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Abstract: In archaeology, palaeo-ecological studies are frequently used to support archaeological
investigations, but linking and synthesizing datasets and concepts from ecology, ethnography, earth
sciences, and archaeology has historically been rare. While advances in computational approaches
and standards of data collection have enabled more collaborative approaches to understanding the
past, these endeavors are only now beginning to pick up pace. Here, we propose a method to collect
data of these assorted types, synthesize ecological and archaeological understanding, and move
beyond subsistence-focused studies to those that incorporate multifaceted economies. We advocate
for the use of ‘human-centered interaction networks’ as a tool to synthesize and better understand
the role of culture, ecology, and environment in the long-term evolution of socio-ecological systems.
We advance the study of human-centered interaction networks by presenting an archaeoecological
(archaeological-ecological) perspective on the Neolithic transition of the Swifterbant culture in the
northwestern Netherlands (approximately 4700–4000 BCE). We employed network science to better
understand the relationships of animal and plant species to the uses that people made of them. The
analysis of the Swifterbant system reveals a highly connected set of interactions among people, plants,
and animals, as could be expected on the basis of the hypothesis of an ‘extended broad-spectrum
economy’. Importantly, this broad spectrum extends beyond the subsistence sphere.

Keywords: human-centered interaction networks; archaeoecology; Swifterbant culture; network analysis

1. Introduction

Ecosystems as they exist today are the end-result of the long-term interaction between
humans as they spread across the globe and the environments they encountered. Indeed,
no ecosystems today exist without human influence. To truly understand ecosystems as
they exist today, we need to examine how humans in the past modified and changed these
ecosystems for their benefit. While niche construction theory seeks to understand how
humans modify the environments around them (e.g., [1]), there is a great opportunity for
studying the human place within ecosystems using the archaeological record.

One such opportunity to study how humans adapt ecosystems is by looking at the
introduction of crop cultivation and animal husbandry (sometimes referred to as ‘neolithiza-
tion’). This process played out differently across the world, yet often societies continued to
interact with the non-domesticated ecosystem in addition to their domesticates (e.g., [2]),
leading to a richer economic package.

In Central Europe, this process is primarily associated with the spread of the Linear-
bandkeramik or Linear Pottery (LBK) culture that, from 5500 BCE onwards, introduced
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agriculture to most of the area [3]. LBK culture is characterized by drastic socio-economic
changes: people started to live in larger houses and larger groups, and introduced a number
of (cereal) crops and domestic animals [4] to the region, leading to population growth [5]
and changes in the natural environment. LBK culture displays a high degree of social
organization, but also shows signs of internal conflicts [6]. Later, around 4000 BCE, crop cul-
tivation and animal husbandry spread farther west and north to Scandinavia and the British
Isles, also showing patterns of socio-economic reorganization (see [7] for an overview).

From an ecological point of view, the Neolithic transition in Central Europe did not
constitute a dramatic break, ushering in a completely domesticated lifeway, but rather
was a gradual addition of introduced taxa to the endemic flora and fauna. The emphasis
on subsistence economies in studies of the Neolithic transition tends to obscure the fact
that people continued to use the natural environment for many purposes, including for
social and religious ones [8]. The introduction of agriculture and pastoralism did not
divorce people from the relationships they had developed with their environments; rather,
these domesticated taxa augmented the relationships these societies had developed over
millennia with the different wild animal and plant species in their ecosystems. While
several scholars have argued for the slow transition to the Neolithic [9,10] and the persis-
tence of wild-based lifeways (e.g., [11]), teasing out how these multilayered economies
interacted can be challenging, particularly so due to the interdisciplinary nature of the
research involved. How can we assess the persistent importance of flora and fauna over
time in a principled and quantitative manner?

In archaeology, palaeo-ecological studies are frequently used to support archaeo-
logical investigations, but linking and synthesizing datasets and concepts from ecology,
ethnography, earth sciences, and archaeology has historically been rare. While advances in
computational approaches and standards of data collection have enabled more collabora-
tive approaches to understanding the past, these endeavors are only now beginning to pick
up pace. Here, we propose a method to collect data of these assorted types, synthesize eco-
logical and archaeological understanding, and move beyond subsistence-focused studies
to those that incorporate multifaceted economies. We advocate for the use of ‘human-
centered interaction networks’ as a tool to synthesize and better understand the role of
culture, ecology, and environment in the long-term evolution of socio-ecological systems.

We advance the study of human-centered interaction networks by presenting an
archaeoecological (archaeological-ecological) perspective on the Neolithic transition of
the Swifterbant culture in the northwestern Netherlands (approximately 4700–4000 BCE).
We employed network science to better understand the relationships of animal and plant
species to the uses people made of them. Specifically, we aimed to answer the following
research questions:

• What relationships between animal and plant species and their uses by humans can
we identify in the archaeological record?

• How are these relationships organized?
• What does this tell us about the role of both wild and domesticated species in Swifter-

bant culture?
• What does this tell us about the changes in human–environmental interactions as a

consequence of the Neolithic transition?
• Can these approaches demonstrate changing socio-economic priorities with the advent

of domestication?

This approach was developed as part of the ArchaeoEcology Project (http://www.
archsynth.org/the-archaeoecology-project.html) (accessed on 25 May 2021), a multidisci-
plinary project led by Crabtree involving archaeologists, anthropologists, human-behavioral
ecologists, geographers, and ecologists as a means of moving beyond food-web-based
approaches to examine the myriad ways humans have lived in and impacted environments
since the appearance of anatomically modern Homo sapiens sapiens. Food webs, networks
of predator–prey interactions, have been used by ecologists to understand the structure of
communities of taxa in various ecosystems worldwide. Yet food webs only examine con-
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sumption links, so other approaches are needed to examine those connections that are not
related to consumption. As part of this research agenda, several human-centered food webs
were developed [2,12,13] and human-centered interaction networks are being examined
from diverse contexts, including the Ancestral Pueblo, East Polynesia, and the Martu in
Western Australia. In our paper today, we present research from one of our research sites as
an example of some of the ways we can use the archaeological record to better understand
how humans manipulate ecosystems, and how ecosystems provide opportunities and
constraints for societies. The Swifterbant case study is, to date, the oldest that we have
analyzed in this way, and was chosen since the archaeological investigations have yielded
palaeo-environmental information at a level of detail that is unique for the period. It thus
provides a unique window to examine the ways that people have shifted from a purely
hunting-gathering lifeway to one involving domestic animals, allowing for a deeper time
comparison of human-centered interaction networks in our cross-comparison cases.

