
sustainability

Article

Historical Ecology of Scandinavian Infield Systems

Ove Eriksson 1,*, Matilda Arnell 1 and Karl-Johan Lindholm 2

����������
�������

Citation: Eriksson, O.; Arnell, M.;

Lindholm, K.-J. Historical Ecology of

Scandinavian Infield Systems.

Sustainability 2021, 13, 817. https://

doi.org/10.3390/su13020817

Received: 18 December 2020

Accepted: 12 January 2021

Published: 15 January 2021

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional clai-

ms in published maps and institutio-

nal affiliations.

Copyright: © 2021 by the authors. Li-

censee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Ecology, Environment and Plant Sciences, Stockholm University, SE-10691 Stockholm, Sweden;
matilda.arnell@su.se

2 Department of Archaeology and Ancient History, Uppsala University, SE-75126 Uppsala, Sweden;
karl-johan.lindholm@arkeologi.uu.se

* Correspondence: ove.eriksson@su.se

Abstract: Infield systems originated during the early Iron Age and existed until the 19th century,
although passing many transitions and changes. The core features of infield systems were enclosed
infields with hay-meadows and crop fields, and unenclosed outland mainly used for livestock
grazing. We examine the transitions and changes of domesticated landscapes with infield systems
using the framework of human niche construction, focusing on reciprocal causation affecting change
in both culture and environment. A first major transition occurred during the early Middle Ages, as
a combined effect of a growing elite society and an increased availability of iron promoted expansion
of villages with partly communal infields. A second major transition occurred during the 18th and
19th centuries, due to a then recognized inefficiency of agricultural production, leading to land
reforms. In outlands, there was a continuous expansion of management throughout the whole
period. Even though external factors had significant impacts as well, human niche construction
affected a range of cultural and environmental features regarding the management and structure of
domesticated landscapes with infield systems. Thus, niche construction theory is a useful framework
for understanding the historical ecology of infield systems.

Keywords: agrarian history; Iron Age; hay-meadows; land reforms; landscape history; niche
construction

1. Introduction

Research in historical ecology is cross-disciplinary, as the core objectives are to under-
stand how interactions between societies and environments develop through time, and
how these interactions have formed cultures and landscapes, e.g., [1–4]. Thus, historical
ecology integrates topics from the humanities (e.g., history, archaeology, anthropology)
and the natural sciences (e.g., ecology, vegetation science). These different academic disci-
plines have their own concepts and theories, as well as their own ways of understanding
causation, i.e., why something happens, e.g., [5,6]. Accordingly, there is a need for con-
ceptual frameworks with the ability to address questions and problems relevant for both
the humanities and natural sciences, and also promote communication among researchers
from these different disciplines.

Niche construction theory [7] is one framework that has been suggested as suitable
for this purpose [8,9] (see Section 2 below). The overarching aim of this paper is to examine
this suggestion, applied to the historical ecology of Scandinavian domesticated landscapes
based on infield systems. Infield systems refer to a particular way of managing land and
structuring land use, established during the early Iron Age, i.e., from the first centuries BC
onwards [10–12]. Land was divided into infields (Swedish: Inägor) and outland (Swedish:
Utmark). Infields were enclosed areas located near settlements incorporating semi-natural
hay-meadows (i.e., manipulated, but comprising a native pool of species) used for pro-
duction of livestock fodder, and permanent crop fields. The outland was located outside
enclosures and was used mainly for livestock grazing, but also for collection of other
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resources. The outland may have been open land, but was probably mostly forest, or
at least land with some cover of trees. Despite many later changes in organization and
management of land, for example concerning agricultural implements, crop rotation, land
ownership, and land reforms, the key elements of infield systems were maintained until
the modernization of agriculture and forestry initiated mainly during the 19th century.
In present-day landscapes, there are plenty of legacies from historical infield systems, for
example wood pastures [13] and semi-natural grasslands [14]. These remnant habitats are
often species-rich, and are a concern for conservation biology. Forests today are mostly
used for production of pulp and timber, and legacies of former land use are generally
overlooked in forests as compared with the semi-natural grasslands, despite the fact that
outland forests were an essential component of the historical infield systems [15].

Several previous studies have dealt with different aspects of the remains of old cultural
landscapes in Scandinavia, for example the origin of infield systems, e.g., [16,17], the
origin of meadow management [18], land-use changes during the last century [19], and
historical perspectives on species-pools and species richness in semi-natural grasslands,
e.g., [14,20–26].

In our examination of the historical ecology of infield systems, we cover the whole c.
2000 years of these systems’ existence, including remaining legacies of infield systems in
today’s landscapes. A brief introduction to niche construction theory is useful before we
present the specific objectives and questions.

2. Niche Construction as a Conceptual Framework for Historical Ecology

Niche construction theory [7,27] is based on the idea that there is a continuously
ongoing interaction between a niche-constructing agent (typically a species) and its envi-
ronment. Niche construction is defined broadly as a process by which a species alters its
own ecological niche, or the niches of other species, and the feedback of these alterations to
the niche-constructing species. There are two different aspects of niche construction, the
alteration of the environment (the niche) by a species (which may affect many other species
as well), and the response by the niche-constructing species to the altered environment [27].
The ecological niche refers to resources and requirements utilized by the niche-constructing
species, or any other conditions affecting the species. Two key points in niche construction
theory are that as species alter their environment, they not only respond to it, and that
there is a reciprocal causation, generally meaning that the processes affecting change in the
niche-constructing species and in the environment are mutually influencing each other [28].
Over time, along with changes in the niche-constructing species, there is an ecological
inheritance (memory) of past environmental alterations.

Niche construction may apply to any species, but when focusing on humans, it
has been termed cultural niche construction or human niche construction, e.g., [8,29,30].
In human niche construction, cultural changes are mediated by learning, memory, and
knowledge transfer, i.e., components of cultural evolution, e.g., [31], or, in general terms,
expressions of learned knowledge [27]. Since the dawn of the human species, people have
been able to manipulate natural resources; agriculture was the big leap in such a manipula-
tion, and the development of early agriculture and domestication of plants and animals has
been considered as a prime example of human niche construction, e.g., [29,32,33]. In addi-
tion, human niche construction has, for example, been applied to a general understanding
of the history of human societies, e.g., [34], and to impacts of the human society on other
biota, e.g., [35].

