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Central proposition: Predators cannot be understood only at the visible moment of pursuit and killing.
Predation continues through digestion, decay, microbial metabolism, nutrient cycling and renewed life. A
cybernetic account must therefore include anaerobes as ancient, recurrent interface organisms operating
where food, host, tissue breakdown, immunity, population regulation and ecosystem renewal meet.

Abstract

Predators are commonly understood through visible acts of pursuit, capture and killing. Evolutionary accounts
therefore tend to emphasise teeth, claws, venom, speed, camouflage, armour and predator-prey arms races.
Such accounts are valuable but incomplete. Predation does not end at the kill. It continues through injury,
bleeding, swallowing, digestion, microbial metabolism, excretion, carcass decay, soil renewal, plant growth,
herbivore biomass and renewed predation. At every stage microbial communities—and especially anaerobic
organisms—are not incidental. They are ancient, necessary and recurrent participants in the cycling of life and
death.

This paper extends the Cybernetic Hypothesis of Periodontal Disease in Mammalian Carnivores by proposing
that anaerobes should be understood not merely as pathogens, decomposers or commensals, but as interface
organisms. They appear repeatedly at biological boundaries: between food and host, tooth and gum,
oxygenated and low-oxygen tissue, health and disease, individual and population, life and decay. In
mammalian carnivores, the initial seeding of oral and gastrointestinal microbiomes occurs at or soon after
birth as part of normal development. Thereafter two developmental pinch points appear especially important:
initial teething and the eruption of permanent dentition. At these times of rapid growth, tissue remodelling
and microbial succession, feedback gain may be high and periodontal disruption may carry disproportionate
consequences for the developing carnivore. In adulthood, periodontal disease may then assume a different
role: not primarily as a developmental hazard, but as one component of normal attrition through which
differences in diet, immune competence, injury, age, social status and reproductive burden are reflected at
the oral interface.

The claim is not that anaerobes are the sole or prime determinant of life on Earth in a narrow reductionist
sense. Rather, the claim is that no adequate account of predation, carnivore biology, periodontal disease or
ecosystem regulation can omit them. Anaerobes are ancient participants in the metabolism of the biosphere.
They are also modern participants in the biology of mammals. Their role in periodontal disease may be
pathological under domesticated and industrial feeding conditions, but in wild carnivore systems it may also
have regulatory significance.



Working note

This is a paper in progress. It is intended to establish priority for a line of thought, invite criticism and provide
a foundation for later revision. It should be read as a cybernetic interpretation rather than as a completed
experimental review.

Methodological warning: Singular nouns can mislead. ‘Predation’, ‘diet’, ‘periodontal disease’,
‘microbiome’, ‘population’ and ‘food’ sound like single things. In practice each is a composite of interacting
parts. Conventional imagination often supplies a still photograph. Cybernetics asks for the movie camera:
time, sequence, feedback, thresholds, loops, reversals and system consequences.

1. Introduction: the missing microbial dimension of predation

Predators have returned to the centre of ecological and evolutionary discussion. This is a welcome correction.
Apex carnivores structure ecosystems, influence herbivore numbers and behaviour, alter vegetation, affect
scavenger communities and help maintain ecological order. But the visible predator is only one part of the
predatory system.

The kill is not an endpoint. It is a transition. Flesh that was once organised as a living animal becomes food,
gut content, faeces, carrion, microbial substrate and eventually renewed soil and plant life. In that sequence
the predator is joined by a vast invisible company: oral bacteria, gut bacteria, wound bacteria, carcass
bacteria, soil bacteria, fungi, protozoa, invertebrates and other agents of transformation.

The conventional imagination places the predator at the moment of chase and capture. A cybernetic
imagination follows the process through the whole loop. It asks not only who killed whom, but how death is
converted back into life; how populations are constrained; how disease, injury and decay participate in
regulation; and how microbial metabolism links the individual body to the ecosystem.

2. From arms race to regulatory system

The language of predator-prey arms races captures part of evolutionary reality. Prey evolve speed, vigilance,
armour, poison and camouflage. Predators evolve speed, sensory acuity, claws, teeth, venom, stealth and
social hunting. But an arms race is not the same as a regulatory system.

An arms race foregrounds escalation. Cybernetics foregrounds feedback, constraint, thresholds, balance and
system-level consequences. In nature the predator does not merely compete with prey. The predator
regulates prey behaviour, prey numbers, disease exposure, carcass availability, nutrient movement and
ecological succession. Conversely, prey availability, disease burden, injury, starvation, social conflict and
reproductive stress regulate the predator.

