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Abstract

The Weak Anthropic Principle (WAP) is widely invoked in cosmology yet typically formulated in
vague, circular, and implicitly human-centred terms (Carter 1974; Barrow & Tipler 1986). This
paper develops a minimal, mechanistic account of observerhood and uses it to reformulate WAP as
a structural constraint on possible universes rather than a metaphysical explanation for why this
universe exists. We identify the minimum qualifications for observerhood - stability of internal
information, capacity for state discrimination, temporal persistence, and the presence of a boundary
- and introduce the Informational Coherence Principle (ICP), which requires that an observer
maintain self-consistent, temporally stable internal information across the interval of observation.
Observation is then characterised as a selection event: the stabilisation of information within an
informationally coherent system. On this basis, we reformulate WAP as the claim that only
universes whose laws and boundary conditions permit the emergence of informationally coherent
observers can contain systems capable of conditioning probabilities on their own existence
(Weinberg 1987; Bostrom 2002). We show how this reframing dissolves standard confusions about
fine-tuning, avoids anthropocentric assumptions, and integrates naturally with cosmology, quantum
ontology, and the study of complex adaptive systems. As a concrete test case, we consider
cetaceans, whose long-term social structure, cultural transmission, and sophisticated communication
provide clear examples of non-human informationally coherent observers (Sayigh et al. 1990; Ford
1991; Rendell & Whitehead 2003). The result is a more modest but more powerful anthropic
principle: a statement about the informational and thermodynamic preconditions for observation,
rather than a justification for human existence.

1. Introduction

Anthropic reasoning occupies a peculiar position in contemporary cosmology. It is invoked
frequently, yet often with a sense of discomfort. The Weak Anthropic Principle (WAP), first
articulated by Carter (1974), is meant to remind us that our observations are necessarily conditioned
by the fact that we exist to make them. But in practice, WAP is commonly expressed in ways that
are circular, vague, or implicitly human-centred (Barrow & Tipler 1986; Bostrom 2002). It is
sometimes treated as a metaphysical explanation for fine-tuning, sometimes as a probabilistic rule,
and sometimes as a philosophical truism. None of these uses rest on a clear account of what an
“observer” is or what “observation” requires. This paper takes a different approach. Instead of
treating observers as undefined placeholders, we develop a minimal, mechanistic account of
observerhood grounded in the physical and informational conditions that make stable knowledge
possible. These conditions are not optional embellishments; they are prerequisites for any system
capable of registering, retaining, and acting upon information about the world. Low entropy
provides the physical scaffolding for durable structure, but informational coherence is equally
fundamental. Without it, there is no meaningful sense in which a system can be said to observe
anything at all.By articulating the minimum qualifications for observerhood and the principles that
govern informational stability, we can reformulate the Weak Anthropic Principle in a way that is
precise rather than circular. WAP becomes a conditional statement about the kinds of universes that
can host informationally coherent observers, not a metaphysical claim about why this universe
exists. This reframing dissolves several long-standing confusions and provides a clearer foundation
for anthropic reasoning in cosmology, quantum theory, and the study of complex adaptive systems.



2. Minimum Qualifications for Observerhood

To reformulate the Weak Anthropic Principle in a non-circular way, we must begin with a clear
account of what qualifies as an observer. The term is used across physics, philosophy, and

cognitive science, but rarely with precision. In cosmology, an observer is often any system capable
of conditioning probabilities on its own existence. In quantum mechanics, it may be any system that
induces decoherence. In philosophy of mind, it may refer to conscious experience. These usages
overlap but are not identical, and none provide a minimal, mechanistic definition suitable for
grounding WAP.

We therefore identify the minimum qualifications a system must satisfy to count as an observer in
the context of anthropic reasoning. These qualifications are intentionally modest. They do not
assume consciousness, agency, or self-awareness. They specify only what is required for a system to
register, retain, and act upon information in a way that makes “observation” meaningful.

