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Figure 1: Agentic LLM collectives as a new substrate for Artificial Life. Artificial Life has long studied
life-like phenomena in computational, physical, and biochemical substrates—soft, hard, and wet. We argue
for a fourth class: collectives of agentic LLMs, language models endowed with persistent memory, access
to a shared self-extensible pool of tools and skills, and the capacity to act unprompted (left). Their units
are individually complex, yet because the agents interact in natural language the collective remains open to
inspection. This places the agentic substrate in a region few substrates reach: complex yet interpretable (right).
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Complexity and interpretability rarely coincide: systems
rich enough for complex behaviours to emerge are usually
too opaque to question, while transparent ones are too sim-
ple for anything complex to emerge. A single large language
model (LLM) is a static artefact, hardly exhibiting any of
the emergent properties we associate with life. This changes
through interaction: populations of LLMs display emergent
dynamics absent from isolated models. Furthermore, LLMs
can be endowed with persistent memory, tools and shared
skills, and the capacity to initiate actions unprompted, i.e.,
turning LLMs agentic. In this paper, we argue that such col-
lectives of agents can serve as a computational substrate for
Artificial Life research.

Artificial Life typically follows a bottom-up epistemic
approach: rather than accounting for one particular sys-
tem, Artificial Life asks which properties of a computational
substrate make it life-like, which properties give rise, in a
bottom-up manner, to the emergence of structural and func-
tional complexity Bedau (2003). We begin from the premise
that LLMs, taken in isolation, are not inherently life-like.
An isolated LLM is an inert artefact: a complex but largely
static model produced through top-down engineering. A
central argument of this paper is that the situation changes
when many such models interact. Collectives of LLM-based
agents can exhibit dynamics that are central to Artificial
Life (Nisioti et al., 2024a,b), including adaptation, coordi-
nation, norm formation, and cultural transmission.

We use “agentic” to denote a computational unit in which
an LLM is endowed with persistent memory, tool use, and
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self-directedness. Artificial Life makes use of different com-
putational substrates to test different conjectures about life-
as-it-could-be; a standard taxonomy divides them into soft,
hard, and wet: realised in software, in hardware, and in bio-
chemistry, respectively (Bedau, 2007). We propose a fourth:
the agentic substrate, built from collectives of interacting
LLM agents. Such collectives typically run in software and
are in that sense close to a soft substrate, though through
their tools they can also naturally interface with the physi-
cal world; we propose that this ability, together with their
distinctive coincidence of high complexity and high inter-
pretability, makes it useful to cluster instances of this sub-
strate as a class of their own. We define an agentic substrate
as a population of agentic units—pretrained language mod-
els, each endowed with (i) a persistent memory that distils
salient information from its context into a structured store
outlasting any single context window; (ii) access to a shared,
self-extensible commons of tools and skills; and (iii) the
self-directedness to act unprompted, or to decline a trigger.
The population is in turn (iv) coupled through a connectiv-
ity structure that fixes a notion of locality and the channels
(natural language) along which they communicate; and (v)
embedded in a shared, persistent environment.

In this perspective paper, we treat the agentic LLM as
the basic computational unit of a substrate, and argue that
collectives of such units provide an experimental testbed
for bottom-up exploration and hypothesis testing of which
properties—such as autonomy, self-modification, cogni-
tive architecture, symbiogenesis, and resource constraints—
are important for life-like behaviour to emerge. Open-
endedness, long sought but rarely instantiated, thereby ac-
quires a concrete and observable mechanism—a capability
can be watched as it is written, spreads, and is built upon in
an open vocabulary. A second property intrinsic to agentic
LLMs is representational versatility: each agentic unit can
select, and then compute over, the representation matched to
a task—code, prose, an embedding—whereas every classi-
cal substrate is welded to a single encoding.

Critically, since the agents communicate in natural lan-
guage, their collective behaviour can be directly interro-
gated by examining textual traces and asking the agents
themselves. We outline the notion of interpretability in
language-model research and extend it for collectives of
agents: we identify six channels—behavioural, attribu-
tional, concept-based, and mechanistic based on Bereska
and Gavves (2024)’s framework, and extended with two new
channels, agentic and stigmergic, that are especially rele-
vant for agentic systems. Whereas the classical bottom-
up project derives its interpretability from unit simplicity,
LLM-collectives derive it from unit interrogability: the unit
is complex, but it can be queried, profiled, attributed, and
probed.

Lastly, we survey recent examples of agentic LLM collec-
tives that already instantiate the idea of agentic substrates,

from controlled experiments to deployments in the wild—
among them Agents of Chaos (Shapira et al., 2026), the
Moltbook Observatory Archive (Gautam et al., 2026), Ter-
raLingua (Paolo et al., 2026), and Spore.fun and the related
Sovereign Agents framework (Hu and Rong, 2025, 2026).

LLM collectives should not be understood as replace-
ments for traditional Artificial Life substrates based on min-
imal agents and simple rules. Instead, they constitute a com-
plementary agentic substrate for Artificial Life, one whose
primitive units are already compressed socio-cognitive sys-
tems: language models coupled with persistent memory,
tools, and self-directedness. This opens the possibility of
investigating socio-cognitive forms of artificial life with a
level of richness and interpretability that has previously been
difficult to obtain.
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