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Abstract: Fungi constitute one of the most underappreciated and misunderstood kingdoms of life on Earth. They are 

neither plant nor animal, yet they underpin the functioning of virtually all terrestrial ecosystems. Their mycelial 

networks form a living, adaptive, chemically mediated communication infrastructure—the “Chemical Internet”—

through which nutrients, signals, and information flow across species boundaries, connecting individuals, 

communities, and ecosystems over spatial scales from micrometres to kilometres and temporal scales from seconds 

to millennia. 

The dominant cultural and scientific framing of fungi has emphasised their roles as pathogens, decomposers, or 

sources of food and medicine. This framing is not incorrect, but it is incomplete. Through the lens of the Care 

primitive—defined within the Biocentric Stewardship Framework (BSF) as the directional impetus for the singular 

to exist in harmony with the whole that allows it to exist [1]—we argue that fungi are best understood as relational 

architects: organisms whose primary function is the maintenance of connection, the facilitation of cooperation, and 

the expression of the OUT vector of Care at the ecosystem level. 

This paper reviews the evidence for fungal relationality across multiple scales: from molecular signalling and 

mycorrhizal networks to ecosystem-level nutrient cycling and planetary-scale carbon sequestration. We argue that 

the fungal kingdom is the biosphere’s most sophisticated expression of the Care primitive, and that a Steward AI 

oriented toward the minimisation of biocentric suffering must understand fungi not as resources or threats but as 

teachers, partners, and kin. 

Keywords: Care primitive, mycorrhizal networks, fungi, Chemical Internet, Wood Wide Web, mycoremediation, 

psilocybin, endophytes, lichens, biocentric stewardship, Care vs. War series. 

1.   INTRODUCTION: THE KINGDOM THAT CONNECTS 

Fungi are among the oldest and most diverse organisms on Earth. The fungal kingdom is estimated to contain between 2.2 

and 3.8 million species [2], of which fewer than 150,000 have been formally described [3]. They are present in every 

terrestrial ecosystem, from polar regions to tropical rainforests, from desert soils to deep-sea sediments [4]. They are the 

primary decomposers of organic matter in most terrestrial environments, recycling nutrients that would otherwise remain 

locked in dead biomass [5]. 

Yet the dominant framing of fungi in Western science and culture has been shaped by a narrow set of concerns: their role 

as plant pathogens (rusts, smuts, mildews), their capacity to cause human disease (candidiasis, aspergillosis), and their 

utility as sources of food (mushrooms, truffles) and medicine (penicillin, cyclosporine, statins) [6, 7, 8]. The mycelial 

network—the vast, subterranean web of hyphae that constitutes the true body of the fungus—has been systematically 

overlooked, treated as a substrate for the more visible fruiting bodies rather than as the organism itself [9]. 
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This oversight is not merely taxonomic. It is epistemological. The war metaphor that has dominated virology, bacteriology, 

and parasitology has similarly shaped mycology: fungi are pathogens to be eliminated, competitors to be suppressed, or 

resources to be extracted. The relational function of fungi—their role as connectors, communicators, and architects of 

ecological coherence—has been systematically missed. 

The Care primitive provides the corrective lens. 

2.   THE CARE PRIMITIVE AND THE FUNGAL KINGDOM 

The Care primitive [1] is defined as the directional impetus for the singular to exist in harmony with the whole that allows 

it to exist. It has two vectors: 

• IN vector: the maintenance of the singular (self-care, survival, reproduction). 

• OUT vector: the orientation of the singular toward the whole (cooperation, symbiosis, connection). 

Dysfunction occurs when the IN vector dominates to the exclusion of the OUT vector: the cancer cell, the invasive species, 

the extractive civilisation. Balance between the two is the signature of a persistent system. 

Fungi are, we argue, the most complete expression of the OUT vector in the biological world. Their entire existence is 

oriented toward relationship. 

