










Figure 5 - Generations Needed to Evolve a Full Solution
For evolutionary targets with minimal coding length (a) 13, (b) 15, (c) 15 and (d) 19, the median number
of generations needed for the evolution of a full solution is shown. Error bars depict the minimum and
maximum number of generations. On the right (in red) the actual number of solutions out of 25 simulations
per mutation rate is plotted. Among the solutions shown are some which cannot be maintained and are lost
from the population. Leaving out these solutions even strengthens our conclusions. Prolonged experiments
(maximum generations=20000) with high mutation rates give comparable results. That is, results do not
qualitatively depend on the amount of time provided for information accumulation.

Figure 6 - Spatial Ecosystem Distribution
This �gure shows the spatial structure of an ecosystem based solution under high mutation rates. The shade
of green denotes the �tness of prey, or rather: how much of the prey is eaten. Prey depicted as yellow are
fully eaten by an ecosystem based solution. Red denotes single prey which are fully eaten by a predator
alone (not being an individual based solution). In this case the pattern is governed by the prey which are
fully eaten by a predator-scavenger pair. Such a pattern, with comparable numbers of 'yellow' prey, can only
be met when a correct ecosystem based solution is present in the population.

Figure 7 - Passing the Information threshold
When seeding a population under mutation rates above the information threshold(� =0.13), with correct
individual based solutions, these solutions are quickly lost from the population. This is shown by the declining
number of prey which are eaten by correct individual based solutions(black line). The loss of these individual
based solutions creates a niche for ecosystem based solutions, which indeed arise as can be observed by the
increase of prey consumed by a correct ecosystem based solution (red line).

Tables
Table 1 - Evolutionary Targets
Evolutionary targets with corresponding minimal coding length m needed to code for them. In the last
column an example of a genome with the minimal length coding for such a full solution.

m Evolutionary Target Minimal Coding Example
(a) 13 f (x; y) = x3 + y3 + 5x2 (+ (* (* (+ x 5) x) x) (* (* y y) y))

(b) 15 f (x; y) = x3 + y3 + 5x2 + xy (+ (* (+ (* y y) x) y) (* (* (+ 5 x) x) x))

(c) 15 f (x; y) = x3 + y3 + 5x2 + 2y2 (+ (* x (* (+ 5 x) x)) (* (* y (+ 2 y)) y))

(d) 19 f (x; y) = y4 + x3 + y3 + yx2 + y2 (+ (* (* x x) (+ x y)) (* (* (+ (+ y 1) (* y y)) y) y))

Table 2 - Streamlining of Individual Based Solution
Observed streamlining of genotypes for the phenotype of an individual based solution found in a simulation
with � =0.03. After the arrival of a �rst individual based solution of length 25, the length of consecutive
mutants is decreased after prolonged evolution. Examples are shown of two strains leading to a solution
with length 15 and 17 respectively. Note that intermediate mutants are not necessarily shown.

25: (- (* (* y y) y) (* (- (- x x) x) (+ x (* (+ 3 (- 1 (- (- x x) x))) x))))

21: (- (* (* y y) y) (* (- (- x x) x) (+ x (* (+ 3 (+ 1 x)) x)))) 19: (- (* (* y y) y) (* (- (- x x) x) (+ x (* x (+ 4 x)))))

17: (+ (* (* y y) y) (* x (+ x (* x (+ 3 (+ x 1)))))) 15: (+ (* (* y y) y) (* x (+ x (* x (+ 4 x)))))

11





���� ���� ���� ���� ��� ���� ����
�

��

��

	�

��

��

	�

��

��

	�

��

��

	�

mutation rate 

n
u
m
b
e
r 
o
f 
s
im

u
la
ti
o
n
s

����������	
����

�����
��	
����

after ecosystem

direct

unstable

stable

total simulations

*

*

*

*

Threshold for 

maintaining 

information*

13

15

19

15

(a)

(b)

(c)

(d)

Figure 3






