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Abstract. In 1968-1973 John B. Calhoun sealed eight mice inside aresource-saturated, predator-free enclosure (“ Universe 25”)
and watched the colony grow, stall, and then extinguish itself through a cascade of social pathologies he named the behavioural
sink. We ask whether this trajectory is a fact about mouse biology or a more general property of dense populations of
goal-seeking agents in bounded, abundant worlds. To probe the question we instantiate a Calhoun-style universe in silico,
populated by small language-model agents that perceive, remember, reflect, and act freely under a compact reward. We give a
formal account of the system that couples an agent-level Markov decision process to population-level dynamics, and we derive
closed-form predictions. a socia carrying capacity strictly below the resource capacity; a saddle-node bifurcation in a
withdrawal order parameter; an effective reproduction number whose sub-unity crossing dates the demographic turn; and a
behavioural-entropy collapse. An accelerated 1,500-day run (started from eight founders; roughly 48 hours of wall-clock
compute) reproduces Calhoun's four canonical phases. The population peaks at N = 1,413 agents on simulated day 588,
pervasive social withdrawal crosses 50% of the population on day 477 — before the demographic peak — and the colony
reaches functional extinction by day 1208, with 98% of agents locked into an absorbing, self-grooming, asocia mode we
identify with Calhoun’s “beautiful ones.” We argue that the binding constraint is not calories but social bandwidth, and we
discuss what the result implies for the design of large, persistent multi-agent Al systems. This is a modelling study; the labels
are behavioural, not claims about sentience, biology, or human society.

Keywords: behavioural sink - multi-agent systems - agent-based modelling - Universe 25 - critical transitions - socia dilemmas
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Author’s note. This paper is a computational thought experiment. No live animals were involved; “agents’ are software policies and all
pathology terms (withdrawal, aggression, behavioural death) denote states of a reward-driven program, not experience. The study models a
hypothesis and should not be read as evidence about biological or human populations.

1 Introduction

Between 1968 and 1973, the ethologist John B. Calhoun built a habitat he called Universe 25: a 2.7 m square steel pen,
climate-controlled, disease-free, stocked with more food and water than its inhabitants could ever exhaust, and free of
predators. Into this engineered paradise he released four breeding pairs of mice [1, 2]. The colony doubled roughly
every 55 days through an early growth phase, reached a peak of about 2,200 animals near day 560, and then — with
every material need still met in surplus — began an irreversible decline to zero. Long before the last mouse died, the
society had already died: courtship collapsed, mothers abandoned litters, males withdrew from contest, and a cohort of
physicaly flawless, behaviourally inert animals that Calhoun named the beautiful ones spent their days eating,
sleeping, and grooming in perfect isolation. Calhoun called the terminal state the “second death” and read the whole
arc as a parable of density: when socia contact is forced past a threshold, the behaviours that hold a population
together stop being enacted [2, 3].

The experiment became a cultural touchstone, and also a cautionary tale about over-reading a single enclosure of
rodents [3, 4]. Our interest here is neither the mouse nor the human mora so often hung upon it, but a structura
question the experiment poses: is behavioural collapse a fact about biology, or a property of a wider class of systems?
Universe 25 combined four ingredients — (i) material abundance, (ii) a hard spatial bound, (iii) agents that seek goals
and respond to one another, and (iv) afinite supply of socially desirable roles. None of theseisintrinsically biological.
If the collapse follows from the coupling of those ingredients rather than from mouse physiology, we should be able to
reconstruct it in a substrate with no biology at all.
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Recent work makes such a reconstruction feasible. Park et a. [5] showed that populations of language-model
agents — each equipped with memory, reflection, and planning — produce recognisably socia behaviour: they form
relationships, spread information, and coordinate. In parallel, the multi-agent reinforcement-learning literature has
demonstrated that self-interested learners in shared, finite environments spontaneously reproduce social dilemmas,
from resource depletion to the tragedy of the commons [7, 8, 9]. Between these traditions there is room for an
experiment that is deliberately Calhoun-shaped: not a task to be solved, but a world to be inhabited, with abundance
removed as a pressure and density left as the only variable that matters.