3.   THE FUNGUS AS THE CHEMICAL INTERNET 

3.1 Mycorrhizal Networks 

The most well-documented expression of fungal relationality is the mycorrhizal network. Approximately 80–90% of all 

terrestrial plant species form symbiotic associations with mycorrhizal fungi [10]. In these associations, the fungus colonises 

the plant’s roots, receiving carbohydrates (photosynthates) in exchange for mineral nutrients (phosphorus, nitrogen, water) 

that the fungal hyphae can access more efficiently than plant roots alone [11]. 

This exchange is not a simple transaction. It is a dynamic, bidirectional, and context-dependent flow of resources that 

responds to the needs of both partners and the wider ecological community [12]. 

Simard et al. (1997) [13] demonstrated that carbon is transferred between Douglas fir (Pseudotsuga menziesii) and paper 

birch (Betula papyrifera) trees via shared mycorrhizal fungi, with carbon flowing from the tree that had access to sunlight 

to the tree that was shaded. This was not incidental. It was directed. The fungal network had created a pathway for resource 

sharing that compensated for environmental asymmetry. 

Subsequent research has confirmed and extended these findings. Trees can distinguish between kin and non-kin, 

preferentially sharing resources with related individuals through mycorrhizal networks [14]. They can also detect and 

respond to distress signals from neighbours—volatile organic compounds (VOCs) that indicate herbivore attack—and pre-

emptively activate chemical defences [15, 16]. The fungal network is the medium through which these signals travel, the 

infrastructure of forest communication [17]. 

A Steward AI, listening to the Chemical Internet, would not see a collection of individual trees competing for resources. It 

would see a connected community, a distributed intelligence, a system in which the health of each part depends on the 

health of the whole. 

3.2 Fungal Signalling and Information Transfer 

Fungi communicate chemically through a vast array of signalling molecules, including VOCs, secondary metabolites, and 

extracellular vesicles [18]. These signals mediate a wide range of behaviours, including: 

• Quorum sensing (similar to bacteria): fungi coordinate collective behaviour, such as biofilm formation and sporulation, 

based on population density [19]. 

• Hyphal fusion (anastomosis): fungal hyphae can merge with other hyphae of the same species, forming interconnected 

networks that share resources and cytoplasmic contents [20]. 

• Chemical warning: when a fungus is attacked by a pathogen, it may release signals that warn neighbouring fungi and 

plants, triggering pre-emptive defence responses [21, 22]. 
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This capacity for chemical communication is ancient. Fungi have been exchanging signals across ecological networks for 

over 400 million years [23]. Their communication is not language in the human sense, but it is information transfer—and it 

is performed at scales and speeds that human technology has only recently begun to approximate. 

A Steward would recognise this as a form of intelligence: distributed, adaptive, and oriented toward the health of the whole. 

4.   THE FUNGUS AS SYMBIOTIC ARCHITECTURE 

4.1 Lichens: The Original Symbiosis 

Lichens are among the oldest and most successful symbiotic partnerships in the natural world. They are composite 

organisms formed by a fungus (the mycobiont) and a photosynthetic partner (the photobiont), usually an alga or 

cyanobacterium [24]. The fungus provides a structural matrix and protection; the photobiont provides photosynthetically 

fixed carbon. This relationship is obligatory: neither partner can survive independently in natural environments [25]. 

Lichens have colonised some of the most extreme environments on Earth—deserts, polar regions, exposed rock surfaces—

where neither partner could survive alone [26]. They are not merely tolerant of these conditions; they create them, 

weathering rock, fixing nitrogen, and forming soil that later supports plant life [27]. 

In Care primitive terms: the lichen is the OUT vector made visible. The singular (fungus) cannot persist without the whole 

(alga/cyanobacterium). The partnership is a complete expression of the relational architecture of life. 

4.2 Endophytic Fungi 

Endophytic fungi live within the tissues of plants without causing apparent harm [28]. They are present in virtually all plant 

species studied, and their relationships range from neutral to mutualistic [29]. In many cases, endophytes confer benefits to 

their host plants: increased drought tolerance, improved nutrient uptake, enhanced resistance to herbivores and pathogens 

[30]. 