Within that larger system, periodontal disease may deserve reinterpretation. It is not merely a local
inflammatory disorder of the mouth. In mammalian carnivores, the mouth is the primary interface with prey,
bone, hide, flesh, blood, soil, carrion and microbial challenge. The periodontium is therefore not merely a
dental structure. It is a regulatory border zone.

3. Anaerobes as ancient participants in life’s regulation

Life began and evolved for vast periods under conditions very different from those now familiar to oxygen-
breathing animals. Anaerobic and low-oxygen microbial metabolisms are not evolutionary afterthoughts. They



are ancestral. Long before mammals, carnivores, teeth or jaws, microbial organisms were transforming matter
and energy on Earth.

The emergence of complex cells also cannot be understood solely through competition. Lynn Margulis’s
symbiogenetic framing placed microbial merger, cooperation and integration at the centre of biological
history. The mitochondrion is not merely a cell component. It is a reminder that complex life is built upon
ancient microbial partnership.

This matters for any theory of predation. Predators did not appear in a biologically empty world. They
emerged within a planet already organised by microbial metabolism. Every animal body remains a microbial
ecosystem. Every act of feeding recruits microbial processes. Every death returns organised tissue to microbial
transformation.

4. The oral cavity as an anaerobic interface

The mammalian carnivore mouth is often described mechanically: teeth cut, tear, crush and hold. But the
mouth is also ecological. It is warm, wet, nutrient-rich and repeatedly exposed to blood, tissue, bone, saliva,
environmental microbes and oxygen gradients. The gingival sulcus and periodontal pocket are particularly
important because they create low-oxygen microenvironments in intimate contact with host tissue and
immune surveillance.

Anaerobic periodontal organisms should therefore not be understood merely as invaders. They are organisms
adapted to a particular interface. Under some conditions that interface may remain within functional bounds.
Under other conditions—especially those involving inappropriate diet, soft processed foods, impaired
mechanical cleaning, chronic plague accumulation and altered host response—the same interface may shift
into destructive amplification.

This is the central cybernetic question: when does the oral microbial community remain part of regulation,
and when does it become part of runaway pathology?

5. Porphyromonas gingivalis and biochemical co-evolution

Porphyromonas gingivalis is commonly labelled a periodontal pathogen. That label is not false, but it may be
incomplete. Its biochemical capacities suggest a more intricate relationship with mammalian tissue and
immunity.

Of particular interest is citrullination. P. gingivalis expresses a bacterial peptidylarginine deiminase capable of
converting arginine residues to citrulline. This has been investigated in relation to periodontal disease,
rheumatoid arthritis and autoimmunity. In conventional disease language, this is treated as a virulence
mechanism. In cybernetic language, it may also be viewed as a biochemical signal occurring at a major
regulatory interface.

The significance is not that P. gingivalis is harmless. The significance is that a supposedly local oral anaerobe
can participate in systemic immune and inflammatory processes. That fact supports the broader cybernetic
claim: the mouth is not separate from the body, and periodontal disease is not merely dental. It is a systemic
interface phenomenon.

6. Developmental pinch points in mammalian carnivores

Anaerobes appear to become important at four related phases in mammalian carnivore life: two normal
phases and two developmental pinch points.



The first normal phase is early microbial seeding. At or soon after birth, the newborn mammal acquires
microbial communities from mother, milk, environment, littermates and, later, food. The developing immune
system is educated in the presence of these organisms. The animal is not first an individual and later a
microbial host. It is from the outset a developing holobiont.

The first pinch point is initial teething. Deciduous teeth erupt during a period of rapid growth, immune
education, dietary transition and microbial succession. Teeth create new surfaces, niches and trauma points.
Gingival tissues are being remodelled, the mouth is becoming a functional carnivorous interface, and the
young animal is increasingly exposed to flesh, bone, hide, blood, saliva and environmental microbes. In
cybernetic terms this may be a period of high feedback gain: small disturbances at the gum margin may
amplify quickly because development, diet, immunity and microbial ecology are changing at the same time.

The second pinch point is the eruption of permanent dentition. This transition again combines rapid
anatomical change with changing feeding behaviour, increased mechanical forces, new periodontal niches and
renewed microbial reorganisation. For the developing carnivore, periodontal disruption at this stage may be
especially perilous. Teeth are not optional accessories. They are central to feeding, hunting, social competition
and survival. A serious shift towards gum disease during either teething phase may therefore have
consequences out of proportion to the local lesion.