Analogously to domesticated plants and animals, one may consider whole landscapes
as domesticated, e.g., [36], thus incorporating also different ways of organizing and manag-
ing land, i.e., how land use is conducted and how it is spatially structured across landscapes.
A starting-point for this paper is the notion that niche construction theory would be suitable
for handling the processes underlying how landscapes are domesticated. A key question is
thus whether there is a feed-back loop between the changing landscapes and how people
conceive, utilize, and manage land.
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There has been some disagreement about whether human niche construction neces-
sarily reflects human intentionality. Hodder [37,38] criticized human niche construction
theory for its presumed assumption of goal-directed behavior of humans to improve the
resource base of societies. “If humans deliberately enhance their environments, it is not
because they just decide to do that or because they have been forced to by unexplained
increases in population or by climate change, but because they have become caught up
in particular bio-socio-material entanglements that make specific intentions and adaptive
responses possible” [37] p. 172. Indeed, one of the advocates for human niche construction
clearly presumes goal directed intentions: “Humans utilize their capacity for goal-directed
behavior to engineer environments in ways that enhance the productivity and predictabil-
ity of economically important species” [33] p. 326. In a sense, the whole idea with niche
construction theory is that a species (e.g., humans) modify its own niche by manipulating
resources and environment. However, there is no reason why human niche construction
necessarily reflects human intentions. Actions can be goal-directed and intentional, but
they could as well be unintentional, with unexpected consequences.

3. Objectives

As will be described in more detail in Sections 5 and 6 below, infield systems in
Scandinavia existed from the early Iron Age, more than 2000 years ago, until the 19th
century, and during this time-period, several changes took place without altering the
infield systems’ core components, i.e., enclosed managed semi-natural meadows and crop
fields, and outland grazing by livestock. As a first reflection, it may seem obvious that this
farming system was a way to: “( . . . ) engineer environments in ways that enhance the
productivity and predictability of economically important species” [33] p. 326. However, an
essential feature of niche construction is reciprocal causation, that the processes changing
the culture and the environment are mutually influencing each other. This would, for
example, be manifested as a response of culture to the altered environment, in turn leading
to new alterations in the environment, in turn leading to responses in culture, and so
on. Our main objective is to examine whether this was the case. In order to do this, we
first need to identify the most important changes in infield systems, from their origin to
their end.

Thus, we ask two main questions: (1) Which were the key phases of transitions and
change of domesticated landscapes with infield systems? (2) To what extent were these
transitions and changes the result of niche construction, involving reciprocal causation
between cultural features (e.g., management and how landscapes were perceived and
organized), and features of the environment and landscape?

4. Some Remarks on Approach and Terminology
4.1. A Retrospective Approach

One methodological problem in historical ecology is how to examine land use far
back in time, before we have access to written sources and maps. This study extends
back to the early Iron Age, more than 2000 years ago. There are few written sources
from Scandinavia before the 13th and 14th centuries AD (except from rune stones, raised
from the 4th century onwards, with a particularly intensive phase in the 11th century).
More extensive information regarding land use is not available before the 17th century,
when cadastral maps (with associated information) were produced. Before that time, and
certainly for the first millennium AD, interpretations are based mainly on material evidence
such as remains of settlements, field systems, stone walls, etc. Pollen analyses contribute
important information regarding general aspects of vegetation such as landscape openness
and diversity, e.g., [39,40], and macrofossils contribute information on crops, e.g., [41],
but information about the way people shaped and managed domesticated landscapes
remains quite vague, e.g., [42]. Furthermore, the mind-set of people, such as conceptions
on property and rights to use land, and how people understood the ecological mechanisms
behind different kinds of management, for example manuring of crop fields, are mostly
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beyond reach for us. Thus, when examining how land use affected the landscape and
vegetation before we have direct evidence, and the rationale for people’s decisions, a few
assumptions are needed. Firstly, it was assumed that historical effects of land use such as
livestock grazing and production of fodder (hay, and leaf-hay) were similar to the effects we
have knowledge about from recent times. A similar assumption was used for conceptions
of ownership and land rights, as they have been interpreted based on the earliest written
sources, e.g., [43]. Secondly, it was assumed that people behaved rationally, i.e., the way
people used land (fields, meadows, pastures, etc.) was rational from the viewpoint of
promoting productivity and securing subsistence, as far as that could be achieved within
the frames of the material conditions (vegetation, crops and livestock, buildings, tools, etc.)
available at that time. Taken together, these assumptions reflect a kind of retrospective
approach to historical ecology.

4.2. Terminology

Most studies referred to in this paper have been conducted in Sweden, and some are
from other countries, mainly Denmark and Norway. As these nation states did not exist
at the time when infield systems were formed, the region is referred to as Scandinavia, as
in the title of the paper. However, the history of infield systems after the formation of the
Scandinavian nation states focuses on Sweden. The time-frames mentioned in the text refer
to those used in Sweden: The Bronze Age (1800–500 BC), the Iron Age (500 BC–AD 1050),
incorporating the early Iron Age (500 BC–AD 400), the Migration Period (AD 400–550), the
Vendel Period (AD 550–750), and the Viking Age (AD 750–1050) [44]. The Middle Age is
considered to begin around AD 1050 and continue until the beginning of the 16th century
(In Sweden, AD 1520 is commonly used). For specification of times after the Middle Ages,
we used the century (e.g., 19th century).

In the literature, there are different terms used for the farming people and their
settlements through the historical period examined here, e.g., [10,45]. Throughout this
paper, we use the term farmer, and we use the term farm to denote the basic agricultural
unit, i.e., the settlement (we imagine) typically hosting a family, or a larger group of related
people, and the land utilized by these people. Farms could be located in isolation, or they
may have occurred in groups, e.g., [46]. The term used for such clusters of farms is village
(Swedish: By), irrespective of their size.

5. Infield Systems: Origin and Basic Features

An infield system is a farming system where the essential features relate to the manage-
ment of land and the spatial structuring of different land use [16,18,47,48]. Figure 1 shows
the major components of infield systems, and the background of these components are sum-
marized in Table 1. The area closest to settlements was enclosed by fencing (wooden fences
or stone walls) in order to avoid uncontrolled grazing from livestock and wild herbivores.
Within this area, land was used for the production of livestock fodder on semi-natural
hay-meadows, and for permanent crop fields. There were many types of hay-meadows:
Wooded meadows, producing both leaf-hay (twigs and leaves) and grass-hay (including
also forbs), open dry meadows, and wetland meadows. The latter were dependent on
settlement locations close to water bodies. The crop fields were fertilized with livestock
manure. An old saying, “the meadow is the mother of the field”, e.g., [49], reflects the tight
connection between the two major land uses within the infields. Livestock mediated a
nutrient transfer from fodder, not accessible as food for humans, via manure, to the crops.
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Table 1. The main components of infield systems (see Figure 1) and their historical background.

Components of Infield
Systems Historical Background

Iron tools

Iron production started during the late Bronze Age, but iron became generally available in
Scandinavia during the first centuries BC [50], and allowed for the development of tools and

efficient agricultural management, particularly the introduction of scythes necessary for efficient
use of hay-meadows [16].

Boundaries and fencing
systems

Various fencing systems, ditches, and wooden fences, were used long before infield systems
appeared [18]. Depending on availability of material, fences could be wooden or made of stone.
The importance of boundaries manifested in the landscape developed before infield systems [51].