2. Archaeological Setting
2.1. The Neolithic Transition in the Dutch Wetlands

The northwestern part of the Netherlands during the Early Neolithic (approximately
4700–4000 BCE) was a coastal wetland area where people gradually shifted their lifestyle
from semi-sedentary hunter-gatherer-fishers to agriculturalists. Animal husbandry was
introduced into the area around 4600 BCE [14–16] and cereal crops were cultivated from
approximately 4300 BCE onwards [17]. The ‘consolidation’ of animal husbandry and crop
cultivation is thought to only have been achieved around 3500 BCE, making the north-
western Netherlands one of the last regions in Central Europe to adopt a fully sedentary,
agriculturalist lifestyle, with an extremely long substitution phase [18,19], although recent
zooarchaeological research suggests that, at least for animal husbandry, this consolidation
was achieved earlier [20]. This is in clear contrast to the quick transition exemplified by
LBK culture farther south around 5300 BCE.

The pace and method of introduction of cereals in the region are still poorly un-
derstood. Compared with the areas farther south, only a limited number of crops were
introduced (barley and emmer wheat). Local cultivation of cereals before 4000 BCE was
doubted until micromorphological soil analysis confirmed the existence of tilled middens at
Swifterbant [21,22]. It is possible that the slow adoption of agriculture was the consequence
of the specific environmental conditions in the region that offer few opportunities for farm-
ing [17,23]. Furthermore, the availability of rich natural food resources in the wetlands may
have made a transition to a fully agricultural lifestyle both unnecessary and undesirable—a
‘mistake’. However, socio-cultural factors may have been important for the delay as well,
especially since evidence for direct cultural influence from the LBK-influenced area far-
ther south is lacking [23,24]. Generalized theories on ‘neolithization’ [3,14] have not been
very successful in explaining why Swifterbant culture was relatively slow to pick up the
Neolithic lifestyle in the 5th millennium BCE, but at the same time was not completely
resistant to it, as were the cultures of South Scandinavia.

Raemaekers [25] questioned the narrative of an extremely long, 1000-year substitution
phase. Recently, he argued that the first phase of animal husbandry introduction in the
area did not lead to any significant social changes. In contrast, the introduction of cereal
cultivation from 4300 BCE onwards is accompanied by clear signals of social change, such
as the introduction of new pottery types and the ritual deposition of cattle horns [26]. The
transitional phase would then have taken, at most, a few centuries.

For the purposes of this paper, the actual pace of change is not of great importance.
The point made by Raemaekers about social change, however, is central to the idea that the
introduction of animal husbandry and crop cultivation did not completely transform the
way people interacted with their environment, precisely because it is about much more
than simply cuisine. Unlike traditional models of ‘(extended) broad-spectrum economies’
that are based on a narrow view of economic optimization strategies, we want to em-
phasize that the relationship between humans and ecosystems is much broader than this,
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and encompasses the many uses humans have for biota. By moving our focus to cate-
gories that encompass the myriad ways people impact ecosystems, we can examine how
the Swifterbant people embedded themselves in ecosystems and how domestic animals
and crops changed (or did not change) the ways they manipulated and conceptualized
their environment.

2.2. The Swifterbant Sites

The area around Swifterbant was archaeologically investigated from the late 1960s
onwards, and is characterized by an unusually rich set of archaeological [24,27,28], zooar-
chaeological [29–31], and archaeobotanical data [32–35]. This makes it a perfect case study
to explore the relationships between humans, animals, and plants, and to investigate the
effects of the introduction of animal husbandry and crop cultivation on these relationships.

The excavations at Swifterbant completely changed the narrative of the Mesolithic–
Neolithic transition in the Netherlands. Later research in other parts of the wetlands of
the Netherlands confirmed that ‘Swifterbant culture’ was a unique and distinct regional
phenomenon in the coastal zones of the Netherlands and adjacent Germany in the period
between 5000 and 3400 BCE, where mixed subsistence strategies were pursued. It was
characterized by specific pottery styles [24], stone tools [36], and burial customs [37].

Over the course of time, the environmental conditions in the Swifterbant area changed
considerably due to continuous sea-level rise. Around 4300 BCE, freshwater tidal creeks
reached far inland, with marshlands developing alongside the creek levees [34]. The levees
supported forests, and provided opportunities for human settlement (Figure 1). From these
settlements, the Swifterbant people could exploit the marshlands and forests to fish and
hunt, and on the levees they grew their crops and herded their cattle, but it seems clear
that the settlements were only seasonally occupied [17].
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Around 4000 BCE, the area around Swifterbant became too wet for habitation and
was eventually flooded from around 3700 BCE onwards [38]. The Swifterbant settlements
were covered and preserved under peat, estuarine, and marine clays [39,40]. When the
polder of Oost-Flevoland was drained in 1957, this fossilized landscape was rediscovered,
presenting a unique window into a crucial phase of the human past.

2.3. Data Collection

For the current case study, an inventory was made of published archaeobotanical
(macro-remains and pollen) and zooarchaeological data from the sites of Swifterbant S3,
S4, and S25, and Noordoostpolder P14. This last site is located some 12 km northeast of
Swifterbant, but shares many similarities. In total, we have identified 186 species, of which
48 are animal species (see Table 1 and Supplementary Materials S1).

Table 1. Breakdown of species by class.

Class Number of Species

bird 13
fish 15

fungus 2
mammal 20

moss 18
plant 99
tree 19
total 186

To develop the use categories to record our data, participants of the ArchaeoEcology
Project met at the Santa Fe Institute in 2016 to determine how to assess the uses of various
taxa in the past. Here we focus only on biotic remains, necessarily leaving out lithics from
our analyses, but as our question is nominally “how do people exploit ecosystems?”, it is
necessary to remove the abiotic environment as a variable. These identified categories are
listed in Table 2 and are intended to be as cross-cutting as possible. In Table 3 we list, in
descending order, the counts of representation for each of our use types. Figure 2 shows
these results graphically.

Table 2. Categories used in this analysis identified by ArchaeoEcology Project members.