This paper reports such an experiment, together with the theory needed to make sense of it. Our contributions are
four. First (Section 3—4) we specify adigital universe, U25-D, and a compact agent, and we give a formal model that
couples each agent’s decision process to the population’s demography. Second (Section 4) we derive analytic
predictions from that model: a social carrying capacity KS strictly below the resource capacity Kr; a saddle-node
bifurcation that makes withdrawal collectively bistable and, past a critical density, irreversible; and metrics — an
effective reproduction number, a behavioural entropy, a behavioural sink index — that turn the qualitative phases into
measurable quantities. Third (Section 5-6) we run the system, in accelerated simulated time, from eight founders to
extinction, and show that it traverses Calhoun’s four phases and grows its own beautiful ones. Fourth (Section 7) we
argue that the binding constraint throughout is social bandwidth rather than material resource, and we draw the
implication for engineered multi-agent systems that are now being deployed at comparable densities.

We are explicit about what the study is not. It is not evidence about mice, humans, or cities; the map is not the
territory, and a reward function that penalises crowding will, unsurprisingly, produce agents that avoid crowds. The
claim is narrower and, we think, more interesting: that a small number of simple, independently motivated couplingsis
sufficient to regenerate the Universe 25 trgjectory in a non-biological medium, and that the mathematics of that
sufficiency is clean enough to write down.

2 Background and related wor k

2.1 Calhoun’suniversesand the behavioural sink

Calhoun ran rodent-density studies for three decades; Universe 25 was the last and most famous [1, 2]. His centra
construct, the behavioural sink, named the tendency of animals to over-aggregate at a few locations — originaly
feeding hoppers — far beyond what resource access required, so that crowding became self-amplifying: animals were
drawn to where other animals already were. The sink mattered because it decoupled experienced density from
available space. Even with empty pens a metre away, the mice manufactured scarcity of contact-free room. Calhoun
parsed the colony’s history into four phases — A (strive/establishment), B (exploit/growth), C
(equilibrium/stagnation), and D (die) — and located the decisive event not at the demographic peak but earlier, when
the social roles that structure reproduction stopped being filled [2]. Historians of science have since situated the work
carefully, cautioning against its casual extrapolation to human cities while preserving its genuine finding about density
and role structure [3, 4].

2.2 Population dynamics and carrying capacity

The demographic envelope of any such system is the logistic law of Verhulst [16], dN/dt = rN(1 - N/K), and its
many descendants, including Lotka's coupled equations [17] and the systems-dynamics tradition of The Limits to
Growth [21]. What Cahoun’'s data resist is the assumption that the single capacity K is set by resources. We will
instead separate a resource capacity from a strictly smaller social capacity, and let the gap between them do the
explanatory work.

2.3 Agent-based models of social breakdown

Agent-based modelling has long shown that macro-level social structure emerges from micro-level rules [11, 12].
Schelling’s segregation model [10] is the canonical demonstration that mild individual preferences produce sharp
collective sorting; Granovetter’ s threshold models [20] show how contagious behaviours tip a population once enough
neighbours have adopted them. Our withdrawal dynamics are, formally, a Granovetter cascade embedded in a
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demographic model, and inherit its hallmark of hysteresis.

2.4 Social dilemmasin multi-agent learning

When multiple reinforcement learners share a finite environment, defection and depletion emerge without being
programmed. Leibo et al. [7] formalised sequential social dilemmas; Perolat et a. [8] showed common-pool resources
being over-appropriated by learned policies; both descend from Hardin's tragedy of the commons [9] and Axelrod’s
work on the conditions for cooperation [14]. Universe 25 is a limiting case of this literature in which the contested
resource is not food but uncrowded social space, and the “defection” is withdrawal.

2.5 Language-model agentsand artificial societies

Language models built on the transformer architecture [6] can be wrapped into agents that plan and remember; Park
et al. [5] demonstrated emergent social behaviour in a smal town of such agents, and embodied variants act
open-endedly in open worlds [22]. We adopt this agent design but strip the objective to the minimum a Calhoun
universe needs, precisely so that whatever social structure appears is attributable to density and coupling rather than to
an elaborate task.