Semi-natural hay-meadows
Collection of additional fodder for livestock has occurred since the Neolithic, but land specifically

constructed and managed for this purpose developed during the centuries around
1 BC/AD 1 [18].

Livestock management

Livestock, i.e., goats, sheep, and cattle, were already part of the farming package during the
Scandinavian Neolithic [52], and it is likely that livestock were sometimes held in enclosures
although they otherwise mostly were herded on non-enclosed land. Pastoralism, i.e., farming

systems based on free-ranging livestock in extensive, probably communal, pastures was common
during the Bronze Age [53,54]. Stalling (keeping livestock indoors) occurred long before the

infield systems appeared, and was probably related to factors such as preventing cattle-raiding,
or increasing efficiency of milk production [55,56].

Manure Manuring of fields occurred already during the Neolithic [57], but became a necessity along with
the development of permanent fields.

Crop fields
The crop fields during the Scandinavian Neolithic were temporary [58]. Permanent field systems
managed by wooden ards were introduced during the first millennium BC, but probably before

manure was available in sufficient amounts, e.g., [59].



Sustainability 2021, 13, 817 6 of 24

Table 1. Cont.

Components of Infield
Systems Historical Background

Outland
Livestock probably grazed freely in the area surrounding settlements already during the

Neolithic, e.g., [60]. However, the recognition of outland as a defined part of land use presumes
that infields have been established.

Conceptions of land rights

Indirect evidence from various sources suggests that a conception of land as belonging to
individuals or families developed during early Iron Age, i.e., along with the infield

systems [43,61]. During the first centuries AD, there is also a trend of increasing inequality
among farms, reflecting developing societal power hierarchies, e.g., [62].

Spatio-temporal stabilization

Before the establishment of infield systems, settlement patterns were more ‘floating’, i.e., farm
locations were changed each generation, e.g., [63]. Based on the remains of buildings, grave fields,

and place names, many farms in present-day Scandinavia have remained located at the same
place since the middle first millennium AD, or even longer, e.g., [16,64].

The introduction of infield systems greatly increased the basis for people’s subsis-
tence [48]. The dominating crop during the Iron Age was hulled barley, but from late Iron
Age and the Middle Age, other crops such as oats, wheat, and rye became more common,
and could be regionally dominating [16]. Enclosed cattle paths led from the settlement to
the outlands (sometimes referred to as outlying land or outfields), where livestock grazing
took place during the vegetation period. The outland could be open tree-less vegetation,
but it is likely that it most often was forest, perhaps semi-open due to the impacts of the
grazing livestock. Figure 2 shows an example of an infield system from the first century
AD in southeastern Sweden. In the following, we use this description of infield systems
as a basic model, acknowledging that there was regional variation in Scandinavia in how
infields were structured during the Iron Age [65].
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In older literature infield systems were often understood as resulting from a need
for keeping livestock indoors (stalling) due to a deteriorating climate during the first
millennium BC. As a consequence of livestock stalling, it became necessary to produce
winter fodder on meadows close to settlements, and these meadows needed to be protected
from livestock grazing during summertime. Thus, infields developed. On close inspection,
this explanation does not hold [16,18,55]. For example, stalling of livestock occurred long
before the introduction of infield systems, and probably for other reasons than protection
from an adverse climate. These reasons could be, for example, protection from cattle
robbery, and enhancing production of milk and manure. The use of permanent fields also
seems to precede the establishment of infield systems, and the earliest permanent field
systems were not intensively manured [59,66].

We should recognize that answering the question of origin is complex, and it is
reasonable that there was a whole suite of processes, for example regarding livestock
management, crops, and tools ultimately leading to establishment of this farming system,
e.g., [11,16,17,55]. In this framework, it is also possible that the establishment of infields
was associated with an emerging new mind-set in which it became important to manifest
boundaries visualized in the landscape [51] and land became seen as a property, most likely
of a family, e.g., [43]. Based on a synthesis of various evidence [18], it was concluded that a
key to the origin of infield systems was the introduction of generally available iron tools
necessary for efficient hay-meadow management. This timing also coincides fairly well
with material evidence of stone wall systems such as those shown in Figure 2 [47,67]. The
origin of infield systems was thus connected to a technological innovation, iron production,
and can be placed in time in the early Iron Age.

6. Major Transitions and Changes in Infield Systems

The first question we ask in this paper is: Which were the key phases of transitions
and change of domesticated landscapes with infield systems? We will first focus on this
question for infields and outland, respectively, and thereafter consider the resilience of
infield systems, and the processes that led to the end of infield systems.

6.1. Key Transitions and Change in Infields

Enclosed crop fields and hay-meadows, surrounded by outland used for livestock
grazing, were largely maintained until the 19th century, and in some marginal regions
even into the 20th century. Figure 3 gives an example of a cadastral map illustrating
infields and outland during the 18th century. This does not mean that agriculture was
static during this long period of time. Many features of agriculture changed, for example
regarding agricultural implements and other technologies. In addition, the society changed
considerably, and along with this also the general conditions under which farming was
conducted. But the longue durée (cf. [68]) of infield systems implied that the basis for
people’s subsistence was largely the same: Livestock had a key role in the transfer of
nutrients from hay, via manure, to crops. Crops, dairy products, and meat from livestock
fed the human population, and the basic means to maintain this subsistence was a use of
landscapes, structured as infields and outland.
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As with the question of the origin of infield systems, we should recognize that the
changes during the following almost 2000 years were complex, and it may seem as too
simplified to identify certain key transitions describing this change. However, when
viewing this change at a broad resolution, it is reasonable to identify two major transitions
altering management of infields and their spatial organization, before the ultimate end of
infield systems (which is treated in Section 6.4).

The first of these key transitions was associated the introduction of crop rotation
systems, and the implications this had for organization and structure of land use. At the
initial phase of infield systems, the model used is a single farm with its own infields, mead-
ows, and crop fields, surrounded by fences separating them from the outland (Figure 2B).
Although implements made of iron (sickles, scythes) occurred, it seems likely that avail-
ability of iron was still quite limited. The fields were managed by wooden ards, and sown
yearly by crops. After a crisis, probably related to a drastic climate change during the 6th
and 7th centuries (see Section 6.3 below), many settlements were abandoned or relocated.
Agriculture again expanded during the Viking Age and early Middle Age, but the condi-
tions during this expansion was different than during the early Iron Age. This expansion
was associated with a complex of changes, both regarding the agricultural technology
and regarding the society as a whole [45]. The agricultural population increased, and
settlements became more clustered. Villages became common, e.g., [46], and this implied
that the organization of infields changed. These changes occurred in a context of a growing
elite society, probably established in the aftermath of the 6th and 7th century crisis and
consolidated during the Viking Age [44]. The elite society ultimately linked to a form of
feudalism which developed along with the introduction of Christianity and the formation
of the Scandinavian nation states between the 11th and 13th centuries [45]. Farmers had to
pay tax to the King and the Church, or rent to a landlord. The villages became embedded
in a feudal-like social network, which also became encoded by laws.

