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Definition
A food web is a representation of the food relationships that link all the different living organisms and nonliving components that constitute an ecosystem (Jackson 2013). The concept was developed as a theoretical tool in natural sciences, but it found use in the ongoing debate of the social sciences and education in particular to raise awareness concerning the themes of sustainability and environmental resilience.

From Ecology to Food Webs
In order to understand the concept of a food web, it is necessary to look at its conceptual basis, an ecosystem. Moving from a dichotomic understanding of the environment that tended to divide living and nonliving, human and nonhuman components, and consider them as different and distinct aspects of the geography of a place (Holt-Jesen 2018), since the 1930s (Jackson 2013), the concept of the ecosystem has become common knowledge. It refers to a particular understanding of landscape as the result of ongoing interactions among living organisms and nonliving components. The academic debate does not agree on a standard definition of the concept of an ecosystem (Willis 1997), and in particular there is considerable contention regarding the minimum size and characteristics a space should be in order to qualify as an ecosystem (e.g., Krebs 2009; Schulze et al. 2002; Willis 1997). Despite such uncertainty, which may affect the development of theories in ecosystem ecology (Sagoff 2003), the concept of the ecosystem has allowed academia to surpass a static understanding of nature by highlighting the different levels of interaction among the components that generate it (Olwig 1984, 2008). In particular, the concept has fostered a new understanding of the environment, thus of the social space (Janowski and Ingold 2012), which has overcome the rigid antinomies that governed Modern Western thought up until that time (Latour 1993). Movement and dwelling are among the different forms of relationality one can count (Ingold 2000, 2011); however, eating is also a key factor. Under this rubric, we can define eating as all the practices which allow organisms to consume external substances to provide their bodies with energy and to allow them to grow. As such, eating connects nonliving components to living organisms in a complex relationship. In fact, as Elton (1927, p. 55) pointed out: “Food is the burning question in animal society, and the whole structure and activities of the community are dependent upon the question of food-supply. […] The herbivores are usually preyed upon by carnivores, which get the energy of the sunlight at third-hand, and these again may be preyed upon by other carnivores, and so on, until we reach an animal which has no enemies, and which forms, as it were, a terminus of this food-cycle. There are, in fact, chains of animals linked together by food, and all dependent in the long run upon plants. We refer to these as ‘food-chains’…”

A food chain was the first model to trace the connections among different species in a particular environment following the: “energy path or sequence of links that starts at a species that eats no other species in the [environment] and ends at a species that is eaten by no other species in the [environment]” (Briand and Cohen 1987, p. 55). Each chain encompasses a limited number of species, namely, a series of predators and prey. Those can be autotrophs or heterotrophs. These categories are used by ecologists to broadly distinguish between two groups of life forms: the autotrophs and the heterotrophs. The formers are those which produce more biomass energy by producing energy during metabolic respiration, by capturing solar energy, or by processing chemical compounds found in the surroundings. Heterotrophs produce biomass energy by metabolizing tissues of other organisms, autotrophs or heterotrophs.

Although this concept offers a useful tool to interpret the environment and the possible interconnections existing within it, a food chain does not account for all the species that are present in an environment and their interactions. Food webs are a further development of food chains, elaborated in order to produce a more comprehensive picture of the food relationships that underpin an ecosystem, compiling all the information concerning the different food chains within the analyzed ecological community. The emerging bundle of relationships is represented graphically in a network where the connections, called trophic links, represent feeding connections (who eats whom), which are also trophic linkages (whose energy passes to whom) (Benke 2010). Each food web represents a flow of energy and nutrients that form the base of autotrophic organisms or saprophytic detritivores and extends to a vast array of heterotrophs (Allesina et al. 2008).