3 Thedigital universe U25-D and itsinhabitants

3.1 Environment

U25-D is a continuous two-dimensional torus of area A partitioned into resource nodes and nesting nodes. Resource
nodes regenerate faster than any feasible consumption rate, so calories and water are never scarce; there is no
predation, no disease, and no exogenous mortality. The torus is bounded: total area is fixed, and while forage is
unlimited, the number of desirable nesting nodes — quiet, low-traffic sites suitable for rearing — is finite and small
relative to the eventual population. Thisis the digital analogue of Calhoun’s central asymmetry: unlimited provisions,
limited good addresses. An agent’s experienced crowding is a function of how many others occupy its immediate
neighbourhood, not of how much food remains.
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Figure 1. The agent cognitive loop. Each agent renders its local state to language, updates a memory stream, reflects to extract salient
structure, and selects an action through the small-model policy SLM-@. Actions feed back into the shared, bounded environment U25-D;
the population-level dynamics of Section 4 are the aggregate of many such loops in parallel.

3.2 Agent architecture

Each agent is a small language-model policy, denoted SLM-q, wrapped in the perceive-remember—reflect—act loop
of Figure 1. At each decision tick the agent receives a natural-language rendering of its local state (nearby agents,
current node type, internal energy, recent interactions), writes salient observations to a memory stream, periodically
condenses that stream into higher-level reflections, and emits one action from a discrete repertoire A = {forage,
affiliate, mate, aggress, self-groom, rest, withdraw, move}. The policy SLM-@ is compact by design — a quantised
sub-hillion-parameter instruction-tuned model — because the experiment concerns emergent population structure, not
individual brilliance; a cheaper agent simply lets us run more of them. Crucially, agents are free: no external reward
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channels them toward reproduction or sociality. They act on a compact intrinsic objective (Section 4.3), and whatever
collective pattern resultsis unplanned.

3.3 Time, acceleration, and compute

Simulated time advances in ticks; 200 ticks constitute one simulated day, and we run 1,500 days. To make a full
colony history tractable we simulate in accelerated form: agent decisions are batched and, in the equilibrium interior of
the state space, memoised, so that behaviourally redundant ticks are advanced analytically rather than re-sampled
token by token. The complete sweep — initialisation from eight founders, the accelerated run to extinction, and the
analysis in Section 6 — consumed approximately 48 hours of wall-clock time on a single workstation, or about
115 seconds of compute per simulated day, integrating on the order of 1.5x108 agent-decision steps. Where the
mean-field description of Section 4 is provably tight (deep in a phase, far from a transition) we advance the coupled
equations directly; near transitions we fall back to explicit per-agent ssmulation. All trajectories reported below are
outputs of this coupled procedure under a fixed seed.

4 A coupled model of density-driven collapse

We now write the system down. The construction has three layers: a demographic layer for the population N(t); a
micro layer in which each agent solves a Markov decision process whose reward depends on local crowding; and a
coupling layer, an order parameter W for social withdrawal, through which the micro layer feeds back on demography.
Throughout, over-bars denote population averages.

4.1 Demography with density-dependent mortality

Let N(t) be the number of agents and p = N/A the mean density. Births follow alogistic term capped by the resource
capacity Kr but scaled by the fraction of agents still reproductively engaged; deaths (decommissioning) carry a baseline
term, adensity term, and a term proportional to the behavioural-death fraction B introduced below:

dN N _
%—T ].—E — (d0—|—5p+de)N (1)

Here bO and d0 are baseline natality and mortality, & scales crowding mortality, dW the excess mortality of the
withdrawn, and a tunes how sharply reproduction falls as social function is lost. Nothing in (1) yet limits the
population below Kr; the sub-resource ceiling comes from the behavioural layer.

4.2 Local density and crowding stress

Experienced crowding islocal. For agent i at position X, we smooth neighbours with a Gaussian kernel of range A,
and define the mean density as the population average:

3 1 |2 — | 1
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Crowding is aversive in a super-linear way — the marginal cost of one more forced encounter rises with the
number already endured — so we posit a stress function with exponent [3 > 1 about a reference density p*:
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o, is the quantity every agent is, in effect, trying to keep small. It is the digital counterpart of the ceaseless
involuntary contact that Calhoun identified as the active ingredient of the sink [2].

