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Abstract
The world is made up of complex networks in nature and society. These networks consist of many
different components, different types of interactions and energy flows between these components.
Examples are plant-pollinator networks and business networks. However, the understanding of the
functioning of ecological and societal networks is still limited. This lack of knowledge and
understanding results in unexpected and unwanted disruptions or collapses within networks, leading
to, for example, loss of biodiversity, economic problems or societal problems. These networks exists,
but they are not truly understood or how they are related to one another. Which crucial elements or
factors keep a natural or societal network from falling apart? Only a few studies that explored the
possibility a universal theory that applies to the functioning of both ecological and societal networks.
However, such a convincing theory is still missing. This thesis aims to determine how well societal and
ecological networks compare.
Based on a systematic literature review the equivalents for components, the interactions and energy
flows between these components in both natural and societal systems were identified. In natural
systems, an individual, be it a bacteria, plant or animal, is a single component. The role of the
components in the ecological system is defined by the genome size and biomass. The equivalent of a
component in the societal system is an individual person. The role of an individual in society is defined
by its knowledge (equivalent of genome size) and wealth (equivalent of biomass). The equivalent of
species found in natural systems are the positions/jobs people take up in society. Between the
components with different roles, a large variety is seen in both natural and societal systems. For
example, the biomass of an individual within the ecological system ranges from one celled organisms
to a very large blue whale while the wealth of an individual in the societal system ranges from a person
with hardly any income to a very rich person with a lot of possessions.
Survival of a component within a system is not just determined by their genome/knowledge or
wealth/biomass, but also by numerous interactions. The types of interactions typically addressed in
nature (e.g., predation and mutualism) are found in society as well. Predation is often prevalent and
well studied in ecology (think of food webs) while mutualism seems more prevalent in society, as
business interactions are based upon the exchange of money for goods or services provided.
Predation/consumption is destructive in natural systems, while in societal systems consumption is
more of a mutualistic interaction. Money is exchanged for resources, benefitting both the consumer
and the “consumed”. As the abundancy of mutualism in society shows, mutualism is possibly far more
abundant in natural systems as well, but so far under represented in most studies.
As components interact with one another, units of resources (e.g. energy or money) flow through the
network. In both natural and societal systems resources are being cycled through the network and its
environment. In current ecological research, energy flows are often depicted for large, generalised
groups that contain multiple but different species, rather than showing the energy flows for individuals
or species, which should be a requirement when studying systems.
The complexity and intricacy of systems has so far been underestimated and underrepresented in
research. In societal systems, employees in an entire organisation are grouped together, while the
individual employees are not interchangeable, as each has a specific role defined by their specific skills
and knowledge. Data from society could be used to understand natural systems and vice versa. It’s
time to learn from each other’s research fields.
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1 Introduction
1.1 The whole world consist of complex networks
The world is made up of complex networks. Earth itself is a network of chemicals and dust from
exploded supernovae held together by energy flows and physics such as gravity and electromagnetism
(Christian, 2015; Saint-Béat et al., 2015). In nature there are many networks consisting of communities
with many interacting species and individuals within a species. These networks in nature continuously
change in species composition or interactions between species over time (Begon et al., 2006; Gerla
and Mooij, 2014). Similarly, in society different networks are present. People form their own networks
with family, friends and colleagues. In the current digital age people are connected, or at least have
the opportunity to be connected, with more people than ever before through all sorts of social
networking sites and the World Wide Web (Zhao, 2006; Steinfield et al., 2008). Even our brain itself is
a network consisting of neurons working together to process signals in order for us to perceive the
world as we do (Christian, 2015). In this thesis a network consists of components, interactions and
energy flows between these components.
Knowing these networks exist, these networks should be better understood. What are the components
these networks consist of? How do these components interact with one another? Which crucial
elements or factors keep a natural or societal network from falling apart? What happens if these
networks do collapse? A deep understanding of networks is necessary to be able to answer these
fundamental questions.

1.2 Ecological networks
Currently, science is only at the beginning of gaining this deep understanding of the structure and
functioning of ecological networks and their role in maintaining biodiversity (Bastolla et al., 2009).
Different disciplines in biological sciences use different approaches to uncover the structures and
functioning of these networks. Researchers focusing on communities, for example, identify different
components within a network than those who study entire ecosystems. Within a community network
individuals could be identified as components whereas in a whole ecosystem network species and
populations are identified as the components. The use of different components leads to difficulties in
combining these studies in a search for common underlying principles present in ecological networks.
Combining these studies has rarely been done, keeping the different studies separated rather than
integrated to create an understanding of a network that includes all elements (Ings et al,. 2009).
There probably are two important characteristics of ecological networks: nestedness and connectivity.
Nestedness indicates that specialists interact with a subset of the species that generalists interact with
(Bascompte et al., 2003). For example, pollinator-plant networks show high degrees of nestedness.
Pollinator-plant interaction is currently of particular interest due to the collapse of pollinator species
that provide important ecosystem services. In these mutualistic networks a single plant species
interacts with multiple pollinators. These networks are mutualistic as the pollinators are rewarded by
the plants, while the plants in turn are able to reproduce through pollination (Lever et al., 2014).
Nestedness allows for more species to persist together in a community (Bastolla et al., 2009).
Nestedness also increases the robustness of a network. Meaning, these nested pollinator-plant
networks are better equipped to handle perturbations (Olesen et al., 2007).
Connectivity indicates the degree of connection and links between components of a network (Olesen
et al., 2007). In highly connected networks, components are connected to many other components. In
ecological networks, the generalists are species connected with many other species, while the
specialists are connected to very few species (Memmott et al., 2004). In pollinator-plant networks,
highly connected species are more resilient to perturbations. If one of the plant’s pollinators were to
4

go extinct, another species can take the place of the extinct species quite rapidly. This mechanism
prevents loss of pollination for the plant. If a plant is pollinated by only one pollinator species, a
disappearance of the pollinator would be detrimental for the plant, as there would be no pollination
anymore (Lever et al., 2014). Similarly, a generalist pollinator visits multiple plant species. If one plant
species is lost, the pollinator would be able to persist by visiting other plants species instead.
If a highly connected species is lost, the effects in a nested network are greater than the loss of a
species interacting with a limited amount of other species. The disappearance of a highly connected
species results in is a higher rate of secondary extinction; species going extinct due to the extinction of
the species they interacted with (Dunne et al., 2002). Within a pollinator-plant network, the loss of a
generalist pollinator seems to negatively affect the network the most. However, what the importance
of generalists and the linkage with specialists means for management of ecological networks is still a
question to be answered (Bascompte et al., 2003; Memmott et al., 2004).
The stability of ecological networks and the role of nestedness and connectivity is also relevant in the
understanding of when so-called tipping points in ecological networks occur. Tipping points indicate a
point in a network where it shifts from one state of the network into another, most likely an entirely
different state. For example a lake shifting from turbid to clear or an area shifting from either covered
with trees to an area with no trees (Carpenter and Brock, 216; Xu et al., 2015). Once a state shift has
occurred, it is not easy to return to the previous state simply by returning to the original conditions.
Instead, a greater change is required to reach the original state, a process known as hysteresis (Scheffer
et al., 2001). These tipping points and the processes involved when heading towards these events
could provide information for management and protection of systems. However, scientists have tried
finding proper indicators for these tipping points multiple times with varying degrees of success (Dakos
et al,. 2013; Dakos et al,. 2015; Scheffer et al, 2015).

1.3 Societal networks and their similarities with ecological networks
Tipping points aren’t found just in ecological systems. They can also be found in society, for example
in financial systems. When the American stock market crashed in the Wall Street Crash in 1929 this
lead to the Great Depression. The state of the financial system changed drastically on a global scale1
(May et al., 2008). Understanding the factors that determine the stability of societal networks is
important for preventing and responding to all sorts of unwanted large societal changes like the
collapse of economies, wars and large-scale societal unrest. This understanding is, however, largely
missing. Some scientists try to better understand the collapse of societal networks by looking at the
similarities between the processes like the collapse of networks in nature and what we see happening
in society.
The evolution of online social networks and their organisational structure, for example, has been
studied by Weber et al. (2016). They apply evolution theory, an ecological theory, to organisational
forms found in society. Keil et al. (2016) focussed on the Linux open system universe and the evolution
of Distros, the operating systems for Linux computers. The authors draw the parallel between distros
and species, where the distros software packages are compared to traits. Population dynamics and
evolution theory are used to explain the rise and fall of installed distros on computers.
Parallels between businesses and nature to use ecological principles for business strategies have
recently been drawn by Reeves et al. (2016). Within their comparison a business is equal to a species.
The topology of a large American financial network has been studied by Soramäki et al. (2007). The
network was made up of interbank transfers and bank connections through the use of a specific
service. They found that the network behaved similarly to other scale-free and small world networks.
1

