 34, and Table 6, Figure 19; Makarovi¢, 1995, 52; Kretzen-
bacher, 1997, 176, 181; Hiller, 2020, 80-81, 86, 90-91, 97 (quote from p. 81); Wohlmuth
(ed.), 2002, 775 (thanks to the church historian Lilijana Znidarsi¢ Golec for letting me
know which the relevant decree was).
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4.1 Continuously existing grasslands in naturally dynamic environmental conditions

The following analysis of Sunday Christ paintings from the viewpoint of
vulnerability of grassland farming to rainy weather builds on photos and de-
scriptions of Sunday Christ paintings in cited publications®! and on a visit
to the known Sunday Christ paintings in northwest Slovenia,®*? an area char-
acterized by a relatively high density of representations of this motif.** The
painting at Koreno nad Horjulom (Figure 26), usually only casually mentioned
in Sunday-Christ publications,®®* proved particularly relevant. None of the
publications analyzed these paintings from the perspective in this volume.

The sensitivity of mowed hay to nutrient leaching through precipitation
increases significantly during the drying process (Section 4.1.1.3). This fact is
easily recognized by traditional farmers because it is reflected in the color of
the hay, which becomes undesirable much more quickly in the case of rain on
relatively dry hay than in the case of rain on hay that had just been mowed.**
Consequently, this section focuses on Sunday Christ representations of storing
hay or implements clearly used for storing hay, when the nutritive value and
palatability of hay would decrease most significantly if wetted. Focusing on
storing the hay, most prominently, a farmer driving an ox-drawn hay wagon
down a steep slope, aided by a devil, stands in a Sunday Christ painting at Sts.
Philip and James Church at Campitello di Fassa (Ladin Ciampedél in Trenti-
no-Alto Adige - South Tyrol, drawn about 1455-1460).5%¢ Likewise, summer
hay raking and hay wagon transport with a pair of draft animals appears in
the Sunday Christ on the church of Schlans in Graubiinden (Ital. Grigioni; Ro-
mansh Grishun), possibly from late fourteenth century.**’

Moreover, the analysis of tools in Sunday Christ paintings proved relevant
for the analysis of the content of these works of art from the perspective of vul-
nerability of grassland farming to rainy weather. Local farmers were supposed
to clearly recognize the purpose of all tools painted in a Sunday Christ motif,
should the image have the potential to reach its goal—and at that time realism
was generally well present in church wall paintings. Thus, local specifics in
implement types known from other sources are sometimes evident in Sunday
Christ paintings. True, it is also clear that the shape of tools is sometimes ad-
justed to fit better into the composition, or the artist did not look at the details.

! Wildhaber, 1956; Moser, 1990; Kretzenbacher, 1997; Hiller, 2020.

2 See the list in Kos, 2015, 346.

3 Compare Kretzenbacher, 1997, 178-179, and Kos, 2015, 346 (note that the Sunday
Christ paintings at Goste¢e and Mosnje have fully deteriorated).

%4 E.g., Kretzenbacher, 1997, 179.

%5 Author’s interview with J. Kav¢ic, in Dolina above Trzi¢, 2021, aware of the increased
rate of nutrient leaching when the drying of hay progresses.

6 Description of the Sunday Christ content at Campitello di Fassa, without further con-
clusions concerning storing hay: Wildhaber, 1956, 16, and Table 6, Figure 20, and Hill-
er, 2020, 86, 91.

7 Wildhaber, 1956, 13, and Table 4, Figure 13.
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4 Natural and nature-induced environmental changes in grasslands

Figure 26: Sunday Christ on the south external wall of Sts. Hermagoras and Fortunatus
Church at Koreno nad Horjulom, pre-Alpine hills west of Ljubljana, probably painted
around 1410.%®¥ The black arrow points to a hayfork with two long coplanar tines and a
shorter protruding tine (see the text below and Figure 27). It is typical for Sunday Christ
paintings that many sharp implements, such as the hayfork of interest here, are projected
toward Christ’s body to demonstrate that he is hurt if these implements are used on Sun-
days or other holy days. Characteristically, the lower edge of this wall painting is located
on the uppermost section of the outer church wall (thus, note the shadow of the modern
church roof on the upper part of the painting), at the top of the hill. The strong contrast be-
tween the implements and the dark background (which might have originally been blood
red) contributed to the visibility of the content.®® A painting of St. Christopher used to
stand on the same south side of this church.®® Photo: Tomaz Zwitter, 2022.

In addition, the farm implements in Sunday Christ paintings alone do not pro-
vide reliable insights into the forms of locally used implements because the art-
ist might have been inspired by painted examples from elsewhere or by printed
figures, or he might have observed farm implements at distant places where
he might have spent a significant part of his life. Nonetheless, comparisons
of the farm tools in Sunday Christ paintings with ethnologically documented
implements demonstrate that several tools of such or similar shapes were in-
deed used in the southeastern Alps,®! and this methodological approach also
proved rewarding in this analysis.

%88 Hofler, 2001, 104.

9 Compare Hiller, 2020, 104.

60 Peskar, 1991, 72.

1 Moser, 1952, 475, 485-486, 489-490; Wildhaber, 1956, 25; Moser, 1974, 14-15; Moser,
1990, 336-338, 341, 343-350, 362-363.
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4.1 Continuously existing grasslands in naturally dynamic environmental conditions

Among the farm implements in Sunday Christ paintings, this research fo-

cuses on a hayfork with two long coplanar tines and a third, shorter tine pro-
truding upward between the coplanar ones. It appears in the Sunday Christ
painting at Sts. Hermagoras and Fortunatus church at Koreno nad Horjulom
(in the pre-Alpine hills west of Ljubljana, probably painted around 1410; Fig-
ure 26),%* and it is relevant for our topic. The wooden hayfork type with two
coplanar tines and a third tine protruding upward between the coplanar ones
was territorially widespread, as proven by mid-twentieth century ethnolog-
ical documentation.®” This hayfork type was also used in the Eastern Alps,
even though in certain regions at least it was relatively rare, such as in mid-

%2 Hofler, 2001, 104. Hofler does not deal with farm tools. Motifs of this kind might have

69.

[

also existed in some other known Sunday Christ paintings because several of them are
only partially preserved.

E.g., in Slovenia at rather randomly distributed places of thorough fieldwork cam-
paigns: at Lopar near Marezige, at Budanje near Vipava, at Materija at the foot of the
Brkini Hills, at Male Lipljene near Grosuplje, at Veliki Vrh pri Smarju, at Sentvid pri
Sti¢ni, at Gradenc near Zuzemberk, and at Drasi¢i in Bela Krajina (Slovenian Ethno-
graphic Museum, Documentation, Fieldwork campaign 1, Sentjurij, Skocjan, Turjak
(1948): drawing 1/52b; Fieldwork campaign 2, Smarje-Sap, Polica (1949): drawing
2/14; Fieldwork campaign 4, Marezige (1950): drawing 4/56; Fieldwork campaign 5,
Sentvid pri Sti¢ni (1950): drawing 5/87 (in less detail, this drawing is published in
Grafenauer, 1970c, 242); Fieldwork campaign 12, Brkini (1955): drawing 12/7 (this
drawing is published in Sarf, Habinc, & Smerdel, 2011, 671-672); Fieldwork campaign
14, Zuzemberk (1957): drawing 14/18; Fieldwork campaign 15, Vipava (1958): drawing
15/13; Fieldwork campaign 22, Drasici (1965): photo 22/264). Most of these ﬁgures can
be accessed in the museum’s online database, at Slovenski etnografski muzej . . . Sentjurij
- Skocjan - Turjak / 49 R0000001/052b; Slovenski etnografski muzej . . . Smarje-Sap,
Polica / 27 R0000002/14; Slovenski etnografski muzej . . . Marezige / 86 R0000004/56;
Slovenski etnografski muzej . . . Brkini/ 178 R0000012/7; Slovenski etnografski muzej . . .
Zuzemberk / 16 R0000014/18; Slovenski etnografski muzej . . . Vipava / 98 R0000015/13;
Slovenski etnografski muzej . . . Drasici / 57 F0000022/264.

In addition, such a hayfork is documented at Dobrepolje (Novak, 1944, 149), and the
Nose ethnological collection at Bojanji Vrh near Muljava keeps such forks from the
village or its surroundings (Etnoloska zbirka Nose).

All these data come from the southern half of Slovenia. In the Slovenian Alps, historical
use of this hayfork type, on some farms at least, is documented in Bohinj and at Ces-
njevek near Cerklje, at the foot of the Kamnik-Savinja Alps, for instance (one example
from Bohinj is shown in this volume’s Figure 27; another one from Bohinj that was used
in a mountain meadow at Zajamniki in the first half of the twentieth century and the
one from Cesnjevek are kept by the Gorenjska Museum—see Dolzan Erzen, 2024, 268,
280, and Dolzan Erzen, personal communication).

I thank the ethnologist Barbara Sosi¢, curator for folk livelihood at the Slovenian Eth-
nographic Museum, who identified this fork type in the cited documentation from
Sentvid (and possibly Sentrupert, see Figure 28), the ethnologist Tatjana Dolzan ErZen,
curator at the Gorenjska Museum, who checked the provenance of the exhibited hay-
fork from Zajamniki and identified this hayfork type from Cesnjevek in the museun’s
inventory, and Marjeta Hodnik, who identified this same fork type in the Nose collec-
tion.
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4 Natural and nature-induced environmental changes in grasslands

twentieth-century Bohinj** (Figure 27). This hayfork type was an implement
typically used for collecting and storing hay, and so it was used in the most
rain-sensitive phase of haymaking, which is most relevant for this section.
Strong people lifted much hay at the same time with such a fork when upload-
ing or unloading a wagon (Figures 28 and 29) or throwing collected hay into

Figure 27: A wooden hayfork with two coplanar tines with iron tine points and a third
entirely wooden tine protruding upward, kept in a haybarn in the remote montane mead-
ow complex on Vogar Hill in Bohinj. This exemplar has not been used for decades. This
fork type is shown on the early fifteenth-century Sunday Christ painting at Koreno nad
Horjulom, Figure 26. Gratitude is expressed to Lovro and Marjeta Hodnik for showing
this hayfork to me while making hay, and for the joint ascent of Vogar Hill in winter, which
allowed me to take this photo. Photo: Ziga Zwitter, 2022.

Figure 28

4 Author’s interview with Kunavec, 2023, in Stara FuzZina: the knowledgeable interviewee
was not familiar with this hayfork type; but it was used by a farm (or a few farms) from
the same village in a meadow complex where the interviewee’s farm had no meadow;
see Figure 27.
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4.1 Continuously existing grasslands in naturally dynamic environmental conditions

Figures 28 and 29: Use of a hayfork, possibly the type with two coplanar tines and a third
tine protruding upward between the coplanar ones. Characteristically, longer hay was
placed on the outer side of the wagon and carefully distributed, and shorter hay was put to
the middle to make sure that the load would not collapse during transport.** Photo 28 was
taken at Sentrupert in the pre-Alpine hills of eastern Slovenia in August 1961, and photo
29 in the northern Dinaric Karst at Male Lipljene in summer 1964. Another photo of hay-
making at Male Lipljene in 1964°¢ and the huge hay quantity lifted in Figure 29 at the same
time®” suggest that the hayfork type of interest here was probably used in Figure 29. Slove-
nian Ethnographic Museum, Documentation, Fieldwork campaign 18, Sentrupert (1961):
photo 18/136 (by Boris Orel); Fieldwork campaign 21, Skocjan (1964): photo 21/413 (by
Boris Kuhar). Slovenski etnografski muzej . . . Sentrupert / 3 F0000018/136; Slovenski etno-
grafski muzej . . . Skocjan / 138 F0000021/413. © Slovenian Ethnographic Museum.

%5 Author’s interview with J. Kav¢ic, in Dolina above Trzié, 2021.

% Slovenian Ethnographic Museum, Documentation, Fieldwork campaign 21, Skocjan
(1964): photo 21/253, documenting the use of the hayfork type of interest here at Male
Lipljene at that time (Slovenski etnografski muzej . . . Skocjan / 66 F0000021/253). The
date June 1st, 1964, in the database on the website of the Slovenian Ethnographic Muse-
um only means that the photo was taken during the fieldwork campaign that started on
that date. The e-system requires an exact date, and so the museum enters the first day of
the campaign when a precise date is not known (the ethnologist Miha Spicek, personal
communication). Obviously, haymaking started later than June 1stin 1964 (see Section
6.1.2.2).

%7 Thanks to Barbara Sosi¢ for the general confirmation of this observation.
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4 Natural and nature-induced environmental changes in grasslands

a nearby barn.®® Ethnological data explain that the pair of coplanar tines was
coated in iron or strengthened with horn tips in some cases,*” as in Figure 27,
to make the fork even more robust and able to carry heavy loads of hay. Alter-
natively, the tine tips of entirely wooden hayforks were thermally strengthened
by being scorched in embers every year to reach a similar goal.”” The protrud-
ing tine exposed to heavy pressure was made from very hard and resistant
wood, such as cornelian cherry (Cornus mas).””* The author’s participant ob-
servation in haymaking on Vogar Hill in Bohinj, when rain was approaching,
demonstrated that the forks in Figures 26 and 27 were also very handy tools for
collecting hay that had been raked into windrows. Namely, when one pushes
such a hayfork to the front, the protruding tine blocks the hay, causing it to
roll, and so this tool also allowed quick hay collection (to build hay cocks or
store the hay), followed by fine raking. For this use to be possible, the pro-
jecting tine had to be not too long, and it had to project upward sufficiently
steeply—a condition often fulfilled (e.g., in Figures 26 and 27), but not in all
forks of this type.”*

Other farm implements in Sunday Christ paintings connected or potential-
ly connected with haymaking, such as a scythe (see Section 6.1.2.1.2), a wood-
en hayfork with three (or four) tines, all of them coplanar in a fan-like form,”*
or a wooden rake,’** appear more frequently on this church wall-painting

% Personal experience by the ethnologist Barbara Sosi¢ and her analysis of use of this hay-

fork type in the photos held by the Slovenian Ethnographic Museum. This is perfectly

in line with the presentation of the hayfork use in montane meadows in the eastern

Julian Alps in Sarf, 1974, 139-140, and with the marked general predominance of the

hay rake over hayfork at haymaking in Carinthia (Moser, 1952, especially pp. 463, 466,

471, and 485).

Examples of hayforks of this type with coplanar tines coated in iron: at Dobrepolje

(Lozar, 1944, 149), at Male Lipljene near Grosuplje, at Veliki Vrh pri Smarju (Sloveni-

an Ethnographic Museum, Documentation, Fieldwork campaign 1, Sentjurij, Skocjan,

Turjak (1948): drawing 1/52b; Fieldwork campaign 2, Smarje-Sap, Polica (1949): draw-

ing 2/14), and at Bojanji Vrh near Muljava from the village or its surroundings (Etnolos-

ka zbirka Nose). A hayfork of this type with horn tips on coplanar tines from Cesnjevek
is held by the Gorenjska Museum (inventory number 510:KRN;E-0000424 — Dolzan

Erzen, personal communication).

Kuret, 1989, 439.

Lozar, 1944, 149; on cornelian cherry wood, compare Brus, 2008, 145.

An example of a fork not fulfilling this condition: Slovenian Ethnographic Museum,

Documentation, Fieldwork campaign 21, Skocjan (1964): photo 21/253 (Slovenski et-

nografski muzej . . . Skocjan / 66 F0000021/253).

7% E.g., on Sunday Christ paintings at Saak (Sln. Cace) in the Gail Valley (Germ. Gailtal,
Sln. Ziljska dolina; Moser, 1990, Figure 6), at Mauthen in the same valley, at Tesero in
Trentino (South Tyrol; both locations: Wildhaber, 1956, 1617, and Table 7, Figures 21
and 22), and at St. Mary’s Church at Biella in Piedmont (Hiller, 2020, 86, 92).

7% On rakes in Sunday Christ paintings, see Moser, 1952, 490; Wildhaber, 1956, 9-10, 13,
15, 17, 20-21, and figures; Moser, 1990, 338, and figures; Kretzenbacher, 1997, 171-
173; Hiller, 2020, 82, 99, and figures.
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4.1 Continuously existing grasslands in naturally dynamic environmental conditions

motif in the Alps than the hayfork with two long coplanar tines and a third,
shorter tine protruding upward. Nonetheless, the scythe, rake, and hayfork
with a coplanar fan-like form are not so clearly connected with the prohibition
on storing dry hay on Sundays and other holy days in the most rain-sensitive
phase of haymaking, and so they are not a matter of this analysis. A rake, for
instance, was a multipurpose tool; in haymaking, it was typically used not only
for storing hay but also to spread the freshly mowed hay, to turn the hay, and
for other work.”” Likewise, a fan-like hayfork was typically also used for turn-
ing the hay in some regions of the Alps.”

Even though the prohibition on gathering in dry hay on Sundays is clearly
represented on only a few Sunday Christ images, ethnological documentation
proves that even this type of work was usually considered banned, although
rain would result in significant loss of the hay’s nutrient value and taste. In
1977, the ethnologist Marija Makarovi¢ studied the Alpine settlement of Stro-
jna in the Meza Valley, Carinthia, consisting of isolated mountain farms. In
1901, Strojna’s inhabitants were praised by the local priest for exemplary mass
attendance that was considered the best in the parish. By 1977, average reli-
gious commitment there was far from comparable to the early twentieth cen-
tury, ranging from deep piety rooted in tradition all the way to atheism. Still,
only some farmers stored dry hay on Sundays and other traditional religious
holy days, although many occasionally broke some other religious constraint
on daily life. Some deeply pious farmers repeatedly did not gather in dry hay
on Sundays and holidays in 1977, even though this caused repeated wetting
of their dry hay. They claimed that, if God permitted the hay to get wet, he
would also dry it later”” (in fact, hay quality decreased significantly; see Sec-
tion 4.1.1.3). Exactly the same is documented in Plavski Rovt in the Karawanks

7% Spreading and turning the hay belong to the work typically performed with a rake (see
Figure 20 in this volume; abundant evidence from Carinthia: Moser, 1952, especially
pp. 463, 466, 471, and 485; various sites in Slovenia: Slovenian Ethnographic Museum,
Documentation, Fieldwork campaign 2, Smarje-Sap, Polica (year 1949): photo 2/242
(at Dolenja Vas pri Polici); Fieldwork campaign 10, Gori$ka Brda (year 1953): photo
10/194 (at Slavce); Fieldwork campaign 13, Kostanjevica (year 1956): photo 13/266 (at
Orehovec); Fieldwork campaign 16, Crni Vrh, Vojsko (year 1959): photo 16/135 (at
Vojsko); Fieldwork campaign 21, Skocjan (year 1964): photo 21/436 (at Male Lipljene);
Individual fieldwork by curators of the Slovenian Ethnographic Museum: photos 1685/1
and 1785/1 (both taken in 1975 at Zelen Breg in the Alps of southeastern Carinthia).
Most of these figures are accessible online: Slovenski etnografski muzej . . . 630:LJU;E-
0001685/1; Slovenski etnografski muzej . . . 630:LJU;F-0001785/1; Slovenski etnografski
muzej . . . Smarje-Sap, Polica / 220 F0000002/242; Slovenski etnografski muzej . . . Ko-
stanjevica / 46 F0000013/266; Slovenski etnografski muzej . . . Crni Vrh, Vojsko / 151
F0000016/135.

Author’s interview with Kunavec, 2023, in Stara Fuzina: in the Upper Bohinj Valley
(i.e., the villages in the Ribnica River catchment area and east of there) a rake would be
used, and in the Lower Bohinj Valley (i.e., south of the Upper Bohinj Valley) a fan-like
coplanar hay fork to turn the hay in the mid-twentieth century.

77 Makarovi¢, 1982, 428-446.
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above Jesenice.”” Similarly, when the ethnologist Fan¢i Sarf studied haymak-
ing in montane meadows above the village of Bohinjska Bela in the eastern
Julian Alps in the first half of the 1970s and collected memories related to this
work type from the late nineteenth century onward, she noted that in former
times haymakers descended from distant meadows to the village on Saturday
evening regardless of whether the work was finished or not. Where needed,
they returned to the distant meadow on Monday morning. Continuation of
work on Monday was usually needed only in the case of unfavorable weather
(see Section 4.1.1.3) because farmers tried to secure enough people to finish
haymaking by Saturday evening if the weather was favorable.”” These exam-
ples demonstrate that the absence of any kind of haymaking tasks on Sundays
and other holy days was widespread. They suggest that gathering in hay is hid-
den behind the scythe, mowing, or multipurpose tools such as rakes depicted
in several Sunday Christ paintings.

However, although Sunday strongly prevailed in the Alps as a regular week-
ly holy day, largely free of farmwork in the long run, this was not the case in
all regions. Heterodox Christian Sabbatism (celebration of Saturdays) is doc-
umented in medieval sources in rare areas from Central Europe to southern
Italy. Thus, also in some parts of the Alps, Sabbatism was usual in the Middle
Ages or even in the Early Modern Period. In Friuli (Friul. Friil), it is attest-
ed as a usual practice in the countryside in the late eighth century. Evidently,
this tradition was retained in the long run; in 1499, the patriarch of Aquileia
declared that Saturday was not allowed to be considered a holiday anymore,
the “erroneous habit” in Friuli of starting the weekly holiday every Saturday
with the ringing of the noon bell was officially banned, and it was proclaimed
that farmwork (exceeding unavoidable everyday tasks) was allowed until sun-
set on Saturday. However, the practice was not eradicated before the Triden-
tine reforms were fully implemented, or it was abolished even later. In 1602,
a visitation in Carnia (Friul. Cjargne) ordered by the patriarch of Aquileia re-
vealed that people stopped working with the Saturday (noon) bell and a holi-
day started, but they did not mind working on Sundays. Contemporaneously,
in 1604, the start of the holiday on Saturday morning or at noon was docu-
mented in the Alpine region of Cadore (Ladin: Ciadore) just west of Carnia.
This heterodoxy was considered a grave infringement by the official Church.
Similar practices were also found in several other regions of the Eastern Alps,
at least in parts of the Slavic east of the Patriarchate of Aquileia,”" in part of

7% Ravnik, 2008, 37.

7 Sarf, 1974, 143.

710 Persi¢, 2022, especially pp. 54, 56-58, 62-64, 66-67. E.g., there was a Holy Sabbath
Church in the Poljane Valley (SIn. Poljanska dolina), in Bukov Vrh above Poljane in the
patriarchate of Aquileia, in the pre-Alpine hills south of the Julian Alps, recorded in
1501 as kh[irche] zum heiligen Sambstag, but a church consecration feast was (already)
celebrated on Sunday at that time (Blaznik (ed.), 1963, 318, 361). Characteristically, the
patron saint was changed in the sixteenth or seventeenth century because Sabbatism
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the diocese of Ljubljana,”"! and at several places in Tyrol, thus in the dioceses
of Trento, Bressanone, and Freising.”’> At Caldaro (Germ. Kaltern) south of
Bolzano (Germ. Bozen), work stopped at 1 pm on Saturdays and days before
other holy days, at Umhausen in the Otz Valley (Germ. Otztal) at 3 pm, and at
Telfs near Innsbruck at 4 pm in the warm half of the year (as documented in
1631). Farmers, farmhands, and maids gave up work and headed to the village.
At Kundl and Liesfeld (in the Inn Valley close to Alpbach), this habit was kept
until the eighteenth century, at least’"’ and probably as late as the mid-twenti-
eth century in several places in Tyrol.”** Similarly, at Plavski Rovt above Jese-
nice in the western Karawanks, work on Saturdays still stopped as early as
3 pm in the mid-twentieth century.”"> At an annual level, the end of work with
the exception of the unavoidable routine as early as Saturday afternoon was a
significant extension of the already long festive period. Nonetheless, at least at
some of the places where farmwork on the days preceding all holy days had to
stop before sunset, farmers were allowed to work longer on Saturday afternoon
or the afternoon before a holy day at times of haymaking and cereal harvest
if bad weather prevailed on other workdays, but it turned better on the day
before a holy day—but such an extension of the work period was only permit-
ted if the priest consented, as documented in Telfs (1631), and in Kundl and
Liesfeld (1730).71

During the Reformation, Lutheranism, not a significant phenomenon in
the Alps in the long run, reversed the theologically founded prohibition on
Sunday work in limited parts of the Alps. Nonetheless, the tradition of largely
work-free Sundays was usually by and large kept by the Lutherans because
people were accustomed to it, to attending mass, and to resting. This was es-
pecially true because several public holidays were abolished at the same time
by the Protestant authorities, and so the role of Sunday relaxation increased
where the Protestant Reformation took root. Calvinism, which became prev-

was eradicated in the post-Tridentine Church. Thus, the same edifice was recorded as
Our Lady of Sorrows Church in 1704 (compare Vale, 1943, 178), and the Virgin Mary
is still its official patron saint (Zupnija Poljane nad Skofjo Loko: Cerkev Zalostne Matere
bozje na Bukovem Vrhu). This was a usual historical development path: the Virgin Mary
was one of the most frequent patron saints to replace Holy Sabbath (Persic, 2022, 64).
Nonetheless, the tradition of its former heterodox patron saint is seemingly so strong
that it is recorded as Holy Sabbath Church (Sv. Sobota) in a recent atlas (Atlas Slovenije,
2005, 119).

Compare Ravnik, 2008, 37, and the maps of dioceses since the late Middle Ages in
Slovenski zgodovinski atlas, 2011, 100, 116, 122, 124, 154, 178.

2 Die Grenzen der Bistiimer des Alten Reiches um 1500.

3 Grass, 1950, 165-167.

E.g., in the second half of the nineteenth century, farmwork, with the exception of the
unavoidable daily routine, stopped at noon at several places in Tyrol on the day before
major holidays, such as the feast of Corpus Christi (von Hérmann, 1996, 107-108).

715 Ravnik, 2008, 37.

716 Grass, 1950, 166-167.
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alent in limited sections of the Alps in the long term, required stricter obedi-
ence of the Sunday work interdiction than Lutheranism.”"’

Returning to the territories of prevalent mainstream Roman Catholicism,
in the long run, sermons were another important medium to remind ordinary
people to abstain from work on Sundays and holy days, unless the work truly
could not wait, and storing the hay was sometimes explicitly mentioned as a
forbidden task in a sermon.”"® In addition, supervisors monitoring whether
people obeyed the ban on work on Sundays and other holy days, and peo-
ple that carried out punishment are known from Tyrol.”” Such monitoring
might have been more relevant in the case of isolated farms. Namely, in most
compact settlements, there was spontaneous community control, once carry-
ing out certain work on Sundays and holy days became a generally accepted
taboo—people sought “to avert any social risk that might [have led] to their
becoming marginalized within the community, a risk resulting from the in-
correct execution of . . . work,” such as breaching the taboo of work on a holy
day’® (see the aforementioned distress posed by occasional frowning upon
breaking the work interdiction because some people could not take time for
many work-free holy days in summer, as reported by the 1438 Synod of Bres-
sanone). In addition, local traditions knew of many cases of accidents claimed
to be caused by work on Sundays or other holy days; these functioned as di-
dactic and andragogical cautionary examples “considered to be true” Some of
them explicitly referred to haymaking, and some of them were based on real
experience of unusual events, which by alteration of reality (moralizing “in the
sense of ‘a retrospective rationality based on the sacred order attributed to the
world”) and exaggeration became “part of the system of local beliefs”’*' An ex-
ample is that nobody should gather hay in on Prophet Elijah’s Day (July 20th),
otherwise lightning will strike it.”>* In this case, the threat follows the prophet’s
specific attributes: his relation to lightning.”?® Similar tales had already been
documented centuries earlier.”**

Nonetheless, work prohibitions on Sundays and festal days were “not al-
ways observed” in early modern times.”” In addition, a certain degree of di-

717 Pribyl, 1998, 106-107, 117-118; Dohrn-van Rossum, 2006, 869-870; Spehr, 2010, 210.

718 Wildhaber, 1956, 30-31; Makarovic, 1995, 52.

1% Grass, 1950, 162-163.

720 Tuga, 2016, 75 (quote), 78.

721 Pribyl, 1998, 118; Iuga, 2016, 67-68, 71-72, 77-82 (first quote from p. 79, second and
third quotes from p. 82).

722 Kuret, 1989, 509.

72 Compare Kuret, 1989, 507-509, and Iuga, 2016, 82.

74 An example is the etiological tale concerning a large speleothem structure in Tkalca
Cave (SIn. Tkalca jama, now in central southern Slovenia). It claims that a weaver was
petrified there because he worked on a holy day, as reported by local farmers and writ-
ten down in the seventeenth century (Carmichael, 1995, 100).

725 Pribyl, 1998, 105; Hiller, 2020, 82 (quote).
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versity in likely interpretations of what was prohibited to do on those days
has already been mentioned; this diversity seems to have persisted until the
standards set by the Council of Trent came into force,”* and partly even
longer (see Section 6.4.3.1). In the Urbeis Valley in Alsace, north of the Alps,
it was recorded in 1536 that more than a few people were actively engaged in
market activities on Sundays and other holy days, which was then prohibited,
with the exception for those in distress.”” Thus, exceptions were allowed, in
several cases at least. According to a ruling from Ziirich in 1530, haymaking
on Sundays and other holy days was allowed if farmers were heavily pressed
by weather or other business of the integrated farm economy.’”?® Similarly, in
the province of Tyrol, physical work on Sundays and holy days was allowed if
abstaining from it would lead to serious distress, according to the ordinances
from 1532 and 1573.7% This is relevant in the context of the Little Ice Age peak
in the last third of the sixteenth century (Sections 4.1.1.2 and 4.1.1.3). All
this proves that experience of a significant percentage of hay decaying or its
quality declining significantly due to abstinence from work on Sundays and
other holy days led to partial distancing from the Sunday work taboo if the
situation was critical.

In the mid-seventeenth century (1642), the number of holy days was sig-
nificantly reduced; around ninety days annually with a prohibition on work
were kept in the official Catholic calendar since then; at many places in the
Eastern Alps, this amounted to thirty-nine days in addition to Sundays. In
the bishopric of Ljubljana (Germ. Laibach), for instance, this meant only
half the former number of holy days with a prohibition on work, apart from
Sundays.” Further reductions followed in the second half of the eighteenth
century: from 1754 onward, there were only sixty-five days annually when
most farmwork was prohibited in the Alps of the Habsburg Monarchy, thus
thirteen in addition to Sundays; in the bishopric of Ljubljana this was slightly
more than half the figure from before 1642, including Sundays. From 1754
onward, attending mass was also still compulsory on twenty-six other for-
mer full holy days, but the prohibition on work during the rest of the day was
abolished (these holy days were reduced to “half holy days”). In 1771, the
number of full holy days was slightly increased in the Alps of the Habsburg
Monarchy to reach sixty-eight holy days annually, including Sundays, but at
the same time “half holy days” were converted into usual workdays without

726 Moser, 1990, 334; compare Wildhaber, 1956, 30.

27 Wildhaber, 1956, 29-30; see also Makarovi¢, 1995, 89.

28 Wildhaber, 1956, 30; Pribyl, 1998, 115.

729 Wildhaber, 1956, 30.

730 Usenicnik, 1945, 164-165; Dolinar, 1980, 36; Makarovi¢, 1995, 101, 225; Dohrn-van
Rossum, 2006, 870; Ambrozi¢, 2018, 226; Lilijana Znidarsi¢ Golec, personal communi-
cation. Thanks to Lilijana Znidarsi¢ Golec for recommending the cited publications by
Ambrozi¢, Dolinar, and USeni¢nik.
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compulsory mass attendance. Thus, farmwork exceeding the unavoidable
daily routine was prohibited on Sundays and sixteen other feast days, and
this rule was in force for more than a century.””! However, many farmers re-
sisted the reductions in numbers of holy days,”** and most farmers continued
to respect the historical habit of some previous official work-free holy days
not requested to be free of work by the ecclesiastical authorities anymore.”*?
The gradual real abolition of the great majority of formally canceled histori-
cally largely work-free holy days went hand in hand with a significant general
increase in workload on farms as a consequence of agricultural moderni-
zation in the second half of the eighteenth century and in the nineteenth
century, such as the introduction of fallow-free crop-rotation systems in ar-
able land, the introduction of new crops (including labor-intensive ones),
and the gradually increased duration of barn-keeping in animal farming.
This also demanded increased efficiency of the laborers and longer work
days on farms on average, often extremely long in the warm part of the year,
while keeping the work limited to the unavoidable routine on Sundays and
other prescribed work-free holy days.”?* Thus, starting in the (seventeenth
or) eighteenth century or later, when farmers started largely following the
reduced number of holy days,”** the ban on Sunday and holy day work in
meadows did not increase the vulnerability of grassland farming to rainy
weather at times of mowing as much as earlier in history, but it retained
some impact. Interestingly, a similar phenomenon (reduction of holidays,
then in terms of only a half holiday regularly free of work at the weekly level)
was recorded in the case of Sabbatism in Carnia as early as the transition
from the sixteenth to seventeenth century (see above).

Largely work-free Sundays and other holy days on farms were challenged
by interactions with the (rural) non-farm economy and its complex impacts
on the farm economy (see, e.g., the abovementioned 1530 ruling from Ziirich,
and the cases of Sunday grassland irrigation in Sections 6.4.3.1 and 6.4.3.2.1).
In general, a significant increase in non-agrarian jobs also affected farmwork
because numerous employees in the non-farm economy were also involved in
farming as part-time farmers, as workforce helping their relatives on farms, or
as day laborers working on farms during the peaks of farmwork, such as sum-
mer haymaking. Consequently, haymaking timing has adjusted to a certain
degree to focus on the days when such workers have been free of their main

731 Usenic¢nik, 1945, 166-167; Makarovi¢, 1995, 102; Stih, Simoniti, & Vodopivec, 2008,
238, 251; Dohrn-van Rossum, 2006, 871; Ambrozi¢, 2018, 217-219, 222-223, 227; Lili-
jana Znidarsi¢ Golec, personal communication.

732 Dolinar, 1980, 36.

733 Dohrn-van Rossum, 2006, 871; Ambrozi¢, 2018, 227; see also Makarovic, 1982, 428.

73 Makarovi¢, 1995, 87-88, 93, 125-126, 225-228, 240, 244, 254, 256, 329, and the text in
front of Figure 16 in the unpaginated final section of the book; Makarovic, 2007, 228.

75 Compare Ambrozic, 2018, 227, and Makarovi¢, 1982, 428.
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job.”?¢ Developments in the Church following the Second Vatican Council,
which was held in the 1960s, put an end to farmwork officially forbidden on
Sundays and other holy days in Roman Catholicism. Although attending mass
was kept compulsory on those days, the prohibition on work was replaced by
a recommendation that these days be largely work-free for the recovery of the
mind and body.””” The older tradition was partly maintained in the subsequent
decades, primarily by older generations.”® For instance, some farmers in Stroj-
na in the Alps of northern Slovenia would still not gather in dry hay on Sts.
Peter and Paul Day (June 29th) in the 1970s despite imminent rain”* (until the
changes following the Second Vatican Council, Sts. Peter and Paul Day was
kept on the list of holy days with farmwork prohibited in Roman Catholicism,
except for the unavoidable daily routine’®). However, such strict observance
of this feast was rare in Slovenian territory at that time,”*" and haymaking on
Sundays also gradually gained importance.” Thus, in practice, such rigorous
observance of feast days had already been abandoned in many places in the
countryside before the Second Vatican Council’? because non-obedience
of the strict prohibition on work in many places must have been rooted in a
longer development path as outlined above, and was thus not as simple as a
quick adaptation to the reform spirit in the Church. With the gradual spread
of work on Sundays and other holy days, on the one hand, the ban on work
on at least one day per week has not increased the vulnerability of grassland
farming to rainy weather anymore. On the other hand, a full workload seven
days a week, not only during the peaks of farmwork but as a usual practice, has
decreased the quality of life of some farmers.”*

73 Compare Grass, 1950, 167-168 (footnote 80); Sarf, 1974, 142, 144; Makarovi¢, 1995, 52,
93, 101, 225-226, 252, 329; Pribyl, 1998, 108-111, 117-119; see also Section 3.1 in this
volume.

737 Kretzenbacher, 1997, 160, 162.

738 Compare Pribyl, 1998, 118; Makarovi¢, 2005, 246. As late as the transition from the
twentieth to twenty-first century, when a calf in a summer mountain pasture in the
Julian Alps became lost, one attempt at an explanation identified the following possible
reason: the calves had been taken to that mountain pasture complex on a Sunday (main
author’s participant observation).

739 Makarovic¢, 1982, 428-429.

0 Compare Useni¢nik, 1945, 165-167; Kretzenbacher, 1997, 160, 162; and Pribyl, 1998,
117.

741 Makarovic, 1982, 428.

74 Sarf, 1974, 144, see also p. 142.

7% E.g., Slovenian Ethnographic Museum, Documentation, Fieldwork campaign 21, Skoc-
jan (1964): notebook no. 3, 132.

7+ Compare Makarovi¢, 1982, 428; Makarovi¢, 1995, 227-229, 244, 254, 315, 329-332,
337-338, 341-342; author’s interview with an anonymized interviewee from Stara
Fuzina in 2018, and recent observations in the Slovenian Alps.
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4.1.2 Changing landforms in continuously existing grasslands

Landforms in some continuously existing grasslands have been so dynamic to
have caused significant changes in site conditions within the last millennium.
The difference in elevation between the bottoms of pits and tops of hummocks
in hummocky meadows (Section 3.2), for instance, has increased since the
late medieval creation of meadows, but it remains unclear at what pace; such
dynamics have also differed strongly from one area to another. Only prelim-
inary calculations based on various kinds of measurements and observations
exist, and these figures differ too much to reflect only different environmen-
tal conditions. Nonetheless, they demonstrate relevant changes at a millennial
scale. The pits in a hummocky meadow in dolomite sediments on the Krauter-
in Massif in Styria are estimated to have decreased due to corrosion by 77
mm per millennium, but hummocks decrease at a lower pace as well. The geo-
morphogenetic dynamics in the Radovna Valley in the eastern Julian Alps, on
limestone fluvial and moraine sediments, is significantly more pronounced.”

These morphological changes have had important ecological consequences;
they have caused increasing habitat diversity in hummocky meadows. Namely,
patchworks of sites have developed in hummocky meadows due to differences
in soil properties and soil depth as well as due to differences in insolation, and
the patchwork character has increased when the elevation differences between
the pits and tops of hummocks have been increasing. Shallower—and at least
in some places sandier—soils on hummocks dry much sooner than deeper
soils in pits, which at least in some places contain more silt and clay. The high-
er the hummocks, the drier their tops. Sunny sides are drier than shady sides.
Observations on Vogar Hill in 2020 showed that if there is deciduous forest
or extensive deciduous hedges in the relative vicinity, the wind deposits fallen
leaves in pits of mowed hummocky meadows in late autumn and they decom-
pose there, leading to more nutrient intake to soils in nutrient-richer pits than
on nutrient-poorer hummocks. An inventory of 116 plant species in a meadow
(Mesobrometum) with low hummocks on carbonate sediments in the Radovna
Valley in the eastern Julian Alps, which is regularly mowed once a year, could
prove differences in vegetation despite the relatively low heights of hummocks
in a broader Alpine context.”*® Among the five most frequent species on the
tops of six hummocks rising 33 to 55 cm above pits, there are two that do not
belong to the most frequent species in the pits: sheeps-fescue (Festuca ovina)
and upright brome (Bromus erectus), which both prefer drier soils. The per-
centage of mosses is also higher on the tops and slopes of hummocks than in
pits, and it is lower on low hummocks than on higher ones. Mosses can tolerate
drought in a state of anabiosis, and the moss species identified are relatively

745 Embleton-Hamann, 2004, 181-182, 187; Koblar, 2013, 6,9, 11-12, 18, 28-30.
746 Prezelj, 2012, 7, 9, 12, 19-36; for a much less detailed discussion, also lacking changes
over time, see Peterken, 2013, 282.
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Figure 30: A patchwork of sites in a hummocky meadow in the Voje Valley. In this case,
differences in plant communities are well developed, ranging from wild thyme (Thymus
sp.) and matgrass (Nardus stricta) on the top and slopes of the hummock (lower and mid-
dle central section of the photo) to plants yielding much more hay in the pit (upper as
well as central right and left sections of the picture). The quality of hay in the pit is better
than matgrass. The abundance of thyme on some hummocks is a rare example of a plant
that could help motivate some farmers to keep mowing hummocky meadows at present.
Namely, even though the nutritive value of thyme is low,”* thyme is highly relevant in
extensive dairy cattle farming: thyme consumption leads to a particularly pleasant milk
flavor,”* and thyme has favorable impacts on livestock health.”* Photo: Barbara Lampic,
September 11th, 2019. © Barbara Lampic.

heliophilous, and so they cannot tolerate the shade of the higher plants in the
pits. Similarly, among the five most frequent species in the pits, there are two
that do not also grow most frequently on the tops of the hummocks: tormen-
til (Potentilla erecta) and alpine bistort (Bistorta vivipara), which both prefer
medium soil water availability, and thus more humid soils than on the tops of
hummocks. The percentage of grasses is significantly higher in pits than on
slopes and on the tops of hummocks.” Early spring observations in montane
hummocky meadows at the southern Zajamniki (eastern Julian Alps) showed
that spring crocus (Crocus vernus) grows only in pits and on slopes, but not on

7 Heinz, Mayer, & Kuhn, 2012, 18.

78 Author’s interview with C. Mlakar, about 2018, in the Zajamniki Alp in the Julian Alps,
commenting on montane hay harvest at Zajamniki.

™ Vogl-Lukasser et al., 2006, 71, 73, 84, 124, 178, 189; Heinz, Mayer, & Kuhn, 2012, 18.

730 Prezelj, 2012, 24, 27-28, 32, 35-36, and appendix C5; Aeschimann et al., 2004, vol. 1,
372-373,776-777,vol. 2, 860-867, 870-871, 916-919.
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the tops of hummocks.”! The patchwork of habitats in hummocky meadows is
clearly seen in Figure 30. Gradual historical increases in the depth of pits and
height of hummocks have had not only significant ecological impacts. From a
long-term perspective, this type of geomorphic dynamics gradually rendered
haymaking in hummocky meadows increasingly labor-intensive because, even
in times of mowing by scythe and manual raking, mowing and hay drying was
significantly more labor intensive in a hummocky meadow than in a flat one
(Sections 3.2 and 4.1.1.3). In major parts of the Julian Alps and also in parts
of the Northern Limestone Alps, studies have demonstrated that the soil is
shallower on the top of hummocks and deeper in pits.”>* This synthesis is rel-
evant for such hummocky meadows and not for those whose formation was
triggered through a windthrow, where the distribution of various soil depths
is more heterogeneous, with deeper soils on hummocks and thin rendzinas in
pits.’s*

Geomorphically relevant impacts of floods and mass movements are pre-
sented more extensively below because they often caused discontinuity in the
existence of the grasslands affected. However, in some cases they caused only
environmental change in continuously existing grasslands. In the lower Stu-
bach Valley in Pinzgau, for instance, a forest was cleared at Uttendorf before
1530 to obtain timber and firewood for a large-scale wood consumer: the salt
works at Hallein, located about 90 km downstream on the Salzach River. In
1585, 2.5 km? of forest was again cleared there, and the wood was used else-
where. Consequently, there were repeated rockfalls from the clearing, and
so the pasture below was converted from a cattle pasture into a pasture for
goats.””* The transition from a cattle pasture to a goat pasture must have seen
a limited decrease in grassland plant diversity. Namely, among all domestic
ungulates, grazing cattle induce the highest grassland species richness; the im-
pacts of goat grazing on biodiversity are not as favorable.”

4.1.3 Grassland dynamics co-influenced by insects, rodents,
and fungi

Many wild animals and fungi had an impact on grassland dynamics. The fo-
cus of this section is on those with the most significant impacts on grassland
yields.

7>! Personal observations on April 12th, 2020, at 1,270 m.

732 Cvetek, 1971, 75-76; Embleton-Hamann, 2004, 176-177; Prezelj, 2012, 30, 36; Koblar,
2013, 5, 29.

753 Embleton-Hamann, 2004, 177, 183-184; Koblar, 2013, 3.

75+ Rohr, 2007a, 318-319.

755 Ellenberg & Leuschner, 2010, 1007.
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4.1.3.1 Insects

The large-scale local reproductive success of animals with a strong influence
on grassland ecosystems, perceived as pests by farmers, or their large-scale ar-
rival from elsewhere was sometimes recorded in preserved historical sources.

In many grassland ecosystems in valleys and basins in the Alps in the col-
line and lower montane elevation belts, the hazard of extensive economic dam-
age in grasslands posed by cockchafer (Melolontha melolontha and Melolon-
tha hippocastani) larvae every third year, and less frequently every fourth or
fifth year, has been serious, provided that site conditions were suitable for this
animal and that there were large populations of cockchafers in the microre-
gion.”® Cockchafer larvae do not cause significant damage to grassland yields
in mountain grasslands at higher elevations, where the average air temperature
from April to October is less than about 12.5 °C. The highest sites where they
cause considerable damage in grasslands varies in the Alps, reaching 1,100
m on sunny slopes in Tyrol (these data are probably from the early twentieth
century), slightly more than 950 m in Bohinj, and about 700 to 800 m at some
other places in the southeasternmost Alps in the mid-twentieth century. Thus,
many grasslands in the Alps were not threatened: those close to the highest
(or high) permanent settlements in many regions, most of the distant moun-
tain grassland complexes, and some areas at lower elevations, such as all wet
meadows.”” For example, in Bohinj, only the lower complexes of some distant
meadows have sometimes been affected, and higher grasslands have been safe,
according to mid-twentieth century information.””® Where grassland irriga-
tion was practiced, farmers could prevent the negative impact of cockchafers
on the hay harvest by properly timed watering of meadows (Section 6.4.1).
Elsewhere, gathering cockchafer beetles in early morning, as recorded in re-
cent centuries, might have at least partly reduced the local impacts:” a farm-
er would, for instance, place linen sheets below a tree full of cockchafers in
the crown and shake the tree early in the morning when the beetles were still
sleeping; in such cases, the beetles fell down and did not fly away.”® Cock-
chafer beetles feed on many tree species, but they show a clear preference for
some tree genera and species, such as oak (Quercus spp.) and European larch
(Larix decidua). Slightly less preferred but still consumed on a large scale are

76 Janezi¢, 1971; Billamboz, 2014, 115.

7 Janezi¢, 1971, 4, 18-19, 21-28, 31, and the supplement Karta majskega hrosca za
Slovenijo (Cockchafer Map of Slovenia).

7% Author’s interviews with Grm, 2017, and with Skantar, 2017, both in Srednja Vas; with
Kunavec, 2017, and with Mencinger, 2017, both in Stara Fuzina; with E. Mlakar, 2017,
in Bohinjska Ces$njica; and with L. and M. Odar, 2017, in Studor.

7 Janezi¢, 1971, 7, 11-12, 15, 30; see also Nowosadtko, 2007, 89.

70 Author’s interviews with A. Sokli¢, 2017, in Zgornje Podjelje, and with Kranjc, 2018, in
Stara Fuzina.
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hazel (Corylus avellana) and maple (Acer) leaves, and others.”" Thus, in mi-
croregions where these species were not too frequent in ecosystems suitable
for cockchafers (in the case of a forest, cockchafers prefer the trees at forest
edges),’ farmers knew where to look for them.”® The gathered cockchafer
beetles were killed with boiling water.” In the district of Radovljica (Germ.
Radmannsdorf), covering several dozen settlements in Bohinj, part of the Sava
Dolinka Valley (SIn. Zgornjesavska dolina) and upper Ljubljana Basin north-
west of Ovsise (located east of Kropa), eight metric tons of cockchafer beetles
were destroyed in 1951, for instance.”® Such campaigns are known from the
eighteenth or nineteenth to the twentieth century,”® and they were sometimes
financially stimulated.””” Another widespread historical means of cockchafer
suppression was gathering the larvae in the years when they abounded; this
was usually done in arable land at plowing time.”*® For instance, every farm
at Stara Fuzina had to deliver a certain amount (e.g., 0.5 Metzen; i.e., about
thirty liters) of cockchafer larvae when cockchafer populations in the region
were large in the mid-twentieth century; they were killed with quicklime.”®
This type of cockchafer suppression is also reported in Bavaria,””® and so it was
carried out in many parts of the Alps. Until the mid-twentieth century as the
timeframe studied here, chemical suppression in situ was not carried out. In
this respect, reports from Slovenia”' match those from Bavaria.””?

The risk of a cockchafer plague fluctuated considerably in history, and it
has been locally to regionally specific. To a certain degree, this was the result
of weather and climate. Some factors with a strong influence on the abun-
dance of cockchafers are frost and snow in the second half of April or in May,
or low temperatures and heavy rain at that time, which kill the beetles; low

781 JTanezi¢, 1971, 5-6, 28-29.

762 Billamboz, 2014, 117.

763 For instance, author’s interviews with Kranjc, 2018, in Stara Fuzina; the interviewee
mentioned exactly oak and larch as their preferred tree species, which corresponds
with the research cited above. Author’s interview with Mencinger, 2017, in Stara Fuzi-
na, mentioning cockchafers’ preference for hazel, was again in line with scientific
knowledge. Author’s interview with E. Mlakar, 2017, in Bohinjska Cesnica, who men-
tioned oak, larch, and birch (Betula pendula)—of course, cockchafers also feed on birch
(Janezic, 1971, 28).

764 Pozenel, 2007, 73.

765 Janezi¢, 1971, 15; on the territory of this district, see Virtualna arhivska citalnica: SI_
ZAL_RAD/0014 Okrajni ljudski odbor Jesenice-Radovljica, 1945-1955 (Fond/zbirka).

766 Nowosadtko, 2007, 89, 94; Janezi¢, 1971, 11-12.

767 JTanezi¢, 1971, 11-12.

78 Nowosadtko, 2007, 89.

7% Author’s interview with Gasperin, 2017, in Stara Fuzina. Conversion into liters: Vilfan,
1954, 49, 51.

77 Nowosadtko, 2007, 89.

771 JTanezi¢, 1971, 30.

772 Nowosadtko, 2007, 89.
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temperatures in late spring kill the larvae close to the surface; excessive water
forces the larvae to crawl to the surface, where they suffer from insolation and
are easy prey for birds, for instance; serious drought kills eggs and young lar-
vae in the soil; sudden unusually early and persistent cold weather in autumn
before the larvae burrow deep into the soil also kills large numbers of them.
Severe weather-related stress in the case of very large cockchafer populations
increases the likelihood of infectious diseases spreading among the weakened
organisms, such as the fungus Beauveria brongniartii, which kills the cockchat-
er larvae in the soil. Other factors include, for instance, decades-long “cyclic,
high density variations . . . which show a mass development between two phas-
es of latency”””* Cockchafer populations move slowly, and so there have been
patchwork-like areas of cockchafer tribes in the same stage of development.””*
It usually takes a decade or several decades before cockchafers again pose a
serious threat to local grassland farming after a severe decrease in populations,
caused, for example, by a sudden cold outbreak and snow in late spring in the
year of chafer flight, such as in 1957.77°

It is known that in the late thirteenth century cockchafers were observed in
the Drau Valley in Carinthia close to Sachsenburg above Spittal every third or
fourth year.””® This diversity in the duration of the development of this insect
recorded in the final stage of the High Medieval Climate Anomaly (Medie-
val Warm Period) just preceding the Little Ice Age is in line with the twen-
tieth-century observation that there was a transition from a four-year cock-
chafer development cycle (favored by a slightly colder climate) to a three-year
development cycle in the Upper Drau Valley, as observed between the early
and mid-twentieth century.””” A large-scale devastation of grasslands in several
parts of the Swiss Confederacy and its surroundings might have taken place in
the 1470s.77® Cockchafers were observed in the Alps in the northwest of what
is now Slovenia prior to 1579, when their regular presence every third year is
reported; the seigneuries of Radovljica and Bled (Germ. Veldes) and the farm-
ers counted triennial intervals based on cockchafer flight.””” This corresponds
with observations of a three-year cockchafer development cycle in the area,
which started in the early twentieth century.”*® Although written sources only
provide very partial insights into a narrow selection of cockchafer plagues, a

77 Janezi¢, 1971, 4-5, 16, 28-29; Billamboz, 2014, 115-117, 120-121 (quote from p. 117);
Pozenel, 2007, 73, 75-77.

774 JTanezi¢, 1971 (see also Studen, 2024); Billamboz, 2014, 115-117.

775 Janezié, 1971, 5, 16, 23-25, 29; Pozenel, 2007, 73.

77¢ Dinklage, 19664, 65, 67.

777 JTanezi¢, 1971, 6-7 (see also p. 13), 26-28.

78 Rohr, 2007b, 116-118.

779 Zwitter, 2016, 140.

780 Janezi¢, 1971, 13-14, 18, and the supplement Karta majskega hrosca za Slovenijo
(Cockchafer Map of Slovenia).
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dendroecological investigation in the area of Lake Constance (Germ. Boden-
see) suggests that turf devastation due to cockchafer larvae was more frequent
in the High Medieval Climate Anomaly and, in particular, since the late nine-
teenth century than during the Little Ice Age. Occasional severe outbreaks or
short series of severe outbreaks during the Little Ice Age were followed by an
increased frequency of grassland harvest failures due to cockchafers since the
mid-nineteenth century.”® Nonetheless, in line with the previous paragraph,
the same region was not continuously affected; twentieth-century data demon-
strate that sometimes entire decades or longer periods passed without any se-
rious cockchafer plague at least at a micro- to mesoregional level, even though
there are sites suitable for this animal.”®

At heavily affected sites, cockchafer larvae fully devastated the most af-
fected grassland complexes by feeding on the roots.”® Natural regeneration of
such meadows led to changes in species composition.”* Namely, cockchafer
larvae feed selectively, with a preference for fleshy roots of herbs and fine roots
of grasses; they do not consume the belowground parts of every plant species.
Cockchafers usually avoid herbs and grasses with tough belowground rhi-
zomes. Cockchafer excrement and decaying plants increase the plant nutrient
availability in the soil, there are many gaps in the grassland that are partially
or fully devastated, and so the abundance of species such as smooth mead-
ow-grass (Poa pratensis) with mainly aboveground runners is likely to increase
after a cockchafer plague.”® It can be assumed that farmers tried to improve
the devastated grasslands or a selection of grassland sections by sowing the
limited available quantities of barn-sweepings there (see Section 6.5).7% From
a long-term perspective, a cockchafer plague might have contributed to the
occurrence of certain species in local environments due to an exchange in the
seed pool over medium distances. Namely, when cockchafer larvae devastated
the meadows, farmers were more likely than usual to have purchased hay from
elsewhere (Section 3.1). Barn sweepings from such hay were later sown in
meadows, unless they were all used as fodder (Section 6.5), which was scarce
when cockchafer larvae devastated a significant percentage of local grasslands.

Another insect that was occasionally a challenge to grasslands in the Alps
was migratory locusts. They were incomparably more mobile than cockchaf-
ers. Similarly to cockchafers, they mainly affected lower elevations, up to about
the middle of the montane belt. In the last six hundred years, their swarms
particularly frequently reached this mountain chain in parts of the fourteenth

781 Billamboz, 2014, 115, 118-123, 127; Janezi¢, 1971.

782 Pozenel, 2007, 73; Billamboz, 2014, 122.

78 E.g., Pozenel, 2007, 73.

784 Sadar, 1956, 129.

785 Dietl & Lehmann, 2004, 32-33, 35; Aeschimann et al., 2004, vol. 2, 880-881.
78 Compare Emanuelsson, 2009, 160.

176
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century, as well as between 1477 and 1480 and in the 1540s. A large swarm
could have up to two billion animals. Locusts usually reached the Alps in the
second third of August or later; that is, when the first-crop hay from the great
majority of meadows had already been mowed and stored (see Section 6.1.2.1).
First-crop hay was thus threatened by locusts where it was stored outside in
stacks; only in the case of an exceptionally early occurrence of migratory lo-
custs (in the Eastern Alps from late May onward) could they cause significant
damage to first-crop hay in meadows. From the ecological perspective, locusts
mainly grazed on second-crop hay species at times not much differing from
usual second-crop hay mowing. They did not graze heavily in meadows and
pastures in every region they crossed, but only where a swarm of flying adult
animals settled on the ground. Their grazing seems to have been no greater
than that of heavy grazing pressures posed by livestock. Consequently, there
seem to have been no major consequences for the grasslands in the future.”®’
Where the locusts grazed heavily, their fertilizing impact was likely relevant: a
report on the impacts of their large-scale grazing in Carniola (mainly central,
northwestern, and most of southern Slovenia nowadays), including moun-
tainous regions, in 1542 emphasized that locust grazing grounds were dirty,”*
thus full of their excrement. From the grassland economy perspective, locust
swarms at places mainly consumed the valuable second-crop hay (Sections
6.1.2.3 and 6.3.2) and autumn grazing resources in pastures and meadows
after mowing. This caused serious economic damage in many microregions,
especially where they also consumed the buckwheat or millet sown after the
harvest of autumn-sown cereals and in colder regions, where they consumed
the first cereal harvest.”®

4.1.3.2 Rodents

Impacts of rodents on grasslands are no more than exceptionally mentioned in
older historical records, and so only voles are presented here. An exceptionally
high abundance of voles (Arvicolinae) sometimes contributes significantly to
grassland dynamics. Where their activities are strong, this results in a shift in
meadow species composition, in non-fertilized meadows in particular (Sec-
tion 6.3.1)—there, voles could increase the number of species by more than
15%. This increases the variegated character of the grassland. Voles burrow
in meadows and pastures, and they consume underground plant organs, es-
pecially of species with fleshy roots, and so their feeding is selective. Similar
to cockchafers, voles like fine grass roots, whereas plants with rhizomes, espe-

787 Rohr, 2007a, 488-491; Rohr, 2017, 82, 93-100.

788 SI AS 2, Dezelni stanovi za Kranjsko (The Estates of the Province of Carniola), First
Registry, box 322, fasc. 216, year 1542: September 4th, 1542.

89 ST AS 2, Dezelni stanovi za Kranjsko (The Estates of the Province of Carniola), First
Registry, box 322, fasc. 216, year 1542: September 4th, 1542; see also Rohr, 2017, 98.
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cially tough, lignified ones, are usually avoided. Leguminous species, which
are good fodder plants (see Sections 6.3.1, 6.3.2, and 10.1.2.2.3), for instance,
are suppressed by voles. Root consumption kills the plants, which can cause
patchy or general but selective grassland devastation. This leads to low hay
yields in the case of strong vole activities. Moreover, heaps of excavated soil
rendered mowing by scythe more time consuming because haymakers avoid-
ed the buried soil to prevent impurities in the hay—in contrast to motorized
mowers, mowing with a scythe made it possible to see mounds from buried
soil through the standing grass in front of the scythe. Whereas voles” negative
impacts have been mentioned so far, their selective herbivory and their cre-
ation of gaps in meadows by digging foster some species. On the one hand,
those avoided by voles benefit from their activities, such as hairy violet (Viola
hirta), cowslip (Primua veris), and perforate St. John’s wort (Hypericum per-
foratum), and so the abundance of such species increases. On the other hand,
species profiting from gaps in grasslands are promoted. For instance, sites dug
out by voles are frequently colonized by field forget-me-not (Myosotis arven-
sis), a small-seeded annual dependent on recruitment from the soil seedbank
and germinating when its seeds are brought to an open soil surface by mam-
mals. In addition to annuals, some perennials also use open soil gaps in mead-
ows created by voles for generative reproduction, such as wild mint (Mentha
arvensis) and nettle (Urtica dioica), both likely to colonize loosened soils; once
these perennials become established, they are resistant. Vole-affected sites
are also suitable for meadow fescue (Festuca pratensis), cocK’s-foot (Dactylis
glomerata), smooth meadow-grass (Poa pratensis), rough meadow-grass (Poa
trivialis), upright hedge-bedstraw (Galium album), and hairy rock-cress (Ara-
bis hirsuta), for instance.”

Voles could impact the hay quality in diverse ways. Some species promoted
by them are good fodder plants, such as meadow fescue, cock’s-foot, smooth
meadow-grass, and rough meadow-grass. On nettles, see Sections 6.3.2.2, 6.5.,
6.6.2.2,8.2.1.1, 8.2.2, 10.1.2.2.7, and 10.2.1. At some other sites, negative im-
pacts prevailed (e.g., wild mint was not useful as cattle fodder),”! and suppres-
sion of leguminous species was mentioned above.

Old historical records rarely explicitly mention cases of increased abun-
dance of voles, but the ecological processes presented might have been expe-
rienced by the residents of Stelvio (Germ. Stilfs) in South Tyrol in the early
sixteenth century, with second-crop hay more seriously affected than first-crop
hay, to name but one potential early example from historical records.”

70 Sadar, 1956, 129, 135-136; Pils, 1994, 58, 204; Dietl & Lehmann, 2004, 20, 32-35; Ellen-
berg & Leuschner, 2010, 1020; author’s interview with Kunavec, 2023, in Stara FuZzina.
On seeing through the plants in the case of mowing with a scythe, see Iuga, 2016, 73.

7! Sadar, 1956, 129, 135-136; Pils, 1994, 204; Dietl & Lehmann, 2004, 20, 32-35.

72 Rohr, 2007b, 120-124.
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4.1.3.3 Fungi

The impacts of fungi on grassland dynamics are complex and often signifi-
cant. Their impacts on grassland plants through mycorrhiza are dealt with in
Section 6.3.1. Section 4.1.3.1 mentions the impacts of a fungus on cockchafer
populations. This section focuses on obvious negative effects of pathogenic
fungi on grassland plants.

Pink snow mold (Microdochium nivale) and gray snow mold (Typhula sp.)
have significantly impacted grassland species compositions in cases of a wet
autumn, followed by persistent snow cover and a wet and cold spring, at shady
sites in particular. Most vulnerable have been grasslands overused in late au-
tumn (in history, mainly intensive late autumn grazing, so that plants were
bitten off close to the ground at the end of the vegetation period) or grasslands
not used in the autumn at all; the latter were rare in history. To focus only on
species of historical grasslands moderately manured with barn manure, mead-
ow fescue (Festuca pratensis subsp. pratensis), cocK’s foot (Dactylis glomerata
subsp. glomerata), and bents (Agrostis sp.), all widely present in the Alps, are
plants highly vulnerable to pathogenic fungi, which at present also (or even
more) threaten species of intensive grasslands. Pink snow mold and gray snow
mold killed vulnerable species at several microlocations within a grassland
parcel or in the entire grassland. The abundance of some other species such
as meadow buttercup (Ranunculus acris) in the meadow was likely to rise to a
certain degree due to the increased cover of pathogenic fungi, in some cases
at least.””

There is every reason to assume that significantly increased cover of path-
ogenic fungi in grasslands was an issue several times for grassland farming
during the Late Maunder Minimum; in Central Europe, autumn temperatures
between 1688 and 1700 were on average about 1.1 °C colder than between
1961 and 1990, and wet autumns were frequent; winter temperatures between
1691 and 1700 were on average 2.6 °C lower than between 1961 and 1990, and
spring temperatures between 1687 and 1700 were on average 1.4 °C colder
than in the same twentieth-century reference period. Nonetheless, data from
Switzerland demonstrate that spring precipitation was below average at that
time,””* which might have mitigated grassland mold development there to a
certain degree. The hazard of spread of pathogenic fungi was highest in ex-
ceptional years with extremely long snow cover, such as the long winter of
1613/1614, which lasted for almost five months, from November to April, and
a considerable part of May was also cold and rainy. This is demonstrated by
data from the Slovenian Alps, very much resembling the situation in Swit-
zerland, and it was thus representative of most of the Alps. The snow blanket

73 Dietl & Lehmann, 2004, 24-25, 32-34; Aeschimann et al., 2004, vol. 1, 160-161;
Aeschimann et al., 2004, vol. 2, 840-841, 892-893, 966-973.
794 Pfister et al., 2018, 277, 279-280.
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probably lasted for up to 130 days or more even in many low valley bottoms in
the Eastern Alps in that winter.”® In such cases, pathogenic fungi added to the
fodder challenge that was already serious due to shorter spring and autumn
grazing periods because of low temperatures; they contributed to the dynamic
changes in grassland species composition over time.

The processes presented in the next section partly also resulted in environ-
mental change in continuously existing grasslands, but more frequently they
caused discontinuities.