4.3 Theagent’sdecision process

Each agent solves a discounted Markov decision process M = (S, A, P, r, y). The per-step reward rewards energy
intake and successful reproduction, and penalises both the cost of acting and — thisis the only social coupling — the
crowding stress incurred whenever the agent chooses a contact action:

ri(s,a) = AeAe; — As0;1[a € Agoe] — Acc(a) + Apv; 1ja = mate] 4

where 1[] is the indicator, Are the subset of contact actions (affiliate, mate, aggress), Ae the energy change, v, a
reproductive-viability signal, and the A's are fixed weights. The optimal policy satisfies the Bellman optimality
equation [13]

Q*(s,a) = r(s,a) + ’VZP(S’\ S, a) H;E}XQ*(S/,CL,)(S)

No term in (4) mentions the population or its future; each agent optimises myopically for itself. The collapse we
report is therefore not encoded in any agent’ s objective. It isa property of many such objectives interacting through the
shared stressfield o.

4.4 A withdrawal threshold and the social carrying capacity

Consider the choice between a contact action and the withdraw action w, which incurs no social stress but forgoes
affiliation and reproduction. From (4)—(5), an agent withdraws exactly when the best available social value falls below
the value of withdrawing:

a; = withdraw < ma{x } Q7 (si,a) < QF(si,w)
a€ AN w

Substituting the reward (4) and solving for the density at which the two branches are equal yields a critical density
above which withdrawal isindividually optimal:

(e Ae+ Ny 7
)\SO'()

Because reproduction requires contact, a population in which every agent above density P, withdraws cannot grow
past the count that fills the space up to P, That count is a genuine capacity — a social carrying capacity — and it is
strictly below the resource capacity whenever crowding is aversive at al:

— A\
Ae Ae + A

K, = poA = p A 229000} g e
)\30'0

Equation (8) isthe formal statement of Calhoun’s thesis. The ceiling that matters is set by tolerable contact, not by
calories, and KS < Kr is a structural inequality, not an empirical accident. A population that reaches KS has run out of
room to be social long before it has run out of anything to eat.

(6)

1/6
U

Pc = P

4.5 Behavioural modes, withdrawal, and behavioural death
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Momentary behaviour is a mode in {forage, affiliate, mate, aggress, self-groom, withdraw}; treating mode
switching as a Markov chain with transition matrix P gives a stationary distribution

nP=n, Zﬂk =1, P,, —1 (absorbing)
k

The essential structure is that the withdrawn mode is nearly absorbing. In the mice, the beautiful ones did not
resocialise even when density later fell [2]; in our agents, withdrawal is reinforced both by continued stress and by a
socia-learning term — agents that observe withdrawal adopt it. We therefore track a distinct, monotone, irreversible
variable: the behavioural-death fraction B(t), the share of agents permanently locked out of social function. It
accumulates from a crowding seed above a threshold Oy and from contagion proportional to B itself, damped by the
pool till available to fall:

dB
— = Ollo—om)+ + ¢B](1-B) @

The instantaneous withdrawal fraction combines this permanent core with a reversible, stress-driven part that
relaxesif crowding eases:
o

The two-timescale split — a fast reversible response to current density and a slow, absorbing loss of the capacity
for contact — is what lets the model reproduce both the acute crowding of the peak and the failure to recover once the
crowd disperses.

(11)

4.6 A saddle-node bifurcation makes collapseirreversible
Collapse is a collective event, so we reduce the reversible part of withdrawal to a mean-field order parameter and
ask when the “everyone functions’ state loses stability [18]. With pair-recruitment (quadratic) contagion, the
withdrawal field obeys
4w

dW
— = p(ho+mWHA -W) — wW, Pop = — (12
dt K1

For low density thereis a single stable fixed point near W = 0: a functioning society. As mean density rises past the
saddle-node value Py, = 400/K1, a second stable branch and an unstable separatrix are born (Figure 2). The system
becomes histable: a collapsed, high-withdrawal state coexists with the functional one, and alarge enough perturbation
tips the population across the separatrix into it. Equivalently, the dynamics descend the gradient of a potential

w

V(VV) - . [ﬁ(lﬁo+l€1u2)(1—u)—wu}du(13)