2.1 Stability of Internal Information

An observer must maintain internal informational states that persist long enough to discriminate
between different external conditions. A system whose internal states fluctuate randomly or decay
too rapidly cannot meaningfully register an observation.

2.2 Capacity for State Discrimination

An observer must be able to distinguish between at least two external states of the world. This is
the minimal threshold for observation: the ability to register a difference.

2.3 Temporal Persistence

Observation is not instantaneous. It requires a system that persists long enough for information
to be acquired, stabilised, and integrated.

2.4 Boundary Conditions

An observer must have a boundary - physical, informational, or both - that distinguishes internal
states from external states. Without a boundary, there is no meaningful sense in which information
can be “inside” the observer.

2.5 A Structural Taxonomy of Observers

The minimum qualifications for observerhood identify the conditions under which a system can
register and retain information. But these qualifications do not imply that all observers are
structurally alike. Systems that satisfy the criteria in Sections 2.1-2.4 do so through different
architectures of boundary, persistence, and discrimination. To clarify this diversity without
introducing psychological or anthropocentric assumptions, we can classify observers according to
the structural features that allow them to meet the minimum threshold for observation.

This taxonomy is not hierarchical. It does not rank observers by sophistication or cognitive capacity.
It identifies distinct informational architectures through which observerhood can be instantiated,
each satisfying the minimum qualifications in a different way.



2.5.1 Minimal Physical Observers

Minimal physical observers satisfy the qualifications for observerhood in the simplest possible
form. Their boundaries are physically instantiated, their internal states are stabilised by low-
entropy structure, and their discriminatory capacities are coarse but reliable. Examples include
detectors, molecular switches, and simple biological systems. These systems demonstrate that
observerhood does not require consciousness or agencys; it requires only the structural capacity0
to stabilise information long enough for discrimination and persistence to be meaningful.

2.5.2 Adaptive Observers

Adaptive observers maintain informational stability not only through physical structure but
through active regulation of internal states. Their boundaries are dynamic, their persistence is
sustained by internal processes, and their discriminatory capacities support integration across
multiple interactions. Biological organisms are paradigmatic examples. They satisfy the minimum
qualifications in a richer way, but without exceeding the mechanistic definition of observerhood.
Their coherence is maintained through continuous internal work rather than passive stability.

2.5.3 Distributed Observers

Some systems maintain coherent informational states across multiple components rather than within
a single physical boundary. These distributed observers satisfy the minimum qualifications
collectively: coherence is maintained across subsystems, boundaries are informational rather than
strictly physical, and discrimination arises from coordinated interactions. Neural networks, ant
colonies, and certain artificial systems illustrate that observerhood can be instantiated across
multiple scales, provided the system maintains coherent information across time and boundary.

2.5.4 Collective Observers

Collective observers exhibit informational coherence at a level above the individual components.
Whale societies, human cultures, and scientific communities maintain stable informational
structures that persist across generations. Their boundaries are defined by shared practices or
communication channels, their discriminatory capacities arise from distributed processes, and their
persistence is maintained through transmission and reinforcement of information. These systems
show that observerhood can emerge at the collective level when coherence is maintained across
time and membership.

2.5.5 Meta-Observers

Meta-observers are systems that maintain coherent information not only about the environment

but about other observers. They satisfy the minimum qualifications while also integrating
representations of other systems’ boundaries, informational states, and interactions. Scientific
instruments, modelling frameworks, and certain forms of collective inquiry instantiate observerhood
in a way that incorporates other observers into their informational structure. Meta-observers are not
privileged; they simply extend the architecture of observerhood to include second-order
information.

3. The Informational Coherence Principle
The minimum qualifications for observerhood identify the structural features a system must

possess in order to register and retain information. But these features alone are not sufficient. A
system may have boundaries, persistence, and the capacity for discrimination, yet still fail to



function as an observer if the information it maintains is internally unstable or mutually
contradictory. To bridge this gap, we introduce the Informational Coherence Principle (ICP).