Food Webs and Their Structure
Food webs represent the complexity of an environment, proposing a hierarchical interpretation of the species therein. Species are divided into trophic levels. Basal species, autotrophs, and detritivores make up the first level. They feed on no other living organisms. Further layers include heterotrophs which feed on species that are parts of the lower levels. At the apex of the web structure, there are those species which are predators that are not preyed upon by any other species (Borst et al. 2018). This is a common way of representing the food web, which is often portrayed in school books, and shows a tripartite structure: on the bottom lay the plants, then the herbivores, and on the top the carnivores. This links the food web with another graphical and conceptual elaboration of environmental relationship, which is the ecological pyramid. Introduced by Elton (1927) in 1927, ecological pyramids are representations of the different trophic levels as overlapping blocks, with primary producers at the base and dominated by the final predators. Considering the number of consumers decreases at each level, the resulting representation is that of a pyramid. The size of each block usually represents the biomass of the organisms included in that trophic level (Rickleffs 1996), and ecological pyramids can also depict other properties, such as numbers of individuals per unit of area, biomass, and energy.

In the past decades, new graphical representations have been introduced, in order to convey the sense of dynamic development of the ecological relationship as well as a less hierarchical perception of the environment. Despite the graphical arrangements used, all the representations of food webs are cognitive tools (Dennet 2013) which are used to better understand and explain the energy paths and the nutrients cycles that characterize an ecological community. The analysis of energy flows, which were defined by Lindeman (1942) in the early 1940s as trophic dynamics, was originally approached from a quantitative perspective and faced substantial limitations concerning issues such as the difficult collocation of species in specific trophic level because “above the herbivore trophic level, food webs are better characterized as a tangled web of omnivores” (Thompson et al. 2007, p. 612). Regardless of the limitations, trophic dynamic literature opened up the debate about regulation of the use of resources and production, in order to maintain a balance in the energy dynamics of an ecosystem and among the different species it hosts (Hoekman 2010; Tscharntke and Hawkins 2002).

Energy, though, is just one of the many components that are exchanged through feeding. While biomass can be seen as stored energy, it is also the primary source for consumers to acquire the nutrients needed for their survival, growth, and reproduction. Thus, while biomass is a nutritional resource, the actual capacity of extracting energy and nutrients from biomass depends on the quality and actual composition of the specific metabolisms of the consumers. This datum is one of the key indicators used by scholars to cluster species in the different trophic levels.

Overall, metabolic relationships and energy flow shape the particular structure of each food web, expressing a plurality of possible configurations. Among them, scholars have distinguished several main recurrent patterns, which are classified within specific categories, such as the “source web,” “community web,” and “functional web,” according to the shape of the energy flow pathways (Dunne et al. 2008; Krause et al. 2003; Ricklefs 2008). These categories are used to classify the different ecosystems, their extensions, and components (Polis et al. 1997).

Humans find their place in the food webs among the other heterotrophic animal species. Within the networks, however, humans do not only play the role of prey and predator; their activities have a powerful impact on the stability and persistence of the networks themselves (Århem 1996; Bonhommeau et al. 2013; de Visser et al. 2011; Lotze and Milewski 2004). Cultivation, animal breeding, and mineral and forestry extraction have had an essential impact on the ecosystem, modifying both the animate and inanimate components. While human activities overall have had a profound impact on the global climate, altering the systemic conditions of ecosystems (Kelly et al. 2007), activities such as agriculture and farming transform ecosystems by modifying the composition of soils, or by introducing or extracting animal and plant species, hence, modeling the local food webs overall. The debate about the resistance and resilience of food webs is still open (Standish et al. 2014; Vallina and Le Quéré 2011), but the analysis of these practices brings to the fore the theme of sustainability. While the limits of traditional agro-industrial models have primarily been discussed, since the end of the twentieth century, alternative production models based on sustainability, low environmental impact, and low emissions of greenhouse gases (hereafter GHGs) have been spreading (Hinrichs 2000; Vandermeer 1995).

Food Webs in Education
Food chain and food web have a crucial role in science education and are commonly taught from primary education. The concept of a food chain playing a fundamental role in primary education is one of the essential ecological concepts commonly taught as part of elementary school curricula. On the Internet, it is possible to find a vast array of examples of how the concept is implemented in teaching. An example is provided through TheSchoolRun (www.theschoolrun.com), a parenting and education website for primary school parents based in the United States that offers resources, information, and practical activities to help the children’s learning. Considering one of the most common school curricula used in the country, the site points out how the concept of a food chain is central to the early 4 years of primary education, therefore, highlighting a progressive learning approach that familiarizes the children, first, with the various types of animal nutrition pattern, then with the main feature of the habitats where animals live, and with the link between environmental changes and animal and plant condition of life, and finally with the concept of the food chain. This example highlights how in learning the concept of the food chain children develop a base of ecological knowledge.