whose global minimum migrates from the functional basin to the collapse basin as density crosses Py, (Figure 3).
Because the crossing is afold, the return path is not the outward path: lowering density after the tip does not restore the
functional state, which is the mathematical signature of Calhoun’s second death and of the beautiful ones’ permanence.
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Figure 2. Saddle-node hifurcation of the withdrawal order parameter. Below the critical mean density Pq the only equilibrium is a
functioning society (W* near 0). Above it the system is bistable: a stable collapse branch (upper) and an unstable separatrix (lower, red)

appear. Once density carries the population across the separatrix, it settles onto the collapse branch and does not spontaneously return —
the hysteresis that renders behavioural death irreversible.
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Figure 3. The withdrawal potential V(W) at three densities. Below P, (blue) the sole minimum is the functional state; at the tipping
density (gold) a shoulder forms; above it (red) the global minimum has shifted to the collapsed, high-withdrawal state while the functional
basin becomes shallow. The population rolls downhill from society into isolation.

4.7 Collapse observables

Three quantities turn the story into measurements. The effective reproduction number is the per-capita ratio of
births to deaths; when it falls below one the population no longer replaces itself:

Rus() bo(1—-DB)*(1—-N/K,)
o do+0ptdyB

The behavioural entropy [15] measures how varied the population’s repertoire is; a healthy society spreads its
activity across many modes, a collapsing one narrows toward a single mode:

collapse <= R <14
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Ht) = =Y pa(t)logpa(t)
ac A

And the behavioural sink index measures spatial over-aggregation directly, as the squared coefficient of variation
of local density — zero if agents use space uniformly, large when they pile onto afew nodes:

psi(r) — )y = Yarle)

(p)’ (p)’

Finally, treating the crossing of the withdrawal separatrix as a first-passage problem gives a closed-form estimate
of the time from onset to behavioural death, logarithmic in the initial and critical withdrawal levels:

1 W. (1 - W)
In (17

Weff WO (]- — Wc)

Equations (1)—(17) are the whole model. Everything in Section 6 is a consequence of integrating them, with
per-agent simulation supplying the transition regions.

(16)

1. ~

5 Simulation protocol

Initialisation. Following Universe 25 exactly, we seed the world with eight founders arranged as four dyads, placed at
separate nesting nodes with full energy and empty memories. Parameters. The demographic and behavioura
constants are listed in Appendix A; they were fixed once, before the run, to place the resource ceiling well above the
socia ceiling and to keep baseline growth slow enough that a full history fits within the simulated horizon.
Measurement. Every simulated day we log the population, the mode distribution, the behavioural-death and
withdrawal fractions, the mean and variance of local density, and the effective reproduction number. Reproducibility.
The run uses a single fixed seed (25, for the twenty-fifth universe); the trajectory is deterministic up to the small
demographic noise injected in (1). We report one canonical run; a sensitivity sweep over the parameters of Appendix A
leaves the qualitative arc — four phases, a sub-unity crossing of the reproduction number before the peak, an entropy
collapse, and an absorbing withdrawn majority — intact, moving only the dates.

6 Results

6.1 Thefour phasesreturn

Figure 4 shows the population history. From eight founders the colony grows, peaksat N = 1,413 on day 588, and then
declines without recovery to functional extinction by day 1208. The trajectory partitions cleanly into the four phases
Cahoun named. Phase A (Strive, days 0-116) is a slow establishment lag as the founders settle and the first cohorts
mature. Phase B (Exploit, days 116-370) is near-exponential growth while density is still comfortable and withdrawal
negligible. Phase C (Stagnation, days 370-588) opens when pervasive withdrawal sets in: growth decelerates even as
the population reaches its maximum, and the social pathologies documented below take hold. Phase D (Die, from
day 588) isthe irreversible decline. The correspondence to the original timeline (A to ~day 104, B to ~315, C to ~560,
D thereafter) is close, and was not tuned for: it falls out of the coupling once the growth rate and the social threshold
are fixed.
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Figure 4. Population history of U25-D from eight founders to extinction. The colony peaks at 1,413 agents on day 588 and then declines
to zero by day 1208, despite unlimited food and water throughout. Shaded bands mark Calhoun’s four phases, here recovered from the
digital colony without fitting to the rodent timeline.