https://www.britannica.com/event/stock-market-crash-of-1929
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Small world networks are networks whereby each node can reach each other node in the network via
only a few connections. Soramäki et al. (2007). described a tipping point in their article as well. The
events of September 11th 2001 changed the structure of the financial network as connectivity was
reduced significantly. The network tipped over into a new state (Soramäki et al., 2007).
These examples showcase the possibilities to apply the understanding of network characteristics in
natural systems for increasing our understanding of the functioning of societal networks. These
examples also show the different approaches used to find the similarities. However, science is still
looking for a generic and universal framework that can explain and predict changes in both natural and
societal networks. Just looking at nature alone won’t provide the information necessary to create this
framework. One of the difficulties with ecological networks is that these networks consist of many
variables that can be difficult to acquire enough data for (Begon et al,. 2006). However, my hypothesis
is that if the functioning of ecological and societal networks are comparable, there could be answers
in the data of corporations and society that could help in explaining the complexity of networks and
processes in ecological systems. Nowadays, businesses generate so called big data. Sending emails,
using social networking websites and participating in online transactions are just a few examples that
generate big data. Based on these data interaction networks emerge for businesses and society and
these networks can be described through the use of the data as well (Sagiroglu and Sinanc, 2013). The
earlier mentioned study of the financial system used data from thousands of banks and hundreds of
thousands of bank transfers and thus is an example of a huge amount of data that is nearly impossible
to collect in ecological systems (Soramäki et al., 2007; May et al., 2008).
Big data also means data that cannot be processed by ordinary computers, at least not in a short
enough timeframe. Yet, the development of analytics to process these big data are on the rise as
companies are starting to see the value of the knowledge hidden within these huge datasets (Chen et
al., 2012; Chen et al., 2014). If anything, data in society is plentiful, though for now research is limited
by the ability to process it all and the permission to use these data from the perspective of issues like
privacy.
Data availability alone is not enough to determine whether systems and networks in nature are indeed
similar to networks in society (and vice versa). First a coherent framework needs to be developed that
shows which components within society are comparable with which components in nature. In nature,
for instance, we consider plants as primary producers. If ecological and societal networks are
comparable, it should be possible to identify the equivalent for primary producers in a societal
network. Not only components should be comparable, there are many interactions and various forms
of energy flows between components. These interactions and energy flows in natural networks should
have their equivalents in societal networks and vice versa. Considering the primary producers again,
for example, plants take up resources from the ground and they combine water, CO2 and sunlight to
create glucose and turn the glucose into something useful for other species, such as the sweet nectar
reward for pollinators. The question is where to find such resource and energy flows in society. Is this
similar to a company taking up natural resources to rework and reshape them into materials for
customers and other companies to use in return for payment? Both plant and pollinator as well as
company and customer get something out of these interactions, with mutual energy flows that could
potentially be similar to one another. Eventually, answering these kind of questions could give shape
to a universal framework for networks.

6

1.4 Objective and research questions
My thesis aims to determine how well societal and ecological networks are comparable. To determine
this, the following research questions (RQs) will be addressed:
RQ1 What are the components of societal and ecological networks and how can these
components be compared?
RQ2 What are the types of interaction in societal and ecological networks and how can these
interactions be compared?
RQ3 What are the energy flows in societal and ecological networks and how can these energy
flows be compared?

1.5 Outline
Next my thesis will be the method used for the literature review and the data collection. Then I will
move on to describe the components in nature and society, the interactions in both nature and
society and the energy flows in both nature and society. After describing what is found in natural and
societal networks, I conclude just how comparable the societal and natural networks are. I will end
with a discussion, comparing my findings with two studies that, too, compared a societal network
with an natural network to showcase the limitations and faults in previous research to highlight the
importance of a universal framework.
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2 Methods
The main method of this thesis is a systematic literature review. Articles, books and webpages are used
as sources. Google scholar and the web of science are used to search for relevant articles. The
keywords used in the search per research question were:
1. Grassland system, ecosystem, soil system, genome size, C-value, soil bacteria, supply chain,
consumption, society, retail;
2. Interactions nature, connectivity, plant-pollinator network, food web, trophic levels,
mutualism, predation, facilitation, business interactions, company structure; and,
3. Energy glows, resources in nature, nutrients, primary producers, secondary producers, supply
chain.
Identifying the equivalent of components, interactions and energy flows of ecological networks in
societal networks and vice versa was a challenge and required a lot of out-of-the-box thinking.
Together with my supervisor we had many intense brainstorming sessions whereby each time different
subjects were addressed. We discussed the meaning of generalists and specialists and where to find
them in society, we imagined altitude being similar to distance in a city, the more bare mountain tops
vs the few shops scattered further away from a city center, realised how complicated and intricate a
bank system is. We asked fundamental questions, almost philosophical ones; what is a plant? What is
an interaction? What are we, as a human being?
To facilitate comparison between the structures of ecological and societal networks I created network
diagrams where the components and interactions between the various components are indicated and
visualised by using arrows.
The above mentioned activities were all based on quantitative data. I used data from the Dutch
Centraal Bureau voor de Statistiek (CBS), Statistics Netherlands, through their platform Statline.
Regarding the classification of economic activities (Standaard Bedrijfsindeling 20082, SBI 2008) for a
quantitative analysis of the components in society. The SBI is based on the activity classification of the
European Union (Nomenclature statistique des activités économiques dans la Communauté
Européenne, NACE3) and on the classification of the United Nations (International Standard Industrial
Classification of All Economic Activities, ISIC4). The first four digits of the SBI are the four digits of NACE
and the first two digits of the SBI and NACE are the same as the first two digits of ISIC. See Fout!
Verwijzingsbron niet gevonden. 1 for an example of the classification of the SBI based on NACE and
ISIC.

2

https://www.cbs.nl/nl-nl/onze-diensten/methoden/classificaties/activiteiten/sbi-2008-standaardbedrijfsindeling-2008 and https://www.cbs.nl//media/_pdf/2018/01/sbi%202008%20versie%202018%20engels.pdf
3
https://ec.europa.eu/eurostat/ramon/nomenclatures/index.cfm?TargetUrl=LST_NOM_DTL&StrNom=NACE_R
EV2&StrLanguageCode=EN&IntPcKey=&StrLayoutCode=HIERARCHIC
4
https://ec.europa.eu/eurostat/ramon/nomenclatures/index.cfm?TargetUrl=LST_NOM_DTL&StrNom=ISIC_4&
StrLanguageCode=EN&IntPcKey=&StrLayoutCode=HIERARCHIC
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BOX1 – Example of SBI classification.
A: AGRICULTURE, FORESTRY AND FISHING
(This section includes the exploitation of vegetal and animal natural resources, comprising the
activities of growing of crops, raising and breeding of animals, harvesting of timber and other
plants, animals or animal products from a farm or their natural habitats.)
01 Crop and animal production, hunting and related service activities
(This division includes two basic activities, namely the production of crop products and
production of animal products, covering also the forms of organic agriculture, the growing
of genetically modified crops and the raising of genetically modified animals. This division
includes growing of crops in open fields as well in greenhouses.)
01.1 Growing of non-perennial crops
(This group includes the growing of non-perennial crops, i.e. plants that do not last
for more than two growing seasons. Included is the growing of these plants for the
purpose of seed production.)
01.11 Growing of cereals (except rice), leguminous crops and oil seeds
(This class includes all forms of growing of cereals, leguminous crops and
oil seeds in open fields. The growing of these crops is often combined
within agricultural units.)
The SBI data from CBS5 also contained data on costs and profits for all economic activities in Dutch
society as well as the number of employees in the year 2009. The costs are split in different subjects
such as personnel salary as well as inventory, housing, electricity and other costs. The excel file is 43
columns wide. Table 1 shows just a fraction of the data, showcasing the level of detail.
Table 1: Snapshot of the excel file of the SBI data from the CBS. This fraction details the personnel within in the sectors as
well as the total profits of companies within the sectors.

This data provided a quantification of the “energy flows”, the economic activities, between the
components as data on costs and profits were readily available. The SBI datafile contains data of all
sectors the CBS has numbers on, however not all where used. The sectors studied through this data
are shown in Box 2.

5

http://statline.cbs.nl/Statweb/
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Box 2 Bedrijfstakken/branches (SBI 2008)
C Industrie
10 Voedingsmiddelenindustrie
106 Meelindustrie
107 Brood- en deegwarenindustrie
D Energievoorziening
35 Energiebedrijven
G Handel
46 Groothandel en handelsbemiddeling
462-469 Groothandel
4621 Groothandel in akkerbouwproducten
47 Detailhandel (niet in auto's)
471 Supermarkten en warenhuizen
4711 Supermarkten
H Vervoer en opslag
52 Opslag, dienstverlening voor vervoer
522 Dienstverlening voor vervoer
5221 Dienstverlening voor landvervoer
J Informatie en communicatie
61 Telecommunicatie
62 IT-dienstverlening
I used the analysis by De Ruiter (1995) of the components, interactions and energy flows in a soil food
web as an example to also express the ‘food web’. De Ruiter (1995) quantified biomass, specific death
rate, assimilation efficiency, production efficiency and feeding rates for the main species groups that
live in the soil of a grassland at the Lovinkhoeve, an experimental farm.
An excel file containing the number of companies within a sector was obtained from CBS Statline as
well to determine the profit per company, assimilation rates and bankruptcy within a sector. The
sectors studied through this data are; wholesale grain, flour, bread and pastry, (tele) communication,
electricity, IT, delivery and supermarkets (Box 2; Table 2)

10

Table 2 snapshot of part of the excel file containing the number of companies within each sector.
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3 Components
3.1 Introduction
This chapter focuses on defining the components that ecological and societal systems consist of and
how they can be compared with each other. The basis for this analysis is determining the role and
function of a component (an individual bacteria, plant or animal) in the ecological system (Section
3.1.1) and of a component (individual person) in the societal system (Section 3.1.2).

