Stoltzfus (1999): On the Possibility of Constructive Neutral Evolution
The Idea
Complex biological structures and functions can arise without being built by natural selection. They can emerge through a process called constructive neutral evolution (CNE) in which a series of neutral genetic changes that gradually create new dependencies and increase biological complexity. In this process, complexity comes first. Selection preserves it later. CNE depends on three interacting forces:
1. Excess Capacity: Biological systems often contain extra, unused capabilities (duplicate genes, extra RNA molecules, rRNA tentacles on ribosomes, proteins that weakly bind many RNAs, introns that still function when fragmented. These features are not required for survival at first, but they create evolutionary opportunities.
2. Neutral Change + Lock-In. A neutral change appears that depends on this unused capacity. For example a protein can bind to a rRNA tentacle. Once this happens, the previously optional feature becomes essential, losing it becomes harmful. The system becomes irreversibly more complex. What begins as tolerance becomes necessity.
[bookmark: _Hlk218463519]Examples from the CNE Paper
RNA Editing
Extra RNA molecules appear first.
Later mutations make genes dependent on them.
Editing complexity grows neutrally.

Scrambled Genes in Ciliates
Gene rearrangements are tolerated.
Scrambled forms accumulate because there are vastly more of them.

Spliceosome Evolution
Self-splicing introns fragment → pieces act together → introns lose self-splicing → large machinery forms. Complex system emerges without selection for complexity itself.

Duplicate Gene Retention
Duplicate genes degrade slightly in both copies.
Each copy becomes necessary to maintain total activity.
Duplication becomes locked in.
[bookmark: _Hlk218463908]Examples from the everyday life
Extension Cord + Power Strip → Functional Infrastructure
Step 1 — Excess Capacity
[bookmark: _Hlk218464176]You have a wall outlet and a power strip attached to an extension cord. The power strip/extension cord is not necessary. Your computer could be plugged directly into the wall.
Step 2 — Neutral Change
[bookmark: _Hlk218464274][bookmark: _Hlk218464343]Since it costs nothing, you plug your computer into the power strip/extension cord. Nothing essential changes. The system still works but there is no advantage. Removing the power strip/extension cord would still allow the computer to function. This is a neutral association.
Step 3  Lock-In by Subsequent Change.
You rearrange your workspace, using the extension cord to move your computer to a location with better lighting. Now the system depends on the earlier neutral change. The power strip/extension cord becomes essential, removing it breaks the system. A new functional system has emerged:
Wall outlet → extension cord/power strip → printer
No one designed this system in advance. It arose by neutral steps that became necessary later.


 Why This Changes How We Think About Evolution
CNE shows that:
Complexity can be a ratchet (always increasing)
Complexity does not require step-by-step adaptive improvement
Natural selection is not the only creative force
Evolution often builds complexity by neutral steps that later become essential
Evolution can create intricate biological systems without selection for complexity — by neutral changes that gradually entrench new dependencies.