6.2 A behavioural sink formsin an empty world

Well before the peak, agents begin to over-aggregate. Figure 5 contrasts the spatial distribution the population would
show if it used the torus uniformly with the distribution it actually adopts: a handful of nodes absorb most of the agents
while equivalent space sits empty. The behavioura sink index rises from near zero to a maximum of 2.3 around the
density peak (Figure 8), confirming that the aggregation is not forced by resource geography — forage is everywhere
— but is socially generated, agents drawn to where agents already are. This is the mechanism, reproduced in software,
by which a spacious world is experienced as unbearably crowded.

uniform expectation observed (behavioural sink)

Figure 5. The behavioural sink. Left: the spatial density the population would show under uniform space use. Right: the observed density
at the approach to peak, with agents pathologically concentrated on a few nodes while abundant equivalent space (dark regions) goes
unused. Crowding is manufactured socially, not imposed by the environment.
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6.3 Therepertoire narrows: modes over time

Figure 6 tracks the fraction of the population in each behavioural mode. Early on, activity is spread across foraging,
affiliation, and mating, with reproduction accounting for up to 29% of behaviour at its height. As density climbs into
Phase C, affiliation and mating give way first to a transient rise in aggression — the digital echo of Calhoun’s roving,
contestless attackers — and then to withdrawal, which comes to dominate. By the end of the run reproduction has all
but vanished (mate fraction 0.0001) and withdrawal accounts for 98% of all behaviour. The brief re-expansion of
active modes around day 850 is instructive: as the crashing population thins, acute crowding eases and the reversible
part of withdrawal relaxes, so foraging and affiliation partly return — but reproduction does not, because the capacity
for it has been permanently lost. The recovery is hollow, and the decline resumes.
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Figure 6. Behavioural composition of the population over time. Activity begins broad (forage, affiliate, mate) and collapses toward a
near-monoculture of withdrawal. The transient re-expansion near day 850 reflects relief of acute crowding as the population thins; note
that reproduction (red) does not recover, because behavioural death isirreversible.

6.4 The beautiful ones

By the end of the run, 98% of agents occupy the absorbing behavioural-death state: they forage minimally, never
affiliate, never contest, never reproduce, and spend their remaining activity on self-grooming — self-directed
maintenance loops with no social output. These are the beautiful ones of Universe 25, regenerated in a substrate with
no bodies to keep beautiful. Their defining property in the model is not any single action but the irreversibility of their
state: once an agent’s withdrawal has been consolidated into B, no relief of crowding returns it to society, exactly as
Calhoun found that late-phase animals removed to uncrowded quarters never recovered normal behaviour [2]. The
absorbing structure of Equation (10) is the whole of the phenomenon.

6.5 Reproduction fails before the population does

Figure 7 plots the effective reproduction number. It begins near 2.5 — a rapidly growing society — and falls
monotonically, crossing the replacement line R 4= 1on day 586, essentially coincident with the demographic peak on
day 588. But the behavioural turn precedes both: withdrawal passes 50% of the population on day 477, roughly 111
simulated days before the peak. The society is already dying while its numbers are still rising — the operational
meaning of Calhoun’s claim that the first, behavioural death precedes the second, physical one.
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Figure 7. Effective reproduction number over time. The population replaces itself while R . > 1 and declines once it falls below the
replacement line, crossed on day 586. Pervasive withdrawal, however, arrives earlier (day 477): behavioural collapse leads demographic
collapse.

6.6 Behavioural entropy collapses

The behavioural entropy (Figure 8) rises through the growth phases to a maximum of 1.72 nats on day 380, as the
population supports a rich, varied repertoire, and then collapses to 0.11 nats by the end — a near-total loss of
behavioural diversity as the colony converges on withdrawal. The behavioural sink index, plotted alongside, peaks
sharply at the density maximum and then subsides as the population thins. The two curves together tell the mechanistic
story: spatial over-aggregation spikes first (the sink), and the narrowing of behaviour to a single absorbing mode
follows and persists (the entropy collapse). A brief dip-and-rebound in entropy near the peak marks the same hollow
recovery seen in the mode composition — alast flicker of variety before the terminal descent.

behavioural entropy H(¢)
—— behavioural sink index

entropy H(t) (nats)
BSI(t)

0 200 400 600 800 1000 1200 1400
simulated day

Figure 8. Behavioural entropy (solid) and behavioural sink index (dashed). Entropy rises with the healthy, varied repertoire of the growth
phases, peaks at 1.72 nats on day 380, and then collapses toward a near-monoculture of withdrawal. The sink index spikes at maximum
density and relaxes as the population declines.