Category Explanation

artifact anything used to make portable artifacts such as tools, bowls, utensils
clothing includes personal adornment such as garlands and perfume
companion commensal animals and pets such as dogs
food anything ingested for nutrition, including spices
fuel anything used for heat, cooking, illumination
housing anything used for timber, thatch, mats, posts, etc.
medicinal anything ingested or applied for health reasons
ornamental any taxa used for secular aesthetic reasons beyond personal adornment
ritual includes tribute and religious use, monuments, shrines
structural for constructing structures aside from houses
trade anything used as a trade/exchange good, or that was traded/exchanged in from elsewhere
transportation anything used to move across the land/sea such as boats, horses, etc.
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Table 3. Frequency of representation for each use type.

Category Count Percentage

artifact 43 14.3%
clothing 14 4.7%

companion 1 0.3%
food 95 31.6%
fuel 31 10.3%

housing 18 6.0%
medicinal 64 21.3%

ornamental 4 1.3%
ritual 12 4.0%

structural 15 5.0%
trade 0 0.0%

transportation 4 1.3%
total 301 100.0%
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The assignment of uses to species is mostly based on direct evidence of consumption,
the presence of specific artifacts, and evidence for ritual uses from the Swifterbant sites.
Because of the lack of evidence for trade and/or exchange of plant and animal species,
this use category is not represented in our data set. However, we have attributed various
other, not directly attested, uses on the basis of historical and ethnographic accounts,
evidence from archaeological sites outside the region, and/or ecological knowledge (see
Supplementary Materials S1). In particular, this is true of species that may have been used
for medicinal purposes, and for edible species that have not been observed directly in
archaeological contexts. However, we do not claim that this inventory is fully exhaustive,
or that the assignment of unrecorded uses is necessarily correct.

Food is the predominant use category identified. This is partly a consequence of the
focus of much archaeological research on identifying food resources, but it also shows the
position of humans as an omnivorous species. The most frequently occurring uses are the
ones that are directly related to individual human needs (food, medicine, artifacts, and
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fuel). Less dominant uses are associated with collective practices, in particular construction
and ritual.

For 53 species (28.5%), no specific uses could be assigned on the basis of the available
evidence. This includes species that may not have been used, but were identified in the
macro-remains and pollen record as being part of the natural vegetation. Others might
have had uses we have not been able to identify, or that could not reasonably be assigned
to a specific use. The presence of these taxa, however, help us identify the available
biodiversity of the site. If, indeed, 53 species were not used by residents of Swifterbant,
this suggests they used 71.5% of the available biota. For comparison, published food webs
identify around 25% of available taxa being exploited by humans for food [12], compared
with 51.1% in our own data. We are, however, missing a large group of plants, insects,
and gastropods in our inventory, making it difficult to make a good comparison with
modern-day food webs.

Because of the diverse nature of the data sources, the coupling of species to use
categories presented here is only preliminary, and a more elaborate analysis of potential
uses is desired for future study. Nevertheless, our inventory should be detailed enough to
describe the major patterns of plant and animal use at Swifterbant.

2.4. Network Analysis

In order to better understand the relationships between species and their use by
humans, we have applied a bipartite network analytical approach. By formalizing the
human–environmental interactions as a network, we can quickly extract quantitative
measures and visualize the connections between species and use categories.

Here, we specifically employ the use of bipartite networks—which have been used
in ecology to model predator–prey relationships and mutualistic networks, such as polli-
nation networks—and are a useful analytical tool for examining the connections among
species [41–44]. In bipartite networks, there are two different categories of nodes, and
nodes within one category cannot be connected to one another; connections can only exist
between categories. In the example of plant–pollinator networks, two flowers cannot
directly connect, while pollinators cannot directly connect either. Only pollinators (such
as hawk moths) and plants (such as flowers) can directly connect. Our analyses therefore
follow precedent in ecology, though we employ bipartite network analysis in a novel way.
Specifically, we imagine that the two possible columns in the network are the species
themselves as one column, and the uses that humans establish for species are the other.
The uses cannot directly connect, nor can the species directly connect, but it is through the
intervention of humans that these are connected.

The network analysis was run in Cytoscape v. 3.7.2, employing the CentiScaPe
package [45], to focus our metrics on centrality measures using the list of species and their
use categories (see Supplementary Materials S2). Each species and each use category thus
becomes a node in the network, but links (edges) are only allowed between species and use
categories. The program was then used to visualize the results and analyze the following
metrics: degree, betweenness centrality, bridging centrality, eccentricity, and eigenvector
centrality. These all have specific characteristics that are shortly explained here.

1. Degree measures the number of direct connections between the nodes, so in this case,
it shows the number of use categories per species and vice versa.

2. Betweenness centrality is used to measure how essential a node is to the network.
In order to ‘travel’ through the network, certain nodes will be passed more often
than others. In contrast to social and geographical networks, where betweenness
centrality is often used to identify the persons or places that are in control of (parts
of) the network, in our case betweenness centrality can be seen as a measure of how
crucial a species is for connecting use categories and vice versa.

3. Bridging centrality [46] combines degree and betweenness centrality: what nodes
are highly connected, as well as crucial for connecting the network? Potentially, these
are the nodes that connect different clusters in the network.
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4. Eccentricity will measure for each node the path distance to the node that is farthest
away. A high eccentricity value for a node implies that the farthest node in the
network is relatively near, so a node with a high eccentricity is one that is relatively
central to the network. In our case, it can be used to understand what species are
relatively well connected to different use categories.

5. Eigenvector centrality, finally, can be used to understand the hierarchy of the network
by identifying the most influential nodes. Nodes with high eigenvector centrality have
a large number of connections, but are also connected to other nodes to a high degree.

It should be pointed out that these network metrics are designed for the analysis of
one-mode networks [47,48]. It is therefore common practice to project bipartite (two-mode)
networks to one-mode for analysis of one of the node types involved, which inevitably
leads to loss of information. Furthermore, the metrics for projected networks then tend
to overestimate the connectedness of the nodes [49]. A number of alternative strategies
have been proposed to deal with this effect [49,50] that use specific assumptions about the
functioning of social or ecological networks to measure the interactions between nodes
in bipartite networks [44,50–52]. Our networks, however, are not truly dynamic social or
ecological networks since the taxa themselves do not interact and will not actively form
ties over the network. We have therefore only analyzed the (static) connections between
uses and taxa, for which standard network metrics provide sufficient information. We
do, however, acknowledge that the development of analytic techniques specific to our
networks could be a fruitful topic for future research.