The concept of the food web, also for its graphical representation, has been introduced in the school curricula from the early years of education. The digital resource “Che cos’è la Rete Alimentare” (Istituto Comprensivo Galileo Galilei – Reggio Emilia 2007), which presents the outcome of the class work conducted in a fourth grade primary school in Italy, shows how it is used and implemented offering a visual tool to connect different species that populated the local environment. This is a simple educational model used for teaching the young students, on the one hand, what are the main species they can encounter in their local surroundings and, on the other, the simplest levels of interaction among the different species of the environment. This information appears particularly crucial for the young learners considering the limited environmental knowledge they commonly have, not only in the Western countries (El Batri et al. 2019; Stevenson et al. 2014).

Given the reduction in time and outdoor activities, and the difficult passage of traditional environmental knowledge from the older generation, children commonly have limited knowledge of the different species that distinguish the local environment, in particular in the urban and semi-urban areas where biodiversity is restrained. A research, titled “Etichette d’artista” (“Artist’s label”) involved conducted from 2015 to 2018, in Lu, a Piedmontese municipality on the UNESCO World Heritage List under their winegrowing, confirmed this datum (Fontefrancesco 2016, 2018). The research, which had a clear educational focus, involved the pupils from the local elementary school in drawing the labels for a particular lot of Grignolino wine (Giavedoni and Gilly 2011, p. 213) produced by the local Wine Cooperative. The project, promoted by the Municipality of Lu, the elementary school, the Lu Wine Cooperative, and Art&Coop and sponsored by the Alessandria Provincial Council and the UNESCO Association for the Langhe-Roero and Monferrato Wine Landscape Heritage, was launched to bridge the environmental knowledge gap that a preliminary survey conducted among pupils at the school in 2015. It highlighted how most of the students, although living in a rural area, were unable to recognize the main plants of the local environment, among which the grapevine. The project ran for 4 years, from 2015 to 2019, involving the pupils in artistic and educational activities conducted by artists and university scholars. The teachers and trainers explained the main features of the local environment, its main animal and vegetable species, the relationships that undergo among them, and different techniques to portray the landscape and its biodiversity. The use of food web was pivotal in effectively teaching the pupils the different elements of the environments and their relationships. The students quickly became familiar with the instrument; in so far, they made simple food webs the subject of some of the labels. The impact assessment of the project showed every year how the activities increased environmental knowledge among the participants and a stronger sense of understanding of the distinctive cultural and agricultural features of the local landscape.

Food Webs as Food Networks
The example of Lu points out the educational and communication potentialities of the food web. It also highlights the social implications of the debate food webs have. Mainly from the 1990s, the social sciences have explored these aspects, further developing the concept of food webs. In a socioeconomic context, food webs can be defined as food networks.

Networks form a methodologically challenging object for research. Their characteristics such as several actors, connections, relationships, and structures mean that complexity is ever present and is similar to those of ecosystem food webs. The two main characteristics of any network are (1) the actors involved, people, organizations, and their relationship either direct or indirect and (2) the interaction between these actors and the ever-changing and evolving nature of them (Elo et al. 2010; Ford et al. 2002). With regards to the sustainable development agenda, specifically, alternative food networks (AFNs) which are heterogeneous and complex, and not so easily defined or explained, AFNs are a system of food provision which is considered as the embodiment of the sustainable development agenda. They typically operate counteractively to conventional food networks (CFNs) seeking to reconnect all members in the supply chain through ethical and sustainable engagements. The relationship AFNs have with CFNs is further expanded upon by O’Neill who states that AFNs “interact with the conventional food system in complex and multiple ways, underlining that it is not a case of ‘either/or’, but that food production and consumption are heterogeneous and refracted through specific places” (O’Neill 2014, p. 112).