3.1.1 Determining components in natural systems and their role and function
The role and function of a component can be partly determined based on the position of an individual
in the food chain (who eats who to survive and how the energy moves through a system). In ecological
studies this position is indicated by the trophic level. The main trophic levels are primary producers,
consumers and decomposers. Primary producers are those species that are able to create organic
material from inorganic material through photosynthesis like plants. They form the basis of the food
web. The consumers take up multiple levels in the trophic level system, ranging from primary
consumers to tertiary consumers. Sometimes there is a fourth level, though this is not always possible
due to the ten percent law: each trophic level only manages to obtain about 10% of the energy stored
in the level they feed upon, about 90% is either lost due to the energy spend while feeding, respiration
and digestion (Lindeman, 1942). Consequently, there is not enough energy or there are not enough
resources at the first level available to sustain all the way up to a fourth level. Finally, decomposers
convert organic material back to abiotic substances.
Knowing the trophic level alone is not enough to determine the role and function of an individual in
the ecosystem as within each trophic level there is a very large variation in complexity between
species. Primary producers, for example, can range from tiny bacteria consisting of only one cell to 85
meter high sequoia trees with uncountable numbers of cells. The level of complexity of an individual
can be described by two variables, the genome size and biomass of the individual.
The genome contains all genetic material, DNA, that is necessary for an organism to exist and function
as it contains a kind of recipe book for all processes that need to be carried out by the organism to
survive. The recipes are the genes. These genes are units of DNA that form the basis for the creation
of proteins and enzymes which in turn determine the traits of organisms such as eye colour as well as
the pathways and components for chemical processes (Reese et al., 2011). The size of the genome is
expressed in the amount of DNA base pairs or in the c-value (the amount of picograms of DNA) (Reese
et al., 2011; Gregory, 2001). See Figure 1 for an overview of the variation in C-value of different species
groups. As an example, the human genome contains 3 million base pairs, and has a C-value of 3.506,
encoding for (possibly tens of) thousands of genes. No organism shares the same DNA with another
organism, unless they are clones. However, the genome of individuals within the same species are
more similar than the genome of individuals from different species. Therefore the genome is often
used to characterize species as well as discover new species (especially when it comes to bacteria (Cho
& Tiedje, 2001)). Furthermore, the phylogenetic relationships, the history and evolution of species,
between species can be determined by analysing and comparing DNA of different species and
individuals of the same species7. Individuals are part of a species, species are part of a genus, genera
are part of a family and so on. Each group shares features in such a way that the species within any
group are more similar to one another than to a different group.

6
7

http://www.genomesize.com/result_species.php?id=4420
https://www.britannica.com/science/phylogeny
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The Netherlands is the home of 45,000 species, known so far. The majority, around 19,000, of these
species are insects8.

Figure 1 Range of genome size as indicated by the C-value in picogram9 (Gregory, 2005).

In general, single cell bacteria have a smaller genome size than multicellular animals, but there are
always exceptions to the rule. As seen in Figure 1, there is a large variation in genome size even in
groups consisting of similar species. Most likely this difference is caused by so called “junk DNA”. Junk
DNA doesn’t particularly code for anything. In a sense, junk DNA is just non-functional DNA. Junk DNA
clutters in the genome and can multiply itself faster than natural selection deletes it. Therefore the
genome size increases, while the amount of genes it codes for does not (Eddy, 2012). While there
seems to be (or perhaps, intuitively it make sense to see) a general trend that more complex organisms
have a larger genome and/or more genes, there are plenty of species that do not fit within this trend
for it to be the case that complexity and number of genes are correlated.
The second indicator for complexity is the biomass of individuals and of all individuals of the same
species. Biomass is an indicator for the size of an organism. Large, multicellular organisms can become
more complex due to cell differentiation. The biomass of individuals varies greatly within each trophic
level. For example, the biomass of primary producers ranges between cyanobacteria and algae to big
and heavy trees. Decomposers can be small, unicellular bacteria that are invisible to the naked eye or
be relatively large like the earth worms that move through the soil.

3.1.2 Determining components in societal systems and their role and function
The concept of trophic levels can also be applied to societal networks. Primary producers are the
individuals that are able to convert abiotic and biotic substances into goods and services. Examples are
farmers. Primary consumers are individuals that buy the products generated by the primary producers.
Secondary consumers buy products from these primary consumers. The production chain is a similar
8

https://www.clo.nl/indicatoren/nl1046-aantallen-planten--en-diersoorten?ond=20877

9

http://www.genomesize.com/statistics.php
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way to categorize the components based on who requires who to create a product and how products
and/or money move through society. Just like in ecological systems there is a large diversity in
complexity between individuals within a trophic level.
The equivalent for the two indicators for complexity in ecological systems are the knowledge an
individual possesses (as an equivalent of genome size) and wealth an individual possesses (as an
equivalent to biomass). Knowledge is defined as knowing something with familiarity, a close
understanding of a particular subject or skill. Knowledge describes the range of what someone knows
(facts and information, as well as skills)10. Every day people learn and become familiar with (new) facts
and information, they experience new things and acquire new skills. Multiple factors determine what
knowledge is gained. One of the factors is the level of education and study of choice. The level of
education determines which jobs people can fulfil. Each job requires a combination of basic knowledge
and skills. Therefore, in comparison with natural systems, jobs can be considered as species. The job
that people are able to get depends largely on their education. The knowledge a person has gained,
gives specific skills for specific roles in society. For example, a plumber would not know how to wire
the electricity, while the electrician would not lay the pipes and plumbing systems. The elementary
schools teach children basic knowledge such as language, math but also natural sciences and a bit of
history in their early years. While high schools, colleges and universities built upon those foundations
and teach more and more complex ideas and knowledge as well as skills. The “lower” levels of
education often provide skills necessary for specific jobs, such as becoming a mechanic or builder,
while the “higher” levels of education provide the knowledge for scholars and researchers11.
The CBS has the SBI 2008 classification for sectors which is used in this thesis as a guideline for the
components, interactions and energy flow sections. This classification groups jobs into 21 general
sectors and divides these general sectors into more specialised groups within the sector.
Wealth is the second indicator for complexity and is equivalent to biomass. Wealth is defined as the
possession of valuable items and resources12, such as property and funds, while any debts a person
has, are subtracted. More wealth creates more interactions and connections. A richer person could,
for example, own multiple properties that all require personnel to be maintained. The owner of those
properties interacts with the personnel and has a plethora of interaction, a poor person does not have
these interactions. Someone living in poverty is very limited in what they spend their money on and
who they interact with when spending money, resulting in a “simpler” life. All people, with or without
wealth have to make decisions on what they spend their money on. However, ‘poor’ people have less
resources to spend, while a rich person can spend money more freely as their wealth is not so easily
depleted.
What makes humans a rather unique species is their ability to fairly easily change and increase their
knowledge and skills and consequently take on a new role in the societal ‘ecosystem’. The plumber
could learn to become an electrician if they wish to take on this role. People are capable of adapting
to new ‘environmental’ conditions within their lifetime. Someone could potentially pack their bags,
move to a new country (= new environment) and settle into society there, with a new job and a new
role and place in. When equating the role a person takes on to the species found in nature, this means
humans have the ability to become a new species all together. All other organisms cannot change from
one species to another so simply as they cannot change their genes. Other organisms could potentially
10

https://www.merriam-webster.com/dictionary/knowledge

11

I would like to set aside the notion that less educated people are less smart or valuable. These people possess vital skills necessary to
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take on a new role through evolution, this process takes generations upon generations, while humans
can and do change their roles multiple times within their lifetime. This flexibility of humans allows a
much quicker adaptation to new societal/environmental conditions than individuals in ecological
systems.

3.2 Producers
In nature and society there are respectively species and jobs that create products from raw material.
These are the producers. The producers are the first level of the trophic levels or production chains.

3.2.1 Producers in ecological system
Key characteristic of producers is that they are able to create organic material from inorganic material
through photosynthesis. They form the basis of the food web. The variation in complexity at this
trophic level is very large, ranging from the small cyanobacteria to the sequoia trees that tower over
all other organisms. Cyanobacteria are unicellular bacteria, that contain chlorophyll and are therefore
capable of photosynthesis13. Cyanobacteria also play an important role in the nitrogen cycle due to
their ability to “fix” atmospheric nitrogen into organic nitrogen. There are more bacteria that alter the
chemical conditions of the soil by fixing nutrients in more complex compounds or altering the state of
nutrients so they become available to other organisms. For example bacteria that convert phosphorus
into a accessible forms for plants (Shiferaw et al., 2004; Osorio, 2011). Species of fungi can alter the
mineral and metal composition of their surroundings as well (Gadd, 2007). Cyanobacteria are
considered as simple organisms due to their small size (between the 0.5 and 60 micrometers14) and
short strands of DNA. While trees are on a whole different scale in size, with the sequoia trees being
the largest of them all, with a height of up to 90 meter and a trunk up to 11 meter in diameter15.
Grassland plants tend to stay low growing plants, with an occasional shrub taking up a bit more space.
However, the root system can be extensive. The biomass is larger than might initially be thought of
when looking at plants, because it’s easy to underestimate the biomass of the roots that all hide
underground. One study calculated the root biomass of a grassland to be about 1.4 kg per m2. The
root:shoot ratio in the studied grassland is 3.7, meaning the belowground biomass is 3.7 times the
aboveground biomass (Jackson et al., 1996). By using this ratio, the shoot biomass of a grassland can
be calculated as 1.4/3.7 is about 0.4 kg per m2.
Plants have long strands of DNA, enabling them to become far more complex than the bacteria and
fungi. The length ranges between 61 million base pairs and 150 billion base pairs (Fleishmann et al.,
2014; Pellicer et al., 2010). The well-known model organism Arabidopsis thaliana has a genome size of
163 million base pairs (Greilhuber et al., 2006). The smallest plant genome is already about 7 times the
size of the largest bacterial genome. On a global scale, about 310 thousand species of plants have been
described, while about 390 thousand species of plants are estimated to inhabit the planet. The
flowering plants, magnoliaphyta, make up the majority of these species, around 268 thousand (~86%)
species of flowering plants are described (Chapman, 2009; Scheffer et al., 2012).