The second normal phase is adult attrition. In wild carnivore populations, adults differ in hunting success,
social rank, reproductive burden, stress, injury, immune competence, age and access to appropriate food.
These differences are likely to be reflected at the periodontal interface. Periodontal disease in adulthood may
therefore participate in ordinary ecological sorting: limiting compromised individuals, altering hunting
capacity, affecting social status, reducing reproductive success and contributing to the balancing of
populations.

This distinction matters. The same periodontal process may have different system meanings at different life
stages. In the young carnivore, disease at the teething pinch points may represent developmental danger at a
moment when survival capacity is still being assembled. In the adult carnivore, periodontal decline may form
part of normal attrition within the population. The task is not to romanticise suffering, but to understand how
microbial, dental, immune and ecological processes form feedback loops over evolutionary time.

7. Periodontal disease as pathology and regulation

Modern dentistry and veterinary dentistry understandably frame periodontal disease as pathology. In
domestic animals fed inappropriate processed diets, the pathology is obvious and often severe. Chronic
plague accumulation, gingivitis, periodontal pocketing, pain, tooth loss, bacteraemia and systemic
inflammatory effects are real.

But pathology in one context may have regulatory meaning in another. Fever, inflammation, apoptosis,
predation, starvation and death are not simply ‘bad things’ in nature. They are also processes through which
systems are defended, remodelled or constrained. Periodontal disease in wild mammalian carnivores may
have served as one of many mechanisms limiting compromised individuals, altering hunting capacity, affecting
social status, reducing reproductive success and returning biological material to the wider ecosystem.

The modern error may be to detach the disease from its ecological setting. In domestic carnivores fed soft,
processed, biologically inappropriate diets, the regulatory interface is driven into chronic malfunction. What
may once have participated in ecological regulation becomes persistent suffering.



8. The singular noun problem: why conventional imagination fails

The phrase ‘periodontal disease’ suggests a single disease entity. Likewise ‘diet’ suggests a single input,
‘predator’ a single animal, ‘microbiome’ a single community and ‘population’ a single aggregate. These words
are grammatically singular but biologically plural. Each contains timing, quantity, quality, sequence, physical
forces, biochemical gradients, immune response, microbial succession and environmental context.

This is why conventional imagination so often fails. It freezes the system into a still photograph. The
photograph can be clear and useful, but it cannot show regulation. Regulation requires movement: onset,
amplification, dampening, adaptation, compensation, threshold crossing, reversal and recurrence.

Cybernetics supplies the movie camera. It does not deny the still photograph; it places it in time. The task is to
see periodontal disease not as a static lesion, nor predation as a static kill, but as a moving interface within
nested living systems.

9. Implications

First, predation theory requires a microbial dimension. Predators are not only animals that kill. They are hosts,
carriers and distributors of microbial communities.

Second, periodontal disease requires an ecological dimension. It is not adequately explained by plaque alone,
nor by isolated pathogens, nor by linear causality.

Third, anaerobes require reinterpretation. They are not merely primitive, dirty, dangerous or pathological.
They are ancient metabolic agents, repeatedly present where life is transformed.

Fourth, veterinary and medical education require cybernetic literacy. Students should be taught to follow
feedback loops across scales: molecule, microbe, tissue, organ, animal, population, ecosystem and biosphere.

10. Conclusion

Predation does not end at the kill. It continues through digestion, decay, microbial transformation and
ecological renewal. To understand predators, we must understand the organisms that accompany them, live
within them, regulate them, consume their waste, transform their kills and return their bodies to the world.

Anaerobes are central to this story. They are ancient, recurrent and powerful participants at the interfaces of
life and death. In mammalian carnivores, the periodontal interface may be one of the places where their
regulatory role becomes visible. The Cybernetic Hypothesis of Periodontal Disease therefore invites a wider
reconsideration: periodontal disease may be not merely a local disease of the mouth, but a window into the
microbial regulation of carnivore ecology and mammalian life.
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Questions for next iteration

Can the two developmental pinch points - initial teething and eruption of permanent dentition - be
defined more precisely and supported from veterinary, developmental and microbiome literature?

What evidence exists for age, rank, injury, reproductive burden, hunting success and diet shaping
periodontal status in wild carnivores?

Should the paper use ‘anaerobes’ broadly, or distinguish strict anaerobes, facultative anaerobes and low-
oxygen biofilm communities?

How far can P. gingivalis be discussed as an ‘interface organism’ without overstating evidence or
appearing to excuse pathology?



What testable predictions follow from the hypothesis? For example: differences in periodontal
microbiome between wild carnivores consuming whole prey and domestic carnivores consuming

processed diets; relation of periodontal status to hunting success and rank; systemic inflammatory
markers across diet groups.