3.1 Definition

The Informational Coherence Principle states that an observer must maintain a self-consistent,
temporally stable internal informational state across the interval in which observation occurs.

3.2 Motivation

Without informational coherence, the concept of “observation” collapses. A system whose
internal states contradict one another, or fluctuate in ways that erase or corrupt stored information,
cannot meaningfully be said to observe anything.

3.3 Coherence Across Time

Observation is a temporally extended process. Information must be acquired, stabilised, and
integrated across a non-zero interval.

3.4 Coherence Across Boundaries

The information inside the observer’s boundary must be consistent with itself and with the system’s
interactions with the environment.

4. Observations as Selection Events

With the structural prerequisites for observerhood in place, we can now address the process of
observation itself. In much of the literature, “observation” is treated as either a primitive or an
emergent epiphenomenon. Both approaches obscure the fact that observation is a selection process:
a filtering of possible states into a subset that becomes stably encoded within an informationally
coherent system.

4.1 Observation as Stabilisation

An observation occurs when an interaction results in the stabilisation of information within the
system’s boundary.

4.2 Selection Without Teleology

The term “selection” here refers to a purely physical process: the elimination of alternative internal
states that are inconsistent with the stabilised information.

4.3 Decoherence as Necessary but Insufficient

Decoherence stabilises correlations in the environment, but only informationally coherent observers
can integrate those correlations into knowledge.

5. Reformulating the Weak Anthropic Principle
The traditional formulation of WAP is widely quoted but rarely interrogated. Carter’s original

statement (1974) was modest, but subsequent interpretations often drifted into metaphysics or
fine-tuning apologetics (Barrow & Tipler 1986). Weinberg’s anthropic bound on the



cosmological constant (1987) demonstrated that anthropic reasoning can yield quantitative
constraints, but even this relies on an implicit notion of “observer” that is rarely defined.
With a mechanistic account of observerhood in place, we can reformulate WAP without
circularity:

Only universes whose physical laws and boundary conditions permit the emergence of
informationally coherent observers can contain systems capable of conditioning probabilities
on their own existence.

This aligns with formal treatments of observation-selection effects (Bostrom 2002) and with
recent philosophical reassessments (Azhar & Linnemann 2025).

6. Non-Human Observers and the Scope of the Anthropic Principle

Cetaceans provide a clear example of non-human observers whose informational coherence is

well documented. Bottlenose dolphins maintain stable, individually distinctive signature whistles
used for identity and social cohesion (Sayigh et al. 1990). Resident killer whales exhibit culturally
transmitted vocal dialects (Ford 1991; Deecke et al. 2000). Sperm whales form vocal clans defined
by group-specific coda repertoires (Weilgart & Whitehead 1997; Rendell & Whitehead 2003).
Humpback whales engage in coordinated foraging strategies such as bubble-net feeding (D’Vincent
et al. 1985). Southern right whales use structured greeting calls within social interactions (Clark
1983).

These systems satisfy the minimum qualifications for observerhood developed earlier. Their
existence undermines human-exclusive readings of “anthropic” and supports a structural, observer-
conditional interpretation of WAP.

6.1 The Fermi Paradox and the Limits of Anthropocentric Expectation

The Fermi paradox is commonly framed as a tension between the expectation that intelligent life
should be common across a vast universe and the lack of detectable evidence for extraterrestrial
civilisations (Fermi 1950; Hart 1975; Tipler 1980). However, this formulation rests on a series of
anthropocentric assumptions that are not entailed by the minimal, mechanistic account of
observerhood developed in this paper. Once observerhood is defined in terms of informational
coherence - stability of internal information, capacity for state discrimination, temporal persistence,
and boundary conditions - rather than human-like cognition or technological capability, the apparent
paradox is significantly blunted.