During the same period, an innovation in iron production technology, the introduction
of the blast furnace, drastically increased the amount of available iron [69]. The consump-
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tion of iron in agriculture increased considerably [70], something that spurred innovation
of agricultural technology, such as longer blades of scythes, iron-shod spades, and ploughs
and ards with iron shares [45]. The latter implements made it possible to break the soil
efficiently (not only scratch it, as with the wooden ard). This innovation was essential, as it
allowed crop fields to be laid fallow for longer periods. Altogether, these changes in the
conditions (societal and material) allowed for an efficient use of crop rotation systems, i.e.,
that a part (half, or a third) of the crop field area was used as fallow, grazed by livestock.
Thus, in contrast to the initial infields during the early Iron Age, livestock would now
continuously graze within the infields. In turn, this demanded new fencing practices, and
as there were village communities with many farms, these had to be collectively organized,
i.e., with fallows used as commons within the infield area. The overall implication of these
changes, the expansion of agriculture in general, the altered way of locating settlements
in villages, and the enforced collective fencing of the components of infields, was that the
total areas of interconnected infields, i.e., hay-meadows, crop fields, and fallows, increased.
The shape and structure of the domesticated landscape had been transformed.

This domesticated agricultural landscape was, with only minor changes, basically
unaltered until the 18th and early 19th century [48], when a second major key transforma-
tion of infield systems occurred, an ‘agricultural revolution’ culminating in the launching
of land reforms [71]. This agricultural revolution was driven by increasing demands for
food, and spurred innovations and an increasing exploitation of land used for agriculture,
including land that until then had been outland. The rationale behind the land reforms
was to counteract what was recognized as inefficiency in agricultural management. First
introduced in southern Sweden, the reforms ultimately concerned most of the country,
except a few regions in central and northern Sweden. The essential idea was to re-allocate
the infields so that each individual farmer managed interconnected land instead of strips
of fields (Figure 3). As a consequence, villages were broken up into individual farms,
located some distance from each other, resulting in a settlement structure that is still visible
in the countryside of Sweden. When the land reforms were introduced, about a third of
Sweden’s farmers were free-holders, i.e., they owned their land [71]. The reforms were
not always accepted voluntarily by these farmers, as they saw no immediate advantage of
the reorganization of land, e.g., [72]. An important feature of the land reforms was that
the outland, hitherto managed as commons, also started to become enclosed and allocated
to individual farms [71,73]. A second implication was that an increasing fraction of the
agricultural population became landless crofters, establishing small crofts in what was
formerly outland [71].

Thus, for a second time since the Iron Age, the shape and structure of the domesticated
agricultural landscape was transformed. This was, however, only a forerunner to the
ultimate termination of infield systems.

6.2. Key Transitions and Change in Outlands

The outland was an integrated part of infield systems. A conception of infields
presumed a contrast to the land located outside the enclosures, the outland, defined as
beyond the infields. In the Swedish medieval landscape laws, there are various regulations
for the use of outlands, illustrating their importance, e.g., [74]. However, since the outland
was not described as detailed as the infields in cadastral maps, and the remains of previous
management have been overlaid by modern forestry, thus usually being only vaguely
visible in the current landscapes, we have much less knowledge about how outlands were
used, as compared to infield hay-meadows and crop fields.

Outlands were used for various purposes, not only for livestock grazing. Production
of iron and the necessary charcoal, e.g., [75] was conducted in the outland, and the same
holds for production of tar, e.g., [76]. Materials used for buildings and fences were also
gathered from the outland. In addition, ship building during the Viking Age demanded
massive quantities of wood, obtained from the outland [44].
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The focus here is, however, on the direct role of outland for agricultural production,
and in what sense this was transformed during the history of infield systems. Except from
the obvious change resulting from the land reforms described above, when outland com-
mons were allocated to individual farms, it is difficult to identify specific transformations
concerning the outland. It was rather a continuously ongoing expansion of outland use,
which was manifested in different ways.

Livestock grazing was a dominating activity. Burning forest areas was used deliber-
ately to improve grazing for cattle, sheep, and goats [77–79]. Studies based on analyses
of fire scars and tree ring dating suggest that fire frequency increased from the Middle
Age onwards, until the 19th century, most likely due to intentional burning [79,80]. In one
study area in Southern Sweden, the fire interval was as small as c. 20 years [81]. In the
most densely populated agricultural areas, the outland was heavily exploited by grazing
livestock, e.g., [82]. One author remarked [83] (p. 395): “( . . . ) in the 19th century, southern
Sweden was to a great extent a large cow pasture”.

In large tracts of Scandinavia, however, outland forests dominated the landscapes,
especially in the central and northern parts, e.g., [74]. These forested areas started to become
colonized by farmers around the time when the infield system was established in the early
Iron Age, a colonization probably driven by a quest for iron production sites [75,84,85],
and hunting for crafts and trade [86,87]. Agriculture was thus established outside the main
previously occupied agricultural regions, in an environment that initially can be described
as a kind of macroscale outland in relation to agricultural regions. As people brought with
them their knowledge of agriculture, they established infield systems comprising fields
and meadows, surrounded by outland used for livestock grazing [18,74,88].

Fodder for livestock was not only obtained from infield meadows, but also from
wetlands located in the outland, e.g., [89]. From the last centuries, it is known that these
outland wet meadows were often subjected to manipulation of the water regime in order
to promote fodder production [90]. It is unclear when such manipulations initially were
invented. Fodder was also obtained from harvesting twigs and leaves from deciduous
trees and shrubs. The harvesting of such leaf hay was massive in Sweden until the 19th
century [91]. All kinds of deciduous trees and shrubs were used. If available, tree species
such as ash (Fraxinus excelsior), elm (Ulmus glabra), lime (Tilia cordata), and maple (Acer
platanoides) were preferred. If these species were not available, for example in the central
and northern parts of Sweden, other species such as birch (Betula spp.), goat willow (Salix
caprea), aspen (Populus tremula), and rowan (Sorbus aucuparia) were used. It is likely that
this type of hay was dominating initially during the colonization of outland forests [18].

Another manifestation of an increasing use of outlands was slash-and-burn cultivation,
i.e., temporary fields established after the burning of forests. This management is often as-
sociated with a colonization from late 16th century onwards by people from Finland [48,92].
However, slash-and-burn cultivation occurred in southern Sweden much earlier, during
the Middle Age, probably as a complement to the infield crop production [93]. There may
have been a mutual relationship between slash-and-burn cultivation and other outland
activities such as charcoal production (for production of iron), and, after a few years of
cultivation, livestock grazing [94].