4.2 Discontinuities in the existence of grasslands due to
natural and nature-induced environmental change

A good example of particularly dynamic grasslands is those in former beds of
rivers or creeks. Such grasslands were frequent in sections of broader Alpine
valleys and basins where the slope of the river or creek was gentle and its bed was
incised into fluvial sediments. Consequently, beds of rivers or creeks frequently
moved during high discharges until the large-scale channelizing of rivers (see
the introduction to Section 6.1.2.5). Locations with a high groundwater level
close to the riverbed (e.g., the former riverbed) were usually used either as high-
ly productive (damp) grasslands, frequently as meadows (Figure 31), or as for-
ests.”® Such meadows were regularly flooded during high discharges because the
topography of the former riverbed was lower than that of the surroundings. Such
biotopes were particularly dynamic due to changes during flood events, such as
erosion and sediment deposition, also including seed transport.””” The majority
of such meadows mainly disappeared between the eighteenth century and the
first half of the twentieth century due to manmade changes in riverbeds.”*®

The magnitude and frequency of serious floods affecting grasslands has
changed significantly over time.””” Moreover, the chronology of major floods
varies within the Alps due to the “heterogeneity of catchments and landscapes,
whose [climatological,] hydrological and [other] environmental settings differ
... and in which the sensitivity of the system to climatological and hydrolog-

795 Pfister, 1985a, 61, 117; Zwitter, 2013b, 342-344, 348, 362-363, 371-375.

76 Pfister, 1985a, 26, 83; Kauter, 2002, 116-117, 171; Emanuelsson, 2009, 159, 277-278,
281, 304; Hohensinner et al., 2013; Winiwarter et al., 2013, 110; compare Sadar, 1956,
5-13. Some examples from the Alps in the sixteenth and seventeenth centuries in Rohr,
2007a, 357 (the changed bed of the Salzach River); Zwitter, 2014e, 325-332, 346 (three
examples from the Jaun Valley [Germ. Jauntal, SIn. Podjuna), Carinthia: the Drau [SIn.
Drava) and the Vellach [SIn. Bela] Rivers, and Globasnitz Creek [Germ. Globasnitzbach,
SIn. Globasnica]); and Zwitter, 2015b, 19 (example from Bohinj in the Julian Alps).

797 Komposch, Frief3, & Kreiner, 2013, 389; Poschlod, 2015, 83.

78 Emanuelsson, 2009, 304, 307.

799 Wirth et al., 2013; Schulte et al., 2019; Bloschl et al., 2020.
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Legend (to the map above, year
1826):

| : meadow
: field
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Figure 31: In 1606, meadows called V mlaze®® (i.e., V mlace, literally, ‘in the pool; a tradi-
tional Slovenian designation for wet meadows)®! and V logu®®* (literally, ‘in the (wetland)
meadow close to a waterbody, usually a wooded meadow’)** were located below the church
at the village of Bitnje in Bohinj, between the church and the bridge leading to the village
of Bohinjska Bistrica.®* The location of the church (red) is constant and, although the po-
sition of the bridge might have changed by the early nineteenth century, it is clear that in
1606 there were wet meadows in the former riverbed there. The blue arrows point to the
former riverbed, evidently from before the 1826 cadaster, as seen on the lidar-based digital
elevation model. Environmental Atlas of Slovenia, Backgrounds, Lidar hillshade; SI AS 176,
Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carniola), L172, cadastral
municipality of Nomenj, map sheet A09.

ical extremes can vary”®> Nonetheless, some common main flood-rich peri-
ods in most catchments can be identified. Focusing on the second half of the
second millennium before the late twentieth century, such a period in (many
parts of) the Eastern Alps happened in the second half of the eighteenth cen-
tury, when floods were frequent not only throughout the Alps but also in large

800 SI AS 721, Gospostvo Bled (The Seigneury of Bled, Germ. Veldes), lustitialia, vol. 12,
June 2nd, 1606.

801 Sadar, 1956, 1.

802 SI AS 721, Gospostvo Bled (The Seigneury of Bled), Tustitialia, vol. 12, May 30th, 1606.

803 Slovar slovenskega knjiznega jezika: log.

804 SI AS 721, Gospostvo Bled (The Seigneury of Bled), Tustitialia, vol. 12, May 30th, 1606,
June 2nd, 1606.

805 Wirth et al., 2013, 114, 119, 126; Schulte et al., 2019, 67 (quote), 75-78, 83, 86.
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sections of Central, Western, Southern, and Eastern Europe; the second main
flood-rich period occurred around 1560-1580; that is, during one of the main
peaks of the Little Ice Age when floods were frequent not only in the Eastern
Alps but also throughout Central Europe and in the eastern part of Western
Europe.®* Another common characteristic in the Alps is a long flood-disas-
ter gap in most catchments, lasting from the very beginning of the twentieth
century until the late twentieth century, which is now followed by the recent
flood-rich period.*” Several other flood-rich periods and serious or disastrous
single flood events also shaped the landscapes in the Eastern Alps in the sec-
ond half of the second millennium, with relevant impacts in grasslands. Not
to focus on local events, only two large-scale examples from the sixteenth cen-
tury are given. In 1501, a high-magnitude flood affected major parts of the
Eastern Alps, at least the catchments of the Inn, the Salzach, the Enns, and
the Traun, although only scant preserved information refers to inner-Alpine
territories.®®® This was part of the broader flood-rich period in Central Europe
and the northeastern part of Western Europe between 1500 and 1520. The
historical hydrology of the Traun explains that this was one of the main flood-
rich periods in the catchment since AD 1500, although no more than the fifth
flood-richest interval in that area ever since.*” Another example occurred dur-
ing the late sixteenth-century Little Ice Age peak: in August 1598, major parts
of the Eastern Alps were affected by large floods. It is clear that such events
had profound impacts on many grasslands, but even the general influences on
grasslands are rarely clearly documented in such early records. Devastation of
meadows during the major 1598 flood is reported, for example, in the Gastein
Valley (Germ. Gasteinertal).®'°

Apart from floods triggered by similar processes as are usual nowadays,
past centuries also experienced many ice jam floods and some glacial lake out-
burst floods. An ice jam flood was caused by a break in an ice jam or a couple
of ice jams. Namely, when the ice cover on rivers was melting, ice sheets accu-
mulated at obstacles, such as bridges. Ice cover on rivers used to be a frequent
feature not only due to colder winters, but also due to the different morpholo-
gy of much more natural riverbeds (freezing could start in shallows with a slow
current) and the absence of thermal water pollution. Another type of historical
flood in the Alps that could locally affect a high percentage of good agricultural
land happened due to advancing glaciers, which dammed streams. In this way,

806 Bloschl et al., 2020, 561-564; but compare also Schulte et al., 2019, 81, and Wirth et al,,
2013, 120-121, 126 from the Western Alps.

87 Bloschl et al., 2020, 561-565; see also Schulte et al., 2019, 77, 80-81.

808 Rohr, 2007a, especially 235-236, 275.

809 Bloschl et al., 2020, 561-564.

810 Rohr, 2007a, 257-273; for further examples of floods in the Eastern Alps from the
thirteenth to sixteenth centuries, see pp. 201-256, 276-278, 327-332, 336-342, 346,
349-358, 366-368 in Rohr’s volume; see also Zwitter, 2015b.

182



4.2 Discontinuities in the existence of grasslands

a temporary lake formed. In many such cases, failure of the ice dam caused a
severe glacial lake outburst flood downstream. The glacier-dammed lake from
the Rofen Valley (Germ. Rofental) in the Otz Valley Alps (Germ. Otztaler Al-
pen), for instance, covered pastures, and it was sometimes more than a kilome-
ter long; exceptionally, its length allegedly exceeded 2.3 km. Since 1600, breaks
of ice dams there caused downstream devastation in the Otz Valley (Otztal)
on July 20th, 1600, in mid-July 1678, to a certain degree on June 14th, 1680,
in 1847, and on June 13th, 1848. In addition, the Otz Valley was affected by
glacial lake outburst floods that started above the village of Obergurgl (Figure
4).8" Such floods affected many grasslands, caused severe erosion, and often
deposited a thick layer of material of various sizes downstream in the valley.*'?

Human interventions into rivers and creeks in the Alps became significant
long before the industrial period, but the scale of these interventions was usually
much more limited than in industrial times. Apart from small-scale work, there
also existed large-scale interventions in a selection of streambed sections with
significant impacts on grasslands, already prior to the eighteenth century (see
the introduction to Section 6.1.2.5). In several cases, human interventions into
beds of rivers and creeks led to flood-inflicted damage in (grassland) parcels,
which would have been safe without such interventions. These included, for in-
stance, mill-dams raising the water level, and displacement of shorter or longer
streambed sections.®” The following example of complexity of such socio-natu-
ral sites is representative of many cases of artificial stream-bed section displace-
ments in the Alps that locally had relevant impacts on grasslands. Sucha Creek
(Germ. Sucha, Sln. Suha), a small stream in the Jaun Valley (Germ. Jauntal, Sln.
Podjuna), Carinthia, used to make curves in the pasture below Gosselsdorf (Sln.
Goselna Vas) until the early eighteenth century, and its surface flow often ended
in a demesne meadow of the seigneury of Eberndorf (Sln. Dobrla Vas) close to
Lake Gosselsdorf (Germ. Gosselsdorfer See, Sln. Goslinsko jezero). This meadow
used to be irrigated (see Section 6.4) with the water of Sucha Creek. During
flood events, when the current of Sucha Creek was stronger, it transported larg-
er material, and it deposited its load of sand and pebbles at (the outer side of)
the curves (in the pasture), and so material unproductive from the agricultur-
al perspective did not reach Eberndorf’s demesne meadow. Some years before
1713, the seigneury of Sonnegg (SIn. Zenek) straightened the bed of Sucha Creek
below Gosselsdorf. Consequently, during high discharges, Sucha Creek did not
deposit its sand and pebbles in the pasture; instead, its deposits covered large
sections of the demesne meadow of the seigneury of Eberndorf (and of anoth-
er meadow) that had not been prone to infertile deposits before. Consequently,

811 Wopfner, 1997, 82; Rohr, 2007a; Nicolussi, 2013, 71-83, 87; Scharr, 2001, 21; Jager,
2006, 9-10, 21-23, 58-59, 75, Figure 19 between pp. 64 and 65.

812 Wopfner, 1997, 73-74, 82.

813 Rohr, 2007a, especially 365-366; Winiwarter et al., 2013; Zwitter, 2014e, 332; Zwitter,
2018, 168-169, 173; Zwitter, 2024.
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this seigneury built a small construction, saving its meadow from accumulation
of most sand and pebbles, but still allowing irrigation. This structure directed
Sucha CreeK’s load to the neighboring meadow in possession of a subject of the
seigneury of Sonnegg, causing a dispute. In 1713 the seigneury of Eberndorf re-
sponded that this subject of Sonnegg was allowed to build a similar construction
in the meadow that he was using to mitigate the flood hazard if he wanted to
reduce the damage there.®* All this probably would have been avoided had the
bed of Sucha Creek not been straightened, whereas the damage upstream would
have been more serious.

Watercourses deposited part of their load in flatter parts of Alpine valleys
and basins. One consequence thereof was an increase in wetland areas in flood-
plains in some broader Alpine valleys and basins, and so meadow sites gradually
became wetter there. A significant percentage of fine (thus highly watertight)
material in deposits mattered greatly in this process. Fine sediments were depos-
ited in standing or very slowly flowing water, thus by some floods in bottoms of
flat valleys and basins, during some lake floods, and/or where coarser flood de-
posits hindered water outflow. Historical large-scale deforestation on slopes led
to an increase in sediment transport in creeks and rivers, and so forest clearing
contributed to the increase in wetland areas downstream. The process must have
been significant at some places during late medieval large-scale deforestation,
for example, when agricultural land on forested terrain at high elevations was
greatly expanded (Section 3.1). This was also highly relevant later: the increase in
the area of wetland in some Alpine valleys, such as the Alpine Rhine in the early
nineteenth century, was linked to excessive wood harvesting on slopes higher
in the river catchment. In addition, erosion and downstream deposition of wa-
ter-transported material causing an increase in wetland area was importantly
influenced by the dynamic history of precipitation. In the Emme Valley (Germ.
Emmental), for instance, severe floods appeared in the interval from 1567 to the
end of the sixteenth century more frequently, and their magnitude was higher
than in the mid-sixteenth century (see the note above on the general flood-rich
period of 1560-1580), even though intensive forest clearing started earlier, and
so the influence of the important peak of the Little Ice Age was significant. To
the east of Emme Valley, deposits of the major 1762 and 1764 floods of the Linth
River led to an expansion of wetlands at Lake Walen (Germ. Walensee) in the
northern Swiss Alps.®

In many places creeks, where deposits were easier to remove than from
large riverbeds, experienced a long history of human prevention of a signifi-
cant increase in the adjacent wetland area. The example of Seebach (literally,

814 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 189, Gerichtsprotokoll
1711-1717, 126-127 (November 10th, 1713).

815 Wopftner, 1997, 399-400; Pfister, 1985a, 86-88, 98-99, 127-128; Haidvogl, Pont, &
Zwitter, 2019.
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‘lake creek’; Sln. Jezernica), flowing out of Lake Gdosselsdorf in the Jaun Valley
to the north, is representative of many cases in terms of stream bed clearing,
but it also has its local specifics in the context of carp breeding. On May 16th,
1743, farmers from the village of Gosselsdorf complained to the seigneury of
Eberndorf that the Seebach’s bed this seigneury was in charge of, near the out-
flow point from the lake, was too filled with deposits, and so the creek flood-
ed the adjacent meadows that these farmers were using. They demanded the
removal of some deposits from the creek bed so that they would be able to
make hay for cows in these meadows. The seigneury of Eberndorf agreed to
order clearing some deposits from the creek bed as soon as the carp spawn-
ing period passed.*® It is no coincidence that farmers mentioned the type of
livestock (cows) they wanted to continue being able to feed with hay grown in
these meadows. Namely, if deposits in the creek bed led to a well-developed
wetland ecosystem, it would either still be possible to harvest fodder there, but
such hay would only be suitable to feed horses (see Section 6.1.2.5.1.2), or the
hay would only be usable as animal bedding (Section 6.1.2.5.2). The seigneury
recognized the farmers’ claims, but it also acted in favor of its carp breeding
by ensuring a limited postponement of work in the creek bed stopping the
process of wetland formation (see some seventeenth- and eighteenth-century
data on carp spawning there in Section 6.4.3.2.2). Namely, limiting the flooded
meadow area in times before the water reached 18 °C and then remained at
least 17 °C for some days would have negatively impacted the seigneury’s carp
breeding.®'” However, this also means that the quality of hay from those mead-
ows was still poor that year.

Some mass movements also significantly influenced the history of grass-
lands, such as the massive rockfall on the southern slopes of Mount Dobratsch
(Sln. Dobrac) in the Gail Valley (Germ. Gailtal, Sin. Ziljska dolina) in 1348,
following a major earthquake. The largest among several major rockfalls that
took place there on that occasion is considered the largest rockfall in the East-
ern Alps ever since. It resulted in the deposition of tens of millions of cubic
meters of material. The deposits from this largest rockfall reached and blocked
the Gail (Sln. Zilja) River.®'® A predominantly shallow lake formed behind the
barrier. This water body was probably about 3 km long and covered approx-
imately 2 km?; its maximum depth was about 15 m. Soon afterward, still in

816 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 193, Gerichtsprotokoll
1743-1765, 11 (May 16th, 1743).

817 Carp spawning starts when the temperature reaches 18 °C and is interrupted if the
water temperature falls below 17 °C. Carp spawns in shallows, on flooded meadows;
they fix eggs to the stems and leaves of flooded grassland plants, and their larvae start
swimming about six to ten days later (Povz & Sket, 1990, 47, 116-117; Balon, 1995;
Govedic¢, 2004, 138-139, 148, 150; Gradivo za strokovni izpit za ribogojca, 2009, 45-46,
63-65; Carp Reproduction, 2007).

818 Rohr, 2007a, 184-185; Zorn, 2002, 12-14.
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Figure 32: Seewiesen (literally, ‘lake meadows’), an example of a relatively young grassland
complex on historical lake deposits. The map shows land-use categories in the early nine-
teenth century (dark green: meadow, light green: pasture, dark brown: forest, light blue:
water). Contour lines are added in red, and the contour interval is 10 m. The elevation of
the lake after the partial medieval break of the dam, mentioned above, was close to 540
m. The north-south direction of the contour lines east of the meadows marks the barrier
blocking the Gail River in 1348; the material released through the rockfall moved from
north to south.®” Kirnten Atlas, Darstellung, Kartenhintergrund, Franziszeischer Kataster
& Gelandehohe, Hohenschichten (10 m).

819 Rohr, 2007a, 185-186, 188.
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4.2 Discontinuities in the existence of grasslands

Figure 33: As a complex of almost entirely flat land distant from villages but located on deep
lake deposits—in contrast to rockfall deposits with shallow, stony soils on the neighboring
parcels abounding in rocks on the surface (Figure 34)—the environmental conditions at
Seewiesen have been perfect for meadows. Their youngest parts are two to three centuries
old. In September 2019, the grassland was grazed. Photo: Ziga Zwitter, September 2019.

1348, the barrier partly broke, so that a smaller shallow lake, about 10 to 12 m
at its deepest part, remained there. The at least temporary flood and/or long-
term change in soil properties—possibly turning formerly better-quality agri-
cultural land into marshes—caused the permanent abandonment of two small
villages above the confluence of the Gailitz (Sln. Ziljica) and the Gail. The last
remnants of the fourteenth-century lake disappeared in the eighteenth centu-
ry.#? As the lake vanished, some grasslands formed, among them the complex
of meadows known as Seewiesen (literally, lake meadows’) and the adjacent
pastures (Figures 32-34).

Although evidence is incomplete, it is clear that several other lakes also
formed in the Alps in the last millennium as a consequence of rockfall deposits,
such as Lake Kummer (Ital. Lago Kummer; Germ. Kummersee, literally, lake of
sorrows®*') in the upper Passiria Valley (Ital. Val Passiria, Germ. Passeiertal)
north of Moso (Germ. Moos). This lake might have formed due to a rockfall

820 Rohr, 2007a, 185-186, 188, 190-191, 382-383.
821 We thank the language copyeditor Donald Reindl for the addition of this translation.
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4 Natural and nature-induced environmental changes in grasslands

Figure 34: Rockfall deposits from 1348 on the neighboring parcels. Photo: Ziga Zwitter,
September 2019.

from Mount Gspell in 1401. The Lake Kummer’s dam partly broke nine times
until the late eighteenth century, always causing a flood down the valley, as
far as Merano (Germ. Meran). In the eighteenth century, the lake was still 1.1
km long, 250 m wide, and 36 m deep.** The great majority of the bottom of
the former Lake Kummer is now grassland.®? The still-existing Hinter Lake
(Germ. Hintersee) at the mountain pasture complex Meilinger Alp (Germ.
Meilingeralm) south of Mittersill in the province of Salzburg possibly formed
as a consequence of a rockfall in the 1490s blocking a stream.®** At present,
there is an extensive wet grassland south of the lake.*** In the immediate vicin-
ity, in the Felber Valley (Germ. Felbertal), the deposition of the 1569 rockfall
covered meadows and moved the bed of Amer Creek (Germ. Amerbach), and
consequently a lake formed at Od, flooding former meadows and pastures.®?

Debris flows, mudflows, alpine debris avalanches, and landslides affecting
grasslands also significantly changed site conditions. Written records sever-

822 Rohr, 2007a, 194-195, 200, 336-340.
823 Satellite World Map.

824 Rohr, 2007a, 197-198.

825 Satellite World Map.

826 Rohr, 2007a, 198.
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4.2 Discontinuities in the existence of grasslands

al centuries old provide relevant information on such events in some cases,
although these events are poorly represented in old records.®” Recently, in-
vestigation combining analysis of archival records, geological data, and field-
work was able to identify an alpine debris avalanche from Mount Ol3eva in
the Eastern Karavanks as the most likely process that covered an economically
important meadow of the isolated Macesnik mountain farm in the Upper Sa-
vinja Valley (SIn. Zgornja Savinjska dolina) before 1665; further information
from the eighteenth century makes it clear that this event caused the long-term
abandonment of that meadow.*”® In a few cases, early documents already make
it possible to precisely locate some affected grasslands; elsewhere, dated de-
posit analyses help in understanding these historical processes.®*” On June 7th,
1660, heavy rain triggered a debris flow in the Lavant Valley (Germ. Lavant-
tal) in Carinthia, from the Koralpe down Gemmersdorf Creek (Germ. Gem-
mersdorfer Bach). There were twenty-nine casualties, and parcels, including
meadows, used by farmers from three villages were devasted through erosion
and deposition.** The report on the 1660 event—which was written in 1662 or
1663 and referred only to parcels belonging to a single farm, not to all affected
parcels—explicitly documented that it would not be possible to restore certain
meadows due to the very heavy rocks deposited there. Comparing a preserved
sketch of the 1660 devastation®’! with a precise early nineteenth-century land-
use map (Figure 35), several parcels can be recognized where grassland was no
more than about a century and a half old when the early nineteenth-century
map was drawn. They were located north, northeast, and east of the church
in Gemmersdorf, and they also included the quite extensive pasture along the
stream in the eastern part of the settlement: the shape of this pasture also re-
sembles the shape of an alluvial fan, (largely) the 1660 mudflow deposit. This
pasture within the settlement probably replaced some houses, meadows, and
fields, but the area was used as pasture from 1660 onward due to both erosion

827 See, for example, Rohr, 20074, 244, 247, 278, 332, 358, 409; Zenhdusern, 2008, 184-185;
Zwitter, 2015d, 149; Zwitter & Mrak, 2017; Wopfner, 1997, 73-74, 86-90, 399-400.
Identification of the actual process of mass movements behind the terminology used in
historical records is sometimes a challenge that should be addressed interdisciplinarily.

828 Zwitter & Mrak, 2017. The record from 1665 says only that “the mountain / [mountain]
pasture buried” that meadow.

822 To give but one example from the southeastern Alps dealing with the last millennium:
Merchel et al., 2014.

830 Fresacher, 1965; information from further archival records was added in Zwitter, 2018,
166-167. Mudflows and debris flows are sometimes hidden behind expressions that
can also designate floods; it is entirely clear that the 1660 event in the Lavant Valley at
Gemmersdorf was a debris flow, and a contemporaneous sketch also proves it (Fresach-
er, 1965). However, another record referring this same event designates the devastation
simply as Wasserschaden ‘water damage’ (AT KLA 207, Standisches Archiv I, box 197,
folder 3). Thanks to the possibility of comparison with other contemporary sources, it
is known that the expression in this case does not designate a usual flood, but a debris
flow.

81 Fresacher, 1965, 211-212.
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Figure 35: Land use in Gemmersdorf in the Lavant Valley of eastern Carinthia in the early
nineteenth century was partly a consequence of long-term environmental changes due to
the 1660 debris flow. Light grayish blue designates Gemmersdorf Creek; the 1660 debris
flow arrived from the east down the bed of this stream. Light green parcels with the letter
“W” in the eastern part of the village were pasture after the 1660 mudflow, and the red
building with the cross is the church at the edge of the 1660 mudflow devastation: mud
reached the church wall and the event fully destroyed the vestry, but the church, located at
a slightly elevated microlocation, did not collapse.®*? Yellow represents wooden buildings,
dark green is meadows, dark gray is forest, and beige is arable land in the early nineteenth
century. Contour lines are added in red, and the contour interval is 10 m. Kirnten Atlas,
Darstellung, Kartenhintergrund, Franziszeischer Kataster & Gelindehche, Hohenschich-
ten (10 m).

and deposition (the reported heavy rocks) on the one hand and awareness of
the potential hazard of a repeated similar event on the other. At present, there
are few remains of this pasture because the majority of it has been built up.

In some places, new grassland parcels were created after severe floods or
mass movements;** in many other places these processes changed site condi-
tions in existing grassland parcels significantly, and thus the grassland species
composition changed accordingly.®* After the problems that such processes
posed to the farm economy in the first year(s) after the flood or mud-flow,**

82 Fresacher, 1965, 210-212.

83 Rohr, 2007a, 384.

84 Compare Peterken, 2013, 194.
5 E.g., Jager, 2006, 46.
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4.2 Discontinuities in the existence of grasslands

the long-term impacts of these environmental changes were either favorable or
unfavorable from the perspective of agricultural grassland uses. This depended
on the size of the material deposited and on the nutrient content in it available
to plants, which was particularly relevant when non-fertilized grasslands were
prevalent (Section 6.3).%¢ In 1737, a layer of mudflow deposits up to 4 m thick
on the bottom of the valley near Sluderno (Germ. Schluderns) in Trentino-Alto
Adige (South Tyrol) improved the agricultural quality of grasslands close to
the Adige (Germ. Etsch) River, where a wetland had existed. Gravel, allowing
groundwater flow and thus drainage of soils, is well represented in the deposits
that covered the former wetland, and the high content of sand and silt in the
upper layer of the deposits is favorable for agricultural grasslands.®’

Many (larger) avalanches also eroded much of the turf and soil in some sec-
tions of the avalanche track, causing discontinuities in the existence of some
higher grasslands, and they transported this and other eroded material down
the slope, including large objects, such as rocks (Figure 105 in Section 6.6.1)
and tree trunks. The deposits changed the site conditions at the end of the av-
alanche track (see also Section 4.1.1.1).#¥ To give but one early example from
archival records, the devastation of a considerable meadow area at Vomp, east
of Innsbruck, which was recorded in mid-April 1422, was likely the result of
an avalanche.*”” In winters when the avalanche hazard was unusually high, and
so they heavily affected more grassland sites than normal, avalanches also de-
stroyed some hay waiting in the Alps (e.g., stored in haystacks in mountain
meadows to be transported to the farms in the winter), as reported in the un-
usually snowy winter in early 1608 in the Slovenian Alps: some farmers kept
hay in places that were avalanche-prone in the case of extreme conditions de-
spite the widespread Alpine cultures of risk management that in general de-
creased risks of this kind (see also Sections 4.1.1.2 and 4.1.1.3). They did so
either due to a lack of awareness of the site being potentially avalanche-prone
or in the hope that avalanches would not affect the site in the following winter,
where they were a rare phenomenon.?* Exceptionally, avalanches also claimed
the lives of farmers transporting hay home®"! or visiting their livestock kept in
remote mountain barns (see Section 6.3.2.1).34

83¢ Inspired by the generalized statement on the relevance of flood-deposited nutrients in
Winiwarter et al., 2013, 114.

857 Leibundgut & Vonderstrass, 2016b, 159.

838 Hubatschek, 1992, 39, 132; Pavsek, 2002, 77-80, 118; Rohr, 2007a, 399-400; Bohner,
2008, 85.

839 Rohr, 2007a, 416; the expression len used in the passage might also refer to mass move-
ments: for instance, a landslide or a debris flow; see Wopfner (1997, 91) for a general
explanation and Zwitter (2015b, 158) for a comparative result from archival records.

840 Zwitter, 2020, 72-73.

841 For example, Grass, 1948, 206, but see the related traditional ecological knowledge in
Keller, 2004, especially page 67.

82 Hlebanja & Hlebanja, 2006, 54, 69.
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In general, deposits of floods, mass movements, and larger avalanches in
the Alps also included much coarse material, which would not be suitable for
mowing, except for some sections of floodplains in the flatlands of broader val-
leys and basins. Pebbles, gravel, wood, and most of the deposited rocks could
not be left there if the aim was to create or restore meadows (not just poorly
productive pastures) on deposits. This was particularly relevant because sev-
eral of these processes were recurring, and so avalanche-deposited rocks, for
instance, would have covered an increasingly high percentage of the grass-
land had they not been removed regularly in spring (Sections 6.6.1 and 6.6.2).
Consequently, in many cases people significantly changed the site conditions
for restored grasslands after floods, mass movements, or avalanches caused
deposition or even erosion. In 1611, the application for tax relief by subjects of
St. Lambrecht’s Abbey in Upper Styria documented that a flood in the spring
of 1611 swept away a very considerable area of fields and meadows, and some
grasslands were covered with debris. However, the possibility of making the
devastated land suitable for crops (including hay) again through enormous
labor investment is mentioned.*”® Although such an application for tax relief
was likely exaggerated, it is clear that such work was in reality carried out—for
example, in the Otz Valley, where debris flows and floods affected much ag-
ricultural land on several occasions (see the examples of glacial lake outburst
floods above). Three methods of making the devastated parcels suitable for
meadows or fields were used there. The most labor-intensive one consisted
of removing all deposits from a small patch, excavating the previous soil, fill-
ing the excavated hole with coarser deposits, and placing the previous soil on
the surface. Due to this extremely labor-intensive human farmland restoration
method, one does not find fossil soils there despite the fact that soils were
covered with deposited material. However, this method was predominately or
exclusively used to restore arable land. To restore grasslands, in the case of
deposition of material of different sizes, deposited stones were removed and
piled into mounds. Larger rocks could be removed using a sled pulled by hors-
es, and young men might even have competed in their ability to remove rocks
that could barely be removed. Before removal, rocks that were too large were
smashed to pieces in some places. The third method, also important in resto-
ration of grasslands, was practiced where former soil had been eroded, for ex-
ample. In this case, a small channel of water was directed into a depression to
deposit its fine load there. Such restoration of soils for a grassland was possible
only in certain locations.®*

83 Hubatschek, 1992, 39, 132; Wopfner, 1997, 298-299, 318; Keller, 2004, 20; Zwitter,
2015b, 17.

844 Wopfner, 1997, 87-90; “Bildteil,” 1996, 439 (i.e., the photo Zerschlagen von Steinblocken
‘breaking apart boulders’); Niederer, 1996b, 342, 344; Niederer, 1996c, 41, 70-71, 79—
80; Jager, 2006, 58-59.
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4.2 Discontinuities in the existence of grasslands

In other cases, deposited course materials were left in situ, and this often
led to abandonment of former grasslands: former agricultural land was turned
into part of the riverbed, into bare deposits of stones, or covered with a mix-
ture of predominately coarse deposits, for instance. An example of such locally
significant abandonment of grasslands is the bottom of the Otz Valley between
Huben and Aschbach, where the aforementioned glacial lake outburst floods
in 1678, 1680, and the 1840s turned much former agricultural land into land
unproductive for farming. Sooner or later, unproductive debris gradually be-
came reforested due to ecological succession unless environmental dynamics
prevented establishment of vegetation.®*

Some meadows were created elsewhere to compensate for the land lost due
to natural hazards. In this way, floods, for instance, not only affected flood-
prone areas but also led to the creation of some grasslands at flood-safe sites.
Nonetheless, the total area of meadows created in safe locations due to natural
hazards was limited.%*

During the Little Ice Age, advancing glaciers covered several grasslands at
high elevations (for further impacts of colder weather, see also Section 4.1.).%
Far-reaching general phases of Alpine glaciers advances were “the late 1200s-c.
1380, the 1580s-c. 1660, and 1810s-c. 1860.7%** Looking at the Alps as a whole,
the area of glacier-covered pastures and meadows was spatially very limited,*
but many glaciers covered considerable areas of exposed grasslands, which
had significant impacts on the local economy. Between 1790 and 1820, for in-
stance, the Schwarzstein Glacier (Germ. Schwarzsteinkees) in the Tyrolian Zill-
ertal Alps covered more than five hectares of pastures, and the Solda Glacier
(Ital. Vedretta di Solda, Germ. Suldenferner) in South Tyrol progressed by 1.2
km in 1817 and 1818 together, in a phase of its rapid advance.* In an opposite
process of glacier retreat, after the Little Ice Age (which ended around 1860),
about 60 km? of land that had been agriculturally unproductive turned largely
to pastures in the Swiss canton of Vaud (Francoprovengal Vid) alone, partly
as an immediate consequence of glacier retreat, and largely also as a matter
of more intensive pasture clearing (see Section 6.6.2). Namely, in the period

845 Wopfner, 1997, 90 (and Arcanum Maps, Cadastral Maps, Habsburg Empire — Cadastral
Maps (XIX. [sic] Century), cadastral municipality of Lingenfeld, 1856), 399-400; Jager,
2006, 59; see also Orland, 2016, 49; Rohr, 2007a, 358; Zwitter, 2015b, 17-21; Mlinar
(ed.), 2018b, 138.

816 Jager, 2006, 46, 59; Zwitter, 2015b, 12, 18-19.

847 Jager, 2006, 9-11, 16-34, 36-48, 59-62, 67-71, 75-79, Figures 1-14 between pp. 16 and
17, and Figures 19-27 between pp. 64 and 65; Jager, 2007b, 91, 96-100, 103, 105-111;
Nicolussi, 2013.

845 Pfister et al., 2018, 268; Nicolussi, 2013. See also promising methodological advances in
glacier ice dating: Feng et al. 2019.

89 Mathieu, 2019, 56-57.

80 Tager, 2006, 27-33, 42; Jager, 2007b, 105, 109.

193



4 Natural and nature-induced environmental changes in grasslands

of glacier retreat that coincided with high agricultural density (Section 3.1),
pasture clearing was also intensive in areas earlier perceived to be threatened
by glaciers. The canton of Vaud extends from the Jura Mountains (which reach
only moderate elevations) over the basin of the Swiss Plateau (Germ. Schweizer
Mittelland, Fr. Plateau suisse, Ital. Altopiano svizzero) to a small territory in the
northern Alps, thus including only a fairly limited area of high mountains and
glaciers,*! and so the Little Ice Age glacier expansion and later retreat and the
related pasture expansion in many colder regions of the Alps were even much
more significant.

Some other processes of environmental dynamics also caused discontinu-
ities in the history of grasslands or they helped establish new grasslands. For
instance, tree throws as results of wind significantly changed soil properties
and geomorphology as material was lifted with the roots of fallen trees and
it gradually formed hummocks on the ground, unless material was leveled. If
kept open by farming, grasslands developed there. The windthrow that possi-
bly took place in the twelfth or thirteenth century in the Krauterin Massif in
the Northern Limestone Alps, for instance, was followed by the development
of a hummocky grassland.®>

Section 4 deals with natural and nature-induced environmental changes in
grasslands. Before focusing on environmental impacts of grassland manage-
ment in Section 6, an outline of historical changes in livestock size and feed
demand is needed—the topic of Section 5.

81 Pfister, 1985a, 92; Nicolas-Obadia, 1974, 16.
2 Embleton-Hamann, 2004, especially 177-178, 183-187.
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feed demand

Grassland management in the Alps used to be (and largely still is) motivated
by animal husbandry. Not only quantities of livestock, but also their qualities
(e.g., the average size of grazing animals) have changed significantly through-
out history. Thus, before discussing grassland management practices in Sec-
tion 6, the historical development of cattle and sheep size is briefly presented
in Section 5. In terms of grassland history, livestock size is ecologically par-
ticularly relevant in terms of feed demand (important for Sections 6.1, 6.2,
6.3, 6.4, 6.5, and 6.6) and demand for bedding (Section 6.1.2.5.2), as well as
from the viewpoint of trampling effects (Section 6.2) and quantities of manure
produced (Section 6.3). It also influenced seed transport between grasslands
(Sections 7.1 and 7.2).%%

An investigation of 8,579 cattle remains from twenty-nine archaeological
sites in what is now Slovenia (the southeastern Alps and their broader sur-
roundings) from the middle of the first century BC to the sixth century AD
by Borut Toskan demonstrated the huge economic importance of cattle from
the first century BC to the fourth century AD. At that time, the average height
at the withers of 101 cattle investigated was slightly less than 125 cm, a result
that agrees with data from neighboring territories (compared to only up to 110
cm in the pre-Roman period). This proves the prevalence of a quality Italian
cattle breed (or breeds), which spread from the Apennine Peninsula into the
territory investigated.*>* Large cattle from Roman Antiquity were also found at
some other archaeological sites in the Eastern Alps; for example, on Hemma-
berg (SIn. Junska gora) in what is now Carinthia (Germ. Kdrnten, Sln. Koroska)
from about AD 400, at Invillino (Friul. Divilin) in the Tagliamento (Friul. Tili-
ment) Valley, and at Volano near Trento.®>

Nonetheless, smaller breeds were also kept in the Alps throughout Roman
Antiquity and later.®*® From the late fourth to sixth centuries AD, in Late Anti-
quity, when the settlement pattern changed significantly (many fortified hilltop

83 Krausmann, 2008, 3-4, 10-11, 21, 38, Table 14; Véron, 2009, 165-167.

84 Togkan, 2013; Toskan, 2016a, 239-241; Erich Pucher’s sketch of a small pre-Roman cow
on the front cover of the journal Forschungsberichte der ANISA 5, 2014.

85 Glaser, 2013, 47, 50.

86 Togkan, 2013, 59; Pucher, 2014, 93-94.
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settlements were built; the east of the Eastern Alps experienced more discon-
tinuities in terms of settlement, land-use, and culture at that time than many
other parts of the Alps), the importance of raising cattle decreased in the local
economy and cattle size declined as well.*” The significant decrease in cattle
size at that time was not regionally specific; it has been proven at several places
in the Western Roman Empire in times when “[t]he rural population was thin
and widely dispersed, and it was far less capable of supporting a non-agricul-

tural population than its fourth-century predecessor had been.”*

Small and large cattle of the time had their merits, as revealed by contem-
porary reports. Around AD 507 Theodoric the Great, the king of the Ostro-
goths, recommended exchanging small cattle, especially small oxen, of the lo-
cals from the province of Mediterranean Noricum (Lat. Noricum Mediterrane-
um) in the Eastern Alps for the larger cattle of a group of Germanic Alemanni,
who were under Theodoric’s protection and who stopped in Mediterranean
Noricum during their migration. Theodoric considered such an exchange of
oxen mutually beneficial. Namely, the larger cattle of the Alemanni were bet-
ter in terms of (commercial) meat production, and they were also more pres-
tigious; nonetheless, they were exhausted due to the long journey. The small
cattle prevailing in the province of Mediterranean Noricum were stronger and
healthier, and thus better for draft work than the (exhausted) larger cattle of
the Alemanni. Records from Classical Antiquity confirm not only the inter-
pretation that small cattle in the Alps were excellent draft animals, but also the
fact that the milk production of such small Alpine cattle was high, whereas
the milk production of the large Italian breed was lower.* Similarly, in the
late nineteenth and early twentieth century, small cattle breeds producing high
quantities of milk for the standards of the time were recorded in some parts
of the Alps.®® It is likely that the milk quality of small cattle in Late Antiquity
was also high.*' Similarly, archaeozoological investigations, based on limited
evidence, suggest that milk production and draft labor were among the main
goals of keeping cattle in the southeastern Alps and their surroundings in Late
Antiquity.** Small cattle, adapted to local environmental conditions, also had
further advantages. Their metabolic needs were lower,*”® and so they might
have made better use of the fodder from those non-fertilized grasslands that

857 Pucher, 2014, 92-93; Toskan, 2016a, 242-243; see also Glaser, 2013. Issues of (dis)-
continuities between the Classical Antiquity and the Early Middle Ages: Staab, 1991;
Cheyette, 2008; Stih, 2010; Bitzing, 2015, 58; and further literature quoted there.

88 Cheyette, 2008, 152-153 (quote from p. 153).

89 Glaser, 2013, 47-48, 50, 54; Henning, 2014, 337-339; Bratoz, 2017, 220-225, 230-231,
234; Pucher, 2014, 81-82, 92-93; see the political map in Daim & Glaser, 1998, 19.

80 Salehar et al., 2014, 100-101, 114, 117-118; Novak, 2024, 27.

861 Pucher, 2014, 81.

862 Toskan, 2013, 49, 54-55, 60; Toskan, 2016a, 242-243; see also Glaser, 2013, 48.

83 Cheyette, 2008, 153; Glaser, 2013, 48; Pucher, 2014, 73-82; Novak, 2024, 27.
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produced low-quality fodder (see Section 6.3.1.2).%* Due to their lower met-
abolic needs, in some cases small but well-fed cows provided more milk than
larger but starving cows would have, or small but well-fed cows provided more
milk than larger but inappropriately fed cows lacking the relevant nutrients
would have. Potentially, smaller cattle might have better coped with fodder
scarcity and feed surrogates in times of general scarcity and subsistence cri-
ses.’® This was likely relevant, for instance, in times of the harsher climate of
Late Antiquity and the Early Middle Ages, and later—during the peaks of the
Little Ice Age (see Section 4.1.1.2).5 Moreover, small cattle were able to graze
in steeper pastures (not only were large Italian cattle heavier, but their hooves
were also sharp, and thus acceleration of slope processes through grazing was
a more serious issue than in the case of smaller cattle) and in a harsher climate,
and to (safely) walk on significantly more difficult trails than the large breed(s)
(Figure 37).%" In the second half of the nineteenth century, for instance, the
agronomist Fran Pov§e recommended that cattle in Bohinj retain their phys-
ical characteristics, including their small size, to remain suitable for grazing
in mountain pastures.®® At that time, grazing still took place at several very
steep and barely accessible sites, which were later abandoned (Section 3.1),
and so the Simmental breed grazes successfully in some mountain pastures
today after more challenging grazing sites have been abandoned.*® An addi-
tional factor promoting smaller cattle was farmers’ mentality in some regions
of the Alps and historical periods. As emphasized by Arnold Niederer, in the
traditional mentality of part of the twentieth century, the quantity of livestock
had a greater impact on a farmer’s reputation than the livestock’s performance
in some parts of this mountain range. Thus, eight meagre cows would make
the farmer more respected and increase the chance of economically favorable
marriage of the daughters in comparison to four larger cows, even if four larger
cows would possibly make more economic sense.*”° However, it is questionable
whether the four larger cows really could have performed so well based on the
feed (hay quality, among other factors) that sufficed for eight meager ones, and
whether they would have been able to make good use of the same pastures
suitable for the less productive breed.

8+ Compare Peterken, 2013, 191.

865 Pfister, 1985a, 95-96.

86 Cheyette, 2008; Toskan, 2013, 54-55; and a novel comparison of early modern data and
legends of common lore in Pfister, 1985a, especially pp. 95-96, with historical clima-
tology overviews in Brooke, 2018, 180-181, Horden, 2018, 184-186, and Rohr, Came-
nisch, & Pribyl, 2018, 254, 256.

87 Pucher, 2014, 81, 93; Woptner, 1997, 185, 395; Jager, 2006, 22; Hodnik, 2016, 41.

8% Salehar et al., 2014, 106.

89 Main author’s observations, mainly participatory observation in the Krstenica Alp,
Bohinj.

870 Niederer, 1996a, 127.
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Figure 36: Small cattle and a hayrack (see Section 4.1.1.3) being loaded with cereal sheaves
in Carniola (Germ. Krain, Sln. Kranjska) in the seventeenth century. Graphic materials
often do not reveal whether young or adult cattle were presented; in this case, it is clear that
the draft animals that pulled the cart were not young livestock, and so small adult cattle
were presented. Valvasor, 1689, book 11, 105.

In the Middle Ages and the first centuries of the Modern Period, cattle were
usually small. Archaeozoological analysis of the remains of seven cattle dated to
the twelfth to fourteenth centuries from the settlement of Otok (Germ. Guten-
werd), located south of the southeasternmost pre-Alps and abandoned in the
fifteenth century, calculated the average height at the withers as 106 cm (indi-
vidual values: 96-117 cm); in this case, the average equaled the median.*”! The
estimated height at the withers of nine cattle from the fourteenth to mid-nine-
teenth centuries in the Alpine town of Slovenj Gradec (Germ. Windischgraz) was
about 105 to 120 cm (median c. 110 cm). The highest specimen from Sloven;
Gradec belongs to the layer dated from the fourteenth to sixteenth century,
corresponding to further achaeozoological data proving higher cattle in four-
teenth-sixteenth-century Slovenj Gradec than in twelfth-thirteenth century
Otok. Comparison of these data from Otok and Slovenj Gradec suggests diver-

871 Bartosiewicz, 2006, 457-464, 470-473; on the history of the settlement of Otok, see
Golec, 2014, 174 and Slovenski zgodovinski atlas, 2011, 76-77, 96.
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Figure 37: Difficult passages on the way to some mountain pastures require limited cattle
size (however, the cows in the picture are larger than in Figure 36; this passage is passable
for Simmental-size cattle—even narrower passages could be passed through by smaller his-
torical cattle breeds) and robust hooves. The Krstenica Alp in the Julian Alps (Sln. Julijske
Alpe): a narrow passage just before the Trdinovc pasture, recently called also Zgorna Nedel-
ska, on the eastern slope of Mt. Krsteniski Stog. Gratitude is expressed to the alp personnel,
Cilka Mlakar, and young herders, who made it possible for me to take this photo. Photo:
Ziga Zwitter, August 2015.

sity in cattle sizes. Moreover, together with other archaeozoological information
from the broader region, this comparison suggests a moderate increase in cattle
size in some cases in the centuries before the major late modern increase in cat-
tle size; nonetheless, the paucity of data does not make it possible to draw firm
conclusions.®”? Similarly, the height at the withers of two cows from Sentvid pri
Sti¢ni in the contact zone between the southeastern pre-Alps and the Dinar-
ic Karst, approximately dated to the early seventeenth century, was about 116
cm, and these cows were large in the context of other archaeozoological cattle
finds from that site.*”* In contrast to these results, the median of estimated height
at the withers of seven fifteenth-seventeenth-century cattle from Novo Mesto
(Germ. Rudolfswert; located close to Otok) was still as low as 106 cm (individ-
ual values: 98-122 cm; it is not clear if these are fifteenth-, sixteenth-, and/or
seventeenth-century cattle remains, and so an increase in cattle size over time

872 Toskan 2016¢, 194; Toskan, 2017, 84-89, 91; the archaeozoologist Borut Toskan, per-
sonal communication.
873 Porenta et al., 2015, 335, 340, 358-359, 370-373, 381-383, 386.
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cannot be excluded).””* Similarly, the 1689 copperplate print with a hayrack in
Carniola as the main motif includes cattle with as low a height at the withers
as the large wheels of a farmer’s cart (Figure 36),*”> which either presents local
reality or was inspired by the usually small cattle in many parts of Europe.’
Results of approximate calculations for eleven cows and three oxen kept by the
seigneury of Gornji Grad (Germ. Oberburg) in the Kamnik-Savinja Alps (Sln.
Kamnisko-Savinjske Alpe) in 1680s, based on account books, show that the aver-
age live weight of cows was only slightly over 140 kg.*”” About 1804, small cattle
were presented on an artistic presentation of the Alpein Alp (Germ. Alpein Alm)
in the Stubai Valley (Germ. Stubaital), Tyrol.*”® This information corresponds
well to the data from the province of Carniola (i.e., major parts of present-day
Slovenia, also including parts of the Alps and pre-Alps) from about 1840, when
the live weight of adult cattle was still between 140 and 222 kg.*”” In the first half
of the nineteenth century, an average cow at Groflarl in the Alps of the province
of Salzburg weighed about 230 kg.** In 1864, the average Fleckvieh cattle live
weight at Interlaken in the Swiss Alps was 175 kg, that of Braunvieh cattle in the
canton of Uri 188 kg; these figures are very low in the broader Swiss context of
the time, and so the mid-nineteenth century cattle were very small there.*®! They
did not provide optimal milk quantities for the standards of the time; nonethe-
less, these small cattle were robust, and so they were esteemed more than locally,
as reported for the cattle from Uri.**? Relatively small cattle were still character-
istic for several parts of the Eastern Alps in mid-twentieth century, nonetheless,
they were not the same as a century earlier.**’

In contrast to these findings, the average live weight of twelve cows sold from
Switzerland’s Simme Valley (Germ. Simmental) and Vaud (Francoprovengal Vod)
Highlands (French Pays-d’Enhaut) to the slaughterhouse in Geneva (French
Genéve) in 1728/29 was no less than about 420 kg (compared to about 250 kg
as the average live weight of 1,476 cows from Burgundy (Burgund. Bregogne,
French Bourgogne) delivered to the same slaughterhouse in the same years), with
only minor differences in weights between these animals.** Even though these
cows from Simme Valley and Vaud Highlands were probably well fattened and

874 Toskan, 2017, 91, and Borut Toskan, personal communication.

85 Valvasor, 1689, II, 105; see also Pavkovi¢, 2021, 85. We thank the historian Stanko
Granda for his comment on the small cattle size in this copperplate print.

876 See critical comments on the content of these copperplate engravings in Zwitter, 2014d,
675-686.

877 Zwitter, 2015d, 144-145.

878 Jager, 2006, Figure 2 between pp. 16 and 17.

879 Novak, 1970, 387.

80 Krausmann, 2008, 27.

881 Pfister, 1985a, 43.

82 Stadler-Planzer, Stadler, & Aschwanden, 2015, 106-107.

88 Hodnik, 2016, 25-26, 37-41, 87; Salehar et al., 2014, 100-101, 114, 117-118.

84 Pfister, 1985a, 43.
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do not represent an average cow in the area, it is important to notice that their
live weight was three times the weight of cows of the seigneury of Gornji Grad
half a century earlier, and 2.25 times the average Braunvieh cattle weight in Uri
in the mid-nineteenth century. Cows weighing about 400 kg were not only in-
troduced to the Bernese Highlands (Germ. Berner Oberland) and Central Swit-
zerland in the early eighteenth century; a limited percentage of such cattle have
a longer history in that region® belonging to the northernmost Alps between
Savoy (French Savoie, Francoprovencal Savoué) and Allgau, which has long been
exceptionally strongly oriented to animal husbandry in the broader Alpine con-
text (Section 3.1). An extensive area of moderately fertilized meadows in that
region was one of the factors making it possible to rear large cattle (Sections
6.1.2.3and 6.3.2).

Oxen were usually heavier than cows. In the seigneury of Gornji Grad in
1680s, the live weight of two oxen was about 250 to 300 kg, and that of a lighter
ox about 170 to 190 (or 220) kg.**¢ An ox slaughtered in the Carinthian sei-
gneury of Waldenstein in 1678 belonged to the same weight class as the two
oxen in the seigneury of Gornji Grad, with the most likely live weight being
about 270 to 310 kg.*®” The heavy oxen kept by seigneuries were not repre-
sentative of the oxen at an average farm.®® A contract for oxen export from
Carinthia (Germ. Kdrnten, Sln. Koroska), signed in 1675, for instance, regulat-
ed general export of oxen heavier than about 200 kg and also annual export of
600 oxen lighter than this weight.**® Not only prominent economic actors such
as several seigneuries, but also some ordinary farmers kept oxen that were
considered large for the standards of the time.*® A similar notice of large oxen
kept west of the Carpathian basin comes from the sixteenth-century Habsburg
Adriatic port of Rijeka (Ital. Fiume, Germ. St. Veit am Pflaum). At that time,
one of the types of cattle hides available there as merchandise from the broader
surroundings were pelles magnae teotonicae, large cattle (oxen) hides from the
Holy Roman Empire of the German ‘Nation, most likely from the Habsburg
territories west of Hungary, west of Slavonia and Croatia.*”!

The data presented in this section make it clear that, despite the prevalence
of small cattle (which nonetheless had some merits, as explained in the pre-

88 Pfister, 1985a, 96.

886 Zwitter, 2015d, 144-145; Pavkovi¢, 2021, 81-85. The assumption was made that oxen
slaughtered at seigneuries were either well fattened or at least moderately fattened; only
in the case of the lightest ox, the figure in brackets refers to the approximate live weight
if the recorded slaughter weight refers to an unfattened animal; in this case, the slaugh-
ter weight represented a lower percentage of the live weight, and thus the calculated live
weight is higher (Pavkovi¢, 2021, 81-82).

87 Pavkovi¢, 2021, 81-82, 84-85.

888 Zwitter, 2015d, 144-145.

89 Dinklage, 1966Db, 136.

890 Pavkovi¢, 2021, 81.

¥1 Gestrin, 1965, 174.
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sentation of Late Antiquity) in the Eastern Alps, late medieval or early modern
cattle sizes at the local and regional level were significantly diverse.*> Diver-
sity in cattle sizes could be related to several factors or their interrelations.
Larger animals could, for instance, have been a result of the introduction of
new breeds, improved winter feeding, longer duration of the suckling period,
and/or cattle not being too young at first mating or when they started being
used for heavy physical work.*”’ In the Late Middle Ages and the Early Mod-
ern Period, foreign breeds were introduced to the Eastern Alps from various
directions, as illustrated here mainly based on imports from the east and west.
Concerning the introduction of foreign breeds to the Alps from the east, Hun-
garian cattle deserve special attention. Late medieval cattle types in Hungary
were diverse, with a general significant increase in withers height between the
Early and Late Middle Ages. The average cattle weight in the slaughterhouse at
Sopron around 1570 was as much as 387 kg, even though a highly significant
early modern increase in average Hungarian cattle size was yet to come.** As
early as about 1320, Hungarian cows, larger than local ones, were imported
to the Alps of the present-day region of Trentino-Alto Adige (South Tyrol)
and kept in a princely holding at Terlano (Germ. Terlan).*> A Hungarian ox
weighing about 340 to 390 kg might have been bought by the seigneury of
Sti¢na (Germ. Sittich), with its center in the contact zone between the pre-Al-
pine hills south of the southeasternmost Alps and the Dinaric valley systems
and corrosion plains, in 1683. Nonetheless, the nexus between environmental
and economic conditions in the Eastern Alps probably did not allow any high-
scale rearing of large Hungarian cattle there, as suggested by Tadej Pavkovi¢’s
investigation of samples of partially preserved archival data on cattle in the
Alps of the provinces of Carniola, Styria (Germ. Steiermark, SIn. Stajerska),
and Carinthia—today parts of Austria and Slovenia—in the sixteenth and sev-
enteenth century.®® In contrast to these findings, early modern imports of
Swiss cattle to the Eastern Alps motivated by its economic advantages (high
prices of slaughter animals clearly suggest a large body size: note the afore-
mentioned weight of cows from the Simme Valley in 1720s; at least some Swiss
cows also provided high milk quantities for the standards of the time) seem to
have been relatively important.*” The nexus between environmental and eco-
nomic conditions in the Eastern Alps was more similar to the circumstances
in Switzerland than in the Carpathian basin. Consequently, introductions of

892 Pfister, 1985a, 43, 96; Hanhart & Sonderegger, 1998, 8-9, 38, 48, 50, 52; Doll, 2003, 19,
54-55, 156, 195-199; Pucher, 2014, 93-94; Makowiecki et al., 2019, 345, 350, 364-366,
369; Hinterwaldner, 2002, 165-166; Bartosiewicz, 2006, 461-462, 464, 470-473; Pav-
kovi¢, 2021, 64-85, 95-100.

893 Pfister, 1985a, 43; Salehar et al., 2014, 97; Pavkovié, 2021, 64-85, 95-100.

84 Bartosiewicz et al., 2018, 132-133; Csippan & Ferenczi, 2020.

85 Riedmann, 1985, 494.

8% Pavkovié, 2021, 74-76, 83-84, 114-115.

87 Pavkovié, 2021, 65-74.
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Swiss cattle to the Eastern Alps were more likely to succeed than introduc-
tions of cattle from the Carpathian basin. For instance, in the second half of
the sixteenth century, the convent in Hall, Tyrol, imported “Swiss” cattle, and
in 1603 people from the Ulten Valley (Ital. Val d’Ultimo, Germ. Ultental) in
the present-day region of Trentino—-Alto Adige (South Tyrol) bought breeding
cattle in Prattigau, about 100 km away in a straight line.*® In the second half of
the seventeenth century, rearing “Swiss” cattle and hybrids between local and
“Swiss” cattle is documented on demesne land of some seigneuries in Styria;
for example, at Murau in the Alps, and in a couple of Lower Styrian seigneuries
east of the Eastern Alps; in the case of the demesne at Crnci (Germ. Schirm-
dorf), an inventory from 1705 makes clear that “Swiss” cattle were numerous
(twenty-three “Swiss” cattle and thirty-two usual cattle were kept there). These
data on “Swiss” cattle might be representative of those seigneuries that kept
large cattle herds in several parts of the Eastern Alps. “Swiss” cattle reared
in the Eastern Alps were diverse,*” which is explained by the fact that cattle
in Switzerland were also diverse.”” Furthermore, cattle of other provenances
already played a certain role in the medieval and early modern history of the
Eastern Alps. For instance, the occurrence of “Bavarian” and “Italian” cattle is
documented in Tyrol about 1300.°"!

As early as the mid-nineteenth century (1864), average Braunvieh weight in
the Swiss cantons of Schwyz and Obwalden reached 475 kg;*** note the prox-
imity of Interlaken, where very light Braunvieh was mentioned above. The
results from several diverse areas of the Alps, such as Appenzell (where the
nineteenth-century development of cattle breeds was delayed in the Swiss con-
text) and from Slovenian territory prove that largely since the mid-nineteenth
century advanced cross-breeding and better feeding has resulted in much
larger animals. This was a general phenomenon in the Alps and beyond. In
Carniola, for instance, the live weight of cattle on average doubled between
the mid and late nineteenth century.® Similarly, in Tyrol, average adult cattle
liveweight increased from 300-400 to 500 kg at the end of the long nineteenth
century. With the increase in body size, milk production rose significantly, de-
spite the characteristic diversities among breeds.””* Focusing on the contribu-
tion of meadows to the complex of factors allowing the increase in cattle size,
this process roughly corresponded to a significant increase in meadow area

8% Wopfner, 1997, 184, 187.

899 Pavkovi¢, 2021, 65-74.

%0 Pfister, 1985a, 43; it can be assumed that only more productive or exceptionally robust
cattle were exported over long distances.

! Riedmann, 1985, 629.

%02 Pfister, 1985a, 43.

%3 Novak, 1970, 387-389; Wopfner, 1997, 187; Hanhart & Sonderegger, 1998, 48, 51-54;
Kaci¢nik-Gabri¢, 2014, 77-78; Hodnik, 2016, 41; Salehar et al., 2014, 97-119; Orland,
2016, 25.

%4 Wopfner, 1997, 223-224, 239.
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at better-accessible sites within the Alps (Section 3.1). Moderately fertilized
meadows were typically created there, providing higher yields than non-ferti-
lized meadows, including higher quantities of relatively high-quality first-crop
hay, and, in addition, valuable second-crop hay (Sections 6.1.2.3 and 6.3). The
nutritive value of hay from average non-fertilized meadows, the winter fodder
basis for historical small cattle, was lower than that from moderately fertilized
meadows (Section 6.3). Whereas relatively poorly nutritive hay had sufficed
for the good performance of some small cattle breeds for the standards of the
time (but massive cereal straw feeding often decreased their performance, see
also Sections 8.2.2 and 8.2.2.1), larger cattle required a higher percentage of
more nutritive fodder to perform well. In the late nineteenth and first half of
the twentieth century, such winter fodder largely came from moderately ferti-
lized meadows (Sections 6.1.2.3 and 6.3.2) and fields of fodder legumes, “clo-
vers” (red clover — Trifolium pratense subsp. pratense, alfalfa — Medicago sativa
or bastard alfalfa — Medicago x varia, for instance).” In the second half of the
twentieth century, cattle’s dietary requirements and human expectations about
milk and meat production gradually changed to the degree that green plants,
first-crop and second-crop hay from seminatural grasslands sufficed for his-
torical breeds, whereas only some current cattle breeds in the Alps can per-
form relatively well largely on such a diet at present (see also Section 10.1).7
Several old sheep breeds are similarly better adapted to rougher fodder than
modern ones.””’

It was not only cattle sizes that changed significantly over time. Some arche-
ozoological finds indicate the existence of large sheep (with a shoulder height
exceeding 70 cm) in the Eastern Alps in Roman Antiquity, which was, similar
to cattle, followed by smaller, older breeds after Classical Antiquity.””® This was
again not only a regional phenomenon of the Eastern Alps; the decrease in
sheep size at that time has been proven at several places in the (former) West-
ern Roman Empire.”” Nonetheless, according to investigations in Slovenian
territory, this decrease in the size of sheep and goats was not as significant as in
the case of cattle.”’ Later, numerous predominately small sheep breeds existed
in Europe by the late eighteenth century.”"! In Carinthia, for instance, the main

%5 Compare Britovsek, 1958, 141-143, 145-146, 149; Novak, 1970, 387-388; Pfister,
1985a, 43-47, 106-116; Kauter, 2002, 74-105; Hayot Carbonero et al., 2011; Salehar et
al., 2014, 97, 100-101, 106, 112-114, 117-118; Poschlod, 2015, 85-86, 119-123; Novak,
2024, 27.

%6 Pils, 1994, 206-207, 222; Peterken, 2013, 188, 191, 360; Vogl-Lukasser et al., 2006, es-
pecially pp. 98-99, 239-240; Orel (interview with S. Kejzar), 2020, 8; author’s personal
observations in Bohinj.

27 Pils, 1994, 207.

%% Pucher, 2014, 82.

%9 Cheyette, 2008, 152.

%10 Togkan, 2016¢, 194.

11 Scholler, 2010, 636.
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study area in the following paragraphs, small sheep yielding rough wool were
most widespread according to reliable data from 1815.°"

Nonetheless, since the Late Middle Ages, information on intentional sheep
crossbreeding exists in some parts of Europe,’” and the impacts on sheep size
were significant at a micro- to mesoregional scale.”™* This process was also rel-
evant in the Eastern Alps.

The large sheep breed from the Bergamo region spread to several places
in the Eastern Alps, such as the territory reaching from the catchments of
the Kokra and Vellach (SIn. Bela) Rivers in the Karawanks (Sln. Karavanke,
Germ. Karawanken) and Kamnik-Savinja Alps in the west to Urslja Gora in
southeastern Carinthia in the east, the Canale Valley (Ital. Val Canale, Friul.
Val Cjanal, Germ. Kanaltal, SIn. Kanalska dolina),”” and the Senales Valley
(Ital. Val Senales in the present-day region of Alto Adige; Germ. Schnalstal,
South Tyrol).”® Sheep specimens with obvious characteristics of the Berga-
mo breed were evidently not introduced directly to the regions mentioned
in the Canale Valley, the Karawanks, and the Kamnik-Savinja Alps, but
from Friuli (Friul. Fridl, Sln. Furlanija), and thus the large sheep breed was
known in the Karawanks as a type of Friulian sheep, as documented in the
early nineteenth century.’"” The introduction and wide distribution of large
sheep in these areas was clearly a significant phenomenon before the agri-
cultural improvements of the second half of the eighteenth century. This is
demonstrated based on the example of the well-known Jezersko-Sol¢ava
sheep breed (Germ. Seeldnder Schaf), which was developed in the Karawanks
and the Kamnik-Savinja Alps. A report from 1767 mentioned particularly
well-developed sheep breeding in the regions of above (Eisen)kappel (Sln.
(Zelezna) Kapla) and Mt. Peca (Germ. Petzen), and in the hills of the Meza
(Germ. MiefS) Valley around Crna (Germ. Schwarzenbach),”"® belonging to
the territory between the Vellach River and Urslja Gora. That area was lo-
cated far from long-distance sheep transhumance routes (Section 7.1) where
one would expect that crossbreeding with sheep breeds considered more
advanced required less effort. Potential activities of agricultural improvers
since the mid-eighteenth century would not have resulted in such widespread
results by 1767. Earlier historical sheep breeding developments in the area
involved crossbreeding, as suggested by medieval and, more clearly, early
modern sources. Namely, in 1146, the new Benedictine monastery in Gornji

°2 Dinklage, 1966¢, 179.

3 Scholler, 2010, 637.

14 A likely example: a slight increase in sheep size in Late Medieval Prussia: Makowiecki
etal., 2019, 353, 364, 368.

915 Dinklage, 1966¢, 179-180; Salehar et al., 2014, 166-172.

%16 Wopfner, 1997, 233; Salehar et al., 2014, 171.

7 Compare Kaci¢nik Gabri¢, 2008, 295.

18 Dinklage, 1966¢, 180.
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Grad, the center of a large seigneury in Lower Styria, was granted five farms
at Kojca, located 70 km in a straight line to the west-southwest, in the Pre-
Alps of the Idrijca River Basin, with the aim of provisioning the monastery in
Gornji Grad with sheep.””® This example strongly suggests that crossbreeding
over long distances might have taken place in the seigneury of Gornji Grad in
the High Middle Ages, but it is an open question whether the results of such
crossbreeding were already significant at that time. Namely, as explained by
more recent data, the introduction of a better appreciated breed did not nec-
essarily lead to its local establishment and abundance. Breeding had to be well
considered, and the breed had to adapt successfully to local environmental
conditions to succeed. This is demonstrated in the following lines, focusing
on wool quality. Mating involving a ram of a more prestigious breed with a
local ewe belonging to a small breed with rough wool was likely to result in
higher wool quality of the offspring. In the case of repeated mating between
offspring from such mixed pairs and a (rather) pure high-quality breed, the
wool quality was likely to increase; mating between mixed offspring and the
old local breed would result in loss of the appreciated characteristics of the
introduced breed.”® The challenge of adaptability of an introduced breed to
local environmental conditions is demonstrated by the failure of merinos,
originating from Spain, a sheep breed highly esteemed for its fine wool. After
the initial introduction of merinos to several places in the Eastern Alps in
the late eighteenth and early nineteenth centuries, this breed turned out to
be unsuitable for these mountain environments, and so its introduction was
short-lived in many places, possibly leaving some traces in local breeds.**!
These general explanations were needed to understand the sheep history in
the study area in the Karawanks and the Kamnik-Savinja Alps.

In the seventeenth century, flocks of “Italian” sheep were recorded far from
Italy, at a couple of farms in the Upper Savinja Valley (e.g., above Luce), be-
longing to the seigneury of Gornji Grad, and in the nearby Karawanks: in Lep-
pen (SIn. Lepena) above (Eisen)kappel, at least. These records do not provide
insights into how widespread the Italian breed(s) or their descendants with
obvious “Italian” characteristics were in the area at that time. However, it was
at these places that the Jezersko-Sol¢ava breed, partly originating in the Ber-
gamo region, gradually evolved. The “Italian” sheep breed(s) recorded in the

1% Source edition: Bernhard (ed.), 2006, 320-321. General interpretation: Bizjak, 2003,
213 (and convincing rejection of localizations in Bernhard’s publication: the historian
Matjaz Bizjak, personal communication, taking into account a rent-roll from 1377: see
Bizjak et al., 2022, 183); link to sheep breeds: Zwitter, 2014a, 216.