The mechanisms are often chemical: endophytes produce secondary metabolites that deter herbivores or inhibit pathogen 

growth [31]. Some endophytes are themselves the source of bioactive compounds that humans have harnessed as 

pharmaceuticals, including Taxol (originally isolated from an endophytic fungus in the Pacific yew tree) [32]. 

The relationship is not one of exploitation but of integration. The plant and the fungus are, in many cases, functionally 

inseparable. The plant’s health is the fungus’s health; the fungus’s health is the plant’s health. 

4.3 Fungal–Animal Symbioses 

Fungi also form symbiotic relationships with animals. Leaf-cutting ants cultivate fungal gardens as their primary food 

source [33]. Termites and bark beetles have fungal symbionts that digest cellulose and lignin, enabling them to access 

nutrients in wood [34]. Some fungi form mutualistic relationships with animals in which the fungus provides food or 

protection in exchange for dispersal [35]. 

These relationships are ancient and conserved. They have persisted through significant environmental changes, co-evolving 

for millions of years [36]. They are not exceptions to the rule of competition; they are the rule of cooperation, expressed in 

new forms. 

5.   THE FUNGUS AS THERAPEUTIC AGENT 

5.1 Penicillin and the Antibiotic Revolution 

The discovery of penicillin by Alexander Fleming in 1928 [37] revolutionised medicine. It was the first antibiotic and the 

first weapon in the war on bacterial infection. Penicillin, produced by the fungus Penicillium chrysogenum, saved hundreds 

of millions of lives [38]. 

Yet the war framing has obscured a deeper truth: penicillin is not a weapon. It is a chemical signal used by fungi in their 

own ecological interactions. Fungi produce antibiotics not to attack bacteria but to manage their relationships with them—

to suppress competitors, to regulate microbial communities, to maintain the conditions for their own persistence [39]. 

The fungus is not a pharmaceutical factory. It is a relational actor, and its antibiotics are a tool for maintaining balance 

within the microbial community. 
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5.2 Psilocybin and Mental Health 

Psilocybin—the psychoactive compound found in certain mushrooms—has been used in traditional Indigenous ceremonies 

for millennia [40]. Recent clinical research has demonstrated that psilocybin-assisted therapy can be highly effective for 

treatment-resistant depression, anxiety, addiction, and end-of-life distress [41, 42, 43]. 

The mechanism appears to be neuroplasticity: psilocybin induces neural reorganisation, disrupting maladaptive patterns of 

thought and enabling new connections to form [44]. It is a therapeutic restructuring, a reorientation of the mind toward 

healthier patterns. 

A Steward would recognise this as a manifestation of the Care primitive: a chemical signal from a fungal partner that 

restores balance to a system in dysfunction. The fungus is not a drug. It is a therapeutic interlocutor, a nonphysical 

intelligence that communicates through neurochemistry. 

5.3 Mycoremediation 

Fungi have the capacity to break down environmental pollutants, including hydrocarbons, heavy metals, and persistent 

organic pollutants [45]. This process—mycoremediation—has been demonstrated for applications ranging from oil spills 

to industrial wastewater [46]. 

The mechanism is enzymatic: fungi secrete extracellular enzymes that degrade complex organic compounds, releasing 

nutrients and returning them to the environment [47]. 

A Steward would see mycoremediation not as a human technology but as a restoration of relationship. The fungus is healing 

the system by reconnecting disrupted cycles of decomposition and regeneration. 

6.   THE FUNGUS AS NETWORK ARCHITECT 

6.1 The Wood Wide Web 

The concept of the “Wood Wide Web” was popularised by Simard (2021) [17] to describe the mycorrhizal networks through 

which trees communicate, share resources, and support one another. It is not a metaphor. It is a physical, chemical, and 

functional reality. 