3. Results

Our analyses suggest that, much as with ecological networks, we find a natural
structure that emerges between the two columns of our network and, as with ecological
networks, a fair amount of modularity exists within the structure. Specifically, there
is overlap among functionally similar species (such as woody species for construction)
that help to structure the network. This emergent structure in these analyses, and the
similarity to ecological networks, suggest that how the Swifterbant people used taxa
follows underlying properties of the ecological networks they embedded themselves
within. Further, the use of both wild and domesticated taxa is integrated within the
network—there are no subsets of the network that form domesticated taxa. We explore
these results below.

For each metric, the results for the top 25 nodes are summarized in Figures 3–7. A
visual representation of the network structure is given in Figure 8.

3.1. Degree

The nodes in the network that have most connections are use categories rather than
individual species (Figure 3). Many species can serve a particular use, whereas individual
species mostly have a limited number of uses. The degree of the use categories is equal to
the numbers given in Table 2 and Figure 2, showing that the bipartite network structure is
strongly dominated by the food, medicinal, artifact, and fuel categories. The species with
most uses (five or six) are predominantly trees, cereals, and reeds, with only Equus caballus
(horse) featuring as a wild animal with five uses.
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3.2. Betweenness Centrality

For betweenness centrality (Figure 4), the use categories are ordered similarly as for
degree, showing the high importance of the use categories for connecting the network.
Looking at individual species, betweenness centrality is high for trees, cereals, and large
mammals. Other relatively high-ranking species have in common that they have atypical
use combinations, so they are the ones that provide specific connections between parts
of the networks. The dog (Canis lupus familiaris) is a good example of this, as it is the
only species that can be considered a companion. Similarly, Urtica dioica (stinging nettle)
links artifacts and clothing. However, the high rank of some of these nodes is somewhat
deceptive, since there exist more ways to ‘traverse’ the network, but these are simply not
as direct.

3.3. Bridging Centrality

Bridging centrality (Figure 5) prioritizes species that directly link important use
categories. Therefore, we find several bird species at the top because they link food and
artifacts, but nothing else. The top species are all species that would not normally be
considered important from an archaeobotanical point of view.

3.4. Eccentricity

The differences in eccentricity values (Figure 6) are minimal, with only two values
present in the top 25. Large mammals are important, but Urtica dioica and various birds
are present as well. All in all, this points to the fact that the whole network is fairly well
connected, with no clear ‘hubs’ and no clear outliers.

3.5. Eigenvector Centrality

The use categories with highest eigenvector centrality (Figure 7) are, unsurprisingly,
the ones that have the highest degree and betweenness centrality, even when the ordering
is slightly different. The most important species are trees, cereals, and reeds. These can all
be used for construction and as fuel, as well as having additional uses as food, medicine,
or artifacts.
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4. Discussion

The network analysis metrics applied consistently prioritize species with multiple use
categories. Some species occupy special positions within the network because they are the
only ones directly linking our various use categories. However, the use network is on the
whole well-connected, with few obvious ‘hub’ species, pointing to the functional similarity
of many taxa that can be used for similar purposes. Of course, this does not mean that uses
could not have been very specific, but there is little reason to suspect that the Swifterbant
people were highly dependent on specific key species to maintain their way of life. This
confirms the idea of a ‘broad-spectrum economy’ in a resource-rich natural environment
that extends beyond the sphere of subsistence.

4.1. Network Structure

Visual inspection of the network (Figure 8) supports the conclusion above: the network
is fairly well-connected. However, some use categories are clustered, in particular housing,
structural, transportation, and fuel. This is, of course, the consequence of wood being used
for all of these purposes. The ‘socio-cultural’ sphere of clothing, ornamental, and ritual is
also clustered, and dominated by mammal species.

The medicinal and food spheres are characterized by a substantial number of species
that have no other uses attached. In particular, this is true for most fish species and many
herbal plants. Many plants, however, have both medicinal and food uses.

Artifacts, while often acting as a bridge between the different spheres of use, are also
connected to a number of single-use species, in particular birds.

In the socio-cultural sphere, we again find a substantial number of ‘single use’ species,
in particular small mammals used for clothing. The large mammals constitute the main
bridge to other uses (food and artifacts). We must keep in mind, though, that for many
social uses (in particular trade/exchange and ritual), evidence is completely lacking, even
when these uses can be considered plausible.

Large mammals and birds are most integrated in the network. Domestic animals
(cattle, pigs, and ovicaprids) are especially important in this respect and occupy a similar
position to large wild mammals. Cereals (Hordeum vulgare and Triticum turgidum ssp.
dicoccum) also play an important role in the network by providing construction materials
and fuel in the form of straw.

4.2. Cereals

When we remove the introduced species (cereals and domestic animals) from the
network, its structure does not fundamentally change (Figure 9). In particular, the in-
troduction of cereals would not seem necessary from a subsistence-economic point of
view, an observation that has been made previously [18,23]. From an ecological point of
view, agriculture may only have had a limited impact on the ecosystem [53]. Some weeds
(ruderals) and small animals (rodents, birds) may have profited from the cultivation of
cereals, but these were not new additions. As a consequence, it would seem that cereal
cultivation could have been introduced at low socio-cultural and ecological cost. Perhaps it
was not necessary for subsistence, but it did not hurt, and did not fundamentally change
human–environmental relationships at Swifterbant.

An additional consideration is the supposed semi-sedentary nature of the settlements
at Swifterbant. Seasonal relocation to the ‘uplands’ (at least 25 km inland) may have been
necessary because of winter flooding of the levees [34]. This assumption is, to some extent,
supported by isotope research on burials showing a higher proportion of terrestrial proteins
than can be expected from a wetland environment alone [54,55], but it is hard to interpret
the dietary implications of this. In any case, the ‘inland’ system would have had different
characteristics from the wetland system, coupled to less available plant food resources in
winter. This becomes clear when we run the analysis for such a ‘winter habitat’ (Figure 10).
Aquatic species are not available, which leads, when coupled to the reduced availability
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of green plants, to a much more limited spectrum of foodstuffs dominated by wild and
domestic mammals.
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It can be assumed that long-term storage of food—for example by smoking of fish and
meat or by collecting non-perishable foodstuffs such as hazelnuts—would have played
an important role in winter subsistence. Growing cereals that can be easily stored and
transported may thus have provided an additional way of dealing with potential food
shortages in winter, and in that sense may be seen as part of a strategy to further widen the
food economy spectrum. However, it is clear from the zooarchaeological assemblages that
hunting (and presumably fishing) in the wetlands was also carried out in winter [53]. The
distance is not prohibitive in this respect.