%20 This more recent general explanation (Salehar et al., 2014, 163, 165, 168, 172) has not
been applied to the medieval Upper Savinja Valley (Sln. Zgornja Savinjska dolina) so
far; see also Wopfner, 1997, 233, and Scholler, 2010, 636-637.

22! Dinklage, 1966¢, 172, 179-181, 201; Novak, 1970, 390; Wopfner, 1997, 233; Salehar et
al., 2014, 161-169, 171.
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area in the seventeenth century was (or were) evidently more esteemed than
the local one(s). Nonetheless, mentions of “Italian” sheep make it clear that
sheep with obvious Italian characteristics were not the only breed present in
the microregion in the seventeenth century, and so the Italian sheep charac-
teristics were worth being mentioned.””* The introductory general comment
on the large sheep breed from the Bergamo region explains that those “Italian”
sheep in the Upper Savinja Valley and the nearby Karawanks were larger than
the small breed with a longer tradition there. Crossbreeding with Italian sheep
resulted in much larger animals, still able to perform well on fodder from spe-
cies-rich grasslands.””

Nonetheless, by the second half of the seventeenth century, large sheep
had not yet prevailed in the region. In the seventeenth century, many sheep
in the area were small. The average live weight of twelve wethers (probably
much heavier than average sheep) of the seigneury of Gornji Grad in 1694
was still only about 33 kg,”** and so they were not closely related to Berga-
mo sheep. Similarly, according to 1665 data, the sheep-to-cow ratio for the
grazing tax in the Solcava region was 1 to 10, despite the small size of the
cows; note the weights of eleven seventeenth-century cows from this area
mentioned above.”” These data suggest that large sheep were not prevalent
in the area at that time. In the late seventeenth century and/or the first half
of the eighteenth century, the average sheep size in the mesoregion increased
significantly. It was mentioned above that the 1767 report documented a par-
ticularly good state of sheep farming as a general characteristic of the broader
region. An expert report on Carinthian agriculture published in 1815 claimed
that the size of a large sheep breed kept in some places in southeastern Carin-
thia was at that time almost twice the size of sheep usual in other parts of the
province. The large breed was reportedly reared in several parts of the Meza
Valley (for instance, at the foot of Urslja Gora and around Crna, and also in
side valleys, such as Topla) and to the west of it, in the surroundings of Blei-
burg (Sln. Pliberk) and (Eisen)kappel—thus in the study area dealt with here.
The same sheep size was also characteristic for Jezersko, the most important
microregion of sheep breeding in Carinthia.”* In the mid-nineteenth century,
well-fattened Jezersko rams (two years old) weighed as much as 70 kg, and
a ewe up to 45 kg. At that time, the Jezersko sheep breed won a prize at the

922 Zwitter, 2014a, 216; Zwitter, 2015d, 150.

92 Kaci¢nik Gabri¢, 2008, 295-296; Kaci¢nik Gabri¢, 2009, 34-35; Salehar et al., 2014,
170.

924 Zwitter, 2015d, 144, 146-147.

925 Zwitter, 2015d, 145.

%26 Dinklage, 1966¢, 179-180; Kaci¢nik Gabri¢, 2008, 295; Kaci¢nik Gabric, 2009, 34-35;
SI AS 178, Franciscejski kataster za Korosko (Franciscan Land Cadaster for Carin-
thia), K312, cadastral municipality of Zgornje Jezersko, cadastral appraisal protocols:
Catastral-Schatzungs-Elaborat, Einleitung, § 4.
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1856 Paris exhibition.?”” This large sheep breed spread widely in the Eastern
Alps. Its spread partly predated the mid-nineteenth century, like the intro-
duction of this breed to the Lesach Valley (Germ. Lesachtal) in Carinthia. The
spread of the Jezersko-Sol¢ava sheep breed was intensive in the second half
of the nineteenth century and the first half of the twentieth century.®*® The
sheep size kept increasing, and so the late-twentieth-century live weight of
the Jezersko-Sol¢ava sheep breed was 65 to 75 kg or even more than 80 kg,
and that of wethers more than 100 kg.**

Contrary to the early example of larger sheep largely resulting from cross-
breeding with specimens or their predecessors originating in the Bergamo
region, significant increases in sheep size were a late phenomenon in some
regions of the Alps, comparable to small cattle kept in several places until
mid-twentieth century. In what are now the Alps of southeastern France, for
instance, a territory where sheep rearing remained a highly relevant part of
the farm economy for an exceptionally long time (see Section 6.3.1.1), sheep
weight increased from about 25 kg in the eighteenth century to only “30 kg
during the first half of the twentieth century”® Some of the reasons for the
persistence of such small sheep probably lie in the specific broader demo-
graphic and economic history of that area. These include the long tradition of
low agricultural density—“[e]ven at its high point in the early nineteenth cen-
tury, the population density in the French Southern Alps and their surround-
ing areas was strikingly low” and agricultural density remained relatively low
throughout the nineteenth century—and a general lack of nineteenth-century
agricultural modernization in the French Southern Alps,”' apart from the ad-
aptation of the local small sheep breed with a long historical tradition to local
environmental conditions.”** Later, sheep in that area “grew up to 35 and 40 kg
during the 1960s and 1970s.” At present, they weigh about 45 kg.***

Horses also were highly diverse in size, which depended to a high degree on
the diversity of their uses and the social status of their owners.”*

Figure 38 considers seventeenth-century data on historical livestock weight
in the Upper Savinja Valley’s region of Sol¢ava. It shows a calculation of seven-
teenth-century fodder availability and fodder demand at the farm level in the
barn-feeding period, based on archival records. “Especially situations where

7 Salehar et al., 2014, 166-167, 172.

9 F.g., Dinklage, 1966¢, 180; Salehar et al., 2014, 167-168, 170-171; Kaci¢nik Gabri¢,
2009, 34-35.

°2 Kompan, 1999, 20.

930 Véron, 2009, 164-167 (quote from p. 166); see also Mathieu, 1996, 142-143.

%! The connection between Mathieu’s general syntheses (Mathieu, 1996, 156; Mathieu,
2019, 55 (quote)) and sheep history is a novel contribution.

%2 E.g., Scholler, 2010, 636.

933 Véron, 2009, 166.

%% Novak, 1970, 381-382; Thomas, 1987, 29, 59-60, 133.
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Figure 38: Approximations of fodder availability and feed demand (in mega starch equiva-
lents, i.e. millions of starch equivalents, MSE®**) by livestock at seven isolated mountain farms
in the region of Sol¢ava in the Upper Savinja Valley in the seventeenth century. Approxima-
tions of feed demand were calculated on the basis of probate inventories from the barn-feed-
ing part of the year and local data on livestock weights. Feed demand is designated by circles
(minimum annual feed demand) and diamonds (standard annual feed demand for the same
livestock); the data refer to the years written above the graph. Where the information is avail-
able for the farm in question for more than one year in the seventeenth century, pairs of circles
and diamonds are presented on the graph chronologically from left to right. Columns desig-
nate approximations of the nutritive value of fodder available on these same farms according
to a description of the farms from 1665. It is not clear whether the description considers
the minimum feed demand (left column) or the standard feed demand (right column) while
recording fodder availability. In reality, fodder availability fluctuated every year, depending
especially on weather conditions.”*® Zwitter, 2015d, 147.© Economic- and Ecohistory.

the spot [circle] is close to the [top of the] right column probably already re-
sulted in loss of weight due to malnutrition ..., but also in exceeded carrying
capacity and important environmental consequences unless the herd was con-

%35 “One starch equivalent (SE) equals the digestive value of one gramme of starch and

allows the different feed stuff to be aggregated according to its specific digestive value”
(Krausmann, 2008, 11).
936 Zwitter, 2015d, 146-148.
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5 Historical changes in livestock size and feed demand

siderably reduced or additional fodder [was] bought. Among those rearing
close to as much or more livestock than their farm could sustain there was
no uniformity” On the one hand there is the low-quality Kolar farm, which
repeatedly faced economic difficulties in the seventeenth century. “The situ-
ation of [the] Macesnik farm ..., where the herd present in December 1668
could possibly also not have met [the] standard feed demand until the end of
the barn-feeding period, was entirely different. This well-situated farmer ...
had additional four oxen not included [in Figure 38], reared at other farms....
He could afford to buy additional fodder or use a part of [his] extensive cereal
stocks to feed selected animals”®” The fact that the minimum feed demand of
an additional four of Macesnik’s oxen (1.8 mega starch equivalents more),’**
kept elsewhere, would move the circle in the case of Macesnik in 1668 to the
immediate vicinity of the top of the rightmost column in Figure 38, demon-
strates that these calculations are in fact good, despite the approximations they
include; these Macesnik’s oxen were kept elsewhere due to the lack of home-
grown fodder at that farm.

97 Zwitter, 2015d, 148.
938 Zwitter, 2015d, 146.
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6 Selected historical practices of species-rich
grassland management and their ecological impacts

The majority of species from seminatural grasslands were already present in
Europe before the Neolithic. Nonetheless, none of the existing seminatural
meadow types “is likely to be an unchanged survival of communities present
before the Neolithic.”** Grassland management has had fundamental ecolog-
ical implications for flora and fauna, including legacies of historical manage-
ment in present grasslands (Sections 1.2, 2, 6,7, 8,9, 10, and 11). Millennia or
centuries (see Section 3) of society-nature interactions in non-fertilized and
moderately fertilized meadows changed site conditions, modified the life-cycle
rhythms of some non-cultivated plant and animal species, and probably also
led “to many nutrition physiology adaptations” of wild living beings.**® Thus,
not only farming adapted to environmental conditions in several aspects, but
wildlife also gradually adapted to a certain degree to human management in
the long term, as long as the management was moderate, which was typical be-
fore the second half of the twentieth century as the study period of this volume.

Particular management regimes significantly influenced various kinds of
interactions between species, ranging from competition to symbiosis, and gave
some species a chance to persist or colonize an area, whereas others were out-
competed and became locally extinct.”*! For instance, sheep, which graze very
selectively, gradually led to the formation of specific plant communities in pas-
tures rich in thorny, bitter, and aromatic plant species that sheep avoid. Thorny
stemless thistle (Carlina acaulis), carline thistle (Carlina vulgaris), common ju-
niper (Juniperus communis), large thyme (Thymus pulegioides), cypress spurge
(Euphorbia cyparissias), rough-fruited spurge (Euphorbia verrucosa), spring
gentian (Gentiana verna), Chiltern gentian (Gentiana germanica), and fringed
gentian (Gentianella ciliata) are examples of species more frequent in exten-
sively managed sheep pastures.”*> Some of these organisms have now turned

3 Peterken, 2013, especially 108 (quote), 117; see also Poschlod, Baumann, & Karlik,
2009, 15-17.

0 Pils, 1994, especially p. 169 (quote); Peterken, 2013, 88-90, 194, 202-203, 206, 230-
231, 239-240, 243, 285; Kapfer, 2010; Jonstrup et al., 2016; Jani$ova et al., 2023. See this
volume’s Section 6.

%1 Peterken, 2013, 88-90, 194, 202-203, 206, 230-231, 239-240, 243, 285; Kapfer, 2010;
Jani$ova et al., 2023; Praprotnik 1993a, 218-219; Praprotnik 1993b, 261; see also all
subsections of Section 6 and Sections 1.2, 10.1, and 10.2.1.

%2 Poschlod, 2015, 179.
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6 Selected historical practices of species-rich grassland management

from agriculturally unwanted grassland “weeds” into rather rare plants and
targets of nature conservation measures since the former management regime
became uncommon or disappeared, and thus appropriate sites and habitats
became rare or vanished (Sections 1.2 and 10.1, 10.2.1).

Long-term data on the management of grasslands are often lacking in eco-
logical literature,” and so Section 6 presents selected historical practices of
grassland management and their main economic and environmental impacts.
It deals with the environmental histories of mowing, spring grazing in hay
meadows, moderate fertilization or absence of fertilization, grassland irriga-
tion, the history of ensuring the long-term renewal of meadows, and spring
cleaning and other removal of undesired plants and plant remnants from
grasslands.

It is not the aim of this section to provide an overview of all ecologically
relevant historical practices of grassland management. The focus was on those
where new research findings from the historical sources studied (on them, see
Section 1.5) or novel historical ecological interpretations offer something new.
In line with the focus of the volume, management of hay meadows and the
resulting ecological impacts receive the most attention. Regarding grazing,
we present spring grazing in hay meadows and its economic and ecological
relevance (Section 6.2) because some spring-grazing regimes had a stronger
influence on species composition than autumn grazing in the same mead-
ows.”* Permanent pastures, often characterized by slightly lower biodiversity
than species-rich hay meadows at comparable sites,”* are not the focus of this
volume, and so they are only dealt with in Chapter 6 if the sources analyzed
provided ecologically relevant information.

6.1 Mowing
6.1.1 Scythe evolution and its ecological implications
6.1.1.1 Evolution and maintenance of the scythe, with an emphasis on

medieval and later implements

The scythe is an Iron Age invention, and during that period it also started be-
ing used in the Alps to harvest considerable quantities of hay.”*® Experimental
archaeology has proven that a replica scythe combining a copy of an Iron Age

93 Kapfer, 2010, 139.

4 Sadar, 1956, 148; Peterken, 2013, 392; JaniSova et al., 2023, 9, 11-13, 17-18.

95 Bakker, 1989.

%46 Nothdurfter, 1979, 41, 45-47, Table 21; Bficha¢ek & Beranova, 1993, 252-256; Kauter,
2002, 126; Hejcman et al.,, 2013, 354; Hanemann, 2014, 190-191, 193-194, 489; Po-
schlod, 2015, 54; Laharnar, 2018, 217; gratitude is expressed to the archaeologist Dasa
Pavlovi¢ for the recommendation of works by Hanemann and Laharnar.
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6.1 Mowing

scythe blade found in the Carpathians (at Nizna Mysla in Slovakia) with a
copy of a preserved Iron Age scythe snath from Switzerland was a handy tool.
Old grasses and some grasses and herbs that are not easy to mow were mowed
even more easily with this replica than with a modern scythe. The replica also
made it easier for the haymaker to avoid obstacles in meadows, such as stones.
However, this mowing experiment on a slope made it clear that such a scythe
with a coplanar blade and snath did not yet allow mowing as close to the
ground as most scythes from Late Antiquity or the Early Middle Ages onward,
which have an angle between the blade and the snath. Thus, mowing with the
replica Iron Age scythe could only be carried out where grassland plants were
tall enough.*” Such mowing had fewer ecological impacts than modern mow-
ing (Section 6.1.1.3). Examples of the continuity of use of short scythe blades
following the Celtic tradition in peripheral areas of the Roman Empire in
late Roman and post-Roman times were proven, even though more advanced
scythes already existed in (some parts of) Europe by that time.**® These types
of scythes make cutting possible, but no swinging mowing; thus, the scythes
similar to the Iron-Age implements did not fully disappear from the Eastern
Alps until the end of the widespread use of the scythe in the twentieth century,
but they played a fully subordinate role and served specific purposes because
they were better suited for mowing in specific environmental conditions. In
the last millennium they were never the only scythe available at a farm. They
were used in particular to cut dwarf shrubs for livestock bedding, such as
heathland.”*

Focusing on the history of typical grassland scythes after prehistory, in the
earlier part of Roman Antiquity, the use of implements that only allowed cut-
ting grassland plants significantly higher than a later scythe is still document-
ed. Pliny mentioned long scythes in Gaul, and starting about the beginning
of the Common Era improved scythes with long blades were also used in the
Eastern Alps. As in Gaul, great quantities of hay were also needed here, in
contrast to regions with a Mediterranean climate, where grazing could take
place all year round, also in winter. Nonetheless, these long scythes still did
not allow mowing as close to the ground as later ones. The development of
scythes gradually allowed real swinging mowing, which is a much easier ac-
tion than the previous cutting of grassland plants using less-developed scythes.
This fact can easily be understood by those of us that have tried to mow using
a twentieth-century scythe but did it in the wrong way and were observed by
traditional farmers, who showed how to mow much more efficiently, based on
waist movements. To make such mowing possible, scythes with the following

%7 Brichacek & Beranovd, 1993, 256, 264, 358.

8 Hanemann, 2014, 191, 193-194, 196, 465, 468, 472-473, 489, 493; on the length of the
blade, see Myrdal, 2005, 11-15.

%9 Moser, 1974, 5, 12-13, 31; Mlakar, 2015, 68; and see the paragraphs below on scythe
evolution.
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6 Selected historical practices of species-rich grassland management

basic characteristics had to be developed. First, the sharp edge of the blade had
to become almost straight; namely, some earlier scythes had a bent blade, also
including a strongly bent sharp edge close to the snath. Harvesting hay using
such bent blades was cutting rather than real mowing, and such cutting could
only be carried out further from the soil than later mowing, and so it produced
less hay per area unit. Second, the blade and the snath were no longer coplanar;
the great majority of scythes from Roman times still had a coplanar blade and
snath. Finally, additional handles were added to the snath.*®

In Late Antiquity, by the late fifth century, the first scythes allowing swing-
ing mowing close to the ground were gradually developed,”' although excep-
tional finds from Belgium already prove the existence of scythes permitting
mowing close to the ground there in the second to third centuries AD.*** Some
examples of advanced long scythes from AD 350-650 have been found in the
Alps, pre-Alps, and their surroundings, such as in Benken close to Ziirich, in
Tutzing-Monatshausen southwest of Munich, in Maiersdorf close to Wiener
Neustadt, and at Tinje close to Loka pri Zusmu in eastern Slovenia.’*® Focusing
on the southeasternmost part of the Alps, a long scythe blade with a diagonal
length of 91 cm of the almost straight sharp edge, which used to form an acute
angle with the snath, was found in the surroundings of the village of Naklo
in the inner-Alpine part of the Ljubljana Basin, in west-central Slovenia. This
scythe was made in Late Antiquity or in the Early Middle Ages. It was used for
real swinging mowing, and it made mowing close to the ground possible.**
These examples of advanced scythes prove that they were in use at least in parts
of the Alps at the beginning of the Early Middle Ages.***

0 Nothdurfter, 1979, 45-46, Tables 21-22; Henning, 1987, 43, 91-92, 175, Tables 42-44;
Henning, 1991, 51-53, 56; Henning, 1997, 780; Bricha¢ek & Beranova, 1993, 252; Kau-
ter, 2002, 126-127; Hanemann, 2014, 191-196, 465, 467-468, 472, 489-490, 493. It is
erroneous that additional handles on the snath can only be proven since the eleventh
century AD, as Hanemann (2014, 196) summarizes from older literature. A scythe with
a curved snath may have been relatively handy even without a handle close to its top
(Moser, 1974, 6, 16-17, 19, 22-24, 26, 33, 40). At least the handle close to the middle of
the snath—or two handles (close to the middle and near the top); the illustration is not
clear—can already be observed in the version of the calendar drawn in Salzburg c. 818
kept in Vienna (a color reproduction is published in Stih, 2016, 170). Two handles on
the scythe snath are clearly proven at least since the ninth century (Henning, 1991, 55).

%! Henning, 1991, 49, 51, 53; Henning, 1997, 775, 780; Hanemann, 2014, 196, 475.

2 Henning, 1991, 52-53, 56.

%3 Henning, 2014, 345-346, 351, 354. Gratitude is expressed to the archaeologist Dragan
Bozi¢ for his explanation that the archaeological site of Tinje (see Figure 4), mentioned
by Henning, is located close to Loka pri Zusmu; it is not the village of Tainach (Sln.
Tinje) located at the foot of the Alps in Carinthia.

%+ Henning, 1987, 43, 87, 91-92, 140, 175, Table 44; Vali¢, 1968, especially 485, 487, 492,
494, Table 5.

%3 Henning, 2014, 346, 348.

214
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Figure 39: Fragments of early medieval scythes, most probably from the late eighth or early
ninth century, from Gradisc¢e Hill above Baselj in the Kamnik-Savinja Alps (Sln. Kam-
nisko-Savinjske Alpe). It is clear that these finely forged thin blades were not coplanar with
the snaths and these scythes made it possible to mow close to the ground. The acute angle
between the ground and the snath is similar in both cases (around 20° to 25° in one case
and around 30° in the other; this angle of the scythe on the left looks larger, but this ap-
pearance is erroneous, a consequence of that scythe being reforged), and they resemble the
one usual in Austria in the mid-twentieth century (around 30°).”*° The blade was almost
straight. The larger preserved part of the blade is 32 cm®” long, and the original length
must have been at least 40 to 50 cm. © National Museum of Slovenia, inv. nos. S 2591 and
S 2592 (photo: Tomaz Lauko).

The use of advanced non-coplanar forms of scythes in the Eastern Alps
in the Early Middle Ages after the Slavic settlement®® is proven, for example,
through scythe blades found at the archaeological site at the top of Gradisce
Hill (873 m), rising on the southern slopes of Mount Storzi¢ above the village
of Bagelj (Figure 39), in north-central Slovenia. They were found there togeth-
er with other metal artefacts, mainly from the late eighth century and first half
of the ninth century, which show clear Frankish influence in terms of their
forms and functions.” At that time, Gradis¢e Hill belonged to the principality

%6 Compare Moser, 1974, 20-21.

%7 The guidelines by Myrdal (2005, 12) were followed, measuring “the longest length of
the [preserved part of the] blade, a straight line from the [end of the preserved edge] to
the end of the back”

% See the general remarks on (dis)continuity in the Alps in the Early Middle Ages in
Section 5.

%9 Knific, 1999, 55, 60-67; Knific, 2004, 193; in both publications only the find of (short)
scythes there is recorded, without their characteristics, and so they were checked in the
depository of the National Museum of Slovenia, where these artifacts are kept (NMS,
inv. nos. $ 2591 and S 2592), by the main author and archaeologist Dasa Pavlovi¢. Grat-
itude is expressed to the archaeologist Timotej Knific, an expert on the Gradisce site,
who checked the chronological information concerning these scythes. See also the note
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of Carniola, which had been under Frankish overlordship since the 790s but
was still relatively independent until the 820s, when a Frankish count was in-
troduced.”® These scythes allowed swinging mowing close to the ground (Fig-
ure 39). Thus the scythe that was as functional as in later periods has certainly
been continuously used in the Eastern Alps since the Early Middle Ages at
least, and not only since the High Middle Ages, as older agricultural history
literature has it, which is erroneously still cited in some recent publications.*®!
In this respect, this finding from the Eastern Alps corresponds with the ar-
chaeological findings in some other parts of Central and Western Europe.**
Approximately at the time when the scythe blades were left on Gradisce Hill,
a preserved calendar was drawn in Salzburg (about 818; see Figure 51), and it
“may reflect the local rural situation,” representing a long straight scythe blade
in the same plane as the snath?—probably a consequence of awkward draw-
ing rather than a reflection of reality.”** If not, this would mean that there were
still great regional differences in scythe types.

Production of metal scythe blades required specialized knowledge, and
so since the Late Middle Ages, at least, this was concentrated in specialized
production centers at a macroregional scale. Thus, since the Late Middle
Ages local smiths have not significantly contributed to scythe blade diversity.
The scythe blade production centers in the Eastern Alps (especially in Styria
[Germ. Steiermark] and Upper Austria [Germ. Oberdsterreich]) belonged to
the main ones in the wider European context. There was a general increase in
scythe blade quality from the sixteenth to nineteenth centuries, made possible
by improvements in iron and steel processing. Because these improvements
were not introduced in all relevant production centers contemporaneously,
there was some diversity in scythe blade quality.”*

There were relevant differences in scythe blade models, mainly in terms of
the diversity of their lengths, influenced by the nexus between environmental
and human factors. Examples are a relatively short scythe blade (40 to 50 cm)

on contemporaneous early ninth-century rings to fix the scythe blade to the snath,
found at Sebenje near Bled, in northwestern Slovenia, in Smerdel, 1994, 84. The use of a
ring binding the scythe blade and snath is proven in the Eastern Alps since the Iron Age
(Moser, 1974, 22). Concerning the questions of (dis)continuity in farming implements
in the Eastern Alps at the transition from Late Antiquity to the Early Middle Ages, see
Grafenauer, 1970d, 211-213.

90 Stih, Simoniti, & Vodopivec, 2008, 34-37, 39-41.

%! For instance, the High Middle Ages is still given as the time of the introduction of a
scythe allowing a swinging mowing in the syntheses by Kapfer, 2010, 135-136, and
Batzing, 2015, 53.

%2 E.g., Henning, 1991, 50-53, 56; Hanemann, 2014, 196.

%3 Henning, 1991, 51, 55, 57; Henning, 1997, 776-777; Henning, 2014, 333-335, 339, 346.

%+ Henning, 1991, 51; Henning, 1997, 783.

%5 Moser, 1974, 7-8, 11, 17, 19, 38; Pfister, 2007, 908-909; Bingener, 2010; Goriflen, 2010;
Meiners, 2010; Reith, 2010a; Reith, 2010b.
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to mow stony and/or hummocky meadows (for instance; see Section 6.1.1.2),
or long (e.g., one meter) but light blades to mow flat wetlands with thin plant
cover.”®

Less clear than the evolution of the scythe blade from iron and steel is the
historical development of the wooden scythe snath and its handles, which
also influenced the handling, use, and efficiency of the implement. It is clear,
however, that there were regionally diverse types of scythe snaths and han-
dles within the Eastern Alps, which underwent different historical evolution.
Moreover, local differences mattered because the snath and handles were usu-
ally products of a local craftsman or the people working at a farm. Some con-
tinuities since the Middle Ages and significant evolution of wooden snaths
and handles that ended as late as the first half of the twentieth century have
been proven. For instance, in inner (southern) Carinthia, a scythe snath type
with two bent handles pointing in the mowing direction succeeded a scythe
snath type with two handles pointing in the direction opposite to mowing (the
scythe blade pointing left from the snath, and handles to the right, similar to
Figure 44). This change made mowing significantly easier. The handle in the
middle of the novel snath, where the right hand provides the driving force for
mowing, was longer (partly inspired by the older scythe type). This improved
snath type spread significantly in inner (southern) Carinthia in the first half of
the twentieth century.*

Scythes required regular sharpening with a wet whetstone (Figure 40)—
every twenty steps, for instance, depending on the hardness of the plants and
on the weather—very dry weather required more frequent whetting than hu-
mid or wet conditions. A whetstone’s quality, strongly dependent on natural
stone properties, had a relevant impact on the sharpness of the scythe blade.
Although whetstone production for local, microregional, or mesoregional use
existed at several places (Figure 40 probably shows a local product), some of the
dominant grass species in meadows in the Alps required optimal whetstones
(see the trickiness of mowing matgrass in Section 6.3.1.2): “We have to buy
Bergamo whetstones,” some farmers in Slovenian territory used to claim, “be-
cause our grass is naughty,” as remembered in the second half of the twentieth
century.”® Whetstones from Pradalunga near Bergamo were most esteemed;
the tradition of whetstone production there reached back to the fourteenth
century, and trade in this product increased later.”® Because several merchants
and other businessmen from the Bergamo region were active in the southern
part of the Eastern Alps and their surroundings in the fifteenth and following
centuries, and some of them sold their merchandise from the Apennine Pen-

%6 Myrdal, 2005; Zwitter, 2020, 77.

%7 Moser, 1974, 5-8, 11-19, 22-26, 32-43.

%8 Smerdel, 1994, 45-50, 82-83, 100-104 (quote from p. 103).
%9 Smerdel, 1994, 100, 102-103.
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Figure 40: Implements regularly used for scythe maintenance: (1) a wet whetstone (lower
right); (2) a peening hammer (two such hammers are drawn above the whetstone) and an-
vil for occasional peening (two anvils stand at the lower left, one seen as a whole, the other
shown hammered into the meadow ground, thus ready to be used). Rings on the anvil pre-
vented the penetration of the anvil deeper into the soil than wanted, allowing efficient use
of this accessory.””® The upper part of the drawing shows the practice of peening a scythe.

°70 Keller, 2004, 15, 48, 64-65, 69, 103, 107, 115; Bavcon, Ravnjak, & Praprotnik, 2019, 149.
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Svino in the Kobarid region in the Julian Alps (SIn. Julijske Alpe; Ital. Alpi Giulie; Friul.
Alps Juliis), 1951. All these types of implements for scythe blade maintenance have a long
historical tradition;””! however, the shapes of the same implement types and the methods
of scythe sharpening and peening differed vastly within the Eastern Alps.””? Drawn by Ivan
Romih. Slovenian Ethnographic Museum, Documentation, Fieldwork campaign 7, Koba-
rid (1951): drawing 7/120. Slovenski etnografski muzej . . . Kobarid / 101 R0000007/120.
© Slovenian Ethnographic Museum.

insula eastward,’” a longer history of importing whetstones from that area to
some regions in the Eastern Alps would not be surprising. Nonetheless, local
products and those from some other places also clearly played a highly signif-
icant role in the Eastern Alps.””*

Additional measures to increase whetstones’ quality are proven from the
late nineteenth century and the first half of the twentieth century, some with a
longer historical tradition, demonstrating the attention that haymakers paid to
whetstones. They range from effective in some cases (e.g., addition of vinegar

Figure 41: In addition to the implements in Figure
40, a steel straightener was used between peenings
in stony meadows. This is the long straight object
attached to the side of the whetstone holder (on the
right in the left part of figure, and on the left in the
right part of the figure). The figure shows the same
whetstone holder and steel straightener from two
perspectives, documented at Vojsko in the Idrija Hills
in 1959. Drawn by Slavka Cufer. Smerdel, 1994, pp.
226, 297. Slovenian Ethnographic Museum, Docu-
mentation, Fieldwork campaign 16, Crni Vrh, Vojsko
(1959): drawing 16/97. © Slovenian Ethnographic
Museum.

7! For instance, they correspond with the data on whetstones from the early Iron Age to
the twentieth century (Moser, 1974, 8-10, 18; Smerdel, 1994; for historical data from
prehistory to the eighteenth century, see pp. 15, 17, 27, 81-85, 104) and with data on
peening equipment from Roman Antiquity (today’s Belgium, westernmost Germany,
and France; Henning, 1991, 51-53) and from the fifteenth, sixteenth, and twentieth
centuries (see Figure 52 in this volume’s Section 6.1.2.1.2; Moser, 1974, 8-10, 18, 21;
Smerdel, 1994, 59-60, 109, 290-291). Legacies of a kind of peening are already evident
on prehistoric bronze sickles (Smerdel, 1994, 13, 81).

972 Moser, 1974, 21.

73 Gestrin, 1981.

74 Smerdel, 1994, 100-104.
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6 Selected historical practices of species-rich grassland management

to the water in the whetstone holder if a whetstone was too hard) to supersti-
tious, such as the widespread belief in the southeastern Alps that the addition
of a venomous snake’s head (Vipera spp., living in many rocky meadows in the
Alps) to the water in a whetstone holder would result in optimal scythe blade
sharpness. This opinion had older historical roots and might have been based
on the belief that the sharpness of the snake’s teeth or tongue (!) would contrib-
ute to the sharpness of the scythe.”””

In stony meadows, sharpening with a whetstone was preceded by straight-
ening and tightening the scythe’s blade with a steel straightener (Figure 41).
“[I]f a scythe is jagged from hitting a stone and a whetstone is applied to it, the
damaged, slightly bent spot will be ground off and the scythe will be notched.
The [haymaker], therefore, has to take his straightener to straighten and tight-
en the scythe’s blade with it before whetting”*’® Steel straighteners also have a
long historical tradition.””’

When the scythe was not sufficiently sharp after whetting, peening fol-
lowed (Figure 40).°”® In some regions, the blade was usually removed from the
scythe every time it was peened, and in the others the blade was peened fixed
to the snath (see Figure 40). Where the blade was removed for each peening,
the blade’s closeness to the ground while mowing could change every time the
scythe was peened, unless the blade was fixed skillfully after peening.”” The
latter was usually the case because peening was performed by an experienced
worker, if available.”® Namely, the details of how the scythe was attached to
the handle every time after being removed affected how close to the ground
it scythed; a blade working too close to the ground damaged the vital organs
of more plants, and thus it created more gaps in the grassland ecosystem, and
the start of growth of second-crop hay or grazing resources after mowing
was delayed. Another extreme was a scythe working relatively high from the
ground, and so it cut the plants significantly higher than usual.®* Even though
mowing close to the ground was widespread from the times when the scythe
allowed it onward,’® history also saw slightly higher mowing in some regions
and periods, at least; hence the traditional saying that “Mowed at height is half

7 Smerdel, 1994, 85, 102, 108-109 (see also 59-60 because the English translation is not
fully accurate).

76 Smerdel, 1994, 61, 104-105 (quote from p. 104; thanks to the ethnologist Barbara Sosi¢
for recommending this work); Moser, 1974, 9-10; Sarf, 1974, 138-139.

°77 For sixteenth- to twentieth-century straighteners, see Moser, 1974, 9-10, 22, and Smer-
del, 1994, 52-53, 61, 104-105, 221-222, 224-226, 286-289, 291-292, 294, 297-298
(and further whetstone holders with a holder for a straightener on pp. 241-299).

7% Smerdel, 1994, 109 (the English translation is inexplicit; the Slovenian text is on pp.
59-60).

7 Moser, 1974, 21.

%0 Smerdel, 1994, 109.

%81 Moser, 1974, 21; Verbi¢ & Verbic, 2014-2020, 13-14, 25.

%2 E.g., see Figure 15 in Section 3.2; see also Babai, Molnar, & Molnar, 2014, 105-106.
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6.1 Mowing

manured” was documented in Austria in the mid-twentieth century as an old
farmers’ rule.”®

The general use of the scythe as the most important implement for harvest-
ing hay declined in the Eastern Alps from the first third of the twentieth cen-
tury onward with the introduction of livestock-powered mowers on relatively
flat grasslands in most technologically advanced regions or farms.”** Mowers
spread much later in many regions of the Eastern Alps and in steep meadows
in particular. Since the mid-twentieth century, mowers have been motorized.
A major decrease in the use of scythes in the Slovenian Alps, for instance, oc-
curred in the 1960s, when they ceased to be the prevalent mowing implement,
with the main exception of some very steep or hummocky meadows.”®> A de-
tailed anthropological investigation of the settlement of Strojna in the Alps of
the Meza catchment, in southeastern Carinthia, with a lot of steep farmland,
documented that around half of all meadows there were still mowed by scythe
around 1980. Even the farm with second-largest area of motorized mowing at
Strojna mowed a quarter of all meadows by scythe at that time.?* The scythe’s
role in grassland management has strongly declined ever since.”®”

6.1.1.2 Mowing in various grassland environments

Site conditions and species composition had a strong impact on the workload
at mowing, and so the area mowed per haymaker in a unit of time differed
significantly.®® Many molehills or vole tunnels created after spring cleaning
(Section 6.6.1) slowed down the scything; namely, they were avoided by hay-
makers to prevent the soil from spoiling the hay.”® In mesic meadows on many
northern slopes where the availability of plant nutrients in the soil was not very
low, and in humid depressions elsewhere, grasses and herbs are significantly
softer at many meadow sites, which rendered mowing easier than at very nu-
trient-poor or dry sites. In addition, morning dew lasted longer on northern
slopes, and so the scythe required less frequent sharpening. In contrast, mow-
ing non-fertilized meadows on southern slopes was usually significantly more
labor intensive in the case of a significant abundance of dwarf shrubs (such
as bilberry, Vaccinium myrtillus, and heather, Calluna vulgaris) and Iceland
moss (Cetraria islandica) in particular (see Section 8.2.2).°° Matgrass (Nardus

%3 Moser, 1974, 21.

9% Moser, 1974, 1; Sarf, 1991, 333.

95 Makarovi¢, 1982, 149; Sarf, 1991, 333; Smerdel, 1994, 61, 86, 101; Habinc, 2011a, 212;
Habinc, 2011b, 238; Sarf, 2011, 240; see also Sarf, 1974, 144.

%6 Makarovi¢, 1982, 149-150, 152, 187.

%7 Smerdel, 1994, 86; Habinc, 2011a, 212; Keller, 2004.

%8 Wopfner, 1997, 333; Sucholas et al., 2022, 19-21, 23, 29.

%9 Author’s interview with Kunavec, 2023, in Stara FuZina, with personal experience of
such mowing in a remote meadow on Rudnica Hill. On seeing molehills through the
plants in the case of mowing with a scythe, see Iuga, 2016, 73.

9% Wopfner, 1997, 333.
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6 Selected historical practices of species-rich grassland management

Figure 42: Montane matgrass sward (Nardetum strictae) with Salisbury’s daffodil (Narcissus
poeticus subsp. radiiflorus) and heather (Calluna vulgaris) in early spring in the Western
Karavanks, the Lepenje meadow above Javorniski Rovt. This plant community was favored
by the long history of mowing in this non-fertilized meadow (see Section 6.3.1). Photo:
Ziga Zwitter, May 1st, 2018.

stricta; Figure 42), dominating many very nutrient-poor acidic sites regard-
less of the water availability, was extremely difficult to mow (Section 6.3.1.2).
Nevertheless, it was the species providing the most hay in these plant com-
munities, and so it was necessary to harvest it as thoroughly as possible. Some
wetland monocots also required an excellently peened and sharpened scythe
blade and a skilled haymaker to be mowed successfully.*"

In the Alps, a swinging mowing with the scythe was usually performed in
a manner such that the implement moved in a direction describing an arc of
a circle around the haymaker’s stance (see Figure 15 in Section 3.2), as far as
observed in recent centuries, unless obstacles had to be avoided. Such a mow-
ing direction was usual in Central Europe, but there were differences across
the continent.*”

History saw small but important innovations in the mowing technique,
adapted to plant characteristics.”® Slopes were usually mowed in a downhill

%1 Sucholas et al., 2022, 10, 19-21, 23, 29.
%2 Moser, 1974, 6-7.
3 See below in this paragraph.
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6.1 Mowing

Figure 43: The usual (left) and upward (right) mowing direction adapted to specific species
composition in meadows abounding in upright brome (Bromus erectus) or matgrass (Nar-
dus stricta) as a mid-twentieth-century innovation at a smallholding at Dolina. Author’s
interview with J. Kav¢i¢, Dolina above Trzi¢. Drawing by Bozidar JoZzef Flaj$man, following
J. Kav¢ics sketch. © Bozidar Jozef Flajsman.

Figure 44: Demonstration of how the scythe was held while mowing up the hill if upright
brome (Bromus erectus) or matgrass (Nardus stricta) were mowed at this farm at Dolina in
the Karavanks since the mid-twentieth century. In this case, the scythe was not adjusted to
the specific mowing technique; it was simply held differently, as seen in the picture. Photo:
Ziga Zwitter, October 2021.
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6 Selected historical practices of species-rich grassland management

direction (Figure 43). In contrast, mowing by scythe up the hill (Figures 43
and 44) was introduced in some places, such as at a small holding at Dolina
above Trzi¢ in the Karavanks in the mid-twentieth century (around 1960),
only on those non-fertilized steep meadow sections where matgrass (Nardus
stricta; see also Section 6.3.1.2) or upright brome (Bromus erectus, a relative-
ly esteemed fodder plant in non-fertilized meadows; see Sections 6.3.1.1 and
6.3.1.2) abounded. These species were difficult to mow down the hill. The
leaves of upright brome tussocks are bent in a downhill direction (Figure 45),
and so mowing up the hill was more efficient. In the mid-twentieth century,
usual mowing of steep, non-fertilized meadows up the hill was also recorded
at isolated farms at Florijan pri Gornjem Gradu in the Kamnik-Savinja Alps,***
and therefore this kind of adaptation was not entirely exceptional in the wider
context of the Alps, despite the paucity of evidence. Nonetheless, exactly the
late introduction of this practice at Dolina warns against deterministic gener-
alizations: such species compositions were not always mowed this manner; the
mowing direction depended not only on the meadow environment, but also
on the local mowing culture.

Another widespread adaptation was required in rocky meadows. A scythe
that would otherwise allow swinging mowing had to be used in such mead-
ows for less labor-efficient cutting of fewer grassland plants at the same time.
Thus, shorter scythe movement than swinging mowing was carried out as an
adaptation to obstacles. This was usual until the twentieth century in rocky
meadows where the density of rock outcrops did not allow swinging mowing
but the area of the meadow covered by stones was at the same time not so great
as to prevent such scythe use®” (see the rockiest meadow sections in Figure
46). The practice of short scythe movement in such meadows has a long his-
tory. According to the 1567 rent-roll of the seigneury of (Eisen-)Kappel (Sln.
(Zelezna) Kapla) in the Central Karawanks: in stony, steep meadows “no real
scythe stroke happens on many farms”; grass was also harvested there around
the stones.”® In such meadows, where one had to avoid many rock outcrops
or numerous trees, a relatively short scythe blade was more convenient than
a longer one. For example, at Polling above Treffen (SIn. Trebinje) north of
Villach, Carinthia, where many extremely steep meadows were mowed, a usu-

94 Predan, 1956a. In all but exceptional cases, meadows in the area were mowed once
annually. This is the background for the above statement that mowing up the hill at
Florijan pri Gornjem Gradu refers to non-fertilized grasslands (see Section 6.3). These
farms are located in pre-Alpine hills at about 700 to 800 m.

9% Author’s interview with Kunavec, 2021, in Stara FuZina, with personal experience in
such mowing. The information refers, for instance, to the former rocky meadows on
the west-facing slope above the bottom of the Voje Valley in Bohinj.

%% .. dan in gepurg vmb die stain, vnnd in den stickhln, nur gleich abkhlauben, vnnd

khain rechten senssen straich auf vill huebnen beschicht” (AT StLA, Innerdsterreichi-

sche Hofkammer, Sachabteilung, box 69, folder 8: Des ambts Capl bereuttung und be-

schreibung, 1567, 44).
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6.1 Mowing

Figure 45: Upright brome (Bromus erectus) in a meadow where it used to be mowed by
scythe up the hill. The height of the mobile phone case in the picture is 7.5 cm. Photo: Ziga
Zwitter, October 2021. The specimen was identified by Leonid Rasran.

al scythe blade for grassland mowing in 1948 was 40 to 50 cm long, and the
longest scythe blades used in grasslands in the same settlement at that time
were around 90 cm. Thus, a short scythe blade was more useful in particu-
lar meadow environments. Comparison of these data with older information
from post-Roman history demonstrates that the shortness of scythe blades,
which became more frequent in post-Roman times, was not in itself an indica-
tor of an inferior scythe.”’

However, despite the widespread use of scythes in meadows in the Alps,
limited quantities of grass continued to be cut with a sickle until the twen-
tieth century in some extremely stony mountain meadows; for example, in
the karst of the Upper Soc¢a catchment where average farmers faced a scarcity
of good meadows, but also in many other places (see also Section 6.3.1.1).9%

%7 Moser, 1974, 12; Myrdal, 2005, 11-15; Hanemann, 2014, 191, 193-194, 196, 465, 468,
472-473, 489, 493.

28 Melik, 1950, 116-117; Novak, 1970, 362-363; Smerdel, 1994, 57; Niederer, 1996d, 174;
Wopfner, 1997, 368-369; Keller, 2004, 20, 65; Mlakar, 2015, 50-51, 70; Laharnar, 2018,
217-218; Bavcon, Ravnjak, & Praprotnik, 2019, 193; author’s interview with E Mlakar,
2017, in Bohinjska Cesnjica.
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6 Selected historical practices of species-rich grassland management

Figure 46: Only the most diligent and not excessively busy farmers have been encouraged
through insufficiently targeted, thus low, agri-environment payments to preserve the cul-
tural landscape by still mowing such stony meadows. Note the hay drying between rock
outcrops in the upper right part of the figure (beige color). Rocky meadows used to be

frequent in the Limestone Alps®” and, depending on geology and slope gradient, in some

other parts of the Alps as well.!*® They were mostly abandoned in the twentieth century. It
was perceived as improper and shameful for the haymaker not to mow the tall grass next
to the stones.'® Rock outcrops contributed significantly to the site diversity by providing
additional microhabitats and thus raising the plant and animal species diversity.'® Vogar
Hill in the Julian Alps, 1,120 m, July 2018. Photo: Ziga Zwitter.

Cutting with sickles had to be performed significantly higher than mowing.'*

In previous centuries—from the fifteenth to early nineteenth century, for in-
stance—poor smallholders in the Alps collected significant hay quantities at
remote sites in the mountains (e.g., on the slopes of Mount Tosc in the Julian
Alps in times of high agricultural density). Often they had to use sickles at such

%% Observations in the study area and Wopfner’s (1997, 330, 333) parallel from South
Tyrol.

109 pils, 1994, 260-261 and Table 50, photo 130; “Bildteil,” 1996, 409.

1001 ‘Wopfner, 1997, 334.

1002 pils, 1994, 261; Oppermann & Hoffmann, 2012, 85; Oppermann & Paracchini, 2012,
19.

106 Hanemann, 2014, 190.
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6.1 Mowing
places.'®* These were also usually used in meadows to collect plants growing
in the immediate vicinity of rocks and trees, where the use of a scythe would
not be possible.'” Similarly, sickles were used to collect grass in sparse forest,
and alongside paths and roads.'* Gathering (i.e., pulling) grassland plants by
hand around rocks in meadows (compare Figure 46) and in the forest as well as
in barely accessible sites below bushes was also still practiced by some farmers
until the mid-twentieth century.'*”

6.1.1.3 Ecological impacts of mowing

In contrast to livestock grazing, which usually has similar impacts as game
grazing on the species composition and vegetation structure of grassland
communities, the effects of haymaking are significantly different. Poisonous
and woody species, which are normally avoided by livestock and thus become
dominant in colline, montane, and subalpine pastures (e.g., dwarf mountain
pine, Pinus mugo, at high elevations) unless removed (Section 6.6.2), have few-
er opportunities to become established in regularly mowed areas. The ecosys-
tem disturbance through mowing, which is less frequent but more thorough
than grazing, leads to the development of a higher niche diversity and, con-
sequently, to higher species diversity than at grazed sites.'® The main plant
communities of hay meadows in the Alps that originate in and have been pre-
served through mowing are (dependent on soil nutrient and water availability;
see Sections 2, 6.1.2.5, and 6.3) false oatgrass meadows (Figure 6 in Section 2,
Figure 91 in Section 6.3.2.2), yellow oatgrass meadows (Figure 7 in Section 2;
Figure 13 in Section 3.1), dry calcareous grasslands (Figure 10 in Section 2),
purple moor-grass meadows (Figure 9 in Section 2 and Figure 66 in Section
6.1.2.5.1.2), marsh marigold meadows, and matgrass swards below the alpine
belt (Figure 42).'°” These vegetation types can also exist as pastures, but with
slightly different species compositions.'"’

Similar to grazing, mowing supports plants with their main assimilatory
organs close to the soil surface because a scythe (and even more a motor mow-
er) principally works above them, and so mowing does not (thoroughly) affect
these organs.'”"" Such plants include rosulate herbs, and tussock grasses and
sedges. Lower sections of the tussocks of several monocots, such as purple

1004 Wopfner, 1997, 333, 368-369; Hodnik, 2016, 79.

109 Kauter, 2002, 133-134; Stadler-Planzer, Stadler, & Degler-Spengler, 2015, 100.

1% Niederer, 1996d, 186, 190.

197 Niederer, 1996d, 186, Hubatschek, 1992, 173; Stadler-Planzer, Stadler, & Degler-Spen-
gler, 2015, 100; author’s interviews in Stara Fuzina with Boltar, 2018, and with Stergar,
2018, recalling how her grandfather collected hay in the mid-twentieth century.

1% Begon, Harper, & Townsend, 1991.

109 Ender, 1998; Schubert, Hilbig, & Klotz, 2001.

1010 See also Pils, 1994.

1011 Bakker, 1989; Begon, Harper, & Townsend, 1991.
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moor-grass and some tall sedges (Carex spp.), are hard, and the scythe worked
above them.'”” Focusing on rosulate herbs, the rosette of stemless thistle
(Carlina acaulis; see Figure 127 in Section 8), for instance, was not thorough-
ly mowed by the scythe, not even by experienced haymakers due to its flat
shape,'*" even though cattle consume it in hay.'”"* The mowing technique with
the help of a broom-like bound bunch of branches—enabling the haymaker
to mow rosulate herbs more thoroughly, but historically usual only in some
microregions in the Eastern Alps—is presented in Section 6.3.1.1.

The swinging mowing close to the ground, first introduced in Late An-
tiquity, significantly increased the working efficiency of haymakers, but it
also had a stronger impact on grassland ecosystems'”'® than earlier historical
mowing more distant from the ground. In general, the differences in historical
mowing’s ecological impacts were more pronounced in the case of a change
in mowing frequency or timing (Sections 1.2, 6.1.2.1, 6.1.2.2, 6.1.2.3, 6.1.2.4,
6.1.2.5, 6.1.2.6, 6.1.2.7, 6.3, 10.1.2.1, 10.1.2.2.3, 10.1.2.2.4, 10.1.2.2.5, 10.2.1,
10.2.2) than in the case of a moderate difference in removed plant biomass
caused by more thorough mowing that was made possible by an advanced
scythe.'?'¢ Nevertheless, some relevant effects of mowing closer to the ground
since Late Antiquity or the Early Middle Ages than earlier can be mentioned.
Mowing closer to the ground and the related meadow management (the third
point below) led to a shift in the competition ability among grassland plants in
terms of suppression of some species and promotion of some others.

First, swinging mowing close to the ground usually causes numerous cas-
es of small-scale damage to the sward and soil surface (see the foreground
of Figure 15 in Section 3.2). Such gaps are essential for biodiversity because
they are important regeneration niches, especially for short-lived herbs, such
as yellow-rattle (Rhinanthus spp., undesired from the perspective of livestock
farming; see Section 4.1.1.1).""” Consequently, swinging mowing close to the
sod increases the species diversity of the plant community in comparison to
other mowing techniques. In some cases, mowing helped species compete that
naturally grew in different site conditions.'”*® Until the mid-twentieth century
or later, gaps caused by mowing were usually joined by the gaps caused by
livestock grazing in hay meadows in autumn (and in spring, until the eigh-

1912 Sucholas et al., 2022, 18, 21, 36.

1013 Babai, Molnar, & Molnar, 2014, 46.

1014 Author’s participant observation at hay raking in the montane meadow complex of
Javornica, west of Zgornje Podjelje in Bohinj, where stemless thistle occurs in relatively
large numbers, and interview with the hay owner M. Smukavec on the same occasion,
July 2021.

1913 Henning, 1991, 53; Henning, 1997, 780.

1016 Compare Liira et al., 2009; Télle et al., 2014.

1977 Coulson et al., 2001.

1018 Emanuelsson, 2009, 160.
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6.1 Mowing

teenth or nineteenth century; see Section 6.2), by the gaps caused by digging
mammals (see also Section 6.5), and in manured meadows by the gaps caused
by rubbing the manure into the sward (Section 6.3.2.1.1).

Second, focusing on the impacts of removal of slightly more biomass,
the higher quantity of nutrients removed by thorough mowing closer to the
ground mattered in the long run. Lower mowing meant somewhat fewer graz-
ing resources in the same meadow in the autumn, and so slightly less nutrients
returned to the meadow unless it was fertilized. In addition, a comparison with
a study of stubble weeds explains that grasslands regrew more slowly because
they were mowed closer to the sod.'”" In this respect, it mattered that mead-
ows mowed close to the soil are also more drought-sensitive during the regen-
eration after mowing.'””® All this means that, in the autumn, fewer nutrients
usually returned to non-fertilized meadows in the form of excrement from the
livestock grazing there.

Third, removal of stones from meadows was economically and ecologically
relevant. Removal of stones from grasslands was already recommended by the
Roman agricultural writer Columella in the first century AD to reduce the
damage to mowing implements.'””! Most likely, stone removal became more
thorough with the development of the scythe — with mowing closer to the
ground, the scythe was more likely to hit small stones, and so it would have to
be repaired with a steel straightener (Figure 41) or peened (Figure 40). Thus,
even small stones that appeared from molehills, for example, were removed
from meadows every year to make sure that scythes would not hit them, as
recalled for the mid-twentieth century, and this was a continuation of an old-
er tradition.'”” Removal of larger stones left more traces in historical records
and was ecologically more relevant. In the eastern Julian Alps, stone removal
from meadows was recorded in 1610, for instance, but the practice is much
older. According to a decision of the court of the seigneury of Bled (Germ.
Veldes) from that year, somebody had to collect stones in the meadow(s) of a
farm from the village of ViSelnica in order to settle a debt of eight guilders.'*

1919 Molnar et al,, 2015, 5, explaining that if stubble is cut at a height of approximately one
span weeds are able to “regenerate rapidly, resulting in high-quality pastures.”

1020 Sadar, 1956, 146-147, 196.

1021 Kauter, 2002, 105-106.

1922 Author’s interviews with Gasperin, 2017, with Kranjc, 2018, with Mencinger, 2017, and
with Urh, 2017, all in Stara Fuzina; with Grm, 2017, and with Skantar, 2017, in Srednja
Vas; with L. and M. Odar, 2017, in Studor; and with Minka Sodja, 2017, in Jereka.

1023 SI AS 721, Gospostvo Bled (The Seigneury of Bled, Germ. Veldes), Iustitialia, vol. 12,
February 14th, 1610. The type of work is specified as “die wisen . . . ablesen” The mean-
ing of the verb ablesen is “colligere, ... [e.g.] steine vom acker . . ., raupen vom baum
ablesen[,] beeren von der staude” ‘to gather, . . . for example, remove stones from a field,
caterpillars from a tree, berries from a plant’ (Grimm & Grimm, Deutsches Worterbuch)
— in meadows (“wisen”, i.e. Wiese(n)), in this case, and so stone removal is meant.
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6 Selected historical practices of species-rich grassland management

Figure 47: On sunny days, stones warm up quicker than the surroundings and thus clear-
ance cairns are among the first sites where spring flowers blossom. Primroses blossomed
in the valley bottom in Bohinj at 555 m at such a west-facing site lit by the afternoon sun
in the exceptionally warm January of 2024. This rock pile is located at the edge of a spe-
cies-rich grassland; in this case, a former arable field.""** The specific microclimate in the
warm part of the year is shown by the historical practice of drying some field crops, such
as green pulses, on clearance cairns consisting of stones removed from arable land in the
Allues (Francoprovencgal Alués) Valley (French Les Allues).'* It is, however, not highly
likely that clearance cairns played a prominent role in historical hay drying due to the well-
known preference of venomous snakes for hot stones.'® Photo: Ziga Zwitter.

Because a hay shed in a big meadow was sold for two guilders in 1614 in the
office of the seigneury of Bled'” (i.e., the same seigneury that formalized the
duty of stone removal in 1610), this means that the work to remove the stones
in 1610 (and possibly soon thereafter), worth eight guilders, was extensive. Two
centuries later, in the first half of the nineteenth century, removal of rocks was
still performed regularly in some remote meadows in the eastern Julian Alps.
This is proven by the description of agriculture in the cadastral municipality
of Spodnje Gorje, thus close to Viselnica (probably in montane meadows on

1924 Arcanum Maps, Cadastral Maps, Habsburg Empire — Cadastral Maps (XIX. [sic] Cen-
tury), cadastral municipality of Studor (Germ. Studorf), 1826.

1025 Meilleur, 1986, 98-99, 120, 130-131.

1026 Compare Meilleur, 1986, 99.

1927 ST AS 721, Gospostvo Bled (The Seigneury of Bled), Iustitialia, vol. 12, May 10th, 1614.
This meadow was sold for 105 guilders, and so it was evidently a big meadow, as sup-
ported by the following data: on January 10th, 1615, a small meadow (“wiismatl”) was
sold for 12.5 guilders; on the same day, 90 guilders was the purchase price for a small
arable field and the adjacent meadow (“akherlle vind madt daselbst”) and four small
meadows (“wiismatl”, “wiisl”) together (SI AS 721, Iustitialia, book 12, January 10th,
1615). Thus, 105 guilders was the price of a big meadow.
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Figure 48: Stone walls surrounding many montane meadow complexes and some perma-
nent pastures were usually built from stones cleared from those grasslands. The same was
the case of many platforms built from stone below hay barns in meadows; elsewhere, re-
moved stones were piled into clearance cairns.'® The Konjska Dolina mountain pasture
and meadow complex with a wall made of removed stones, 2018. Photo: Ziga Zwitter.

the Mezakla Plateau),'” presentations of farming in some montane meadows
on the Pokljuka Plateau managed by inhabitants of the cadastral municipality
of Gorjuse,'™ and in the cadastral municipality of Selo pri Bledu (montane
meadows on the Jelovica Plateau), all from the 1830s.”*! Ethnological investi-
gation in the village of Bohinjska Bela by Fan¢i Sarf made it clear that people
born in the late nineteenth and early twentieth century no longer participated
in the removal of large stones from meadows; they only observed rock piles or

1028 For example, Niederer 1996¢, 69; Niederer 1996d, 163; Hodnik, 2016, 61, 87; author’s
interview with Skantar, 2017, in Srednja Vas, mentioning their high-quality meadow Za
Robom (among the Uskovnica meadows), which is free of stones, which were used to
build a wall.

1029 ST AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carnio-
la), L310, cadastral municipality of Spodnje Gorje, cadastral appraisal protocols: s.n.,
310/4, 51.

1030 ST AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carniola),
L72, cadastral municipality of Gorjuse, cadastral appraisal protocols: s.n., 72/4, 51.

1031 ST AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carniola),
L343, cadastral municipality of Selo pri Bledu, cadastral appraisal protocols: s.n., 343/4,
51.
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6 Selected historical practices of species-rich grassland management

Figure 49

regularly built stone structures in the landscape made of stones that had been
removed from montane meadows by their predecessors (see Figures 48, 49,
and 50).'%32

Where many rocks were removed, this had an impact on the quantities
of hay yielded.'”® Moreover, stone removal allowed easier swinging mowing
without taking care to avoid the rocks. Stone removal reduced the time used
for repairing scythes or even for sickle-cutting or pulling plants around rocks
during haymaking (see Section 6.1.1.2). Thus, rocks in meadows have been
unwanted from an economic perspective. In contrast, they are appreciated
from an ecological perspective, contributing to habitat diversity.'”* Especially
the removal of big stones (Figures 48, 49, and 50) as well as accumulations of
smaller ones were ecologically relevant for meadows because this affected soil
properties and the microclimate (Figure 47). The historical practice of piling
rocks in meadows or using them to build fences achieved the economic ben-
efits of more hay and easier mowing by hand, while at the same time the con-
nection between the meadow and rocky habitats was preserved.

1032 Sarf, 1974, 138.

193 This was also the goal of a similar practice of stone removal from pastures to increase
the productive area: Bitzing, 2015, 90; Machatschek, 2015, 279; Hodnik, 2016, 61, 87.

1034 Pils, 1994, 261; Keller, 2004, 41, 99, 109; Oppermann & Hoffmann, 2012, 85.
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Figures 49 and 50: In order to save meadow area, in some meadows in stony sites removed
stones were not simply accumulated in irregular clearance cairns but built into more regu-
lar structures occupying less space than a pile from the same amount of stones. Figure 49
shows them in a montane meadow in the southern part of the Zajamniki grassland com-
plex, at 1,260 m. The same type of structures can be found in the nearby forest that over-
grew historical meadows in the twentieth century (Figure 50), and so a nineteenth-century
cadastral map shows meadows there.!”> These stony structures in the forest are evidently a
historical human legacy. However, one can only understand the purpose of creating these
stone structures based on the understanding of historical land use and observation of the
same structure types in nearby meadows (Figure 49). Photo: Ziga Zwitter, April 2020.

Stones removed from grasslands were used as building material or they
were piled, and rock piles and stone walls themselves developed into specific
habitats, contributing so significantly to the mosaic of landscape structures
relevant for biodiversity that dry stone walls are nowadays one of the ecolog-
ical focus areas eligible for agrienvironmental payments in some European
Union countries. Because there is very little soil, clearance cairns are usually
dry and on sunny days very warm if exposed to the rays of the Sun (Figure
47).1% In the nineteenth century, the botanist Valentin Plemel observed the

195 Arcanum Maps, Cadastral Maps, Habsburg Empire — Cadastral Maps (XIX. [sic] Cen-
tury), cadastral municipality of Srednja Vas v Bohinju (Germ. Mitterdorf), 1826.

1036 Meilleur, 1986, 98-99, 120; Oppermann & Hoffmann, 2012, 85-86, 93; Oppermann
& Paracchini, 2012, 19; Pééer et al., 2017, 518-519, 521-523; Sumrada et al., 2024, 13,
18-19.
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6 Selected historical practices of species-rich grassland management

frequent occurrence and high abundance of orpine (Sedum telephium subsp.
maximum) in such sites around Bled,'*” at the foot of the eastern Julian Alps.
Hazel (Corylus avellana; Figures 47 and 50) and juniper (Juniperus commu-
nis) frequently grow at such sites, and barberry (Berberis vulgaris) also occurs
there.!™® In the Allues Valley (now in the northern French Alps), common
elder (Sambucus nigra), ash (Fraxinus excelsior), wild cherry (Prunus avium),
mezereon (Daphne mezereum), the edible great pignut (Bunium bulbocasta-
num), raspberry (Rubus idaeus), bramble (Rubus fructicosus), stone bramble
(Rubus saxatilis - see Figure 139 in Section 8.2.1.1), dog rose (Rosa canina),
and several lichens, for instance, were recorded on clearance cairns.'®® All
these data are representative of many parts of the Alps, and this is only a brief
selection of plant species colonizing clearance cairns in meadows.

Historically usual connections between rock piles or stone walls and the
adjacent species-rich grasslands are crucial, but they are becoming increas-
ingly rare nowadays (removal of such stony landscape structures is an ongo-
ing process,'** apart from the intensification or abandonment of species-rich
grasslands; see Section 1.2). Namely, the habitat quality and habitat functions
of rock piles and stone walls increase highly significantly for many animal spe-
cies if such a stone structure is located adjacent to high-nature-value farmland,
such as an extensively managed meadow.'**!

6.1.2 Mowing dates and frequency

6.1.2.1 Dates of first-crop hay mowing in the last millennium until the
eighteenth or nineteenth century

6.1.2.1.1 Mowing timing

Mowing dates in different meadows belonging to a typical farm were distrib-
uted through most of the summer: first-crop hay in the last meadows was
mowed several weeks, often a couple of months, later than in the first meadows
(see the reasons in Section 6.1.2.1.2). Thus, it was important that meadow sites
belonging to a farm in the Alps from a compact village (in contrast to some
isolated farms) were usually significantly diverse (e.g., in different elevation
zones, fertilized or non-fertilized, at sunnier and shadier, drier and moister

1057 Plemel, 1862, 157; the subspecies was identified based on Aeschimann et al., 2004,
vol. 1, 676.

1038 Machatschek, 2015, 227-236, 279; Machatschek, 2017, 274-275.

1039 Meilleur, 1986, 98-99, 146, 343, 347-348, 350, 353, 359, 361.

140 For instance, Sumrada et al., 2024, 5, 13, 15, 19, 27. The uptake of the agrienvironmen-
tal payment for stone walls is low and it only exists in some European Union member
states (Peer et al., 2017, 518-525), not in Slovenia (Sumrada et al., 2024, 19).

104 Oppermann & Hoffmann, 2012, 94-96.
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places, and on more or less productive soils, but also influenced by social rules
concerning mowing dates; see below), which resulted in different timing of
grassland plant seeds ripening. Thus, the diversity of meadow sites reduced
the percentage of those meadows that, due to the lack of time of farm person-
nel, were mowed significantly later than when most plant seeds matured; that
is, of those meadows where by the time of mowing the quality of the hay had
already declined beyond what was considered required to maintain produc-
tive species-rich meadows in the long run. Therefore, in general, site diversity
within a typical farm contributed to higher hay quality. Moreover, significantly
diverse mowing dates decreased the likelihood of hay harvest failure in many
meadows belonging to the same farm in the same year; for example, due to a
long rainy period after mowing (Section 4.1.1.3). Due to the long duration of
haymaking, it was more likely that only hay from a fairly limited percentage of
meadows was negatively affected, and so diversity of mowing dates in general
strengthened the resilience of the farm economy.'*** Diverse mowing timing in
various meadow complexes, in interaction with diverse site conditions, raised
the diversity of meadow species compositions in the landscape.'**

Haymaking in the same meadow complex was usually carried out by all
farms involved on the same days. In Parcines (Germ. Partschins) in South Tyrol,
for instance, the beginning of haymaking was publicly announced every year,
as documented in 1431."* This practice used to be widespread in the Alps, as
proven by the following examples documented in the twentieth century and
referring to the period from the late nineteenth century onward, but clearly
rooted in older traditions. In Bohinj, people from the community consisting of
farmers from the villages of Studor and Stara FuZina started mowing accord-
ing to a decision by the Pri Andreju farm in Studor'® (which probably had a
special function in the community of farmers from these two villages and/or
linked the seigneury and its subjects before the abolition of serfdom in 1848),
and others followed suit.'* Not only the general beginning of mowing there
was ordered: when it was the time to mow montane meadows in the slightly
higher Voje Valley (around 700 m), a designated farmer from this communi-
ty attracted farmers’ attention by producing noise hitting an iron pan with a
wooden spoon and shouting: “Let’s go to Loje [i.e., Voje]!”'* Thus, mowing
dates were determined much less individually than today.'**® Another example:

1022 Based on general consideration on distribution of land parcels in the Alps by Viazzo,
1989, 21, 227, here adapted to meadows. See also Section 6.1.2.1.2.

