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The Replacement Fallacy
How Technological Solutions to Ecological Collapse Mirror the Structural Logic of
Labor Displacement

The Atlantic cod fishery collapsed across 35 years of individually rational decisions. Synthetic nitrogen,
infant formula, and the Green Revolution followed the same five-phase trajectory. Robotic pollinators and
AI data-annotation labor are entering it now, and the intervention window is still open.
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T H E  A R G U M E N T

A technology introduced as a
supplement gradually displaces
the system it claims to support.
The fallacy lies not in the technology itself but in the systematic failure to identify who bears

the cost when a supplement becomes a replacement, and what happens when the

replacement fails.

Biological pollinators and human data annotation workers occupy structurally homologous

positions as invisible infrastructure, economically essential, systematically undervalued, and

subject to replacement fantasies that ignore the complexity of what is being replaced.

F I V E - P H A S E  T R A J E C T O R Y

1. Introduction, technology framed as supplement

2. Adoption, rapid uptake on short-term benefits

3. Degradation, technology degrades the natural system it supplements

4. Dependency, degraded system can no longer function without the technology

5. Lock-in, return to the original system becomes effectively impossible
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P A R T  I

The Pattern and Its Precedents
Five phases, and four times the world has run them I
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I N T R O D U C T I O N  ·  A D O P T I O N  ·  D E G R A D AT I O N  ·  D E P E N D E N C Y  ·  L O C K - I N

Each phase is individually rational. The collapse is what
the phases add up to.

1
INTRODUCTION

Framed as a supplement to the existing
system.

2
ADOPTION

Rapid uptake on real short-term benefits.

3
DEGRADATION

The supplement erodes the system it was
meant to support.

4
DEPENDENCY

The degraded system can no longer
function without the technology.

5
LOCK-IN

Return to the original system becomes
effectively impossible.
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S C H I J N S  &  F R O E S E  ( 2 0 2 1 )  ·  H U T C H I N G S  &  M Y E R S  ( 1 9 9 4 )  ·  M U LV A N E Y  E T  A L .  ( 2 0 0 9 )  ·  E R I S M A N  E T  A L .  ( 2 0 0 8 )  ·  E C K H A R D T  &  H E N D E R S H O T  ( 1 9 8 4 )  ·  E V E N S O N  &  G O L L I N  ( 2 0 0 3 )

AT L A N T I C  CO D

35–40 years from sonar
adoption to collapse.

1957–1992. Spawning biomass fell to ~1% of

historic levels. 19,000 jobs lost in Newfoundland.
Moratorium expected to last 2 years; lasted 32.

S Y N T H E T I C  N I T R O G E N

~50 years from Haber-Bosch to
acknowledged dependency.

Nitrogen treadmill: synthetic inputs deplete soil

organic matter; more inputs required to maintain
yield. 48% of global population now fed through

synthetic nitrogen.

I N FA N T  F O R M U L A

Lactation suppression as
endogenous degradation.

The product that supplements breastfeeding

biochemically suppresses the capacity it
supplements. The supplement degrades the

original system through the mechanism of use.

G R E E N  R E V O LU T I O N

Agricultural deskilling and seed
biodiversity collapse.

High-yield varieties optimized for synthetic inputs

replaced thousands of traditional varieties. The
accumulated knowledge required to cultivate

them is largely gone. Cowan & Gunby (1996):
technological lock-in in pest control strategies.
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S C H I J N S  &  F R O E S E  ( 2 0 2 1 )  ·  H U T C H I N G S  &  M Y E R S  ( 1 9 9 4 )  ·  T H U R S TA N  E T  A L .  ( 2 0 1 0 )

Better catch efficiency was misread as
healthy stocks. The misreading justified
the next boat.
Sonar, radar, and factory trawlers arrived as instruments of sustainable management. They created a ratchet

instead: rising efficiency looked like abundance, and abundance justified more harvesting capacity. No actor

decided to destroy the fishery. Each investment was individually rational.

810,000 metric tons

1968 peak catch, nearly quadrupled from 254,500 tons in 1957.

~1%
of historic spawning biomass remained by the 1992 moratorium.