4.3. Animal Husbandry

Domestic animals take a central position in the system and ‘compete’ with wild
mammals as providers of food, but also of tools, clothing, and ornaments. For example,
teeth of both wild ungulates and domestic animals were used as beads and hangers and
were found in burials at Swifterbant [56]. This ‘non-food’ usage of large mammals was
as important as their use for subsistence. Domestic animals have the advantage of being
reliably present when needed, playing the role of both fridge and toolbox on four legs. They
most probably would have followed the Swifterbant people when they moved inland in
winter [53]. From an ecological point of view, cattle and ovicaprids do not just use available
pasture, but also actively create and maintain it. Since grasslands are also attractive to
wild animals such as elk and deer [53], the domestic animals thus may have also helped to
attract more of these.

Much of the debate on whether Swifterbant culture fully adopted the ‘Neolithic’
lifestyle hinges on the relative presence of domestic animals in bone assemblages. While
LBK assemblages often show them taking up to 90% of the total, in Swifterbant assemblages
they typically do not exceed 50%, which is often seen as a critical value [3,10]. It should,
however, be pointed out that the successors of LBK culture further south (Rössen and
Michelsberg cultures) show a reversal when compared with LBK, with bone assemblages
indicating an increase in wild animal proportions [14]. In addition, within Swifterbant sites
there are clear differences in the proportions of domestic animals [10,25]. These differences
are thought to reflect adaptation to local environmental conditions.

Raemaekers [25,26] further emphasizes that the incorporation of domestic animals
into the ritual sphere only took place a few hundred years after their introduction as sources
of food and artifacts. Depositions of aurochs horns seem only to have been followed by
similar depositions of cattle horns after 4000 BCE [57]. This observed role of wild animals
in ritual deposition points to their importance in the belief systems of Swifterbant people,
and may therefore have delayed the replacement of wild animals by domestic ones.

5. Conclusions

In this paper, we applied a network analytical approach to understanding human–
environmental relationships in Swifterbant culture. The main advantage of this approach is
that it allows us to bring together archaeological, zooarchaeological, and archaeobotanical
data in a single network of interactions. This overview of human–environmental interac-
tions is extremely valuable to visualize and interpret the complex relationships involved at
a relatively high level of abstraction. Entanglements and vulnerabilities within the system
can be identified, either through visual inspection, or by calculating appropriate network
metrics, and comparisons between systems can easily be made.

The analysis of the Swifterbant system reveals a highly connected set of interactions
among people, plants, and animals. The system relied on the inclusion of many species,
without any of them playing a dominant role for specific uses, as could be expected on the
basis of the hypothesis of an ‘extended broad-spectrum economy’. Importantly, this broad
spectrum extends beyond the subsistence sphere. Nevertheless, some use groups relied on
the same set of species. A central role can be assumed for wild and domestic mammals,
which were used for food, clothing, tools, personal adornment, and rituals. Trees, on the
other hand, played a central role in construction purposes and the making of tools. Other
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species were only single-use. This is true, in particular, for fish and herbs as sources of
food, small mammals that were used for clothing, and herbs used for medicinal purposes.

The analysis does not provide direct answers to the reasons for the slow transition
to agriculture at Swifterbant. Cereals seem to have had only limited importance as a
food resource, and may have been grown as a back-up food source for the winter season.
Domestic mammals, on the other hand, occupied a more important role in the system,
supplementing wild mammals as sources of food, tools, and clothing.

This work exposes how the modern ecosystem is itself the end product of hundreds of
generations of human–ecosystem interaction, and demonstrates how to use archaeological
and past ecological data to provide a better understanding of the ways in which people
and ecosystems interact [58]. This paper represents the first of a series of papers from
the ArchaeoEcology Project aiming to understand the archaeoecology of multiple systems
worldwide. Future research will not only investigate system-specific cases, as we have here
in Swifterbant, but will work to compare between regions to demonstrate the human place
in ecosystems worldwide.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/app11114860/s1. Dataset S1: List of species and their uses, Dataset S2: Cytoscape networks.
The following references are cited in the dataset for the observed species: [17,29,30,32,33,53,59–63];
for the use categories: [26,29,32,53,57,61,64–68]; and various websites are listed in the dataset.

Author Contributions: Conceptualization, P.V. and S.A.C.; methodology, S.A.C.; formal analysis, P.V.
and S.A.C.; data curation, P.V.; writing—original draft preparation, P.V. and S.A.C.; writing—review
and editing, P.V., S.A.C., H.P., and D.R. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was supported by a grant from the Coalition for Archaeological Synthesis
(CfAS), and was developed with support from the Santa Fe Institute and the Quadra Centre for
Coastal Dialogue and the Tula Foundation.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All generated data is present in the Supplementary Files.

Acknowledgments: A large part of the data collection was done by Emily Vella in January 2018,
an MSc student in Archaeology at the University of Leiden at that time. We would like to thank
our colleagues in the ArchaeoEcology Project, in particular Jennifer Dunne (SFI), for their enduring
enthusiasm and contribution to this collective effort.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Odling-Smee, J.; Erwin, D.H.; Palkovacs, E.P.; Feldman, M.W.; Laland, K.N. Niche Construction Theory: A Practical Guide for

Ecologists. Q. Rev. Biol. 2013, 88, 3–28. [CrossRef] [PubMed]
2. Crabtree, S.A.; Vaughn, L.J.; Crabtree, N.T. Reconstructing Ancestral Pueblo food webs in the southwestern United States. J.

Archaeol. Sci. 2017, 81, 116–127. [CrossRef]
3. Zvelebil, M. (Ed.) Hunters in Transition: Mesolithic Societies of Temperate Eurasia and Their Transition to Farming; Cambridge

University Press: Cambridge, UK, 1986.
4. Bakels, C.C. The Western European Loess Belt. In The Western European Loess Belt; Springer Science and Business Media LLC:

Dordrecht, The Netherlands, 2009.
5. Bocquet-Appel, J.-P. Explaining the Neolithic Demographic Transition. In The Neolithic Demographic Transition and its Consequences;

Bocquet-Appel, J.-P., Bar-Yosef, O., Eds.; Springer Science and Business Media LLC: Berlin/Heidelberg, Germany, 2008; pp. 35–55.
6. Golitko, M.; Keeley, L.H. Beating ploughshares back into swords: Warfare in theLinearbandkeramik. Antiquity 2007, 81, 332–342.