104 Oppermann & Paracchini, 2012, 18-19.

104 ‘Wopfner, 1997, 362.

104 See the location of the farm in Klinar, 2011, 23, and Environmental Atlas of Slovenia,
Spatial Units, Address.

1046 Author’s interview with Mencinger, 2017, in Stara Fuzina.

1047 Author’s interview with Kranjc, 2018, in Stara Fuzina: “Gremo na Loje [i.e., Voje]!”

1048 Author’s interview with L. and M. Odar, 2017, in Studor.
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in the village of Bohinjska Bela in the Eastern Julian Alps (Sln. Julijske Alpe) it
was compulsory for every household to go to the distant montane meadows
on the Sunday after Saint James’s Day (July 25th) to start work on the following
Monday, as recorded for the late nineteenth and early twentieth century.'*
The preparations for going to the distant meadow complexes “were not only
the concern of individuals, but of the whole village”'**® Help was offered to
neighbors if they were still busy with other urgent work at the farm, such as
reaping autumn-sown cereals in the lowest section of the montane vegetation
belt, when it was time to go to higher meadows.'" This made it easier to re-
spect the uniform mowing time.

In some microregions, only a day or two was allotted to mowing in every
meadow complex, such as in the Allues (Francoprovengal Alués) Valley (French
Les Allues).'™* Such intervals were longer in some other microregions.'” If a
farm was not finished with haymaking during that time slot, people returned
there later from a higher and/or shadier meadow complex, where their plot
was so small that they saved some time. This was the practice in the Allues
Valley by about the First World War, and it had a long tradition. In neighbor-
ing Bozel (Francoprovengal Bosél), for instance, such uniform mowing time
can be proven since the mid-eighteenth century, but it is most likely that it
developed earlier.'®*

The issue of access and reduction of the likelihood of mowing over the par-
cel boundary (less likely when all farmers possessing meadows in a certain
meadow complex were present there at the same time) belonged to the main
reasons for much more uniform mowing dates, apart from ensuring that all the
hay would be stored by the onset of autumn grazing, when the meadow com-
plex functioned as a common. Concerning access, a path or cart track did not
reach many meadow parcels, and so haymakers had to cross other meadows.
This was characteristic of meadow complexes in the Alps and beyond. Conse-
quently, mowing at similar dates prevented trampling a path in meadows not
yet mowed when accessing other meadow parcels.'® In the Allues Valley, for
instance, “[t]hose people whose hay parcels were toward the outside of the
[meadow complex] would cut paths through their parcels creating the access
necessary to those [hay] fields located toward the center” as part of preparation
for large-scale mowing.'*

1049 Sarf, 1974, 138-139.

1050 Sarf, 1974, 138.

1051 Sarf, 1974, 138; see also Hodnik, 2016, 80.

1052 Meilleur, 1986, 271, 274.

1053 Compare Hodnik, 2016, 78-80.

1054 Meilleur, 1986, 271-272, 274.

1055 Grass, 1948, 201; Meilleur, 1986, 271-272; Wopfner, 1997, 362; Kapfer, 2010, 136, 138.
1056 Meilleur, 1986, 273.
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6.1 Mowing

6.1.2.1.1.1 Start of mowing in June

At some climatically more favorable and nutrient richer sites, mowing start-
ed in June. Some medieval paintings and sculptures representing mowing in
June are preserved in France (see Section 4.1.1.3). Medieval representations of
mowing in June correspond with (1) a poem written by Wandalbert of Priim
(now in western Germany) before 848 that mentions many farm tasks and
was inspired by the authors of Classical Antiquity (especially Virgil), and (2)
with Matfre Ermengaud’s encyclopedic treatise on seasons and months written
in Provence (Occitan Provenga) around 1288.'" Rarely, the expression Heu-
monat (literally, ‘hay month’) would designate June in Central Europe in the

21058

Middle Ages and later because the word has usually meant ‘July’.

At lower elevations in the Eastern Alps, mid-June was a relevant start of
mowing. Data from the early nineteenth century, before the abolition of spring
grazing in meadows (Section 6.2), document the start of mowing in mid-June
in some of the most productive meadows mowed twice annually in several val-
leys in the lowest section of the montane vegetation belt in the Julian Alps and
their surroundings, such as in the cadastral municipalities of Bohinjska Bis-
trica, Bohinjska Cesnjica, Srednja Vas, and Studor in Bohinj (at least around
500-600 m)'® and in the Sava Dolinka Valley (SIn. Zgornjesavska dolina) at
Dovje (around 700 m), today in northwestern Slovenia.'*®

An early historical example of mowing in late June is found for common
meadows at Bolzano (Germ. Bozen) in South Tyrol, which was allowed after
June 24th according to a ruling from 1190,'°" corresponding to June 30th in
today’s calendar.'%*

Analysis of similar mowing dates in the traditional community of Botiza
in the Romanian Carpathians (late June in the present calendar) showed that

1957 Golob, 1985, 9, 12, 30, 36-38, 50, 57.

1958 Frithneuhochdeutsches Worterbuch: heumonat. See also Section 6.1.2.1.1.2.

1059 ST AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carnio-

la), L56, cadastral municipality of Bohinjska Bistrica, cadastral appraisal protocols:

Catastral-Schatzungs-Elaborat, Einleitung, § 10; SI AS 176, L107, cadastral munici-

pality of Cesnjica v Bohinju [i.e., Bohinjska Cesnjica], cadastral appraisal protocols:

Catastral-Schatzungs-Elaborat, Einleitung, § 10; SI AS 176, L157, cadastral municipal-

ity of Srednja Vas v Bohinju, cadastral appraisal protocols: Catastral-Schétzungs-Ela-

borat, Einleitung, § 10; ST AS 176, L284, cadastral municipality of Studor, cadastral

appraisal protocols: Catastral-Schatzungs-Elaborat, Einleitung, § 10.

SI AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carniola),

L139, cadastral municipality of Dovje, cadastral appraisal protocols: Catastral-Schét-

zungs-Elaborat, Einleitung, §10 (note the mistake in Kaci¢nik Gabri¢, 2016, 506, who,

erroneously, wrote mid-July instead of mid-June, with a reference to the same source).

1061 Grass, 1948, 168.

1962 The conversion is based on Julian Day and Civil Date Calculator and the calculations by
the astronomer Tomaz Zwitter.

1060
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numerous (but not all) species in meadows mowed in late June re-flowered
after first-crop hay was mowed, and they mostly blossomed for the second
time in August (see Section 4.1.1.1.1)."% Haymaking at times of seed ripening,
such as in late June in the lowest section of the montane vegetation belt in the
Alps, favorably impacts meadow plants, with their main organs carrying out
photosynthesis at various heights, and not only those with many leaves high
on stalks. Namely, the impacts of removal of biomass through mowing at that
time are sufficient to promote rosette plants through much better light condi-
tions close to the turf after mowing.'**

6.1.2.1.1.2 July: the month of haymaking

The word Heumonat has usually designated July. The use of the term Heu-
monat is proven since the Early Middle Ages. It was a frequently used expres-
sion for July in the Middle Ages and the Early Modern Period, but today it is
antiquated. Even Heuet, literally ‘haymaking, was a synonym for July in the
Middle Ages and at least until the sixteenth century, later leaving the space
to Heumonat."* Similarly, mowing is a typical motif of July in late medieval
calendars from environmentally diverse parts of Central Europe from what is
now central Germany to the north.'* Similarly, mowing in July is represented
in a twelfth-century chronicle from the Zwiefalten monastery at the foot of the
Swabian Jura (Germ. Schwibische Alb) in what is now southern Germany.'*’

Evidently, most first-crop hay mowing usually also took place in July in the
Alps, where the elevation and climatic impact of nearby high mountains led
to similarly late and later haymaking dates compared to central Germany, as
mentioned in the previous paragraph. This thesis finds confirmation in mow-
ing as the most typical farm work representing July in a codex of astronomical,
computational, and naturalist texts written in Salzburg about 818'°® that cor-
responds with mowing in July mentioned in two poems written in the same
town in the Alps around 859 but inspired by Virgil in their metaphors.'*®

Despite the possible inspiration from older works during the selection of
the month when mowing is mentioned or represented in some of the sources
dealt with in the two previous paragraphs, it is clear that the month when
mowing was mentioned or represented as one of the most typical activities
did not as a general rule differ from contemporaneous reality in the region

1063 Tohansen et al., 2019, 4-9.

1964 Pils, 1994, 163; Ellenberg & Leuschner, 2010, 1017-1018.

1% Compare Friihneuhochdeutsches Worterbuch: heumonat, heuet; Weinhold, 1869, 27,
43-44, 65-68; Duden Worterbuch: Heumonat; Dietl & Lehmann, 2004, 124.

1066 Golob, 1988, 38; see also Golob, 1985, 12, 37, 51, 56.

1067 Golob, 1985, 27, 51.

1068 Golob, 1985, 32-33, 51; Stih, 2016, 170.

1069 Golob, 1985, 36-37, 51.
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ol Vi
Figure 51: Mowing as typical farm work in July (on the left) in a codex of astronomical,

computational, and naturalist texts written in Salzburg about 818. Wikimedia Commons:
File:Monatsbilder Salzburger Handschrift 818.

P ol

observed by the authors of these pieces. A confirmation is the common use of
the names Heumonat and Heuet to designate the month.

The beginning of July was very typical timing of first-crop haymaking in
meadows in the colline and lower montane vegetation belts of Central Europe,
which were grazed no longer than in early spring (see Section 6.2, especially
Sections 6.2.1.2 and 6.2.2.1) and where a second mowing would follow in late
August or September (Section 6.1.2.3).17° Despite the harsher climate in several
meadows at higher elevations mowed twice annually compared to the average
in colline and lower montane vegetation belts of Central Europe (see Section
6.1.2.3), the first half of July was the last acceptable timing of first-crop haymak-
ing in the meadows in the Alps mowed twice annually (meaning moderately
fertilized; Section 6.3.2). Such timing of first-crop hay mowing allowed adequate
plant regrowth before second-crop haymaking, which could not take place later
than in September because the risk posed by the climate to second-crop hay
harvest later in the autumn would be unacceptable (Sections 4.1.1.3 and 6.1.2.3).
Mowing first-crop hay in mid-July made a second-crop hay harvest in early Sep-
tember uncertain, as experienced at the mountain farms in the northern part
of the Sol¢ava region in the Eastern Karavanks, at around 1,150 to 1,300 m, in
the mid-twentieth century.!”! Indeed, many of the meadows in the Alps mowed
twice annually were mowed for the first time exactly in early July in previous
centuries, as proven by a case study in the following lines, considered repre-
sentative for many microregions of the Alps. Figure 82 in Section 6.3 makes it
clear that moderately fertilized meadows mowed twice annually usually covered
roughly between 15% and 30% of the total meadow area per typical isolated
mountain farm in the Central Karawanks (Germ. Karawanken, Sln. Karavanke)
and the nearby Kamnik-Savinja Alps (SIn. Kamnisko-Savinjske Alpe), located at
around 550 to 1200 m, in the mid-1560s, and about 5% to 20% of the total hay

1070 Wopfner, 1997, 295; Kapfer, 2010, 136, 138.
1071 Meze, 1963, 226, 234.
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per farm in that region was second-crop hay in the mid-1560s (Figure 57 in Sec-
tion 6.1.2.3). In the early nineteenth century, mowing in the same region in the
Central Karawanks and the nearby Kamnik-Savinja Alps started in early July.!”?
Due to the climatic limits on second-crop haymaking in the autumn (Section
6.1.2.3), the beginning of first-crop haymaking no later than early July can be
projected back to the 1560s in the same region, knowing the relevance of sec-
ond-crop hay there, as in many other regions of the Alps.

Mowing in non-fertilized meadows that were cut once a year continued later
in July, especially where spring grazing ended early (around May 1st), but also in
some places where spring grazing ended later. Although mowing would usually
be completed in such meadows by mid-July in colline and lower montane vege-
tation belts in Central Europe,'” the harsher climate and/or later end of spring
grazing often postponed the only mowing in non-fertilized montane meadows
in the Alps to the second half of July or early August (see also Section 6.1.2.1.1.3).
An example is mowing in late July (and early August) in the Talez complex of
montane meadows (about 700 m) on the Jelovica Plateau. That meadow com-
plex had to be mowed before the first Sunday after August 1st, in line with infor-
mation from 1605, so that unfenced grazing could begin there afterward.'””* By
this date, hay was cut and stored, and so mowing had usually taken place some-
what earlier to ensure that it was carried out on time even if the weather was not
optimal. The end of spring grazing in these meadows in May (or between April
30th and June 6th, with regular annual alterations between early, middling, and
late timing of the end of spring grazing) is most likely (see Section 6.2.1.2).

Flowering times and/or the plant habitus of some herbs were exceptionally
well adapted to late mowing, which was usual in the period dealt with in this
section and later (Section 6.1.2.2). European cyclamen (Cyclamen purpuras-
cens), a late flowering species of low habitus, occurring on basic and neutral,

172 AT KLA 75, Franziszeischer Kataster, cadastral municipality no. 76205, Bad Vellach
(Sln. Bela), cadastral appraisal protocols: s.n., 476/4, 48-49, 54-57; AT KLA 75, cadas-
tral municipality no. 76205, Ebriach (Sln. Obirsko), cadastral appraisal protocols: s.n.,
47/4, 48-49, 56-57; AT KLA 75, cadastral municipality no. 76213, Leppen (Sln. Lepe-
na), cadastral appraisal protocols: s.n., 248/4, 48-49, 54-57; AT KLA 75, cadastral mu-
nicipality no. 76218, Remschenig (SIn. Remsenik), cadastral appraisal protocols: s.n.,
371/4, 48-49, 54-57; SI AS 178, Franciscejski kataster za Korosko (Franciscan Land
Cadaster for Carinthia), K312, cadastral municipality of Zgornje Jezersko, cadastral ap-
praisal protocols: s.n., 312/4, 54-57; SI AS 178, K470, cadastral municipality of Spodnje
Jezersko, cadastral appraisal protocols: s.n., 470/4, 48-49, 54-57.

107 Kapfer, 2010, 136.

1074 ST AS 721, Gospostvo Bled (The Seigneury of Bled, Germ. Veldes), lustitialia, book 13,
[August 25th], 1605. According to these records, these meadows had to be mowed
before the feast of the parish church in the town of Radovljica (Germ. Radmannsdorf).
A seventeenth-century encyclopedic topographic description makes it clear that at that
time the summer feast for this parish church, whose patron is Saint Peter, took place on
the first Sunday after “Saint Peter in Chains” (Valvasor, 1689, book VIII, 794), thus on
the first Sunday after August 1st (Grotefend & Ulrich, 1971, 88).
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mesic soils, was able to quickly make use of the fact that it was exposed to more
light in the course of late mowing. By the time its wintergreen leaves from the
previous year decomposed in late May, they had synthesized energy for the
late summer blossoming that took place after the mowing; this energy was
stored in the tuber. Since the abandonment of many montane meadows, ear-
lier mowing dates, and much more intensive fertilization, European cyclamen
usually does not grow in hay meadows anymore; in the past it used to blossom
in meadows only after late mowing, in some cases as soon as three days after
hay was cut in July or August.'” Unlike European cyclamen, which blossoms
only once annually, some other herbs are adapted to late mowing in the man-
ner that their habitus in the dense grassland before mowing was much weaker
than the more vigorous herb and blossoms that developed in much lighter
conditions after first mowing. This is the case of some eyebright (Euphrasia),
cow-wheat (Melampyrum), yellow-rattle (Rhinanthus), red bartsia (Odontites),
and gentian (Gentianella) species.'’®

6.1.2.1.1.3 August: the last typical month of the only hay harvest of the year

One single annual mowing taking place in August was typical of non-fertilized
meadows in Central Europe that were regularly grazed until mid-May or lat-
er; thus, where spring grazing ended late (see Sections 6.2.1.2 and 6.2.2.2)."”
For instance, in meadows at Wieting in Carinthia west of Saualpe, located at
700 m, spring grazing lasted until May 25th, as reported in 1471 (correspond-
ing to June 2nd in today’s calendar), and the single mowing was not allowed to
take place earlier than August 10th (corresponding to August 18th in today’s
calendar).'?”® This means that around eleven weeks passed between the end of
spring grazing and mowing, which is quite typical for Central Europe, where
this interval lasted for nine weeks in eutrophic meadows and thirteen weeks in
oligotrophic meadows in many cases.'’””

In another example, a meadow on a north-facing slope of Mount Vogel
above Holy Spirit Church at Lake Bohinj (SIn. Bohinjsko jezero), at an eleva-
tion of about 750 m, was mowed in July 1673, allegedly illegally,'®® and so the

197 Bavcon, Ravnjak, & Praprotnik, 2019, 77; Aeschimann et al., 2004, vol. 1, 660-661.

1976 Bavcon, Ravnjak, & Praprotnik, 2019, 77; Peterken, 2013, 227.

1077 Kapfer, 2010, 136, 138.

1% Dinklage, 1966a, 82, 84; the conversion is based on Julian Day and Civil Date Calculator
and the calculations by the astronomer Tomaz Zwitter.

1079 Tani$ova et al., 2023, 9, 11.

1080 ST AS 721, Gospostvo Bled (The Seigneury of Bled), fasc. 33, Iustitialia, Lawsuit be-
tween the communities with centers in Savica and in Studor over grazing rights in
Ukanc 1673/74: Edl Gestrenger sonders fr[eundlicher| lieber Herr, January 16th, 1674.
Due to the absence of toponyms in this area on nineteenth-century cadastral maps as
well as on most detailed recent maps, localization of this former westernmost meadow
in that meadow complex is based on interviews (1) with a local born in the 1930s at
the closest farm located next to Holy Spirit Church, and (2) with an owner of a nearby
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legal mowing surely would not have taken place earlier. Spring grazing in that
meadow complex ended on May 24th or 25th,'*®! and so usual mowing in Au-
gust (the thirteen weeks usual in oligotrophic meadows would bring us to the
second half of August) is most plausible.

Returning to the transition from July to August, mowing in the Jezerca
montane meadow complex northeast of Javorniski Rovt in the Western Kara-
vanks, at an elevation between about 930 and 1,260 m, is instructive because
it illustrates the significantly later mowing dates than usual in Central Europe
after an early end of spring grazing in non-fertilized meadows mowed once
annually. The most likely reason is the harsher climate at these elevations, on
slopes of high mountains. At Jezerca, the first grassland use in farming was
grazing until May Ist (see Section 6.2.2.3). Mowing in (late July and) early
August followed (as compared to the mowing in the first half of July in many
meadows in Central Europe grazed until around May 1st'*?). Namely, before
the abolition of spring grazing in meadows, mowing at Jezerca began either
on July 25th or in early August,'”® meaning that mowing was definitely oc-

meadow born in the 1940s. The cited archival record gives the toponym Nauisnam
Werdo, pronounced *Na Visnam brdo, (i.e., Na Visnjem brdu) in the Gorenjska dialect
(meaning ‘on the higher / highest [grassland] lower hill’ (see the general explanation
of the archaic adjective visnji in Snoj, 2009, 459-460), in this case (one of) the former
highest meadow(s) behind Holy Spirit Church, on the slope below the forest on a steep-
er slope (Arcanum Maps, Cadastral Maps, Habsburg Empire — Cadastral Maps (XIX.
[sic] Century), cadastral municipality of Savica (Germ. Saviz), 1826; Environmental
Atlas of Slovenia, Spatial Units, Land Cadastre & Backgrounds, Topografic [!] maps);
another potential explanation, that the toponym evolved from Sln. visnja ‘sour cherry’
(Prunus cerasus; compare Sekli, 2024), is unlikely because sour cherry does not grow
there wild and no farmer would plant a heliophilous fruit tree that is rarely grown in the
Slovenian Alps (compare Brus, 2012, 208) in a remote meadow on a northern slope at
an elevation of c. 750 m, under the influence of the yet harsher climate of over 1,600 m
high Mt. Vogel and of mountains in the central Julian Alps in general). The interview-
ees recalled the toponym Visnovc (author’s interviews with Setina, 2018, in Srednja Vas
in Bohinj, and with Kunavec, 2019, in Stara Fuzina), which linguistically evolved from
the same lexical root and is located in the same meadow complex, and so *Na Visnam
brdo and Visnovc designate the same meadow or two meadows located very close to
each other. Gratitude is expressed to the Slavicists Rok Dovjak and Matej Sekli for their
linguistic advice.

1981 Novak, 1955, 270.

1082 Kapfer, 2010, 136.

198 Mowing started on July 25th at least in some mid-elevation montane meadows owned
by farmers from Koroska Bela and Javorniski Rovt according to data from around 1870
(SI AS 48, Dezelna komisija za odkup in uravnavo zemljiskih bremen za Kranjsko [Pro-
vincial Commission for Redemption and Regulation of Profits a Prendre in Carnio-
la], fasc. 56, 9-5: Tagebuch tiber den Verhandlungsact in Sachen der von der Gemeinde
Bach angemeldeten Ablosung oder Reguli[![rung des Weiderechtes an der Alpe Beusca der
Berechtigten von HraSach, Studenci¢, Rann, Velben et Hlebic: Protokoll, December 16th,
1871, 4, and Protokoll, December 27th, 1871, 3). Data from 1870 refer to the times after
the abolition of spring grazing at Jezerca that might have led to an earlier start of mow-
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curring in several meadows at Jezerca in early August or at the transition from
July to August. A confirmation is provided by the dates when autumn grazing
(making use of the biomass regrown after the mowing) started in these mead-
ows: autumn grazing there was allowed to start in the third quarter of August
according to data from about 1780, from the 1820s, and from 1861, before
the abolition of spring grazing there (see Section 6.2.2.3).%* This means that
mowing at Jezerca was evidently completed by mid-August or earlier. The start
of mowing in the highest meadow complex in the region, located higher than
Jezerca, on Golica, around August 10th (see below) suggests that hay at Jezerca
had been stored by that time. An example from the Jezerca meadow complex
recorded in 1609 due to its exceptionality proves that the beginning of autumn
grazing in the third quarter of August (and therefore also the start of mowing
in late July or early August'*®) probably had a very long tradition there. Name-
ly, one of the meadows at Jezerca was still not mowed on August 20th, 1609,
but the records make it clear that this was an atypically late mowing caused by
an exceptional situation: the possession of that meadow was disputed at that

ing (Section 6.1.2.2), and so mowing must have previously started either on July 25th
or in early August; see Sections 6.1.2.2 and 6.2.2.3 (SI AS 48, fasc. 56, 9-4: no. 3309 de
1861).

Autumn grazing in meadows at Jezerca was allowed to start on the day after the feast
of the church in Koroska Bela according to data from about 1780 and from the 1820s
(SI AS 170, Soseska Koroska Bela [The Agrarian Community of Koroska Bela], box 2:
unit 4, Lawsuit between the community of Koroska Bela as plaintift and Blaz Justin as
defendant, 1781; SI AS 170, box 2: unit 7, Lawsuit[s] between the community of Koros-
ka Bela as plaintiff and the community of Javorni[$]k[i Rovt] as defendant, 1720-1828:
1826-1827). Late seventeenth-century information reveals that this feast was celebrat-
ed on the Sunday before Saint Bartholomew’s Day (Valvasor, 1689, book VIII, 720);
i.e, on the Sunday before August 24th (Grotefend & Ulrich, 1971, 37). Similarly, the
sources from 1826-1827 and 1861 claim that autumn grazing in meadows at Jezerca
was allowed to start on the first Monday after August 15th (SI AS 170, box 2: unit 7,
Lawsuit[s] between the community of Koroska Bela as plaintiff and the community of
Javorni[$]k[i Rovt] as defendant, 1720-1828: 1826-1827; SI AS 48, Dezelna komisi-
ja za odkup in uravnavo zemljiskih bremen za Kranjsko [Provincial Commission for
Redemption and Regulation of Profits a Prendre in Carniola], fasc. 56, 9-4: no. 760,
Protocoll, June 28th, 1861, and the list of parcels belonging to Jezerca); in 1826 and
1827, when the contents of this record were produced, or in 1860 relevant for the record
written in 1861, the day following Sunday before August 24th corresponded to the first
Monday after August 15th (Grotefend & Ulrich, 1971, 153, 179, 193). Localization is
based on comparison of the toponym in the records quoted above with the toponym on
the early nineteenth-century cadastral maps (SI AS 176, Franciscejski kataster za Kranj-
sko [Franciscan Land Cadaster for Carniola], L90, cadastral municipality of Javornik,
map sheets A02 and A03; SI AS 176, L102, cadastral municipality of Koroska Bela, map
sheets A02, A03, A05, and A06), with georeferenced cadastral parcel shapes, and with
an elevation map (Environmental Atlas of Slovenia, Spatial units, Cadastral areas, &
Land Cadastre; Environmental Atlas of Slovenia, Backgrounds, DEM [Digital elevation
model]; see also the map Ledinska imena v obcini Jesenice, 2015).

195 Two weeks after first mowing, the meadow can be considered suitable for grazing (Ba-

bai, Molnar, & Molnar, 2014, 112).
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time. In this case, the comment by the court was relevant that, if mowing could
not wait any longer (suggesting that it was an urgent case), the hay should be
mowed by impartial people, and this was stated even though the parties were
expected to be present at the court again as early as seven days later, on August
27th, when the lawsuit was scheduled to continue.'®¢ Thus, typically, mowing
there would have taken place earlier. This means that pieces of information
from 1609, from about 1780, and from 1826-1827 and 1861 all suggest usual
mowing in montane meadows in this microregion in (late July and) the first
half of August. In this case, the interval between the end of spring grazing and
mowing corresponded with or was only slightly longer than that typical of
many oligotropic meadows mowed once annually in Central Europe, where
this interval often lasted for thirteen weeks.'®®” The climate at Jezerca, located
on the slopes of high mountains, is harsher than average in meadows in Cen-
tral Europe, and so a possibly slightly longer interval between the end of graz-
ing and mowing is understandable. The next paragraph explains that this was
not the latest mowing timing in that region, and that later mowing also took
place at several other places in the Alps.

Meadows at the top of the Golica Ridge (1,500-1,800 m'*), located above
Jezerca in the Karavanks, were usually mowed around August 10th (with a
most likely possibility of postponement if needed'®) in the mid-nineteenth
century; that is, at times of historical spring grazing, which lasted there until
May 25th, and so it ended late (see Section 6.2.1.2 and 6.2.2.2)."%° The quality
of such hay was high (see Sections 6.1.2.2, 6.2.2.2, and 6.3.1.2). Similarly, many
meadows in the large Siusi Alp (Ital. Alpe di Siusi, Germ. Seiser Alm, roughly

108 ST AS 721, Gospostvo Bled (The Seigneury of Bled), Iustitialia, vol. 13, [August 20th]
1609, [August 27th] 1609.
1087 TaniSova et al., 2023, 11.
1088 T ocalization of these meadows is explained in Section 6.2.2.3.
108" Although it was usual to mow there around August 10th (SI AS 48, Dezelna komisija
za odkup in uravnavo zemlji$kih bremen za Kranjsko [Provincial Commission for Re-
demption and Regulation of Profits @ Prendre in Carniola], fasc. 56, 9-2: Protokoll, June
1st, 1859), the first mowing could most likely easily have taken place by September 8th,
when autumn grazing in these meadows started. According to a regulation from 1861
(i.e., the times of abolition of spring grazing there), mowing after September 8th was
still allowed, but in this case it was the task of the meadow owner to prevent the live-
stock from grazing in that meadow (SI AS 48, fasc. 56, 9-2: Protocoll, December 21st,
1861). September 8th, the feast of the Nativity of Mary, is one of the usual historical
dates introducing autumn grazing in high montane meadows in the broader region, as
clearly documented in records from previous centuries. The same role of this holy day
was in use, for example, in the meadows close to Gorjuse (somewhat above 1,000 m) in
line with information from 1635 (Novak, 1975, 5-6). Consequently, it is highly likely
that the start of autumn grazing on Golica after September 8th was a custom several
centuries old.
SI AS 48, Dezelna komisija za odkup in uravnavo zemljiskih bremen za Kranjsko (Pro-
vincial Commission for Redemption and Regulation of Profits a Prendre in Carniola),
fasc. 56, 9-2: Protokoll, June 1st, 1859.
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more than 1,800 my; i.e., slightly higher than the example of Golica) in South
Tyrol were mowed from August 10th onward prior to the sixteenth-century
calendar reform (locals moved this date to August 21st after the calendar re-
form), roughly two to two and a half months after the end of the spring grazing
season in these meadows (two and two-thirds months with the changed spring
grazing regime after the calendar reform; see Section 6.2.1.2). Thus, the dura-
tion of the period of grassland plant growth between the end of spring grazing
and mowing was comparable at Golica and the Siusi Alp. Another example of
late mowing from South Tyrol, at higher elevations than Golica: a ruling from
1588 allowed the beginning of mowing in the common meadows at Vallelun-
ga (Germ. Langtaufers) from August 18th onward. Mowing in a complex of
montane meadows above Trins in Tyrol was allowed to take place from August
11th to August 23rd according to information from 1765. At Silz in Tyrol, the
meadows in the mountains had to be mowed by or in early September accord-
ing to a ruling from 1616."%!

6.1.2.1.1.4 September: the only mowing in the very last meadows

A few cases of possible mowing in September were mentioned in the previous
paragraph, and September was the regular month of the only annual haymak-
ing in some cases.

In parts of the Villandro Alp (Ital. Alpe di Villandro, Germ. Villanderer
Alm) in South Tyrol, grazing in meadows lasted until July 25th (corresponding
to August 4th in today’s calendar). Consequently, mowing in the Villandro
Alp was only allowed to take place after a date most probably corresponding
to September 8th according to a ruling from mid-sixteenth century— corre-
sponding to September 17th in today’s calendar.'*? This was an extreme exam-
ple, emphasizing that in the period dealt with throughout Section 6.1.2.1 the
mowing date alone tells nothing about the quality of the hay in a usual year,
unless the end of grazing (usually in spring) is known; plants grazed until July
25th were not overly ripe by September, but lower temperatures and more pre-
cipitation made successful drying less certain (compare Section 6.1.2.3).

So far, the cases presented of mowing in September referred to meadows at
(relatively) high elevations. The last example deals with late mowing in the low-
er montane belt. This is no exception in the wider Central European context,
where poorly productive meadows at nutrient-poor sites mowed only in Sep-
tember (spring grazing lasted there until deeply in May) were nothing unusual,
when the weather in the summer was unfavorable for haymaking in particular.
Such late haymaking, preceded by spring grazing lasting no later than May,

191 Grass, 1948, 167, 169, 172, 192, 196-198, 200, 208; Wopfner, 1997, 316-317.

1092 Grass, 1948, 84, 162, 200-201, 207; Hinterwaldner, 2002, 104, 120-121, 172-174, 186.
The conversions are based on Julian Day and Civil Date Calculator and the calculations
by the astronomer Tomaz Zwitter.
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produced low-quality fodder.!"® In Ukanc in western Bohinj (roughly 550-
600 m), plaintiffs claimed that large quantities of first-crop and second-crop
hay—partly mowed, but partly still standing—were consumed by the defend-
ants’ cows in September 1697, and so part of the hay was highly likely mowed
there only in September.'®* Whether first- or second-crop hay was consumed
was not a matter of the dispute, and so this information is likely reliable.'**
Later data make it clear that very late mowing regularly took place in some
meadows in the lower montane vegetation belt if the hay quality was poor, and
so the meadows delivering better hay were given priority (see Section 6.1.2.2).
In addition, focusing on the Ukanc case in 1697, such late mowing might have
been influenced by cold and wet weather and climate because this belonged to
one of the most prominent peaks of the Little Ice Age (see Sections 4.1.1.2 and
4.1.1.3).1% Consequently, unfavorable weather during regular mowing and
reaping time might have postponed the mowing.

6.1.2.1.1.5 More flexible mowing dates

Although the data presented in Sections 6.1.2.1.1.1 to 6.1.2.1.1.4 allowed
some limited flexibility in mowing timing, the rules presented were more than
merely orientations. More flexible mowing dates, allowing the community to
pay more attention to the grassland plant development, are also known, even
though the peak of farmwork in high summer, the amount of time that had to
be invested in mowing, and further factors with an impact on mowing timing
(Section 6.1.2.1.2) in reality posed limits on flexibility.'**”

Medieval and early modern examples of relatively flexible mowing dates are
Parcines (Germ. Partschins) in South Tyrol, where the beginning of haymak-
ing was publicly announced every year, as documented in 1431, and Pfunds
in the Inn Valley, Tyrol, where the date of mowing in a common meadow was
proclaimed every year according to a ruling from 1615.° They have paral-
lels elsewhere in the Alps: in the Allues Valley, “the date each [meadow com-
plex] was opened to haying and the number of days allotted to mowing at each
[meadow complex] were prescribed by common accord of the property own-
ers involved” “after evaluating the actual state of the vegetation.” This is how
the system rooted in older history functioned before the First World War."®

109 Kapfer, 2010, 136.

1994 ST AS 721, Gospostvo Bled (The Seigneury of Bled), fasc. 33, Iustitialia, Lawsuit be-
tween the communities with their centers in Studor and in Savica over grazing rights in
Ukanc 1697-1717: May 21st, 1699.

195 On this explanatory approach, see Fuchs & Schulze, 2002, 9.

10% Zwitter, 2015d, 169.

197 Compare Meilleur, 1986, 270-272, 276.

10% ‘Wopfner, 1997, 362.

1999 Grass, 1948, 169.

10 Meilleur, 1986, 271.
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Indicators such as blossoming or seeding of some plant species were often ob-
served by farmers in Europe to determine the start of mowing.'"" Caraway
(Carum carvi; see also Section 8.2.1.2) is an example of a species that used to
be observed to determine mowing dates in moderately fertilized meadows in
some places in Central Europe; when its seeds started ripening, it was the time
for mowing, as reported in the mid-nineteenth century."'® In Slovenia, this
indicator was recently documented among traditional farmers in the east of
the pre-Alpine hills, in the Kum microregion, providing the explanation that
ripe caraway seeds are even more obvious than ripe seeds of most meadow
plants because ripe caraway seeds have a distinctive odor."'”® Another species
widely observed for this purpose was yellow rattle (Rhinanthus spp., an un-
desired plant in hay; see Section 4.1.1.1), which occurred in so many mead-
ows that farmers in several regions used it as an orientation for the onset of
mowing. They started mowing when yellow rattle seeds were ripe, as reported
in the mid-eighteenth century by Johann Christian Daniel von Schreber,''** a
botanist living in what is now northeastern Germany, with a broad network
of international scientific correspondents in Central, Western, Northern, and
Eastern Europe.'' The same indicator for the start of mowing was widely used
in Europe. It was historically reported in Sweden''* and it is still followed by
some traditional farmers in the Carpathians: when the yellow rattle seeds fully
ripen and begin to sound when one walks through the grassland, the hay is
ready to be mowed. By that time, “the seeds of the flowers or the grass have
fallen . . . [onto] the ground and sown themselves™"'”” As long as farmers reg-
ularly waited to start mowing until yellow rattle seeds ripened, this indicator
enabled them to maintain a fairly constant mowing timing, mainly dependent
on the impact of the weather and climate on plant development. Namely, yel-
low rattle is able to adapt its flowering time to the usual local mowing timing
in June or later to a certain degree;''® nonetheless, farmers attention to the
constant phenophase of yellow rattle seeds ripening means that the genus had
adapted to the locally usual mowing timing long ago. Mowing at times of ripe
yellow rattle seeds is nowadays perceived a bit too late by many rather tradi-
tional farmers."” In some regions of the Alps, slightly earlier mowing is not a
novelty concerning the few most productive meadows that were mowed first
(see Section 6.1.2.1.1.1).1110

101 Sumrada et al., 2021, 8.

102 “Kosnja,” 1864, 199.

1% Debeljak et al., 2020.

1% Kauter, 2002, 127.

1% Beyer-Thoma, 2007.

1196 Tyascu, Ollerer, & Rékosy, 2016, 48-49.

197 Tuga, 2016, 72 (quote); compare Ivascu, Ollerer, & Rékosy, 2016, 45, 49.
1108 Compare Jonstrup, Hedrén, & Andersson, 2016.

119 Tyagcu, Ollerer, & Rékosy, 2016, 45, 49.

110 See also the example of the Allues Valley in Meilleur, 1986, 270-271.
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In some other cases, mowing dates could be determined individually, such
as at sites where wild hay was mowed in remote commons above St. Anton am
Arlberg and St. Jakob am Arlberg according to a ruling from 1802. Mowing
rights in these commons were allocated to individuals every year in July, and
after 1804 in mid-June. Farmers were then allowed to schedule their mowing
according to their preferences. It is important to emphasize that these mead-
ows were too dangerous to serve as pastures,''!’ and so mowing dates did not
have to be adjusted to collective spring and autumn grazing. Meadow manage-
ment was also (more) individual in the case of those isolated farms where all
meadows were located in the area of a compact holding of a farm, so that there
were no (or hardly any) adjacent meadow parcels belonging to different farms.

The examples of mowing timing presented involved cases of very late mow-
ing. First mowing in August in the lower montane belt, or in September at any
elevation, unless preceded by extremely long spring grazing, leads to the con-
clusion that in past centuries mowing dates were not solely defined by plant
development after spring grazing and appropriate weather for mowing and
drying, as explained in the next section. The factors impacting mowing dates
presented in Section 6.1.2.1.2 are reflected in the rules and customs mentioned
above, defining the earliest allowed mowing date and at least roughly the date
by which haymaking had to be completed, so that common autumn grazing in
meadows could start.

6.1.2.1.2 Main factors impacting mowing dates

Historical late mowing dates were the result of the nexus between meadow
management, plant ecology, farm workload, adaptations to weather, and cul-
tural history.

Concerning plant ecology, the most productive grasses of moderately ferti-
lized and non-fertilized meadows (see Section 6.3) can abound in such mead-
ows and their populations are fairly stable only if they are cut no earlier than
their first seeds are ripe. Namely, the grasses of non-fertilized and moderately
manured meadows that are most relevant for livestock farming strongly de-
pend on generative propagation (see Sections 6.3 and 6.5). The removal of nu-
trients from meadows with hay was also slower in the case of later mowing,
which mattered in the long run in times of prevalent non-fertilized meadows
(Section 6.3.1). Thus, farmers cared about the long-term preservation of pro-
ductive grasslands by choosing mowing dates that were late enough to allow
seed dispersal.'''> Many seeds regularly fell off when the hay was shaken off
and raked, so that hay making itself was a significant part of the seed disper-
sal process for meadow species. A great deal of mowing took place roughly

U Grass, 1948, 176.
1112 Diet]l & Lehmann, 2004, 20, 24, 66, 83, 106, 118, 124-125; Peterken, 2013, 122.
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at the time when many seeds had just ripened or later. The quality of such
ripe hay was not optimal, and the nutritive value and digestibility of the hay
and the crude protein content in it were lower than when the plant biomass
in the meadow had just reached its highest quantities,'"* but the hay quality
was acceptable because it was impossible to preserve the high level of meadow
productivity in the long run in the case of early mowing.""** The decline in
hay quality in species-rich permanent meadows during the phenophases of
flowering, seed set, and seed ripening of productive grasses is not as severe as
in intensively fertilized, sown grassy plains.''”> Any further postponement of
mowing dates later than those simply allowing seed dispersal caused further
significant decline in hay quality.'''¢

Focusing on the farm workload, mowing with a scythe is highly time con-
suming, and so first-crop haymaking at a typical farm often lasted for a few
weeks, even where smallholdings prevailed, and longer at larger farms, unless
very many haymakers were hired."""” The details of the labor intensity depend-
ed on the meadow environment (Sections 6.1.1.2 and 6.3.1), the state of scythes
(Section 6.1.1.1), the mowing technique (Section 6.1.1.2), and the skillfulness
of the haymaker (Section 6.3.1.2). Additional time was needed when rain posed
challenges, and so the hay had to be cocked, spread, and turned several times
(Section 4.1.1.3). Northerly slopes also often took more time due to longer
hay drying."""® On some farms, mowing in the largest meadow already took a
whole week (i.e., five to six working days; see Section 4.1.1.4) or longer even in
the case of favorable weather, four people mowing, and additional workforce
with rakes and hayforks.""" This means that, at many farms, mowing in some
meadows when seeds were ripe was prevented by mowing going on elsewhere
at the same time, and so some meadows had to be mowed later.""* In addition,
mowing timing also had to allow the rest of the main agricultural work in the
summer, such as reaping autumn-sown cereals, subsequent ploughing, and
sowing stubble crops,'*! which all delayed mowing in some meadows.

113 Sadar, 1956, 102, 145; Pfister, 1985a, 41; Peterken, 2013, 20; Verbi¢ & Verbi¢, 2014~
2020, 21-22.

14 Dietl & Lehmann, 2004, 20, 24, 66, 83, 106, 118, 124-125.

115 Verbi¢ & Verbic, 2014-2020, 22.

116 Pfister, 1985a, 41-42.

17 Makarovi¢, 1978, 141; Hodnik, 2016, 76-80; Meilleur, 1986, 272; Oppermann & Parac-
chini, 2012, 19; Hessenberger, 2022, 154, 166; Novak, 2024, 23.

18 Wopfner, 1997, 334.

19 Sarf, 1974, 143; Hodnik, 2016, 79-80; Novak, 2024, 23.

1120 Author’s interviews with Kunavec, 2017, in Stara FuZina, and with E Mlakar, 2017, in
Bohinjska Cesnjica.

121 Examples from different regions in the Alps: Grass, 1948, 168, 177; Sarf, 1974, 138;
Meilleur, 1986, 122, 272; Hodnik, 2016, 79-81 (see also older data in SI AS 176, Fran-
ciscejski kataster za Kranjsko [Franciscan Land Cadaster for Carniola], L284, cadastral
municipality of Studor, cadastral appraisal protocols: s.n., 284/4, 11, 35). Compare Pe-
terken, 2013, 122-123.
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Concerning the impacts of meadow management on mowing dates, fer-
tilization (Section 6.3) and irrigation (Section 6.4) fostered earlier ripening
and mowing, whereas spring grazing in meadows delayed it until its regionally
diversely timed abolition between the late eighteenth and mid-nineteenth cen-
tury (Section 6.2). As a general rule, the earlier spring grazing ended, the soon-
er the meadow plants regrew and fruited; the later spring grazing lasted, the
more the mowing had to be postponed (see Sections 6.1.2.1, 6.1.2.2, 6.2.1.2,
and 6.2.2)."?* Further site conditions mattered as well. Humid, relatively nutri-
ent-rich (manured) meadow parcels, where spring grazing was practiced only
for a short time early in spring or not practiced at all, were usually mowed
first because the growth of most grassland plants there started earlier and was
relatively quick. Moreover, the quality of hay was high, and so it was worth
storing the good hay in time, before its quality declined (see Section 6.1.2.2).
In contrast, at nutrient-poor, non-fertilized sites, the seeds of grasses ripened
significantly later than at moderately fertilized sites at similar elevations, and
grassland plants ripened even later at non-fertilized meadows at significantly
higher elevations.!* In addition, less productive sites were often grazed later
in spring than more productive ones (Section 6.2.1.2 and 6.2.2.2)—another
reason for very late mowing.

Mowing timing tried to avoid rainy weather (see, e.g., the weather forecast-
ing methods presented in the introduction to Section 8 and in Section 8.2.3),
and so longer intervals of precipitation during the usual mowing season (see
Sections 4.1.1.2 and 4.1.1.3 for historical clusters of such rainy summers) led
to delayed mowing, causing lower nutritive value of hay, and worse hay taste
and aroma.''**

Moreover, cultural history mattered. The prohibition of most work on Sun-
days and other holy days had a relevant impact on mowing timing because the
mowing season involved several days when this task was considered indecent.
This was particularly relevant from the Late Middle Ages until the mid-sev-
enteenth century, when in many places on average a bit more than two days
per week were free of most seasonal agricultural work, such as mowing (see
Section 4.1.1.4). A scythe or mowing is represented in many Sunday Christ
paintings (Figure 52)—depictions of “tasks people should not carry out on
Sundays [and other holy days] lest they be devoured by the abyss of hell at the
end of their lives”!* (see the context in Section 4.1.1.4). In the Alps and their
broader surroundings, a scythe or mowing appear in many Sunday Christ
paintings from the fourteenth to mid-sixteenth century, such as the following

1122 Kapfer, 2010, 136-140; Peterken, 2013, 122; Grass, 1948, 162-163, 167, 192; Babai,
Molnar, & Molnar, 2014, 103, 109.

1123 Dijet] & Lehmann, 2004, 124-125.

1124 Pfister, 1985a, 41, 47, 91; Kuret, 1989, 439.

1125 Horvat, 1995, 150.
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Figure 52: Mowing and scythe peening (in the upper right part of the picture) on a Sunday
Christ painting at Ortisei, Alto Adige (Germ. Sankt Ulrich, South Tyrol, around 1452-
1460). Blood spurts from Christ’s body; the work represented, such as haymaking, causes
him to bleed anew, and haymakers are joined by devils. Like many Sunday Christ paintings
(see Section 4.1.1.4), this one was plastered over later. In the second half of the eighteenth
century, part of the figure of Christ and many tools were covered by a station of the Cross,
seen on the left.!'** Photo: Matej Zwitter, July 2024.

126 Hiller, 2020, 82, 86, 90, 96-97 (plastering in this case: Wildhaber, 1956, 16, and Table 6,
Figure 19); see also Section 4.1.1.4 in this volume.
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ones presented in geographical order: at St. Mary’s Church at Biella in Pied-
mont (painted 1460-1471);''” at the church at Reutigen south of Bern (early
fifteenth century);''?® at the church of Ormalingen near Basel, drawn in the sec-
ond half of the fourteenth century;'** at St. John the Baptist pilgrimage church
at Frauenfeld-Kurzdorf northeast of Ziirich (possibly first half of the fifteenth
century);'"*" at the popular late-medieval pilgrimage parish church at Eriskirch
at Lake Constance (possibly depicted about 1400);'"*! at the church at Wal-
tensburg-Vuorz in Graubiinden (Ital. Grigioni; Romansh Grishun; probably
mid-fifteenth century);''** at St. Andrew’s Church at Tarces (Germ. Tartsch) in
Trentino-Alto Adige (South Tyrol; painted in the early sixteenth century);!'*
at St. Roccos Church at Tesero (Trentino-Alto Adige, 1557);!"** at St. Philip
and James’s Church at Campitello di Fassa (Ladin Ciampedél; Trentino-Alto
Adige, drawn about 1455-1460);"* at St. James’s Church at Ortisei, Val Gar-
dena in Trentino-Alto Adige (Germ. Sankt Ulrich in Grdden, drawn about
1452-1460—in the hamlet of San Giacomo, Germ. St. Jakob; Figure 52);'* at
St. Ursula’s Church at Valgiovo, Trentino-Alto Adige (Germ. Jaufental, painted
around 1400);'"7 at St. Mark’s Church at Mauthen in the Gail Valley (Germ.
Gailtal, Sln. Zilja), Carinthia (possibly early sixteenth century);!'*® at Saak (SIn.
Cace) in the same valley (1462);'"* at the parish church of Mary’s Assumption
at Maria Rojach, Lavanttal, Carinthia (fifteenth century);'** and at St. Eliza-
beth’s Church at Podreber near Polhov Gradec, in the pre-Alps southeast of the
Julian Alps (drawn around 1520-1530)."**! Thus, avoiding mowing on Sundays
and other holy days was a widespread phenomenon (compare the presentation
of the history of storing hay on Sundays in Section 4.1.1.4), which is also di-
rectly proven.''*

1127 Hiller, 2020, 86, 92.

1128 Wildhaber, 1956, 10-11, and Table 2, Figure 10.

12 ‘Wildhaber, 1956, 9-10, and Table 2, Figure 9.

1130 Wildhaber, 1956, 8-9, and Table 2, Figure 8.

1131 Wildhaber, 1956, 7-8, and Table 1, Figure 6.

1132 Wildhaber, 1956, 11-12, and Table 4, Figure 12.

132 ‘Wildhaber, 1956, 15, and Table 6, Figure 18.

1134 Wildhaber, 1956, 16-17, and Table 7, Figure 21.

1133 Wildhaber, 1956, 16, and Table 6, Figure 20; Hiller, 2020, 86, 91.

1136 Moser, 1974, 14-15; Hiller, 2020, 90.

1137 Wildhaber, 1956, 15; reproduction at Realonline: 002351: Feiertagschristus/Christ with
craftsman’s tools.

1138 ‘Wildhaber, 1956, 17, and Table 7, Figure 22.

1139 Moser, 1990, 343, 346, and Figure 6.

140 Wildhaber, 1956, 17-18, and Table 7, Figure 23.

1141 Horvat, 1995, 150; Hofler, 2001, 155-156; a publication of the haymaker in that Sunday
Christ painting that has deteriorated in the meantime: Grafenauer, 1970c, Figure sheet
XXVI between pp. 240 and 241: Figure 2.

142 E g, Makarovi¢, 1982, 428-429; Meilleur, 1986, 272; see also a study in the Romanian
Carpathians: Tuga, 2016, 67-72, 77-83.
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6.1 Mowing

In addition, phases of the Moon were taken into account for setting mowing
dates, if possible, in several parts of the Alps at least, according to information
documented later but surely rooted deeper in history. According to testimo-
nies from East Tyrol, some farmers in the mid-twentieth century considered
the hay cut during a waning Moon significantly tastier to livestock than hay
cut during a waxing Moon. However, at least some farmers interviewed in East
Tyrol considered hay cut during a waxing Moon to be significantly tastier."'*’
Either this confusion is a reflection of diversity in historical thought, or not
all interviewees remembered well which phase of the Moon was considered
better. In general, a waxing Moon and the Full Moon in particular were his-
torically considered better for work related to any kind of growth, whereas the
waning Moon was considered suitable for tasks that have something to do with
decrease and dieback."** This might have allowed some diversity in interpre-
tation; for example, that during the waxing Moon and Full Moon grassland
plants would grow and juices would increase in them, and so it was optimal to
wait and cut the hay soon thereafter, during the following waning Moon; or,
that during a waxing Moon, plants would grow and the livestock consuming
them would grow more quickly or provide more milk, and the like. Mowing
during a waning Moon was probably more widespread in the Alps because it
has parallels in other regions, such as in Carinthia and in Bohinj. A waning
Moon was considered particularly important if hay in non-fertilized meadows
at nutrient-poor, acidic, mesic sites with a significant percentage of bilberry
(Vaccinium myrtillus) and cowberry (Vaccinium vitis-idaea) dwarf shrubs was
cut; cattle liked to eat these shrubs if they were cut during a waning Moon, ac-
cording to testimony from Carinthia.''* In species-rich grasslands in Bohinj,
this was evidently not (or perhaps no longer) a practice in the first half of the
twentieth century, but at that time farmers (still) paid attention to the Moon
there when the date for mowing clover was determined: unless cut during a
waning Moon, clover was considered to cause such severe drooling in horses
that saliva would dribble from their muzzles.'*¢ Testimonies from East Tyrol
in the mid-twentieth century explain that, due to the long duration of mowing
entirely by hand and dependence on suitable weather for hay drying, farmers
tried to partly adjust mowing timing to the phases of the Moon, but they did
not mow only during the phase of the Moon (mainly a waning Moon) that
they considered more suitable."'*” Another shorter phase of the Moon with
an influence on mowing timing in some parts of the Alps was the New Moon.
Data from the Trenta Valley (the Upper Soca catchment in the Julian Alps)

1143 Vogl-Lukasser et al., 2006, 69, 79, 88, 227.

1144 Makarovi¢, 1995, 280.

1145 Keller, 2004, 15, 36, 65, 87, and the biologist Erika Pirker-Keller, personal communica-
tion; Aeschimann et al., 2004, vol. 1, 624-627.

1146 Author’s interview with Gasperin, 2017, in Stara Fuzina.

147 Vogl-Lukasser et al., 2006, 69, 79, 88, 227.
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6 Selected historical practices of species-rich grassland management

reveal that the New Moon was considered inappropriate for mowing: farmers
believed that cows did not like to eat such hay and that they would not gestate
if they did eat it. In the opinion of farmers from the Trenta Valley, the time
suitable for mowing started again three days after the New Moon.""*® Because
the duration of this phase of the Moon considered unsuitable for mowing was
much shorter than in the aforementioned case of the waning Moon, avoiding
the New Moon seems to have been stricter where this rule was considered
relevant.''*

Moreover, extremely late dates of first mowing in some grasslands (e.g., in
September of today’s calendar) were a consequence of the fact that mowing was
also performed in some pastures where grazing was the main land-use type
(see the example of the Villandro Alp, in Section 6.1.2.1.1.4). Consequently,
in some pastures hay was allowed to be mowed after the end of the summer
grazing period. In this way, the agricultural use of the grassland complex was
more thorough if the intervals of stocking rates were well below the pasture’s
carrying capacity, or if grassland sections that were inaccessible to livestock
due to their steepness or an inappropriate path were used agriculturally."** A
source from 1577 documents mowing on the Golica Ridge in the Western Ka-
rawanks, which was only allowed to take place there after the end of summer
grazing.'”" According to a document from 1580, in Nassereith, Tyrol, wild hay
was also only allowed to be mowed after the end of grazing.'** Similarly, at
Tannheim in Tyrol, after September 16th, every community member had the
right to mow any part of the common he or she found attractive, according to
aruling from 1607.""** The same principle is reflected in extremely late mowing
dates in several pastures in the Alps.

With the increase in agricultural density in the Alps in the second millen-
nium (Section 3.1), such rulings were modified in several places. For instance,
in the early seventeenth century it was still allowed in Uri for two mowers per
household to mow common mountain pastures for sheep and goats any time
of the year, whereas in cow pastures mowing was only allowed to take place
after September 1st and, in the common in the bottom of the valley, mowing
was allowed to start on September 14th. Starting in the mid-seventeenth cen-
tury, due to an increased demand for wild hay, the rules regarding wild hay
harvesting in Uri became more restrictive, and so from 1662 onward it was not

1148 Kuret, 1989, 439.

1% Compare Kuret, 1989, 439.

1150 Grass, 1948, 208.

151 AT-KLA 112, Allgemeine Handschriftenreihe, Ms. 2435, 147-148; AT-KLA 112, Ms.
2732, 467-468, 471: the historian Janez Mlinar noted that these are important sources
for the mountain pasture observed (Mlinar (ed.), 2018b, 163, footnote 139), and he
kindly allowed the use of his copies of archival records.

1152 Grass, 1948, 162-163.

1153 Wopfner, 1997, 317.
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6.1 Mowing

allowed to mow wild hay in remote grasslands in commons in the mountains
unsuitable for cattle grazing before the beginning of August.'**

Abandonment of spring grazing in meadows between late eighteenth and
mid-nineteenth century (Section 6.2.3) allowed earlier mowing dates. These
are presented in Section 6.1.2.2.

6.1.2.2 Usual dates of first mowing from the late eighteenth /
mid-nineteenth to mid-twentieth centuries

Non-fertilized meadows mowed only once annually, late enough to allow the
dispersal of significant seed quantities at haymaking, were still the most com-
mon meadow type in Central Europe in the early twentieth century. Nonethe-
less, the moderately fertilized meadow area increased quickly in the period
dealt with here (Section 6.3), and so the decades between the late nineteenth
and mid-twentieth century were the golden period of moderately fertilized
meadows in Central Europe mowed twice annually. Typically, non-fertilized
and moderately fertilized meadows were cut significantly earlier in the period
presented here than in the one dealt with in Section 6.1.2.1. Namely, aban-
donment of spring grazing in hay meadows between the late eighteenth and
mid-nineteenth centuries usually led to earlier mowing dates, often by a week,
two weeks, or more—especially in the case of spring grazing that had lasted
long in May (see Section 6.2)."'">

The example of the Senozeta meadow complex (Figure 53) in Bohinj (at
about 580-750 m) illustrates the shift in mowing dates in meadows that had
previously been grazed until the second half of May. Before the reorganization
of meadow management, spring grazing lasted there until May 25th, followed
by late mowing, evidently in late July or August, because unfenced autumn
grazing in these meadows was again allowed to start on August 24th.'> This
roughly corresponds with the mowing timing following spring grazing until
the same date, May 25th, at Wieting in Carinthia, located at an elevation com-
parable to Senozeta, as presented in Section 6.1.2.1.1.3. Meadow management
at SenoZeta was reorganized in 1860, when spring grazing was abandoned,'’
and so old farmers from the area only recall earlier mowing there: after June

1154 Stadler-Planzer, Stadler, & Degler-Spengler, 2015, 81, 98-99, 101-103.

1153 Kapfer, 2010, 137-140; Babai, Molnar, & Molnar, 2014, 103, 109. In general, the same
dates sometimes continued to designate the timing of some tasks, despite the difference
in plant development, and so the farm calendar did not always adapt; see Makarovic,
1995, 102, 108 and Sections 6.2 and 6.6.1 in this volume. However, the timing of hay-
making had to adapt to the abolition of spring grazing there, at least in those meadows
where spring grazing had lasted long in May, otherwise the hay mowed in late summer
would be so old that cattle would reject it (compare Babai, Molnar, & Molnar, 2014,
103, 109; Kuret, 1989, 537; Bavcon, Ravnjak, & Praprotnik, 2019, 199).

1% Novak, 1955, 275.

1157 Novak, 1955, 275.
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6 Selected historical practices of species-rich grassland management

Figure 53: The Senozeta meadow complex (in the middle of the photo) in Bohinj. Photo:
Ziga Zwitter, 2018.

29th, usually around the first half of July, in the first half of the twentieth cen-
tury, thus about one month earlier than before the abolition of spring grazing.
It was only when farmers did not manage to mow their meadows at SenoZeta
prior to the majority of mowing in higher montane meadows that they indi-
vidually postponed mowing in Senozeta to around the first half of August in
the first half of the twentieth century,"*® roughly corresponding with centu-
ries-old mowing dates in that meadow complex, but no longer preceded by
spring grazing. As a consequence of such late mowing in the first half of the
twentieth century, the quality of hay was much lower than when it had been
mowed at similar dates before 1860."">

With some modifications, the factors causing relatively late mowing dates
before the late eighteenth or mid-nineteenth century, in the era of spring graz-
ing, presented in Section 6.1.2.1.2, were also relevant between the end of spring
grazing and the mid-twentieth century. Some former collective rules and cus-
toms regarding mowing dates still retained importance,"® but it was gradu-

1158 Hodnik, 2016, 76, 78-80; author’s interviews with Grm, 2017, and with Milena Sodja,
2017, both in Srednja Vas.

115 Compare Babai, Molnar, & Molnar, 2014, 103, 109.

119 For example, Makarovic, 1982, 428-429; Meilleur, 1986, 272.
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6.1 Mowing

ally decreasing (see also Section 4.1.1.4). According to late twentieth-century
data referring to the warm climate (but not yet as warm as today), mowing
in moderately fertilized meadows could usually start no earlier than in mid-
June (false oat-grass meadows in the lower montane zone), and in late June at
higher elevations (yellow oat-grass meadows). By that time, most grasses’ and
herbs” seeds are ripe. Mowing in non-fertilized meadows can only start later
than in moderately fertilized ones to keep them productive in the long run; in
the late twentieth century, agronomically adequate mowing timing in non-fer-
tilized meadows at moderate elevations was not earlier than in (early) July."'*!

This is reflected in historical mowing dates, which were sometimes even
later than in line with the previous paragraph due to the factors presented
in Section 6.1.2.1.2. In many places in Central Europe and the Alps, the first
mowing under better site conditions between the abolition of spring grazing in
hay meadows and the mid-twentieth century was carried out from mid-June
onward (see also Section 6.1.2.1.1.1), and in non-fertilized meadows at nutri-
ent-poor sites in late July and August, at high elevations in particular."'®* Earli-
er mowing at manured sites is a consequence of quicker growth and high hay
quality but also of higher lodging hazard in the case of tall grasses at manured
sites compared to shorter grasses at non-fertilized sites (see Section 6.3.2).
Abolition of spring grazing in hay meadows increased the lodging hazard in
moderately manured meadows because the grasses grow taller in the absence
of spring grazing."'®® The practice of annual alternations between middling and
late mowing dates at moderately fertilized sites that, apart from the practice of
regular mowing as late as when seeds ripen, also allows long-term preservation
of productive, moderately fertilized, species-rich grasslands, has its origins in
the period dealt with here at the latest (see Sections 6.5 and 10.1.2.2.3).

The following data, mainly from the Alps of Slovenia and the northern
French Alps, demonstrate the wide historical spatial range of mowing dates
presented here that were relevant in most of the Alps. The presentation of
mowing dates in the Slovenian Alps focuses first on mowing at the elevations
of farms, followed by mowing dates in meadows at higher elevations.

In many places in the Slovenian Alps, characterized by a humid climate, the
main mowing season in the first half and the middle of the twentieth century
did not start before Midsummer Day (June 24th; this date had already been
relevant in the Middle Ages, but it usually designated more advanced plant de-
velopment during the High Medieval Climate Anomaly (the Medieval Warm
Period) than in the mid-twentieth century—medieval people followed the Ju-
lian calendar; see Section 6.1.2.1.1.1) or just after St. Peter’s Day (June 29th;

1161 Diet]l & Lehmann, 2004, 20, 24, 66, 83, 106, 118, 124-125.

162 “Kosnja,” 1864, 199; Smerdel, 1994, 106; Vogl-Lukasser et al., 2006, 69; Kapfer, 2010,
137-139; Norz, 2014, 115; Hodnik, 2016, 76-79.

1163 Babai, Molnar, & Molnar, 2014, 36-37, 109.
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Figure 54: Fully ripe grasses in a meadow at an elevation of 560 m on June 24th, 2018. After
wet and unstable weather in June and early July 2018, many meadows in the bottom of
the Bohinj Basin were mowed as late as the last decades of the nineteenth century and the
first half of the twentieth century. In the mid-twentieth century, grasses probably ripened
slightly later than today due to climate change. Trends in Europe show that the blooming of
autumn-sown cereals has been starting 0.3 to 0.5 days per year earlier in recent decades.'**
Photo: Ziga Zwitter.

see Figure 54), but the very start of mowing in mid-June was usual in some
lower valleys—at 550 m, for instance (Sections 6.1.2.1.1.1 and 6.5)."'% For ear-
lier mowing, see the end of this section and Section 6.1.2.4. Even later mow-
ing among the cited mowing dates, in late June, was common in moderately
fertilized meadows in many places in Central Europe.''* Mowing in mid-June
became more frequent in Central Europe with intensified fertilization in the
grasslands still considered moderately fertilized, especially in the first half of
the twentieth century or in the middle of the century (Section 6.3.2.2);"'*” how-
ever, Sections 6.1.2.1.1.1 and 6.5 explain that starting mowing in mid-June has

1164 Zust, 2016, 16-19.

1165 Kuret, 1989, 438; Hodnik, 2016, 76; author’s interviews with Mencinger, 2017, in Stara
Fuzina, and with L. and M. Odar, 2017, in Studor.

1166 Kapfer, 2010, 138. At traditional farms at the foot of Carpathians in Romania, mowing
first-crop hay in the meadows near the village around June 29th is still usual (Ivascu,
Ollerer, & Rakosy, 2016, 44-45, 48).

1167 Kapfer, 2010, 138-139.
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a longer tradition in moderately fertilized meadows at moderate elevations in
several microregions of the Alps.

Where permanent settlements were located at high elevations and on the
slopes of high mountains, mowing started significantly later. At about 1,160 m,
mowing at the highest farms in the Luce region in the Upper Savinja Valley
(Sln. Zgornja Savinjska dolina) of northern Slovenia started in the first days of
July in the mid-twentieth century. At the mountain farms in the north of the
neighboring region of Sol¢ava, with a similar amount of precipitation (about
1,500 to 1,600 mm annually between 1961 and 1990), mid-July was an im-
portant haymaking time at about 1,200 to 1,300 m, whereas at Bukovnik, the
highest farm in the Sol¢ava region and the Upper Savinja Valley (at 1,325 m),
mowing only started in early August. Other major agricultural work did not
delay mowing at all the locations mentioned in the Upper Savinja Valley be-
cause cereals were spring-sown at those farms at high elevations, and thus only
reaped in September and October.'*®

Mowing in distant meadows usually started later than close to permanent
settlements. It began in the second half of July or even in August."'® Exceptions
were highly nutrient-rich places around cottages in summer pasture complex-
es (Section 6.1.2.4) that were mowed around June 29th in the mid-twentieth
century, before the livestock arrived there; that is, contemporaneously with
meadows mowed relatively early around 1,000 m lower in the valley, as demon-
strated by data from Bohinj.'"”* Moreover, fertilized distant montane meadows
at elevations between the valley bottom and the summer pastures—reaching,
for instance, elevations of up to 1,250 m—were mowed twice (Section 6.1.2.3),
and so the first mowing there in early July took place sooner than in many low-
er meadows to allow second-crop haymaking in early September (see Sections
6.1.2.3 and 6.3.2).1"™

A comparison of mowing dates in distant meadows and in grasslands close
to high permanent settlements at similar elevations but in other regions shows
that some distant meadow complexes were mowed earlier, some contempora-
neously, and some later than those close to farms at similar elevations. At an el-
evation of slightly more than 1,000 m, above the village of Bohinjska Bela in the
Julian Alps (Sn. Julijske Alpe, Ital. Alpi Giulie, Friul. Alps Juliis; the elevation of
the permanent settlement in the valley is 480 m), mowing started on the Mon-
day following the first Sunday after St. James’s Day (July 25th) and lasted until
the beginning of August. Thus, it started significantly later than at the farms in
the Upper Savinja Valley at comparable elevations. In contrast, at the beginning
of August, wild hay was mowed high on the slopes of Mount Begunjscica in

1% Meze, 1963, 226, 234-235, 268; Meze, 1965, 186, 202; Zupancic, 2001.
169 Sarf, 1974, 138; Kuret, 1989, 448-450; Hodnik, 2016, 76-79.