3.2.2 Producers in the societal system
The key characteristics for producers in society is that they create products from raw material. There
are multiple sectors in society that contain producers. There is the petroleum sector in which oil is
drilled from the ground and refined into fuel. These producers take material from the ground,
otherwise unavailable to the people, and make it available. The mineral industry ‘produces’ raw
13
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material like industrial minerals such as clay and limestone and silica as well as metallic minerals. These
minerals are processed for construction material or products like paint and electronics (Kogel et al.,
2006). The metallic minerals, such as gold, are eventually distributed to many different sectors16. The
electrical power sector produces energy from coals, renewable sources (hydroelectric, solar and wind
power) or sometimes nuclear reactions, while in lower income countries firewood is an important
energy source as well. These powerplants take inorganic material and create electricity for all to use.
Furthermore there is the forestry sector who grow trees for timber to be used in construction work or
other industries. There is the agricultural sector with crops, flowers and livestock farmers who produce
food sources either directly available to the public or through varies industries and stores.
Just like in natural systems the complexity of primary producers varies very much. The owner of a
company is considered as the producer, as they are ultimately the decision makers and the ones that
receive the profits. If a company has a board of directors, or shareholders, another layer of complexity
is added within the organisational structure and within the network of interacting individuals. The
companies of primary producers range from one-person companies like a single farmer with a
relatively low education up to large and complex multinationals of which the owner has a higher
education and a completely different set of skills. The CEOs of for example the petroleum industry
have specific knowledge for running their business. University level education (in economics or related
fields) is often a requirement for the position as well as knowledge on leadership and management of
a company17. Farmers and woodworkers do not require university level education. Farming is often a
family business, the knowledge and skills are passed on through the generations. While woodworkers
learn their trade at a college level (MBO in the Netherlands) and through apprenticeships during their
education.
The owners of a small business have fewer interactions than the owners of a large business. The small
business owners rely mostly on themselves and can take on roles, that in a large business are occupied
by multiple people. The owner of a large business therefore has more interactions with people not just
within the company but also outside of it as a large company tends to have a bigger impact within a
network. The small business owner is more of a specialist within the network due to these limited
interactions while the large business owner is more of a generalist.
There is variation in the amount of wealth a producer has. The petroleum industry has always been
considered as an industry were wealth was plentiful, especially for those who own the companies.
While farmers make enough for a living, it is far less than the company owners in the oil industry have
on their bank accounts. Farm managers, supervisors or the farmers make more, a mean annual salary
of 75,000 USD18. The woodworkers have an annual income similar to that of the farmers of around
28,500 USD. While the chief executive officer (CEO) of the oil companies earn millions of dollars on a
yearly basis (through salaries but also stock owned in the company)19.

3.3 Consumers
3.3.1 Consumers in ecological system
Almost all consumers are animals, bacteria or fungi, however there are some carnivorous plants that
are consumers as well. An example is the Venus flytrap (Dionaea muscipula). However, while
16
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carnivorous this species is also capable of photosynthesis and falls within the producer group as well20.
The primary consumers are the herbivores that feed upon the producers. Species of bacteria are found
in this group, as well as many different animals, ranging from small insects to large grazers such as
cattle. The secondary, tertiary (and possibly higher) are carnivores, the meat eaters. The secondary
consumers feed upon herbivores while the tertiary consumers feed on other carnivores. The top
consumers are also known as apex predators as they are not consumed by other predators.
Omnivores are a bit trickier to classify in the trophic level hierarchy, due to their diet of all sorts of
things they could potentially fit in multiple levels depending on what they consume. This makes the
food web, and therefore the trophic levels, rather complex.
Lastly, there are the detrivores and decomposers. Detrivores consume dead material and free
nutrients in the process. Decomposers absorb nutrients from dead material directly, without eating
the dead material. While sometimes the decomposers/detrivores are seen as a separate group, these
small organisms are considered to be part of the consumers in my thesis as they are heterotrophic and
therefore do not produce organic materials themselves.
In the consumer group all sorts of species are found. From the small and simple bacteria to large and
complex predators. The ‘simpler’ species such as the nematodes and earthworms have a smaller
genome size than the more complex species such as the mammals. However, within animal groups
there is large variation. Some insects for example have a larger genome than mammals (Gregory,
2005).
Herbivores show a tremendous range in body size and therefore biomass. There are beetles less than
one millimeter while the larger sized herbivores are large and heavy animals such as cattle and wild
deer. The Dutch cattle breed ‘lakenvelder’ weighs an impressive 600 to 800kg21 while the red deer, the
largest European deer species, has an adult body mass somewhere between 60 and 120 kg, the males
being heavier with an adult weight starting at 90 kg22.
Carnivores show a large variation in biomass as well. However, there are specific biological constraints
to body mass when it comes to carnivores. Predators are usually not more than 3 times the size of
their prey, with exceptions of course, such as pack hunters who overcome the body size difference by
working together or parasites that can live on or inside their hosts (Woodward et al., 2005).
Decomposers and detrivores are most often microbes. The name microbes, microbial organisms,
already points in the direction of the size of these organisms. Microbes are tiny organisms with a body
width smaller than 100 μm. These organisms can survive in any habitat, from the soil to bodies of water
and inside larger, living organisms. Bacteria, archaea, fungi and protozoa are all considered microbes.
Archaea were once part of the bacteria, but now form their own domain. The protozoa are no longer
an official group in the nomenclature, but the name stuck informally for unicellular organisms that do
not photosynthesize. Examples are the flagellates and amoeba.
Bacteria have relatively short, circular DNA when compared to the longer plant and animal linear DNA.
Bacterial genomes range from just 112 thousand base pairs (Bennett et al., 2013) to almost 10 million
base pairs (Challacombe et al., 2011). Though their DNA is short, their can be a great genetic variety
(even within species), making the many individuals all just a little different in their ways of processing
the world and their survival. Bacteria are limited in their complexity through the limited amount of
genomes encoded within their DNA (Land et al., 2015). Similarly to bacterial DNA, fungal DNA is small.
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The size ranges between ~9 million and ~177 million base pairs (based on the studied species)
(Mohanta and Bae, 2015).
As mentioned earlier, bacteria are microorganisms, consisting of a single cell of just a few micrometers.
Bacterial biomass is often determined by the amount of carbon in the cells. In semi-natural grasslands
bacterial biomass is about 200 μg C/g dry soil (=0.2 g C/kg dry soil) (Rutgers, 2008). While this
unicellular organisms may be small, they are plentiful. In just one gram of soil from the top layer there
are already 2 x 109 prokaryote (bacteria and archaea) cells present (Whitman et al., 1998). Due to these
extreme numbers, their total (global) biomass might exceed that of plants and animals23. Every habitat
is filled with these tiny organisms. These habitats include living animals. In the human colon 3.2 x 1011
prokaryote cells per gram are living there. Just imagining the total amount of colon bacteria on earth
is beyond what we can truly understand. Mathematically it is this though: 220 grams of colon per
human x about 7.5 ∙ 109 x 3.2 ∙ 1011 prokaryote cells = 5.28 ∙ 1023… so it’s what we would call “a lot”
(Whitman et al., 1998). Furthermore, bacteria are plentiful in species as well. In 2016 scientists
proposed a new estimate, there may be up to one trillion (1012) species of bacteria on Earth (Locey and
Lennon, 2016).
While some species of fungi are unicellular like bacteria (e.g. yeast), many species of fungi form
hyphae, thread-like structures that branch out. Collectively, these hyphae are called the mycelium.
Fruiting bodies, the mushrooms, are part of the mycelium. Some mycelia are so small they are
impossible to see with the naked eye, while other mycelia are extensive. In eastern Oregon, the
massive mycelium of Armillaria ostoyae ((Romagnesi) Henrik (1973)) takes up a lot of space, about
2,348 acres of soil24.
In semi-natural grasslands in the Netherlands, fungal biomass is around 24 μg C/g of dry soil (=0,024 g
C/kg of dry soil) (Rutgers, 2008). So far, almost 100 thousand species of fungi have been described,
while estimates of fungal species are somewhere between 611,000 and 5.1 million species (Chapman,
2009)

3.3.2 Consumers in societal system
In society there are multiple levels of consumers ranging from consumers that directly purchase from
the producers to consumers that buy products in stores at the end of the supply chain. With the supply
chain taking up all the levels in between. This supply chain is an important and complex chain of people
and processes that interact with one another to create a fully functioning product. A manufacturer
might chose to specialise in a certain part of the product development and creation. To finish and sell
a product, manufacturers have to interact with one another. There are many, many industries that are
consumers. Examples of primary consumers are the food industries who buys produce from farmers,
such as the fruit and vegetable industry, bakery products, and meat industry. As well as electronics
industry.
With a large variety of people comes an equally large variety of wealth. Salespeople who just started
their working life earn a country’s minimum wage, while experienced store managers earn more. The
total wealth of a consumer ultimately depends on the other roles they fulfill within the system (or the
role relatives have/had, think of an inheritance or family money). Everyone is a consumers at some
23
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point in time and space due to the current system of money being the most used form of payment.
The wealth of consumers determines where one can and cannot shop, therefore limiting the product
choices. A wealthy consumer has more options whereas as poorer individual can be faced with having
to decide between products as they could be unable to purchase both.
In retail there are many entry jobs that require no or barely any education. Often skills required for
specific roles are taught in the store, for example instructions for operating the cash register are given
once a person is hired. While education is not required, knowledge and skills regarding communication
and customer service is highly valued. Managers of specialist shops require their personnel to have
knowledge about their products and a good level of enthusiasm. For example, book store owners want
people who are well-read and have knowledge on books.
Within the network of a shopping street, there is often a supply chain present. This supply chain is an
important and complex chain of people and processes that interact with one another to create a fully
functioning product. A manufacturer might chose to specialise in a certain part of the product
development and creation. For the finished product the manufacturers have to interact with one
another to complete production. Logistics become part of the process and form another component
in the supply chain. The variety of choices manufactures and interaction between manufacturers and
between manufacturers and logistic companies is what makes a retail network so complicated (Perona
and Miragliotta, 2004).
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4 Interactions
4.1 Introduction
In this chapter the interactions between components will be described. First the different types of
interactions within a network of a natural and a societal system are discussed. An overview of the most
basic types of interactions found in both systems is given, see table 1. Next, I will zoom in on parts of
the network to show the complexity found in the interactions in parts of the network. Many of these
interactions can be found in every trophic level. For example, consumption is a type of interaction that
can be found in many trophic levels of the network.
Trophic levels are often depicted in a simplistic way, levels stacked upon one another. However, when
observing the interactions in a food web, these trophic levels can be difficult to spot. Especially when
considering omnivores, organisms that feed on multiple levels. Still, comparing two systems in a
simplistic way can give some general ideas on the similarities. By adding the other types of interactions,
a more complex and intricate network will start to form.
Table 3 summary of interactions found in both systems