2 → 32
years: the moratorium was expected to last two. It lasted thirty-two. Lock-in is not
quickly undone.
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P A R T  I I

The Two Modern Cases
Robotic pollination and the human labor behind AI II
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P O T T S  E T  A L .  ( 2 0 1 8 )  ·  N I M M O  ( 2 0 2 2 )  ·  V A N E N G E L S D O R P  E T  A L .  ( 2 0 0 9 )

A drone delivers the one service
we value and none of the ones we
forgot to count.
Potts and colleagues gave six reasons robotic pollination cannot fully replace biological

pollinators. The robot performs the single transfer-of-pollen function humans judge most

critical and ignores the broader ecological role bees occupy. The replacement fantasy

mistakes the visible function for the whole system.

C O LO N Y  C O L L A P S E ,  G E N E R A L I Z E D

The same dynamic that empties a hive empties a labor market: the

supporting population thins past a threshold, and the system that

depended on it cannot be restarted on demand.

08 / 14

SOURCES  Potts et al. (2018) · Nimmo (2022) · vanEngelsdorp et al. (2009)



G R A Y  &  S U R I  ( 2 0 1 9 )  ·  M U L D O O N ,  G R A H A M  &  C A N T  ( 2 0 2 4 )  ·  P E R R I G O  ( 2 0 2 3 )

The pollinator's homolog
is the annotator nobody
sees.

“Ghost work” names the hidden human labor that makes automated systems look autonomous. The annotators

who supply the semantic judgments are economically essential, systematically undervalued, and invisible to the

beneficiaries, the same position the pollinator holds in its ecosystem. Reporting documented this work performed

for very low wages in Kenya and the Philippines.

When automated pipelines displace the annotators, the pipeline loses the human judgment it was
quietly relying on to know whether it was right.
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S I X  S T R U C T U R A L LY  H O M O L O G O U S  D I M E N S I O N S

Two unrelated domains, the same skeleton.

INVISIBLE INFRASTRUCTURE

Essential to the system, unseen by the people it serves.

UNDERVALUATION

Priced far below the value it actually supplies.

COLONY COLLAPSE

A displacement dynamic that runs in both biological and labor systems.

GROUND-TRUTH DEGRADATION

Automated annotation erodes the verification it needs to catch its own
errors.

ENDOGENOUS DEGRADATION

Use itself undermines the original, by soil chemistry, lactation suppression,
or economic feedback.

LOCK-IN

Sunk cost and deskilling close the door back to the original system.
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P O T T S  E T  A L .  ( 2 0 1 8 )  ·  G R A Y  &  S U R I  ( 2 0 1 9 )  ·  M U L D O O N ,  G R A H A M  &  C A N T  ( 2 0 2 4 )  ·  S H U M A I L O V  E T  A L .  ( 2 0 2 4 )  ·  P E R R I G O  ( 2 0 2 3 )

Pollinators and data annotators
occupy the same structural position
in their respective systems.
Both are economically essential, systematically undervalued, and invisible to the beneficiaries of the

system they support. Colony collapse in biological systems (vanEngelsdorp et al., 2009) mirrors the

"ghost work" collapse in AI labor markets (Gray & Suri, 2019).

G R O U N D -T R U T H  D E G R A D AT I O N  ( A I -S P E C I F I C )

Automated annotation erodes the semantic verification infrastructure required to
detect its own failures.

Shumailov et al. (2024): models trained on recursively generated data make models forget. The annotated
outputs become the training inputs. The loop corrupts the baseline against which errors would be detected.

The current moment is the intervention window. Once sunk costs foreclose alternatives, the trajectory
becomes irreversible, as in every historical precedent across 35–60 year timelines.
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C O N C L U S I O N  ·  T H E  I N T E R V E N T I O N  W I N D O W

The pattern has been documented before.
Structural safeguards can be embedded before
sunk costs foreclose alternatives.

At no point in any historical case did any actor consciously decide to destroy what the technology

replaced. Each incremental investment was individually rational. The collapse emerged from

accumulated rational decisions made without consideration of systemic effects.

The current moment for robotic pollination and AI labor is precisely the early
adoption phase. The intervention window is open. It does not remain open.
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