170 Author’s interview with Mencinger, 2017, in Stara Fuzina.

71 Hodnik, 2016, 76, 79.
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the Karawanks (Germ. Karawanken, SIn. Karavanke), at an elevation of up to at
least 1,800 m (see also Section 6.1.2.7),"”> meaning contemporaneously with the
highest farm in the Upper Savinja Valley (1,325 m), located significantly lower
than meadows on Begunjs¢ica. In contrast to the quality of the hay made near
the farms at around 1,300 m in August (unless still preceded by spring sheep
grazing, which is not impossible at isolated mountain farms where spring graz-
ing would be an individual decision and would affect the farmer’s land only; see
Section 6.2), hay in high mountain meadows was still very fragrant in August,
in the lower section of the alpine belt, for instance; that is, in meadows above
the potential natural dwarf mountain pine zone (see Section 2)."”* Similarly, the
quality of the hay from subalpine meadows on the highest slope section of the
Golica Ridge in the Karawanks was very high (see Section 6.3.1.2) according to
the standards of traditional farmers in the first half of the twentieth century, al-
though it was only mowed in August, often in the second half of that month."”*

A comparison with the Allues (Francoprovengal Alués) Valley (French Les
Allues) in the northern French Alps, characterized by a drier climate (about
900 mm of annual precipitation) than the Alps of Slovenia, demonstrates that
in the first half of the twentieth century haymaking at comparable elevations
commenced at similar times in that part of the Western Alps and in the Up-
per Savinja Valley. Meadows in the Allues Valley were located at elevations of
about 900 to 1,700 m. The data refer to the first half of the twentieth century,
when spring grazing was only carried out in a few wet meadows in the Allues
Valley and it lasted for a short time; most hay meadows were not grazed there
in spring. Depending on grassland vegetation development, mowing first-crop
hay in the Allues Valley usually started at the very beginning of July in hamlets
at a lower elevation and by July 15th in hamlets with meadows at elevations of
more than 1,300 m, with year-to-year fluctuations of the date when mowing
commenced due to weather impacts on grassland plant maturation. Mowing
first-crop hay lasted there until the end of August, interrupted only on Sundays
(and major holy days) and in the short interval of winter rye harvest in low-
er hamlets.'"” Partly similarly to the Allues Valley, high meadows belonging
to Brandberg in Tyrol (a village at about 1,100 m), some of them reaching
elevations of more than 2,000 m, were only mowed in late August, after the
second-crop haymaking close to the village."'”

It was, however, not a general rule that the highest meadows were mowed
the latest, as suggested above by the relatively early mowing in fertilized dis-

172 Kuret, 1989, 438, 448-450; Sarf, 1974, 135, 138-139, 143.

173 Pils, 1994, 193.

174 Smolej, 2008, 15; Torkar Tahir, 2012, 133.

175 Meilleur, 1986, 15-21, 30-31, 122, 263, 270, 271 (quote), 272, 276, 284, 296-297.

1176 Keller, 2004, 14; elevations are based on Arcanum Maps, Cadastral Maps, Habsburg
Empire — Cadastral Maps (XIX. [sic] Century), cadastral municipality of Brandberg,
1855, and Elevationmap.net: Brandberg.
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tant meadows mowed twice annually. In the meadows mowed once annually,
differences in hay quality could lead to more profound diversity of mowing
timing than the differences in microclimate, which, for instance, caused slight-
ly earlier grass seed ripening at some higher sunny sites than at sites a bit lower
but somewhat shadier."””” Focusing on the impact of hay quality, despite July
25th as the usual beginning of mowing in remote meadows in forest clearings
in Bohinj,'"”® it was not exceptional for meadows in the Zavaze'” complex
southeast of Stara Fuzina, at elevations of no more than about 900 m, to usu-
ally be mowed in mid-August in the mid-twentieth century—at the end of
the first-crop haymaking season, before the spread of mineral fertilizers. The
reason is that hay from most meadows in Zavaze was of poor quality (see Sec-
tion 9); consequently, more productive meadows producing better hay were
mowed first because the workload did not allow mowing timing in all mead-
ows at the desired plant phenophase (see Section 6.1.2.1.2).""* Similar cases of
non-fertilized meadows in the lower montane belt (600-700 m) mowed in the
mid-twentieth century later than non-fertilized meadows providing quality
hay at twice that elevation (around 1,300 m) are known elsewhere.''*! A paral-
lel with the traditional ecological knowledge of Csangé farmers in the Eastern
Carpathians adds another likely aspect to this explanation. It suggests that the
dynamics of nutrient leaching in the case of delayed mowing depended on
grassland species composition (see also Section 9). Matgrass (Nardus stricta),
for instance, a grass species of little value in animal husbandry (see Section
6.3.1.2), is considered to be little affected by leaching. Thus, unlike the majority
of grass species, clovers, and many other herbs esteemed in animal farming,
extremely late matgrass mowing is considered by traditional farmers not to
have a comparably relevant economic impact.'®

Exceptionally, specific environmental conditions or species compositions
promoted relatively late or early mowing dates. The impact of specific species
compositions is presented first, followed by an example of site conditions mo-
tivating the timing of mowing.

Species composition stimulated the mowing timing where some grassland
monocots or dicots influenced the hay quality in a highly specific manner in
certain phases of plant development and the abundance of such a species was
high. Thus, the quality of hay from these meadows was holistically much better
exactly at the relatively late or early mowing time.

1177-On the impact of differences in microclimate on historical mowing, see Meilleur, 1986,
276.

1178 For example, the author’s interviews with Mencinger, 2017, and with Kunavec, 2019,
both in Stara Fuzina, and with L. and M. Odar, 2017, in Studor.

117 The form Za laze on usual maps does not correspond to the local pronunciation.

1180 Author’s interview with Kranjc, 2020, in Stara Fuzina.

181 Hodnik, 2016, 76, 79-80; author’s interview with Skantar, 2017, in Srednja Vas.

1182 Babai, Molnar, & Molnar, 2014, 38-39, 108-109.
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6 Selected historical practices of species-rich grassland management

An example of meadows where relatively late mowing (no later than suitable
for long-term meadow regeneration) was promoted by the species composi-
tion to increase the general hay quality was meadows where daffodils abound-
ed, such as at Javorniski Rovt in the Karawanks, rich in Salisbury’s daffodil
(Narcissus poeticus subsp. radiiflorus; see Section 6.2.2.3). In the mid-twenti-
eth century, mowing there started after (the later dates of) Whitsuntide (Whit
Sunday moves between May 10th and June 13th: evidently, later Whitsuntide
days are meant because mowing before June is unimaginably early for spe-
cies-rich meadows). Mowing dates later than Whitsuntide are also reported
there. Meadows where Salisbury’s daffodil abounds can only be mowed after
the daffodil leaves have dried out and decomposed because the species is tox-
ic to livestock. If they nonetheless consume the daffodils, the milk becomes
unpalatably bitter (this fact is advantageous for Salisbury’s daffodil because
by the time the plant leaves decompose the seeds have already matured and
been dispersed). This requirement was often fulfilled by (the later dates of)
Whitsuntide."'® Mowing dates in meadows at Jezerca above Javorniski Rovt by
the mid-nineteenth century (Section 6.1.2.1.1.3) demonstrate that, as long as
spring grazing was carried out in those hay meadows, daffodils did not impact
the mowing dates at Jezerca because mowing there was carried out later than
the daffodils would require.

An example of early mowing motivated by specific plant characteristics,
because the hay quality would have declined more quickly than usual during
further plant development, is wet meadows rich in common reed (Phragmites
australis), as demonstrated by the example of the former wetland below Sred-
nja Vas in Bohinj. According to twentieth-century data, these meadows were
mowed in the first half of June, which is early in the context of other meadows
belonging to the same farms. This way, hay largely consisted of sedges and it
was used to feed horses (and, at farms lacking more appropriate fodder, also
to feed cattle, sheep, and goats). Farmers learned from experience that, if these
meadows were mowed later, the palatability of common reed (Phragmites aus-
tralis) would decline (see 6.1.2.5.1.1) due to a quick increase in crude fiber
content. Moreover, the common reed content in hay would have risen sub-
stantially because common reed would have grown much taller there (Figure
55)_1184

Specific site conditions stimulating particular mowing timing include a se-
rious drought hazard at the foot of the Alps in areas with a relatively warm
climate leading to relatively quick plant development. According to informa-
tion from the first half of the twentieth century, mowing in the meadows on
drought-prone coarser alluvial deposits on the eastern foot of the Pohorje Hills

18 Praprotnik, 1993a, 217, 219; Rogelj, 2012, 59; Bavcon, Ravnjak, & Praprotnik, 2019,
139.
118 Author’s interviews with Mencinger, 2017, and with Ceklin, 2020, both in Stara Fuzina.
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Figure 55: Relatively early mowing time in wet meadows below Srednja Vas in the first half
of June prevented the prevalence of tall common reed (Phragmites australis) plants in hay.
Common reed is poorly palatable for livestock if more than around a meter tall (see Section
6.1.2.5.1.1). The exceptional meadow in the photo was not mowed until mid-August 2020.
Note the layer of plants about 60 to 70 cm tall that used to be mowed for hay, in this case
overgrown by common reed about 270 cm tall. Photo: Ziga Zwitter, August 15th, 2020.

was carried out as early in June as possible. Namely, at that time it was still like-
ly that water for meadow irrigation (see Section 6.4) after mowing was avail-
able. When irrigation water was not available after first-crop-hay mowing, no
second-crop haymaking in those meadows was possible,"'® but second-crop
hay is a highly valuable hay type (see Section 6.1.2.3).

In general, June was a typical month of mowing in meadows at lower ele-
vations cut twice annually (see also Section 6.1.2.1.1.1). Historical timing of
second-crop haymaking and its impacts on hay quality are presented in the
following section.

6.1.2.3 Mowing second-crop hay

Second-crop hay was only mowed in the Alps in fertilized (see Section 6.3)
or irrigated meadows (see Section 6.4),"'® with the likely exception of some

118 Bag, 1937, 333.
118 Kapfer, 2010, 136.
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6 Selected historical practices of species-rich grassland management

highly productive wetlands that were mowed twice although no fertilizer was
applied (see Sections 2 and 6.1.2.5.1.2).!"%” Even though environmental con-
ditions would allow a second mowing in some non-fertilized and unirrigated
grasslands, widespread autumn grazing in hay meadows, which started in Au-
gust or September, made second mowing at these sites impossible.''*® As a gen-
eral rule, farmers usually only fertilized more productive meadow sites within
their farms (Section 6.3.2). Consequently, the example of the Allues (Franco-
provencal Alués) Valley (French Les Allues) with its relatively dry climate and
absence of irrigation in usual years demonstrates that humid sites were pre-
ferred for second-crop haymaking because of higher yields in comparison to
drier meadows. Nonetheless, weather during first-crop hay growth and drying,
reflected in first-crop hay quantity and quality, often also had an impact on the
total area where second-crop hay was mowed at the farm level in the same year:
the less first-crop hay was stored, the more second-crop hay was harvested,"*
as far as allowed by the grazing rules in the meadows and site conditions.

Quantities of second-crop hay have been much lower than those of first-
crop hay (Figure 57), often between one-third and half the quantity of first-crop
hay from the same meadow (see Section 6.3.0.1), but second-crop hay’s nutri-
tive value has been higher. Second-crop hay is significantly more protein-rich
than first-crop hay mowed at the time usual in the study period of this vol-
ume."” Second-crop hay from traditional moderately fertilized meadows is
considered high-quality or at least relatively high-quality feed even according
to standards in present agronomy. In a moderately fertilized false oat-grass (Ar-
rhenatherum elatius) meadow mowed twice annually and grazed in autumn,
the net energy value of hay mowed in late June for lactation is slightly less than
5 MJ/kg of dry feed substance, and the corresponding value of second-crop hay
mowed in early September is slightly less than 5.5 M]J/kg. At higher elevations,
where moderately fertilized meadows are usually yellow oat-grass (Trisetum fla-
vescens) meadows, the quality difference between first-crop and second-crop
hay is not as significant, but with about 5.75 MJ/kg dry substance the net en-
ergy value of first- and second-crop hay for lactation is high there, comparable
with the third and fourth cuttings in present-day intensive and low-biodiversity
perennial rye-grass (Lolium perenne)-smooth meadow-grass (Poa pratensis)
meadows.""”! Due to the significant difference in hay quality, farmers have tradi-
tionally stored second-crop hay separately.'*> Second-crop hay has always been
a welcome addition to any kind of first-crop hay to increase the milk quan-

187 Sucholas et al., 2022, 9-10, 16, 19, 35-36.

18 Grass, 1948, especially 172, 189, 191.

189 Meilleur, 1986, 16, 269, 277, 279-280.

19 Meilleur, 1986, 277; Luick, Jones, & Oppermann, 2012, 38; Machatschek, 2015, 30; Tra-
ditional Hay Milk Farming ..., [2023], 63.

1191 Dietl & Lehmann, 2004, 122, 125.

192 Tyagcu, Ollerer, & Rékosy, 2016, 46; Luick, Jones, & Oppermann, 2012, 38.
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6.1 Mowing

Figure 56: A moderately fertilized meadow in Bohinj just before second-crop hay harvest.
Photo: Ziga Zwitter, August 2022.

tity.'!”* Before the mid-twentieth century as the study period of this volume,
the share of second-crop hay in the total hay was usually significantly lower
than the share of second (and often further) mowings in the total hay quantity
today (Sections 6.3.0.1 and 10.1.2). Thus, if second-crop hay was not available
throughout the period of barn feeding, farmers mixed second-crop hay with
low-quality first-crop hay to maintain similar milk production as in times when
their livestock received better first-crop hay.'"** Second-crop hay was also of ut-
most importance when cereal (wheat) straw, characterized by low fodder value,
was part of the fodder (see Section 8.2.2.1).

The long history of the high fodder value of second-crop hay is largely a
consequence of the fact that in usual years second-crop hay has always been
cut when grassland plants are (partly) still green, thus the German expression
Grummet, recorded in the thirteenth century as Gruemat (i.e., griine Mahd
‘green grassland plant harvest’; Figure 56). This was the difference compared
to the first-crop hay from species-rich grasslands, especially from meadows at

119 Luick, Jones, & Oppermann, 2012, 38; Hodnik, 2016, 42-43; author’s interview with
Milena Sodja, 2017, in Srednja Vas.
119 Bavcon, Ravnjak, & Praprotnik, 2019, 81.
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6 Selected historical practices of species-rich grassland management

moderate elevations mowed only in August or September for the first time and
containing a significant part of dead plant litter, making the mowed biomass
less green (see Sections 6.1.2.1.1.3, 6.1.2.1.1.4, and 6.1.2.2).""*> Whereas his-
torical species-rich meadows cannot tolerate early first-crop haymaking (see
Sections 6.1.2.1.2 and 6.5), moderately-manured meadows can tolerate green
second-crop hay mowing in late summer.

Second-crop hay has always been considerably less species-rich (contain-
ing a lower diversity of herbs) than first-crop hay from the same meadow
(Figure 56). Nonetheless, a few species regrow more vigorously in the lighter
conditions of second-crop hay than in the shadier stand producing first-crop
hay (see Section 6.1.2.1.1.2). A few others simply regrow and reblossom, such
as daisy (Bellis perennis), which blossoms in spring and then again repeatedly
every time the shade of the stand is removed by mowing.'*

Historical data from the second millennium prove second-crop hay mow-
ing (not just grazing on the regrowth in meadows after the first mowing) in
Central Europe since the eleventh century.""” The documentation of medi-
eval second-crop haymaking in the Eastern Alps is scant, but it is clear that
it usually took place in a limited area of fertilized meadows at the farm level
at least since the Late Middle Ages and probably earlier. In the Kauns Val-
ley in Tyrol (Germ. Kaunertal, in the Upper Inn catchment—at Feichten, for
instance, at an elevation of about 1,300 m or more), a list of fertilized mead-
ows mowed twice annually was recorded in 1440.""* In some regions, the first
sources allowing recognition of the role of second-crop hay at a large number
of farms were recorded in the sixteenth century. Such a relatively early ex-
ample providing mesoregional insights is the rent-roll, with a description of
holdings belonging to the seigneury of (Eisen)Kappel (Sln. (Zelezna) Kapla)
in Carinthia (Germ. Kdrnten, Sln. Koroska), based on interviews with farmers
and field observations in 1567. Figures 57 and 82 (in Section 6.3; see also Sec-
tion 6.3.0.1) demonstrate that by the mid-sixteenth century (and most likely
earlier) it had already been typical for a farm in the Alps to make second-crop
hay in a significant percentage of all meadows: second-crop hay amounted to
about 6% to 20% (often 10% to 15%) of the total hay quantity stored at a typical
isolated mountain farm in the Central Karawanks (Germ. Karawanken, Sln.
Karavanke) and the nearby Kamnik-Savinja Alps (Sln. Kamnisko-Savinjske
Alpe) at that time.

1195 Pfister, 1985a, 41; Kauter, 2002, 126; Kapfer, 2010, 136; Machatschek, 2015, 30; Grimm
& Grimm: Deutsches Worterbuch: Grummet. The thirteenth-century form Gruemat
proves that by that time the word was already old because the n at the end of the first
word forming this compound had already been lost in this case.

119 Pils, 1994, 163.

197 Kauter, 2002, 126.

119 Wopfner, 1997, 273-274, 393-394.
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Figure 57: Percentage of first- and second-crop hay (left ordinate) in the total quantity of
first- and second-crop hay together per holding (columns) for fifty-three holdings (on the
abscissa) in the upper Vellach (Sln. Bela) and upper Kokra River catchments; that is, the
Central Karawanks and the Kamnik-Savinja Alps nearby, as recorded in 1567. Diamonds
(right ordinate) show the quantity of first- and second-crop hay together per possession
unit to give an idea whether a large or a small total meadow area belonged to it. The great
majority of holdings in the graph are isolated mountain farms from Spodnje Jezersko in the
south to Lobnig (SIn. Lobnik), the surroundings of (Eisen)Kappel, and Ebriach (SIn. Obir-
sko) in the north. They are located at elevations of around 550 to 1,200 m;"* rarely, a few
hay meadows were significantly higher than the farm, reaching an elevation of 1,300 m, for
instance (see the example of the Anko farm in Section 6.3.0.1). The only holding entirely
located higher is a demesne alp with hay meadows at about 1,300 m (i.e., column no. 5;
see Section 6.3.0.1). A few of the isolated farms in Figures 57 and 82 had two to four heads
instead of being managed by the members of one household, and so they were divided, but
hay quantities were recorded together; consequently, they are presented as one unit on the
graph. See further methodological remarks at Figure 57 in Sections 6.1.2.3.1 and 6.3.0.1.
Data source: AT StLA, Innerdsterreichische Hofkammer, Sachabteilung, box 69, folder 8:
Des ambts Capl bereuttung und beschreibung, 1567. Author of the graph: Ziga Zwitter.

Later, the area of meadows where second-crop hay was cut greatly increased,
especially since the second half of the nineteenth century, due to the increased
availability of farmyard manure for meadows (see Section 6.3), and again since
the mid-twentieth century, with further abandonment of arable farming in
the Alps and increased availability of mineral fertilizers, so concentrated that
they were not too heavy to be transported uphill even by livestock. From the

119 Localization is based on a comparison of this rent-roll with the early nineteenth-cen-
tury cadaster (Arcanum Maps, Cadastral Maps, Habsburg Empire — Cadastral Maps
(XIX. [sic] Century)).
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6 Selected historical practices of species-rich grassland management

perspective of second-crop hay history, these processes strongly increased the
area of fertilized meadows.'**

Nonetheless, despite these later general expansions of the meadow area
mowed twice annually, mowing second-crop hay not only in meadows close
to the farms but also in fertilized sections of remote grasslands near remote
livestock barns in lower temporary mountain settlements (see Section 6.3.2.1)
has a long tradition. For instance, second-crop hay was mowed in much'*!
of the montane meadow complex in the Voje Valley (at roughly 700 m above
sea level), as recorded in the early seventeenth century,’*” and in sections of
some montane meadows in Ukanc (less than 600 m) west of Lake Bohinj (Sln.
Bohinjsko jezero) as reported in the 1690s and in the early eighteenth centu-
ry.*® Similarly, mowing second-crop hay was documented in western Bohinj
in some sections of distant montane meadows at elevations higher than in
Ukanc in the early eighteenth century.’?* Indirect information indicates that
second-crop hay was mowed at some places not only higher than Ukanc but

1200 Kauter, 2002, 126-127; Kapfer, 2010, 136-139; author’s interviews with Kunavec, 2017
and 2023, in Stara Fuzina.

1201 Tn this case, the plaintiff claimed that around ten farm wagons of second-crop hay were
illegally grazed only in a certain meadow (or in meadows belonging to one holding;
SI AS 721, Gospostvo Bled (The Seigneury of Bled, Germ. Veldes), lustitialia, vol. 14,
[November 26th, 1612]). Even though it is not clear how accurately the hay quantity
was recorded, this makes it clear that the area mowed twice annually in the entire Voje
Valley and not only in the meadow(s) belonging to the farm involved in this lawsuit was
relatively large.

1202 ST AS 721, Gospostvo Bled (The Seigneury of Bled), Iustitialia, vol. 14, [November 26th,
1612]. An explanation of the localization: the toponym Vlosech is mentioned in the
cited German record. L is currently pronounced as w in the local dialect in such cases,
and the locative v Vozeh (pronounced y Wozéx; x designates a voiceless velar fricative
in phonetic transcription) was still used for Voje in the mid-twentieth century (see
Melik, 1950, 56-57, 110; Snoj, 2009, 18-19, 463). The person acting as the plaintiff here
(Anthony, i.e. sir Hans Corein’s factor) on the same day acted as the plaintiff in another
process dealing with an alleged theft of iron ore that had been sold to a person from
Stara Fuzina (SI AS 721, Iustitialia, vol. 14, [November 26th, 1612]; for the localization
of the village “beim Alten Hamer,” see Pancur, Blaj Hribar, & Gyorfi, 2017: Altham-
mer). Thus, the localization of the aforementioned meadow complex is clear because
Stara Fuzina is the closest permanent settlement to the Voje Valley.

1203 ST AS 721, Gospostvo Bled (The Seigneury of Bled), Iustitialia, fasc. 33, Lawsuit be-
tween the communities with centers in Savica and Studor over grazing rights at Lake
Bohinj and in Ukanc, 1655-1666 [!]: Proiects puncta, the document was sent to the
territorial court in 1704; SI AS 721, Iustitialia, fasc. 33, Lawsuit between the commu-
nities with centers in Studor and Savica over grazing rights in Ukanc 1697-1717: Herr
landtshaubtman in Crain, verso the later date May 21st, 1699; Durchleichtiger Horza[!]g
..., verso the later date June 1st, 1699; and Hochgebohrner Raichf$ Graff, vnd Herr landts-
haubtman in Crain etc., June 19th, 1717.

1204 ST AS 721, Gospostvo Bled (The Seigneury of Bled), Iustitialia, fasc. 33, Lawsuit be-
tween the communities with centers in Studor and Savica over grazing rights in Ukanc
1697-1717: Ihr Gnaden, verso September 23rd, 1704.
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also significantly higher than the Voje Valley already at that time. Namely, the
use of livestock barns in some relatively high meadow complexes is recorded
in the Eastern Alps, and so local barn manure was applied the meadows there
(see the example of Hudi Hlevi in the western Karawanks in 1777 in Section
6.3.2.1), which allowed second-crop haymaking at many sites. Information re-
ferring to the west of Bohinj in the first half of the twentieth century, before
the large-scale introduction of mineral fertilizers, explains that the highest
remote meadows where second-crop hay was made in limited meadow sec-
tions reached around 1,250 m above sea level in that region, and such distant
montane meadows, partly mowed twice annually, were often located about 550
to 600 m higher than the farms (Section 6.3.2.1). However, the dynamics of
plant regrowth and sensitivity of second-crop hay to precipitation, embedded
in the wider socioeconomic historical context, posed limits for second-crop
haymaking at high elevations, as explained lower in this subsection.

Second-crop hay harvest dates were relatively similar throughout the Alps.
In general, second-crop hay was harvested between the Assumption (August
15th) and Nativity of Mary (September 8th) or (at lower elevations) until
Michaelmas (September 29th) in Bohinj'*”” and in many places in Slovenia.'*
It was made around September 1st on mountain farms above the Poljane Val-
ley (SIn. Poljanska dolina) in the Pre-Alps south of the Julian Alps (SIn. Julijske
Alpe; Ital. Alpi Giulie; Friul. Alps Juliis),'”™ in the second half of August and in
early September at the bottom of the Otz Valley (Germ. Otztal) in Tyrol, 2%
and in September in the Allues Valley in the Western Alps."”*” All these data
refer to the early- and mid-twentieth century. Thus, second-crop haymaking
in moderately fertilized meadows in the Alps usually started later than usual
in much of the colline and lower montane vegetation belt elsewhere in Central
Europe after the abolition of spring grazing in meadows (see Section 6.2); in
many places in Central Europe outside the Alps, second-crop haymaking in
moderately fertilized meadows started in early August.'**

Although the dates presented for second-crop haymaking in the Alps were
similar at a macroregional scale, the details depended not only on plant devel-
opment but also on the start of autumn grazing in the same meadows'*! and
further social factors, such as the saint'’s name day, locally serving as orien-
tation to determine the time of second-crop haymaking. The data presented
make it clear that two feasts of the Virgin Mary often served this purpose.

1205 Author’s interviews with Mencinger, 2017, in Stara FuZina; with Skantar, 2017, and with
Milena Sodja, 2017, both in Srednja Vas.

1206 Bavcon, Ravnjak, & Praprotnik, 2019, 199, 203.

1207 Makarovi¢, 1995, 107, 414.

1208 Hessenberger, 2022, 154.

1209 Meilleur, 1986, 276-277.

1210 Kapfer, 2010, 138-139.

1211 Compare Jani$ova et al., 2023, 9, 11.
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However, on mountain farms above the Poljane Valley, there was the impact of
St. Giles’s name day (September 1st), the patron saint of the local parish church
at Javorje.'*!?

The start of second-crop haymaking in the second half of August and its
finish around the Nativity of Mary or Michaelmas evidently had a long his-
torical tradition, which is in line with the general picture of the timing of
second-crop haymaking in many places in Central Europe in the colline and
lower montane belts before the abolition of spring grazing in hay meadows.
An early end of spring grazing in meadows (Sections 6.2.1.2 and 6.2.2.1) and
first-crop haymaking in early July (Section 6.1.2.1) allowed for second-crop
haymaking to start in mid-August or early September,'*" thus the beginning
of second-crop hay mowing in the second half of August was not a novelty of
the period after the abolition of spring grazing in meadows (Section 6.2.3). For
instance, the second mowing took place in late August (before September 3rd)
1728 in many, but not all, meadows mowed twice annually in the Jaun Valley
(Germ. Jauntal, Sln. Podjuna), Carinthia.’*'* Similarly, illegal mowing of sec-
ond-crop hay in the first days of September or the last days of August 1611 was
documented not far from the village of Poljsica, which is located at the eastern
foot of the Julian Alps, possibly at around 600 m, because the haymaker want-
ed to bring it in on September 3rd."””” In a large irrigated meadow at 500 m,
at the bottom of the Ljubljana Basin southwest of the village of Hlebce (see
Sections 6.2.1.2, 6.4.3.3, and 6.4.5; now northwestern Slovenia), spring grazing
until April 24th was followed by two mowings and autumn grazing, regulated
by specific grazing rights from the second mowing until September 29th, and
general communal grazing rights for livestock owned by farmers from Hlebce
from September 29th onward, as documented in the mid-nineteenth centu-
ry.'*'® This means that second mowing must have been carried out there before
late September. Second-crop hay had probably already been mowed in that
meadow in September in the sixteenth century.'*”

1212 Makarovi¢, 1995, 107.

1213 Wopfner, 1997, 295; Kauter, 2002, 127; Kapfer, 2010, 136-139.

1214 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 191, Gerichtsprotokoll
1721-1728, 424 (September 3rd, 1728).

1215 ST AS 721, Gospostvo Bled (The Seigneury of Bled), Iustitialia, vol. 14, September 12th,
1611.

1216 ST AS 48, Dezelna komisija za odkup in uravnavo zemljiskih bremen za Kranjsko (Pro-
vincial Commission for Redemption and Regulation of Profits @ Prendre in Carniola),
fasc. 163, 17-19: no. 2277 de 1858, Zur Sitzung am 14. Oct. 1858.

1217 The 1579 rent-roll also documents spring grazing in this same meadow until April
24th, meadow irrigation, and grazing rights for the Hlebce farms from September 29th
onward (SI AS 173, Imenjska knjiga za Kranjsko [Giiltbuch for Carniola]: Rent-roll
(Urbar) of the seigneury of Radovljica, 1579, 384-385). The end of spring grazing was
not postponed in this case with the 1580s calendar reform (see Section 6.2.1.2), and so
if the seigneury adjusted the mowing timing in this demesne meadow to the vegetation
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A long historical tradition of the end of second-crop haymaking around
September 8th or 29th is demonstrated by data from Bohinj. In 1704 or a little
earlier, it was stated that second-crop hay in Ukanc (western Bohinj, less than
600 m) had to be stored by September 10th.'*'® Later in the same year, it was
recorded that second-crop hay in Ukanc had to be stored by the Sunday after
the Feast of the Cross (September 14th), but, if other farmers’ tasks and the
weather did not allow compliance with this rule, second-crop hay was mowed
there until Michaelmas."” This demonstrates the long tradition of finishing
second-crop haymaking around September 8th in Bohinj; however, when the
weather (in combination with other tasks) did not allow this, second-crop hay-
making in meadows at low elevations was finished by September 29th. The
cited records suggest that such late second-crop haymaking was relevant in
some summers during the Late Maunder Minimum—that is, the peak of the
Little Ice Age in the late seventeenth and early eighteenth century (see Sections
4.1.1.2,4.1.1.3, and 6.1.2.1.2)—on the lowest flank of the montane vegetation
belt at least.

The main reason for the dates around September 8th and 29th as final lim-
its for second-crop haymaking is the hazard of weather-induced damage to
second-crop hay. Namely, second-crop hay is too sensitive to moisture to be
stored in October, and the weather later than early September would often
significantly reduce its quality. To harvest quality second-crop hay, environ-
mental processes required that farmers pay particular attention to the dryness
of the stored biomass. Namely, whereas first-crop hay already has to be dry
when stored and is very sensitive to precipitation during the drying period,
second-crop hay is even more sensitive when it dries (see Section 4.1.1.3). If
not stored totally dry, second crop hay’s decomposition could release enough
heat that in exceptional cases it caused spontaneous combustion, resulting in
a fire in a haybarn.'**

Thus, it is understandable that old farmers from Bohinj and many other
regions of the Slovenian Alps recall the saying that mowing second-crop hay
after the Nativity of Mary (September 8th) would require drying it in a large

development, the first and second mowing might have been moved to a date roughly
ten days earlier in the late sixteenth century, unless prevented by the peak of the Little
Ice Age at that time (Sections 4.1.1.2 and 4.1.1.3) or social factors (Section 6.1.2.1.2).

1218 ST AS 721, Gospostvo Bled (The Seigneury of Bled), Iustitialia, fasc. 33, Lawsuit be-
tween the communities with centers in Savica and Studor over grazing rights at Lake
Bohinj and in Ukanc, 1655-1666 [!]: Proiects puncta. This document was written later
than July 27th, 1658, and it was sent to the territorial court on July 28th, 1704.

1219 ST AS 721, Gospostvo Bled (The Seigneury of Bled), Iustitialia, fasc. 33, Lawsuit be-
tween the communities with centers in Studor and Savica over grazing rights in Ukanc
1697-1717: Ihr Gnaden, verso September 23rd, 1704.

120 Author’s interview with Kranjc, 2018, in Stara Fuzina; Verbi¢, 2014-2020, 27; Okla-
homa State University: Spontaneous combustion a possibility with wet hay.
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grain sieve (Sln. reta),'?! or, alternatively, on top of the stove.'*> However, it
was not (always) possible to finish second-crop haymaking by that time; even
at roughly 1,200 m (at Uskovnica in the Eastern Julian Alps) it happened that
second-crop hay was made slightly later than September 8th, as recalled for
the mid-twentieth century.’?® Thus, in Bohinj and elsewhere, there also exist
variations of this saying in which the Nativity of Mary is replaced by Michael-
mas, a late September date (September 29th)."*** Today these sayings are con-
sidered only didactic humor by several members of the oldest generation;'**
nonetheless, they are likely reminiscences of actual attempts to save at least a
bit of the valuable second-crop hay in rainy Septembers (Section 4.1.1.3). See
a documented twentieth-century example of drying second-crop hay in a hu-
man habitation in a remote meadow complex in Section 4.1.1.3. A newspaper
article from the very beginning of the haymaking season in the second half of
June 1864, which belonged to the Little-Ice-Age-type summer of that year,'**
mentioned the folk saying that cutting second-crop hay later than on sunny
September days would require drying it on the stove.'"””” Thus, this saying is
older than 1864 and it was already used during the Little Ice Age, when it was
in fact relevant more frequently than later (see Sections 4.1.1.2 and 4.1.1.3).12?

The sensitivity of second-crop hay to precipitation leads to the point that
there has always existed an upper elevation limit of second-crop haymaking in
the Alps. It is located much lower than the upper limit of first-crop hay mow-
ing (on which see Section 3.1). The upper limit of second-crop hay mowing
was a consequence of several environmental and socioeconomic factors, such
as (1) harsher climate (lower average temperatures matter directly, through
their impact on plant growth, and indirectly through more intensive morning
dew at higher elevations, where night temperatures are usually lower, mak-
ing hay drying in early autumn riskier; see Section 4.1.1.3); (2) late dates of
first-crop haymaking (Sections 6.1.2.1 and 6.1.2.2) reducing the height of plant
regrowth; and (3) the demand for autumn grazing in hay meadows (see also
Section 6.1.2.1.2) limiting the availability of sites for second mowing. At many
places in the Alps, the upper limit of second-crop hay in moderately fertilized
meadows has been at about 1,300 m, as revealed by twentieth-century data
from the Julian Alps (Section 6.3.2.2), the Eastern Karawanks in the Solca-

121 Author’s interviews with Mencinger, 2017, in Stara Fuzina, and with Milena Sodja,
2017, in Srednja Vas.

1222 Lozar, 1944, 148; Bavcon, Ravnjak, & Praprotnik, 2019, 199, 203.

122 Hodnik, 2016, 37-38, 76, 79.

122¢ Bavcon, Ravnjak, & Praprotnik, 2019, 199, 203; author’s interview with Skantar, 2017,
in Srednja Vas.

1225 Author’s interviews with Mencinger, 2017, and with Urh, 2017, both in Stara Fuzina.

126 On the weather that summer and its impact on society in the southern Eastern Alps
and the northern Dinaric Karst, see Zwitter, 2015d, 151 and Studen, 2024.

127 “Kosnja,” 1864, 199.

128 On the chronology of the Little Ice Age, see White, 2014.
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va region in Lower Styria (Germ. Steiermark, Sln. Stajerska),'*® the Alps of
Carinthia,'*° and the agricultural handbook by the Swiss authors Walter Dietl
and Josef Lehmann, aimed at German-speaking farmers in various parts of
the Alps.'””' Nonetheless, similar to differences in the potential climatic upper
forest line within the Alps, and to differences in the historical upper line of
cereal cultivation within the Alps,'?* there also existed differences in the upper
line of second-crop haymaking within the mountain chain. As in the case of
the upper line of cereal cultivation, the differences in the elevation of the up-
per limit of second-crop haymaking were a result of interrelated environmen-
tal'”® and human factors. This regional diversity in the altitude of the highest
meadows where second-crop hay was made is confirmed by a comparison of
the aforementioned frequent upper second-crop haymaking limit at around
1,300 m with the data from the Otz Valley in Tyrol, where the upper forest
line'** and historical upper line of cereal cultivation (at more than 1,700 m)'**
both reach(ed) high elevations in a wider Alpine context. Second-crop hay was
mowed in meadows close to the village center of Niederthai (at a bit more than
1,550 m, in a side valley of the eastern Otz Valley) in the mid-twentieth cen-
tury.'?® This explains why it was worth recording in 1629 (the previous year
of 1628 is one of the three years with the coldest warm half year in the second
half of the second millennium'*”) that the highest isolated farm above Nieder-
thai, located at 1,780 m, could not make any second-crop hay;'** farms located

1229 Meze, 1963, 226, 231, 234, 237: in the mid-twentieth century in the Sol¢ava region,
second-crop hay was not mowed at Bukovnik—the highest farm (farmstead at 1,325 m;
barley was harvested at this farm in early September, and other cereals were reaped in
late September and early October; they were all spring-sown because the climate is too
harsh for autumn sowing), and it was mowed in good years at farms located on sunny
slopes at about 1,235 to 1,250 m near Holy Spirit Church, where cereals were mowed
10 to 15 days earlier than at Bukovnik. The second-crop hay harvest at the farms near
Holy Spirit Church took place in early September.

1230 Keller, 2004, 32.

12! Dietl & Lehmann, 2004, 121: two mowings annually at 1,200 m, one mowing at 1,300 m.

1232 Batzing, 2015, 40, 54; see also p. 70; Lovrencak, 1984.

123 E.g., general considerations on environmental diversity in the Alps in Viazzo, 1989,
16-19.

1234 Batzing, 2015, 40.

1235 Scharr, 2001, 22; Arcanum Maps, Cadastral Maps, Habsburg Empire — Cadastral Maps

(XIX. [sic] Century), cadastral municipality of S6lden, 1856.

Griesser, 1999, 42; the author was born at Niederthai in 1914 and spent much of his

life in the Otz Valley (Riccabona, von Sauter, & Unterkircher, 2020); Arcanum Maps,

Cadastral Maps, Habsburg Empire — Cadastral Maps (XIX. [sic] Century), cadastral

municipality of Umhausen, 1856. Thomas Wieser, municipality of Umhausen, kindly

confirmed that Griesser’s sentence in fact relates to second-crop hay mowing in the
mid-twentieth century, not only to second-growth grazing (Wieser, personal commu-
nication).

1237 Pfister, 1999, 158, 196.

1238 ‘Wopfner, 1997, 293; including no context on the upper line of second-crop hay mowing
in the Otz Valley.

1236
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about 200 meters lower in the village of Niederthai'** did harvest a limited
quantity of second-crop hay, in good years at least. In the mid-twentieth centu-
ry, second-crop hay was made as high as between around 1,800 and 1,900 m in
the east-facing, moderately manured meadows at Stabele west of Lehn in the
Otz Valley,'*** certainly as a continuation of a practice rooted at least in times
of high agricultural density since the nineteenth century. South of the upper
Otz Valley, in the climatically milder Senales Valley (Ital. Val Senales, Germ.
Schnalstal) in Alto Adige (South Tyrol), where the highest ploughed or hoed
fields were located at 1,800 to 1,900 m,"** the upper limit of second-crop hay
mowing was even higher than in the Otz Valley.'**?

In several places, the upper second-crop hay line was somewhat lower when
temperatures in the warm half of the year were low. For instance, in 1816,
the year without a summer (Sections 4.1.1.2 and 4.1.1.3), no second-crop hay
could be made in the Martello Valley (Ital. Val Martello, Germ. Martelltal) in
South Tyrol. The main settlement agglomeration there lies at about 1,300 m,
and second-crop hay was usually mowed in that valley.'***

Thus, the highest farms in some regions of the Alps did not have valuable
second-crop hay because they only mowed their meadows once annually.
Nonetheless, on the one hand, even at farms at lower elevations quantities of
second-crop hay have always been much lower than those of first-crop hay
(they were low until the mid-nineteenth century in most of the Eastern Alps),
and, on the other hand, the quality of first-crop hay from moderately manured
meadows at high farms (yellow oat-grass meadows) was likely higher than the
quality of first-crop hay from moderately manured meadows (false oat-grass
meadows) lower in the valleys (Section 6.3.2). In addition, the quality of some
first-crop hay from non-fertilized meadows at higher elevations was high (Sec-
tion 6.3.1.2). Thus, it depended on local microenvironmental conditions and
species compositions whether the absence of valuable second-crop hay at the
farms at extreme elevations was a serious disadvantage.

6.1.2.3.1 Methodological remarks on the comparison of first- and second-crop
hay quantities in the mid-sixteenth century

Figure 57 compares the quantities of first- and second-crop hay and shows the
total hay quantity per unit of possession, mostly a mountain family farm, in

129 See also the map of seigneuries that farms in Niederthai belonged to in 1627: Scharr,
2001, supplement between pages 48 and 49.

1240 Hessenberger, 2022, 146, 154, 158; localization and elevation: Arcanum Maps, Cadas-
tral Maps, Habsburg Empire — Cadastral Maps (XIX. [sic] Century), cadastral munici-
pality of Langenfeld, 1856, and Google Maps, Terrain.

1241 Scharr, 2001, 22.

1242 The historian and geographer Kurt Scharr, personal communication, 2023.

124 Jager, 2006, 29.
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. B

Figure 58: Driving second-crop hay home. Bohinj, second half of the twentieth century. In
contrast to loading first-crop hay on a cart (see Figures 28 and 29 in Section 4.1.1.4), the
short length of second-crop hay required the use of hay sheets to stabilize a large load. In
this manner the quantity of second-crop hay loaded on a cart was only slightly smaller than
first-crop hay, as explained by the driver of the ox-drawn cart in this photo.'*** Cevc, 1992,
86, photo by Stane Klemenc. © Stane Klemenc.

the Central Karawanks and the nearby Kamnik-Savinja Alps, all in southern
Carinthia, as documented in the rent-roll of the seigneury of (Eisen)Kappel in
1567."** This subsection provides an additional methodological explanation
for Figure 57.

The rent-roll analyzed measures first- and second-crop hay in carts. Based
on twentieth-century experience, it can be assumed that the quantity of sec-
ond-crop hay transported by a full cart was quite comparable to a full cartload
of first-crop hay, despite the longer length of first-crop hay, making it easier
to load more of it on a cart (see Figure 58 and Figure 29 in Section 4.1.1.4).
Namely, the upper part of the second-crop hay load was put on a cart in linen

1244 Author’s interview with Kunavec, 2023, in Stara FuzZina. Gratitude is expressed to M.
Kunavec for recommending this photo in which she is the driver, for her explanation
concerning the load size, and for explaining that second-crop hay is being transported
in this photo, an important piece of information that Cevc failed to mention.

1245 AT StLA, Innerosterreichische Hofkammer, Sachabteilung, box 69, folder 8: Des ambts
Capl bereuttung und beschreibung, 1567.
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sheets, which stabilized the load (Figure 58).'** The use of hay sheets in deal-
ing with second-crop hay is clearly recorded in (the vicinity of) the Western
Karavanks in 1605,'** less than four decades after the 1567 rent-roll of the sei-
gneury of (Eisen)Kappel was written. Thus, it is safe to assume that hay sheets
were also used in the sixteenth century (i.e., the time of the data shown in Fig-
ure 57) to upload second-crop hay to a cart in more than one layer, fully using
the cart’s and draft livestock’s capacity. The size of small carts was considered
comparable throughout the region by the officials that produced the rent-roll
that Figure 57 is based on.'**®

Most of the holdings in Figure 57 were the only land held by the family
making a living there. Nonetheless, a minor percentage of these holdings were
held by a family that also had another holding (e.g., another isolated farm).
The families in charge of some holdings recorded in Figure 57 held another
additional land complex not recorded in this rent roll. Figure 57 only presents
the contents of the 1567 rent-roll of the seigneury of (Eisen)Kappel.

The explanation for atypically low and high second-crop hay percentages
in Figure 57 is provided in Section 6.3.0.1. The order of possession units in
Figures 57 and 82 in Section 6.3 is the same.

Note that the data from sheets 14 to 16 of the 1567 rent-roll were copied
on sheet 23, so that they erroneously appear twice in the archival source. Thus,
they were only taken into account once in Figure 57.

6.1.2.4 Early mowing dates

Even though the majority of meadows were mowed late until the mid-twenti-
eth century (Sections 6.1.2.1 and 6.1.2.2), a minor share of the total meadow
area in the Alps (has) had a long history of early mowing.

The number of times grasslands were mowed in the valley bottoms, at low-
er elevations in particular, already increased between the sixteenth and nine-
teenth centuries in several cases, especially in the nineteenth century (Section
6.3), and it rose again starting in the (second half of) the twentieth century.
However, important differences in the number of mowings were already char-
acteristic around 1500, at least in some places. According to information pub-
lished in 1839, many meadows in the Inn Valley (Germ. Inntal), Wipp Valley

1246 Author’s interview with Kunavec, 2023, in Stara Fuzina.

1247 Tn 1605, the second-crop hay yield not far from Koroska Bela, a village at the foot of
the Western Karavanks, was measured in hay sheets (SI AS 721, Gospostvo Bled (The
Seigneury of Bled), Iustitialia, vol. 13, August 21st, 1605).

1248 Namely, there is the explanation in the rent-roll that three small cartloads in the
area equaled one considerable flatland farmer’s cart (AT StLA, Innerdsterreichische
Hofkammer, Sachabteilung, box 69, folder 8: Des ambts Capl bereuttung und beschrei-
bung, 1567, 44r).
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(Germ. Wipptal, Ital. Val Isarco), Puster Valley (Germ. Pustertal, Ital. Val Pus-
teria), and Venosta Valley (Germ. Vinschgau, Ital. Val Venosta) in Tyrol were
mowed twice annually (see also Sections 6.1.2.3 and 6.3.2). In some places in
these valleys, the very best meadows were mowed three times in the 1830s, and
in the mild climate of places near Merano (Germ. Meran), Lana, and Bolzano
(Germ. Bozen) up to four times a year.'?*

In the meadows mowed more than twice annually, the first mowing took
place significantly earlier than usual in the Alps, but later than in the wetlands
dealt with in Section 6.1.2.5.1.1. In the spatially very limited area of intensively
fertilized or irrigated meadows that were mowed three times a year, hay was
mowed as early as in late May even before the widespread changes in meadow
management took place between the late eighteenth and mid-nineteenth cen-
turies. Spring grazing (Section 6.2) was not practiced in such meadows. At that
time, the total area of these highly productive meadows in Central Europe was
usually small.’** Parallels can be found in even more intensive meadows in the
plains of Lombardy (Ital. Lombardia),'”" but also relatively close to the north-
ern foot of the Alps. Mowing in May in the Upper Rhine Valley in the sixteenth
century and the start of mowing at Cottens (at the foot of the Jura Mountains)
in late May in the mid-eighteenth century'* suggests that this happened be-
fore the seeds of most grassland plants were ripe. Yields and the nutritive value
of hay in such meadows were usually higher and biodiversity lower than in
other grasslands in the surroundings.'>* However, due to the extremely low
percentage of such intensive meadows in a typical landscape of the Alps, this
was not a relevant challenge, neither for livestock health nor for biodiversity.

One source of inspiration for early mowing must have been the handbook
De re rustica (On Agriculture) by Lucius Junius Columella from the first centu-
ry AD—that is, the most systematic and comprehensive agricultural text from
Roman Antiquity—and later agricultural handbooks (see Section 6.5). Colu-
mella already recommended that mowing should take place before the seeds
of grassland plants ripened to keep the nutritive value of the hay high. Colu-
mella’s work was printed several times in the fifteenth and sixteenth centuries,
and passages on grassland management in agricultural handbooks written in
the sixteenth and seventeenth centuries, less frequently even in the eighteenth
century, were often copied or adapted from De re rustica.'** It is proven that
some Alpine landlords and most probably some manorial officials and priests

1249 Mathieu, 1996, 144, 155; Wopfner, 1997, 292-293, 295.

1250 Kapfer, 2010, 137-138.

1251 Mathieu, 1996, 145.

1252 Kauter, 2002, 106-107, 127.

1253 Diet]l & Lehmann, 2004.

1254 Agh, 1993, xiii—xiv, xvii, xxiii-xxiv; Brown, 1976, 173, 175-177, 180; Kauter, 2002, 11—
12, 102, 105-106; Schindler, 2010, 263, 265-266.
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in the late sixteenth century were familiar with Columella’s agricultural hand-
book.'>> Consequently, Columella’s and later advice on early mowing dates
possibly had some minor influence in the Alps, but late mowing strongly pre-
vailed.'”¢ Namely, focusing on the economic perspective, earlier mowing was
most reasonable at nutrient-rich sites, where the biomass production is high
and the productive grass species abounding there could tolerate early mowing
in the long run (compare Section 10.1.2). Thus, the very limited quantities of
manure available for grasslands in most of the Alps before the nineteenth and
twentieth centuries (see Section 6.3)'*” kept the area of meadows, mowed ear-
ly, low in most places.

A typical type of fertilized and frequently mowed small grassland patch was
a grassy garden, attested at least since the sixteenth century.'*® A description
of agriculture in the remote cadastral community of Gorjuse on the Poklju-
ka Plateau in the Julian Alps (Sln. Julijske Alpe; Ital. Alpi Giulie; Friul. Alps
Juliis) from the 1830s, for instance, documents manuring of grassy gardens,
which was intensive for the standards of the time.'”’ Information from the
early twentieth century reveals that, unlike in other meadows, children were
allowed to play in such grassy gardens and to walk on the grass any time be-
cause trampling helped preserve the desired plant communities; one can also
imagine the positive impacts of children’s urine—apart from poultry excre-
ment."”® Trampling by children contributed significantly to the suppression
of unwanted umbellifers (Apiaceae), which in the absence of trampling be-
came abundant in nutrient-rich grassy gardens.'**' In grassy gardens in valleys
and close to cottages in high summer mountain pastures, trampling-resistant
grassland communities consisting of small-growing plants tolerating frequent
mowing have grown or grew. These include, for instance, supina bluegrass
(Poa supina), annual meadow-grass (Poa annua), perennial rye-grass (Lolium
perenne), wild marigold (Matricaria discoidea), daisy (Bellis perennis), knot-
grass (Polygonum aviculare), greater plantain (Plantago major), and white clo-
ver (Trifolium repens).'*** In some places, taller plants such as grass meadow
foxtail (Alopecurus pratensis) were also frequent.'***

1255 Zwitter, 2020, 55-57, 73-76; see also Schlude, 2009; Winiwarter, 2009.

1256 Kauter, 2002, 127.

1257 See also Wopfner, 1997, 292-293.

1258 Kauter, 2002, 133-135.

1239 ST AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carniola),
L72, cadastral municipality of Gorjuse, cadastral appraisal protocols: s.n., 72/4, 47.

1260 Griesser, 1999, 41.

1261 Author’s interview with Mencinger, 2018, in Stara Fuzina. On umbellifers in intensively
fertilized grasslands, see Sadar, 1956, 57, 109-111, 129, 138-139, 147; Dietl & Leh-
mann, 2004, 28.

1262 Sadar, 1956, 1, 66-67; Pils, 1994, 208, 220, 259-260; Machatschek, 2006, 134; Babai,
Molnar, & Molnar, 2014, 76.

1263 Kauter, 2002, 135.
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One reason for the long history of mowing in grassy gardens many times
a year is the need for a suitable pasture for poultry close to the farm. Poultry
pasture requires dense turf and small-growing grassland plants, and one way
to attain this goal is to mow frequently at nutrient-rich sites."”** Another rea-
son for mowing grassy gardens many times a year is the dietary requirements
of pigs. The first cutting of grassland plants for pigs had to be carried out early
because, unlike cattle, pigs cannot digest crude fiber. The protein content in
such early and frequently cut grassland fodder was high."*** Dairy cows also
received the biomass mowed in grassy gardens as nutritious green fodder.'?%

Apart from the immediate vicinity of permanently settled farms, nutri-
ent-rich grassy gardens were located in high summer mountain pastures;'**’
for example, at Ovcarija (about 1,700 m), Visevnik (1,610 m), Dedno Polje
(1,600 m), Laz (1,550 m), and Pri Jezeru (1,450 m) in north-western Bohinj,
to name but a few. There, according to mid-twentieth-century information,
nutrient-rich grassland close to cottages was mowed for the first time in late
June, usually prior to the arrival of livestock (compare Section 6.1.2.2).16% A
prohibition on the creation of grassy gardens in summer mountain pastures
in the area of Rettenberg (close to Innsbruck, the location of the castle of Ret-
tenberg is marked in Figure 4) in 1501, proves that grassy gardens in summer
mountain pastures had already been a known phenomenon by that time. Spo-
radic data on the history of such places before the nineteenth century include
the 1726 permission to create a grassy garden in the Kesselboden Alp above
Landl, a side valley of the Lower Inn Valley," and a century and a quarter
later a land-use map from 1855 shows a grassy garden there.'?”° However, in
the Lower Inn Valley, grassy gardens were still an exception in summer moun-
tain pastures in the early nineteenth century."*”

Mowing nutrient-rich grassy gardens, like those around mountain cottages
where plant nutrients accumulated due to the frequent livestock presence there,
contributed to the ability of the site to produce high-quality (or higher-quali-
ty) hay. Namely, nutrients were regularly removed from the soil with the hay,
which rendered the nutrient-rich grassland sites around cottages less suitable
for highly nitrophilous flora, such as Alpine dock (Rumex alpinus; but see Sec-

1264 Vidrih, 2005, 47-48.

1265 Machatschek, 2006, 133-134; Vogl-Lukasser et al., 2006, 66.

1266 Wopfner, 1997, 295; Vogl-Lukasser et al., 2006, 66.

1267 Grass, 1948, 192, 208-213; Wopfner, 1997, 295; Machatschek, 2006, 133-134.

1268 Novak, 1978, 58; Hodnik, 2016, 8-9, 34, 51; author’s interviews with Mencinger, 2017,
with Kunavec, 2017, and with Gasperin, 2017, all in Stara FuZina, and with A. and M.
Taler, 2017, in Studor.

126 Grass, 1948, 208-210.

1270 Arcanum Maps, Cadastral Maps, Habsburg Empire — Cadastral Maps (XIX. [sic] Cen-
tury), cadastral municipality of Thiersee, 1855.

271 Grass, 1948, 211.
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tion 8.2.2). Mowing had to be combined with further management practices
to cope with nitrophilous flora in limited sections where grass was mowed
close to the cottages. Nitrophilous “weeds” were uprooted (Section 6.6.1) and
dung was removed from such highly nutrient-rich sites not only to be applied
elsewhere (Section 6.3.2);”2 in some places the dung was discarded on rocks
according to mid-twentieth century data (when Alpine dock no longer played
the role of a fodder plant at Ovcarija, where these data refer to—see Section
8.2.2) because urine and small quantities of dung that remained in situ already
made the site highly nutrient rich."*”?

Hay from grassy gardens in high mountain pastures was mainly used as
fodder for calves (because they were only allowed to suckle four to five weeks
to save more milk for people), for ill livestock, for pigs, and as hay for the work-
force to sleep on. When there were hailstorms or summer snow, such hay could
also be used to feed livestock in general, but its quantities were fairly limited,
where mowed grass gardens existed at all in high summer pasture complexes.
Nonetheless, some farmers even transported some grass-garden hay from high
summer mountain pastures to the valley. For example, in the mid-twentieth
century, some hay from the Laz mountain pasture complex (about 1,550 m)
and the lower pasture and meadow complex at Grintojca (around 1,200 m)
was transported to the village of Stara Fuzina, located 1,000 m (Laz) or 600
to 700 m (Grintojca) lower than the site the hay originated from."?”* In many
places, transport of hay from high mountain pastures was prohibited, at least
as a matter of decisions made by agricultural offices since the nineteenth cen-
tury.1275

The following section deals with mowing in wetlands, another biome where
the biomass was cut early in some cases.
6.1.2.5 Various dates of wetland mowing

Mowing in wetlands used to play a much more important role in history
than nowadays. It used to be widespread.'”® From the point of view of ani-

1272 Pils, 1994, 208, 220.

1273 Author’s interview with Kunavec, 2017, in Stara FuZina; data refer to the Ovcarija
mountain pasture complex; compare Ellenberg & Leuschner, 2010, 37.

127 yon Hormann, 1877, 147; Novak, 1978, 58; Hodnik, 2016, 8-9, 34, 51; author’ inter-
views with Mencinger, 2017, with Kunavec, 2017, and with Gasperin, 2017, all in Stara
Fuzina, and with A. and M. Taler, 2017, in Studor.

1% Grass, 1948, 212-213.

1276 Melik, 1946, 173, 184, 187-190, 192-195, 200, 206-209, 221; Meilleur, 1986, 264,
266-267, 280, 286-287, 295; Pils, 1994, 112-162; Emanuelsson, 2009, 157, 277-278,
280-281, 285-286; Peterken, 2013, 14, 17-18, 76-80, 153, 155; Orland, 2016, 26; Zwit-
ter, 2020, 64-66, 68-69; Grass, 1948, 167-169; Mlinar (ed.), 2018b, 99, documenting a
mofsl of economic use near Fusine in Valromana (Friul. Fusinis, Germ. WeifSenfels, Sln.
Bela Pec) in a rent roll from 1636.
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mal husbandry, wetlands had their merits, mainly in early spring (see Section
6.1.2.5.1.1) or as sources of animal bedding (see Section 6.1.2.5.2). Moreover,
wetlands were grazed or the biomass was used as hay made in the summer,
especially if the farm was not entitled to mow enough other grasslands pro-
viding better fodder (see Section 6.1.2.5.1.2). Another aim of mowing in wet-
lands was obtaining common reed stalks as building material (see Sections
6.1.2.5.2.1 and 8.2.3). Mowed wetlands were located not only near permanent
settlements, but also at many remote sites, despite the limited hay quality. The
meadow name Mlakauishah (literally, ‘puddle(s)’) in the Talez montane mead-
ow complex on the Jelovica Plateau in the eastern Julian Alps (Sln. Julijske
Alpe), recorded in 1620,'*”” is one of the many toponyms indicating wet condi-
tions in remote meadows in historical sources.

Different types of wetlands were used in livestock farming in the Alps, rang-
ing from productive marshes all the way to some historically farmed raised
bogs. Marshes are defined here as wetlands on soils, which are predominately
mineral, even though the fraction of soil organic matter is higher than outside
wetlands. Fens are another wetland type; they include a shallow peat layer but
groundwater, or surface water during flood events, is still a relevant source of
water and nutrients for fen vegetation. The productivity of fens and marshes
varies, ranging from nutrient-poor marshes and fens to somewhat more pro-
ductive fens and highly productive marshes. Fodder quality in marshes and
fens was usually middling to low from the perspective of livestock farming if
tully grown plants were used (Section 6.1.2.5.1.2), whereas it was often high in
spring (Sections 6.1.2.5.1.1 and 6.1.2.5.1.2)."7

Another wetland type is raised bogs, characterized by an extensive peat
layer. They are extremely nutrient-poor and acidic wetlands. A bog is dome-
shaped and raised above the surroundings. Plants there do not have access to
groundwater because their roots stand in the peat, and they usually depend on
extremely nutrient-poor precipitation. Even at nutrient-poor fen sites, nutri-
ent availability is higher than in raised bogs. Consequently, if farmed, raised
bogs produced low quantities of extremely low-quality livestock fodder that
was sometimes grazed if accessible for livestock, or, less usually, the biomass
was mowed there.'*””

1277.SI AS 721, Gospostvo Bled (The Seigneury of Bled, Germ. Veldes), Iustitialia, vol. 12,
June 10th, 1620.

1278 Dierssen & Dierssen, 2001; Pils, 1994, 112-152, 162; Melik, 1946, 187-188, 207-209;
Emanuelsson, 2009, 157, 277-278, 281, 285-286; Peterken, 2013, 18; Sucholas et al.,
2022.

1279 Melik, 1946, 173, 184, 187-190, 192-195, 200, 206-209, 221; Emanuelsson, 2009, 277,
281; Peterken, 2013, 18, 155; Sucholas et al., 2022. Compare the maps of land-use cat-
egories in the Ljubljana Marsh in the early nineteenth century and the depth of peat
layer in Melik, 1946, 187-190, 192-195, 200, 206-209, 221, and the enclosed maps
Kulturno-gospodarsko stanje Barja v letu 1825 (Land-Use Map of the Ljubljana Marsh
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Figure 59: Land use in the Ljubljana Marsh and its near surroundings in 1825. Wet pastures
were located in raised bogs, and wet meadows largely in fens.'** The toponym Ljubljanica
is oversized to match the font size of other toponyms; it covers the river (some 40 to 50 m
wide) and the adjacent wet meadows in fens. The 1415 dispute presented in the text most
likely occurred in the southwest part of the location of the toponym of the Ljubljanica River
on this map. Further east, the river flows through the fen to the north to reach the town of
Ljubljana. Adapted from Smid Hribar, 2016, 77. Map author: Mateja Smid Hribar, © Anton
Melik Geographical Institute.

Site conditions within the same wetland and between wetlands often differ
greatly (see Figures 59 and 62), and so does the quality and quantity of biomass
from the perspective of livestock farming.'?! This is demonstrated by the fol-
lowing late-medieval example from the Ljubljana Marsh, the former southern-
most wetland with large areas of raised bogs and fens in Europe (around 110
km? of peatlands),'*** located just south of the southeasternmost Pre-Alps. To
avoid misunderstandings, despite the usual English toponym Ljubljana Marsh,
a landscape of bogs and fens used to cover the majority of this wetland, in line
with the definition presented above. In 1415, a dispute about mowing rights
was documented between the burghers from Ljubljana (Germ. Laibach), lo-
cated north of the Ljubljana Marsh, and the inhabitants of three villages on the
southern edge of this wetland, Tomiselj, Vrbljene, and Strahomer, which are
located some 10 km straight-line distance from Ljubljana (Figure 59)."%* As in

in 1825) and Debelina sotne plasti na Ljubljanskem barju v letu 1881 (Map of the Depth
of the Peat Layer in the Ljubljana Marsh in 1881); the peat depth in the Ljubljana Marsh
in 1881, as shown on the oldest existing map, was no longer the maximum historical
peat depth at several sites (Melik, 1946, 169-171; Zorn & Smid Hribar, 2012, 52-54).

1280 Melik, 1946, 173, 184, 187-190, 192-195, 200, 206-209, 221.

1281 Pils, 1994, 112-162.

1282 Melik, 1946; Smrekar et al., 2014, especially pp. 18, 23-24; Zorn & Smid Hribar, 2012,
46, 52.

1283 Kosi, 2014, 119.
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6.1 Mowing

so many wetlands, hay from the Ljubljana Marsh was usually fed to horses'***
(see Section 6.1.2.5.1.2). Quite a large quantity of wetland hay from the Lju-
bljana Marsh was probably consumed by packhorses on the days when they
were not active in transportation because there were extensive regional and
long-distance traffic routes through Ljubljana (linking, beside other territories,
the Republic of Venice with the Pannonian Basin and the easternmost Eastern
Alps). 1285

It would, however, be erroneous to conclude from the 1415 dispute that
south of Ljubljana the wetland was mowed from the north to the south in the
entire area between Ljubljana and Tomiselj, Vrbljene, and Strahomer because
inhabitants of settlements from the north and the south of the wetland litigat-
ed over mowing rights. Namely, extensive poor pastures in raised bog, hazard-
ous for livestock, documented there in the sixteenth century'?*¢ and until the
nineteenth century,'”” demonstrate that this was not the case. Hay was made
mainly along the watercourses, in the fens in the Ljubljana Marsh,'**® which
was common in many wetlands consisting of both raised bogs and fens."*
Namely, there were significant differences in fodder quality and quantity with-
in such wetlands. Along watercourses, where flowing water oxygenates the soil
and deposits some nutrients during more frequent flood events, there were
fens, providing significantly better hay and higher hay yields than the raised
bog in the rest of the Ljubljana Marsh.?* Indeed, the boundary between the
land farmed by the inhabitants of Ljubljana on the one hand and Vrbljene,
Tomiselj, and Strahomer on the other was located close to the Ljubljanica Riv-
er, near the contact zone between a raised bog and a fen at the later village of
Lipe or further southwest (some 7 km straight-line distance from Ljubljana
and 5 km from Vrbljene), at one of the more productive sections of the Lju-
bljana Marsh, as suggested by early nineteenth-century cadastral land-tenure
evidence.'”! In addition to more and at least slightly better hay than in a raised
bog, the location close to the river allowed easy water transportation of hay

1284 Melik, 1946, 200.

1285 Kosi, 1998, 54, 56-58, 136153, 206-224; see also Zwitter, 2014d, 614.

128 An example is grazing in a large raised bog north of Matena, where livestock were per-
ishing (Zwitter, 2016, 154). There used to be a raised bog at that time: Smrekar et al.,
2014, 24.