Nature
Consumption – uptake of resources by consuming
other organisms
• Primary consumers – Herbivores – organism
consumes plants as resource
• Secondary and up consumers – Carnivores –
organism consumes animals as resource
• Detrivores - feed on dead material
• Omnivores – feed on multiple trophic levels
e.g. feeding on plants and meat = feeding on
primary and secondary producers.
Competition – two or more organisms ‘fight’ for the
same resources, e.g. plants competing for light.
Parasitism – an organism uses their host for
resources, harming their host but rarely killing it.
Facilitation – at least one organism has a benefit and
no organism is harmed.
• Mutualism – both organisms benefit by
interacting, e.g. plant-pollinator or plantmycorrhiza
• Commensalism – one organism benefits, the
other organism is neither benefiting nor
being harmed.
• Ecosystem
engineer
–
alters
the
environment so it becomes more suitable for
others. (keystone species)
Symbiosis – species living together and form longlasting interactions e.g. gut bacteria in an organism
or coral reefs and their inhabitants.
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Society
Consumption – uptake of resources by
‘consuming’ of resources from other
individuals.

Competition – two or more individuals
‘fight’ for the same resources e.g.,
customers, resources or products etc.
Stealing – an individual steals products or
money without killing the person it steals
from.
Facilitation
• Mutualism – both individuals benefit
by interacting, e.g. a customer that
pays for a bread at a bakery.
• Commensalism
• Engineer – Constructor who builds a
road so an area becomes accessible
for others.

Symbiosis – long lasting interactions e.g.
director and its employees.

4.2 Producer interactions
4.2.1 The producers – plants
At the basis of the trophic pyramid are the producers. In nature, most of the producers are the many
different plant species. In a grassland, the producers are, as the name indicates, grasses. These grasses
interact with a multitude of other components, both below ground and above ground. Figure 2 gives
a graphical overview of these interactions. The interactions are discussed in more detail below.

Figure 2 Part of an ecological network depicting the interactions between a plant and other organisms within a grassland.
Double sided arrows indicate interactions that are beneficial or detrimental to both organisms involved. One sided arrows
indicate an interaction that’s only beneficial or detrimental to one organism.

As stated before, plants are the primary producers in the grassland network. Plants are essential for
the storage of energy in a form that becomes available for any of the higher trophic levels. Most plants
form a symbiosis with other organisms in order to be more efficient. The symbiosis with arbuscular
mycorrhiza (a fungi) is very common amongst all plant species. Arbuscular mycorrhiza are species of
fungi that have hyphae growing in the roots of plants. These fungi form a mutualistic interaction with
nearly all plant species. Arbuscular mycorrhiza function as protectors of roots as well, enhancing plant
resistance against root pathogens (Wehner et al., 2010). Though more importantly, mycorrhizal fungi
assist plants through absorbing phosphorus and exchanging it with plants for carbon. Through this
mutualistic interaction both organisms obtain their required resources both species could otherwise
not take up (Murray et al,. 2012).
There are plants that obtain their nutrients through different means than photosynthesis. There are
plant species that trap insects, such as sundews. Other species follow a more parasitic lifestyle. These
species rely on other plant species for their resources, and do not offer anything in return or even
cause damage to their hosts. An example of a parasitic plant is the mistletoe25. Epiphytes are plant
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species that grow on trees but are not parasitic. Instead, they obtain their nutrients from the air, rain
and plant debris. Examples are mosses and ferns as well as species of orchids26.
Plants can interact with insects through varies types of interactions. Insects can act as herbivores,
feeding on plants. Aphids and caterpillars are well known plant consumers as they are often seen as
pest species in agriculture. Or plants specialise in luring a few specific insects to their flowers for
pollination. These pollinators carry pollen from flower to flower, inevitably bringing pollen (and
therefore genetic material) from one plant to the stigma of another plant of the same species (Brosi,
2016). They feed on nectar or even the pollen produced by the plants. Bees are one of the more famous
pollinators, especially as their numbers decline. Without these pollinators many flowering plants
would not be able to reproduce. (Kearns et al., 1998).There is a nestedness in interactions of plants
with their pollinators. Where specialists interact with a subset of the species that visit a generalist
(Olesen et al., 2007).
Plants are consumed by numerous insect species. Weevils and moth larvae are two examples of insects
feeding on the seeds of two thistle species (Cirsium canescens and Cirsium vulgare). These insects
consumed the seeds before the studied plants were able to disperse their seeds. Seed predation has a
profound negative effect on plant population density. When insects where removed or unable to reach
the plant, greater plant densities where observed (Louda et al,. 1990). Insects eating on seeds before
dispersal has taken place are often specialist species. As plant species evolved their defenses, less
generalist species were able to continue their seed consumption. Some species, however, were still
capable of obtaining the seeds from a specific plant (Harborne, 1993). These specialist insects even
time their life cycle with the life cycle of plants in order to maximize their seed intake. Larvae of moth,
for example, live in the flower heads and feed on the seeds as both larvae and seeds develop (Louda,
1982).
Plants recruit insects through the use of volatile chemicals. Through this indirect defense, plants can
minimize damage done by the herbivores feeding on plants as the recruited insects feed on those
herbivores. These volatiles can be species specific, e.g. plant species infected with spider mites emit
volatiles to specifically attract Phytoseiulus persimilis (Dicke and Sabelis 1988).
And then there are birds. Birds ingest seeds when feeding on fruits or seeds itself. Seeds tend to be
difficult to digest and are excreted along with their faeces. These birds are essential for some species
of plants for the distribution of seeds. There are also bird species that feed on smaller animals such as
mice, small bird or insects to obtain their nutrients27. These smaller animals can be the natural enemies
of plants. Indirectly, birds interact with plants as a line of defense.
Mammals are another group of species that interact with plants. They are the larger herbivores, that
obtain their resources from plant material. Their actions modify the landscape in various ways.
Herbivores open up the environment as they feed on or trample plants. They spread the seeds that
cling to fur and hooves as well as the seeds that are not digested. Large grazers selectively eat parts of
plants, mostly leaves and stems, changing plant structures. As well as smaller herbivores such as
rabbits. For a closer look at the rabbits in a network, see 4.3.1.
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In order to avoid competing for the same food sources, species gravitate towards a specific area. A
study comparing the foraging ecology of chamois, ibex and red deer showed that while their food
sources may overlap, each species has their own preference for a more specific food source. Red deer
feed in areas were biomass is high, though the nutritious values may be low, while the chamois forage
in areas with less plants and low nutritious values and the ibex foraged in areas were the nutritious
value was always high, regardless the amount of plants in that area (Schweiger et al., 2015).
And lastly, plant interact with other plant species in the form of competition. Light, water, space and
nutrients are all highly sought after by plants. In order to minimize competition stress and waste of
energy plants utilize different depths of soil and different uptake patterns (Ouyang et al., 2016).
Surrounding the roots of plants, as well as further in the soil, live a whole plethora of different
organism. From bacteria to nematodes, these micro organisms are part of the grassland network as
well. There are bacteria that free nutrients stuck in dead organic material by decomposing, releasing
these nutrients to the environment. Plants can take up these nutrients. Fungi are also known
decomposers. The hyphae absorb the nutrients stored within the substrate by using chemicals to break
down material. These nutrients become available to those organisms that feed on fungi28.
Bacteria live in many different environments, they have adapted many different roles to take up their
place in the network. Some bacteria interact with plants through their effect on the environment.
Bacteria alter the chemical conditions of the soil by fixing nutrients in more complex compounds. An
example is the conversion of atmospheric nitrogen into ammonia (NH3) (Shiferaw et al., 2004). Bacteria
that fix nutrients are either living in symbiosis with plants or are free-living heterotrophs (Hayat et al.,
2010). Fungi can alter the mineral and metal composition of their surroundings as well (Gadd, 2007).
By regulating and fixing nutrients, bacteria and fungi play an important role in the grassland network,
especially with their connection to plants.
Some bacteria are predatory and feed on other bacteria. There are bacteria that are pathogenic to
plants, reducing primary productivity and cause diseases as they live inside their hosts, either by
directly attacking the host cells or through the release of toxic compounds (Silva, 2012). Fungi can take
on the role of pathogens too, harming plant productivity, especially when plant diversity is low within
a community (Maron et al., 2011).
While fungi and bacteria both occupy spaces within the soil, they utilize different parts. Fungi live in
pockets in the soil that are filled with air whereas bacteria live in pockets filled with water. This way
competition for space is limited between fungi and bacteria.
Microbes compete for inorganic nitrogen (in the form of ammonium or nitrate) with plants and their
mycorrhizal symbionts. This competition is based on the environmental conditions. If carbon is not
limiting, enough nitrogen will be mineralized for plants to take up their share of nitrogen.
Microorganisms tend to be the better competitors due to their large surface to volume ration.
However, plants have a longer lifespan and can take advantage of the nitrogen fluxes over a longer
time period (Kaye and Hart, 1997; Ouyang et al., 2016). Because of these different lifespans both
organisms can persist.
Nematodes are abundant in their diversity and number of species. Thousands of nematode species are
known worldwide, and many more species are still unnamed (Yeates et al., 1993). These small
wormlike creatures take on various roles. There are the detrivores who have to ingest dead material,
28
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rather than using biochemical reactions outside the body (differentiating them from decomposers).
But the principal stays the same. Dead material is their main food. There are herbivores and carnivores,
much like aboveground. Some nematodes feed on roots while other nematode species are predatory,
stalking and trapping small arthropods and other organisms.
Earthworms impact the soil in such a drastic way they are known as ecosystem engineers. Without
earthworms the soil would be denser and less penetrable for other organisms as well as water. Plant
productivity would be lower if there would be no maintenance of the soil (Clements et al,. 1990).
Then there are the arthropods in the soil system. These arthropods consume a wide range of organisms
fungi and bacteria, nematodes and annelids or small arthropods (De Ruiter et al., 1995).