In central and northern Sweden, the landscape is generally less productive than in the
south, implying that the area available for infields is more restricted. In order to expand
the area useful for livestock grazing beyond the vicinity of a main farm, secondary farms
(shielings) were established. It is controversial when the use of secondary farms originated,
either already during the Iron Age, e.g., [74,95], or not until the late Middle Age [96]. There
is, however, no doubt that the use of secondary farms increased until the late 19th century.
The use of secondary farms implied transhumance. People (mostly females) moved to
the secondary farm during summertime, herding the livestock and engaging in dairy
production, for example cheese [96].

Thus, although it is difficult to identify specific transitions in outland use, there was a
clear trend of expansion into outlands, and increasing exploitation of outlands (Figure 4).
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This exploitation also implied that new farms, with their own infields, were established be-
yond the borders of formerly occupied agricultural land. As mentioned above, establishing
new farms in former outland was part of the agricultural revolution during the 18th and
early 19th centuries. The expansion into the outland included innovations, such as systems
of transhumance based on secondary farms, manipulation of outland wet meadows to
promote fodder production, and a possible synergism between various activities, such as
charcoal production, cultivation of crops, and improved conditions for livestock grazing.
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The outlands were generally regarded as commons, although they were subject to
rules which from the Middle Age were defined by laws; these commons promoted and
regulated cooperation among farmers, and they are likely to have been instrumental for
joining people together in local communities, e.g., [73]. Even after the land reforms, which
divided commons into privately owned land, some aspects of these commons remained,
and still remain until today. One example is the Swedish legislation (similar in Norway
and Finland) which gives right to public access to forests, and also allows for free collection
of berries and mushrooms.

6.3. Crisis and Resilience of Infields

Despite the changes described in the two previous sections, one may remark that a
farming system that existed for about 2000 years should have been very resilient. On closer
inspection, this is indeed true. During this long period of time, there were several crises,
among which two stand out as exceptional. It is instructive to briefly examine how these
two crises played out within the frame of infield systems, and what features of the systems
promoted resilience.

The first crisis occurred in the 6th century and was most likely caused by several
gigantic volcanic eruptions (it is unclear where on Earth these were located) commencing in
AD 536, resulting in a drastic reduction of sunlight and declining temperature, and initiating
a period which has been termed the Late Antique Little Ice Age [98]. Possibly, the crisis
was exacerbated by a plague (the Justinian plague). There is no direct evidence, material or
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written, describing how this crisis affected people in Scandinavia. However, in the time
period between AD 300 and AD 650, there was a reorganization of settlement patterns in
large parts of Scandinavia, and it is likely that the climate crisis was an important factor
behind the late phase of this reorganization. Many settlements were abandoned, and new
settlements were established [64,99–101], often on slightly higher and drier ground [102].
It has been suggested that the memories of this crisis led to the legend of the Fimbulwinter,
known from the Old Norse literature as a cold period without much sunlight during
several consecutive summers [102]. It is likely that the direct impact on plant growth, and
declining temperatures, severely hampered crop production. It has been suggested [103]
that the crisis spurred a renegotiation of property rights for land that had been abandoned,
promoting an increasingly unequal society. To use a modern term, land grabbing laid a
foundation for new elites, forming the strongly stratified society which developed during
the Vendel Period and the Viking Age [44]. In addition, the formation of villages increased
during the Viking Age [46]. These changes were thus forerunners of the feudal-like society
during the early Middle Age [45].

While the settlement structure changed, there are few indications of change in the
basic land use [99]. The reliance of livestock may have increased [103], which is reasonable
if the crops failed, and such a change would be manageable within the frame of infield
systems. When land was abandoned, this would have increased the possibility to keep
livestock for those farmers that survived the crisis. Even if crops failed, there should have
been leaf-hay available for the livestock, provided that sufficient land areas (forests) were
available for harvesting leaf-hay. A recent study from Finland [104] suggests that a general
reliance of a multitude of food resources implied that people could withstand and survive
the Fimbulwinter crisis.

A second crisis occurred during the 14th and 15th century, initiated by a plague (the
‘Black Death’), but exacerbated by climate change, the Little Ice Age [105]. It has been
termed the Late Medieval Agrarian Crisis, and it is estimated that up to half the population
may have died [106,107]. Numerous farms were abandoned [108,109]. Again, it is likely
that abandoned farms were used as meadows and pastures by surviving farmers [103,109].
There is also evidence that farmers initially most dependent on outland resources were
those least affected by the crisis [110].

Both these crises were associated with deteriorating climate conditions (colder, and
most likely wetter). The practice of stalling livestock, as mentioned earlier, promoted by
other advantages such as preventing cattle robbery (early Iron Age) and making production
of milk and manure more efficient (throughout the whole period), may here ultimately
turn out as advantageous for the very reason that previously was suggested as the cause
for stalling: Protecting animals from adverse weather conditions [18].

The response to these crises shows that the inbuilt flexibility of infield systems pro-
moted resilience. This flexibility was due to a resource base comprising multiple food
sources, not only crops, but also livestock maintained by various outland resources, and
the possibility for additional production of commodities from outlands, e.g., iron and tar,
useful for trade. The flexibility of outlands thus served as a key factor for the resilience of
infield systems.

6.4. The End of Infield Systems

The ambitions to increase agricultural production initiated during the 18th century
implied an expansion of the agricultural area, and included several land reforms [71].
These processes premised the end of infield systems. The expansion of crop fields was
partly executed by exploiting productive hay-meadows, and several detailed accounts
of agriculture around the turn of the 18th–19th centuries show that deficiency of fodder
became recognized as a problem, in turn implying deficiency in manure for fertilizing
crop fields, e.g., [72,82]. This dilemma was ultimately solved by the introduction (from
mid-19th century) of commercial fertilizers and leys, i.e., grass-legume mixtures cultivated
on fields [111]. Thus, the old crop rotation systems were replaced by a new crop rotation
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including fodder-cropping on plowed fields maintained by commercial fertilizers, and
much less fallow. Semi-natural meadows became obsolete. Meadows on clay and silty
soils were turned into crop fields [112]. Less productive meadows were abandoned and
transformed into forest. Some meadows close to settlements were used as enclosed pastures.
Detailed studies of these land-use changes indicate that most infield grasslands were lost
during the 19th and early 20th centuries [19,113,114].

A parallel trend was an increased importance of the growing forestry industry, which
saw forest grazing as detrimental for forest production, e.g., [115]. As forest grazing was
viewed as incompatible with modern forestry, new legislation was enforced leading to
a more or less total abandonment of forest grazing during the first decades of the 20th
century [116].