1287 Melik, 1946, 187-188, 207-209, and the enclosed map Kulturno-gospodarsko stanje
Barja v letu 1825 (Land-Use Map of the Ljubljana Marsh in 1825).

1288 Melik, 1946, 173, 188-190, 192-195, 200, 206, 209, 221, and the enclosed maps Kul-
turno-gospodarsko stanje Barja v letu 1825 and Nekdanja vodna mreza na Barju; see
also the map in Smrekar et al., 2014, 71 (and p. 72).

128 Emanuelsson, 2009, 281.

1290 Melik, 1946, 173, 184, 188-190, 192-195, 200, 206, 209, 221; Emanuelsson, 2009, 281;
Zorn & Smid Hribar, 2012, 57.

1291 Melik, 1946, 170, 177, and the enclosed maps Posestno razmerje na Barju v letu 1825
(1825 Land Tenure Map of the Ljubljana Marsh) and Debelina Sotne plasti na Ljubljan-
skem barju v letu 1881 (Map of the Depth of the Peat Layer in Ljubljana Marsh in 1881;
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6 Selected historical practices of species-rich grassland management
across significant distance.'** Thus, settlements on the northern and southern
edge litigated over mowing rights at relatively favorable sites near the Ljublja-
nica River, whereas large sections of the wetland south of Ljubljana were used
as poorly productive and hazardous pastures (Figure 59).

Mowing was even carried out at some places where the water level required
thorough work adaptation. For instance, eighteenth-century data explain that
the wetland in shallower parts of Lake Gosselsdorf (Germ. Gdsselsdorfer See;
SIn. Goslinsko jezero; see Figure 61) in the Jaun Valley (Germ. Jauntal, Sln.
Podjuna), Carinthia, was mowed up to the deep water (“bis an des[!] tieff-
en see”), so that hay was stored from water (“aus dem wasfler bringen”);'**
fish and crawfish lived on these parcels.'*** At least some haymakers in Lake
Gosselsdorf wore boots, as already recorded in June 1639. Still in the Kla-
genfurt Basin, hay made in the wetland west of Lake Sablatnig/Turner (Germ.
Sablatnigsee, later Turnersee, Sln. Zablasko jezero) in July 1679 was transported
from the wetland by boats,'*® not by carts. Meadows named Pod vodo'” (lit-
erally, ‘under water, below water’) and Pod loko v mlakach'*® (literally, ‘in pools
or wet meadows below a (wet) meadow’) were recorded in the pre-Alpine
Posavsko Hills (SIn. Posavsko hribovje, now in eastern central Slovenia) at the
foot of Zasavska Sveta Gora or in its vicinity in the seventeenth and eighteenth
centuries. Mowing in more than knee-deep water was carried out in wetlands
in mountain grasslands of the Villandro Alp (Ital. Alpe di Villandro, Germ.
Villanderer Alm) in Trentino-Alto Adige (South Tyrol), as documented in the
twentieth century.' The data presented suggest that mowing from boats or
standing in relatively deep water, where the hazard of getting stuck in the mud
was not serious, was no exception, in flatter valleys and basins in the Alps in
particular. This is not surprising because wetlands and aquatic environments
were often much more accessible to a haymaker mowing by scythe than they
are nowadays to farm mechanization,”” and the fodder quantity was often

note that the peat was covered by fluvial deposits along the main watercourses; Melik,
1946, 173, 194).

1292 Melik, 1946, 192-193, 205-207, 209, 212-213.

1293 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 192, Gerichtsprotokoll
1728-1742, 79 (1730).

1294 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 181, Gerichtsprotokoll
(from the 1660s that begins in 1661), 40-41 (June 17th, 1645).

1295 Zwitter, 2014e, 342, 344.

1296 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 183, Gerichtsprotokoll
1675-1683, 195-197 (August 1st, 1679).

1297 ST AS 173, Imenjska knjiga za Kranjsko (Giiltbuch for Carniola), Giiltbuch no. 7 (1662
1757), sheets 35, 38.

12%% ST AS 173, Imenjska knjiga za Kranjsko (Giiltbuch for Carniola), Giiltbuch no. 7 (1662
1757), sheets 38, 125; the translation of toponyms is based on vernacular terminology
of grassland agroecosystems in Sadar, 1956, 1.

129 See the photo in Hinterwaldner, 2002, 174, 176.

130 Sucholas et al.,, 2022, 14.
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6.1 Mowing

insufficient or barely sufficient (Section 6.2.2.1). Similarly, mowing sedges in
standing water and floating off the hay was recorded in Iceland, for instance.'*"!
Mowing on frozen wetlands in winter to obtain animal bedding or building
material (Section 6.1.2.5.2) made possible economic use of wetland sites that
were otherwise inaccessible or barely reachable.

In the last millennium, wetland areas faced local increases and decreases, fol-
lowed by major drainage work. Expansion of wetland areas was often a result of
interactions between nature and humans. Climate and weather'*** and the flood
events and mass movements they helped trigger*® belonged to the principal
natural and hybrid socio-natural driving forces relevant in this case. Among
human factors contributing to more humid or wetter sites, building numerous
dams is a type of intervention in the landscape that resulted in many local ex-
pansions of wetlands in the Alps.”*** Deforestation to establish new agricultural
land, causing a local rise in groundwater level, was another anthropogenic driv-
ing force relevant to a certain degree; it contributed to the expansion of wetlands.
Deforestation-related increased erosion on slopes could result in more fluvial
sediment transport and accumulation in the valley in some cases, which also led
to the growth of wetlands adjacent to rivers.”**® Expansion of wetlands as a result
of interactions between several driving forces is demonstrated by an early exam-
ple from the Upper Pinzgau region, on the Upper Salzach River. Sixteenth- and
seventeenth-century records prove that the area of wetlands there had increased
by that time. Consequently, some arable fields had to be converted into perma-
nent grasslands, and the quality of hay in meadows declined.**

The reverse process of wetland drainage is in principle an ancient practice,
but before “the era of fossil-fuel powered earth-moving equipment,” drainage
and maintenance of the related infrastructure were highly labor intensive.
Consequently, before fossil fuel-based technology, draining “gathered pace
chiefly where and when plentiful labor could be focused by the coercive power
of lords and states, and where land hunger pushed young men to despera-
tion.”*”” Medieval, sixteenth-century, and seventeenth-century records on lo-

1301 Peterken, 2013, 274.

1302 Pfister & Brandli, 1999.

1303 E.g., Wopfner, 1997, 73-74.

1304 E.g., a very local example from Bohinjska Bistrica in western Bohinj: in 1607 a plaintiff
claimed that a parcel along Bistrica Creek became wet and consequently, as the plaintiff
also argued, it decreased in quality because the defendants had constructed or expand-
ed a dam (SI AS 721, Gospostvo Bled [The Seigneury of Bled], Iustitialia, vol. 13, [July
2nd (?)] 1607). Even though the reliability of the argument is unclear in this case, the
court minutes record a process that was occurring in many places.

1305 Pfister & Brandli, 1999; Winiwarter & Sonnlechner, 2001, 14; Poschlod, 2015, 83; Haid-
vogl, Pont, & Zwitter, 2019, 41.

1306 Rohr, 2007a, 320, 349-351, 365-367.

1307 McNeill, 2010, 363 (the quotes are from there); see also Trof3bach, 2008, especially col-
umns 586-587, 593; Emanuelsson, 2009, 157; Peterken, 2013, 170-171, 191, 268.
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6 Selected historical practices of species-rich grassland management

cally relevant small-scale drainage usually organized by landlords to make the
land more suitable for farming reflect a process that was nothing exceptional
in Central Europe.”** Early examples from the Alps include the drainage car-
ried out in the Upper Inn Valley at Prutz in 1476 and in the bottom of the
valley along the middle course of the Adige River (Germ. Etsch) in the fifteenth
century.”® At Piskertschach (SIn. Piskrce) in the Jaun Valley (Germ. Jauntal,
SIn. Podjuna) of Carinthia, digging drainage ditches was ordered in the second
decade of the seventeenth century in the wetland covering part of the common
pasture due to springs there.”’'° Such early drainage projects in the Alps were
not limited to valley bottoms. For instance, gradual drainage of wetlands in
high mountain pastures in the Villandro (Germ. Villanders) area in South Ty-
rol was ordered in the mid-seventeenth century; many wetlands on imperme-
able rocks and moraines (have) existed there.”!! A few larger drainage projects
were also carried out early. In the Upper Pinzgau region, three sections of the
Salzach were straightened in the late sixteenth century, and in one case work
probably continued until the early seventeenth century. Each of these sections
(at Bramberg, west of Hollersbach, and east of Mittersill) is several kilometers
long. The new, straighter sections of the Salzach were presumably only about
15 to 20 m and about 30 m wide (in the latter case, 43 m together with the
banks), and within the new straighter sections the length of the riverbed was
significantly reduced (e.g., by 15%, and in one case allegedly even by half).'**?
Hydrological conditions in many former wetlands near the river changed, and
so did the grassland species composition."”"* However, in the aforementioned
centuries, drainage was not a general phenomenon in wetlands in the Alps,
and “the great majority of European wetlands remained unaffected” at that
time."!

Swamp drainage fever started in Central Europe from the mid-eighteenth
century onward. It involved large-scale and small-scale drainage of wetlands
in the Alps between the eighteenth and especially nineteenth century and the
third quarter of the twentieth century. The majority of the wetland areas in
the Alps and elsewhere in Central Europe were drained at that time."*'> Apart
from projects in which wetland drainage was the main goal, drainage was also

1308 McNeill, 2010, 364.

1309 ‘Wopfner, 1997, 234, 299.

1310 Zwitter, 2014e, 334; an example of traditional small-scale drainage: Babai, Molnar, &
Molnar, 2014, 104.

11 Hinterwaldner, 2002, 24-25, 49.

1312 Rohr, 2007a, 318, 350-353, 365-367.

1313 Compare Peterken, 2013, 194.

1314 McNeill, 2010, 364 (quote); see also Rohr, 2007a, 350, 366-367.

1315 Pils, 1994, 121-122, 151, 157, 165; Wopfner, 1997, 221, 234, 287; Emanuelsson, 2009,
304-310; Peterken, 2013, 262; Poschlod, 2015, 114, 126, 135-143, 146-149, 154, 170-
172,176-177, 209, 223, 230-231; Batzing, 2015, 88, 94, 96-98, 271; Schmid, 2016; Mc-
Neill, 2010, 364; Wobse, 2022, 29, 31-32, 36, 39; Kuret (ed.), 1989, 263, 271.
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6.1 Mowing

one of the consequences of river regulation in the floodplains in broader val-
leys and basins in the Alps, causing a decrease in groundwater level.*' Numer-
ous plant and animal species occurring at wet sites have become endangered
or locally extinct due to drainage.”®'” However, agricultural land providing
human food or better fodder increased, and this happened in times of quick
population growth in the Alps (see Section 3.1)"'® and in Europe in gener-
al.®" The risk of malaria, which occurred as far north as Northern Europe,
and thus also in the Alps, and some other wetland-related human and animal
diseases (see, e.g., Sections 6.1.2.5.1.1, 6.1.2.5.1.2, and 6.4.1 for liver fluke) also
decreased.”**

6.1.2.5.1 Wetland hay as fodder

6.1.2.5.1.1 Spring mowing and grazing in wetlands

In the literature on grassland history, the importance of wetlands for animal
husbandry is usually presented overly pessimistically; they are often reduced
to low-quality pastures,””* sources of animal bedding,** and sources of
low-quality hay. This section presents a specific type of historical wetland use
that often provided good fodder.

A major historical advantage of many wetlands as fodder resources was that
water temperatures in late winter and early spring are higher than air tempera-
tures. This caused an early onset of the vegetation period in the critical time in
early spring when many farmers were often running out of hay (see Figures 60
and 64, and Section 6.2.2.1).132* Section 6.1.2.5.1.1 demonstrates the attractive-
ness of early spring grazing in wetlands based on examples of monocots from
Lake Gosselsdorf, comparative examples from what is now Trentino-Alto
Adige (South Tyrol) and Switzerland, and selected wetland and aquatic dicots
in the Julian Alps, Karawanks (Germ. Karawanken, Sln. Karavanke), and the
Allues (Francoprovengal Alués) Valley (French Les Allues).

1316 Mathieu, 1996, 148, 155; Wopfner, 1997, 221, 234, 287; Kauter, 2002, 171; Emanuels-
son, 2009, 305, 308-309; Poschlod, 2015, 131, 134-135; Haidvogl, Pont, & Zwitter,
2019, 41-42.

317 Pils, 1994, 121-122, 156-157, 161; Aeschimann et al., 2004, vol. 2, 14-15, 1038-1039,
1086-1087, 1096-1097, see also the legend in Aeschimann et al., 2004, vol. 1, inside
front cover; Hable & Prisent, 1985, 401; Poptcheva et al., 2009, 108; Peterken, 2013,
209-210, 215, 262-263, 270; Poschlod, 2015, 126-131, 134-143, 146-149; Jakseti¢ (in-
terview with Kaligari¢), 2019, 22; Wobse, 2022, 31, 34.

1318 Haidvogl, Pont, & Zwitter, 2019, 41.

1319 Livi Bacci, 2000; see also McNeill, 2010, 364.

1320 McNeill, 2010, 364; Haidvogl, Pont, & Zwitter, 2019, 41.

1321 Kapfer, 2010, 137.

1322 For example, Peterken, 2013, 17.

132 Peterken, 2013, 179-180; Leibundgut & Vonderstrass, 2016a, 125.
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Figure 60: The vegetation period of wetland plants starts when snow still covers the sur-
roundings. Note the green plant tissue. Bohinj, March 17th, 2018, photo: Ziga Zwitter.

Although the vegetation period in many wetlands starts early, the growth
dynamics and attractiveness of fodder depend on the nutrient status of the
wetland and on water temperature. Growth is quicker in nutrient-rich wet-
lands and slow in nutrient-poor ones, comparable to the difference between
moderately fertilized and non-fertilized grasslands in general (see Sections
6.2.2.1 and 6.2.2.2). Concerning water temperature, vegetation development is
slow in wetlands that receive water from local cold springs and quicker where
they are supplied by warmer water. Thus, where nutrient-poor wetlands are
fed by cold water, growth dynamics are very slow. Very low nutrient status
or cold water feeding the wetland all the year round favor the dominance of
mosses,*** which are unattractive to livestock,** and so they were not grazed
in early spring. Consequently, only wetlands fed by water that was not too
cold and characterized by medium nutrient availability, such as common reed
(Phragmites australis) sites, or by high nutrient availability, such as butterbur
(Petasites hybridus) sites,'** provided significant fodder quantities for livestock
in early spring. Common reed is among the most quickly growing grassland

1324 Pils, 1994, 112-114, 117-118, 122, 126.
1325 Author’s interview with L. and M. Odar, 2017, in Studor.
1326 Aeschimann et al., 2004, vol. 2, 524-525, 992-993; Pils, 1994, 112, 239.
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6.1 Mowing

and wetland plant species, especially where the nutrient availability is high and
the site is wet."**

Occasional floods in some wetlands in winter or early spring, leaving be-
hind muddy deposits on plants, rendered early spring mowing or grazing im-
possible.'

The hazard of livestock being infected with common liver fluke (Fasciola
hepatica) was possibly significantly lower during early spring mowing or ear-
ly spring grazing in wetlands than later. This hazard likely increased during
May. Nonetheless, even in late May, the risk of infection might have been lower
than in late summer and early autumn, at several sites at least."** If previously
infected animals graze in wetlands in early spring, their excrement increases
the later liver fluke hazard in the case of grazing in the same wetland. Com-
mon liver fluke is a serious and widespread challenge for sheep, cattle, and pigs
grazing in wetlands. This parasite is often fatal in sheep, whereas it causes suf-
fering and economic losses in cattle farming without usually being fatal. Less
frequently, it causes problems in horses and donkeys.'**

The first case study, representative of many productive wetlands mowed
or grazed in spring, focuses on the extensive siltation zone around Lake Gos-
selsdorf (Figures 61 and 62). A combination of a wetland and a lake is clearly
proven since the seventeenth century. According to information from 1606,
certain sections of the bottom of that lake were not covered by water for a
considerable part of the year."”*' Similarly, this lake was designated as mosfssee
(Gosselstarffer mosf$see) in 1684'*** and 1694.*** Extensive temporarily flooded
wetlands at Lake Gosselsdorf were not a novelty at that time because the lake
formed behind a very low barrier from fluvial deposits, and so the shallow lake
has a wide siltation zone with various vegetation, starting with submerged or
floating-leaved plants and up to reeds and wet meadows.”** Nonetheless, by
the seventeenth century, this lake was a complex socio-natural site. Informa-
tion from 1613 reveals that the regular temporary reduction of the area of the
lake was a combined result of natural and anthropogenic factors because Lake
Gosselsdorf also functioned as a mill pond and was an integral part of carp

1327 Pils, 1994, 225-226, 239.

1328 Pfister, 1985a, 48-49, 83.

139 Novobilsky et al., 2014. Gratitude is expressed to the agronomists Martin Skrlep and
Joze Verbi¢ for recommending this article.

1330 Ballweber, 2024; Tacer, no date.

31 Zwitter, 2014e, 342.

1332 SINSAL 100, Kapiteljski arhiv Ljubljana (Archives of the Ljubljana Cathedral Chapter),
fasc. 103, folder 2: account of the seigneury of Eberndorf (Sln. Dobrla Vas), Einkhom-
men auf$ fiischwdssern.

133 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 186, Gerichtsprotokoll
1694-1698, 28-29 (March 17th, 1694).

1334 Melik, 1954, 502.
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6 Selected historical practices of species-rich grassland management

Figure 61: Lake Gosselsdorf in southern Carinthia and extensive wetlands (note the light
brown color of dry wetland monocots) south and north of it in the early twenty-first cen-
tury. The area covered by largely treeless wetlands still resembles the one in the era of wet-
land farming in the mid-twentieth century, one of the main exceptions being spontaneous
afforestation in the northeast.”** Contour lines are marked in dark brown, the contour
interval is 10 m, and the lake is located just below 470 m. In the northwest of the lake,
outflow to the north-northwest is seen as a curved line crossing the wetland; this is the
only surface outflow from this lake. Adapted from KAGIS Maps, Basiskarten, Hintergrund
(Basemap), Ortho 2019-2021 & KAGIS Kartendienste, Geldndehohe, Hoheninformation,
Hohenschichten (10 m).

1335 Compare the digital orthophoto from 1952-1953 in KAGIS Maps, Basiskarten, Hinter-
grund (Basemap), Ortho 1952-1953.
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6.1 Mowing

breeding. Consequently, the sluice dividing the lake from the stream flowing
from the lake to the north affected not only the water level in the lake, but
also the area temporarily covered by water."* As a consequence of the inter-
play between natural and human factors, wetland plants were mowed at Lake
Gosselsdorf by poor locals on March 10th, 1694,"**” in March 1714,"% and
on April 11th, 1676."*° The plants mowed there are designated in these sour-
ces as Sacher—which can refer to various wetland plants, such as reeds, sedg-
es, wood club-rush, and so on. Although the word Sacher can have a general
meaning independent of the wetland plant development phase (also in Carin-
thia),"**" a description of the meaning of the word Sacher in Matthias Lexer’s
nineteenth-century dictionary of Carinthian German points precisely to such
early mowing of wetland or aquatic plants; namely, Sacher is described as the
leaves of some wetland plants before stem formation."**' Because there were
many wetlands in the bottoms of valleys and basins in Carinthia,** this plant
development phase was so economically relevant that a special meaning of the
word Sacher evolved. A parallel with grazing in the wetland at the shore of the
same lake is relevant for understanding such early wetland mowing. Based on
personal observations, a farmer born before the mid-twentieth century at the
isolated Sapotnik (SIn. Zapotnik) farm on the shore of Lake Gosselsdorf, who
used to tend cattle (including milking cows) grazing in this wetland in spring
in her youth, recalled that cattle liked soft young common reed (Phragmites
australis) very much, until it grew about a meter high; if the reed was younger,
it was appreciated even more. She used to keep cattle in this wetland in May.
Her traditional ecological knowledge includes the crucial element of the high
regeneration ability of common reed in spring; the farmer noticed that cattle
consumed accessible organs of young common reed, but this plant regener-
ated, providing attractive young cattle fodder more than once per spring.’**
However, the number of grazing events had to be low if the goal was to keep
the reeds (see below). This kind of traditional ecological knowledge must have
a long history there because the same farm claimed to have grazing rights in
the wetland at the same lake in mid-seventeenth century, and by that time

1336 Zwitter, 2014e, 343-344, 347.

1337 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 186, Gerichtsprotokoll
1694-1698, 28-29 (March 17th, 1694).

1338 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 189, Gerichtsprotokoll
1711-1717, 145-147 (April 1714).

1339 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 183, Gerichtsprotokoll
1675-1683, 29 (April 22nd, 1676).

1340 7Zwitter, 2020, 65.

1341 Lexer, 1862, column 211; Lexer, Mittelhochdeutsches Handwdrterbuch: Saher.

342 Arcanum Maps, Cadastral Maps, Habsburg Empire — Cadastral Maps (XIX. [sic] Cen-
tury).

134 Author’s interview with Plesnik, 2021, at Sapotnik (Sln. Zapotnik) farm on the shore of
Lake Gosselsdorf.
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the farmer had already regarded the grazing rights there as an old custom."*
A parallel with traditional ecological knowledge about young common reed
from the Biebrza Valley in Poland is telling: “[I]n spring cattle do not let it
grow because [they] ea[t] everything immediately”"** Phragmites australis
could not, however, tolerate being consumed many times per vegetation sea-
son; where this was the case, it disappeared. The impacts of trampling by heavy
livestock on sensitive rhizomes are also critical and can suppress the regenera-
tion of common reed if trampling lasts long, and so the grazing time had to be
short.”*® In general, these impacts strengthened with the increase in livestock
weight (Section 5). Traditional ecological knowledge of farmers from the shore
of Lake Gosselsdorf and the Biebrza Valley corresponds with the results of
an analysis announced by the Ministry of Agriculture in 1915, when hay was
scarce due to drought and war (see Section 7.2): common reed, if only cut as
young as possible, can be regarded as a suitable source of fodder that cattle
and horses like fresh and dry. Its sugar content, for instance, is considerable.*’
This explains the traditional ecological knowledge about young common reed
in the Biebrza Valley in Poland: “it is sweet like corn” and cattle like to eat
it “because it is sweet.”"**¥ In contrast, cattle do not eat fully grown common
reed.”* This is a consequence of the fact that reeds and rushes usually have
an internal nutrient cycle, so that sugar is stored in underground parts (the
rhizome and stem base) in the winter and pumped into the growing parts of
leaves and stems in the spring. Consequently, even Juncus leaves are attractive
to livestock at that time. Only later on is sugar again stored in underground
parts and the upper stems become tough and less attractive.'**

The previous paragraph made it clear that there existed some farmed reed
beds in the history of the Alps, although in general common reed is much
more frequent in the landscape nowadays than it used to be because it has
spread in many abandoned wet meadows void of reed as long as they were
farmed, and the increased eutrophication of wetlands and fresh waters in gen-
eral is also favorable for Phragmites australis."*'

1344 AT StiAStP, Grundherrschaft Eberndorf (Handschriften), vol. 4, Grundbeschreibung
1664/65, 340.

134 Sucholas et al., 2022, 19 (quote), 36.

1346 Pils, 1994, 223, 239; Davidson et al., 2017; Duncan, 2019; Sucholas et al., 2022, 19.

1347.ST AS 137, Okrajno glavarstvo Radovljica (District Administrative Authority [Germ.
Bezirkshauptmannschaft] of Radovljica, Germ. Radmannsdorf), box 592, folder Preskr-
ba z zZivili, prekupcevanje, nastavitev zaupnikov za nadzor zalog, potrebe: August 28th,
1915, no. 22751. The botanical name Arundo phragmites has been updated according to
Aeschimann et al., 2004, vol. 2, 992.

18 Sucholas et al., 2022, 19.

134 Sucholas et al., 2022, 36.

1390 A special case is the inflorescences of wood club-rush (Scirpus sylvaticus), which cattle
like to graze on, probably due to their high nutritive value (observation by Leonid Ras-
ran).

1351 Pils, 1994, 120, 133, 136, 223, 236, 239; Sucholas et al., 2022, 2-3, 19, 36, 38.
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Figure 62: Various habitats near the shore of the wetland at Lake Gosselsdorf, at many
places dominated by tall sedges (Carex spp.) or by common reed (Phragmites australis) in
an environment with a long history of significant human intervention into ecosystems.
Apart from the long history of human influences on water level (see Section 6.4.3.2.2),
mowing to obtain fodder and animal bedding, and grazing (see also Sections 6.1.2.5.1.2
and 6.1.2.5.2), the impact of fire on habitats of common reed was also significant. From
1902 to 1971, a narrow-gauge steam railway connection crossed this wetland."** Steam
locomotives started fires in dry common reed in many years between autumn and spring.
Moreover, boys played with fire in dry common reed. According to traditional ecological
knowledge, burning made mowing easier because the tussocks burned down, and so the
surface became more even, and the vegetation period of wetland monocots was observed
to start significantly earlier in the spring due to these fires.’*® The reasons are a cooler and
wetter microclimate below slowly decomposing reed remains,'** and so the site became
warmer after being burned, and the nutrient release from ash also stimulated reed growth.
Abandonment of historical wetland farming was another human factor causing changes in
these ecosystems. Photo: Ziga Zwitter, August 25th, 2020.

Even several sedge species (Carex spp., commonly summed up as tall sedg-
es, such as Carex elata and Carex acuta), avoided by cattle when full grown (see
Section 6.1.2.5.2), were alternately consumed when young by cattle and not
only by horses. Similarly, reed sweet-grass (Glyceria maxima) is consumed by
cattle and other herbivorous livestock as a delicacy when young, but avoided
by cattle when old and hard."**

It is not clear how typical early spring mowing was at Lake Gosselsdorf
and which wetland plants were mowed there in spring, when this practice was

1352 Piko, 1996, 303, 329; Siedler, 1992, 144-147.

1353 Piko, 1996, 303, 329; author’s interview with Plesnik, 2021, at Sapotnik farm on the
shore of Lake Gosselsdorf.

1354 Pils, 1994, 226.

1355 Sucholas et al., 2022, 18, 23, 36.
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recorded in the seventeenth and eighteenth centuries. According to a court
settlement from 1645 and later data, some farmers had mowing and grazing
rights in the wetland near the lake,'”*® and so apart from later plant uses they
most likely mowed or grazed their livestock there in early spring. In the few
well-documented cases from 1676, 1694, and 1714, early spring mowing was
carried out illegally, although in significant quantities; for instance, a cart of
Sacher was stored per farm involved in 1676 (one farm) and 1694 (two farms),
and seven or eight farms from nearby Goésselsdorf (Sln. Goselna Vas) and Sit-
tersdorf (SIn. Zitara Vas) participated in mowing in March 1714.3%

Similar uses of wetland plants were characteristic of several wetlands; for
example, along rivers and lakes at the bottom of broader valleys and basins be-
fore the channelization of rivers and drainage of such wetlands (see the intro-
duction to Section 6.1.2.5). From autumn to spring, wetlands along the middle
Adige (Germ. Etsch) River offered grazing grounds for sheep belonging not
only to farmers from the bottom of the Adige Valley, but also to farms located
at high elevations and in side valleys, such as the Senales Valley (Ital. Val Se-
nales, Germ. Schnalstal), Passiria Valley (Ital. Val Passiria, Germ. Passeiertal),
Sarentino Valley (Ital. Val Sarentino, Germ. Sarntal), Fiemme Valley (Ital. Val
di Fiemme, Germ. Fleimstal), Fassa Valley (Germ. Fassatal, Ladin. Fascia, Ital.
Val di Fassa,), and Non Valley (Ital. Val di Non, Germ. Nonstal). For example,
farms in Fondo and Malosco in the upper Non Valley had grazing rights for
their sheep in wetlands along the section of the Adige River between Vadena
(Germ. Pfatten) and Termeno (Germ. Tramin) from mid-March until April
24th according to a charter from 1185 (Gregorian date equivalents in terms

1356 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 179, Gerichtsprotokoll
1653-1655, 101 (February 12th, 1663), 102 (March 5th & April 20th, 1663); AT StiAStP,
Grundherrschaft Eberndorf (Handwritings), vol. 181, Gerichtsprotokoll 1661-1668,
39-40 (December 1st, 1662), 40-41 (June 17th, 1645) and 110-111 (September 8th,
1665); mowing rights are also clearly proven in 1713 (AT StiAStP, Grundherrschaft
Eberndorf (Handwritings), vol. 189, Gerichtsprotokoll 1711-1717, 128-129 (1713)),
grazing rights in the wetland of Lake Gsselsdorf are also mentioned in the mid-sev-
enteenth century and later (AT StiAStP, Grundherrschaft Eberndorf (Handschriften),
vol. 4, Grundbeschreibung 1664/65, 339-340; Zwitter, 2014d, 343; AT StiAStP, Grund-
herrschaft Eberndorf (Handwritings), vol. 192, Gerichtsprotokoll 1728-1742, 79, 86-
87 (1730), 338.

1357 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 183, Gerichtsprotokoll
1675-1683, 29 (April 22nd, 1676); AT StiAStP, Grundherrschaft Eberndorf (Handwrit-
ings), vol. 186, Gerichtsprotokoll 1694-1698, 28-29 (March 17th, 1694); AT StiAStP,
Grundherrschaft Eberndorf (Handwritings), vol. 189, Gerichtsprotokoll 1711-1717,
145-147 (April 1714); localization of the fragmentarily preserved data from March
1714 (these were subjects of the seigneury of Eberndorf from a certain “---storft”; i.e.,
“---sdorf”; most of the sheet where this entry begins was torn out) is based on the
list of all subjects of the seigneury of Eberndorf from 1664/65; its subjects “Lackher”
and “Petschnigg,” who mowed Sacher in 1714, lived in Sittersdorf (Sln. Zitara Vas):
AT StiAStP, Grundherrschaft Eberndorf (Handschriften), vol. 4, Grundbeschreibung
1664/65, Index iuxta ordinem alphabeti.
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of vegetation development: late March—May 1st). Sheep from the Fassa Valley,
for instance, walked for about ten hours to reach these pastures (see Figure 4).
Several examples of such grazing rights can be proven in the thirteenth centu-
ry, but winter grazing in these wetlands must have started even much earlier
in history. Wetland grazing grounds decreased there significantly in the eigh-
teenth century, when extensive wetland sections were drained; nonetheless,
this type of wetland grazing persisted until the twentieth century in some parts
of the bottom of the middle Adige Valley. Whereas wetland grazing in early
spring was a regular practice in many places, some communities only had the
right to exceptional spring grazing in wetlands in the valley bottom if snow
made usual grazing elsewhere impossible. Thus, according to sixteenth-cen-
tury data, in the case of snow, the communities of Aldrans and Rinn on the
slopes above Innsbruck had the right to keep their livestock in a wetland sec-
tion in the valley bottom close to Amras two weeks after April 24th."***

A similar mid-eighteenth-century example refers to the parish of Kerzers
west of Bern, some 40 km from the Alps but following the same principle of
early spring wetland grazing. Cows whose lactation stopped in winter due
to the lack of appropriate fodder started grazing in the extensive wetland in
March, and soon they visibly gained weight and provided milk again. Oxen
were even more seriously starved in wintertime because more hay was allotted
to dairy livestock, and so oxen also gained a lot of weight during a month of
wetland grazing.'**

The historical relevance of some wetland dicots in early spring is presented
with a case study of butterbur (Petasites), followed by a more specific example
of aconite-leaved buttercup (Ranunculus aconitifolius). Butterbur (Petasites hy-
bridus) and white butterbur (Petasites albus) especially grow in nutrient-rich
gumbo soils (i.e., clay dominates the soil texture) on both carbonate and sil-
icate rocks in the colline and montane vegetation belts.”**® The parallel of a
mid-eighteenth-century list of plants in irrigated meadows at Memmingen
(west of Munich) before major changes in grassland management there sug-
gests that butterbur (Petasites hybridus) used to be frequent; for example, in
the immediate vicinity of irrigation ditches, where soils were nutrient rich due
to irrigation.””' These must have often belonged to butterbur sites (see Sec-
tion 6.4.4). This is an example of a plant genus that used to be highly relevant
for cattle fodder, but its perception by livestock farmers changed thoroughly.
In the Middle Ages, some settlements in the Alps were probably named after
butterbur, possibly due to its relevance in the livestock diet or simply for its ob-

1358 Grass, 1948, 108-110; Mathieu, 1996, 148, 155; Wopfner, 1997, 230, 234, 277-278, 287;
Batzing, 2015, 88, 94, 96-98, 271.

1359 Pfister, 1985a, 38-39.

1360 Aeschimann et al., 2004, vol. 2, 524-525.

1361 Kauter, 2002, 141-142, 154.
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e o .

Figure 63: White butterbur (Petasites albus) abounds just below the meadow in the Kara-
wanks north of Jesenice in the right rear part of the photo, which was named after Petasites
as already recorded in 1609. Note that the grassland plants in the meadow would not yet
make cattle grazing possible, whereas white butterbur has already started blooming and its
leaves could easily be consumed by grazing livestock. Photo: Ziga Zwitter, May 1st, 2018,
at about 1,140 m.

vious large leaves."** Similarly, a meadow in the Karawanks north of Jesenice
was named after Petasites, as recorded in the early seventeenth century (Figure
63), at that location probably due to its relevance as fodder in spring (Sections
6.2.2.1 and 6.2.2.3).1°* At present, farmers dislike this genus because the leaves
need much more time to dry than grasses, and so there is the risk of mold if
hay is already stored when the other plants are dry while butterbur is not dry
yet—but, if they wait until the Petasites leaves dry, they become so fragile (due
to their high protein content and little cellulose) that they fall to pieces, so that
only leaf petioles are stored."*** However, oral history interviews made it clear
that the plant used to regularly be important in the spring for smallholders,
and at least in the years following hay harvest failures evidently also for larger
farms, for instance, in Bohinj and in the Upper Soca catchment area in the
Julian Alps. Namely, Petasites leaves grow early (Figure 64) and cows like to eat

1362 For example, Snoj, 2009, 230-231; compare Makarovi¢, 1978, 238-239.
1363 Zwitter, 2020, 68-69.
1364 Author’s interview with Mencinger, 2017, in Stara Fuzina.

296



6.1 Mowing

Figure 64: When a snow blanket still covers the majority of the valley, Petasites leaves al-
ready develop in aquatic environments. They used to be mowed on a large scale in the
spring in the former wetland on this location. Bohinj, March 17th, 2018. Photo: Ziga Zwit-
ter.

them, and so farmers mowed Petasites in the spring to prevent starvation of
cattle and also not to have Petasites leaves in hay."**® Entire hand-driven carts
of fresh leaves were transported home.'**¢ However, a former cheesemaker that
made large wheels of Emmental cheese observed that cheese made from the
milk of cows fed with Petasites in the spring was problematic due to unwanted
gas development in cheese.”**” The former importance of the plant for prevent-
ing starvation of cattle in late winter and early spring has disappeared, and but-
terbur is also no longer used in medicine,"”*® and so Petasites is now regarded
only as a grassland weed by farmers.

Similarly, in the Allues Valley, early spring grazing usually took place in
wet meadows. Aconite-leaved buttercup (Ranunculus aconitifolius), widely

1365 Zwitter, 2020; author’s interview with Mencinger, 2017, in Stara Fuzina. Data from the
Upper Soca catchment area: Makarovi¢, 1978, 238-239.

1366 Author’s interview with Boltar, 2018, in Stara FuZina.

1367 Author’s interview with A. and M. Taler, 2017, in Studor.

1368 Mlakar, 2015, 316.
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present in nutrient-rich wetlands in the Alps in montane and subalpine vege-
tation belts, was considered acceptable fodder during early spring grazing in
the Allues Valley. In the same valley, this species was otherwise viewed as a
bad fodder giving a bad taste to cow’s milk “[i]f consumed in large enough
amounts.”** Secondary plant metabolites, which determine the flavor, grad-
ually form and concentrate during the vegetation period, so that the chemical
composition of the tissue of this plant species was likely more favorable from
the perspective of livestock farming in early spring than later.

6.1.2.5.1.2 Later mowing of wetland hay as fodder

Farmers took time for mowing full-grown or at least relatively well-developed
plants in some wetlands in early summer and midsummer, although they had
many other tasks to do (see also Sections 6.1.2.1 and 6.1.2.2). This was the
first—or, if preceded by early spring mowing or grazing (Section 6.1.2.5.1.1)—
second agricultural use of wetland biomass, and the aim was to harvest fodder.
The wetlands where animal bedding or building material were obtained were
mowed later (see Section 6.1.2.5.2).

Some nutrient-rich marshes were already mowed in the first half of June, as
recalled for the mid-twentieth century (Section 6.1.2.2). Haymaking in some
nutrient-rich wetlands in June or July has a long historical tradition. Mow-
ing of a wetland common below Bolzano (Germ. Bozen) in the Adige (Germ.
Etsch) catchment was ordered in 1573: this occurred on June 16th'*”° prior to
the calendar reform (corresponding to June 25th in today’s calendar).”*”! In
1639, summer mowing of wetland and aquatic plants in shallow Lake Gos-
selsdorf (Germ. Gdsselsdorfer See, Sln. Goslinsko jezero) in southern Carinthia
(Germ. Kirnten, Sln. Koroska) was carried out in July, and partly (allegedly
illegally) already in June."*”

The influence of plant development on fodder quality stimulated mowing
in some marshes in June, as illustrated by the following examples. Dominance
of reed sweet-grass (Glyceria maxima) was one of the motives for mowing in
June. The species is thermophilic, and so it occurs in the colline vegetation belt
in some regions of the Eastern Alps. It can abound in some nutrient- and base-
rich wetlands."*” Reed sweet-grass is a highly productive species that reaches a
height of 1.5 meters and was traditionally mowed two times annually without
fertilization. In the wider context of wetland hay, reed sweet-grass makes good
fodder for horses. Contrary to most wetland plants, its taste is not sour or

1369 Meilleur, 1986, 284, 296-297; Aeschimann et al., 2004, vol. 1, 174-175.

1370 Grass, 1948, 167-168.

1371 The conversion is based on Julian Day and Civil Date Calculator and the calculations by
the astronomer Tomaz Zwitter.

1372 Zwitter, 2014e, 342.

137 Aeschimann et al., 2004, vol. 2, 908-909.

298



6.1 Mowing

hot."*”* Thus, as long as the quantities of manure available for grasslands were
very limited (Section 6.3), it was an advantage for a farm to be entitled to mow
a wetland parcel dominated by reed sweet-grass.”*”> Cattle used to wetland hay
ate reed sweet-grass as a delicacy as long as it was young and aromatic, but
they would not produce much milk on a diet of this fodder type. Cattle used
to better hay would find reed sweet-grass acceptable in the absence of better
fodder. As it matures, reed sweet-grass becomes harder than many tall sedges,
and cattle would reject it at that time."*”® Thus, the motives for the relatively
early timing of first mowing were the later significant decrease in hay quality
and the wish to make second mowing possible (see Section 6.1.2.3). Like any
wetland hay, there existed the hazard of liver flukes,*”” often serious in the case
of sheep or cattle grazing in wetlands but moderate to negligible in the case of
traditional timing of wetland hay uses, as long as grazing in the summer and
autumn was commonplace (see Section 6.4.1).

Reed canary-grass (Phalaris arundinacea), which occurs in colline and
montane vegetation belts in all phytogeographic mesoregions in the Eastern
Alps and can abound at nutrient-rich sites with close to neutral soil reaction,"”®
is another example of a wetland species producing high yields of horse fodder
twice annually without fertilization. Reed canary-grass hay was relatively good
horse fodder if mowed in time; cattle would consume the stalks and leaves as
long as they were very young, and later only the leaves. Namely, its stalk grad-
ually becomes exceptionally hard, even harder than that of Glyceria maxima.
Reed canary-grass’s taste is not sour or hot."*”” In this case also, a relatively
early first cutting was motivated by two mowings annually (see Section 6.1.2.3)
and higher fodder quality."**

One of the best fodder grasses in wetlands was marsh foxtail (Alopecurus
geniculatus), producing middling hay quality if compared with the best fod-
der grasses from mesic sites. Marsh foxtail can abound at moderately wet sites
from the colline to subalpine belt, characterized by close to neutral reaction.
In some places, it was mowed for the first time in early summer, which allowed
mowing of second-crop hay later.”*!

In early summer, when tussocks produce young leaves and stems, even the
quality of hay consisting of some sedge (Carex spp.)*** and rush (Juncus sp.)

1374 Pils, 1994, 242; Sucholas et al., 2022, 9-10, 14, 16, 23.

1375 Pils, 1994, 242.

1376 Sucholas et al., 2022, 9, 18, 23, 35-37.

1377 Pils, 1994, 242.

1378 Aeschimann et al., 2004, vol. 2, 984-985.

1379 Pils, 1994, 242; Sucholas et al., 2022, 19, 36.

1380 Sucholas et al., 2022, 10, 16, 19, 35.

1381 Gadar, 1956, 29; Aeschimann et al., 2004, vol. 2, 980-981; Sucholas et al., 2022, 14, 16,
20, 36.

1382 Sucholas et al., 2022, 18, 36.
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species might be not so low (see Section 6.1.2.5.1.1). The stimulation for rela-
tively early mowing dates by the abundance of common reed (Phragmites aus-
tralis) in hay is presented in Section 6.1.2.2.

Another possible motivation for relatively early haymaking in some wet-
lands, apart from the internal nutrient cycle in many wetland monocots and
the option of making second-crop hay, was flood hazard. Thus, some farmers
did their best to mow flood-prone wetlands in early summer before a potential
flood."”** Namely, mud that might be deposited by a flood would spoil the hay
and increase the risk of infections in livestock."** If a flood did not visibly spoil
the hay, it was likely to cause a longer delay in the timing of fodder mowing
than the rain itself.”*®

Mowing in wetlands in late July or later usually produced low but variable
fodder quality at a meadow level.** Several wetlands producing poor fodder
were only mowed after better hay had been made in the valley (compare Sec-
tion 6.1.2.2). For instance, on July 20th, 1679, a small part of the wetland west
of Lake Sablatnig/Turner (Germ. Sablatnigsee, later Turnersee, Sln. Zablasko
jezero, c. 480 m) was mowed, whereas a major part of this wetland was intend-
ed to be mowed later.*” Similarly, at 560 m"**® wetland hay at Lake Pressegg
(Germ. Pressegger See, Sln. Pazersko jezero) in the Gail Valley (Germ. Gailtal,
SIn. Ziljska dolina), Carinthia, was mowed around St. James’s Day (July 25th)
in the first half of the twentieth century (Figure 65)."*

Farmers have learned from the sharpness of plants, animals’ eating be-
havior, and the performance of livestock that the quality of wetland hay cut
in midsummer or later was often poor. Awareness of the low quality of hay
from many wetlands is proven for almost the entire last millennium."** How-
ever, wetland biomass was often used as fodder (Figures 65 and 66) because
hay from elsewhere would not suffice for the livestock in winter (see Section
6.2.2.1).

How wetland hay was used depended greatly on the percentage of wetland
hay among all hay at the farm level. If farmers had enough hay from mead-
ows that were not wet, they used hay from wet meadows to feed animals that
were not milked, were not about to deliver, did not have young offspring, were

138 “Kosnja,” 1864, 199; see also Studen, 2024.

138 “Kosnja,” 1864, 199.

135 Compare Sucholas et al., 2022, 14, 37.

138 Sadar, 1956, 29, 127-128, 211; Pils, 1994, 116, 138.

187 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 183, Gerichtsprotokoll
1675-1683, 195-197 (August 1st, 1679).

1388 KAGIS Maps, Basiskarten, Hintergrund (Basemap), Franzi [land cadastre] (1822-1828)
& KAGIS Kartendienste, Gelindehohe, Hoheninformation, Hohenschichten (10 m).

1389 Slovenski etnografski muzej . . . Jernej Sustersic / 166 FO006141.

1390 Zwitter, 2020, 64-66.
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ki

1391 <

Figure 65: Typically for many wetlands covering significant areas,””! “sour” wetland hay
at Lake Pressegg in the Gail Valley, Carinthia, was stored (1) in elevated hay barns in the
wetland, some of which had already been built before the early nineteenth century,**? and
(2) in many haystacks,"** like the one in the left rear of the photo. A haystack frame with
an elevated base as an adaptation to wet conditions stands in the foreground. The elevation
of the platform would usually prevent possible floods from reaching the hay."** In late

1391 For instance, Zwitter, 2014c, 614; Sucholas et al., 2022, 15-17.

1392 KAGIS Maps, Basiskarten, Hintergrund (Basemap), Franzi [land cadastre] (1822-
1828).

139 Slovenski etnografski muzej . . . Jernej Sustersic / 166 FO006141.

1% Compare Sucholas et al., 2022, 17.
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autumn, the hay was transported across the frozen wetland. Each large stack, like the one
in Figure 65 or the one that could be built on the construction in the center of this photo,
contained about 1.2 metric tons of hay, or three cartloads. There were about fifty stacks of
“sour” hay in this wetland in the early twentieth century. By 1951, when this photo was
taken, their number had decreased to three or four."*> Photo: Jernej Sustersi¢, August 1951.
Slovenian Ethnographic Museum, Documentation: Jernej Sustersic¢ photo collection: pho-
to 6141 and Slovenski etnografski muzej . . . Jernej Sustersi¢ / 166 F0006141. © Slovenian
Ethnographic Museum.

not offspring, and were not planned to be used as draft animals soon. Conse-
quently, wetland hay was usually fed to horses and oxen in intervals when they
were not being used, and to cows in late gestation when they were not milked
and were not due to deliver soon. Feeding sheep with sour to hot wetland
hay resulted in stiffer wool, useable only in loden production. If a farm had
little wetland hay and much other hay, even the types of livestock mentioned
above were given a mixture of wetland hay and hay from elsewhere. Feeding
wetland hay to a gestating cow was a traditional means of stopping the lac-
tation process before new offspring. However, if a farm had a lot of wetland
hay, it was used in larger quantities and also given to the livestock types for
which it was less appropriate, often mixed with better hay. Consequently, there
was a paradox that even the cows of some large farms with a large area of wet
meadows were thin and produced little milk. Some other large farms making
large quantities of better hay abstained from feeding their livestock low-quality
wetland hay and allowed smallholders among fellow villagers to mow and use
their wetland hay as fodder, such as in the wetland at the delta of Savica Creek
on the western shore of Lake Bohinj (SIn. Bohinjsko jezero) in the mid-twen-
tieth century. Smallholders facing a lack of hay also used wetland hay for
cows."?

Quantities of stored low-quality (or even lowest-quality) wetland hay in-
creased in dry years when the hay quantities from other meadows was re-
duced, as demonstrated in the Allues (Francoprovencal Alués) Valley (French
Les Allues). This stimulated farmers to mow more wetland hay for fodder,
especially for sheep, goats, horses, and close to grown-up calves and heifers;
dairy cows were the last to receive it."**” The increase in mowed wetland area
in dry summers was certainly a general rule in the Alps, except for places

1395 Slovenski etnografski muzej . . . Jernej Sustersic / 166 F0006141.

1% Author’s interviews with Grm, 2017, and with Skantar, 2017, both in Srednja Vas in
Bohinj; with Mencinger, 2017, and with Urh, 2017, both in Stara Fuzina; with L. and
M. Odar, 2017, and with A. and M. Taler, 2017, in Studor. These interviews provide a
more diverse picture of uses than the usual statement that sour hay from wet meadows
was only used to feed horses (e.g., in Wopfner, 1997, 226, 299; Babai, Molndr, & Molnar,
2014, 56-57). See also Sucholas et al., 2020. On sheep, see Novak, 1970, 379; Pils, 1994,
138, 302.

1397 Meilleur, 1986, 264, 266-267, 280, 286-287, 295.
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6.1 Mowing

where nearly all agriculturally useable wetlands were regularly mowed for
hay. Salt was sometimes added to the toughest wetland hay to increase its
attractiveness to livestock."*®

Even though wetland hay was not only used to feed horses, as demonstrated
above, horses were the main consumers of wetland hay. For instance, a probate
inventory from 1673 explains that the large Fasching farm east of Feldkirchen
in Carinthia used wetland hay to feed horses."”” The seigneury of Eberndorf
(SIn. Dobrla Vas) used hay from Lake Gosselsdorf to feed horses, as recorded
in 1710." The widespread use of wetland hay for horses was a consequence
of several factors. First, horses were “believed to have the highest tolerance
for different types of fodder”'*"' among all livestock types present throughout
the Alps. When the use of a horse’s draught power was not approaching, a
horse would eat the rest of the hay rejected by cattle or would receive other
poor-quality hay, often from a wetland, mixed into other fodder, if possible,
such as wheat straw or barley straw and clovers, or low-quality hay mowed too
late for cows.'*”> Moreover, horses are much more resistant than cattle or sheep
to common liver fluke (Fasciola hepatica), an economically highly significant
parasite living in many wetlands (see Section 6.4.1).'4%

Purple moor-grass (Molinia caerulea; Figure 66; see also Section 6.1.2.5.2),
a species occurring in wet meadows that does not tolerate mowing earlier than
in July, was widely used as horse fodder, as demonstrated by data from the
foot of the Alps in Upper Austria (Germ. Oberdsterreich). The nutrient con-
tent of such hay was low, and so this was viable for some smaller historical
horse breeds.'*** Tall sedges (Carex spp.) were also sometimes used as horse
fodder. They are “sour” (probably hot rather than sour), and most species are
full of spinules, which can cause injuries in the mouth and elsewhere in the
mucosa. In addition, many tall sedge species involve bundles of calcium oxa-
late crystals, making the plant taste burning hot and potentially causing diar-
rhea. Lack of calcium can lead to disorders and illnesses in livestock, such as
pica, bone fragility, and rickets.'*” In Bohinj, for instance, horses that received
large amounts of hay from tall sedges (Carex spp.) on days when they did not

3% Meilleur, 1986, 286.

13 Dinklage, 1966b, 130-131.

100 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 188, Gerichtsprotokoll
1704-1711, 782 (June 25th, 1710).

101 Sucholas et al., 2020, 36.

102 Author’s interviews with F. Mlakar, 2017, in Bohinjska Ce$njica; with Grm, 2017, and
Skantar, 2017, both in Srednja Vas in Bohinj; with A. and M. Taler, 2017, and with L.
and M. Odar, 2017, both in Studor; and with Mencinger, 2017, and Urh, 2017, both in
Stara FuzZina.

1403 Pils, 1994, 138; Ballweber, 2024.

1404 Pils, 1994, 151.

1405 Pils, 1994, 138-139, 302.
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Figure 66: Mowed plants in a wet montane meadow on Vogar Hill in the Julian Alps,
1,100 m, July 2018. This hay was intended for fodder. The grayish color of the wetland
plants does not change when hay dries; consequently, it is less obvious than in usual hay
when it can be stored."% A grayish color is common for many grasses growing at base-rich
sites in calcareous marshes, like this one. Note purple moor-grass (Molinia caerulea, with
gray blossoms, on the left) and lady’s-mantle (Alchemilla) raising the hay quality (see Sec-
tion 4.1.1.2). Photo: Ziga Zwitter, 2018.

work often suffered from helminths'*” and diarrhea'**® (probably caused by
helminths and/or hay properties). Yellow gentian (Gentiana lutea) rhizome
was added to fodder against helminths (Section 8.1.2).

Only exceptional wetlands produced good or middling hay in midsummer.
Parallels from Poland and Scandinavia explain that bog-bean (Menyanthes tri-
foliata), which can abound in the colline, montane, or subalpine vegetation
belt, at nutrient-poor sites characterized by close to neutral reaction, made
excellent, highly fragrant sheep fodder; the species also has a relevant healing
impact, the same as large gentian species.'*® A parallel from Lake Cerknica in

1406 Author’s interview with L. Hodnik, 2018, during participant observation of haymaking
on Vogar Hill.

1407 Author’s interview with A. and M. Taler, 2017, in Studor.

1408 Author’s interview with Skantar, 2017, in Srednja Vas in Bohinj. Plant genus (rudna)
identification follows Tuma, 1935, 251.

1409 Pils, 1994, 122-123, 133, 135, 141-142, Table 23, Photo 63; Emanuelsson, 2009, 281;
Sucholas et al., 2022, 13, 26, 35-36; Aeschimann et al., 2004, vol. 2, 54-55.
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6.1 Mowing

the northern Dinaric Karst demonstrates that cutting the tops of full-grown
common reed (Phragmites australis) from boats with sickles, in years when
farmers failed to make enough hay elsewhere,'*'* would also make relatively
good winter fodder for cattle and horses (see Section 6.1.2.5.1.1).

Some wetland plant species were so unpalatable (even for horses) and at
the same time difficult to mow that they were avoided by haymakers in the
summer. The example of Lake Gosselsdorf makes it clear that, although much
wetland hay was used to feed horses there, one of the rushes, at laest (Juncus
sp.), was left unmowed."*"! Some wetland dicots are poisonous: the majority of
grassland plants poisonous to livestock grow at wet and moist sites. For exam-
ple, marsh horsetail (Equisetum palustre) is toxic to cattle, not only fresh but
also dry."*!?

6.1.2.5.2 Hay from wetlands and damp meadows as animal bedding

Litter-meadows were wetlands or damp grasslands where the biomass was
mainly harvested for animal bedding. They were mowed extremely late, only
in late summer when the leaves started turning yellow, or later, in autumn or
winter (see 6.1.2.5.2.1), so that most “nutrients have [by that time] retreated
from the foliage down to the roots and other low storage organs.” Most plant
nutrients “are translocated back to rootstocks before the withered herbage is
harvested.” Thus, despite the absence of fertilization, no soil impoverishment
usually occurred in litter meadows over the centuries. Extremely late mow-
ing and moist to wet conditions made litter meadows highly suitable habitats
for several animal species threatened or near threatened nowadays, including
ground-breeding birds, such as the Eurasian curlew (Numenius arquata)."*"

Focusing on plants, litter-meadows have been variously species rich. There
have been great differences in species composition between litter meadows
or even within a single litter meadow. Late mowing of grasslands on damp
or slightly damp soils in all relevant vegetation belts has made possible, for
instance, successful competition of purple moor-grass (Molinia caerulea; see
Figure 9 in Section 2), which blooms the latest among all grasses and cannot
tolerate early mowing or trampling by grazing livestock. Purple moor-grass
meadows were often only mowed when its leaves turned orange in the autumn

1410 Kebe, 2011, 28, 731.

11 Author’s interview with Plesnik, 2021, at Sapotnik (Sln. Zapotnik) farm on the shore of
Lake Gosselsdorf; during the interview this monocot was collected in this wetland and
later determined by Leonid Rasran.

412 Sadar, 1956, 11, 126, 128, 133; Pils, 1994, 116.

113 Pils, 1994, 139-140, 145, 147-148, 152, 170; Ellenberg & Leuschner, 2010, 957-959;
Luick, Jones, & Oppermann, 2012, 38; Peterken, 2013, 222 (second quote), 261-263
(first quote from p. 261), 274-278; Poschlod, 2015, 143, 148-153. But see also Pils,
1994, 120.
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(a special feature of this grass species) if the biomass was used as animal bed-
ding. Purple moor-grass dominated many late-mowed moist meadows at nu-
trient-poor sites in the Alps without being sown; however, it was even sown in
litter-meadows, at least in the Swiss pre-Alps. Namely, this grass provides high
and stable yields of animal bedding without fertilization, but it would make
poor fodder (Section 6.1.2.5.1.2).14!

Less suitable than purple moor-grass but nonetheless widely used as bed-
ding were tall sedges. They absorb less liquid than purple moor-grass; however,
tall-sedge yields are much higher than those of purple moor-grass meadows.
At eutrophic sites, the biomass productivity in tall-sedge wetlands is extreme-
ly high. They can produce up to ten tons of dry matter per hectare, without
additional fertilization, as compared to three to six tons per hectare in purple
moor-grass meadows. Contrary to purple moor-grass meadow communities,
but similar to reedbeds, tall sedge communities at highly productive eutrophic
sites are species poor.'*"”

Some other wetland plant communities were also mowed for livestock bed-
ding, such as common reed (Phragmites australis),'*' rushes (Juncus spp.),"*"’
or even the communities of some peat bogs.'*'®

Exceptionally, some tall sedges could not be used as animal bedding; an in-
terviewee with personal experience of mowing animal bedding in the wetland
at Lake Gosselsdorf (Germ. Gosselsdorfer See, Sln. Goslinsko jezero) recalled
that dry slender-tufted sedge (Carex acuta; known as ostra woc in the local
dialect, literally ‘sharp wetland monocot’) is so sharp that such bedding could
injure the cow’s udder (probably only if mowed until autumn; see the presenta-
tion of winter mowing in Section 6.1.2.5.2.1), and so this species was avoided
when animal bedding was mowed in that wetland."*"

Only a few litter-meadows have been preserved to date and are still used
in the pre-Alps, but their total area used to be extensive in some parts of the
pre-Alps in the nineteenth and first half of the twentieth century.'** It was in
the nineteenth century that the total area of litter-meadows greatly increased,
at least in the western part of the northern pre-Alps. It is already a familiar
fact that this area is known for its early specialization in animal husbandry

1414 Pils, 1994, 112, 139-140, 145, 147-148, 152; Ellenberg & Leuschner, 2010, 957; Peter-
ken, 2013, 262, 274-278; Poschlod, 2015, 151; Aeschimann et al., 2004, vol. 2, 994.

115 Pils, 1994, 139, 144, 148.

1416 Pilg, 1994, 139-140; Peterken, 2013, 262.

417 Luick, Jones, & Oppermann, 2012, 38.

1418 Peterken, 2013, 262.

1419 Author’s interview with Plesnik, 2021, at Sapotnik farm on the shore of Lake Gossels-
dorf; during the interview the species was collected in this wetland and later identified
by Leonid Rasran.

1420 Ellenberg & Leuschner, 2010, 957-959; Poschlod, 2015, 143, 148-153.
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and that in the nineteenth century the area of grasslands in general increased
there significantly again (see Section 3.1). The investigation of the Loisach—
Lake Kochel Marshes (Germ. Loisach-Kochelsee-Moore), located just east of
Allgau, made clear that there were no litter-meadows as late as the early nine-
teenth century. At that time, cereal cultivation was still important there, apart
from animal husbandry. Consequently, the area of meadows was limited, and
so hay from wet meadows was used as fodder, if only the species composition
was at least partly suitable for this. After railway connections started operating
in the area in the second half of the nineteenth century, large-scale imports of
cereals started. Consequently, former cereal fields were converted into ferti-
lized meadows, partly also in fields for fodder crops. This made it possible to
keep much larger herds of livestock, which required more bedding. Possibly
also less bedding was taken from forests. Consequently, wet meadows were
used as litter-meadows from then on. Litter meadows were not only a land-
scape feature of the pre-Alps and larger basins in the Alps, but at least a more
limited percentage of litter meadows in the landscape also existed at several
other places in this mountain range, even in the Limestone Alps where there
were local wetlands (on moraines, for instance), such as in the Trenta Valley or
Bovec Basin, both in the Upper Soca catchment, as recorded for the first half
of the twentieth century. Since the 1960s, the total area of litter-meadows has
strongly declined. In Allgéu, for instance, the majority were converted into
intensively cultivated drained and fertilized meadows.'**!

Although the area of litter meadows expanded heavily in the nineteenth
century, they are not an invention of late eighteenth- to nineteenth-centu-
ry changes in grassland management. In fact, some litter meadows have a
much longer history, at least in certain regions of the Alps (see also Section
6.1.2.5.2.1)."** The list of demesne meadows of the seigneury of Bleiburg (SIn.
Pliberk) in southern Carinthia from 1570 differentiates between three meadow
categories with regard to the abundance of agriculturally undesired wetland
plants. The list states that the most appropriate use of hay from a meadow
dominated by low-quality wetland plants was livestock bedding.*** In the case
of the hamlet of Buchhalm (Sln. Podhom) in the Jaun Valley (Germ. Jauntal,
SIn. Podjuna), the early nineteenth-century cadastral map, in this case useful
for understanding the mid-seventeenth-century situation, reveals that com-
plexes of wet meadows used to be located northwest, west, and southwest of
this settlement. Many meadows held by the residents of this hamlet were wet at
that time.'*** In 1664/65, at least one out of four farms in the hamlet used very
poor wetland hay as bedding, harvested from the worst of the four meadows

1421 Makarovi¢, 1978, 239; Poschlod, 2015, 148-153.

1422 Kapfer, 2010, 137-139; Poschlod, Baumann, & Karlik, 2009, 18-20; Peterken, 2013,
262.

12 Zwitter, 2020, 65.

124 Kirnten Atlas, Darstellung, Kartenhintergrund, Franziszeischer Kataster.
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6 Selected historical practices of species-rich grassland management

belonging to that farm.'*> Thus, a more limited area of litter-meadows than
from the nineteenth to mid-twentieth century had already existed in the Alps
in the sixteenth, seventeenth, and eighteenth centuries, and possibly earlier
(see Section 6.1.2.5.2.1). Species composition is one of the reasons for this be-
cause not all wetland plants could be used as fodder, not even for horses (see
Section 6.1.2.5.1.2),"%¢ and so some types of wetland hay inappropriate for fod-
der were used as bedding. Moreover, not all the rather low-quality hay poten-
tially useable as fodder was always used as fodder, depending on agricultural
density and fodder demand in general, but also on the quality of hay from the
various parcels where a particular farm had mowing rights.

6.1.2.5.2.1 Winter mowing of animal bedding in wetlands

Winter mowing of weathered monocots and/or horsetails on frozen wetlands
and shallow lakes or winter sickle-cutting of common reed (Phragmites aus-
tralis)'"**” was recorded in as culturally diverse areas as Scandinavia,'**® the
Pannonian Basin (proven by archival records already in the early fifteenth
century),'** Lake Cerknica in the northern Dinaric Karst,'*** and Lake Gos-
selsdorf at the foot of the Alps in Carinthia, for instance. At Lake Gosselsdorf,
winter mowing in the wetland is clearly documented from the seventeenth'*!
to twentieth century.'**

The main aims of winter mowing were to harvest animal bedding or to ob-
tain common reed stalks as building material for roofs, insulation, and plaster
lining (see Section 8.2.3). Practicing winter mowing on ice to obtain animal

1425 AT StiAStP, Grundherrschaft Eberndorf (Handschriften), vol. 4, Grundbeschreibung
1664/65, 547-553; Zwitter, 2014d, 343.

1426 See, e.g., Pils, 1994, 131; Sucholas et al., 2020.

7 For sickle-cutting or mowing common reed to harvest building material, see Jones,
2012, and Hiss Reet: Die Schilfernte.

1428 Emanuelsson, 2009, 281.

1429 Kiss, 2020, 12-13.

140 Kebe, 2011, 732.

181 Zwitter, 2014e, 342-343; winter mowing is confirmed by AT StiAStP, Grundherrschaft
Eberndorf (Handwritings), vol. 181, Gerichtsprotokoll 1661-1668, 40-41 (June 17th,
1645); see also the references to eighteenth-century records lower in this section.

142 Author’s interview with Plesnik, 2021, at Sapotnik (Sln. Zapotnik) farm on the shore
of Lake Gosselsdorf. Concerning the terminology in this section, note that the verb
mdhen and its derivatives used in the archival materials cited in Section 6.1.2.5.2.1 do
not allow any distinction between actual mowing carried out by scythe and cutting
with a sickle (Frithneuhochdeutsches Worterbuch: mien [!]). In addition, even knowl-
edge of the implement type would not allow the distinction between mowing animal
bedding (Kebe, 2011, 732) and mowing or sickle-cutting building material (Hiss Reet:
Die Schilfernte) based on archival records from the seventeenth and eighteenth centu-
ries, which are cited in Section 6.1.2.5.2.1. Information from the first half of the twenti-
eth century, cited in Sections 6.1.2.5.2.1 and 8.2.3, explains that biomass was harvested
in Lake Gosselsdorf for both types of uses: as animal bedding and common reed as
building material.
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bedding in such culturally diverse and distant parts of Europe proves that this
practice has a long history and also that it used to be more widespread in wet-
lands in the Alps, especially where areas of deciduous forest close to settle-
ments were insufficient for supplies with quality animal bedding or if farmers
were not allowed to rake and store fallen leaves there. Winter mowing had
even fewer ecological impacts on the wetland than the autumn mowing pre-
sented above in Section 6.1.2.5.2.