4.3 Consumer interactions
4.3.1 A grassland consumer; rabbits
Rabbits are one of the primary consumers found in a grassland system. Figure 3 shows a network of
interactions centered around a rabbit. Included are the type of interactions between components. In
the grassland system, this is only a small part of the network.

Figure 3 Part of an ecological network depicting the interactions between a rabbit and other organisms.

As herbivores, rabbits feed on grasses as well as shrubs and forbs. When feeding, rabbits destroy parts
of the plants. This relationship with plants isn’t just destructive. Rabbits are also known to facilitate
plant species. In a study done on an offshore islands in the south of France, rabbits facilitate two
invasive succulent species. Rabbits (and rats) are the seed dispersers for the succulents, who in turn
24

provide rich leaves full of water and energy for the rabbits. The rabbits and succulents show a
mutualistic relationship as both species benefit (Bouregeois et al., 2005). A second aspect to the
mutualistic interactions is that plants obtain nutrients from the faeces of rabbits.
Smaller herbivores, such as rabbits and rodents, impact plants more through burrowing and disturbing
the soil as they dig up roots to feast on or dig out a burrow to live in. Vegetation is smothered by soil
that was removed to construct tunnels. Rodents feed on seeds after a plant dispersed them. After just
a week, 40% of the dispersed seeds of a thistle species were eaten by rodents and up to 60% is lost
due to predation only three weeks after dispersal (Klinkhamer et al,. 1988). However, Seed predation
after dispersal by rodents, can maintain species diversity and limit trees invading grassland (Herrera &
Pellmy, 2009) Through the faeces of herbivores, nutrients are returned to the soil as part of the
nutrient cycle. These modifications increase the spatial heterogeneity of grasslands as some areas are
enriched while others deprived of resources.
When foraging, rabbits have to make foraging decisions: what plants to consume and when to
consume them. The decision taken by rabbits is influenced by interactions with their predators, their
competitors for resources and the vegetation types. The predators of rabbits are diurnal birds that
hunt by sight and nocturnal predators such as foxes. During the day, rabbits may decide to feed on
shrubs as they offer shelter from birds. On the contrary, at night these shrubs may hide nocturnal
predators as well so foraging in the open grasslands can be more beneficial. Even more so because
grasses are rich in energy and resources (Moreno et al., 1996; Lombardi et al., 2003).
Rabbits compete with hares and farm animals like cattle or sheep for food sources. While hares and
rabbits feed on similar grass species, there is a substantial enough of a difference between diets for
both species to coexist. Hares are more capable of feeding on lower quality plants than rabbits. The
presence of cattle can lead to an advantage for rabbits when competing with hares. With the cattle
come highly productive agro-ecosytems. In these systems the rabbits are capable of consuming a
higher proportion of plants (Phleum spp. to be specific) than hares (Lush et al., 2017).
As rabbits feed on grasses they clip the vegetation, shortening the height of the vegetation. In turn,
the height of the vegetation determines the response of ants as they built their mounds. If the grass is
unclipped, ants build their mounds higher and reach deeper earth layers because of this. While in areas
where grass is clipped, ants built lower mounds. In turn, the height of the mound and the layers of
earth that is disturbed affects the nematodes and other soil organisms (Blomqvist et al., 2000).
Rabbits form a symbiosis with the microbes living inside their body. Gut microbes are a rather well
known example of this relationship. The microbes live in the gastrointestinal track of a rabbit, where
the bacteria have access to the nutrients. It’s estimated that hundreds of bacterial species live in the
gastrointestinal tracks. They play a part in the digestion of the high fibre food that makes up the diet
of a rabbit (Harcourt-Brown, 2004) . Furthermore gut microbes are necessary for the development of
the immune system and protection against pathogens, especially in the early stages of a rabbit’s life
(Vantus et al., 2014).
A well known pathogen that is the Myxoma virus that causes myxomatoses in rabbit. In the 1950s his
virus was the cause for the almost complete eradication of the rabbit population in the Netherlands.
The virus requires a vector to spread the virus through a population, in the Netherlands this vector was
a flea species. Fleas hop from rabbit to rabbit, carrying the virus with them and infecting rabbits one
by one (Drees, 2004).
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4.3.2 A society consumer: bread and pastry industry
The bread and pastry industry processes resources into bread and pastries for sale in bakeries,
supermarkets and other stores. To bake products the owner of the factory/bakery has a mutualistic
relationship with the sellers of flour, sugar and (the many) other resources required to produce bread
and pastries. The owner consumes these resources in return for money, an exchange of resources that
benefit both parties. Factors such as the price for resources or the demand by retailers can influence
the decisions an owner has to make when determining where to buy their resources, see Figure 4.

Figure 4, interaction network depicting the different components the owner of a bread and pastry factory interacts with. There
are 4 ‘blocks’ of components with similar interactions.

In turn the owner sells the created products to a variety of retailers. These retailers include bakeries
and supermarkets but also lunchrooms, restaurants and the likes. Transport is required for delivering
the product to the stores, a company can choose to deliver the goods by themselves or engage in an
interaction with a specialised transportation company. The owner of this company offers the services
of their employees in return for payment. This interaction is a tualistic one as well.
In order to create all products and keep a company running, the owner often hires employees who
offer their time and skills in return for a salary and sometimes other benefits such as a company car
and such, but also health insurance which is a major benmuefit in the USA (Currie & Madrian, 1999).
The owner facilitates an environment that is suitable for personnel to do their jobs. Personnel can
either be directly hired into the company or work can be outsourced. An example of outsourced
personnel is for instance an IT-specialist outside of the company29.
Furthermore, every company requires resources such as energy/electricity, office space and/or
factories, inventory/equipment and IT/communication for company use to keep the business up and
running. Services and resources are once again obtained in exchange for money. Furthermore, the
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owner has to pay taxes to the government over multiple subjects, for example income. In return,
subsidies can be granted by the government if specific requirements are met.
So far, mostly mutualistic interactions have been described. A form of predation, or destructive
interactions, is found in society as well; namely in the form of burglary. Thieves take resources from
the owners whilst nothing is given in return. Another example is when a company goes bankrupt for
any number of reasons. The company and therefore the role of the owner will seize to exist. Resources
from the bankrupt company are taken up by other components in the network through sales under
the care of an appointed monitor30.
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5 Energy flows
5.1 Introduction
In this chapter the energy flows within a network will be discussed. In ecology, energy flows are used
to describe and quantify how units of energy move through a food chain. There is the uptake and
output of energy, it’s eating or being eaten, production and consumption. The producers lock the
energy into the network through photosynthesis, while the consumers redistribute this energy as they
are consuming plants or other consumers. Glucose and other carbon products are used by all
organisms as an energy source. Through respiration the stored energy is slowly released for an
organism to use. All organisms, from the most basic (bacteria) to the most complex organisms
(animals) use a form of respiration to survive.
A second unit that flows throw a network are nutrients such as nitrogen and phosphorus. These
nutrients are essential for organisms to live. Nutrients are acquired through food uptake or through
absorption. Nutrients taken up can pass through an organism and return into the system through the
organism’s excrements.
In society, money as well as goods can be tracked through a network. These energy flows bring more
focus to the interactions within a network, for instance by quantifying the interactions. The numbers
will give a general idea how large the interaction is and how large the stakes are. For example, in
society, you can imagine that if a large sum of money flows between two components, the importance
of this interaction is high.

