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ABSTRACT

Measuring complexity in ecological systems has led to general formalizations to
compare different components and/or ecosystems at different scales [1,2].

We apply formal measures of emergence, self-organization, homeostasis, autopoiesis
and complexity to four aquatic ecosystems disposed in a latitudinal gradient from the
Arctic to the Tropic. The measures are based on information theory [3,4].

Variables representing more complex dynamics were: in the Physicochemical
component: variables related with temperature, oxygen, hydrogen potential (pH) and
hydrology. In the limiting nutrients component, silicates and phosphorous. In the
biomass, piscivorous and planktivorous fish. Homeostasis of Lakes was associated with
seasonal spatial-temporal changes. The biomass component follows more the temporal
dynamics of the physiochemical than the limiting nutrients. The autopoiesis results
show a moderate degree of independence of photosynthetic biomass over its
environment.

In the middle of the latitudinal gradient, the North Lowland Lake-𝑁𝐿 appears to
represent a change point for complexity values in all components.

This approach shows how the eco-dynamics can be described in terms of information
in a simple and clear way, contributing to the understanding of the global complex
behavior in ecosystems.

Lake’s Hydroclimate Characterization [5]

Lake’s Comparative Complexity
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• The complexity analysis can be focused in either particular system components or a subsystem of the whole or an ecosystem as unity.
Thus, ecological complexity can capture the spatial differentiation among variables and subsystems.

• From PCA results, we can determine the complexity correlations which express the association among variables.
• The change in 𝐶 observed in 𝑁𝐿 point requires more studies in order to determine if there is a possible ecotone for complexity or

complextone (tone, from the Greek tonos or tension). This would imply to consider the 𝑁𝐿 point as a physical change zone for 𝐶
values.

• There are several ways to describe the state of the ecosystem and the dynamics of species therein. Measures of 𝐸; 𝑆; 𝐻; 𝐴 and 𝐶,
can complement the description of ecosystems and species dynamics. They could be viewed as ecological indicators at different
scales and have high potential for comparative analysis among ecosystems.
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MEASURES
𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 = − 𝑃 𝑥 𝑙𝑜𝑔𝑃 𝑥

𝐸𝑚𝑒𝑟𝑔𝑒𝑛𝑐𝑒 (𝐸) = 𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛
𝑆𝑒𝑙𝑓 − 𝑜𝑟𝑔𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛(𝑆) = 1 − 𝐸
𝐶𝑜𝑚𝑝𝑙𝑒𝑥𝑖𝑡𝑦(𝐶) = 4 × 𝐸 × 𝑆

𝐻𝑜𝑚𝑒𝑜𝑠𝑡𝑎𝑠𝑖𝑠 ℎ :

ℎ 𝑋𝑡𝑋𝑡+1 = 1 − 𝑑(𝑋𝑡𝑋𝑡+1)  

𝐴𝑢𝑡𝑜𝑝𝑜𝑖𝑒𝑠𝑖𝑠 (𝐴):

𝐴 =  
𝐶𝑠𝑦𝑠𝑡𝑒𝑚

𝐶𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡
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Lake’s Components Studied
• Physiochemical:  Physical and chemical 

factors of the water: T°, pH, Conductivity.
• Limiting Nutrients:  Essential chemical 

compounds for photosynthesis: nitrates, 
phosphates, carbon dioxide, and silicates.

• Biomass: living beings like algae and  fish.
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