Variation, Selection, and the Limits of the Al
Analogy: A Systems Reading of Darwin

Darwin’s durable insight is not that change is inevitable or
purposefully directed; it is that inherited variation, unequal
survival and reproduction, and persistent environmental pressure
can accumulate small differences into divergent forms-while the
evidence must be tested across many independent domains.

Variation, Selection, and the Limits of the Al Analogy: A Systems
Reading of Darwin

Decision and question

The useful question for a technically experienced reader is not simply whether
Darwin believed that species change. His central claim is stronger and more
structured: species are not immutable, independently created forms. Species within
the same genera are generally descended from earlier, often extinct species, and
have been gradually modified through inherited variation, struggle for existence,
natural selection, divergence, extinction, migration, and related processes.

The decision this memo supports is how to use that framework when thinking about
technological disruption, including the pressure Al places on software development
and human expertise. The framework is valuable because it supplies a mechanism
rather than a slogan. It separates the production of variation from the filtering of
variation. It distinguishes local success from long-run persistence. It explains
branching, replacement, historical dependence, and the disappearance of forms that
once occupied a viable position.

But the analogy has strict limits. Biological evolution is not a conscious product
roadmap. Natural selection does not optimize toward a known target. Organisms do not
deliberately redesign themselves in response to a quarterly objective. Human
technology includes intention, language, institutions, tooling, and explicit

evaluation. Those differences matter. The analogy should clarify pressure and
accumulation, not erase agency or turn Darwin into a deterministic forecast of the
future of software work.

The recommended interpretation is therefore mechanistic and comparative: use
Darwin’s concepts to ask what varies, what is inherited, what environment applies
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selection, what counts as reproductive or persistent success, which dependencies
create indirect effects, and what evidence would distinguish replacement from
transformation. Do not use them to conclude in advance that Al must replace human
expertise, that every incumbent must disappear, or that the "fittest” form is
necessarily the most capable in the abstract.

Context: Darwin’s argument is an accumulated case, not a single
metaphor

Darwin describes being struck by facts concerning the distribution of inhabitants in
South America during the Beagle voyage. The significance of that origin is
methodological. The theory emerged from prolonged observation and reflection, not
from a short deductive exercise or an isolated analogy. Its force comes from
bringing many kinds of evidence under one explanatory framework.

The framework begins with common descent and modification. Natural selection is the
main, though not exclusive, means of modification. Darwin does not claim that one
mechanism explains every detail without qualification. He argues that inherited
differences, placed under conditions in which more individuals are produced than can
survive, can be preserved or eliminated in a cumulative process.

That distinction matters for a systems reader. A model is not strengthened merely
because it can be applied to a familiar example. It is strengthened when it explains
observations that otherwise appear disconnected. Darwin’s synthesis reaches
domestication, variation in nature, ecological competition, sexual selection,

instinct, hybridism, geological succession, geographical distribution,

classification, morphology, embryology, and rudimentary organs. The broad pattern of
life is presented as best explained by common descent with modification and natural
selection rather than by treating each form as an independent starting point.

The appropriate technical analogy is consequently not "nature is like a software
company." It is closer to this: Darwin proposes a historical process whose outputs

can be inspected at multiple layers. Local differences, population-level patterns,
geographic distributions, structural similarities, developmental sequences, and
remnants of prior forms should cohere if the mechanism is correct. A useful
explanation must account for the whole system, not merely produce a persuasive story
about one successful organism.

The mechanism: variation is material, selection is filtering,
inheritance is persistence

The first component is variation. Darwin uses domestication as an accessible model
because domesticated organisms vary more than wild organisms under less uniform and
somewhat different conditions of life. He also argues that the reproductive system
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is especially susceptible to changed conditions, and that rare deviations recurring
in parent and child are best attributed to inheritance rather than chance alone.

The important point is not that every variation is useful. It is that a population
contains individual differences that can provide material for selection to
accumulate. Without variation, selection has nothing to filter. Without some degree
of inheritance, a difference cannot persist as a lineage-level change. Without
unequal outcomes, there is no cumulative directional effect.

Darwin’s domestic pigeon example makes the scale of accumulation concrete. Pigeon
breeds differ in beaks, skulls, crops, feathers, tails, skeletons, behavior, and

voice to such an extent that they could be mistaken for separate species or even
genera. Yet Darwin argues that the domestic breeds descended from the rock-pigeon.
Artificial selection demonstrates the mechanism in an observable form: nature
supplies successive variations, and people add them up in directions useful to them.

This is not a claim that natural selection and software development are identical.

