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The use and misuse of the "energy flow" concept 

This paper gives a short discussion on the concept of "energy flow" used in recent stud
ies on ecological productivity. In particular, the author takes into consideration the defini
tion of "energy flow" (the sum of biomass production and respiration in individuals, po" 

, .' pulations or trophic levels) and the adequacy of applying it as an important tool to 
:'!Issess the relative importance of competing species within a trophic level, of successiye 
levels in an ecosystem and of one ecosystem with another", as it is stated in one of 

, the IBP-haIidbooks (PETRUSEWlCZ and MACFADYEN 1970). 

1. INTRODUCTION 

Shortly before the first meeting of the IBP Working Group on Granivorous 
Birds was held, the IBP-handbook No. 13 (PETRUSEWICZ and MACFADYEN 1970) 
came out. 

This book contains a list of definitions and symbols of important ecological 
concepts (p. 18-26). Although I am pleased that such a list has been published now, 
as it can help to avoid confusion and misunderstanding in the use of these concepts, 
I have several objections regarding the way in which the "energy flow" concept is 
used in this book and in other publications. The purpose of this paper is to bring 
about a discussion on this concept. 

2. SOME CONCEPTS RELATIVE TO "ENERG Y FLOW" USED IN THIS PAPER 
AND DEFINED ACCORDING TO THE IBP-HANDBOOK NO. 13 

Energy flow is defined as a synonym of assimilation (A ), which is the sum of 
biomass produc . d respiration (R). 
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Biomass production is defined as the total organic matter generated during a de
fined time period and not lost by respiration, whether or not this matter remains in 
the population to the end of time of observation. Biomass production (P) is distin
guished from biomass change (LIB): biomass change is the difference in population 
biomass between beginning and end of the observation period. The difference between 
biomass production and biomass change is called "elimination", which is any loss 
of population biomass due to predation, death, exuviae, emigration or moulting. 
It is the amount of energy that is "offered" to subsequent levels of the ecosystem. 

Consumption is the total intake of food by heterotrophic organisms during a 
defined time period. Synonym: energy income. 

Material removed, not used is that part of matter which is removed (killed) by 
the investigated population from the proceding trophic level, but not used (wasted 
energy). 

3. WHAT CAN BE DONE WITH "ENERGY FLOW" FIGURES ? 

When we measure or compute energy flow parameters of all subsystems that 
constitute ecosystems we can get a picture of the pathways through which the energy 
is channelled from the point where it is captured by photosynthesis up to the final 
point where it is released by respiration. 

Analysing the energy flow pathways is a descriptive pursuit. The results can be 
represented in flow diagrams (PETRUSEWICZ and MACFADYEN 1970, p. 154 and 155) 
which can be compared with similar diagrams of other ecosystems or parts of eco
systems; but they tell us nothing about the underlying mechanisms and interactions 
that gave rise to these pictures. The "energy flow diagrams" cannot be read back 
to the underlying mechanisms; it is not allowed to draw conclusions from these 
diagrams with respect to the functional aspects of the systems or subsystems which 
they represent. 

4. WHAT CAN NOT BE DONE WITH "ENERGY FLOW" FIGURES ? 

To illustrate the tendency to overrate the usability of the "energy flow" concept I 
will cite from PETRUSEWICZ and MACFADYEN (1 970, p: 13): "Energy fl ow can also 
be used as a powerful tool in assessing quantitatively the effects of more intangible 
interactions between species as, for instance, in the case of the promotion of micro
bial activity in decomposer systems through the stimulating effects of different 
components of the fauna". 

I do not see in which way the energy flow through a species can serve as a mea
sure for such aspects of ecosystem functioning. The "energy flow" concept is not 
suited to be a measure for functional aspects and its value is grossly exaggerated 
if it is used as such. 
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On several places of PETRUSEWICZ and MACFADYEN'S (1970) handbook "energy 
flow" is called a tool to assess the relative importance of competing species within 
a trophic level, of successive levels in an ecosystem and of one ecosystem with ano
ther. 

What is here meant by "relative importance"? 
1. Is it the share of subsystems in the functioning of the whole system? Is the 

amount of energy which is assimilated within a defined period of time by a popula
tion or trophic level a usable measure for its share in the functioning of the eco
system? The amount of biomass which is produced by a trophic level is not deter
mined by this trophic level alone: biomass production in a grazed meadow is gen
erally greater than in an ungrazed one! 

It is a well known fact that grass must be removed regularly by grazing or 
mowing to maintain an optimal production. 

If we have two identical meadows, but one of them is grazed and the other is 
not, it is not right to state that the former is more important than the latter because 
the former has a larger biomass production and hence a larger energy flow. The 
larger energy flow is due to the grazing herbivores and is not a function of the mea
dow. To my opinion it is not allowed to use the "energy flow" through a popula
tion or other subsystem as a measure for its share in the functioning of the ecosystem 
therefore. 

2. Or is "importance" the impact exerted by a population or trophic level on 
the preceding trophic level? There are better measures to assess this important 
aspect of the functioning of ecosystems, however. The amount of assimilated energy, 
tak~n from a preceding trophic level, is only a meagre measure for this impact. 
It should be better to take the sum of consumed and wasted energy as a measure 
for that. 

5. INCONSISTENT USE OF THE ENERGY FLOW CONCEPT 

The energy flow concept is not always and cannot always consistently be used 
according to its definition . 

I cite from PETRUSEWICZ and MACFADYEN (1970, p. 14): "[ ... ] it is often permis
sible to estimate the energy flow (A) as costs of maintenance (R) for two or more 
levels jointly [ ... ]". This implicates that the term energy flow can be used in a con
fusing ambiguity. 

In fact, if we speak about the energy flow of an ecosystem we mean the sum of 
community respiration and community biomas~ change, not the su m of community 
respiration and community production [sec definitions: PETRUSEWICZ and MACFADYEN 
(1970), Chapter 2]. 

How can "energy flow" be used as a measure for the share of subsystems in the 
functioning of the whole ecosystem, when the energy flow through the ecosystem 
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and the flow through the subsystems are determined according to different -defi
nitions? 

On1y the respiration energy of a population (eventually augmented with the 
population biomas~ change) can be compared with the ecosystem energy flow, -or 
gross primary production. 

6. CONCLUSIONS 

Great care should be taken not to overrate the importance of the energy flow 
concept. Measurement of respiration and biomass production of populations, ' tro
phic levels or ecosystems are useful for designing energy flow diagrams. Energy 
flow diagrams can be compared mutually but we should be aware of it that they 
tell us nothing about the functional aspects of the underlying mechanisms. 

The respiration energy of groups of organisms can be compared with the 
total energy which is captured by the autotrophs of the ecosystem. 

The ratio between the respiration energy of a group of organisms and the gross 
primary production of the ecosystem where they live in, is an index of the relative 
importance of the group in the functioning of the ecosystem, because it compares 
the amount of energy which is necessary to enable the group to fulfil their share 
in the functioning of the ecosystem with the total amount of energy which is avail
able for the functioning of the whole ecosystem. It is not a measure of the impact, 
exerted by this group on the preceding trophic level. For such a measure we should 
take the sum of biomass consumption and wasted energy. 
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