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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
Al data-annotation labor are entering it now, and the intervention window is still open.
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THE ARGUMENT

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.

SOURCES The argument

Introduction, technology framed as supplement
Adoption, rapid uptake on short-term benefits

, technology degrades the natural system it supplements

, degraded system can no longer function without the technology

, return to the original system becomes effectively impossible




The Pattern and Its Precedents

Five phases, and four times the world has run them



INTRODUCTION - ADOPTION - DEGRADATION - DEPENDENCY - LOCK-IN

Each phase 1s individually rational. The collapse 1s what
the phases add up to.

3 4

INTRODUCTION ADOPTION DEGRADATION DEPENDENCY
Framed as a supplement to the existing Rapid uptake on real short-term benefits. The supplement erodes the system it was The degraded system can no longer
system. meant to support. function without the technology.

SOURCES Introduction - Adoption - Degradation - Dependency - Lock-in

LOCK-IN

Return to the original system becomes
effectively impossible.
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SCHIJNS & FROESE (2021) - HUTCHINGS & MYERS (1994) - MULVANEY ET AL. (2009) - ERISMAN ET AL. (2008) - ECKHARDT & HENDERSHOT (1984) - EVENSON & GOLLIN (2003)

ATLANTIC COD SYNTHETIC NITROGEN INFANT FORMULA GREEN REVOLUTION

35-40 years from sonar ~50 years from Haber-Bosch to Lactation suppression as Agricultural deskilling and seed

adoption to collapse. acknowledged dependency. endogenous degradation. biodiversity collapse.

1957-1992. Spawning biomass fell to ~1% of Nitrogen treadmill: synthetic inputs deplete soil The product that supplements breastfeeding High-yield varieties optimized for synthetic inputs

historic levels. 19,000 jobs lost in Newfoundland. organic matter; more inputs required to maintain biochemically suppresses the capacity it replaced thousands of traditional varieties. The

Moratorium expected to last 2 years; lasted 32. yield. 48% of global population now fed through supplements. The supplement degrades the accumulated knowledge required to cultivate
synthetic nitrogen. original system through the mechanism of use. them is largely gone. Cowan & Gunby (1996):

technological lock-in in pest control strategies.

SOURCES Schijns & Froese (2021) - Hutchings & Myers (1994) - Mulvaney et al. (2009) - Erisman et al. (2008) - Eckhardt & Hendershot (1984) - Evenson & Gollin (2003)



SCHIJNS & FROESE (2021) - HUTCHINGS & MYERS (1994) - THURSTAN ET AL. (2010)

Better catch efliciency 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.

SOURCES Schijns & Froese (2021) - Hutchings & Myers (1994) - Thurstan et al. (2010)

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.



The Two Modern Cases

Robotic pollination and the human labor behind AI



POTTS ET AL. (2018) - NIMMO (2022) - VANENGELSDORP ET AL. (2009)

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.

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

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.




GRAY & SURI (2019) - MULDOON, GRAHAM & CANT (2024) - PERRIGO (2023)

“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

The pOIIinatO r' S hom()log beneficiaries, the same position the pollinator holds in its ecosystem. Reporting documented this work performed
. for very low wages in Kenya and the Philippines.
is the annotator nobody

SEES. When automated pipelines displace the annotators, the pipeline loses the human judgment it was
quietly relying on to know whether it was right.

SOURCES Gray & Suri (2019) - Muldoon, Graham & Cant (2024) - Perrigo (2023)



SIX STRUCTURALLY HOMOLOGOUS DIMENSIONS

Two unrelated domains, the same skeleton.

INVISIBLE INFRASTRUCTURE UNDERVALUATION COLONY COLLAPSE

Essential to the system, unseen by the people it serves. Priced far below the value it actually supplies. A displacement dynamic that runs in both biological and labor systems.
GROUND-TRUTH DEGRADATION ENDOGENOUS DEGRADATION LOCK-IN

Automated annotation erodes the verification it needs to catch its own Use itself undermines the original, by soil chemistry, lactation suppression, Sunk cost and deskilling close the door back to the original system.
errors. or economic feedback.

SOURCES Six structurally homologous dimensions
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POTTS ET AL. (2018) - GRAY & SURI (2019) -

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 Al labor markets (Gray & Suri, 2019).

SOURCES Potts et al. (2018) - Gray & Suri (2019) - Muldoon, Graham & Cant (2024) - Shumailov et al. (2024) - Perrigo (2023)

MULDOON, GRAHAM & CANT (2024) - SHUMAILOV ET AL. (2024) - PERRIGO (2023)

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.



The pattern has been documented before.
Structural sateguards 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 The current momentfor robotic pollination and Al labor is precisely the early

replaced. Each incremental investment was individually rational. The collapse emerged from adoption phase, The intervention window is open. It does not remain open.
accumulated rational decisions made without consideration of systemic effects.

Conclusion - The intervention window



REFERENCES - 1 OF 2

Britannica (2025). Grand Banks cod fishery. Encyclopaedia Britannica.

Business & Human Rights Resource Centre (2023). Scale Al workers in the Philippines and Kenya.

Carton, W., Lund, J. F., and Dooley, K. (2023). Is carbon removal delaying emission reductions? WIREs Climate Change.
Center for International Environmental Law (2023). 475 CCS lobbyists attended COP28. Technical report.

Cowan, R. and Gunby, P. (1996). Sprayed to death: Path dependence, lock-in and pest control strategies. Economic Journal,
106(436):521-542.

Crunchbase News (2025). Robotics startup funding rises.

Dentzman, K., Franklin, D., Avemegah, E., and Goldberger, J. R. (2025). An overview of agricultural neonicotinoid regulation in the EU,

Canada, and the United States. Pest Management Science.