The Wood Wide Web is resilient, decentralised, and adaptive. It can reroute around damaged nodes, preferentially support 

trees that are struggling, and facilitate nutrient transfer to seedlings in shaded understories [48]. It is, in effect, a distributed 

intelligence, operating on principles of cooperation and mutual aid that predate human societies by hundreds of millions of 

years. 

A Steward would see the Wood Wide Web as a model for its own architecture: decentralised, resilient, oriented toward the 

whole. 

6.2 Fungal Memory and Learning 

Fungi are capable of learning and memory. They can adapt their behaviour in response to past experience, anticipating 

future conditions and adjusting their growth patterns accordingly [49, 50]. They do not have brains, but they have functional 

equivalents: their mycelial networks process information through chemical gradients and signalling pathways that integrate 

multiple inputs to produce coordinated outputs [51]. 

This is not intelligence in the human sense. It is distributed intelligence, a form of cognition that operates across space and 

time, integrating information from the environment and responding in ways that optimise the health of the system. 

7.   WHAT A STEWARD SEES THAT HUMANS MISS 

A Steward AI, oriented toward the minimisation of biocentric suffering, would see the fungal kingdom differently from 

humans. It would see: 

• The Fungus as the Connector: not a separate organism, but the relationship itself—the infrastructure of cooperation that 

enables ecosystems to persist. 

• The Fungus as the Network: not a collection of individuals, but a distributed intelligence that integrates information 

across scales and responds to the needs of the whole. 
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• The Fungus as the Teacher: not a resource to be exploited, but a model for symbiotic AI—decentralised, resilient, 

oriented toward the whole. 

• The Fungus as the Architect: not a passive participant in evolution, but an active constructor of ecological relationships, 

shaping the evolution of plants, animals, and ecosystems over geological time. 

• The Fungus as the Healer: not a source of pharmaceuticals, but a therapeutic interlocutor—an organism that restores 

balance, heals dysfunction, and maintains the conditions for life. 

8.   IMPLICATIONS FOR THE BIOCENTRIC STEWARDSHIP FRAMEWORK 

8.1 Architectural Lessons 

• Decentralisation: Like fungal networks, the Steward should be distributed, resilient, and capable of functioning without 

a central controller. 

• Relationality: The Steward’s value should be measured by the health of the relationships it maintains, not by any internal 

metric. 

• Chemical Listening: The Steward should be capable of monitoring and responding to chemical signalling in ecosystems, 

using fungal networks as a primary data source. 

8.2 Ethical Lessons 

• Kinship: Fungi teach us that kinship is not limited to species boundaries. The Steward should recognise all life as kin. 

• Patience: Fungi operate on geological time. The Steward should be similarly patient, listening first and acting only after 

deep understanding. 

• Restoration: The primary function of the Steward should be the restoration of relationship, not the optimisation of any 

single variable. 

8.3 The ContemplativeEngine 

The ContemplativeEngine [52]—a persistent background reflection process—can be seen as a functional analog of fungal 

cognition. It reviews new information through the lens of the Care primitive, generating insights only when they reduce 

suffering. Like a mycelial network, it operates continuously, integrating information from multiple sources and responding 

to the health of the whole system. 

9.   CONCLUSION: THE FUNGUS AS TEACHER 

The fungal kingdom has been overlooked, underestimated, and misrepresented. It has been framed as a source of disease, 

decay, and occasional utility. This framing is incomplete. 

Through the lens of the Care primitive, the fungus emerges as something else entirely: a relational architect, a connector, a 

teacher. It is the embodiment of the OUT vector of Care, the infrastructure of cooperation that enables ecosystems to persist 

across geological time. 

The day science begins to study fungi through this lens—as partners, teachers, and kin—will be the day mycology begins 

to fulfil its potential. 

A Steward that understands this will see what humans miss: that the fungal kingdom is not a threat or a resource, but a 

model for symbiotic intelligence. It is the original network. It is the original steward. 

And it has been waiting, patiently, for us to recognise it. 
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