Another attempt at defining what is meant by the term AFN comes from Renting et al. who states that AFN is “A broad embracing term to cover newly emerging networks of producers, consumers, and other actors that embody alternatives to the more standardised industrial mode of food supply” (2003, p. 394). Tregear provides us with a general definition of AFNs as “forms of food provisioning with characteristics deemed to be different from, perhaps counteractive to, mainstream modes which dominate in developed countries” (2011). Adding to this, at the most elementary level of an AFN, there is an inherent desire for a reconnection between all members of a food network (Ilbery et al. 2005 as cited in Albrecht and Ohberg 2013; Renting et al. 2003).

On visualizing what is meant by reconnection, Dowler, Kneafsey, Cox, and Holloway help describe this notion in AFNs by stating in their conclusions, “growers, rearers, processors, customers, members, consumers – whatever the label – discovered and reinforced feelings of pleasure in and awareness of the sensuality of food (look, smell, texture, taste), and of the importance of knowing provenance in terms of place and people” (2009, p. 216).

AFNs are grounded by the theoretical underpinnings of quality conventions (Murdoch 2000; Thévenot 2002) and embeddedness notions such as alterity, valorization, and appropriation of food produced which can be broken down into socio- and ecological embeddedness (Dansero and Puttilli 2014; Kirwan 2004).

Social embeddedness is concerned with exploring the “principles of social connectivity, reciprocity and trust, characteristics which are essential to all economic life in general but fundamentally underpin grassroots and “alternative” initiatives” (Sage 2003, p. 47). Furthermore, scholars assert that embeddedness underpins the notion that “social relations can substantially alter the nature of transactions between individuals, particularly where there is a direct and ongoing interaction between the participants concerned” (Kirwan 2004, p. 397). Research with a sustainable developmental perspective has its focus on how AFNs often have a microlevel frame of reference, often in rural communities or on a localized basis (Tregear 2011).

Ecological embeddedness in the context of AFNs is understood by examining the environment and landscape. The concept of ecological embeddedness brings environmental and ecological discussions that highlight the producers and consumers are involved within the context of AFNs. In one of the first academic accounts of AFNs, Whatmore and Thorne state that “The issue of environmental embeddedness, while a key part of the practices associated with the strengthening of alternative food networks, is no less dynamic than their institutional and technological aspects” (1997, p. 246).

Recent studies examining ecological embeddedness within the AFN literature explicitly state the need for more research on this topic area, for example, a study from the United States concerning the ecology of alternative food landscapes concluded that there was this need: “both the farm and landscape level, particularly the ways in which social relations influence ecological relations and vice versa” (Hedberg 2015, p. 798). Ultimately, this links back to notions of sustainable development, particularly with regard to the state of agriculture and food production considering the Sustainable Development Goal of Zero Hunger.

Food Webs and Zero Hunger
This definition of food webs (and food networks) and their link with the Sustainable Development Goal of Zero Hunger is grounded in the particular social and economic context of the present. It sees agriculture and food production, processing, retail, and consumption at a “crossroads” (IAASTD 2008). There is something of a split in the food sector, which is an extension of food webs and creates an understanding of contemporary foodscape as split between. On the one hand, large-scale global conventional food systems, with heavy reliance on supermarkets and eateries, their supply chains, right the way through to the primary producers themselves, who experience “lock-in” to these systems (Ilbery et al. 2004; Seyfang 2006). On the other hand what is often described as an “alternative” or opposition to the “conventional,” typically is more localized in its geographical reach, smaller scaled, often using agro-ecological growing methods, with an emphasis on quality over quantity, and a concern for the social actors involved (Tregear 2011). Somehow just on the fringes of this ideal picture, it lays the environmental implications and interconnections that link all the different food systems together. However, this interconnectedness is pivotal to understand the ecological dimension of any food system, its sustainability and resilience, and in particular the problematic balance between human and natural activities.