Thus, during the 19th century the tight coupling between livestock and crop produc-
tion was broken. This was followed during early 20th century by a corresponding break in
the tight coupling between infields and outlands. Forests, and thereby outlands, became
decoupled from agriculture. The infield systems were gone.

7. Niche Construction and Development of Infield Systems

The second question we ask in this paper is: To what extent were transitions and
change of domesticated landscapes with infield systems the result of niche construction,
involving reciprocal causation between cultural features and features of the environment
and landscape?

We will first (in Section 7.1) consider the alteration of the environment of domesticated
landscapes caused by human activities in infields and outlands. These alterations affected
not only the resource base for humans, but also many other species, and they include
effects that were not intentional. We will thereafter (in Section 7.2) consider what we regard
as the key question for assessing the impact of niche construction on the infield systems:
Whether there was a feedback relationship (reciprocal causation) between features of the
altered environment and culture, in turn changing the way environment was altered. The
cultural features in focus are aspects of management and how landscapes were perceived
and organized. In Section 7.3. we briefly consider legacies of infields systems in present-
day landscapes.

7.1. Niche Construction as Alteration of the Environment

The alterations of the environment associated with infield systems were multifaceted,
and it is helpful to categorize these alterations into those manifested locally, and those
which are manifested at the scale of whole landscapes. Local alterations of the environment
could be, for example, construction and management of infield meadows, forest burning to
promote forest grazing, or manipulation of water regimes to promote hay production at
outland mires. However, one may also consider alteration of the environment with regard
to the overall structure of the domesticated landscape, for example, the basic structuring
of landscapes into infields and outlands, the expansion of infields associated with the
emergence of villages, or the development of secondary farms located in the outland.
Thus, a range of interconnected, constructed, and manipulated local environments together
constitute the domesticated landscape, ultimately serving as a basis for people’s subsistence.
Intentionality, or goal-directed behavior [33], may seem obvious. However, the alteration
of environments also includes features that were not intentional. Many other species than
those directly used for hay, crops, and livestock were affected.

The most obvious alteration of the environment was within the infields, for example
the deliberate disturbance necessary to create crop fields, the construction of meadows, and
the transfer of nutrients from hay-meadows to crop fields. Infields were not necessarily
open. Trees were maintained in wooded meadows for production of leaf-hay and for
promoting production of grass-hay, e.g., [117,118]. A sparse cover of trees, and some
shrubs, for example hazel (Corylus avellana), is beneficial for preventing drought, and for
mobilizing soil nutrients. Furthermore, guardian trees were probably held during the Iron



Sustainability 2021, 13, 817 14 of 24

Age for their sacred role, [119] p. 36, and were actually maintained with a similar role until
modern times, a remaining element of paganism almost thousand years after the transition
to Christianity in Sweden.

The infield environment therefore comprised a diversity of micro-habitats which
contributed to make infields suitable for a native pool of species, as this is illustrated by
the exceptionally high local plant species diversity in still remaining historical meadows
and pastures, e.g., [13,14,20]. Acknowledging that evidence is still scarce, evolutionary
responses may have occurred among the favored species [120]. The high species richness
in infield meadows was also influenced by structural features of the domesticated land-
scapes [26]. The total area of open or semi-open land increased, favoring the species pool
associated with open grassland vegetation. Although the area of open landscapes had
increased steadily (although periodically interrupted) since the Neolithic, e.g., [39], infield
systems were associated with an agricultural expansion commencing in the early Iron
Age [16], which continued throughout the whole period of the infield systems’ existence
(although with a few interruptions; see Section 6.3). Infield systems implied that the loca-
tion of farms and the enclosed managed land became spatially stabilized. This means that
the management, for example harvest of hay, took place at the same place repeatedly for a
long period of time. Furthermore, dispersal of species was promoted in landscapes with
many farms or villages, connected by paths for movement of people and livestock. The
increased connectivity promoted colonization of these species at available infield meadows.
Whether the species richness per se may have been perceived as favorable by the farmers
is difficult to say, but it is probably far-fetched to consider most indirect effects on species
richness as intentional.

Turning to alterations of the environment in outlands, we should recognize that these
effects were spatially more extensive, and it is likely that their spatio-temporal permanency
was not the same as in the infields. The use of the outland was more like a dynamic mosaic,
where different parts were used different years, perhaps even with long intervals. The
major use of outland was livestock grazing, and it is well established that until the late 19th
century, and well into the 20th century in marginal regions, vast areas of forest were still
used for livestock grazing, e.g., [83,116].

In boreal and nemoboreal forests (the vegetation zones covering most of Sweden),
natural wildfires are major drivers of ecosystem processes, e.g., [121], and natural fire
intervals have been estimated to be on average c. 80 years (52–160 years, depending
on forest type) for northern Sweden, i.e., slightly more than 1% of the forest area burns
annually [122]. Although the effects of natural wildfires could have been capitalized
on for grazing livestock, fire was also used deliberately to improve grazing conditions
by increasing the abundance and biomass of deciduous species such as birch (Betula
spp.) and aspen (Populus tremula), and grasses such as Deschampsia flexuosa, and herbs
such as Chamaenerion angustifolium [77,123,124]. Resprouting of heather (Calluna vulgaris),
valuable as feed for livestock, is also promoted by fire [77,124]. Furthermore, increasing
fire frequency promotes soil microbial activity, decomposition rates, and availability of
soil nitrogen [121,125], effects which have generally positive effects of plant growth, and
promoting grasses and herbs. Remains of charcoal may also act to reduce any effect of
various allelopathic chemical compounds, i.e., compounds that have negative effects on
other species’ recruitment and growth [126].

Thus, burning improves the conditions for livestock grazing. But what about the
direct effects of grazing per se? There are surprisingly few studies on grazing effects
by livestock in forests, given the interest this old-fashioned land use currently receives
from conservation biology, e.g., [127,128]. The paucity of studies on direct effects of forest
grazing motivates some caution, but it is fairly obvious that forest grazing creates (or
maintains, if the forest has been cleared by burning) relatively open forests, and that the
ground flora becomes dominated by grasses and herbs. It is likely that the grazing effects
are similar to those in open semi-natural grasslands, i.e., altering competitive interactions
so that competitively subordinate species maintain viable populations, reducing litter
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accumulation, causing heterogeneity by disturbance due to trampling and dung deposition,
and promoting a transformation from podzol to mull [115,128]. Up to a certain limit,
these effects (and the effects of regular burning) would initiate a positive feedback process;
the changing conditions due to grazing promote the productivity of feed for livestock.
Although solid data is scarce, these changes promote local-scale species richness [115,129].
The effects on species richness may, however, be small [130], and they may depend on site
productivity so that the effect may even be reversed in low-productive systems [131].