5.2 Energy flows in a soil network
De Ruiter et al. (1995) studied several soil food webs and by combining the data of these food webs
they created the soil food web depicted below (Figure 5).
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Figure 5 Energetic food web. Taken from De Ruiter 1995. Between square brackets [#,#,#,#] is biomass (B,' kg ha-'), specific
death rate (di, year'1), assimilation efficiency and production efficiency. The number within the parentheses near the arrows
give the feeding rates. (De Ruiter, 1995)

The basal food source for fungi and bacteria is detritus, which is found in large quantities (standing
stock: 2500 kg per hectare). Bacteria feed on 1606 kg per hectare per year of detritus, while fungi
obtain ‘only’ 40.8 kg per hectare per year. Both bacteria and fungi have an assimilation efficiency of 1.
This means that these groups absorb and convert all nutrients from their food uptake into energy to
use for growth and reproduction. Any assimilation rate below 1 means there is a loss of nutrients and
therefore a loss of energy31. An organism may not be capable of digesting all particles in their food.
Cellulose, for instance, is an example of being indigestible for many organisms32.
Bacteria and fungi are food sources for nematodes, mites, springtails and flagellates. Enchytraeids
(small earthworms known as potworms) feed mostly on bacteria (10.1 kg/ha/year) and detritus (11.1
kg/ha/year), with fungi being only a relatively small part of their diet (0.09 kg/ha/year) (De Ruiter et
al., 1995) Whereas bacteria and fungi where very efficient in their assimilation of nutrients, the
enchytraeids are capable of converting just a quarter of their food uptake, while three quarters are
lost as feces. The enchytraeids and phytophagous nematodes are the least efficient when it comes to
assimilation.
The production efficiency describes how efficient an organism is in storing the assimilated energy as
biomass. It is calculated by taking the net production and dividing it by the assimilation. It shows how
efficient an organism is in creating biomass from the energy acquired from the food uptake, whereas
assimilation showed how efficient food is digested. When looking at the network, almost all groups
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show a similar production efficiency. The enchytraieds have a production efficiency of 0.40. So, 40% of
the energy is incorporated into new biomass and 60% is lost to the system as respiratory heat. It should
be taken into account that these numbers are at most good estimates as truly determining the
production is difficult.
While the network depicted above shows a seemingly detailed network, it does not show the flow of
minerals and nutrients. Elements such as carbon, nitrogen and phosphorus are important to many
organisms. These elements cycle through a network, opposed to energy that enters the grassland
network through sunlight and leaves in the form of heat as a by product of respiration. Bacteria are
especially important in the nutrient cycles as they are the “fixers”. Bacteria take nitrogen for sources
that are unavailable to many other organisms and turn the nitrogen into an accessible source in a
process that is both beneficial for the bacteria and in turn for the other organism. Part of the nutrient
cycle takes place in the abiotic world, which is not included in the network itself, as the abiotic world
is the environment in which the components of the network are present. Furthermore, gut bacteria
are part of the nutrient cycle as they free nutrients from food sources in the digestive track of
organisms. These nutrients either pass through the organism and are released to the environment
again, or are used by the organism itself.

5.3 Energy flows in the bread and bakery sector
The bakery sector revolves around the industry that produces several bakery products, such as bread
and pastries, as discussed before (see 4.3.2).

Figure 6 flow network showing the flow of money in exchange for goods and services. Double sided arrows indicate an
exchange of resources or services for money. Numbers show the costs for the bread and pastry owner in millions of Euro,
except for the 1.67 which is net sales. Numbers in brackets [profit per company (in million Euros), assimilation, bankruptcy
(/year/total within sector)}

The basic uptake for producing the bread and bakery production comes from the purchase of flour and
other products while the main source of money is obtained through their sales to supermarkets,
bakeries and other eateries. These establishments provide 1.67 million in sales to the bread and pastry
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owner. This number represents the gross revenue. It should be noted that the gross revenue for all
sectors comes from various sources. The owner of an electricity company, for instance, is unlikely to
obtain money from just the bread and pastry owner. The numbers noted at each arrow is the average
money spend per company in the bread and pastry industry. Most of these arrows depict the costs
that have to be paid by the owner of the bread and pastry company. When all costs are deducted from
the gross revenue, the profit is leftover. Taxes are one of the costs that have to be deducted from the
gross revenue. The total costs of these taxes for the bread and pastry industry is not known. The money
spend on taxes may lead to benefits for the owner of bread and pastry company through government
funded infrastructure or in a more direct sense through subsidies. However, the government may
spend the tax money on projects irrelevant to the owner of the bread and pastry company. In that case
the taxes are only a source of costs. As seen in Figure 6, there are many costs to cover for a company
owner in the bread and pastry industry. The major cost is personnel, which amounts to 0.46 million
euros in total per company/owner, overall the largest cost besides the purchase of resources such as
flour. The other costs include both unspecified services and costs not mentioned/specified by any of
the other components.
The assimilation is calculated by the following formula; profit/gross revenue. The bread and pastry
industry can only turn 1/10th of their revenue into profit. Supermarkets have an assimilation efficiency
of just 0.039. Assimilation is generally low in a societal network, possibly due to the numerous
costs/investments that are made in order to sustain a business, leaving little profit left for future use.
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6 Conclusion
The main objective of this thesis was to determine how well societal and natural networks can be
compared with regards to their components, interactions and energy flows. The overall conclusion is
that natural and societal networks are very comparable. For the components, interactions and energy
flows that can be identified in natural networks, equivalents can be found in societal networks.
In natural networks each individual plant, animal or bacteria is seen as a component. The components
differ from each other as they have different roles in the natural system. In this thesis, the roles that
components of a natural system fulfill, are largely determined by DNA. Individuals with similar DNA
are grouped together as a species. DNA can be seen as a set of rules that determines how an individual
is constructed and how it ‘operates’ or behaves in its environment. The actions or roles an individual
is able to perform largely depends on the complexity and size of the DNA. In societal networks the role
of individuals is to a large extent determined by the equivalent of DNA: the knowledge and skills people
possess and by the job and/or position people have in society. Knowledge alone does not determine
the role individuals have in society. Wealth determines the roles of individuals as well. Wealth is
defined as an individual’s possessions, be it money or assets, minus their debts. A wealthy individual
has more opportunities and can act differently than a less wealthy individual. Less wealthy individuals
are limited in the roles they can fulfil. Wealth is, in addition to knowledge, a second indication for an
individual’s complexity. In nature, larger individuals act differently than smaller individuals as well.
Smaller individuals are limited in roles as their environment tends to be smaller whereas larger
individuals occupy larger spaces. Biomass not only reflects the amount of nutrients a component
‘possesses’ but is also an indication of the level of complexity of an individual. Individuals with similar
DNA and biomass belong to a particular species. Individuals in society that share similar knowledge
and wealth have the same role within the network. Therefore, the equivalent of species in nature are
positions of people in society.
Survival of a component both in natural and societal systems is not only determined by
DNA/knowledge and biomass/wealth but also by the numerous interactions it has with other
components. In ecology, trophic levels are often studied and used to place species within a network
(often a food web type of network) whereby the focus is on production and consumption and the
interaction between the trophic levels. In society the production chain has a similar, linear design when
it comes to depicting components within a network. Both the trophic levels and production chain are
limited in what they can depict. The main type of interaction addressed in food webs and productions
chains is consumption. Trophic levels focus on who eats who while production chains shows a form of
consumption as well. The owner of a company/factory ‘consumes’ resources of other factories and in
turn sells resources with added value. Similarly to food webs where individuals consume other
individuals and use these resources to invest in their own biomass, which is in turn consumed by the
next individuals in the trophic level. An important difference between natural and societal systems is
that consumption is often destructive in natural systems, while in society consumption is more of a
mutualistic relationship as individuals gain money in exchange for resources.
In natural and societal systems many different types of interactions are present. In nature there is, of
course, predation but also mutualistic and facilitating interactions. These interactions are found in
society as well. In mutualistic relationships, both individuals benefit. Pollinator-plant interaction is a
well studied mutualistic relationship. In society, customers have a mutualistic interaction with the
owner of a store. Both individuals benefit as the customer obtains products and the seller obtains
money, which is beneficial for both. Within societal networks, mutualistic interactions seem to be
abundant, as many interactions rely on an exchange of goods or services for money. Individuals in both
systems shape their environment and the network as they interact with others and their environment.
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Individuals depend on many other individuals for their survival. Given the large amount of mutualistic
interactions in society, it is likely that many more mutualistic and facilitating interactions are present
within a natural system than currently depicted in ecological studies. An example are the large grazing
herbivores that keep grasslands free of trees. These indirect, mutualistic interactions are just under
represented in studies so far. Rarely are all, or even multiple, types of interactions depicted in a single,
complex network within a study.
Similar types of interactions are found on different scale levels. On a small scale there are the bacteria
that impact their surroundings through predation on other bacteria or mutualistic interactions with
plants. On a larger scale there are predators hunting in large areas or bees flying around in a large area
while interacting with different plants through a mutualistic interaction. These scale differences are
found in society as well. Local farmers interact with consumers just in their area, while some companies
export to many different areas and reach consumers in a far larger area. The types of interactions are
similar at these different scales, the impact of the interactions on the environment significantly differ
between components of different size.
Although the impact of large components is bigger on the systems, also the small-scale interactions
are important for the functioning of the systems. Understanding the role and function of different
components and interactions requires an analysis of the nestedness and connectivity of the different
components. Nestedstess indicates whether an individual interact with the same subset of individuals
others interact with or if an individual interact with different individuals than others. Whereby
connectivity indicates how ‘connected’ a network is. If individuals interact with many others, the more
connected a network is. Nestedness and connectivity cannot truly be expressed when information is
missing or incomplete due to unknown components and interactions as nested groups and
connections are not shown. Nestedness is already found and studied in both social and ecological
networks, for example plant-pollinator studies or corporation performance (Olesen, 2007; Misangyi et
al., 2006). Connectivity describes how connected components are within a network. Both ecological
and societal networks consist of components that are connected with many others, the generalists,
and components with far less connections, the specialists. An organisation, for example, is a highly
connected network nested within the larger societal network. The owner of a company is more of a
generalist as they interact with many of their employees, while the employees are the specialists that
interact with a subset of the components that the owner interacts with. Individuals engage in different
types of interactions with a multitude of other individuals. Current research focusses on a single type
of interactions and so, information regarding other interactions is left out while it could influence the
studied interactions.
As individuals interact with one another, units of some sort of resource (e.g. energy or money) move
through the network. In nature these flows can be energy as well as resources such as minerals that
are captured by producers and redistributed through the system by consumers. In society, the flows
described above are money that cycles through the system, as well as other resources such as products
and services. At the basis of these energy flows are the producers. In natural systems, producers take
inorganic material and turn it into organic material. The biotic material then becomes available to
consumers. In societal systems, the producers take inorganic resource and produce material or grow
food which is consumed by other individuals.
The complexity and intricacy of both natural and societal systems has so far been underestimated and
underrepresented in research. These studies often contain only a fraction of all components,
interactions and energy flows present within the studied system. To gain a deeper understanding of
the functioning, stability and vulnerability of natural and societal systems a more thorough and
detailed analysis of components, interactions and energy flows is required. As I conclude that the
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structure and functioning of both natural and societal systems are very similar it is likely that data and
information from societal systems can be used to better understand natural systems and the other
way around. The huge and strongly increasing amount of data on societal networks and the rapid
increase in computing power create many new opportunities to better analyse the functioning of these
societal systems whereby ecological theories should play an important role. Next, the findings can be
applied to better understand ecological systems where often detailed data on component, interactions
and energy flows is much more difficult to obtain.
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7 Discussion
In this thesis I conclude that the components, interactions and energy flows within ecological systems
are similar to the ones in societal networks. It is not the fist attempt to compare the functioning of
ecological and societal systems. In this chapter I will compare the findings presented in this thesis with
Weber et al. (2016) and Reeves et al. (2016). Both studies compared business systems in society with
systems in nature. I will discuss possible similarities and differences found between the studies and
the thesis. For example, I will compare how these studies describe their studied components and relate
these components to biological equivalents. Eventually I will describe the possible advantages of this
thesis’ approach to describe and compare ecological and social networks.
Figure 7a, b, c and d provide an overview of how the different functional components on different
spatial scales are positioned in various systems (see Table 4 for a similar overview but in writing).
Figure 7a represents a natural system while Figure 7b, c, and d represent a societal system. These
figures show where the societal equivalents of the natural components and levels found in
societal/organisational systems are positioned in the study of Weber et al. (Figure 7b), in the study of
Reeves et al. (Figure 7c ) and in this thesis (Figure 7d). The same symbol represents the same
group/level in each of the figures. For example, in Figure 7a the circle represents the population level
in a natural system, while in Figure 7b the circle represents the group in a societal system. This group
is the equivalent of the population. In ecological systems the basic level is the individual organism. An
organism belongs to a species. Multiple individuals of the same species are grouped together in a
population. In Figure 7 each species is represented by a different colour. These populations reside in a
community, where different species interact with one another, in a specified area. In a grassland, for
example, this could be a pond or a specific area if the grassland is more fragmented. These
communities in turn are part of the larger area, which is the ecosystem, which is part of a biome. Some
species have populations in multiple communities (in Figure 77a this is represented by the same colour
in multiple communities), while other species are specific to one community (represented by unique
colours).
Weber et al. (2016) compare the emergence of social networking sites with ecology and evolution
theory. Within their article an organization is equivalent to an individual of a species. Organisations
with similar features, such as similar goals and/or common markets, are part of the same species.
Figure 7b shows the organisations grouped together. Each group consists of one species, therefore one
unique colour.
Reeves et al. (2016) focus on the shortening life spans of companies and what managers should do to
survive in a business ecosystem based on strategies used by organisms in nature. Within their
comparison, an organisation is seen as a species. The individuals within the organisation are all part of
the same species (represented by the similar colouring). Organisations are part of a community, for
example a city which in turn is part of a large business ecosystem.
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Figure 7, graphical depiction of different scale levels of the components within varies networks.