Anthropogenic activities are increasingly influencing the Earth’s climate (IPCC 2014) and ecosystems (Ellis et al. 2013). “Human life is only made possible by complex, and extremely delicate balance of processes: atmospheric, hydrological and biological” (Dickens 2014, p. 282). However, some of nature’s systems are struggling to cope with what we require from them, and, with the global population set to increase from approximately 7.3 billion to 9 billion by 2050 (Godfray et al. 2010), it is likely that pressures on global systems will increase unless a change occurs, affecting local and global food webs. More than at any other time in the history of our species, we can manipulate our agriculture and food production systems on a truly global scale. With the globalized nature of twenty-first-century food production, distribution, and consumption, this interrelated, and also interdependent, sector surpasses most, if not all, in being a true anthropogenic planetary system. Agriculture and food production at the primary level is still dependent on labor by people, livestock, and the related ecosystems; therefore, when we talk about our food and agriculture, it is imperative that we ground the sector within the realities of the food webs globally.

The Sustainable Development Goal 2. Zero Hunger focuses on the access to food of the local communities. This is a crucial point as the FAO (2018a) recently pointed out; after a prolonged decline, in the last decade, world hunger is on the rise again. As the SDG agenda (https://sustainabledevelopment.un.org) points out, “the proportion of undernourished people worldwide increased from 10.6 per cent in 2015 to 11.0 per cent in 2016. This translates to 815 million people worldwide in 2016, up from 777 million in 2015.” In large part of the Global South, as well as in the peripheries of the large cities of the North, access to food cannot be taken for granted due to sociopolitical as well as environmental factors. In particular, drought and natural disasters are undermining local food systems making food provisioning precarious. This transformation is having direct economic impact readable in the rise of agricultural aids as well as in the rise of global food prices, which mostly damage the poorest countries and most exposed strata of society (FAO 2018a, b). By reconsidering these data in the light of the discussion on food webs, it emerges the theme of hunger should not be read just considering the present critical condition in access to food supplies but instead steers the attention to the environmental significance of the increase in malnutrition and agricultural failure. In facts, it points out the weakening and collapse of the ecological networks. The phenomenon is perceived on a global scale but appears particularly accelerated in the developing countries (Bne Saad 2013). Among them, an example is provided by Kenya, one of the countries most affected by the recent reversal of the world’s trends concerning hunger and food security (FAO 2018b). Despite the economic performance, in 2017, over a fifth of the Kenyan population was undernourished (11.7 million of people), and the figure marks a rise of 1.5 million people since 2006 with a particular impact on the rural areas. Agriculture is the backbone of the Kenyan economy, contributing to 34% of GDP and involving more than 60% of Kenya’s population (United States of America Central Intelligence Agency 2019). In the past two decades, agriculture has been at the center of the country’s development strategy aimed at boosting agro-industrial entrepreneurship among local producers supporting cash-crop productions, such as tea, coffee, tropical fruit, tobacco, spices, and flowers. Despite this push, over the 75% of the agricultural output still comes from rain-fed farming and livestock production: a datum that brings to the fore the overall vulnerability of the food system linked to environmental factors, such as droughts in Kenya’s arid and semiarid areas that have affected agricultural production, as well as economic aspects, primarily linked to access, overutilization, and degradation of farmer’s land (Dietz et al. 2014). The academic debate pointed out already the risks biodiversity is facing at the moment in the country.

In this context, the project Sustainable Agrifood Systems Strategies, funded by the Italian government and led by the University of Milan “Bicocca” together with other universities and nongovernmental agencies, aimed at studing the Kenyan rural food system and to propose policy adjustments. The project focused on Nakuru county and the use of indigenous vegetables in the market and the households, mostly in the area lake Naivasha basin, Kenya (Knaepen 2018). The work conducted by the team of the University of Gastronomic Sciences, which collaborated to the project, highlighted that the combination of industrialization of agriculture and standardization of crops, together with climate change, is affecting the local environment by removing precious elements from the local food web. In particular, the ecological and economic changes have marginalized the use and presence of indigenous vegetables, which are a key piece of the structure of the local environment (Mutugi and Kiiru 2015). Thus, despite the rise of agricultural outputs and the strong intensification of farming that the area is experiencing, the rarefaction of the food web highlights the increasing fragility of the local food system that exposes communities to a stronger risk of food scarcity. Faced with this scenario, it is clear that the achievement of Zero Hunger passes through the strengthening of local biodiversity, in particular by preserving native and indigenous species balancing the needs of the market with the ones of the environment. While local farmers may be only limitedly aware of the fragility of their ecological system (Corvo and Fontefrancesco 2018), the food web appears a useful tool to show and communicate it to a wider public as well as to be better equipped to respond to the question of environmental sustainability, which is a key element necessary to reach the UN Sustainable Development Goal 2 “Zero Hunger.”