In contrast to the positive effects on local species richness in infields (which was
probably mostly unintentional side-effects of management), the positive effects on species
richness in outlands may have been part of the intentions behind management of grazing
livestock. Of course, there were indirect side-effects as well. Other plant species were fa-
vored by burning management, for example Lycopodium [Diphasiastrum] complanatum [132]
and Geranium bohemicum [133], and it would be far-fetched to interpret these effects as
intended by people conducting forest burning.

What was certainly intended was the expansion of livestock management and agricul-
ture in the outland. This expansion was manifested as a new structuring of the domesti-
cated landscape, incorporating an increasing fraction of the outland (Figure 4), including
managed hay-meadows on mires, and the establishing of secondary farms. These establish-
ments created new focal points in the outland where infields were constructed.

7.2. Niche Construction as Reciprocal Causation

Viewing the whole period from the origin to the end of infield systems, it is obvious
that there are several important factors for these system’s development which are external,
and which cannot be considered as reflecting reciprocal causation, i.e., effects emanating
from responses to previous alternations of the environment in the infield systems. First and
foremost, the technological innovations regarding iron production had a significant impact
not only on the origin of infield systems [18], but also on their transformation. In particular,
the invention of the blast furnace technology during the early Middle Age greatly increased
the amount of iron available for agricultural implements such as ploughs and ards with
iron shares [70], and this was one of the major factors in the transformation to communal
infields with enclosed fallows. Furthermore, societal changes, the growing elite societies
during the Vendel Period and the Viking Age, ultimately embedding farming in a feudal-
like society during the Middle Age, and the formation of nation states some centuries later,
cannot be seen as reflecting reciprocal causation directly involving the infield systems.
Additionally, the expanding market economy, making agricultural production integrated
with other parts of society, such as towns [134] and the iron industry [45], is likely to
have influenced the farmer’s decisions regarding agricultural production. Although the
land reforms launched in the 18th and 19th centuries were partly driven by features of
infield systems (in this case, these system’s inefficiency), these reforms, as with the whole
agricultural revolution [71], were also inspired by a range of technological innovations
concerning agricultural implements and management. To the external factors we should
also add climate change, which was contributing to the two crises described earlier.

A first conclusion is therefore that niche construction involving reciprocal causation
cannot be used as a single explanatory model for important parts of the general develop-
ment of infield systems. External factors defined the possibilities and constraints under
which infields systems originated and developed. However, as was made clear in the
preceding section, infield systems were associated with numerous alterations of the envi-
ronment (both direct and indirect, and intentional and unintentional), and these may have
initiated processes of reciprocal causation involving aspects of culture and the environment.
Thus, niche construction may operate within infield systems, in such a way that both
culture and environment changed.

If we first consider niche construction involving reciprocal causation related to local
alternations of environment, the clearest example concerns a continuous change of man-
agement. It is reasonable that farmers continuously adapted management practices as
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a response to their goals regarding production (food, but also other resources, such as
building material, etc.). One may see farming as a continuous learning process concerning
tools, management practices, and choices of crops, related to local conditions dependent
on previous alternations of environment. This knowledge was transferred laterally (among
farmers) and through generations. For example, through the late Iron Age and the Middle
Age, the blades of scythes became successively longer [16], a direct response to a need for
increasing efficiency of hay-making, and in turn affecting the outcome of the management.
Another example is the knowledge behind the intricate management of wooded infield
meadows, as known from the early 20th century, e.g., [117,118,135] with actions conducted
in a specific sequence, either yearly or less regularly, including raking during spring, choice
of harvest time, and management of pollarded or coppiced trees. This knowledge is likely
to have been built up over many generations and transferred across communities of farm-
ers, and the chosen management affected the outcome of the hay-harvest, and indirectly
also other species inhabiting these species-rich environments.

There are examples from the outland as well. Based on how wetland meadows located
on mires were managed during early 20th century, we know of a plethora of intricate means
by which the water regime was manipulated with the purpose of increasing hay produc-
tion [90]. This knowledge must have accumulated over many generations, in response to
the outcome of hay harvest, and as with the wooded meadows, the management altered the
mire environment. Another example is the synergism between charcoal production (which
opened up forest cover), and slash-and-burn cultivation followed by forest grazing, which
benefitted from the favorable conditions created by the preceding cutting and burning of
the forest [94]. It seems highly likely that such a combination of activities developed over
time, as result of accumulated knowledge gained in response to the effects of the altered
environment.

Reciprocal causation also lies behind development of cultural and environmental fea-
tures manifested at whole domesticated landscapes. The use of commons was encoded in
medieval laws, e.g., [74], and this cultural feature is likely to have developed in continuous
interaction with the development and management of commons. For example, the change
to communal infields, with fallows used as village commons, and the associated use of
outland as commons, did not only change the infield environment, as it also had profound
effects of social relations within villages. Although the laws where these social relations
(or parts of them) were encoded certainly were formed for many other reasons as well, it
is possible to causally connect various aspects of social relationships with the altering of
environments. However, it is difficult to identify “what is the hen and what is the egg”.
For example: Were laws reflecting social relations resulting from a new form of communal
management? Or, were communal management a result of social relations enforced by
laws? The answer is that none of these alternatives is fully correct. The causality worked in
both directions, just as implied in theory of human niche construction.

Another example concerns secondary farms. Irrespective of the outcome of the debate
about when secondary farms first appeared, this form of transhumance is interpreted
as a response to a poorly productive forest environment, e.g., [85,96]. In order to avoid
over-exploitation of the near surroundings of the infields, secondary farms inhabited sum-
mertime were located at some distance from the main farm. Thus, out-located small infield
systems were constructed in the outland, and with this came environmental alterations
due to forest grazing and meadow management (as described in the previous section).
During the centuries preceding the abandonment of most secondary farms in the early 20th
century, these were used particularly for dairy production, butter, and cheese, available for
trade, thus contributing to the farming economy [96]. There are several cultural features
associated with outland use specifically related to secondary farms. Their management
was largely a female activity, including not only handling milking and dairy products,
but also transporting and herding of cattle, in turn creating a mind-map of large tracts
of the outland landscapes, manifested as paths, resting stones, and messages carved into
trees [136,137]. Again, we have a complex of aspects of both culture and environment,
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obviously causally related to each other, but where it is difficult to define a direction of the
causal arrow. The causality worked in both directions.