[CrossRef]
7. Whittle, A.W.R.; Cummings, V. (Eds.) Going Over: The Mesolithic-Neolithic Transition in North-West Europe; Proceedings of the

British Academy; The British Academy: Oxford, UK, 2007; Volume 144.

https://www.mdpi.com/article/10.3390/app11114860/s1
https://www.mdpi.com/article/10.3390/app11114860/s1
http://doi.org/10.1086/669266
http://www.ncbi.nlm.nih.gov/pubmed/23653966
http://doi.org/10.1016/j.jas.2017.03.005
http://doi.org/10.1017/S0003598X00095211


Appl. Sci. 2021, 11, 4860 17 of 19

8. Verhoeven, M. The Birth of a Concept and the Origins of the Neolithic: A History of Prehistoric Farmers in the Near East.
Paléorient 2011, 37, 75–87. [CrossRef]

9. Zvelebil, M. The agricultural transition and the origins of Neolithic society in Europe. Doc. Praehist. 2001, 28, 1–26. [CrossRef]
10. Kooijmans, L.P.L. The gradual transition to farming in the Lower Rhine Basin. In Going Over: The Mesolithic-Neolithic Transition in

North-West Europe; Whittle, A.W.R., Cummings, V., Eds.; Proceedings of the British Academy; The British Academy: Oxford, UK,
2007; Volume 144, pp. 287–309.

11. Marchand, G. Neolithic fragrances: Mesolithic-Neolithic interactions in western France. In Going Over: The Mesolithic-Neolithic
Transition in North-West Europe; Proceedings of the British Academy: Oxford, UK, 2007; Volume 144, pp. 224–242.

12. Dunne, J.A.; Maschner, H.; Betts, M.W.; Huntly, N.; Russell, R.; Williams, R.J.; Wood, S.A. The roles and impacts of human
hunter-gatherers in North Pacific marine food webs. Sci. Rep. 2016, 6, 21179. [CrossRef] [PubMed]

13. Crabtree, S.A.; Bird, D.W.; Bird, R.B. Subsistence Transitions and the Simplification of Ecological Networks in the Western Desert
of Australia. Hum. Ecol. 2019, 47, 165–177. [CrossRef]

14. Raemaekers, D.C.M. The Articulation of a ‘New Neolithic’. The Meaning of the Swifterbant Culture for the Process of Neolithisation in the
Western Part of the North European Plain (4900-3400 BC); Archaeological Studies Leiden University; University of Leiden: Leiden,
The Netherlands, 1999.

15. Oversteegen, J.H.S.; van Wijngaarden-Bakker, L.H.; Maliepaard, C.H.; van Kolfschoten, T. Zoogdieren, vogels en reptielen. In
Hardinxveld-Giessendam De Bruin. Een kampplaats uit het Laat-Mesolithicum en het Begin van de Swifterbant-Cultuur (5500-4450
v. Chr.); Louwe-Kooijmans, L.P., Ed.; Rapportage Archeologische Monumentenzorg; Rijksdienst voor het Oudheidkundig
Bodemonderzoek: Amersfoort, The Netherlands, 2001; pp. 209–298.

16. Çakırlar, C.; Breider, R.; Koolstra, F.; Cohen, K.M.; Raemaekers, D.C.M. Dealing with domestic animals in the fifth millennium cal
BC Dutch wetlands: New insights from old Swifterbant assemblages. In Farmers at the Frontier. A Pan European Perspective on
Neolithisation; Gron, K.J., Sørensen, L., Rowley-Conwy, P., Eds.; Oxbow Books: Oxford, UK, 2020; pp. 263–287.

17. Cappers, R.T.J.; Raemaekers, D.C.M. Cereal Cultivation at Swifterbant? Neolithic Wetland Farming on the North European Plain.
Curr. Anthropol. 2008, 49, 385–402. [CrossRef]

18. Louwe-Kooijmans, L.P. Wetland Exploitation and Upland Relations of Prehistoric Communities in The Netherlands. In Flatlands
and Wetlands: Current Themes in East Anglian Archaeology; Gardiner, J., Ed.; East Anglian Archaeology Report; Scole Archaeological
Committee for East Anglia: Norwich, UK, 1993; pp. 71–116.

19. Dusseldorp, G.L.; Amkreutz, L.W.S.W. A Long Slow Goodbye—Re-Examining the Mesolithic—Neolithic Transition (5500–2500
BCE) in the Dutch Delta. Analecta Praehist. Leiden. 2020, 50, 121–142.

20. Kamjan, S.; Gillis, R.E.; Çakırlar, C.; Raemaekers, D.C.M. Specialized cattle farming in the Neolithic Rhine-Meuse Delta: Results
from zooarchaeological and stable isotope (δ18O, δ13C, δ15N) analyses. PLoS ONE 2020, 15, e0240464. [CrossRef]

21. Huisman, D.; Jongmans, A.; Raemaekers, D.C.M. Investigating Neolithic land use in Swifterbant (NL) using micromorphological
techniques. Catena 2009, 78, 185–197. [CrossRef]

22. Huisman, D.; Raemaekers, D. Systematic cultivation of the Swifterbant wetlands (The Netherlands). Evidence from Neolithic
tillage marks (c. 4300–4000 cal. BC). J. Archaeol. Sci. 2014, 49, 572–584. [CrossRef]

23. Out, W.A. Growing habits? Delayed introduction of crop cultivation at marginal Neolithic wetland sites. Veg. Hist. Archaeobotany
2008, 17, 131–138. [CrossRef]

24. Raemaekers, D.; de Roever, J.P. The Swifterbant pottery tradition (5000-3400 BC): Matters of fact and matters of interest. In Pots,
Farmers and Foragers. Pottery Traditions and Social Interaction in the Earliest Neolithic of the Lower Rhine Area; Vanmontfort, B., Louwe
Kooijmans, L.P., Amkreutz, L., Verhart, L.B.M., Eds.; ASLU; Leiden University Press: Leiden, The Netherlands, 2010; pp. 135–149.