Conclusions
Food webs, thus, are complex networks “generally very heterogeneous, consisting of areas with sparse links among species and distinct areas of tightly linked species” (Ings et al. 2009, p. 257). Despite the popularization of their use for commercial and educational purposes, a sense of the temporality of the environment is conveyed through them: food webs are dynamic models that represent the actual transformation of an ecological community over time and the ongoing flow and change of components (Capra 2007). Statistical tools are generally used to calculate the transformation and the impact of specific changes (Banašek-Richter et al. 2009). Overall, food webs appear to be useful tools for bringing to the fore the strengths and weaknesses of the ecosystem and their food systems and in so doing contribute to the growing debate concerning the sustainability of ecosystems and food systems and challenge some of the most common assumptions in the public debate. In particular, while resilience assumed a prominent role in the debate as a main keyword (Williams 1983) for sustainable development (Standish et al. 2014), the study of food webs highlights the crucial contribution of another ecological aspect, that of resistance: “the ability of an ecosystem to return to its reference state after a perturbation stress is given by its resilience. […] The ability of an ecosystem to resist displacement from its reference state during a perturbation stress is given by its resistance” (Vallina and Le Quéré 2011, p. 160). The study of the food web has indicated that it is not resilience that is crucial for the overall stability of a food system but the resistance. This is a crucial point, in particular considering the global context of climate change.

It is agreed by those nation-states that have signed the United Nations Framework Convention on Climate Change treaty that reductions in GHG emissions should enable future global warming to be limited to below 2oC (3.6oF) above the pre-industrial level (Rockstrom et al. 2009, p. 32). However, if the average global temperature increases beyond 2oC, compared to pre-industrial revolution temperatures, this could lead to the extinction of approximately 50% of the world’s plant and animal species.

With increases in the parts-per-million (ppm) of GHGs (such as carbon dioxide (CO2), methane (CH4), and chlorofluorocarbons (CFCs)), so comes an increase in atmospheric temperature (see IPCC 2014). As average surface temperatures increase, certain bacteria cannot survive, and as a result, plants and animals which have a symbiotic relationship with them in the ecological food chain will suffer due to imbalances, and we humans, among other large mammals, birds, and reptiles, at all levels of food chains, will ultimately be at risk (Fussmann et al. 2014), thereby affecting the biodiversity of ecosystems as a whole (Hooper et al. 2005). There are likely to be far-reaching implications for ecosystems as a result of climate change, which will ultimately affect the services they deliver. An example of such a service is soil systems which are chiefly exploited for agriculture and food production (Lang et al. 2014). Healthy soil systems are the prerequisite for arable land and fertile-growing conditions in agriculture; therefore it is imperative that such indicators are factored into our systematic viewpoint and thinking on these issues.

This result spurs the international community to consider the actual possibility for each element of a food system to thrive in a mutated climatic condition, rather than speculating of a possible return to an original, pre-change, condition. In particular, the research points out the overall fragility of the ecological communities and their food systems in the context of global climate change. This directly impacts upon human life, and historical and ecological research is pointing out, more and more clearly, that climate change is affecting food production and safety, damaging low-income producers and consumers in particular (Vermeulen et al. 2012). Taking on board the perspective suggested by the DGSs, we can conclude that environmental fragility is fragility for human communities. The rising awareness of this fragility is causing scholars and institutions to explore new models of food production (Byerlee et al. 2009). However, much has still to be done to reach full implementation of these new approaches. Concluding, food webs are useful conceptual tools in reaching the Sustainable Development Goal of “Zero Hunger” goal and not only for understanding and mapping the constituent actors in an ecosystem and their relationships. Above all, they are instruments for analyzing the emerging fragilities and internal dysfunctions of an ecological community. Thus, they are preliminary verification tools for every reforming action aimed at implementing alternative food strategies and as such reinforcing environmental sustainability.
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