So far, we have dealt with reciprocal relationships where the components of cul-
ture and environment in a sense enforce each other, i.e., the relationships are allowing,
for example: “Better tools and innovative management lead to increased hay harvest,
increased amount of manure, increased crop production, in turn promoting innovation
etc.”. However, niche construction may also concern constraining relationships, where the
altered environment is pushed to a limit and where the cultural response initiates a more
drastic shift in the future alteration of the environment. This can be considered as a trap
for the niche constructing agent (humans, in this case), and it may lead to consequences
not foreseen or intended when the process started [138]. The events preceding the end of
infield systems described above in Section 6.4 is an example. The deficiencies of infield
systems to satisfy the need for agricultural products encouraged expansion of the crop
field area. This was done partly by transforming productive infield meadows to crop
fields, which in turn led to a lack of livestock fodder and ultimately manure, bouncing
back to reduced crop production. The infield systems were caught in a trap. The solution
that ultimately came implied the initial steps to abandon the infield systems, by replacing
manure with commercial fertilizers (again an external factor), thus decoupling livestock
from crop production. This process also involves reciprocal causation, but associated with
a shift in the altered environment such that one component of the infield systems, managed
meadows, disappeared and was replaced by leys.

Finally, we remark on two speculative examples of how infield systems may have
influenced people’s conceptions. In Old Norse mythology, the place where humans live
was named Midgard (Old Norse: Miðgarðr). Outside Midgard was Utgard (Old Norse:
Útgarðr), the place beyond the world of humans, inhabited by trolls and evil powers [44].
It has for long been speculated that this cosmology is a reflection of infields and outland,
although the idea has also been questioned [119]. Linguistically it makes sense, as garðr
literally means enclosed space, i.e., infields. However, as we have seen, the outland was
far from a place beyond the world of humans, but rather a key to the functioning of the
infield system, and a major contributor to the resilience of the system. Therefore, even if the
Iron Age mythological universe was divided into Midgard and Utgard, and this somehow
corresponded to a landscape with infields and outland, it seems unlikely that people in
their everyday life considered the outland as dangerous and beyond their homeland.

The second example concerns the Old Norse mythological world-tree, the ash Yg-
gdrasill [119]. Ash (Fraxinus excelsior) is probably the best tree to have in wooded meadows.
World-trees exist in many different cultures [119]. Of course, it is impossible to know, but
one may wonder whether the choice of species for the world-tree in the Old Norse culture
was a coincidence.

In conclusion, the development of infield systems, from their origin in the early Iron
Age and until their final demise during the 19th century, involves a range of inter-related
changes affecting both culture and the environment, and where the causalities are reciprocal.
Viewing the changes in a temporal sequence, they work alternately in either direction,
or simultaneously in both directions (Figure 5). Niche construction processes are thus
essential for an understanding of the development of infield systems, even though, as
remarked above, external factors must be considered as well.
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7.3. Legacies of Infield Systems and Current Niche Construction

The infield systems are gone, but they have left plenty of legacies. For example, in
the Swedish countryside, many farms have maintained their Iron Age location, e.g., [64],
and they often have pagan names, referring to Old Norse gods such as Odin, Thor, Freyr,
and Freyja. Traveling through the landscape thus means that one experiences the basic
spatial structure of the former infield systems. Another kind of legacy is the public rights
to access land outside farms and private gardens that is special for the Nordic countries
(except Denmark), a legacy that has been maintained despite the abandonment of outland
commons in the 19th century.

Focusing on the ecological memory, i.e., the alterations of environment which still
remain visible in present-day landscapes, the most obvious and common legacy is what
is today termed semi-natural grasslands [14]. This term is a bit vague, but generally it
means grasslands (including those with a sparse cover of trees, such as wooded meadows)
which previously were used for production of livestock fodder or for grazing, and which
have no obvious traces of previous fertilization and plowing. Semi-natural grasslands are
usually very species-rich, and are nowadays a concern mainly for conservation biology, but
to some extent also for managing and preserving cultural heritage. About a third of Red-
Listed species in Sweden is associated with remains of old agricultural landscapes [139].
There are no exact data on the present-day extent of semi-natural grasslands in Sweden,
but it is estimated that between 255,000 and 270,000 hectares of valuable semi-natural
grasslands remain, of which semi-natural meadows (still managed by mowing) are below
10,000 hectares [140,141]. Even though many of these grasslands have a background as
semi-natural meadows, most of them are currently maintained by livestock grazing, sheep
or cattle. Forest grazing more or less ceased during the 20th century, but is again used for
conservation purposes. Currently, about 16,000 hectares in Sweden are subjected to forest
grazing, excluding those associated with still maintained secondary farms [127].

It is worth noting that features resulting from historical niche construction processes,
in the modern society have been reinterpreted to values related to modern conceptions
such as ecosystem services, cultural heritage, aesthetics, and species richness. This implies
a new kind of niche construction dynamics, a reciprocal causation involving various
conservation programs and subsidies, interacting with the effects these programs have on
these different values [142]. Although it is unclear whether current conservation programs
will be successful in the long-term, and maintain the perceived values of the legacies of



Sustainability 2021, 13, 817 19 of 24

former infield systems, e.g., [141,143], human niche construction is still ongoing, but by
different means.

8. Concluding Remarks

The main conclusion from this examination of the historical ecology of Scandinavian
infield systems is that the theory of human niche construction contributes to an understand-
ing of how domesticated landscapes with these infield systems developed and changed
during the two millennia of their existence. The essential components of human niche con-
struction, alterations of the environment by humans, cultural response to these alternations,
and an ongoing interaction between the processes of change in environment and culture, a
reciprocal causation, are applicable to several of the environmental and cultural features of
infield systems. However, it was also clear that human niche construction is insufficient
as a model for several of the major transitions and changes that occurred in the infield
systems. External factors, which were not directly involved in the reciprocal causation, had
decisive impacts on the development and change. Examples include innovations such as
blast furnace technology for iron production, the rise of an elite society ultimately leading
to feudalism and formation of nation states, availability of commercial fertilizers, and the
growth of a modern forestry industry.

A second conclusion stems from the fact that infield systems proved exceptionally
resilient despite several severe crises affecting farming and people’s livelihood. Twice
during these two millennia, in the 6th and in the 14th centuries, possibly as much as half the
human population succumbed due to famine and plague, and large fractions of settlements
were abandoned. The inherent flexibility in infield systems, in particular the diversified use
of outlands, enabling survival of livestock, and use of a manifold of resources, was vital
for people’s survival. Ultimately however, the infield systems turned out to be insufficient
for feeding a growing human population, and during a period of around hundred years,
infield systems were replaced with the basic landscape infrastructure characteristic for the
modern industrial society: An agriculture focusing on managed fields with both crops
and fodder and maintained by artificial fertilizers and fossil fuel, and a forestry industry
producing timber and pulp.

The infield systems have left many legacies, both in terms of cultural heritage, beautiful
landscapes, and species-rich environments, particularly semi-natural grasslands. Currently,
considerable research efforts are allocated to various issues relating to aspects of what
formerly were infield systems, for example concerning conservation biology, species diver-
sity, ecosystem services, sustainable food production, and carbon sequestration. Deeper
insights into the historical ecology of infield systems would therefore seem to be in order,
and hopefully our examination of the niche construction processes behind this old farming
system will prove valuable.
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