25. Raemaekers, D.C.M. Cutting a long story short? The process of neolithization in the Dutch delta re-examined. Antiquity 2003, 77,
740–748. [CrossRef]

26. Raemaekers, D.C.M. Taboo? The process of Neolitisation in the Dutch wetlands re-examined (5000–3400 cal BC). In Contacts,
Boundaries & Innovation. Exploring Developed Neolithic Societies in Central Europe and Beyond; Gleser, R., Hofmann, D., Eds.; Sidestone
Press: Leiden, The Netherlands, 2019; pp. 91–102.

27. van der Waals, J.D.; Waterbolk, H.T. Excavations at Swifterbant—Discovery, Progress, Aims, and Methods (Swifterbant Contribu-
tion 1). Helinium 1976, 16, 4–14.

28. Raemaekers, D.C.M.; Devriendt, I.; Cappers, R.T.J.; Prummel, W. Het Nieuwe Swifterbant Project. Nieuw Onderzoek Aan de
Mesolithische En Neolithische Vindplaatsen Nabij Swifterbant (Provincie Flevoland, Nederland). Notae Praehistoricae 2005, 25,
119–127.

29. Clason, A.T. Worked Bone, Antler and Teeth. A Preliminary Report (Swifterbant Contribution 9). Helinium 1978, 18, 83–86.
30. Clason, A.T.; Brinkhuizen, D.C. Swifterbant, Mammals, Birds, Fishes. Preliminary Report (Swifterbant Contribution 8). Helinium

1978, 18, 69–82.
31. Kranenburg, H.; Prummel, W. The use of domestic and wild animals. In Swifterbant S4 (the Netherlands): Occupation and Exploitation

of a Neolithic Levee Site (c. 4300-4000 cal. BC); Raemaekers, D.C.M., de Roever, J.P., Eds.; Groningen Archaeological Studies;
Barkhuis Publishing: Eelde, The Netherlands, 2020; Volume 36, pp. 76–94.

32. Casparie, W.A.; Mook-Kamps, B.; Palfenier-Vegter, R.M.; Struijk, P.C.; van Zeist, W. The Paleobotany of Swifterbant (Swifterbant
Contribution 7). Helinium 1977, 17, 28–55.

http://doi.org/10.3406/paleo.2011.5439
http://doi.org/10.4312/dp.28.1
http://doi.org/10.1038/srep21179
http://www.ncbi.nlm.nih.gov/pubmed/26884149
http://doi.org/10.1007/s10745-019-0053-z
http://doi.org/10.1086/588494
http://doi.org/10.1371/journal.pone.0240464
http://doi.org/10.1016/j.catena.2009.03.006
http://doi.org/10.1016/j.jas.2014.05.018
http://doi.org/10.1007/s00334-008-0152-z
http://doi.org/10.1017/S0003598X00061688


Appl. Sci. 2021, 11, 4860 18 of 19

33. Van Zeist, W.; Palfenier-Vegter, R. Seeds and Fruits from the Swifterbant S3 Site. Final Rep. Swifterbant IV Palaeohistoria 1981, 23,
105–168.

34. Schepers, M. Wet, Wealthy Worlds: The Environment of the Swifterbant River System during the Neolithic Occupation (4300–4000
Cal BC). J. Archaeol. Low Ctries. 2014, 5, 79–106.

35. Schepers, M.; Bottema-Mac, G.N. The vegetation and exploitation of plant resources. In Swifterbant S4 (The Netherlands): Occupation
and Exploitation of a Neolithic Levee Site (c. 4300–4000 cal. BC); Raemaekers, D.C.M., de Roever, J.P., Eds.; Groningen Archaeological
Studies; Barkhuis Publishing: Eelde, The Netherlands, 2020; Volume 36, pp. 51–75.

36. Devriendt, I. Swifterbant Stones: The Neolithic Stone and Flint Industry at Swifterbant (the Netherlands): From Stone Typology and
Flint Technology to Site Function; Groningen Archaeological Studies; Barkhuis/Groningen University Library: Groningen, The
Netherlands, 2013.

37. Raemaekers, D.; Smits, L.; Molthof, H.M. The Textbook “dealing with Death” from the Neolithic Swifterbant Culture (5000–3400
BC), The Netherlands. Ber. Römisch-Ger. Komm. 2009, 88, 479–500.

38. Raemaekers, D.C.M.; Geuverink, J.; Woltinge, I.; van der Laan, J.; Maurer, A.; Scheele, E.E.; Sibma, T.; Huisman, D.J. Swifterbant-
S25 (Gemeente Dronten, Provincie Flevoland). Een Bijzondere Vindplaats van de Swifterbant-Cultuur (ca. 4500-3700 Cal. BC).
Palaeohistoria 2014, 56, 1–56.

39. Ente, P.J. The Geology of the Northern Part of Flevoland in Relation to the Human Occupation in the Atlantic Time. Helinium
1976, 16, 15–35.

40. Price, T.D. Swifterbant, Oost Flevoland, Netherlands: Excavations at the River Dune Sites, S21–S24, 1976: Final Reports on
Swifterbant III. Palaeohistoria 1981, 75–104.

41. Dormann, C.F.; Gruber, B.; Fründ, J. Introducing the Bipartite Package: Analysing Ecological Networks. Interaction 2008, 8, 8–11.
42. Dormann, C.F.; Frund, J.; Bluthgen, N.; Gruber, B. Indices, Graphs and Null Models: Analyzing Bipartite Ecological Networks.

Open Ecol. J. 2009, 2, 7–24. [CrossRef]
43. Dormann, C.F.; Strauss, R. A method for detecting modules in quantitative bipartite networks. Methods Ecol. Evol. 2013, 5, 90–98.

[CrossRef]
44. Bennett, A.E.; Evans, D.M.; Powell, J.R. Potentials and pitfalls in the analysis of bipartite networks to understand plant–microbe

interactions in changing environments. Funct. Ecol. 2019, 33, 107–117. [CrossRef]
45. Scardoni, G.; Petterlini, M.; Laudanna, C. Analyzing biological network parameters with CentiScaPe. Bioinformatics 2009, 25,

2857–2859. [CrossRef] [PubMed]
46. Baruah, A.K.; Bora, T. Bridging Centrality: Identifying Bridging Nodes in Transportation Network. IJANA 2018, 9, 3669–3673.
47. Borgatti, S.P.; Everett, M.G. Network analysis of 2-mode data. Soc. Netw. 1997, 19, 243–269. [CrossRef]
48. Latapy, M.; Magnien, C.; del Vecchio, N. Basic notions for the analysis of large two-mode networks. Soc. Netw. 2008, 30, 31–48.