The standard Fermi argument implicitly assumes a linear progression: that intelligence necessarily
leads to technological development, that technological civilisations will tend toward expansion or
interstellar communication, and that such activity would produce signatures detectable at
astronomical distances. None of these steps follow from the minimum qualifications for
observerhood (Sections 2.1-2.4) or the Informational Coherence Principle (Section 3). These
criteria specify only the structural conditions required for a system to register, retain, and maintain
self-consistent information. They impose no requirement for tool use, cumulative culture,
industrialisation, or expansionist behaviour.

Earth itself provides direct empirical evidence against the inevitability of such a trajectory. While
Homo sapiens has developed technological civilisation, cetaceans demonstrate that sophisticated,
culturally transmitted informational coherence can evolve and persist without external technology.
As discussed in Section 6, species such as bottlenose dolphins, killer whales, and sperm whales
maintain stable individual and group identities, vocal dialects, and cooperative strategies across



generations. These systems fully satisfy the qualifications for informationally coherent observers
yet produce no artefacts detectable beyond their immediate environment.

Cephalopods offer a further instructive contrast. Octopuses exhibit remarkable problem-solving
intelligence, behavioural flexibility, tool use (e.g., coconut-shell shelters), and individual
recognition, despite possessing a highly distributed nervous system and short lifespans (typically 1—
2 years). They achieve high levels of adaptive intelligence without the stable, multi-generational
cultural transmission characteristic of cetaceans or the cumulative technological development seen
in humans. Together, these terrestrial examples illustrate that complex life can reach multiple stable
endpoints: technological cultures, rich non-technological cultural observers, and high individual
intelligence without sustained collective informational structures.

The Drake equation embeds similar anthropocentric assumptions. Its factors concerning the fraction
of planets that develop “intelligent life” and “communicative civilisations” are calibrated toward
human-like technological expressiveness rather than the prevalence of observers per se (Drake
1965; Shklovskii & Sagan 1966). Under the framework presented here, the equation models the
detectability of a narrow subset of observers - those following a contingent technological trajectory
- rather than the overall abundance of informationally coherent systems.

From the perspective of informational coherence, the absence of detectable extraterrestrial
civilisations is therefore unsurprising. Most observers, if they exist, are likely to resemble the
majority of complex systems on Earth: embedded in local ecological and social contexts,
maintaining stable internal information without necessarily producing large-scale technological
signatures. The expectation that observers should be visible to us reflects a narrow conception of
intelligence rather than a necessary structural feature of observerhood.

Reframed in this way, the Fermi paradox loses much of its force as a cosmological puzzle. It arises
primarily from the assumption that observers must follow an expansionist, technological path
analogous to recent human history. Once this assumption is removed, the silence of the universe
places no strong constraint on the prevalence of informationally coherent observers. It merely
underscores the distinction - essential to a non-circular Weak Anthropic Principle - between the
existence of observers and the emergence of detectable technological civilisations.

7. Implications

Our reformulation aligns with the structural use of anthropic reasoning in cosmology (Weinberg
1987) and with philosophical analyses of observation-selection effects (Bostrom 2002). It also
resonates with recent attempts to clarify the conceptual foundations of anthropic arguments
(Azhar & Linnemann 2025).

8. Open Questions and Next Steps

Several questions remain open:

*What is the simplest system that satisfies ICP?

*How should informational coherence be quantified?

*How do boundaries form and persist?

*Under what conditions does decohered information become available for integration?

*Is observerhood graded?

*How does this framework interface with inflationary or multiverse models?These questions mark
the natural continuation of the framework developed here.



9. Conclusion

By grounding observerhood in the physical and informational prerequisites that make stable
knowledge possible, this paper offers a more disciplined foundation for anthropic reasoning.
The minimum qualifications for observerhood and the Informational Coherence Principle allow
us to treat observation as a selection event: a filtering of possible internal states into a coherent
informational trajectory. With this machinery in place, the Weak Anthropic Principle becomes a
structural constraint on possible universes, not a metaphysical explanation for why this one
exists.
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