It is a way to isolate a general pattern. Small differences can become large
differences when they are repeatedly retained. The retained difference need not have
been designed at the beginning of the process. Selection can also be unconscious:
people may repeatedly preserve and breed from the individuals they consider best
without intending to alter a breed. Cumulative change therefore does not require a
central designer with a complete specification of the final form.

In a technical analogy, variation might correspond to multiple implementations,
workflows, tools, architectures, or practices being tried. Selection might
correspond to differential adoption, persistence, or successful reproduction through
teams and organizations. Inheritance might correspond to practices being copied,
embedded in tools, taught, or carried forward into subsequent systems. These
comparisons can illuminate accumulation, but they must not smuggle in a false
equivalence. Technological variants can be intentionally generated, evaluated
against explicit tests, and modified by agents who understand the objective.
Biological variation and natural selection are not conscious engineering.

Darwin also identifies conditions that favor effective selection: abundant

variation, large numbers of individuals, favorable breeding conditions, and close
attention to slight differences. The systems implication is that change depends not
only on the existence of a superior candidate but on the structure of the population
and the evaluation process. A useful variant that is rarely produced, poorly
transmitted, or never exposed to relevant conditions may not spread. Conversely, a
modest difference can matter if it is repeatedly exposed to the same pressure and
reliably inherited.
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Selection pressure is broader than direct competition

Darwin defines the struggle for existence in a broad and metaphorical sense. It
includes dependence between organisms, competition, conflict with physical
conditions, and success in leaving offspring. Because organisms reproduce at
geometrically increasing rates, more individuals are born than can possibly survive;
some form of struggle is therefore inevitable.

This definition prevents a common simplification. Selection is not only a contest in
which one individual defeats another in direct combat. An organism may be affected
by resources, predators, climate, reproductive access, dependence on another
organism, or the ability to leave descendants. The pressure is relational: the same
trait can have different consequences in different conditions.

Competition is generally most severe between individuals of the same species, then
between varieties, and often between closely related species because they occupy
similar positions. This provides one basis for understanding why close alternatives
may replace one another. But the outcome is not simply a ranking of intrinsic
quality. A form succeeds relative to a set of conditions and competitors. What is
advantageous in one environment may be neutral or injurious in another.

The ecological example of cats, mice, humble-bees, and red clover shows why isolated
analysis can fail. More cats may affect the number of mice; mice may affect
humble-bees; humble-bees may affect the fertilization and abundance of flowers such
as red clover. A change at one point in the system can propagate through indirect
dependencies. The lesson for a software-oriented reader is not that ecosystems are
software supply chains. It is that causal paths may be longer and less visible than

the local interface suggests.

This also qualifies any claim that Al-driven change can be understood by asking only
whether a model performs a task better than a person. The relevant system may
include evaluation practices, dependencies, migration costs, organizational
knowledge, access to training, failure modes, and the conditions under which a
capability is trusted or reproduced. The selection environment is larger than the
benchmark or the immediate task.

From local differences to branching forms

Natural selection preserves advantageous inherited variations and rejects injurious
variations; neutral variations may remain fluctuating. It acts slowly and
continuously, preserving beneficial variations whenever opportunities arise over
immense periods. This provides the bridge between small individual differences and
large historical transformations.
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Darwin does not describe one uniform population converging on a single ideal form.
Divergence of character allows descendants to occupy more varied positions in
nature, increasing the total number of organisms that can coexist. As descendants
become more diversified in structure, constitution, and habits, they become better
able to seize different positions.

The resulting picture is branching. Natural selection, divergence, and extinction
together transform varieties into species and species into increasingly distinct
groups. Small differences distinguishing varieties tend to increase until they equal
the greater differences between species. Less-favored forms become rare and
eventually extinct; rarity commonly precedes extinction.

This is a more precise model of technological change than "adapt or die." A new
capability may not simply replace an old one. It may cause a field to divide into
more specialized roles, combine with existing practices, or make some forms rare
while preserving others in narrower environments. A generalist tool, a specialized
tool, and a human practice can occupy different positions rather than forming a
single ladder of progress.

The analogy also clarifies why replacement can be difficult to observe in real time.
Selection acts across repeated cycles of use, adoption, transmission, and
reproduction. The historically important difference may be slight at first. A local
advantage becomes consequential only when conditions repeatedly favor it and when
the difference can be carried forward. Conversely, an apparently superior form can
fail to spread if it is not transmitted, if its environment changes, or if

dependencies prevent its use.