The main difference between the two studies that focus on businesses and this thesis is what is seen
as a species in society. In this thesis, a species is made up of individuals that fulfil a specific role, e.g.
an employee in a specific department (e.g. human resources). Weber et al. (2016) classifies entire
organisations as individuals and groups organisations with similar identities and goals together in
populations of one species. Reeves et al emphasises on a business being one species. All employees,
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no matter what job/role they have, are then individuals of the same species. This shows that previous
comparisons do not describe the levels found in society as it is layered in nature.
Table 4 summary of layering found in the various networks discussed.

Level
Individual
Species consist of
and defined by

Group

Organisation

‘City’

‘Country’

Weber
Not specified
Organisations
with
similar
organisational
features e.g.
similar
goals,
technologies or
common markets
(only
specified
features in entire
article). species of
social
media,
species for music
sharing etc.
Multiple
organisations of
same ‘species’

Reeves
One employee
All employees of
a company are
part of the same
species.

Thesis
person
People sharing a
specific role in
society

Nature
One organism
Individuals
sharing DNA that
is more similar to
those of the same
species than the
DNA of other
species. Or based
on morphology.

Company – which
they equal to a
species, but also a
population cause
the
individuals
are all part of the
same
species
forming
a
population

Group of people
belonging to the
same role, e.g. a
department in a
company like HR
or IT etc.

Multiple
organisms of the
same species in a
specific
area
forming
a
population

Various
populations
of
people within a
specified place,
e.g. a company
The
larger
societal
environment with
‘abiotical’ factors
included.

Populations
of
various species in
specified
area,
e.g.
grassland
community
Neighbouring
communities and
abiotical factors.
e.g.
entire
grassland area +
climate

Multiple
populations
of
organisations.

“Companies that
depend on and
compete
with
one another” (in
article mentioned
as the natural
ecosystem)
Overlapping
ecosystems and
other
stakeholders such
as Government
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Specified
area
containing
multiple
ecosystems and
spanning across a
large area

This thesis aimed to show the nested and layered structure found in complex networks in both society
and nature, to describe the components, interactions and energy flows that make up these networks.
Ultimately, this thesis shows that these structures are far more complex than assumed so far, both in
society and in nature. By grouping entire organisations together to fit in one species, all the
interactions, knowledge and differences between the employees within and outside the organisation
are lost. Employees within an organisation are not all interchangeable as specific roles within an
organisation require specific knowledge and skills to successfully execute those roles, yet it is
presented this way by both Reeves et al. and Weber et al. In both articles there is mention of
employees within the company, but they are left unspecified as they are simply an employee with no
specific role or description, other than the manager, who seems to have a more specific role as decision
maker. If the framework for the network and the comparison is incorrect or missing information, any
decisions made based on this framework will be based on faulty information and may be incorrect as
well.
In this thesis the layering of ecological and societal networks is compared and described. An
organisation is similar to a community found in nature as it is a connected network of multiple
populations of various species. These organisations can be situated in a specific city which is in turn
part of a country. Comparing these levels described in the various articles, it is evident that some layers
are either missing or simply not addressed in the two articles. Therefore, information regarding the
components and interactions within these levels are missing as well. The networks are shown as less
complex than they are.
The studies discussed in this thesis mostly focus on the biotic factors within a system. However, the
ecosystem contains abiotic factors as well. Changes in the abiotic environment ripple through the
system. For example, experiments showed that an (artificial) increase of water (for example: to
simulate heavy rainfall) lead to higher fungi densities and a decline of bacteria while an increase of
nitrogen lead to an increase of bacteria and a decrease of fungi. The added water resulted in a change
of environment such as higher PH levels (Ma et al., 2016). A possible effect from an increase in bacteria
could be an increase in feeding on detritus, and possibly an increase of species feeding on bacteria
such as bacteriophagous nematodes and mites. When analysing a system, the abiotic factors should
be included as well as they affect the interactions and energy flows of the components within a system.
When comparing energy flows, it becomes clear that the usual linear way of thinking in food webs
limits the understanding of the complexity of an ecological network. Adding in omnivores is already a
challenge when a linear food web is the basis. Currently, the food web has its rigid structure of plants
create biomass, plants are eaten by herbivores, herbivores are eaten by carnivores. But a rabbit does
not consume just one plant, it consumes multiple different plant species. These plant species in turn
are perhaps eaten by other herbivores or have interactions with different insects for example,
complicating the network.
A social network, as shown in Section 5.3, begins to show the sheer complexity and number of
interaction an individual engages in to persevere. Society could possibly be a source of information for
these complex ecological networks already by highlighting just how complex a network is and what
type of interactions and energy flows one would expect to occur between individuals and/or species
given their place within a network. Generalists are unlikely to be just consumers of many organisms,
instead they have different types of interactions with many individuals. There is still a lack of studies
that include all types of interactions as most studies rather focus on a single type of interaction. Future
ecological research could find missing information in societal networks and vice versa in order to create
a universal framework for networks.
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It is clear that networks and systems are not depicted accurately yet in past research. Individuals are
put together in generalized groups. Information regarding more specific interactions between
individuals are therefore lost or still unknown. Further research requires networks to be depicted as
complex as they are, with focus on individuals and all the interactions these individuals participate in.
Only then can we truly learn more about both natural and societal systems and their similarities to one
another. Furthermore, there is the big data found in economics and society. This data could shed new
light on not just societal networks, but natural networks as well. Also our understanding of natural
systems is increasing rapidly with the new technologies that quickly reveal the DNA of individuals. As
it is clear nature and society are similar to one another. Data and theories from economics could be
used in ecology and ecological data and theories could in turn be applied to economics and society.
There are gaps to fill for both systems, ecological data may be hard to find, there is plenty in society to
be obtained. Society may benefit from ecological theories. It is time to learn from one another, rather
than limiting research to a specific research field.
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