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Physics is inadequate to deal with:

•History
•Dimensionality
•Logic
•Sufficiency
•Contingency



Physics ~ Objects moving to reversible timeless laws

vs.

Life ~ Configuration of irreversible temporal processes

Dimensionality



Logic?
(Whitehead & Russell 1913)

Laws are logically equivalent to operations 
on homogeneous sets.

N for ecosystems often > 100 or 1,000



Sufficiency?
Roughly N! boundary value statements

100! ~ 9.3x10!"#

But only 10$! simple particles in entire universe!

=> Boundary value is “unprestateable” (Kauffman)



Networks as Matrices



Flows Matrix
1 2 3 4

1 0 140 0 50
2 0 0 60 80
3 0 0 0 65
4 30 70 15 0

Import 200 0 100 0

Tot. In 230 210 175 195

Dietary Matrix [G]
1 2 3 4

1 0 0.667 0 0.256
2 0 0 0.343 0.411
3 0 0 0 0.333
4 0.13 0.333 0.086 0

Import 0.87 0 0.571 0

Diet 1.0 1.0 1.0 1.0





Indirect Dependencies

Striped Bass (a midwater predator) 
depends indirectly on zooplankton 
for 65.8 %  of sustenance..

Bluefish (a bottom predator) 
depends indirectly on zoopankton
for only 28.7% of its sustenance.



Effective Trophic Positions



Linear Trophic Pyramid



Aggregate Cycling in Chesapeake Mesohaline



Shannon Diversity
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H as Complementary Components

H =                A           +             Φ

(A, Φ both ≥ 0)



a -- Degree of order

F = -ealn(a)
“Fitness”

Cluster in “Window of Vitality”

𝑎 =
𝐴
𝐻

1 ≥ 𝑎 ≥ 0



Changing 𝑻𝒊𝒋 to Optimize Fitness

= 0
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