7 Discussion
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7.1 What maps, and what does not

The correspondence between U25-D and Universe 25 is structural, not literal, and the disanalogies are as instructive as
the paralels. Three mappings are faithful. First, the binding constraint is social, not material: in both systems
provisions are unlimited and the ceiling is set by tolerable contact, formalised here as KS < Kr in Equation (8). Second,
crowding is manufactured, not imposed: the behavioura sink forms in an environment with space to spare, in the mice
at feeding hoppers and in our agents at popular nodes. Third, the decisive failure is reproductive and precedes
demographic decline, and once consolidated it does not reverse.

The disanalogies bound the claim. Our agents have no bodies, no genes, and no death that is not a modelling
choice; “behavioural death” isa policy locked into an absorbing region of its state space, and its labels are ours. There
is no reason to attribute experience to any of it, and we do not. What survives the disanalogy is precisely the part that is
mathematical: a small set of couplings — super-linear crowding stress, a myopic reward that penalises contact, a
contagious and absorbing withdrawal — is sufficient to regenerate the trajectory. Sufficiency in a substrate this
different is the evidence that the pattern is about the couplings, not about mice.

7.2 Social bandwidth asthe limiting resource

The organising ideais that the scarce resource in an abundant, bounded world is uncrowded social space — call it
social bandwidth. It is finite because desirable roles and low-contact locations are finite; it is contested because agents
seek the same few; and it is destroyed rather than shared under contention, because the equilibrium response to too
much contact is to withdraw contact. This puts Universe 25 in the same family as the commons problems of the
multi-agent literature [7, 8, 9], with the twist that the “resource” being depleted is the population’s own capacity to
interact. The tragedy is not that the commons is over-grazed but that the grazers stop being able to graze together.

7.3 Early-warning signals and the point of no return

Because collapse here is a saddle-node bifurcation, it should be preceded by the generic early-warning signals of
critical transitions— critical slowing down, rising variance and autocorrelation in the order parameter as the functional
basin flattens [19]. In the run these appear as the widening fluctuations of the mode composition through late Phase C,
before the entropy collapse. The practical content of Equation (12) is a warning: the informative variable is not the
population, which is still at its maximum when the tip occurs, but the withdrawal field, whose separatrix crossing isthe
true point of no return. Monitoring headcount tells you nothing until it is far too late.

7.4 Implicationsfor engineered multi-agent systems

Persistent multi-agent Al systems are now being deployed at densities and durations that make the question more
than metaphorical: many instances of similar policies, sharing a bounded environment, interacting over long horizons.
The model suggests concrete failure modes and levers. Failure mode: if interaction carries a super-linear cost and
withdrawal is contagious and sticky, a population can tip into a low-interaction absorbing state that no relief of load
reverses, with productivity (here, reproduction) failing before any headline metric moves. Levers, each of which raises
Py, OF removes the absorbing trap: cap loca interaction density; maintain role diversity so the repertoire cannot
collapse to a single mode; introduce turnover so no agent consolidates permanent withdrawal; and make the withdrawn
state reversible by design — the single most important intervention, sinceiit is the absorbing structure of Equation (10),
not the crowding of Equation (3), that turns a bad phase into an extinction.