Darwin’s claim that dominant, common, widely diffused species often produce the
greatest number of well-marked varieties adds another complication. Success can
create evolutionary potential by increasing the number of opportunities for

variation and selection. In technological terms, a widely used platform or practice

may generate many descendants and adaptations precisely because it has many users
and contexts. But this does not establish that dominance guarantees continued
dominance. It establishes only that existing scale can create more opportunities for
divergence.

Evidence: the argument is strongest when independent signals
converge

A senior technical reader should evaluate Darwin’s case as a convergence argument.
No single observation has to carry the entire theory. The claim is that multiple
domains become more intelligible when viewed through descent with modification and
natural selection.
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Classification supplies one line of evidence. Darwin argues that the natural system
is fundamentally genealogical: resemblance reflects community of descent, while
ranks express degrees of modification. Adaptive similarities between unrelated
organisms can conceal true relationships and are less valuable for classification
than inherited similarities. This distinction resembles the difference between a
shared interface or convergent behavior and a shared historical implementation.
Similar function does not by itself prove common origin.

Morphology supplies another line. Homologous structures across organisms are
explained by inheritance of a common structural pattern followed by modification for
different uses. The hand of a human, the structure used by a mole for digging, the
leg of a horse, the paddle of a porpoise, and the wing of a bat can serve different
purposes while retaining a common pattern. One inherited framework can support
radically different functions.

Embryology adds a developmental perspective. Evolutionary modifications often appear
later in development, leaving embryos less modified than adults. Embryonic

similarity can therefore reveal shared ancestry that adult specialization obscures.
Rudimentary organs provide a related historical signal: inherited remnants may be
reduced by disuse or selection after becoming useless or injurious. Apparent
imperfection becomes evidence that a form has a history rather than having been
independently optimized from the start.

Geographical distribution adds migration and barriers. Similarity of climate alone
does not explain why regions differ. Inheritance, migration, and barriers are more
important. Connected regions tend to share related organisms, while obstacles to
migration produce regional differences. Oceanic islands offer a concentrated
example: they often have few species but many endemic species because occasional
colonists become modified in isolation, while many groups cannot cross the sea. The
absence of frogs and terrestrial mammals but presence of bats on remote islands is
explained through differences in the ability to cross seawater barriers.

The general principle is colonization from the nearest source with subsequent
modification. Historical access matters. A suitable environment does not guarantee
occupation if a lineage cannot reach it. This is a useful corrective to explanations
that treat present conditions as sufficient causes of present forms.

The same evidence discipline should govern claims about technological disruption. A
claim that Al replaces, reshapes, or amplifies human expertise should not rest on

one impressive demonstration. It should be tested against multiple signals: what

practices are actually transmitted, what roles persist, what new variants appeatr,

which dependencies change, and which previously common forms become rare. The point
is not to force a biological vocabulary onto technology. It is to demand a

historical, multi-layered explanation rather than a snapshot.
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Objections and apparent exceptions

Darwin’s theory is most useful when it is read together with the objections it
addresses. The first major objection concerns missing transitional forms. Darwin
explains their apparent absence through the extinction of parent and intermediate
forms, local rarity, and the incompleteness of preservation. Natural selection
itself tends to exterminate parent forms and intermediate links as improved forms
increase. The geological record is extremely imperfect because fossilization
requires unusual conditions, deposits are intermittent, and vast intervals leave no
preserved sequence.

The argument does not convert missing evidence into positive evidence. It identifies
why the record may be incomplete and therefore why the absence of abundant
intermediates is not, by itself, decisive against gradual change. The uncertainty
remains real: historical processes are being inferred through an imperfect record.

Complex organs raise a second objection. Darwin argues that an organ such as the eye
is compatible with natural selection if numerous gradations can be shown from a very
imperfect and simple form to a more complex one, with each grade useful to its
possessor, and if the variations are inherited. The relevant test is not whether the
finished organ appears too complex to have arisen at once. It is whether a path of
useful inherited gradations is possible.

The swim-bladder illustrates functional transformation. An organ originally
constructed for flotation may be converted into one for respiration through gradual
modification. Existing structures can therefore be co-opted for new purposes;
novelty need not begin as a wholly new structure with a wholly new function.

Instinct and social organization create further challenges. Darwin argues that
instincts vary and can be accumulated by natural selection just as bodily structures
can, although habit may sometimes be involved. The hive-bee’s hexagonal comb is
presented as a case in which apparently mathematical design can arise through
gradual refinement of simpler cell-building behaviors that save wax and honey.
Sterile worker insects can be explained if selection acts on the fertile parents and
the family or community, rather than only on the individual worker.