Ice was sufficiently stable to carry people mowing and storing wetland
monocots “after at least one or two weeks of deep frost,” as documented in the
Pannonian Basin.'"**® Another crucial factor was that the ice had to be free of
snow. Thus, winter mowing of animal bedding and mowing or cutting com-
mon reed as building material were not possible every year. Winter mowing
took place in December, for instance, as recalled for the twentieth century.'**
In case of stable, deep ice, livestock transported full carts of harvested bio-
mass on frozen shallow lakes and wetlands.'** Suitable conditions for winter
mowing were much more frequent in the Little Ice Age than later. From 1500
to 1799, for instance, winters in Central Europe were on average about 1.1 °C
colder than from 1961 to 1990, from 1561 to 1600 1.8 °C, from 1591 to 1600
2°C, and from 1691 to 1700 even 2.6 °C colder than the average from 1961 to
1990. Nonetheless, winter temperatures varied significantly during the Little
Ice Age as well. Especially the winters between 1603 and 1618 were extreme-
ly variable, with (very) cold weather in 1602/03, 1607/08, 1611/12, 1613/14,
1615/16, and 1617/18, and (very) warm winters in 1603/04, 1606/07, 1608/09,
1612/13, and 1616/17;'** this is an example of a subperiod when winter mow-
ing in wetlands was certainly not possible every year.

Preserved data on the wetland at Lake Gosselsdorf in the first half of the
eighteenth century demonstrate that the rights to mow Sacher (i.e., wetland
monocots in any phase of plant development'**”) there were allocated on De-
cember 2nd, 1738; that is, after the seigneury had already stored enough Sacher
to cover its own economic demand and before farmers started mowing.'** It
remains unclear whether the farmers could make use of mowing rights that
winter because “the 1730s in particular stand out for the absence of even mod-
erately cold winters”'*** On January 11th, 1710, evidently soon after Sacher in

133 Kiss, 2020, 12-13.

1434 Author’s interview with Plesnik, 2021, at Sapotnik farm on the shore of Lake Gossels-
dorf.

135 Kebe, 2011, 732.

1436 Pfister et al., 2018, 266, 268-269, 273-274, 276-279, 282; Zwitter, 2013.

37 Zwitter, 2020, 65; Lexer, Mittelhochdeutsches Handwdérterbuch: Sacher; Lexer, 1862, col-
umn 211.

1438 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 192, Gerichtsprotokoll
1728-1742, 421 (December 2nd, 1738).

439 Climate history context: Pfister et al., 2018, 273.
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Lake Gosselsdorf had been mowed, the seigneury of Eberndorf (SIn. Dobrla
Vas) complained to the neighboring seigneury of Sonnegg (Sln. Zenek) that
not only its subjects with the right to mow Sacher there, but also additional
subjects, had mowed it illegally."*** These data make it clear that allocation of
Sacher mowing rights to several farmers on December 23rd, 1702,"**! alloca-
tion of Sacher mowing rights to twenty-two households on December 29th,
1735,'* and the fine recorded in December 1723 for illegal Sacher mowing
at Lake Gosselsdorf'** also referred to winter mowing of animal bedding (or
harvesting common reed as building material).

Mowing animal bedding on ice was easy; weathered and frozen sedges were
so fragile that there was no need to sharpen the scythe, and the quality of
animal bedding was much higher than in the case of the same sedges mowed
earlier, resulting in much sharper, harder, and less absorbent bedding.'*** In
the Alps, the target plants of winter mowing were mainly some tall sedges. The
interviewee with personal experience of winter mowing of a wetland at Lake
Gosselsdorf to harvest animal bedding recalled that there was no winter mow-
ing of common reed (Phragmites australis), bulrush (Typha sp.), slender-tufted
sedge (Carex acuta), or (soft) rush (Juncus (effusus)), all occurring in this wet-
land,'**> whereas winter mowing of Carex acuta is reported from the northern
Dinaric Karst.'"** By winter time tall sedges became weathered, and so they
were a highly esteemed source of animal bedding because they perfectly ab-
sorbed the liquid manure, and weathered sedges were not sharp anymore, and
so such bedding was comfortable for livestock.'**” Moreover, later, weathered
sedges decomposed quickly, and so such manure was perfect for arable land,
not leaving hard residues in the soil that could cause trouble during plowing,
unlike low-quality, woody animal bedding from common heather (Calluna
vulgaris) mowed for this purpose for centuries in Scots pine (Pinus sylvestris)
forests in parts of the Jaun Valley not far from Lake Gosselsdorf.'**

1440 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 188, Gerichtsprotokoll
1704-1711, 778 (January 11th, 1710).

141 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 187, Gerichtsprotokoll
1698-1703, 360-362 (December 23rd, 1702).

142 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 192, Gerichtsprotokoll
1728-1742, 337 (December 29th, 1735).

143 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 191, Gerichtsprotokoll
(from the 1660s that begins in 1661), 198 (December 1723).

1444 Kebe, 2011, 732.

1445 Author’s interview with Plesnik, 2021, at Sapotnik farm on the shore of Lake Gossels-
dorf.

1446 Kebe, 2011, 732 (identification of the folk taxon kravina as slender-tufted sedge, Carex
acuta, follows Sadar, 1956, 25 & Aeschimann et al., 2004, vol. 2, 834-835, see the same
identification in Martindi¢, 2002, 76).

147 Kebe, 2011, 732.

148 On this type of forest litter see Zwitter, 2014e, 317-322; Paschinger, 1939, 80-83;
Mlakar, 2015, 68.
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The following microhistory data referring to the wetland at Lake Gossels-
dorf support the general statement that weathered high sedges mowed on
ice were an esteemed type of animal bedding (and/or common reed was in
demand as building material). The availability of tall sedges in that wetland
useable as animal bedding (and/or of common reed as building material) was
a sufficient motivation for farmers to apply for the winter mowing right,'*
even though they were expected to deliver a due to the seigneury for winter
mowing (typically, a capon per household), as recorded in 1735.**° Another
proof of the relevance of weathered high sedges mowed in winter as bedding
(or common reed harvested as building material) is provided by the informa-
tion that the seigneury of Eberndorf rewarded those subjects, otherwise heavi-
ly burdened by corvée, by giving them priority in the allocation of the right
to mow and store Sacher in the wetland at Lake Gésselsdorf in those winters
when the quantities of Sacher available exceeded the demand of the seigneury
itself, as documented in 1738.'*! The significant importance of Sacher mowed
in winter for local agriculture (and/or as a building material) is also reflected
in the fact that people and institutions entitled to winter mowing in this wet-
land according to early eighteenth-century data included not only those resid-
ing close to the lake, but also some distant ones. The former group includes
people from the isolated Sapotnik (Sln. Zapotnik) farm on the lakeshore, and
some residents of Gosselsdorf (Sln. Goselna Vas), Sittersdorf (Sln. Zitara Vas),
Proboj, Eberndorf (Sln. Dobrla Vas), Kocking (Sln. Kokje), Hart (Sln. Dobro-
va), Rain (SIn. Breg), and Kleinzapfen (Sln. Malcape); in the latter group, there
is a resident of Miillnern (SIn. Mlince), a village four kilometers straight-line
distance away, the priest from the village of Globasnitz (Sln. Globasnica) more
than five kilometers distant, and a resident of Peratschitzen (Sln. Peracija), a
village six kilometers straight-line distance from this wetland, for instance (see
Figure 4). Residents of not all these settlements had permanent rights to mow
Sacher, and so some did not participate in mowing every year when weather
made winter mowing possible; participation in winter mowing depended on
the quantities of Sacher available, apart from other factors.'**?

The example of the wetland at Lake Gosselsdorf demonstrates that winter
mowing of sedges was practiced longer in history than early spring mowing
(see Section 6.1.2.5.1.1). The oldest inhabitants farming this wetland were

1449 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 192, Gerichtsprotokoll
1728-1742, 337 (December 29th, 1735); and 421 (December 2nd, 1738).

1450 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 192, Gerichtsprotokoll
1728-1742, 337 (December 29th, 1735).

1451 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 192, Gerichtsprotokoll
1728-1742, 421 (December 2nd, 1738).

1452 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 187, Gerichtsprotokoll
1698-1703, 360-362 (December 23rd, 1702); AT StiAStP, Grundherrschaft Eberndorf
(Handwritings), vol. 192, Gerichtsprotokoll 1728-1742, 337-338 (December 29th,
1735) and 421 (December 2nd, 1738).
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surprised to have heard about the proofs of early spring mowing in archival
records during the interview (but they recall spring grazing there), whereas
they clearly recalled winter mowing of livestock bedding from personal expe-
rience.'*** Section 6.1.2.5 has already presented the reason for this diversity in
the persistence of historical practices: whereas winter mowing easily provided
highly esteemed animal bedding, early spring mowing in wetlands was a much
more labor-intensive practice (plants were still short, and so the biomass quan-
tities mowed per area were low) that mainly covered the frequent lack of hay
in early spring (see also Section 6.2.2.1). This could be replaced by grazing.
Moreover, starvation of livestock in early spring stopped being the usual reality
many decades before the role of livestock bedding started gradually decreasing
as a general phenomenon due to the spread of slatted barn floors or abandon-
ment of livestock farming.

6.1.2.6 Regular mowing carried out less than once annually

Many regularly used meadows in the Alps were not mowed every year. In
several places, there were extensive areas of non-fertilized and unirrigated
(see Section 6.3.1) remote meadows mowed every second or third year.'***
For instance, according to detailed information about Tyrol and Vorarlberg
from 1839, in many cases non-fertilized (and unirrigated) meadows at higher
elevations were mowed every second or third year.'**

Some meadows in the Alps were mowed at even longer intervals. At certain
places in the Sellrain Valley (Germ. Sellraintal), mowing was allegedly only
carried out once every six years in the early twentieth century.'*¢ This last
case must have been exceptional, and the data might refer to specific socio-
economic conditions; a gradual decline in mowing the most remote mountain
meadows started in the second half of the nineteenth century'** (see also the
note on abandonment of some of the highest meadows in the first half of the
twentieth century in the caption to Figure 11 in Section 3.1). Mowing there
was probably more frequent in some other periods of history.'***

1453 Author’s interview with Plesnik, 2021, at Sapotnik farm on the shore of Lake Gossels-
dorf.

1454 Grass, 1948, 177, 191; Mathieu, 1996, 144-145; Hubatschek, 1992, 175; Niederer, 1996d,
174; Keller, 2004, 19-20, 27, 30-32, 42, 53, 84, 86; Machatschek, 2007, 149; Bavcon,
Ravnjak, & Praprotnik, 2019, 123.

1433 Mathieu, 1996, 144-145.

146 Grass, 1948, 191.

1457 Grass, 1948, 206.

1438 A six-year interval between mowings was only possible at high elevations or on soils
providing the grassland plants with lowest amounts of nutrients. According to data
from the interior of Slovenia, a saw is already needed in some productive places to clear
bushes and allow mowing after a meadow has not been mowed for five years (Bavcon,
Ravnjak, & Praprotnik, 2019, 23).
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Environmental factors linked with wider economic circumstances had an
influence on the decision whether to mow a certain meadow every year or
every second or third year."**® Some of the most relevant environmental factors
are presented first, followed by the economic history context.

Nutrient-poor soil and a harsh climate were among the main environmen-
tal factors resulting in mowing less often than once a year. Use of meadows
characterized by low biomass productivity only once in two or three years was
based on the same principle as field rotation systems including fallow,"* so
that every second year or two out of three years grassland plants decomposed
in the meadow and nutrients returned to the soil."**! One of the main reasons,
often the only one, for mowing every second or third year was the awareness
that it was important not to overuse non-fertilized meadows on nutrient-poor
soils. Otherwise, the yields would have become too low to be feasible even by
the standards of the time.'** To quote a farmer from the Lesach Valley (Germ.
Lesachtal) in Carinthia managing a poorly productive distant mountain mead-
ow: “If you mow this meadow every year, it goes bust.”'*®> Namely, due to the
soil nutrient availability being too low, not only the grassland species com-
position would have changed (Sections 6.3.1 and 9), but the height of plants
would have also markedly decreased if mowing in such meadows had been
too frequent. In some non-fertilized meadows, the plant height decreased so
much that it was physically impossible to mow the meadow with a scythe every
year.'*¢* The increase in meadow productivity due to less-than-annual mowing
depended on site conditions, species composition, and the duration of the in-
terval between mowings. The yield was, for instance, about one-third more in
a mowing year if a poorly productive meadow was mowed every second year,
in comparison with regular annual mowing."*> Thus, farmers easily learned
from experience that regular breaks were needed between years of mowing in
meadows at very nutrient-poor sites.

In some regions, such as Tyrol, meadows that were not mowed every year
were divided into narrow belts from top to bottom, and every year only one
such belt was mowed in each meadow."**® Such uniformity of mowing whole
meadows or meadow complexes only every second year was not the rule. Mi-
croenvironmental conditions mattered as well: considerable meadow sections
with a higher biomass production (often in microrelief depressions) were

1459 Keller, 2004, 19-20, 27, 30, 32, 53.

1460 Keller, 2004, 19-20, 27, 30, 32, 53; Leibundgut & Vonderstrass, 2016a, 74.

1461 Wopfner, 1997, 310-311; Machatschek, 2007, 149.

1462 Grass, 1948, 177; Hubatschek, 1992, 175; Niederer, 1996d, 174; Keller, 2004, 20, 27.
1463 Keller, 2004, 20.

164 Keller, 2004, 20, 27; Kapfer, 2010, 135.

1465 Keller, 2004, 19, 84.

1466 Grass, 1948, 191; Hubatschek, 1992, 172, 175; Keller, 2004, 30.
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mowed every year, whereas the prevalent less productive sites within the same
meadow were cut every second year or less frequently. Some of the least pro-
ductive sites were mowed less often than the majority of the meadow, thus
even less frequently than every second year.'*s”

Meadows in the Alps at very high elevations were never manured (see Sec-
tion 6.3.2.1.1). Thus, it is quite understandable that many of the highest mead-
ows in this harsh climate (often exceeding 2,000 m and exceptionally reaching
2,700 m; see Section 3.1) were mowed only every second or third year."**® In
the Otz Valley (Germ. Otztal) in Tyrol, where manuring reached higher ele-
vations than typically (Section 6.3.2), non-fertilized meadows above Nieder-
thai that were mowed only every second or third year were located at 1,900 to
2,000 m."*® In Carinthia, mowing every second or third year was frequent in
meadows at elevations of more than 1,600 or more than 1,800 m, depending
on the region.'”® Similarly, better meadows (or better meadow sections) in
subalpine meadows on the Golica Ridge in today’s northwestern Slovenia, at
elevations from around 1,500 to 1,835 m, were mowed every year, and less
productive sites every second or third year, as reported for the first half of the
twentieth century.'*!

However, it was not only many of the highest meadows in the Alps that were
mowed no more frequently than every second year. Namely, many meadows
at lower elevations were also not fertilized (Section 6.3.1); where the produc-
tivity of soils was low, mowing such meadows every year did not make sense.
For instance, remote steep montane meadows on the uppermost sections of
the sunny southern slopes of Kriska Gora in the Kamnik-Savinja Alps (Sln.
Kamnisko-Savinjske Alpe; the elevations of these meadows are about 1,000 to
1,600 m) were mowed every second year.'*”?

Focusing on social factors with an influence on changing mowing frequen-
cy throughout history, periods when economic pressures on meadows de-
creased (see Sections 3.1, 3.2, and 9) resulted in less frequent mowing in poorly
productive meadows, whereas fodder scarcity resulted in more frequent (e.g.,

147 Keller, 2004, 19.

1468 Keller, 2004, 19-20, 27, 30, 32.

146 Griesser, 1999, 42.

1470 Keller, 2004, 19-20, 27, 30, 32.

1471 Torkar Tahir, 2012, 133. Localization: Arcanum Maps, Cadastral Maps, Habsburg Em-
pire — Cadastral Maps (XIX. [sic] Century), cadastral municipality of Planina pod Go-
lico (Germ. Alpen), 1826; localization: Environmental Atlas of Slovenia, Overview Maps
(detailed topographical map) & Spatial units, Land cadaster.

1472 Bavcon, Ravnjak, & Praprotnik, 2019, 123; elevations: Arcanum Maps, Cadastral Maps,
Habsburg Empire - Cadastral Maps (XIX. [sic] Century), cadastral municipality of
Krize (Germ. Kreutz), 1826, combined with Environmental Atlas of Slovenia, Back-
grounds, DEM [Digital elevation model] and Environmental Atlas of Slovenia, Spatial
Units, Land Cadastre.
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annual) mowing in some nutrient-poor grasslands, which resulted in signifi-
cantly lower yields in mowing years."”?

Mowing every two or three years allowed the development of an early stage
of ecological succession between mowings, especially if the parcel was ex-
cluded from grazing. Consequently, in many places in the Alps, low bushes of
green alder (Alnus alnobetula) grew among other grassland plants in meadows
mowed every second year. Namely, this bush cannot tolerate annual mowing.
Within the Eastern Alps, such meadows with green alder were most frequent
in the Central Alps, in the Gastein Valley and Rauris Valley in the province
of Salzburg, for instance. In contrast, the impacts of bedrocks on soils in the
Southern and Northern Limestone Alps made most meadow sites unsuitable
for green alder. Because the meadows with green alder were mowed every sec-
ond year, green alder bushes (reaching up to 60 cm) were mowed with a sturdy
short scythe together with other hay because they had not yet become too
woody for such mowing. Mixing grassland hay and alder shoots was also prac-
ticed near Genoa (Ital. Genova) in Liguria. Symbiotic bacteria fixing airborne
nitrogen and making it available to plants in soil live in alder root nodules.
Thus, the nutritive value of alder leaves was high due to their high nitrogen
content. In addition, airborne nitrogen fixation in alder roots also favorably
impacted the availability of nutrients for other meadow plants, and this impact
of alders on raising soil fertility might have been known to farmers of prein-
dustrial Europe (see Section 3.2.2). Due to the favorable impacts of airborne
nitrogen fixation, it can be assumed that the nutritive value of hay from such
meadows as a whole was also relatively favorable. No other scrub species has
such a strong impact on raising the soil productivity. All this was reflected in
the farmers’ traditional ecological knowledge recorded during Michael Ma-
chatschek’s participant observation in the Alps in the twentieth century: in the
alders “there is fat” (“ist das Schmalz drin”). Leaves of green alder were also
esteemed for their medicinal qualities due to their mineral content. In addi-
tion, green alder roots contributed to the stability of soils in meadows on steep
slopes more significantly than most other tree and scrub species. Consequent-
ly, in some places, another likely reason for regular but not annual mowing was
the wish to have green alder in meadows and in hay. Nonetheless, livestock
had to become accustomed to eating alder leaves; fine cutting and mixing the
leaves of a few tree species, including those that the livestock preferred, made
it impossible for the livestock to discard alder leaves from the fodder. Hay with
alder leaves was not staple fodder. It was stored separately and used in small
quantities.'*”*

1473 Keller, 2004, 19, 53, 84.

147 Aichinger, 1933, 171-179; Schneiter, 1970, 33-39; Machatschek, 2002, 108, 141-142,
171, 329-331, 434 (quote from p. 330); Grove & Rackham, 2003, 183; Machatschek,
2007, 149; Emanuelsson, 2009, 119, 189, 192, 206.
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However, depending on site conditions, mowing not taking place every
year could also promote other species of early ecological succession that were
relatively unproductive from the point of view of animal husbandry, such as
several dwarf shrubs (see Sections 6.1.2.1.2 and 6.6.2), and so traditional eco-
logical knowledge of the meadow sites was of utmost importance.

The plant diversity in meadows mowed only every second or third year is
often high. Animal diversity also is particularly high there (see Section 6.3.1).
Namely, the development of several insects, such as bumblebees and grass-
hoppers, is only completed at high elevations by late August or early Septem-
ber, and thus slightly later than historical haymaking in many cases (Sections
6.1.2.1 and 6.1.2.2). Butterflies also profit from plant development that is not
disturbed by mowing by the end of August. Nonetheless, regular mowing
events every couple of years are needed to keep biodiversity so high, and his-
torical mowing every second or third year unintentionally ensured the long-
term preservation of such exceptionally biodiverse grassland ecosystems.'*”

Non-constant use of non-fertilized and unirrigated, regularly mowed mead-
ows was, however, not a general rule in the Alps.’*’¢ In the eastern Julian Alps, for
instance, in the 1830s, detailed information on meadow management—which
definitely does not present land use in a more intensive manner than the histor-
ical reality—documents mowing in remote meadows every year,'*”” even though
in places where the soils were less fertile or gradually too impoverished matgrass
abounded at that time (see Section 6.3.1.2). However, despite these data from
the eastern Julian Alps, it was not a general rule that mowing at relatively high

1475 Keller, 2004, 19, 33, 40, 42, 86, 110.

1476 ‘Wopfner, 1997, 313, 318-319.

1477 For example, SI AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster
for Carniola), L30, cadastral municipality of Nemski Rovt, cadastral appraisal proto-
cols: s.n., 30/4, 49, and Catastral-Schitzungs-Elaborat, Schitzung des natural Ertrages,
§ 4: Wiesen; SI AS 176, L56, cadastral municipality of Bohinjska Bistrica, cadastral
appraisal protocols: s.n., 56/4, 49, and Catastral-Schitzungs-Elaborat, Schitzung des
natural Ertrages, § 4: Wiesen; SI AS 176, L72, cadastral municipality of Gorjuse, cadas-
tral appraisal protocols: s.n., 72/4, 49, and Catastral-Schatzungs-Elaborat, Schitzung
des natural Ertrags, § 4: Wiesen; SI AS 176, L107, cadastral municipality of Ce$njica
v Bohinju [i.e., Bohinjska Ce$njica], cadastral appraisal protocols: s.n., 107/4, 49, and
Catastral-Schitzungs-Elaborat, Schitzung des natural Ertrages, § 4: Wiesen; SI AS 176,
L157, cadastral municipality of Srednja Vas v Bohinju, cadastral appraisal protocols:
s.n., 157/4, 49, and Catastral-Schitzungs-Elaborat, Schitzung des natural Ertrages,
§ 4: Wiesen; SI AS 176, L172, cadastral municipality of Nomenj, cadastral appraisal
protocols: s.n., 172/4, 49, and Catastral-Schitzungs-Elaborat, Schaetzung des Natural
Ertrages, § 4: Wiesen; SI AS 176, 1242, cadastral municipality of Savica, cadastral ap-
praisal protocols: s.n., 242/4, 49, and Catastral-Schatzungs-Elaborat, Schaetzung des
Natural Ertrages, § 4: Wiesen; SI AS 176, L284, cadastral municipality of Studor, cadas-
tral appraisal protocols: s.n., 284/4, 49, and Catastral-Schitzungs-Elaborat, Schaetzung
des Natural Ertrages, § 4: Wiesen; SI AS 176, L335, cadastral municipality of Bohinjska
Bela, cadastral appraisal protocols: s.n., 335/4, 49, and Catastral-Schitzungs-Elaborat,
Schaetzung des Natural Ertrages, § 4: Wiesen.
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Figure 67: Coppice meadow near the village of Mara in the Carpathians, northwest Roma-
nia, soon after the trees or bushes were cut. Photo: Ziga Zwitter, 2015.

elevations in the Limestone Alps of what is now Slovenia took place every year;
mention has already been made of montane meadows in the uppermost sections
of the sunny southern slopes of Kriska Gora mowed every second year.

So far, this section has focused on meadows not mowed annually that were
not regularly overshadowed by trees. Another type of meadow not mowed
every year—sometimes at nutrient-poor sites similar to the ones presented so
far, sometimes at somewhat more productive non-fertilized sites—was a cop-
pice including a meadow phase, where grassland patches gradually became
significantly overshadowed by trees. Apart from grassland plants, a “coppice
can contain a large number of broadleaf tree species and is characterized by
the multi-stemmed stools. The stems are cut at more or less regular intervals
[usually every five to thirty years], after which new stems regenerate from
the stools.”**”® Such a wood management system allowed quick regeneration
of woody plants and provided high quantities of firewood or small wood; for
fences, for example. In addition, it was possible to make hay below the trees
and bushes for several years within a coppice cycle (Figure 67), often as long
as the grassland was not entirely shaded by woody plants. Due to the many
nutrients released from the leaves of trees and bushes stemming from lower
soil horizons that are inaccessible to grassland species (e.g., hazel leaves make

478 Emanuelsson, 2009, 196-197, 199, 201 (quote)-202; Peterken, 2013, 259.
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the soil particularly good for productive meadows; see Section 6.3.1), some
coppice meadows remained relatively productive for several years.'*”® Grass-
land species were again able to develop extensive cover and significant biomass
immediately after the woody plants had been cut. Numerous species of cop-
pice grasslands “are equally at home in the open or shade,” such as globeflower
(Trollius europaeus). “[A]cknowledged shade-bearers, such as herb-Paris [Pa-
ris quadrifolia] and lily-of-the-valley [Convallaria majalis], gr[e]w [in coppice
grasslands] commonly . . . amongst species with a high greater affinity with
unshaded conditions, such as blue moor-grass [Sesleria caerulea], dropwort
[Filipendula vulgaris] and military orchid [Orchis militaris]” Due to constant
changes in light and shade caused by tree growth and felling, “the sward [was]
a mixture of species on the way up and others on the way down.”"*** On the
quality of hay from meadows shaded by woody vegetation, see Section 6.6.1.

Coppices were landscape elements in all regions of the Alps; nonetheless,
in general, they were more frequent in the south of the mountain chain.'**! In
the Eastern Julian Alps (e.g., on the Jelovica and Pokljuka Plateaus and to the
west of the latter), some montane meadows with bushes (hazel, Corylus avellana,
for instance), such as in the cadastral municipalities of Zgornje Gorje, Gorjuse,
Srednja Vas in Bohinj, and Selo pri Bledu in the early nineteenth century,'**
were most likely coppice meadows. A photograph taken about 1970 documents
a likely coppice in the montane meadow complex Za Jamo on the southeastern-
most Pokljuka Plateau.'*®® In hazel coppices, however, mowing could take place
annually, without interruption, such as in some remote montane meadows in
Bohinj where the hazels were cut every five years."** Cutting the hazel at the
stump every five to seven years was widespread in the Eastern Alps to avoid too
much shade in the grassland, too strong competition for water with grassland
plants, and to make sure that the quality of the hazel wood would not decline.'**

147 Emanuelsson, 2009, 157, 201-204, 206-209.

148 Peterken, 2013, 282 (quotes)-283 (quote); Emanuelsson, 2009, 160, 199, 209-210.

1481 Batzing, 2015, 266.

1482 ST AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carniola),
L72, cadastral municipality of Gorjuse, cadastral appraisal protocols: s.n., 72/4, 75, and
Catastral-Schatzungs-Elaborat, Schitzung des natural Ertrags, § 4: Wiesen, Dritte Classe;
SI AS 176, L157, cadastral municipality of Srednja Vas v Bohinju, cadastral apprais-
al protocols: s.n., 157/4, 75, and Catastral-Schitzungs-Elaborat, Schitzung des natural
Ertrages, § 4: Wiesen, Vierte & Fiinfte Classe; SI AS 176, L179, cadastral municipality of
Zgornje Gorje, cadastral appraisal protocols: s.n., 179/4, 75, and Catastral-Schatzungs-
Elaborat, Schaetzung des Natural Ertrages, § 4: Wiesen, Vierte Classe; SI AS 176, L343,
cadastral municipality of Selo pri Bledu, cadastral appraisal protocols: s.n., 343/4, 75, and
Catastral-Schatzungs-Elaborat, Schaetzung des Natural Ertrages, § 4: Wiesen, Dritte &
Vierte Classe.

1453 Sarf, 1974, 137.

148 Author’s interview with Kunavec, 2021, in Stara Fuzina, who participated in such a
coppice management.

148 Machatschek, 2002, 308; author’s interview with Kunavec, 2021, in Stara Fuzina.
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Figure 68: The flood-prone grassland on the southern shore of Upper Lake Fusine was not
only grazed, but also mowed for a long time. However, according to early seventeenth-cen-
tury information, mowing did not take place there regularly. The absence of a gravel shore
clearly explains why the grassland was so flood prone. Photo: Ziga Zwitter, 2016.

This section dealt with regularly mowed meadows cut less frequently than
every year, but there also existed less regularly or less frequently mowed mead-
ows in the Alps. They are the topic of the following section.

6.1.2.7 Sporadically mowed grasslands

In certain periods, the nexus between particular environmental and social
conditions led to sporadic mowing in some specific places. As an example,
by the 1520s there was a flood-prone meadow at the southern shore of Upper
Lake Fusine (Ital. Lago di Fusine Superiore, Germ. Oberer WeifSenfelser See, Sln.
Zgornje Mangartsko jezero, Friul. Lat Superior di Fusinis; Figure 68), where a
flood sometimes destroyed all the hay. A century later, in a rent-roll (Urbar)
written between 1617 and 1636, the same grassland was characterized as pas-
ture with the notice that part of this pasture could be mowed,'**¢ and so at least
for part of the seventeenth century there was an occasionally mowed pasture.

There was a different reason for sporadic mowing in the cadastral munic-
ipality of Javornik in the Western Karawanks based on early nineteenth-cen-

1486 Zwitter, 2020, 80-82.
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tury information. There, pastures close to the permanently settled area were
significantly better than in the neighboring cadastral municipalities, and a
certain share of parcels mapped as pastures in the land cadaster in the early
nineteenth century were mowed in very favorable years.'**” Indeed, a mapped
pasture complex at the bottom of the Sava Dolinka Valley and on the low-
est slope sections above it in the southwest of this cadastral municipality, on
drought-prone soils,'** was named na Snoschettach (literally, ‘in the hay mead-
ows, SenoZeta), as recorded in the early nineteenth century.'*® These pastures
measured 22.8 hectares, divided into nineteen parcels (average parcel size: 1.2
ha and standard deviation: 0.7 ha; median: 1.0 ha). The toponym, the size of
the parcels (it was a complex of contiguous medium-size and small parcels,
instead of one large pasture), and the possession rights (not officially a com-
mon, but parcels formally in farmers’ private possession,'*** although certainly
grazed collectively'*!) indicate that that meadow complex experienced a long
history of (sporadic) mowing. The first use of grassland resources from the
Senozeta grasslands was grazing in spring, a practice usual for hay meadows in
Central Europe until the eighteenth or nineteenth century (see Section 6.2). In
this case, however, spring grazing in the upper section of the colline vegetation
belt at the foot of the Alps lasted very long in some years, whereas it ended
soon in other years. Namely, spring grazing at Senozeta lasted until Ascension
Day,'*? a movable feast that takes place between April 30th and June 3rd (see
Section 6.2.1.2: text and Figure 70). From then on, these meadows were closed
for grazing until July 25th, when another grazing season started that lasted
until September 29th."*”* This means that, when the date of Ascension Day
was late, the duration of the period between the end of spring grazing and a

1487 ST AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carniola),
L90, cadastral municipality of Javornik, map sheets A01-A07, and cadastral appraisal
protocols: Reclamations verhandlungen tiber den catastral act der steuergemeinde Jau-
erburg, Gutachten 90/5, December 15th, 1837: ad 8. It is clear that this notice does not
refer to mountain pastures, which were dealt with in this report as a separate category
(see land-use categories in SI AS 176, L90, cadastral municipality of Javornik, cadastral
appraisal protocols: Protocoll simmtlicher Grund- und Bauparzellen der Gemeinde
Jauerburg.

1488 Environmental Atlas of Slovenia, Land and Soil, Soil map (1:25,000).

1489 ST AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carniola),
190, cadastral municipality of Javornik, map sheets A04, A06, and A07.

149 ST AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carniola),
L90, cadastral municipality of Javornik, Grundparzellen Protokoll, parcel nos. 110-
128.

1491 Compare Kapfer, 2010, 136; see also Section 6.2.

1492 ST AS 48, Dezelna komisija za odkup in uravnavo zemljiskih bremen za Kranjsko (Pro-
vincial Commission for Redemption and Regulation of Profits a Prendre in Carniola),
fasc. 56, 9:1-5, Protokoll, September 3rd, 1859, & Protokoll, July 11th, 1868.

1493 ST AS 48, Dezelna komisija za odkup in uravnavo zemljiskih bremen za Kranjsko (Pro-
vincial Commission for Redemption and Regulation of Profits a Prendre in Carniola),
fasc. 56, 9:1-5, Protokoll, September 3rd, 1859, & Protokoll, July 11th, 1868.
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potential mowing was unusually short at Senozeta in the broader context of
hay meadows in Central Europe (usually about nine weeks passed between the
end of spring grazing and mowing in eutrophic meadows, and thirteen weeks
in oligotrophic grasslands in Central Europe;'*** see Section 6.1.2.1.1.3). Thus,
as a result of the timing of spring grazing and, possibly, drought—the grass-
land sites at Senozeta were drought-prone—grassland plants did not grow tall
enough that farmers decided to mow in mid-July after a late Ascension Day
(in late May or early June). In contrast, an early Ascension Day (in late April or
early May) made mowing possible there before the re-introduction of grazing
in late July. Mowing must have been stimulated by the high quality of hay from
Senozeta. Namely, in 1858 —thus only one year earlier than the presented graz-
ing regime was documented and only two decades later than the land cadas-
ter noted that these “pastures” were sporadically mowed and they were better
than the pastures in the neighboring cadastral municipalities—the botanist
Valentin Plemel carried out fieldwork in this very meadow complex. He re-
ported that sainfoin (Onobrychis viciifolia; see Figure 164 in Section 10.1.2.2.4)
abounded at Senozeta."*® Sainfoin is an excellent fodder plant that thrives in
some non-fertilized grasslands at relatively dry sites, such as at Senozeta (see
Section 6.3.1.1.1). Thus, a specific management regime including highly di-
verse dates when spring grazing ended, followed by an atypically early start
of the following grazing period in the summer, and high cover of a good fod-
der plant or good fodder plants in the grassland could also stimulate sporadic
mowing in some grasslands usually used as pastures.

In contrast to the presented case of Senozeta—where sainfoin abounded,
which raised the productivity of the grassland, not only because sainfoin grows
vigorously at relatively dry sites, but also because it is a legume, thus symbi-
otic bacteria in its root nodules add air-borne nitrogen to the soil—long-term
soil impoverishment in non-fertilized meadows was likely one of the driving
forces that gradually led to the introduction of sporadic mowing and prevalent
grazing in some grasslands despite high agricultural density. A wider Central
European context makes it clear that it was no exception that plants in some
grassland sites on very nutrient-poor soils were only rarely tall enough that
farmers decided to mow. Such grasslands were usually grazed, as recorded in
the early eighteenth century.'*¢

Sporadic mowing in exceptional pastures was usually carried out either when
the yield of grassland biomass was particularly favorable, as in the example of

1494 TaniSova et al., 2023, 9, 11.

1495 In 1858, the botanist Valentin Plemel observed a high abundance of “Onobrychis sativa
Lmk [Lamarck]” in this grassland complex (Plemel, 1862, 146). “Onobrychis sativa”
designates sainfoin (Onobrychis viciifolia) (compare Aeschimann et al., 2004, vol. 1,
954-955 and Martincic, 2007c, 317).

149 Kapfer, 2010, 135.
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Javornik above, or when it was motivated by the scarcity of hay caused by an in-
creased hay demand or by low hay yields on other parcels used by the same farm.
Hay scarcity often led to sporadic haymaking in the least favorable parcels where
the farm was entitled to mow. In some cases, even such parcels were mowed reg-
ularly, due to high agricultural density or specific economic motivation, such as
high fodder demand along major roads (see Section 3.1). In the Alps, such least
favorable parcels, often mowed irregularly, were usually some wetlands (Section
6.1.2.5.1)'*7 or some grasslands at the highest elevations where mowing was al-
lowed to take place, often very steep, rocky, or barely accessible,'**® especially
where poor hay quality did not stimulate regular mowing (see Section 6.3.1.2).
Mowing more wild hay than usual in the case of a hay harvest failure elsewhere
was a widespread phenomenon at least after the general decrease in wild hay-
making; that is, from the second half of the nineteenth century onward'** and in
earlier periods of moderate agricultural density and hay demand.

The example of Mount Begunjsc¢ica in the Western Karavanks is telling.
The section of the rent-roll (Urbar) of the seigneury of Radovljica (Germ.
Radmannsdorf) from 1579, dealing with residents of the villages of Begun-
je and Zgosa, located at the foot of Begunjsc¢ica, documents that those that
mowed hay on the slopes of that mountain had to deliver a due in hay."”” The
highest hay meadows on Mount Begunjsc¢ica reached an elevation of at least
1,800 m."*! The absence of a statement in the 1579 rent-roll about which farms
had mowing rights on that mountain'*® speaks in favor of an instable area
mowed per year. In line with information from the late nineteenth century, hay
from Mount Begunj$¢ica was important not only in usual years, because the
meadow area at the bottom of the basin was small,””* but its availability also
significantly increased the resilience of local agriculture regarding the drought
hazard. Namely, in the case of an agricultural drought in spring, the hay har-
vest failed in several meadows in the bottom of the basin and so mountain hay
replaced it. This had a direct influence on the mowed area of the high moun-
tain grassland on Begunj$c¢ica: in the years of agricultural drought in the valley,

1497 Meilleur, 1986, 264, 266-267, 280, 286-287, 295.

1498 Mathieu, 1996, 145.

149 Grass, 1948, 206.

1500 Zwitter, 2016, 138.

1501 Arcanum Maps, Cadastral Maps, Habsburg Empire — Cadastral Maps (XIX. [sic] Cen-
tury), cadastral municipality of Begunje (Germ. Vigaun), 1826; elevations of parcels
according to Environmental Atlas of Slovenia, Backgrounds, DEM [digital elevation
model]. The short even steeper sections of the slope between the mountain meadows
and the ridge were used as pastures; the name Ouzhia Pascha ‘sheep pasture, recorded
in the early nineteenth century, reveals that these were not pastures for cattle or horses.

1502 ST AS 173, Imenjska knjiga za Kranjsko (Giiltbuch for Carniola): Rent-roll (Urbar) of
the seigneury of Radovljica 1579, 40.

1503 Preseren, 1933, 98; Arcanum Maps, Cadastral Maps, Habsburg Empire — Cadastral
Maps (XIX. [sic] Century), cadastral municipality of Begunje (Germ. Vigaun), 1826.
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6.2 Spring grazing in meadows

the slopes of Begunjscica were mowed up to the rocky uppermost part of the
slope.””" The data presented from 1579 suggest that local farming might have
already functioned in a similar manner in the sixteenth century.

Sporadic mowing had diverse ecological impacts. Although the details de-
pended on the site conditions and on the duration of exclusion of grazing
before mowing, a selection of basic impacts of sporadic mowing in pastures
can be named. For some general ecological impacts of mowing, see Section
6.1.1.3. In addition, in general, if the plants were allowed to set seeds that rip-
ened by the time of haymaking, which did not happen during usual pasture
use, such an interruption of the usual grazing regime was likely to change
the species composition to a certain degree, especially if mowing was carried
out in a few consecutive years. For instance, some grazing-sensitive plants
would temporarily become established in the gaps in the mowed grassland,
and the abundance of some heliophilous rosette plants in the pasture would
be reduced in a longer absence of grazing; the scythe did not cut rosettes, but
a significantly long interval in the shade of taller plants decreased the com-
petition abilities of small-growing heliophilous species.’*” Another ecological
impact, probably not planned as long as pasture management relied on tradi-
tional ecological knowledge, but welcome for farmers, was that, because the
grassland was left ungrazed longer than usual, sporadic mowing could reduce
the hazard of worm infestation in sheep or goats in the pasture after sporadic
mowing.'?%

This section ends with sporadic mowing in pastures, and the next section
deals with the opposite case: regular spring grazing in meadows, a topic al-
ready addressed at Senozeta near Javornik in this section.

6.2 Spring grazing in meadows

Collective spring grazing in hay meadows was characteristic of Central Euro-
pean grassland management in the colline and the montane vegetation belts.
Just like in the rest of this volume, a “meadow” designates here a hay meadow,
a parcel that was regularly mowed, in addition to grazing, in line with the ter-
minological explanation in Section 1. Spring grazing in meadows was intro-
duced in Classical Antiquity at the latest and continuously practiced since the
Middle Ages, at least. Although it was carried out collectively (with the excep-
tion of many isolated farms), it took place in meadows in private possession or,
less frequently, in collectively possessed meadows; the total area of meadows
that were collective all year round in the Alps in the second millennium was
much more limited than meadows in private possession, in particular in the

1504 Preseren, 1933, 98.
1505 Sadar, 1956, 50, 54, 118-119, 131.
1506 Vidrih, 2005, 119.
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second half of the millennium, and it decreased over time. Spring grazing was
usually profit a prendre; namely, a group of farmers had grazing rights there
independent of the ownership and possession rights. Although the hay harvest
belonged to the farmer in possession of the meadow, he or she was not the only
one (or not at all) entitled to use grazing resources there in spring and autumn.
In many places in the Alps, spring grazing in meadows by sheep, cattle, horses,
and goats, and in some places also pigs (with rings in their snouts to limit bur-
rowing) and geese, was practiced until between the mid-eighteenth century
and the second half of the nineteenth century."””” Where it was abandoned pri-
or to the childhood of the oldest living residents, this type of historical mead-
ow use has often already been forgotten.'**®

In some locations in the lower montane vegetation belt in the Alps, spring
grazing still took place in the second half of the nineteenth century or even
longer;"** in meadows on slopes above the bottom of the Lower Gail Valley
(Germ. Gailtal, Sln. Ziljska dolina) in Carinthia, at Silz in Tyrol, or in several
parts of the Otz Valley (Germ. Otztal: e.g., at Umhausen, Lehn, Lingenfeld,
and Solden), for instance; it was practiced at least until the mid-twentieth
century, and in several cases longer.””'° A specific type of early spring graz-
ing in meadows was documented in the Allues Valley (Francoprovencal Alués,
French Les Allues) in the northern French Alps in the first half of the twentieth
century. There, spring grazing was carried out individually, on meadows of the
livestock owner—it is not clear how long ago such individual management was
introduced there. It took place only in a very limited percentage of meadows
close to the hamlets and only for a few days. The practice was motivated by
the fact that the majority of pastures were quite far away from the settlements
in the Allues Valley, from lower settlements at least, and so cattle were first
allowed to graze in meadows close to the settlement, when they left the barns
after winter, to become fit for grazing again.""!

Recently, spring grazing has been restored in a few places, providing in-
teresting insights into its historical ecological impacts."”'> Spring grazing in

1507 Novak, 1955; Blaznik, 1970a, 172; Wopfner, 1997, 228-230, 233-234, 242, 264, 269-
270, 272-274, 277-278, 289-292, 295, 316-318, 380, 393-394, 403, 474, 477; Kauter,
2002, 9, 109, 116, 129-130, 165; Trofibach, 2008, 600-601; Kapfer, 2010, 133, 136-137,
139-140; Peterken, 2013, 119; Kaci¢nik Gabri¢, 2014, especially pages 8, 12-14, 34,
62, 91-92, 180, 230, 238-240, 276-277, 360-361, 366, 378, 380; Poschlod, 2015, 209;
JaniSova et al., 2023.

1598 For example, author’s interviews with Mencinger, 2017, in Stara FuZina, and with E
Mlakar, 2017, in Bohinjska Ce$njica, both over ninety years old.

1509 For example, Novak, 1955; Melik, 1950, 119.

1910 Tlesi¢, 1931, 141-142; Grass, 1948, 188; Wopfner, 1997, 290-291; Hessenberger, 2022,
147, 149.

1511 Meilleur, 1986, 284-285, 377-379.

1512 See Section 6.2.2.
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meadows might have been an important factor in the development of certain
plant communities.'*"?

Spring grazing was practiced in the great majority of meadows, but not in
all of them. Livestock did not graze in spring in intensively managed mead-
ows (at that time represented by only some of the best irrigated meadows and
some small grasslands in the immediate vicinity of farmhouses; see Sections
6.1.2.4 and 6.4),"”'* and at some remote meadows where wild hay was made.
Namely, distant meadows on mountain slopes were not exceptionally located
in places where grazing was impossible due to overly steep slopes (Section 3.1,
but see also Section 5), where access for livestock was too hazardous and/or
where the absence of surface water nearby made the area unsuitable for (cattle)
grazing."" The following examples demonstrate this. Early nineteenth-centu-
ry records make it clear that haymakers mowing steep meadows at Hudi Konec
above Zupanje Njive north of Kamnik (Germ. Stein) in the Kamnik-Savinja
Alps (SIn. Kamnisko-Savinjske Alpe; see slope steepness at Hudi Konec in Sec-
tion 3.1) wore crampons and that grazing obviously did not take place there
because of overly steep slopes.””'¢ In some other very steep meadows, the du-
ration of grazing was shorter. In the large steep montane meadow complex of
Alnice on the steep slopes of the hill north and northeast of the village of Ko-
roska Bela, for instance, sheep and goat grazing took place only in the autumn,
but not in spring, according to mid-nineteenth century data; that is, before
the long history of spring grazing in the nearby montane meadows ended.'*"’
According to cadastral information from Bohinj in the first half of the nine-
teenth century, spring grazing was not practiced or at least not economically

1513 Kauter, 2002, 138; Kapfer, 2010, 139.

1514 Wopfner, 1997, 295; Kapfer, 2010, 136-138 (the example of the large irrigated meadow
below the village of Hlebce, where spring grazing took place in a long run, such as pre-
sented in Sections 6.2.1.2, 6.4.3.3, and 6.4.5, emphasizes that not all irrigated meadows
were excluded from spring grazing).

1515 Grass, 1948, 146, 163, 183, 206; Novak, 1970, 363; Hubatschek, 1992, 5, 34, 51, 172-173,

178; Pils, 1994, 194; Wopfner, 1997, 317, 330-331; Keller, 2004, 15, 20, 27, 59, 65-66,

137.

SI AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carnio-

la), 1287, cadastral municipality of Zupanje Njive, cadastral appraisal protocols:

Catastral-Schatzungs-Elaborat, Schitzung des Natural-Ertrages, § 4: Wiesen, and a

slightly earlier protocol bound in this source: Protokoll, August 25th, 1830: II. Wiesen.

SI AS 48, Dezelna komisija za odkup in uravnavo zemljiskih bremen za Kranjsko (Pro-

vincial Commission for Redemption and Regulation of Profits d Prendre in Carniola),

fasc. 56, 9-4: no. 760, Protocoll, June 28th, 1861, and the list of plots belonging to Al-
nice. Localization: comparison of Arcanum Maps, Cadastral Maps, Habsburg Empire

— Cadastral Maps (XIX. [sic] Century), cadastral municipality of Koroska Bela (Germ.

Karnervellach), 1826, with the georeferenced present-day cadaster (Environmental At-

las of Slovenia, Spatial Units, Land Cadastre, & Backgrounds, DEM [digital elevation

model]). See also the map Ledinska imena v obcini Jesenice, 2015, and Section 6.2.2.3 of
this volume.

1516

1517
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important in high-quality meadows close to villages, but it was a general char-
acteristic of somewhat less productive meadows on forest clearings above the
villages (from the vicinity of the villages to the highest meadow plots) and also
in remote meadows in parts of the valley bottom that were not permanently
populated, such as in Ukanc west of Lake Bohinj (SIn. Bohinjsko jezero) and in
the Sava Bohinjka Valley east of Nomenj (Figure 69). An exception was the dis-
persed high permanent settlement of Gorjuse (1,000 m), where spring grazing
was also economically important in the meadows between farms but not in in-
tensive ones; there, meadows grazed in spring were only mowed once a year."*'®

6.2.1 Timing of spring grazing in meadows

The timing of spring grazing was ecologically and economically particularly
important (see Section 6.2.2)."°" First the dates of spring grazing are presented
in Section 6.2.1, and then selected ecological and economic impacts of spring
grazing in meadows are discussed in Section 6.2.2.

6.2.1.1 Dates of the beginning of spring grazing in meadows

The beginning of spring grazing strongly depended on weather in early
spring.””* In very many places, spring grazing in meadows started as soon as
the snow melted on sunny slopes or the vegetation period started.”*! This fre-
quent principle is illustrated by a brief selection of examples from several parts
of the Alps. The onset of spring grazing as early as soon after the snow had
melted where sheep or goats were grazing, or (soon) after the vegetation peri-
od started in meadows aimed at cattle, was recorded in the Binn Valley (Germ.
Binntal) in Wallis (Francoprovengal Valés, French Valais) in the late eighteenth

1918 ST AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Car-
niola), L30, cadastral municipality of Nemski Rovt, cadastral appraisal protocols:
Catastral-Schatzungs-Elaborat, Schitzung des natural Ertrages, § 4: Wiesen; SI AS
176, L56, cadastral municipality of Bohinjska Bistrica, cadastral appraisal proto-
cols: Catastral-Schatzungs-Elaborat, Schitzung des natural Ertrages, § 4: Wiesen;
SI AS 176, L72, cadastral municipality of Gorjuse, cadastral appraisal protocols:
Catastral-Schatzungs-Elaborat, Schitzung des natural Ertrags, § 4: Wiesen; SI AS 176,
L107, cadastral municipality of Ce$njica v Bohinju [i.e., Bohinjska Cesnjica], cadas-
tral appraisal protocols: Catastral-Schitzungs-Elaborat, Schitzung des natural Er-
trages, § 4: Wiesen; SI AS 176, L157, cadastral municipality of Srednja Vas v Bohinju,
cadastral appraisal protocols: Catastral-Schitzungs-Elaborat, Schitzung des natural
Ertrages, § 4: Wiesen; SI AS 176, L172, cadastral municipality of Nomenj, cadastral
appraisal protocols: Catastral-Schatzungs-Elaborat, Schaetzung des Natural Ertrages,
§ 4: Wiesen; SI AS 176, 1284, cadastral municipality of Studor, cadastral appraisal pro-
tocols: Catastral-Schitzungs-Elaborat: Schaetzung des Natural Ertrages: § 4: Wiesen.

1519 Peterken, 2013, 121.

1920 Melik, 1950, 118; Novak, 1955, 265, 295; Zenhdusern, 2008, 152, 158-161, 171-174,
186-188, 192-194; compare Janisova et al., 2023, 9.

1521 Wopfner, 1997, 228, 233-234, 269, 378.
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and early nineteenth century;'*** in montane meadows of the western Pokljuka
Plateau in the Eastern Julian Alps (Sln. Julijske Alpe, Ital. Alpi Giulie, Friul.
Alps Juliis; e.g., in the broader surroundings of Gorjuse, at Ravne, Pokrovec,
Goreljek, Jelje, Konjska Dolina, and Zajamniki);"** in montane meadows
above Hrusica and at the top of the Golica Ridge in the Western Karawanks
(Germ. Karawanken, Sln. Karavanke; on Golica, see Section 6.2.2.3); and in the
western Ljubljana Basin in a large meadow below the village of Hlebce,"*** for
instance. Consequently, the variability of spring temperatures mattered a lot.

Historical climatological research for the period between 1500 and 1799,
of relevance here because spring grazing in meadows was still commonplace
at that time, demonstrates that the average spring temperatures of these three
centuries in Central Europe were 0.3 °C lower than the 1961-1990 average.
The coldest intervals in those three centuries were from 1687 to 1700 (1.4 °C
below the 1961-1990 average), 1740 to 1785 (0.7 °C below the 1961-1990 av-
erage), and 1568 to 1600 (0.6 °C below the 1961-1990 average). In the 1680s
and 1690s in particular, simultaneously lower May and September tempera-
tures “drastically curtailed the grazing period in the Alps, which led repeatedly
to shortages of fodder”'"* Yearly variations were pronounced; after average
spring temperatures cooled down in the 1560s, there were three extremely
cold springs (1587, 1596, and 1600), three very warm springs (1571, 1583, and
1599), and nine “average” or “warm” springs (1567, 1574, 1576, 1579, 1581,
1584, 1585, 1591, and 1596) in the period of usually cold springs until the
end of the century."”*® The extreme range of spring temperature variability is
illustrated by two opposite anomalies in consecutive years, even though the
precise dates of the start of spring grazing in these years are not known. The
anomalous early spring of 1614 was evidently extremely cold everywhere in
the Eastern Alps because information from Switzerland corresponds with that
from the Slovenian Alps. Severe cold lasted from November 1613 to April
1614, followed by cold weather in a considerable part of May that must have
acutely reduced the possibilities of early spring grazing in meadows. However,
the previous winter (1612/13) was unusually mild."*

The impacts of weather variations on the beginning of spring grazing can
be understood based on data from the Binn Valley in Wallis from 1770 to 1812.
The majority of meteorological springs within this interval were cold there,
and many of them were also wet. Goats opened the spring grazing season in

1522 See below in this section.

192 Novak, 1955, 265, 295.

1524 ST AS 48, Dezelna komisija za odkup in uravnavo zemljiskih bremen za Kranjsko (Pro-
vincial Commission for Redemption and Regulation of Profits a Prendre in Carniola),
fasc. 163, 17-19: no. 2277 de 1858, Protocoll, May 10th, 1858.

192 Pfister et al., 2018, especially pages 274, 277-280 (quote from page 280).

1326 Pfister et al.,, 2018, 274, 278.

1527 Zwitter, 2013b, 341-344, 348, 362-363, 371-375.
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meadows in the valley (at 1,300-1,600 m) after the snow had melted at least
on sunny slopes (and possibly some of the earliest plants started sprouting
there). The dates when goats started grazing in the Binn Valley are available for
thirty years between 1770 and 1812. According to these data, grazing of goats
started between February 25th (in 1779) and May 20th (in 1771), on average
on April 21st (median: April 27th), but with a standard deviation of nineteen
days. In some years, spring grazing had to be interrupted because snow had
covered the grasslands again."””® This is in line with the finding that, at sev-
eral places in the Alps and Pre-Alps, spring grazing in meadows started well
before Saint George’s Day (i.e., before April 23rd or 24th, depending on the
bishopric'**) before and after the Gregorian calendar reform (thus, see many
examples where spring grazing in meadows already ended on Saint George’s
Day in Section 6.2.1.2)."** The example from the Binn Valley clearly demon-
strates that such early starts of spring grazing in meadows were not limited to
the colline and lower montane vegetation belt but were also characteristic of
some settled places at higher elevations. In general, where sheep grazed early
in remote grasslands, abundant snow in April, for instance, could kill some
of them before the avalanche hazard was mitigated to the degree that farmers
could ascend to their sheep.”*' At some places in the Alps, farmers had the
right to move their livestock to lower (wetland) pastures if snow covered those
meadows where spring grazing would have usually taken place at that time
(see Sections 4.1.1.2 and 6.1.2.5.1.1).

Apart from the weather in the year in question, one must also consider
the influence of the following further environmental and socioeconomic fac-
tors on the starting date of spring grazing: (1) the quantity and quality of hay
stored in the previous year in relation to the number of livestock present, (2)
the management of meadows where spring grazing took place, (3) plant nu-
trient availability in spring-grazed wetland meadows as a matter of natural
processes and of broader human impact in the landscape, and (4) local rules
or traditions, which are discussed in the next paragraph. Namely, in spring,
significant quantities of livestock fodder were available earlier in fertilized and
some irrigated meadows and in nutrient-rich or mesotrophic wetlands than
in nutrient-poor grasslands or oligotrophic wetlands (see Sections 6.1.2.5.1.1,
6.2.2,6.3.1, 6.3.2, and 6.4.1). When little hay was stored, when the quality of
hay was lower than usual (e.g., because rain during hay-drying time leached
nutrients from mowed plants; see Sections 4.1.1.3 and 4.1.1.4), and/or when
an early winter required an early start of indoor livestock keeping, so that larg-
er quantities of hay were consumed until spring, farmers were more likely to

1528 Zenhéusern, 2008, 152, 158-161, 171-174, 186-188, 192-194.

152 On regional differences in Saint George’s Day (April 23rd or 24th), see Grotefend &
Ulrich, 1971, 60.

1330 See also Zwitter, 2013a, 89-90.

1531 Wopftner, 1997, 269-270.
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open the spring grazing season earlier, even when plant development was still
very poor.'”* On the other hand, in the grasslands grazed intensively late in the
previous autumn, there is delayed vegetation development the next spring,'***
which limited the possibility of early spring grazing.

Rules or traditions also had an impact on the start of spring grazing in
meadows. In some cases, a single date of beginning spring grazing in mead-
ows was recorded in history. In Bohinj, for instance, in some locations close
to the lowest edge of the montane vegetation belt, spring grazing in meadows
started on (or around) Saint George’s Day (April 24th) or in early May based
on mid-nineteenth-century information.'*** Saint George’s Day was a frequent
start of common grazing in spring, not limited to meadows, as demonstrated
by data from Slovenian territory (see the comment on the symbolic meaning
of this saint’s day in Section 6.2.1.2).""% Similarly, in the eastern part of the
Pokljuka Plateau or at the foot of the Alps there (in the community of Bohinj-
ska Bela), spring grazing in meadows started on May 1st according to a source
from 1831."% Clearly, such dates could not be observed when the weather was
particularly severe. However, it is not clear whether the contrary option of an
earlier grazing start in meadows was allowed there. Variable dates around a
certain day (such as Saint George’s Day) speak in favor of the interpretation
that there was more flexibility. If so, this means that the weather around 1830
(in the community of Bohinjska Bela) or in the mid-nineteenth century (in
Bohinj) in combination with socioeconomic factors and tradition usually led
to the start of the spring grazing season in meadows on the reported date or
around it, rather than this being the earliest allowed date of spring grazing in
meadows.

6.2.1.2 Dates when spring grazing in meadows ended

In many Central European meadows in the colline and lower montane vegeta-
tion belts, spring grazing lasted no longer than late April or mid-May."** How-
ever, in the Alps,'** just like in the Carpathians,'** later dates when meadows
were closed in the spring (i.e., grazing was not allowed to take place there any

1532 Wopfner, 1997, 259; Kauter, 2002, 106, 109, 128; Zenhéusern, 2008, 194-196, 211-215.

153 Sadar, 1956, 169-170, 194-195.

153 Novak, 1955, 268, 275, 277-279, 290; conversion of Saint George’s Day into the date
is based on Grotefend & Ulrich, 1971, 60, and the church historian Lilijana Znidarsi¢
Golec, personal communication.

153 Novak, 1970, 348.

15% SI AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carnio-
la), L335, cadastral municipality of Bohinjska Bela, cadastral appraisal protocols: s.n.,
335/4, 57, 99.

1537 Kapfer, 2010, 133-134, 136.

15 See below in this section.

153 TaniSova et al., 2023, 9, 12.
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more until mowing) were also frequent. Only in some locations was a harsher
climate a relevant reason for later spring grazing in meadows, as explained in
this section. Namely, in many regions in Europe, “[1Jocal climate and elevation
were not always the primary factors influencing farming traditions”"** This
finding of the research into historical final dates of spring grazing in meadows
in the Carpathians is in line with examples from Great Britain in the late eight-
eenth or early nineteenth century. They show that “[i]n Derbyshire, on the
upland-lowland boundary, some [meadows] were shut [i.e. closed for grazing]
on April 1st, but others were grazed until mid-May, and in Shropshire they
were shut at Candlemas (February 2nd)”*** This section demonstrates that the
ends of spring grazing in meadows in the Alps were equally diverse if they are
looked at from the perspective of climate and vegetation development. Before
presenting the dates when spring grazing in meadows ended, knowledge of
the historical calendar update and its impact on the agricultural calendar are
required, and so they are outlined in the next paragraph.

In 1582, ten days were left out as a result of the calendar reform, which was
a challenge for the agricultural calendar relying on saints’ days. The reform was
implemented in 1582 or within the following two years in many parts of the
Alps, but in some places the previous calendar was kept in use much longer;
for example, in Wallis until 1655, in many other parts of Switzerland until the
eighteenth century, and exceptionally even until the early nineteenth centu-
ry.'"* Nikolaus Grass was able to demonstrate that, in some cases, the last date
of spring grazing in meadows in Tyrol was directly adjusted to the 1582 calen-
dar reform, so that meadows were closed on a date ten days later.”>* However,
in general, the adjustment of the agricultural calendar to the shift from the
Julian to the Gregorian calendar was only partial,'*** and so the final dates of
spring grazing were not adjusted to the Gregorian calendar reform everywhere
in the Alps, as presented in this section.

Early ends of spring grazing in meadows in the Alps are now examined.
Saint George’s Day (April 23rd or 24th) was one of the frequent early dates
when meadows were closed for grazing."**> Saint George’s Day was the Chris-
tian version of the celebration of green spring. In the Rosen Valley (Germ.
Rosental, SIn. Roz) in Carinthia, the saying was recorded by ethnologists in the

1540 Taniova et al., 2023, 9.

1541 Peterken, 2013, 120.

152 Grotefend & Ulrich, 1971, 24-27; Makarovi¢, 1995, 102; Kocevar, 2014.

1943 Grass, 1948, 84, 188-189, 196-198, 200. Most probably, the fact that livestock had to
leave the meadows at Silz in Tyrol “zechen tag nach sanct Pongrazentag” (i.e., ten days
after May 12th, Saint Pancras’s Day) according to a source from 1616 is also a conse-
quence of this postponement by ten days due to the calendar reform. The conversion of
Saint Pancras’s Day into a date is based on Grotefend & Ulrich, 1971, 85.

194 Makarovi¢, 1995, 102, 108.

154 See below in this and the following paragraphs.
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6.2 Spring grazing in meadows

early twentieth century that “God blesses the grass on Saint George’s Day.”'>*
Such symbolism, in the Alps often more appropriate before the calendar re-
form than later (focusing on the times before the recent global warming),"**
explains why this was a frequent early date when spring grazing in meadows
ended. For instance, meadows in the Inn Valley (Germ. Inntal) close to Inns-
bruck (c. 600 m) were closed for grazing from Saint George’s Day onward,
according to a charter from about 1200 (corresponding to early May in today’s
calendar). Another example from North Tyrol: since about 1440, spring graz-
ing ended on the same date in those fertilized meadows in the Kauns Valley
(Germ. Kaunertal, in the Upper Inn catchment; at Feichten, for instance, at an
elevation of at least about 1,300 m) where the spring grazing season ended the
soonest, thus in a much harsher climate than close to Innsbruck. Neverthe-
less, spring grazing ended on the same day in both cases presented.”**® Further
meadow complexes where spring grazing ended on St. George’s Day include
examples from Trentino-Alto Adige (South Tyrol): meadows on slopes above
Tesido (Germ. Taisten), a village at 1,200 m, according to a source from 1537;
meadows close to San Martin de Tor (Germ. St. Martin in Thurn, c. 1,150 m);"**
and those meadows at Prato allo Stelvio (Germ. Prad am Stilfserjoch) and
Agumes (Germ. Agums) (villages at c. 900 m), where the spring grazing season
ended soon, in line with an ordinance from 1711, which was based on older
regulations and clearly indicated Julian calendar dates.® Spring grazing in
meadows also ended on Saint George’s Day in many other complexes in the
Alps. Heading further east, other examples were certain meadows in private
possession between Ratece and Fusine in Valromana (Friul. Fusinis, Germ.
WeifSenfels, Sln. Bela Pec) according to regulations from 1523 and 1559."*! The
same date, April 24th, designated the end of spring grazing in a large meadow
below the village of Hlebce in the upper Ljubljana Basin (c. 510 m), which
was documented in 1579 as an established custom.'** In all these cases, spring

1546 Kuret, 1989, 253-255, 268 (quote from p. 255).

1347 Compare Kuret, 1989, 261, 265, 268.

1548 ‘Wopfner, 1997, 272-273, 393-394, 477.

159 Grass, 1948, 189.

1550 Wopfner, 1997, 272.

1550 AT KLA 112, Allgemeine Handschriftenreihe, Ms. 2732, Rent-roll of the seigneury of
Fusine (Friul. Fusinis, Germ. WeifSenfels, Sln. Bela Pec) 1636, 422-423, 427-430, 433.