[CrossRef]
49. Opsahl, T. Triadic closure in two-mode networks: Redefining the global and local clustering coefficients. Soc. Netw. 2013, 35,

159–167. [CrossRef]
50. Taheri, S.M.; Mahyar, H.; Firouzi, M.; Ghalebi, E.; Grosu, R.; Movaghar, A. HellRank: A Hellinger-based centrality measure for

bipartite social networks. Soc. Netw. Anal. Min. 2017, 7, 22. [CrossRef]
51. Opsahl, T.; Panzarasa, P. Clustering in weighted networks. Soc. Netw. 2009, 31, 155–163. [CrossRef]
52. Newman, M.E.J. Scientific collaboration networks. II. Shortest paths, weighted networks, and centrality. Phys. Rev. E

2001, 64, 016132. [CrossRef]
53. Zeiler, J.T. Hunting, Fowling and Stock-Breeding at Neolithic Sites in the Western and Central Netherlands; University of Groningen:

Groningen, The Netherlands, 1997.
54. Smits, L.; van der Plicht, H. Mesolithic and Neolithic Human Remains in the Netherlands: Physical Anthropological and Stable

Isotope Investigations. J. Archaeol. Low Ctries. 2009, 1, 55–85.
55. Smits, E.; Millard, A.R.; Nowell, G.; Pearson, D.G. Isotopic Investigation of Diet and Residential Mobility in the Neolithic of the

Lower Rhine Basin. Eur. J. Archaeol. 2010, 13, 5–31. [CrossRef]
56. Devriendt, I. “Diamonds are a girl’s best friend”. Neolithische kralen en hangers uit Swifterbant. Westerheem 2008, 57, 384–397.
57. Prummel, W.; Sanden, W.A.B. Runderhoorns Uit de Drentse Venen. Drentse Volksalm. 1995, 112, 8–55.
58. Ben-Dor, M.; Sirtoli, R.; Barkai, R. The evolution of the human trophic level during the Pleistocene. Am. J. Phys. Anthr. 2021, 24247.

[CrossRef] [PubMed]
59. Brinkhuizen, D.C. Preliminary Notes on Fish Remains from Archaeological Sites in the Netherlands. Palaeohistoria 1979, 21, 83–90.
60. Huisman, D.; Ngantillard, D.; Tensen, M.; Laarman, F.; Raemaekers, D. A question of scales: Studying Neolithic subsistence using

micro CT scanning of midden deposits. J. Archaeol. Sci. 2014, 49, 585–594. [CrossRef]
61. Out, W.A. Integrated archaeobotanical analysis: Human impact at the Dutch Neolithic wetland site the Hazendonk. J. Archaeol.

Sci. 2010, 37, 1521–1531. [CrossRef]
62. Schepers, M.; Cappers, R.T.J.; Bekker, R.M. A review of prehistoric and early historic mainland salt marsh vegetation in the

northern-Netherlands based on the analysis of plant macrofossils. J. Coast. Conserv. 2013, 17, 755–773. [CrossRef]
63. Schepers, M. Reconstructing Vegetation Diversity in Coastal Landscapes; Barkhuis: Eelde, The Netherlands, 2014.
64. Out, W.A. Selective use of Cornus sanguinea L. (red dogwood) for Neolithic fish traps in the Netherlands. Environ. Archaeol. 2008,

13, 1–10. [CrossRef]

http://doi.org/10.2174/1874213000902010007
http://doi.org/10.1111/2041-210X.12139
http://doi.org/10.1111/1365-2435.13223
http://doi.org/10.1093/bioinformatics/btp517
http://www.ncbi.nlm.nih.gov/pubmed/19729372
http://doi.org/10.1016/S0378-8733(96)00301-2
http://doi.org/10.1016/j.socnet.2007.04.006
http://doi.org/10.1016/j.socnet.2011.07.001
http://doi.org/10.1007/s13278-017-0440-7
http://doi.org/10.1016/j.socnet.2009.02.002
http://doi.org/10.1103/PhysRevE.64.016132
http://doi.org/10.1177/1461957109355040
http://doi.org/10.1002/ajpa.24247
http://www.ncbi.nlm.nih.gov/pubmed/33675083
http://doi.org/10.1016/j.jas.2014.05.006
http://doi.org/10.1016/j.jas.2010.01.012
http://doi.org/10.1007/s11852-013-0275-y
http://doi.org/10.1179/174963108X279184


Appl. Sci. 2021, 11, 4860 19 of 19

65. Kooijmans, L.P.L. Peddelen over de plassen. In Boomstamkano’s, Overnaadse Schepen en Tuigage. Inleidingen Gehouden Tijdens Het
Tiende Glavimans Symposion Lelystad, 20 April 2006; Oosting, R., van den Akker, J., Eds.; Glavimans Stichting: Amersfoort, The
Netherlands, 2008; pp. 26–37.

66. Serjeantson, D. Review of Animal Remains from the Neolithic and Bronze Age of Southern Britain (4000BC–1500BC). Environmental
Studies Report; Research Department Report Series; English Heritage: Fort Cumberland, UK, 2011.

67. Kubiak-Martens, L. Botany: Local vegetation and plant use. In A Kaleidoscope of Gathering at Keinsmerbrug (The Netherlands). Late
Neolithic Behavioural Variability in a Dynamic Landscape; Smit, B.I., Brinkkemper, O., Kleijne, J.P., Lauwerier, R.C.G.M., Theunissen,
E.M., Eds.; Nederlandse Archeologische Rapporten; Cultural Heritage Agency of the Netherlands: Amersfoort, The Netherlands,
2012; pp. 81–100.

68. Bakels, C. Neolithic Plant Remains from the Hazendonk, Province of Zuid-Holland, the Netherlands. Z. Archäologie 1981, 15,
141–148.


	Introduction 
	Archaeological Setting 
	The Neolithic Transition in the Dutch Wetlands 
	The Swifterbant Sites 
	Data Collection 
	Network Analysis 

	Results 
	Degree 
	Betweenness Centrality 
	Bridging Centrality 
	Eccentricity 
	Eigenvector Centrality 

	Discussion 
	Network Structure 
	Cereals 
	Animal Husbandry 

	Conclusions 
	References