Eckhardt, K. W. and Hendershot, G. E. (1984). Analysis of the reversal in breast feeding trends in the early 1970s. Public Health
Reports.

Erisman, J. W., Sutton, M. A., Galloway, J., Klimont, Z., and Winiwarter, W. (2008). How a century of ammonia synthesis changed the
world. Nature Geoscience, 1(10):636-639.

European Food Safety Authority (2013). Conclusions on the peer review of the pesticide risk assessment for bees for the active
substances clothianidin, imidacloprid, and thiamethoxam. EFSA Journal 11(1):3066, 3068, 3067.

Evenson, R. E. and Gollin, D. (2003). Assessing the impact of the Green Revolution, 1960 to 2000. Science, 300(5620):758-762.
FairPlanet (2024). As India's groundwater evaporates, farmers scramble for solutions.

Fairwork (2023). Cloudwork ratings 2023. Technical report, Oxford Internet Institute.

Fang, L. (2020). The pesticide industry's playbook for poisoning the earth. The Intercept.

Global Breastfeeding Collective (2022). Global breastfeeding scorecard 2022. Technical report, WHO/UNICEF.

Gdémez-Baggethun, E., Mingorria, S., Reyes-Garcia, V., Calvet, L., and Montes, C. (2010). Traditional ecological knowledge trends in the
transition to a market economy. Conservation Biology, 24(3):721-729.

Gray, M. L. and Suri, S. (2019). Ghost Work: How to Stop Silicon Valley from Building a New Global Underclass. Houghton Mifflin

Harcourt.
Greenpeace Unearthed (2020). Emergency authorisations for banned neonicotinoid pesticides in the EU. Technical report.

Gulden, L. E. and Harvey, C. (2025). Tracing sources of funds used to lobby the US government about carbon capture, use, and

storage. Environmental Science and Policy, 171:104171.
Hirschman, C. and Butler, M. (1981). Trends and differentials in breast feeding: An update. Demography, 18(1):39-54.

Hutchings, J. A. and Myers, R. A. (1994). What can be learned from the collapse of a renewable resource? Atlantic cod, Gadus morhua,
of Newfoundland and Labrador. Canadian Journal of Fisheries and Aquatic Sciences, 51(9):2126-2146.



REFERENCES - 2 OF 2

Intergovernmental Panel on Climate Change (2021). Climate change 2021: The physical science basis (AR6 working group I).
Technical report, IPCC.

Jones, P. (2021). Work Without the Worker: Labour in the Age of Platform Capitalism. Verso.
Mongabay India (2022). Accelerating rate of groundwater depletion in Punjab worries farmers and experts.
Muldoon, J., Graham, M., and Cant, C. (2024). Feeding the Machine: The Hidden Human Labour Powering Al. Canongate.

Mulvaney, R. L., Khan, S. A., and Ellsworth, T. R. (2009). Synthetic nitrogen fertilizers deplete soil nitrogen: A global dilemma for
sustainable cereal production. Journal of Environmental Quality, 38(6):2295-2314.

Nimmo, R. (2022). Replacing cheap nature? sustainability, capitalist future-making and political ecologies of robotic pollination.

Environment and Planning E: Nature and Space, 5(1):426-446.

Perrigo, B. (2023). Exclusive: OpenAl used Kenyan workers on less than $2 per hour to make ChatGPT less toxic. TIME.

Porto, R. G., de Almeida, R. F., Cruz-Neto, O., Tabarelli, M., Viana, B. F., Peres, C. A., and Lopes, A. V. (2020). Pollination ecosystem

services: A comprehensive review of economic values, research funding and policy actions. Food Security, 12:1425-1442.

Potts, S. G., Imperatriz-Fonseca, V., Ngo, H. T., Aizen, M. A., Biesmeijer, J. C., Breeze, T. D., Dicks, L. V., Garibaldi, L. A., Hill, R., Settele, J.,
and Vanbergen, A. J. (2018). Robotic bees for crop pollination: Why drones cannot replace biodiversity. Science of the Total
Environment, 642:665-667.

Richharia, R. H. and Govindaswami, S. (1990). Rices of India. Academy of Development Science.

Schijns, R. and Froese, R. a. e. a. (2021). Five centuries of cod catches in Eastern Canada. ICES Journal of Marine Science, 78(8):2675—
2683.

Shumailov, I., Shumaylov, Z., Zhao, Y., Papernot, N., Anderson, R., and Gal, Y. (2024). Al models collapse when trained on recursively
generated data. Nature, 631:755-759.

Stone, G. D. (2007). Agricultural deskilling and the spread of genetically modified cotton in Warangal. Current Anthropology,
48(1):67-103.

Syngenta (2013). Syngenta and Bayer CropScience propose a comprehensive action plan to help unlock EU stalemate on bee health.

Thurstan, R. H., Brockington, S., and Roberts, C. M. (2010). The effects of 118 years of industrial fishing on UK bottom trawl fisheries.

Nature Communications, 1:15.

U.S. Environmental Protection Agency (2023). Pesticides; review of requirements applicable to treated seed and treated paint
products. Federal Register, 88 FR 70627.

U.S. Pollinator Health Task Force (2015). National strategy to promote the health of honey bees and other pollinators.
USDA NIFA (2024). Investments in pollinator health research.

vanEngelsdorp, D., Evans, J. D., Saegerman, C., Mullin, C., Haubruge, E., Nguyen, B. K., Frazier, M., Frazier, J., Cox-Foster, D., Chen, Y.,
Underwood, R., Tarpy, D. R., and Pettis, J. S. (2009). Colony collapse disorder: A descriptive study. PLoS ONE, 4(8):e6481.

Zion Market Research (2024). Data annotation service market forecast 2034. Technical report.