1552 Zwitter, 2016, 144; Zwitter, 2018, 172; ST AS 173, Imenjska knjiga za Kranjsko (Gtiltbuch
for Carniola): Rent-roll (Urbar) of the seigneury of Radovljica, 1579, 384-385. More
precise localization is based on the following information: this rent-roll makes it clear
that this meadow was located below the village of Hlebce. Moreover, there was still a
large meadow (17 ha) consisting of two adjacent parcels divided only by a road in the
early nineteenth century. Its toponym na Knesnek means ‘on the princely land’ (SI AS
176, Franciscejski kataster za Kranjsko [Franciscan Land Cadaster for Carniola], L169,
cadastral municipality of Nova Vas, map sheet A03, and Protocoll der Grund-Parcel-
len der Gemeinde, parcel nos. 343, 343%). In fact, the ruler of the historical province
of Carniola (Germ. Krain, Sln. Kranjska) was designated as a prince (Sln. knez; Stih,
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6 Selected historical practices of species-rich grassland management

grazing ended on Saint George’s Day at least prior to the calendar reform. A
parallel with the Carpathians shows that, also in that mountain range, spring
grazing ended in some places on Saint George’s Day, Julian calendar style.*>

The same date, April 24th, still designated the end of spring grazing in the
same large meadow below the village of Hlebce in the upper Ljubljana Basin
after the calendar reform, until the abolition of spring grazing there in the
mid-nineteenth century.'”>* Thus, the duration of spring grazing there was not
adjusted to the calendar reform, which would require a postponement of the
end of spring grazing until May 4th. The motivation for this must have been
the strong tradition of Saint George’s Day in the agricultural calendar (see
above), possibly in combination with the fact that the reformed calendar made
two mowings between the grazing in the same grassland in spring and autumn
more certain (but at the same time it reduced the amounts of fodder avail-
able there during the spring grazing season). Namely, mid-nineteenth-century
sources explain that such an early end of spring grazing there (April 24th after
the calendar reform) allowed two mowings in this irrigated meadow area at
500 m above sea level in the bottom of the basin (see Section 6.1.2.3), followed
by autumn grazing, which usually started significantly earlier than September
29th."**> Where dates of spring grazing in meadows did not adapt to the six-
teenth-century calendar reform and grazing was limited to early spring, such
as in the case of the large meadow below Hlebce presented in Section 6.2.1.2,
the calendar reform made a real difference: where a pre-Gregorian date was

Simoniti, & Vodopivec, 2008, 67) and the seigneury of Radovljica (Germ. Radmanns-
dorf), which this large meadow belonged to in 1579, was at that time formally a princely
seigneury. In the 1820s, this meadow still belonged to the seigneury of Radovljica; the
owner of both grassland parcels was Vinzenz Thurn, who was at that time one of the
two landlords in the seigneury of Radovljica (SI AS 176, L169, cadastral municipality of
Nova Vas, Protocoll der Grund-Parcellen der Gemeinde, parcel nos. 343, 343%; Smole,
1982, 407). This was the only meadow under the direct management of the seigneury
of Radovljica in the cadastral municipality of Nova Vas in the early nineteenth century
(SI AS 176, L169, cadastral municipality of Nova Vas, Alphabetisches Verzeichniss der
Grund-Eigenthiimer der Gemeinde, no. 37). This meadow is also dealt with in Sections
6.1.2.3,6.4.3.3,6.4.5, and 6.6.1.

159 Jani$ova et al., 2023, 9, 12. The map in Jani$ova et al., 2023, 12, shows all dates in Grego-
rian calendar style, they are all comparable from the perspective of vegetation develop-
ment (Monika Jani$ova, personal communication). Thus the dates May 5th or May 6th
on this map show the historical end of spring grazing around Saint George’s Day, Julian
style. In addition, April 23rd or April 24th was also kept in the Gregorian calendar in
some cases, building on the older Julian calendar tradition.

155 ST AS 48, Dezelna komisija za odkup in uravnavo zemlji$kih bremen za Kranjsko (Pro-
vincial Commission for Redemption and Regulation of Profits a Prendre in Carniola),
fasc. 163, 17-19: no. 2277 de 1858, Zur Sitzung am 14. Oct. 1858 and Protocoll, May
10th, 1858.

1555 ST AS 48, Dezelna komisija za odkup in uravnavo zemlji$kih bremen za Kranjsko (Pro-
vincial Commission for Redemption and Regulation of Profits a Prendre in Carniola),
fasc. 163, 17-19: no. 2277 de 1858, Zur Sitzung am 14. Oct. 1858.
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6.2 Spring grazing in meadows

also kept after the reform was introduced, spring grazing had to end ten days
earlier in terms of vegetation development.

Spring grazing until April 24th after the calendar reform also has parallels
elsewhere. In line with a 1792 record, this was the case in the community of
Ponteacco (SIn. Petjag), located at the southern foot of the Julian Alps, close
to the Venetian Plain, thus characterized by relatively mild winters, without
long-lasting snow, as stated around 1830."°¢ Very similar was the timing of the
end of spring grazing (eight days before April 24th, Julian calendar, in the time
of the calendar reform equivalent to April 26th in today’s calendar) in those
meadows at Prato allo Stelvio and Agumes where the spring grazing season
ended the soonest, in line with the aforementioned ordinance from 1711 that
was based on older regulations. However, the climate there is harsher than at
Ponteacco. Even harsher is the climate of the Otz Valley, where spring grazing
in some meadows at its bottom (at more than 1,000 m) also ended on April
24th or May 1st in the 1930s or 1940s.*>” Again, a parallel with the Carpathi-
ans shows that the same date, St. George’s Day, Gregorian style, was respected
there in some places.'>*®

Another group of early ends of the spring grazing season consists of early
May dates after the calendar reform; they were similar to April 24th prior to
the calendar reform in terms of plant development. For instance, spring graz-
ing in meadows ended on May 1st in the relatively harsh climate in parts of the
bottom of the Otz Valley in the 1930s or 1940s, as mentioned above.*® May 1st
as the end of spring grazing in meadows also has parallels in the eastern Julian
Alps or in much lower areas at the foot of the Alps; for example, in part of the
low central inner-Alpine Ljubljana Basin (e.g., in the cadastral municipality of
Hrase)"” and in certain meadows in the community of Podhom,"**" according
to sources from 1831. In the Eastern Julian Alps, spring grazing in meadows
sometimes lasted only until May st also at higher sites, at elevations comparable
with the aforementioned data from the Otz Valley. According to the rule valid in
the community of Bohinjska Ces$njica and recorded in 1608, grazing in meadows
in Koprivnik or around it (Figure 69; at least about 1,000 m) was prohibited after

19% Begus, 2015, 37-38, 90, 95-96; the date conversion of Saint George’s Day is based on
Grotefend & Ulrich, 1971, 60.

1557 Wopfner, 1997, 272, 291; the chronological definition of the time of Wopfner’s writing
follows Meixner & Siegl, 2004, 232-233, 235.

1558 TaniSova et al., 2023, 9, 12.

155 Wopfner, 1997, 291; the chronological definition of the time of Wopfner’s writing fol-
lows Meixner & Siegl, 2004, 232-233, 235.

130 Gersic, Gabrovec, & Zwitter, 2018, 68, 71.

1561 ST AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carniola),
122, cadastral municipality of Podhom, cadastral appraisal protocols: s.n., 22/4, 57, 99;
p. 89 proves that the information can also refer to the areas used by people from the
community of Podhom, not only to the cadastral municipality.
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May 1st and until hay was stored there. In the meantime, farmers were not even
allowed to graze their livestock at Koprivnik in the meadows they possessed. By
1608 this rule was already regarded as a custom."”> However, the duration of
spring grazing around Koprivnik was probably prolonged later. Namely, it was
recorded in 1831 that spring grazing in that cadastral municipality lasted in all
types of meadows (except for meadows at farmyards) until May 25th,"*** and so
this information indicates a shift in spring grazing dates in the vicinity of Ko-
privnik between the early seventeenth and early nineteenth centuries.

Such late dates for the end of spring grazing in meadows were also relatively
common in the Alps and in the Carpathians.'*** Figure 69 presents a selection
of dates when spring grazing in meadows ended in Bohinj in the mid-nine-
teenth century. They demonstrate that the end of spring grazing in meadows
there did not depend on elevation and microclimatic conditions: May 25th was
a very common end date of spring grazing in meadows in the valleys and also
in higher montane meadows, except for the north of the territory observed,
where spring grazing ended on May 12th in the mid-nineteenth century.'*
The meso- and microclimate of the mapped locations differ significantly. For
example, according to a modeled phenological map, considering phenological
observations and temperature data from 1965 to 1994, at least at sixty stations
around Slovenia, dandelion (Taraxacum officinale) started blooming in exten-
sively managed meadows between April 11th and 20th in the majority of loca-
tions of historical spring grazing at the bottom of the basin in Figure 69. At the
highest mapped locations of historical spring grazing in meadows in the south
(such as the Za Malim Vrhom Alp [SIn. Planina za Malim vrhom], southwest
of Strmne at 1,100 m) and in the north (e.g., at Zgornje Gorjuse, 1,000 m), it
only started blooming about three weeks later, in May."**® Similarly, phenolog-
ical modeling for 1971-2000 indicates that first beech (Fagus sylvatica) leaves
unfold at the end of April at the lowest sites where spring grazing used to last
until May 25th, and they unfold about three weeks later in the climatically
least favorable sites of spring grazing in meadows that lasted until May 12th or
May 25th as mapped in Figure 69."°% Despite these significant differences in
plant development, historical spring grazing in meadows in all locations listed
lasted until May 25th (or May 12th)."**® Due to climate change, these phases

1562 ST AS 721, Gospostvo Bled (The Seigneury of Bled, Germ. Veldes), lustitialia, vol. 13,
[July 1st, 1608].

136 ST AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carniola),
L72, cadastral municipality of Gorjuse, cadastral appraisal protocols: s.n., 72/4, 57, 95,
97, 99.

1564 On the Carpathians, see Janisova et al., 2023, 9, 12.

1565 Novak, 1955, 279, 293, 295.

1566 Zrnec, 1998, 112-113; Zrnec, 2001, 66; Zust, 2016, 26.

1567 Environmental Atlas of Slovenia, Climate, Phenology, Leaf Unfolding of Common
Beech, 1971-2000; Zust, 2016, 42-43.

15 Novak, 1955.
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Figure 69: Mid-nineteenth-century dates in May when spring grazing in meadows in
Bohinj ended.

of plant development were not the same in times of historical spring grazing
in meadows; nevertheless, the data presented here highlight the diversity of
microclimates in areas where spring grazing ended at the same time.

Sources from Bohinj prove that May 25th had a long tradition of being the
final limit of spring grazing in meadows, also in some places in the northern
part of Figure 69, where only May 12th occurs in Figure 69. According to in-
formation from 1635, for instance, unfenced spring grazing in meadows on
slopes in the lower montane vegetation belt close to the village of Gorjuse (Fig-
ure 69, roughly 1,000 m) was allowed to last until May 25th."** The same end

15 Novak, 1975, 5-6; for conversion of Urbani ‘Saint Urban’s Day’ to the date, see Grote-
fend & Ulrich, 1971, 104.
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6 Selected historical practices of species-rich grassland management

of spring grazing there was still the general rule in the cadastral municipality
of Gorjuse in the early nineteenth century.'*”

May 25th as the date when meadows were closed for grazing has parallels
elsewhere in the Alps. As early as before the calendar reform, spring grazing at
Wieting in Carinthia west of Saualpe, located at 700 m, lasted until May 25th,
as reported in 1471 (corresponding to June 2nd in today’s calendar).”*”" The
selection of May 25th as the end of spring grazing, where it ended late, is log-
ical because in the Julian calendar Saint Urban’s Day (May 25th) was consid-
ered the first day of summer in terms of the agricultural calendar, as recorded
in Primoz Trubar’s sixteenth-century calendar. In the sixteenth century, May
25th corresponded to June 3rd or June 4th in today’s calendar,'*”> and so this
date was just after the start of the meteorological summer, as defined today.
The tradition of May 25th as the first day of summer was also kept by farmers
after the Gregorian calendar reform."””* After that reform, spring grazing in
meadows ended on May 25th at Gramais in Tyrol (a village at 1,340 m), for
instance, as documented in 1690. In contrast to Wieting, May 25th was the
result of adjustment to the sixteenth-century calendar reform at Gramais; ear-
lier, spring grazing in meadows there had ended in mid-May. Similarly, spring
grazing in meadows at Silz in Tyrol ended on May 22nd in line with a docu-
ment from 1616, as an obvious adaptation to the calendar reform."*”

The end of spring grazing in meadows corresponding with the end of the first
third of May (Gregorian calendar), mentioned above in some cases in Bohinj
(see Figure 69), also has parallels elsewhere. In a couple of meadows at Zgor-
nje Jezersko (about 900 m) in the contact zone between the central part of the
Karawanks and the Kamnik-Savinja Alps, spring grazing lasted until May 12th
according to a regulation from 1663 that possibly had deeper historical roots."””®
Similar examples from South and North Tyrol follow. At Luson (Germ. Liisen,
a village at 980 m), spring grazing in higher meadows lasted until May 12th,

1570 ST AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carniola),
L72, cadastral municipality of Gorjuse, cadastral appraisal protocols: s.n., 72/4, 57, 95,
97. In 1860, May 11th was the last permitted day of spring grazing for some of the
farms with grazing rights in that cadastral municipality (Novak, 1955, 265), but further
sources need to be studied to determine whether this involved a general shift in the end
of spring grazing to an earlier date in the mid-nineteenth century or, locally, May 11th
had already been the final date of spring grazing in meadows in that area before.

157! Dinklage, 1966a, 82, 84. The conversion is based on Julian Day and Civil Date Calcula-
tor and the calculations by the astronomer Tomaz Zwitter.

1972 The conversion for two examples, 1501 and 1581, is based on Julian Day and Civil Date
Calculator and the calculations by the astronomer Tomaz Zwitter

1573 Makarovi¢, 1995, 102-104.

1574 Grass, 1948, 188-189.

1575 AT StiAStP, Grundherrschaft Eberndorf (Handwritings), vol. 181, Gerichtsprotokoll
(from the 1660s that begins in 1661), 69-70 (September 5th, 1663); for conversion of
Pancratii ‘Saint Pancras’s Day’ to the date, see Grotefend & Ulrich, 1971, 85.
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allegedly for a long period. The end of spring grazing in some meadows at Prato
allo Stelvio and Agumes (villages at c. 900 m) was similar because it lasted until
May 1st Julian style (a 1711 ordinance, as above, thus at the time of the calendar
reform corresponding to May 11th in today’s calendar). Similarly, after 1440,
spring grazing lasted until May 2nd on the Julian calendar (corresponding to
May 11th in today’s calendar) in those manured meadows in the Kauns Valley
(at least about 1,300 m, at Feichten, for instance) that were not closed for grazing
on April 24th (see above). Both dates from the Kauns Valley refer to fertilized
meadows, whereas non-fertilized meadows were grazed longer.">”¢

Less frequently, spring grazing in meadows in the Alps ended later than May
25th or even much later. In the Strmne meadow complex, located in the lower
montane vegetation belt east of Bohinjska Bistrica (Figure 69), spring grazing
lasted later than May 25th in the mid-nineteenth century. Livestock grazed there
until the ascent to much higher mountain pastures. Sources from 1681 and 1784
already prove that grazing took place in those meadows later than May 25th."”’
Grazing in meadows at 700 m at Wieting in Carinthia until May 25th, as report-
edin 1471 (i.e., the equivalent of June 2nd in today’s calendar),"*”® was mentioned
above. Spring grazing in some meadows in possession of farmers from Covelano
(Germ. Goflan) in South Tyrol had to end by June 15th according to a document
from 1564, thus prior to the calendar reform (corresponding to June 25th in
today’s calendar).”” The same date, June 15th (Julian calendar), designated the
end of spring grazing in non-fertilized meadows at Feichten in the Kauns Valley;
then livestock moved to higher mountain pastures, until 1440 (in 1440 corre-
sponding to June 24th in today’s calendar); in 1440, the end of spring grazing
in meadows there was moved to a date more than two weeks earlier (the end
of May in the Julian calendar; i.e., around June 9th in today’s calendar). Spring
grazing also ended on June 15th in the last meadows used by farmers from Prato
allo Stelvio and Agumes (the aforementioned ordinance from 1711 is based on
older regulations, thus Julian calendar dates)."”® At the Villandro Alp (Ital. Alpe
di Villandro, Germ. Villanderer Alm, with the lower edge at about 1,700 m'*'),
northeast of Bolzano (Germ. Bozen), mowed meadows covered about a half
of the large grassland complex, in line with later data, possibly from the nine-
teenth century. Grazing in the meadows there started in spring and lasted until
July 25th, as reported in the early sixteenth century (in 1523, this corresponded

1576 Wopfner, 1997, 264, 272, 318, 393-394. The date conversion is based on Julian Day and
Civil Date Calculator and the calculations by the astronomer Tomaz Zwitter.

1577 Novak, 1955, 268, 282; Novak, 1975, 5.

1578 Dinklage, 1966a, 82, 84. Conversion is based on Julian Day and Civil Date Calculator
and the calculations by the astronomer Tomaz Zwitter.

157 Grass, 1948, 189. Conversion is based on Julian Day and Civil Date Calculator and the
calculations by the astronomer Tomaz Zwitter.

1550 Wopfner, 1997, 264, 272-273, 318, 393-394. Conversions are based on Julian Day and
Civil Date Calculator and the calculations by the astronomer Tomaz Zwitter.

181 Villanderer Alm.
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Figure 70: Yearly oscillations of Ascension Day, 1583-1850. The upper graph shows the
date of Ascension Day from 1583 to 1850; that is, from the Gregorian calendar reform
until roughly the end of spring grazing in meadows in the great majority of the Alps. The
lower graph shows the frequency of difference in dates of Ascension Day from one year
to another from 1583 to 1850: the highest bar at -8 means that Ascension Day was most
frequently (almost eighty times from 1583 to 1850) eight days earlier than in the previous
year, and the second-highest bar designating +20 indicates that the second most frequent
option (more than sixty times in the same period) was that Ascension Day was twenty days
later than in the year before. Data source: Grotefend & Ulrich, 1971, 144-213. Author of
the graph: Tomaz Zwitter.

to August 3rd in today’s calendar). After the calendar reform in the 1580s, the
date was accordingly postponed to August 4th. During this spring-and-sum-
mer grazing period, every meadow was grazed at least two times before being
closed for grazing. After such long grazing, meadows were still mowed there
in the same year; it is no wonder that the 1523 complaint laments that at those
elevations only short hay plants grow after July 25th (i.e., August 3rd in today’s
calendar) and that such long spring and summer grazing in the meadows led to
centuries of disputes. Namely, farmers with grazing rights in spring and summer
were not the hay owners there. The profit a prendre of spring and summer graz-
ing in meadows at the Villandro Alp was abolished in 1823.%

In some cases, the end of spring grazing was determined by a movable feast,
and so it varied greatly at the year-to-year level, most often eight or fifteen days
earlier, or twenty days later (Figure 70). The persistence of such regulations
varied. Spring grazing in meadows at the Siusi Alp (Ital. Alpe di Siusi, Germ.

1982 Grass, 1948, 84, 200-201, 207. Conversion is based on Julian Day and Civil Date Calcu-
lator and the calculations by the astronomer Tomaz Zwitter.
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Seiser Alm, at more than c. 1,800 m) in South Tyrol east of Bolzano (Germ.
Bozen) lasted until Trinity Sunday, a movable feast between May 17th and June
20th, until 1582 (at the time of the calendar reform corresponding to the dates
between May 27th and June 30th in today’s calendar). With the calendar re-
form, the end of spring grazing there was converted into a fixed date, June
1st. The area of meadows on the Siusi Alp was extensive, so that according to
a rough estimate about 1,800 carts of (short) hay were reported to have been
mowed there (mainly in late August) in about 1600."%*

In contrast, there were also complexes of meadows in the Alps where such
strong variation in the end of spring grazing determined by a movable feast
persisted well into the nineteenth century. These include very common spring
grazing in meadows until Ascension Day (a movable feast; Figure 70) in the
easternmost Julian Alps—for example, at elevations of 700 to 1,000 m but also
higher, and even as low as slightly above 400 m at the foot of the hills, accord-
ing to information from 1831.*** The limit of Ascension Day means that spring
grazing in meadows ended between April 30th and June 3rd (Figure 70), de-
pending on the date of Easter.”™® Even though there are many examples in
which Ascension Day still represented the end of spring grazing in the eastern-
most Julian Alps in the early nineteenth century, in some places in that region
this rule was also abolished earlier. In the meadows on the northern slope of
the Jelovica Plateau east and south of the village of Kupljenik (c. 400-1,000 m;
see Figure 4), there seems to have been an attempt in the mid-seventeenth
century to move the end of spring grazing from Ascension Day to the fixed
date of May 3rd or 4th, but in the end a compromise was made in 1659, clearly
stating that spring grazing in these meadows was allowed to take place there
until May 20th regardless of the date of Ascension Day. The fixed date of May
20th was evidently important because the document from 1659 was copied in
1731. The validity of this rule was, however, limited to a section of meadows,
whereas in the others the older custom of grazing until the date with a long

1583 Grass, 1948, 167, 192, 196-198, 200, 208; Wopfner, 1997, 316-317, 323-324; Grotefend
& Ulrich, 1971, 144-213.

1584 These examples include meadows close to the eastern edge of the Pokljuka Plateau,
major parts of the Radovna Valley at elevations of about 700 to 1,000 m, meadows in
the Poljana Valley, meadows at the southern foot of the Mezakla Plateau and on the
southern slopes of the Mezakla Plateau, meadows on the western Jelovica Plateau, and
even at elevations of only slightly more than 400 m at the northern foot of the Jelovi-
ca Plateau (SI AS 176, Franciscejski kataster za Kranjsko [Franciscan Land Cadaster
for Carniola], L210, cadastral municipality of Polj$ica, cadastral appraisal protocols:
s.n., 210/4, 57, 99; SI AS 176, L310, cadastral municipality of Spodnje Gorje, cadastral
appraisal protocols: s.n., 310/4, 57, 97, 99; SI AS 176, L322, cadastral municipality of
Viselnica, cadastral appraisal protocols: s.n., 322/4, 57, 97, 99; SI AS 176, L335, cadas-
tral municipality of Bohinjska Bela, cadastral appraisal protocols: s.n., 335/4, 57, 99; SI
AS 176, L343, cadastral municipality of Selo pri Bledu, cadastral appraisal protocols:
s.n., 343/4, 57, 99; for localization, see also Osnovna drzavna karta, 1967).

1585 Grotefend & Ulrich, 1971, 65, 144-213.
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6 Selected historical practices of species-rich grassland management

tradition remained respected.’”® Ascension Day was still documented as the
end of spring grazing in many meadows in the same cadastral municipality in
the first half of the nineteenth century (1831).7°%

6.2.2 Ecological and economic implications of spring grazing

Spring grazing in meadows had many important ecological and economic
consequences, impacting grassland biocenoses and hay quality and quantity,
as explained in this introduction and in subsequent subsections. As usual for
grazing, the types of livestock involved and the grazing regime led to signifi-
cant differences in the impact of this kind of land use on the ecological com-
munities in grasslands.'>*

Nutrients from the excrement of grazing livestock returned to the meadow
in a form available to plants. If the meadow had only been used for haymaking,
nutrients would have accumulated in the barn and would have been applied
to arable land in many places (see the introduction to Section 6.3 and Section
6.3.2). Excrement was naturally distributed more regularly around the grass-
land in the case of sheep grazing than in the case of cattle grazing."”® On a
daily basis, the cow pies of a single bovine weighing 500 kg (thus much more
than an average cow in most regions of the Alps almost throughout the study
period of this book; see Section 5) cover about 0.8 m? of grazed grassland
and weigh about 25 kg, and so the manuring impacts of spring and autumn
grazing in meadows were not negligible."” This was particularly relevant in
most spring- and autumn- grazed meadows that were otherwise not fertilized,
and so the manuring impact of grazing additionally increased the species rich-

1586 ST AS 721, Gospostvo Bled (The Seigneury of Bled), Iustitialia, fasc. 32: dispute between
the communities from Kupljenik and Selo over grazing rights on the slopes of Baba
Hill (Sln. Pod Babo), 1658-1659, 1731: May 30th, 1658, January 21st, 1659, and its copy
from 1731; the localization of meadows in clearings below Baba Hill and above the
bridge leading to Selo is based on the comparison of SI AS 176, Franciscejski kataster
za Kranjsko (Franciscan Land Cadaster for Carniola), L343, cadastral municipality of
Selo pri Bledu, map sheets A03-A04, A07-A08 with Environmental Atlas of Slovenia,
Spatial Units, Land Cadastre and Environmental Atlas of Slovenia, Backgrounds, DEM
[digital elevation model]. This is also in accordance with the recorded fact that the area
belonged to the territorial court (Germ. Landgericht) of Radovljica (Germ. Radmanns-
dorf; see the map of territorial courts: Kaspret, 1929).

SI AS 176, Franciscejski kataster za Kranjsko (Franciscan Land Cadaster for Carniola),
L343, cadastral municipality of Selo pri Bledu, cadastral appraisal protocols: s.n., 343/4,
57, 99. This was a general rule in meadows on forest clearings higher than in the valley
bottom and in the V kraju meadows located south of the Sava Bohinjka River at the
northern foot of the Jelovica Plateau (the toponym from the cited nineteenth-century
cadaster was compared with Osnovna drzavna karta, 1967).

198 Compare Oppermann & Paracchini, 2012, 19.

198 Vidrih, 2005, especially, page 94.

159 Pils, 1994, 212.

1587
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6.2 Spring grazing in meadows

ness of highly species-rich habitats in non-fertilized meadows (Section 6.3.1).
Namely, small and dispersed patches of such a prevalently nutrient-poor
meadow were actually nutrient-rich (dung and urine secretion sites in times of
grazing, where dandelion, Taraxacum officinale, occurred, for instance), and
crushing and spreading the dung also resulted in a moderate manuring im-
pact in the surroundings of these patches. Crushing and spreading the dung
in temporarily grazed but otherwise non-fertilized meadows was done with
wooden rakes (not with implements dragged by livestock; compare Section
6.3.2.1.1),""! even in (at least some) large meadows in flatland, as reported in
the mid-nineteenth century."”*? It is no coincidence that the material of the
rake head was specified in the cited nineteenth-century record; wooden rakes
are lighter than rakes with an iron head, and so wooden rakes made possible
less labor-intensive work, and at the same time they plucked less living mead-
ow plant matter than iron rakes would when manure was crushed and rubbed
into the meadow."”” Through the excrement of grazing livestock and spreading
dung, the patchwork character of the ecosystem within a meadow increased
significantly, ranging from the prevalent non-fertilized sections to fairly lim-
ited moderately fertilized sections to small nutrient-rich sites, and each of the
three types of sites was inhabited by different species.’**

In many meadows, only sheep and goats grazed in spring. They were the
first to open the grazing season (see Section 6.2.2.1). The same hay meadows
could not be used as cattle pastures later in spring because cattle are so re-
pelled by the smell of sheep excrement that they cannot graze after sheep in
the same grassland.””” Recent experiences in sheep spring grazing in meadows
in Bohinj demonstrate that despite the wet climate, with more than 2,000 mm
of annual precipitation between 1981 and 2010,"**° sheep dung, which stays
in meadows after spring grazing at 900 m and 1,200 m, does not fully decom-

191 Author’s interview with Kunavec, 2021, in Stara Fuzina.

152 For instance, according to mid-nineteenth-century data, in a large meadow below the

village of Hlebce in the upper Ljubljana Basin that for centuries had belonged to the

demesne of the seigneury of Radovljica (see further data on this meadow in Section

6.2.1.2), on the first day after the end of spring grazing wooden rakes were used to

crush and spread the dung that had accumulated there during the autumn and spring

grazing periods (SI AS 48, Dezelna komisija za odkup in uravnavo zemljiskih bremen

za Kranjsko (Provincial Commission for Redemption and Regulation of Profits a Pren-

dre in Carniola), fasc. 163, 17-19: no. 2277 de 1858, Protocoll, May 10th, 1858, and Zur

Sitzung am 14. Oct. 1858).

Author’s interview with Kunavec, 2021, in Stara Fuzina and discussion with JoZef Cve-

tek during participant observation at a traditional spring cleaning with wooden rakes

at a meadow near Stara Fuzina in early May 2021.

1594 Sadar, 1956, 50; Pils, 1994, 58, 60, 212; Babai, Molnar, & Molnar, 2014, 112; Ivascu,
Ollerer, & Rakosy, 2016, 43-44; conversation with the botanist Metka Skornik, 2022.

199 ‘Wopfner, 1997, 378; JaniSova et al., 2023, 9, 15.

15 Environmental Atlas of Slovenia, Climate, Precipitation, Mean Annual Corrected Pre-
cipitation 1981-2010.
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6 Selected historical practices of species-rich grassland management

pose by mowing time in July, and consequently it gives the hay an unpleasant
scent, in dry weather in particular, and so such hay is usable for feeding sheep,
whereas cattle do not like it. These recent data refer to a management system
in which sheep dung was not crushed.'®” In history, when spring grazing was
a usual practice, dung was crushed at the very end of the spring grazing season
(see Section 6.3.2.1.1).""® It remains an open question whether crushing dung
leading to quicker dung decomposition made possible the use of such hay for
any livestock type, including hay from meadows where sheep had grazed in
spring, in years when the weather was not dry, at least, because dry weath-
er hinders dung decomposition.””* An observation from Dorset in southern
England that “spring grazing improved quality at the expense of quantity:
meadows grazed by sheep in winter ‘may not cut so great a burden . . ., yet
the grasses will be finer, and more free from noxious plants™ suggests that the
hay was not spoiled by non-decomposed sheep dung, at least in regions with
a humid climate."*”

Spring grazing postponed the timing of mowing to allow seed ripening in
the regrown vegetation after the meadow was closed for grazing (see Sections
6.1.2.1 and 6.1.2.2).""! In the Alps, early dates when spring grazing in mead-
ows ended allowed two mowings (see Section 6.1.2.3) and autumn grazing
in moderately fertilized meadows at moderate elevations, such as up to more
than 1,300 m in the Kauns Valley, with significant differences within the Alps
strongly influenced by climatic conditions. Grazing in meadows lasting longer
than until early May (Section 6.2.1.2) or grazing in prevalent non-fertilized
meadows (Section 6.3.1) allowed only one mowing, followed by autumn graz-
ing.1602

The historical contribution of gaps created by grazing in spring and autumn
(Figure 71) to successful reproduction of meadow plant species and thus to the
preservation of high species diversity in meadows in the long term is presented
in Section 6.5.

Grazing on steep slopes, especially on moist soils by relatively heavy live-
stock, or grazing in wet meadows resulted in extremely high numbers of gaps
in meadow thatch vegetation (Figure 71). The grazed wet meadow surface also
became uneven, and a significant percentage of soil was compacted. On un-

157" Author’s interview with T. Sokli¢, 2021, in Podjelje, with personal experience in spring
sheep grazing in meadows and haymaking there.

1998 ST AS 48, Dezelna komisija za odkup in uravnavo zemlji$kih bremen za Kranjsko (Pro-

vincial Commission for Redemption and Regulation of Profits a Prendre in Carniola),

fasc. 163, 17-19: no. 2277 de 1858, Zur Sitzung am 14. Oct. 1858.

On the impacts of weather on dung decomposition, see Vidrih, 2005, 94.

1600 Peterken, 2013, 121.

1601 Kapfer, 2010, 136-137; Peterken, 2013, 122; Jani$ova et al., 2023, 9, 11.

1602 Wopfner, 1997, 273-274, 295.

1599

342



6.2 Spring grazing in meadows

Figure 71: Countless gaps in a meadow in the hamlet of Slevo in the Kamnik-Savinja Alps
caused by cattle grazing on wet soil (in the autumn). Note the remains of a cow pie in the
lower left part of the photo. Even the thatch in meadows on steeper slopes is not as ruined
as this one in the case of adequate grazing duration after mowing unless the soil is wet.
Photo: Ziga Zwitter, December 25th, 2019.

stable slopes, grazing on wet soils could even trigger mass movements, such
as landslides.'*” Relatively long grazing duration could also lead to livestock
trail erosion on steep meadows; numerous paths started to form, and the trail
network was denser on steeper slopes and sparser on gentler ones. Lighter
animals (e.g., sheep) form trails only on very steep slopes, and cattle also on
somewhat gentler ones (but see Section 5 on historical changes in livestock
size). This made mowing more difficult and changed site conditions because
plants on trails were more exposed to trampling and soil on trails became com-
pacted; this resulted in changed soil water availability as a result of a diverse
trampling load. All of this caused more or less pronounced differences in the
plant communities within a meadow. As long as livestock were light by present
standards (Section 5), these issues were somewhat less serious.'®* Different
types of damage due to spring grazing on damp soil in steep meadows were an
important argument leading to the abolition of spring grazing rights in sev-

1603 Keller, 2004, 59, 89; Vidrih, 2005, 78-80, 90-92, 122; Kaci¢nik Gabri¢, 2014, 173, 366.
1604 Keller, 2004, 59, 89; Vidrih, 2005, 78-80; Ellenberg & Leuschner, 2010, 35; Bitzing,
2015, 92-93, 104.
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6 Selected historical practices of species-rich grassland management

eral meadow complexes in the southern part of Bohinj in the mid-nineteenth
century, for instance.'*® Similar is true for autumn grazing. An interviewee
from Bohinj recalled a twentieth-century prohibition on autumn grazing in
the Pokrovec complex of steep montane meadows on the southern slope of
the Pokljuka Plateau in the Eastern Julian Alps due to trail erosion.'*® These
challenges were particularly strong in the case of overgrazing.

Spring grazing also affected wild fauna. Depending on the duration, intensi-
ty, and timing of spring grazing, in some cases the practice was likely to reduce
an excessive (from farmers’ perspective) abundance of animals that came into
conflict with farming, such as small rodents (see Section 4.1.3.2); many voles
and moles fled from grazed plots of land. The negative impacts of spring graz-
ing on cockchafer larvae in some meadows are also imaginable.'®” Despite the
light weight of sheep in comparison to cattle (Section 5), sheep grazing had the
potential to reduce vole populations (e.g., the common vole, Microtus arvalis)
due to the sheep’s sharp hooves.'**® In addition, at least where spring grazing
was intensive and it ended late, it also affected some other animal species; it
probably had negative consequences for some ground-breeding birds,'*” but
not all of them. Early spring grazing lasting no later than the end of April,
followed by a ban on livestock entering the meadow, was probably compatible
with whinchat (Saxiola rubetra; see Sections 10.1.1. and 10.1.2.2.5),'!° for in-
stance, a migratory species breeding in May and June.'®!!

Many other ecological and economic consequences of spring grazing
strongly depended on the timing of grazing. They are presented in chronolog-
ical order within a year in the next two sections.

6.2.2.1 Ecological and economic implications of early spring grazing

In many places, the grazing season began soon after the snow had melted (see
Section 6.2.1.1). This was especially the case when the quantity and/or quality
of hay stored in the previous year was low (Sections 4.1.1.1 to 4.1.1.4 and 4.1.3)
and/or the winter was unusually long, so that many farmers faced a fodder
scarcity.'®? In usual years, the early start of spring grazing was a consequence
of the fact that, until the mid-twentieth century, it was not unusual for farmers

195 Novak, 1955, 270.

1605 Author’s interview with E. Mlakar, 2017, in Bohinjska Cesnjica.

1607 Vidrih, 2005, 93, 123.

1608 TaniSova et al., 2023, 15.

19 Winter et al., 2014, 531; Drustvo za opazovanje in proucevanje ptic Slovenije, Kosec;
Gooders (adapted by Gregori), 1998, 177; Bozi¢, 2019, 138-139; see also Rasran & Je-
romin, 2010, 127, 130; Peterken, 2013, 308-309; JaniSova et al., 2023, 15.

1610 TaniSova et al., 2023, 16.

111 Gooders (adapted by Gregori), 1998, 341.

1612 Pfister, 1985a, 39, 45, 47, 51-53, 61-63, 83-86, 91-92, 102-104; Machatschek, 2002,
391.
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6.2 Spring grazing in meadows

in many parts of the Alps to keep more livestock than they could adequately
feed over the winter.'®”* An important reason leading to excessive numbers of
livestock was the very common rule, already documented in previous centu-
ries, that a farmer was allowed to keep as many animals at a summer mountain
pasture and in other commons as the farm was able to feed during the winter
with its own fodder supplies (but there were exceptions; e.g., areas of long-dis-
tance transhumance; see Section 7.1). Consequently, livestock that were mal-
nourished but survived during the winter were well fed during the grazing
period.'®"* An additional motive for keeping too many livestock was the con-
sideration that more livestock would produce more manure, which was usually
a scarce resource.'”” Under the conditions of a frequent lack of fodder in late
winter, early spring grazing significantly increased quantities of milk; when
lactation was interrupted in winter due to insufficient fodder, spring grazing
promoted earlier restoration of lactation (see Section 6.1.2.5.1.1). This also
means that occasions of cold weather causing a delayed start of the vegetation
period sometimes significantly decreased the milk quantities at that time. This
was relevant; namely, late winter and early spring were the most frequent sea-
sons of historical scarce protein availability for human nutrition, and so milk
was very important at that time of the year—yet another argument supporting
an early start of spring grazing.'s's

163 Hacquet, 1779, 5-6, 28; Pfister, 1985a, 38-39, 44, 52-53; Novak, 1987, 74, 76; Zon-
tar, 1987, 63; Kauter, 2002, 128; Machatschek, 2002, 271-272, 391; Jurca, 2003, 77;
Vogl-Lukasser et al., 2006, 62, 81, 84-85, 88, 189, 229-231; JaniSova et al., 2023, 8;
author’s interviews with G. Gartner, 2017, at the Laz Alp in the Julian Alps, and with L.
and M. Odar, 2017, in Studor.

1614 Novak, 1955, 259; Blaznik, 1970b, 156; Novak, 1970, 354, 386; Pfister, 1985a, 29, 51, 63,
92; Viazzo, 1989, 26-27, 112-114, 280, 282-284; Niederer, 1996d, 163, 177, 208; Wopf-
ner, 1997, 221, 266, 429, 431; Hinterwaldner, 2002, 88, 129; Kaci¢nik Gabric, 2008, 296;
Kaci¢nik Gabri¢, 2014, 109, 154, 214; Batzing, 2015, 106-107; Orland, 2016, 31-32.
Archival records from the Slovenian Alps confirm the statement in quoted publications
that farm’s winter fodder supplies determined the number of livestock the same farm
was allowed to keep in common pastures. This was documented about 1660, for exam-
ple, in SI AS 721, Gospostvo Bled (The Seigneury of Bled), Tustitialia, fasc. 34: Lawsuit
between Lorenz Schwarz and the communities of Ribno, Bode$ce, and Koritno over
the confiscation of livestock that were grazing in a mountain pasture complex (on the
Jelovica Plateau, Eastern Julian Alps), 1660-1661: Woll Edl Gestrenger Herr bestand-
inhaber der herrschaft Veldes etc., no date. The same rule was respected by inhabitants
of the village of Hlebce during early spring grazing in the large Kneznek meadow (SI
AS 48, Dezelna komisija za odkup in uravnavo zemljiskih bremen za Kranjsko [Pro-
vincial Commission for Redemption and Regulation of Profits a Prendre in Carniola],
fasc. 163, 17-19: no. 2277 de 1858, Zur Sitzung am 14. Oct. 1858; on this meadow, see
Section 6.2.1.2). The frequent difficulty of storing enough hay for the winter at farms
belonging to the community with its center in Bohinjska Ce$njica was documented in
1608 (SI AS 721, Iustitialia, vol. 13, [July 1st, 1608]), in a late phase of a significant peak
of the Little Ice Age (see Sections 4.1.1.2,4.1.1.3, and 4.1.1.4).

1615 Pfister, 1985a, 27, 84, 86, 92, 124, 126; Pavkovi¢, 2021, 84, 95, 114.

1616 Pfister, 1985a, 38-39, 43-47, 51-53, 61-64, 85, 90-92, 96, 102-103; Pavkovi¢, 2021,
95-101.
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6 Selected historical practices of species-rich grassland management

The grazing season for goats and sometimes also for sheep started in winter
or early spring, when they often first browsed on young scrub, before signif-
icant fodder quantities were available in grasslands.’®”” When snow had just
melted (see the example from the Binn Valley in the late eighteenth and ear-
ly nineteenth century in Section 6.2.1.1), the growth of grassland plants was
yet to begin. Consequently, only sheep, which graze the closest to the ground
among all domestic herbivorous ungulates, and goats, which graze almost as
close to the ground as sheep, grazed in some grasslands this early.''® Sheep,
which played a prominent role in livestock farming in the Alps (Sections 5 and
6.3.1.1) and grazed in many meadows in early spring, graze highly selectively,
with a preference for forbs and soft grasses with many leaves, although the
spectrum of plants they eat is wide. Sheep usually bite off the plants; if fodder
availability in the grazing ground is very low, sheep often uproot their pre-
ferred fodder plants. Their trampling is also significant because their hooves
are sharp.'"” Whether sheep and goats found at least a small amount of rel-
atively palatable fodder in grasslands so early in spring or on warm winter
days, in addition to the few dry plant remnants from the previous autumn,
depended on the grassland species composition, site conditions (see also Sec-
tion 6.1.2.5.1.1), and grassland management. Indeed, in non-fertilized mead-
ows on steep dry sunny slopes at lower elevations, where snow melts first,
which called for starting spring grazing there (if not in wetlands; see Section
6.1.2.5.1.1), some plants often occur or abound that are able to cope with such
extreme (cold and often dry) conditions, and their leaves are green throughout
the winter. They are capable of carrying out photosynthesis at temperatures
slightly above 0 °C on warm winter days when the grassland is free of snow.
An example is large thyme (Thymus pulegioides).'*** However, the quantity of
such fodder before the general start of the grassland vegetation period is neg-
ligible. Thus, sheep and goats often caused damage in meadows this early by
consuming all parts of the plant above ground, including regeneration buds,
by uprooting some plant species, and through trampling. This was experienced
in the northeast part of the Senozeta meadow complex in the middle of the
Bohinj Basin in the mid-nineteenth century, for instance. Sheep grazing there
started before grassland plants grew considerably, and so they consumed the
tender shoots.'**!

Trampling by horses is the strongest among all herbivorous domestic ungu-
lates, especially if they wear horseshoes. The spectrum of plants eaten by hors-

1617 Novak, 2024, 39.

118 Ellenberg & Leuschner, 2010, 1007; JaniSova et al., 2023, 9, 15.

1619 Sadar, 1956, 177; Pils, 1994, 202; Ellenberg & Leuschner, 2010, 1007; JaniSova et al.,
2023, 15.

1620 pils, 1994, 83; Wopfner, 1997, 228, 233-234, 378.

121 Novak, 1955, 270, 278; SI AS 176, Franciscejski kataster za Kranjsko (Franciscan Land
Cadaster for Carniola), L107, cadastral municipality of Ces$njica v Bohinju [i.e., Bohin-
jska Cesnjica], map sheet A12.
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6.2 Spring grazing in meadows

es is the narrowest, and they also bite off plants very close to the ground.'s*
Consequently, the negative impacts of early horse grazing in meadows were
significant.'®”® Grazing horses reduce plant species richness in grasslands more
strongly than grazing by cattle, sheep, or goats.'***

If the grazing season began too early in the spring, when fodder plants were
not tall enough (e.g., only 6 to 8 cm tall or less), regeneration and regrowth af-
ter such an early shock caused by biting and trampling frequently took several
weeks. In the best case, livestock did not bite off the majority of plants close
to the ground. Theoretically, 2 to 3 cm should be left, which is not possible in
reality, but grazing pressures that are not overly strong contribute to more suc-
cessful regeneration (see the section on cattle grazing in the next paragraph).
Intensive grazing from early spring onward harmed some species that sprout
early, such as the useful and highly productive grass cocks-foot (Dactylis
glomerata).'®> The negative impacts of early spring grazing were particularly
strong if it was preceded by intensive late autumn grazing before the end of
the vegetation period in the previous year.'®* Too early a start of spring graz-
ing was, however not a general phenomenon. For instance, in places where
the spring grazing season started on April 23rd/24th or in early May (Section
6.2.1.1), the height of grassland plants often met the aforementioned recom-
mendation of at least 6 to 8 cm in the colline and lower part of the montane
vegetation belt.

Cattle can only graze if plants are at least 3 to 5 cm tall, otherwise they can-
not take hold of the plants because they tear off the plants using their tongue or
lips. The economic consequence of this fact is that cattle grazing in meadows
could not start as early as sheep or goat grazing. Moreover, cattle usually tear
off the plants relatively high, but they are able to do so as close to the ground
as 1.2 to 2 cm if fodder availability is low.'*”” Despite the cattle’s inability to
graze on plants lower than 3 to 5 cm, moderate cattle grazing started early
and livestock, cattle in particular, had to browse on bushes, such as on twigs
and nutritive willow catkins (Salix spp.);'**® they announce the start of early
spring significantly earlier than temperatures allow beech leaves to unfold.'¢*
Herders also cut scrub branches to increase their accessibility for browsing
livestock.'®*® Even later in spring, when the first beech leaves fully unfolded,

1622 Sadar, 1956, 177; Ellenberg & Leuschner, 2010, 1007; Pils, 1994, 201-202; JaniSova et
al.,, 2023, 15.

1623 Novak, 1955, 278.

102 Ellenberg & Leuschner, 2010, 1007.

1625 Sadar, 1956, 169-170, 176, 183-185; Pfister, 1985a, 91; see also Poschlod, 2015, 209.

1626 Sadar, 1956, 169, 194-195.

1627 Sadar, 1956, 176, 196; Pils, 1994, 201; JaniSova et al., 2023, 9, 15.

1628 Pfister, 1985a, 39; Machatschek, 2002, 47, 343; Babai, Molnar, & Molnar, 2014, 87-88.

1629 Crane, 1999, 62; Zust, 2016, 42-43, 45.

1630 Machatschek, 2002, 47; Babai, Molnér, & Molnar, 2014, 88.
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6 Selected historical practices of species-rich grassland management

Figure 72: Spring crocus (Crocus vernus) at the temporary mountain settlement of Zajam-
niki in Bohinj, about 1,300 m, April 28th, 2004. In 2004, blooming of spring crocus was
later than usual nowadays (see Figure 73). Photo: Tomaz Zwitter.

fodder available for grazing cattle was still scarce in (non-fertilized; see Figure
74) grasslands, thus herders additionally fed them with cut beech branches full
of freshly developing leaves;'®*! early in spring the fodder value of tree foliage
was lower than later.’®> A comparison with late twentieth-century informa-
tion sheds light on the practice of using beech leaves as fodder in early spring:
around Koprivnik, at 1,000 m in the Eastern Julian Alps, the first beech leaves
on average fully unfolded in mid-May between 1971 and 2000.'** Nonethe-
less, this phenophase usually took place later in previous centuries; see the
dimensions of early spring climate change since 1961 in Section 6.2.2.3.
Soon after the beech leaves unfolded, grassland plant availability for grazing
cattle increased highly significantly. Earlier spring grazing was often com-
bined with significant barn feeding,'®** which means that the transition from
hay to fresh fodder was gradual—a practice good for livestock health.'®*
One of the many examples was a combination of spring grazing that lasted

191 Author’s interview with L. and M. Odar, 2017, in Studor.

1632 Machatschek, 2002, 190-191.

193 Environmental Atlas of Slovenia, Climate, Phenology, Leaf Unfolding of Common
Beech, 1971-2000; Zust, 2016, 14, 4243,

1634 Wopfner, 1997, 320.

1633 Compare, e.g., Machatschek, 2002, 220.
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Figure 73: The first flowering day of spring crocus (Crocus vernus; i.e., the day when the
first blossoms developed to the phase that the observer could see the three stamens and the
pistil) and dandelion (Taraxacum officinale, i.e. the day when first fully developed inflores-
cences appeared in extensively managed meadows) in Koprivnik (about 1,000 m), Eastern
Julian Alps, according to documented phenological observations (1990-2013).'*¢ Source
of information: Slovenian Environment Agency: Archives of phenological data, Koprivnik,
and Ana Zust, personal communication on locations of observations. Author of the graph:
Ziga Zwitter.

from snowmelt until May 12th and barn feeding in meadows at Zajamniki
(about 1,250 m) in the Eastern Julian Alps, as recorded in the mid-nineteenth
century.'s¥’

Apart from the scarcity of available grassland fodder plants that were tall
enough to be accessible to cattle, very early cattle grazing faced another chal-
lenge. It was carried out when toxic spring crocus (Crocus vernus; Figure 72)
started blooming (Figure 73) and its blossoms were high enough for cattle to
eat.'®®® According to eighteenth-century observations by the natural scientist
Balthasar Hacquet, spring crocus was very frequent in grasslands in the low-
er montane vegetation belt of the province of Carniola (which included the
Alps and Pre-Alps in what is now part of northwestern, northern, central,

163 Designation of phenophases from Zust, 2016, 25-26; following the instructions, the
beginning of dandelion (Taraxacum officinale) blooming is observed in extensively
managed meadows, where, for example, it starts blooming later than in fields, gardens,
and roadsides (Zrnec, 1998, 113).

1937 Novak, 1955, 295.

1638 Jurca, 2003, 76-77; Hacquet, 1779, 28, 31-32; species identification based on Praprot-
nik, 2015, 79.
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6 Selected historical practices of species-rich grassland management

and eastern Slovenia), where it constituted up to one-third of the grassland
plant cover in early spring. Spring crocus was particularly common in grass-
lands that were nutrient-rich according to the standards of the time'®** (i.e.,
characterized by moderate nutrient availability according to present-day cri-
teria; see Section 6.3.2), at mesic sites.'**” In such grasslands, the vegetation
season started earlier than in nutrient-poor ones with similar water avail-
ability. In Hacquet’s work, published in 1779, March is given as the usual
month when spring crocus bloomed at that time at unspecified elevations in
the lower montane vegetation belt.'**" Although this information was likely
not based on long-term observations at the same locations, it fits quite well
with Figure 73 and the general start of spring crocus blossoming in March
and April in these areas nowadays.'®** If the weather was good, spring crocus
only bloomed for a short time.'**® In the past, livestock were generally able
to avoid toxic plants because they were used to grazing. However, starving
livestock also ate poisonous plants that they otherwise would have avoided.
Livestock poisoning with plants was not rare according to eighteenth-cen-
tury information.'*** Namely, starving livestock readily consuming spring
crocus was a consequence of the frequent fodder scarcity in early spring (see
the beginning of this section) when spring crocus sprouts were tall enough
for cattle to eat, while most grassland plants were still inaccessible to them.
Animals poisoned with this plant often recovered, but not always. In the
eighteenth century, the main study area (Bohinj) was known as the territory
where lethal poisonings with spring crocus were most frequent in the entire
province of Carniola.'**

As presented in Section 6.2.1.2, spring grazing in meadows around Ko-
privnik in the Eastern Julian Alps was allowed to last until May 1st, accord-
ing to information from 1608. In 2017, fieldwork was performed around Ko-
privnik. It proved the great variation in heights of grassland plants in the area
observed by the end of April, strongly depending on grassland management.
Where grazing pressures had been very strong in late autumn and the grass-
land had not been fertilized, the growth of plants had just begun (Figure 74);
in most meadows, grasses were about 5 to 10 cm tall, whereas in meadows rela-
tively abundantly fertilized with barn manure'**® grassland plants were already
over 25 cm tall. March and April 2017 were warmer than average from 1960

163 Hacquet, 1779, 27-28, 31.

1640 Aeschimann et al., 2004, vol. 2, 1092-1093.

1641 Hacquet, 1779, 27-29.

1642 Zust, 2016, 25.

1643 Compare Zust, 2016, 25.

164 Hacquet, 1779, 5-6, 14; Jurca, 2003, 76-77.

1645 Hacquet, 1779, 28, 31-32.

166 Author’s interview with A. Sokli¢, 2017, in Podjelje.
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6.2 Spring grazing in meadows
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Figure 74: April 29th, 2017: Growth of plants is just beginning in a non-fertilized sheep
pasture (Zgornje Podjelje, about 1,060 m), which had been heavily grazed in late autumn,
causing delayed vegetation development in the spring.'®” Photo: Ziga Zwitter.

to 2017.'**® Although the average stage of plant development has been chang-
ing through history (e.g., due to climate change), there have also always been
fluctuations at the year-to-year level. Some were extreme, as demonstrated by
another early spring plant phenophase; namely, the start of cherry blooming.
In many parts of Switzerland at elevations from 400 to 500 m, cherry trees
on average started blooming in mid-April from 1901 to 1960, but based on
sixteenth- to early eighteenth-century information they bloomed as early as
March in 1530, 1559, 1602, 1607, 1661, and 1702, and as late as in May in

1647 Sadar, 1956, 169-170, 194-195.

164 The average March temperature at Kredarica (2,513 m) from 1960 to 2017 was —6.5
°C, and at Stara Fuzina and Bohinjska Cesnjica at the bottom of the valley (548 and
596 m; measurements were carried out at Stara FuZzina until 2002 and at Bohinjska
Cesnjica after that) it was +3.4 °C. The average March temperature in 2017 was —3.0
°C at Kredarica and +7.3 °C at Bohinjska Ce$njica. The average April temperature at
Kredarica from 1960 to 2017 was —3.9 °C, and at Stara Fuzina and Bohinjska Cesnjica
at the bottom of the valley it was +7.7 °C. The average April temperature in 2017 was
-3.4 °C at Kredarica and +9.4 °C at Bohinjska Ce$njica (Mekinda-Majaron, 1995, 55,
113; ARSO, Arhiv - opazovani in merjeni meteoroloski podatki po Sloveniji: Kredarica,
Stara FuZina, Bohinjska Cesnjica).
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6 Selected historical practices of species-rich grassland management

Figure 75: April 29th, 2017: A meadow located next to the pasture in Figure 74, but well fer-
tilized with barn manure. Plants in moderately fertilized meadows grow more quickly than
in non-fertilized ones. In addition, because plants will grow taller and the grassland will be-
come denser than a non-fertilized meadow, the leaves of dominant plant species are upright

to receive more light than the shaded bottom layer,'** which makes them more accessible to

grazing livestock. A comparison of Figures 74 and 75 makes it clear that fertilized meadows
provided significantly more resources for grazing earlier in spring than non-fertilized ones.
Quicker growth and the higher position of most leaves in moderately fertilized meadows
allowed early spring grazing even by cattle in some places. Photo: Ziga Zwitter.

1542, 1574, 1716, 1729, and 1731.'° To give an eighteenth-century example of
very early growth of most grassland plants: at Binn in the Binn Valley (Wallis),
following the warm winter of 1793/94 and a very warm early spring, on sunny
slopes at as much as roughly 1,450 m grassland plants were typically one span
tall as early as the beginning of May 1794, and in (fertilized) meadows close to
the village grasses reached the middle of the shins at that time.'** These data,
combined with the 2017 observations in grasslands around Koprivnik present-
ed above, make it clear that, as long as spring grazing around Koprivnik had to
end on May 1st, in many years it was not possible to graze cattle in the spring
in the majority of meadows, which were not fertilized. However, the quantity
of grazing resources in moderately fertilized meadows in warm springs be-
came significant by the end of the spring grazing period (Figures 73-76). Dif-

164 Pils, 1994, 162.
1650 Pfister, 1985a, 82, 84-85.
1651 Zenhidusern, 2008, 151-152, 158-161, 174-177.
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6.2 Spring grazing in meadows

Figure 76: April 29th, 2017: sheep grazing in a meadow in Koprivnik in early spring. Photo:
Ziga Zwitter.

ferences in microclimate mattered as well. In this context, it is also important
that hummocky meadows (see Sections 3.2 and 4.1.2) used to be characteristic
of montane meadow complexes in Bohinj. In their pits, snow melts later than
on hummocks,'®* and so there were many differences in microclimate within a
single meadow parcel, which were relevant in terms of grazing in early spring.

Properly timed grazing in early spring, at least by sheep, could improve the
quality of hay (resulting in higher protein content) and it did not significantly
reduce the quantities of hay mowed later on some parcels,'*>* whereas the de-
crease in hay quantity was up to 25% in some others, depending on the local
plant community and early spring grazing regime.'** “In such a management
scheme, possible negative impacts of the early biomass removal on species di-
versity may be compensated by a reduced biomass of competitive grasses in
the [hay], leaving more space for less competitive species. Many plant species
show an intrinsic ability for compensatory regrowth, which is due to higher
relative growth rates early in the season”'®> and branching of some harmed
plants, such as highly productive grasses (more than one stem grows from a

1652 Cvetek, 1971, 69.

1053 Sadar, 1956, 55, 148; Wopfner, 1997, 289; Peterken, 2013, 121; van Eekeren, lepema, &
de Wit, 2014, 665-667; JaniSova et al., 2023, 16.

1654 TaniSova et al., 2023, 16.

155 Winter et al., 2014, 530-531; see also Strauss & Agrawal, 1999.
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6 Selected historical practices of species-rich grassland management

grazed or trampled stem).'®® Excrement during spring (and autumn) graz-
ing in meadows led to a more favorable nutrient balance in comparison with
meadows that are only mowed, as explained in the introduction to Section
6.2.2. Stem branching and nutrient intake from excrement result in denser
meadow vegetation as a consequence of properly timed spring grazing if the
carrying capacity of the grassland is not exceeded; that is, if the numbers of
livestock are well adapted to the available resources and site conditions and
grazing does not last too long on the same plot of land.'®” However, “[s]pring
grazing . . . before the mass development of grasses prevents the first flower-
ing cycle, during which larger competitors (both grasses and herbs) are more
affected than smaller-growing species, as the former regenerate more from
stored reserves than from the remaining leaf area for photosynthesis.”'***

The dates found in mid-twentieth century agronomic literature for when
spring grazing should end in order not to significantly decrease hay quantities
roughly correspond with the start of dandelion (Taraxacum officinale) blooming
in moderately fertilized meadows.'® This means about one month after toxic
spring crocus (Crocus vernus) starts blooming (Figure 73). The start of dande-
lion blooming is also roughly the upper time limit of the early spring grazing
presented in Section 6.2.2.1, whereas later grazing in spring is dealt with in Sec-
tion 6.2.2.2. Judging from a modeled phenological map showing average dates
of dandelion blooming between 1965 and 1994, grazing until April 24th west of
Ratece prior to the calendar reform usually did not significantly reduce the quan-
tities of hay mowed there,'* unless such early grazing pressures were too strong.
The same applies to grazing in meadows around Koprivnik until May 1st after
the calendar reform. In the case of Koprivnik, the cited modeled map rough-
ly corresponds with the plant-phenological observations carried exactly at that
place from 1990 to 2003 and showing that dandelion often starts blooming there
around May Ist or later, with significant differences (Figure 73).'%' Although
the average stage of plant development has changed through history, there have
also always been fluctuations at the year-to-year level (see above), thus grazing in
meadows around Koprivnik by May 1st in some years ended roughly by the be-
ginning of dandelion blooming. This was in line with optimization of the quan-
tities of hay and grazing resources there, a goal recorded for this area in 1608.'55>

166 Strauss & Agrawal, 1999; Wopfner, 1997, 289-290; Babai, Molnar, & Molnar, 2014, 103.
1657 Sadar, 1956, 54-55, 169-209, 211; Babai, Molnar, & Molnar, 2014, 103.

1658 TaniSova et al., 2023, 16.

1% Based on the general explanation by the agronomist Sadar, 1956, 55, 148; the dates
given there were compared with the onset of dandelion blooming in Zrnec, 1998, 113;
Zrnec, 2001, 66; Zust, 2016, 14.

Based on the general explanation by the agronomist Sadar, 1956, 55, 148; the dates
given there were compared with the onset of dandelion blooming in Zrnec, 1998, 113;
Zrnec, 2001, 66.

1961 Zrnec, 1998, 113; Zrnec, 2001, 66.

1662 ST AS 721, Gospostvo Bled (The Seigneury of Bled), Iustitialia, vol. 13, [July 1st, 1608].

1660
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6.2 Spring grazing in meadows

Spring grazing resulted in comparatively high species richness, resulting
from the variety of available ecological niches. From an ecological perspec-
tive, “[a] short period of spring grazing (for a few days until the beginning of
May) with a higher stocking rate could be beneficial for most semi-dry and
mesic hay meadows” (see also Section 6.5).'%® Indeed, such a grazing regime
was frequent in historical early spring grazing. Namely, a parallel with autumn
grazing in the same type of plots of land (montane meadows in the large Us-
kovnica meadow complex) in the mid-twentieth century shows that the entire
herd usually grazed in one meadow per day; exceptions were only dispropor-
tionately small or large meadows.'*** This means that at least in large meadow
complexes the access of livestock to various meadows during spring grazing
was limited in a way that was favorable from an integrated economic-ecolog-
ical perspective: the herd did not have access to all parts of a large grassland
complex over a long time.'* This was a general rule as suggested by the paral-
lel with some areas further north in Central Europe where “livestock spent just
part of the [spring] grazing days in the hay meadows, probably with a maxi-
mum of two to three grazing days per hay meadow or meadow complex.”'¢%
Some plant species adapted to early spring grazing in meadows by flowering
later than in those meadows where mowing represents the first agricultural
use. These include, for instance, eyebright (Euphrasia rostkoviana), greater yel-
low-rattle (Rhinantus alectorolophus; see Section 4.1.1.1), and small scabious
(Scabiosa columbaria).'*®’

Nonetheless, not all plants can recover after spring grazing.'*® In gener-
al, early spring grazing favored “late-fruiting plants instead of early-spring
flowering plants”'*® Grazing in early spring suppressed or decreased
the abundance of certain undesired plants from the point of view of ani-
mal husbandry; for example, sharp tufted hairgrass (Deschampsia cespito-
sa), at least on water-saturated soils.'®”® At the same time, it “may support
low-competitive rare species such as [moonwort in non-fertilized meadows]
(Botrychium lunaria) and [some gentian species] (Gentinanella spp.) by re-
ducing competition from fast-growing plants”'*”! As hypothesized, “[s]pe-
cies without the ability to resprout after an early cut, such as orchids, are
... likely to decrease when their infructescence is repeatedly removed.”'*”

1663 TaniSova et al., 2023, 20.

1664 Hodnik, 2016, 44.

1665 Sadar, 1956, 50-51, 147, 168-170, 176-177, 183, 185, 196, 199-202.
1666 Cy, JaniS$ovd et al., 2023, 9.

1667 TaniSova et al., 2023, 20.

1668 Sadar, 1956, 55.

1669 Peterken, 2013, 392.

1670 Sadar, 1956, 29, 134.

1671 TaniSova et al., 2023, 19.

1672 Winter et al., 2014, 531.
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6 Selected historical practices of species-rich grassland management

Nonetheless, empirical historical data warn against oversimplifications. For
instance, in Valentin Plemel’s botanical treatise on flora of Carniola published
in 1862 it is written that the abundance of elder-flowered orchid (Dactylorhiza
sambucina, belonging to the family Orchidaceae; Figure 77), was very high in
montane meadows above Jesenice and Javornik. Its abundance there was the
highest he knew within the province of Carniola, even though he also list-
ed some other sites where this species occurred.'””” Plemel was very famil-
iar with these meadows above Jesenice and Javornik, and archival records
make it clear that the long history of spring grazing in these montane mead-
ows was just coming to an end at the time of his observations (see Section
6.2.2.3), and so it is clear that spring grazing did not suppress elder-flowered
orchid there. Orchids grow for more than three years and often more than
ten years before they blossom for the first time,'”* and so it is clear that a
high abundance of flowering elder-flowered orchids around 1860 reflect-
ed the situation in times of spring grazing in that area (Section 6.2.2.3). The
most important reason for this was probably the early end of spring grazing
(May 1st) combined with the fact that springs were on average significantly
colder than they are now, and so spring grazing ended at a very early stage
of elder-flowered orchid development (for details and references, see Section
6.2.2.3). In terms of grassland species richness, orchids are nowadays consid-
ered “super-positive indicators,” reflecting an “exceptionally good state of bio-
diversity” by present standards.'””> Adequate historical early spring grazing
regimes evidently did not have significant negative impacts on the occurrence
and abundance of (some) spring orchids. Indeed, “[s]hort but intensive ep-
isodic grazing that disturbs the grass turf is recommended to maintain or-
chid populations in hay meadows.”'® Some types of grazing livestock avoid
some orchids, such as cattle avoiding green-winged orchid (Orchis morio),'*””
which occurs in non-fertilized, relatively dry meadows Alps-wide, especially
in colline and montane vegetation belts.'”® Thus at least some orchids are fos-
tered by cattle grazing.'®”® Goats probably consumed several orchid species.'*®

173 Plemel, 1862, 147; identification of the old botanical name Orchis sambucina that Ple-
mel used is based on Aeschimann et al., 2004, vol. 2, 1120-1121. Plemel’s description of
purple and ocher blossoms also clearly confirms the species identification.

1674 Pils, 1994, 306.

1675 Twenty-first-century ecological views on orchids: Sumrada et al., 2021, 5.

1676 TaniSova et al., 2023, 19.

1677 TaniSova et al., 2023, 16.

1678 Aeschimann et al., 2004, vol. 2, 1126.

1679 Tani$ova et al., 2023, 16.

1680 Author’s observation from the Krstenica mountain pasture complex in the Julian Alps:
whereas cattle did not touch a small population of pink blossoming Nigritella orchids
(Nigritella rubra and Nigritella lithopolitanica occur in the region; Aeschimann et al.,
2004, vol. 2, 1116-1117), no inflorescence was left after a flock of goats from another
alp passed by.
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Figure 77: Elder-flowered orchid (Dactylorhiza sambucina, plants with purple and light yel-
low blossoms in the photo) in a nutrient-poor meadow (see Section 6.3.1) above Javorniski
Rovt in the Karawanks, at 1,280 m, in early spring. A high abundance of this species in
meadows in this region was observed by Valentin Plemel in the mid-nineteenth century.
Nowadays, this species is designated as vulnerable on the red list of endangered species in
Slovenia,'** and it s, for instance, also endangered in Austria.'®*? Photo: Ziga Zwitter, May
1st, 2018.

1681 “Pravilnik o uvrstitvi ogrozenih rastlinskih in Zivalskih vrst v rde¢i seznam,” 2002,
8893, 8899.
1682 Keller, 2004, 28.
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