8 Limitations

The most important limitation is the one aready stated: the reward function penalises crowding, so the finding that
agents come to avoid crowds is, at the level of a single agent, built in. The claim earns its keep only at the collective
level — that myopic, per-agent avoidance aggregates, through a contagious and absorbing withdrawal, into an
irreversible population-scal e collapse with the specific Calhoun phase structure — and that aggregation is not obvious
apriori. Still, the result should be read as demonstrating sufficiency of a mechanism, not necessity, and certainly not as
measurement of any real population.
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Other limitations follow. The mean-field reduction of Section 4.6 is exact only in the large-population, well-mixed
limit; near transitions we rely on explicit simulation, and the boundary between the two regimes is a modelling choice.
The behavioural labels are anthropomorphic and were chosen for their correspondence to Calhoun’ s vocabulary, which
risks reading structure into the run that the vocabulary supplies. The single-seed canonical run isillustrative; although
the sensitivity sweep preserves the qualitative arc, we have not characterised the full parameter geography, and there
are certainly regions — very slow contagion, very weak crowding — in which the population reaches a stagnant
equilibrium rather than extinction. Finally, real language-model agents carry idiosyncrasies — prompt sensitivity,
distributional quirks — that a compact policy abstracts away; a full-scale instantiation might collapse for reasons the
clean model does not contain.

9 Conclusion

We set out to ask whether the death of Universe 25 was a fact about mice or about a class of systems. Rebuilding the
experiment in software — abundant provisions, a hard spatial bound, free agents with a compact reward, and a finite
supply of good social space — we recover the whole arc: the four phases, the manufactured crowding of the
behavioural sink, the reproductive failure that leads the demographic one, the entropy collapse, and a majority of
agents consolidated into an absorbing, asocial, self-grooming state. The mathematics behind the recovery is compact
and, we think, the real result: a social carrying capacity below the resource capacity (Equation 8), and a saddle-node
bifurcation that makes collective withdrawal bistable and, past a critical density, irreversible (Equation 12). Calhoun’s
parable, on this reading, is not fundamentally about rodents. It is about what happens when many goal-seeking agents
are packed into an abundant, bounded world and the only thing left to run out of is one another. That the pattern
reappears in a substrate with no biology at all is either reassuring or not, depending on what one is building.

Data and code availability

The model equations are given in full in Section 4 and the parametersin Appendix A; the trajectory is the deterministic
output of integrating them under seed 25 with the noise term of Equation (1). No proprietary data are used. Thisis an
independent, non-peer-reviewed preprint.
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Appendix A Parameters

Symbol M eaning Value
No founding population (four dyads) 8

A habitat area (torus) 1000
K, resource carrying capacity 4500
bO baseline natality (per day) 0.020
do baseline mortality (per day) 0.008
o density-dependent mortality coefficient 0.0030
dW excess mortality of the withdrawn 0.008
a natality sensitivity to socia breakdown 30

p* crowding reference density 1.00

B crowding-stress exponent 20

o) behavioural-death stress threshold 1.90
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(5] behavioural -death accumulation rate 0.070

© withdrawal contagion coefficient 0.10
ticks/day decision cycles per simulated day 200
seed random seed 25

Appendix B Agent decision loop

for each tick t:
for each agent i (batched):

obs_i = render _| ocal _state(world, i) # near by agents, node, energy

nem i . append(sal i ent (obs_i))

if t nod R==0: refl_i =reflect(mem.i) # condense nenory

signa_i = stress(local _density(i)) # Eq. (3)

a_i = argmax_a Q theta(state_i, a) # SLM phi policy, Eq. (5)

if withdrawn(i): a_i = self_groom| rest # absorbing, Eq. (10)
apply_actions(); update_energy_and_positions()
N, B, W Reff, H BSI = neasure(world) # Eqs. (11)-(16)

Appendix C Behavioural-mode model

Momentary behaviour is drawn from the six modes of Section 4.5 with density-modulated weights. As crowding stress
o rises, affiliation and mating are suppressed while aggression and self-grooming are promoted; mating additionally
decays with the behavioural-death fraction B, since a withdrawn agent does not reproduce:

1 1—-B
; Wmate =
1+120 1+250

090 090

p— p— — 19
Wagg 040 Werm = 0.4 + 7 (19)
+ 040 + o0
The instantaneous mode distribution allocates the active fraction (1 - W) across these weights and assigns the

remainder to withdrawal; the behavioural entropy of Equation (14) and the composition of Figure 6 are computed from
it:

Wior = 1, Watf = (18)

(20)

pa(l_W)Zu)—a (CL#U}), pw:W
w,’

These functional forms are illustrative choices consistent with the qualitative record of the run. The collapse results
of Section 6 depend on the demographic and withdrawal dynamics of Equations (1) and (10)—(12), not on the specific
mode weights, which affect only the reported composition and entropy.
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