Hybridism challenges the boundary between species and varieties. Darwin treats
hybrid sterility as generally incidental to constitutional and reproductive
differences, not as a specially created barrier against blending. Because fertility
varies by degree, conditions, individuals, and the direction of the reciprocal
cross, neither sterility nor fertility provides an absolute distinction between
species and varieties.
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These cases establish a general habit of reasoning: do not mistake a difficult
boundary case for a refutation before inspecting the mechanism and the quality of

the evidence. At the same time, do not treat every possible explanation as equally
established. Darwin often marks the difference between a demonstrated pattern, a
proposed mechanism, and a tentative extension. That calibration should be preserved
in any modern analogy.

Assumptions and tradeoffs in applying the framework to Al

The analogy to Al is useful under several assumptions. First, there must be
meaningful variation among practices, tools, or forms of expertise. Second, some
features must be transmitted or retained rather than discarded after one use. Third,
environments must impose unequal outcomes, whether through adoption, reliability,
cost, compatibility, or another relevant condition. Fourth, the outcome must be
examined historically, because cumulative effects cannot be inferred from a single
generation of variants.

Each assumption can fail. Variation may be artificially generated rather than
spontaneous. Inheritance may be explicit copying rather than biological descent.
Selection may reflect conscious human choices and institutional rules. The

environment may be redesigned by the agents being selected. A software developer can
respond to a changing system by changing the system, whereas a biological organism
does not formulate a plan to alter its ecological conditions in that sense.

There is also a measurement problem. Biological success is tied to leaving
offspring, but technological success has several possible proxies: continued use,
replication across organizations, incorporation into other tools, or persistence of

a practice. These are not interchangeable. A tool can be widely adopted without
being reliable; a skill can remain valuable while becoming less visible; a practice
can disappear because its surrounding system vanished rather than because it was
intrinsically inferior.

The strongest tradeoff in the analogy is between explanatory compression and
category error. Darwin’s concepts compress a complex process into a small set of
mechanisms: variation, inheritance, struggle, selection, divergence, and extinction.
That compression is powerful. But if "selection” is used to mean any change
whatsoever, the model loses predictive content. If "fithess" is treated as a
universal measure of quality, it obscures the environment-relative nature of
success. If "adaptation” is interpreted as conscious intention, it reverses Darwin’s
mechanism.

The practical implication is to keep the analogy modular. Use variation to ask how
alternatives arise. Use inheritance to ask how alternatives persist. Use selection
to identify the conditions producing unequal outcomes. Use divergence to examine
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specialization and branching. Use extinction to examine disappearance and rarity.
Use migration and barriers to account for access and diffusion. Do not infer from
any one module that a complete technological forecast follows.

Recommendation and next steps

Use Darwin’s argument as a disciplined framework for thinking about disruption, not
as a prophecy about the fate of software developers. The central insight is that
accumulated change can arise from small inherited differences under persistent
pressure, without a central designer directing the whole process. The corresponding
warning is that the direction and outcome depend on the environment, the
transmission mechanism, indirect dependencies, and the time horizon.

For any claim about Al and human expertise, ask five questions. What forms of
variation are being generated? Which differences are actually transmitted into
subsequent systems or practices? What selection pressures determine persistence? Is
the result replacement, specialization, or branching coexistence? What evidence
comes from independent domains rather than from a single demonstration?

Also ask what would count against the favored explanation. If a capability appears
to replace a role, is the role disappearing, or are its visible tasks being
redistributed while judgment and system integration persist? If a human practice
becomes rare, is it less fit under current conditions, or has the surrounding
environment changed? If a new tool spreads rapidly, does that show durable
adaptation, or only temporary diffusion?

Darwin’s framework favors neither complacency nor panic. It does not say that every
incumbent must adapt consciously or perish. It says that forms persist, change,
branch, or disappear through relations among variation, inheritance, competition,
environment, and time. The most defensible conclusion about Al is therefore
conditional: technological change may create selection pressures on existing forms
of expertise, but the result cannot be determined from pressure alone. It depends on
what varies, what is retained, how systems are connected, and which evidence
survives scrutiny.

The final image is Darwin’s entangled bank: diverse organisms connected through laws
of growth, inheritance, variation, struggle, selection, divergence, and extinction.

For a systems-oriented reader, its force is not merely emotional. It is a compact

model of historical dependence. The visible form at any point is an output of

interacting processes, not an isolated design artifact. That is the insight worth

carrying into technological change-provided the mechanism remains more important
than the metaphor.
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